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Summary 

Background. Despite significant advances in therapeutic methods over the decades, HF 

remains today a major public health problem with a significant economic burden. The present 

thesis was conducted in order to investigate new alternatives to improve HF prognosis and 

reduce its economic burden. 

Objectives. To build in a first step, a new more efficient alert triggering system for early 

detection of HF deterioration based on Home telemonitoring principle. To assess in a second 

step, the complementary between quality-of-life health status measures and traditional health 

status measures of morbidity and mortality in defining HF prognosis. 

Methods. We used data from the BELGIUM-HF project, a prospective registry of HF 

outpatients. Patients completed 6-month blind daily body weight, blood pressure and pulse 

measurements, recorded as signal data and used to build a signal score. A clinical score was 

computed based on the Meta-Analysis Global Group in Chronic HF (MAGGIC) formula. A 

score combining signal and MAGGIC score was derived. A quality-of-life score was 

computed using the Kansas City Cardiomyopathy Questionnaire (KCCQ). The predictive 

performance of these scores was assessed according to the occurrence of a cardiac composite 

endpoint (CCE) of death or medical emergency with or without hospitalization. 

Results. The signal score included body weight’s variability on 3 consecutive days, body 

weight’s increase on 3 and 7 consecutive days, pulse’s variability on 3 and 7 consecutive 

days, diastolic blood pressure’s mean on 3 consecutive days, differential pressure’s variability 

on 3 consecutive days. It had ability in predicting CCE. The score combining the signal score 

with the MAGGIC clinical score improved CCE prediction with 92% sensitivity and 77% 

specificity for a 25% cut-off point. Furthermore, for HF patients with a low MAGGIC score, 

the KCCQ score allowed to further identify a subgroup at high risk of CCE. 

Conclusions. We identified two convincing and conclusive alternatives to improve HF 

prognosis. First, we built a new more efficient stand-alone alert triggering system for early 

detection and early preventive therapeutic intervention of HF deterioration which performed 

better than the previous systems. Second, we showed that quality-of-life health status 

measures and traditional health status measures of morbidity and mortality can complement 

each other to well-define HF prognosis. 
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Introduction 
 

 

 

 

 

1.1. Definition of Heart Failure 
Descriptions of Heart Failure (HF) exist from ancient Egypt, Greece and India.

1
 The foxglove 

was already used as heart disease medicine in Roman times.
1
 However, it took until 1628 and 

the description of circulation by William Harvey to have a good understanding of this 

pathologic condition.
1
 Several definitions of HF were proposed since then but, because 

discrimination between normal and failing heart still cannot be achieved by a single 

measurement, no definition of HF is universally accepted.
2
 The recent definition proposed by 

the European Society of Cardiology (ESC) is as follows: “HF is a clinical syndrome 

characterized by typical symptoms (e.g. breathlessness, ankle swelling and fatigue) that may 

be accompanied by signs (e.g. elevated jugular venous pressure, pulmonary crackles and 

peripheral oedema) caused by a structural and/or functional cardiac abnormality, resulting 

in a reduced cardiac output and/ or elevated intracardiac pressures at rest or during stress.”
3
 

HF is a most common complication of coronary artery disease. However, other abnormalities 

such as those of the valves, pericardium, endocardium, heart rhythm and conduction can also 

cause HF or most often a combination of these abnormalities.
3
 
444 

 

1.2. Terminology 
Different terminologies are used for HF depending on the measurement of the left ventricular 

ejection fraction (LVEF). Indeed, among HF patients, there are those with normal LVEF 

[considered as LVEF ≥ 50%; HF with preserved EF (HFpEF)] and those with reduced LVEF 
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[considered as LVEF < 40%; HF with reduced EF (HFrEF)]. An LVEF of 40 to 49% 

represents a gray area which is now defined as HF with mid-range EF (HFmrEF).
3,5

 Between 

these three groups, there is a difference according to patients’ demographic profile, 

underlying aetiologies, and response to therapies. Therefore, it is necessary to differentiate 

them.
6
 Most clinical trials after 1990 included patients with HFrEF and therefore, the 

effectiveness of therapies in reducing morbidity and mortality has been shown only in these 

patients.
3
 

In HFrEF, several compensatory mechanisms and adaptive changes explaining the 

progression of this pathologic condition have been identified. The progression of the disease 

can be slowed by an interruption of this cascade allowing reducing the clinical events.
7
 

Contrariwise, no unifying paradigm can explain the progression of the disease in HFpEF. 

Indeed, a more complex and heterogeneous pathophysiology has been suggested for HFpEF 

in recent studies. This heterogeneous pathophysiology involves a multitude of mechanisms 

affecting not only the heart but also lungs, skeletal muscles and kidneys. Therefore, HFpEF is 

a systemic disorder which should be treated by multidisciplinary teams.
8
  

 

1.3. Epidemiology 
HF is a major public health problem which affects about 26 million adults worldwide 

including 15 million in Europe, leading sometimes to consider it as a global pandemic.
9
 A 

comparison can be made with the 32 million
10

 and the 35 million
11

 living respectively with 

cancer and Human Immunodeficiency Virus (HIV)/Acquired Immune Deficiency Syndrome 

(AIDS) worldwide. The prevalence of HF is difficult to interpret due to various definitions. 

But, in developed countries, it is approximately 1-2% of the adult population, rising to more 

than 10% among people older than 70 years.
12,13

 (Figure 1) 

Among HF patients, up to 50% have an HFpEF and this proportion has increased over time.
5
 

The epidemiological profile of these patients seems different from that of HFrEF patients. 

Indeed, compared to HFrEF, patients with HFpEF are older, predominantly women, usually 

have a history of hypertension and atrial fibrillation and less frequently have a history of 

myocardial infarction.
14,15

 Patients with HFmrEF have intermediate characteristics between 

those of patients with HFrEF and HFpEF, but still need to be well defined by further studies.
16

 

In Belgium, HF prevalence’s statistics are missing but an extrapolation based on United States 

data allows estimating that more than 200,000 (1.8%) Belgians are suffering from HF.
17

 

(Figure 1) In addition, each year, 15,643 new HF patients are diagnosed.
18
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Figure 1. Proportion of the population living with heart failure in some countries across 

the globe. Adapted from Ponikowski P. et al. ESC Heart Failure 2014;1:8.
17,19

 

1.4. Economic burden 
The economic burden of HF is significant. Indeed, HF accounts for about 1-3% of total 

healthcare expenditure in North America,
20

 Western Europe
21

 and Latin America.
22

 In 2012, 

HF treatment costs in Belgium were about €868.79 million accounting for 1.99% of the total 

health expenditure.
23

 More than 60% of these costs were related to hospitalizations and the 

cost of medication accounted for only 6%.
24

 (Figure 2) 

 

Figure 2.  Proportion of hospital admissions with heart failure as the primary diagnosis 

compared to total hospital admissions in some countries across the globe. Adapted from 

Ponikowski P. et al. ESC Heart Failure 2014;1:9.
19,23
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1.5. Pathophysiology 
Knowledge about the pathophysiology of HF remains limited and that of left ventricular 

systolic dysfunction is best understood. It is from studies of myocardial infarction that most of 

this knowledge was acquired.
25

 The pathophysiology of HF is very complex and several 

nested compensatory mechanisms and adaptive changes are used to explain the progression of 

this pathologic condition. No single model can fully explain these pathophysiologic 

mechanisms.
26

 (Figure 3) 

Ventricular dysfunction follows death or dysfunction of myocytes and longstanding pressure 

or volume overload
27

 leading to a reduction in cardiac output following an impaired 

contractility or relaxation.
28

 Reduction in cardiac output and under-perfusion of systemic 

organs lead to the activation of compensatory mechanisms.
28

 

There is first a hemodynamic compensatory mechanism. Two adaptive responses are 

observed through this mechanism. On the one hand, the reduction in cardiac output leads to a 

global hypoperfusion. The response to the drop in stroke volume is an increase in end-

diastolic volume and pressure. This, according to the Frank-Starling law, will restore cardiac 

output. If sustained in the long-term, this adaptive response becomes deleterious and leads to 

changes in the form and function of the ventricle, a phenomenon known as ventricular 

remodeling. The electrical conduction and ventricular function are then affected and 

ultimately lead to the development of HF.
27,29,30

 On the other hand, the increase in left 

ventricle end-diastolic pressure results in an increase in left atrial pressure, then in an increase 

in the pressure of the capillaries in the lungs leading to a pulmonary congestion.
29

 There are 

currently two theories for explaining the genesis of congestion. Firstly, an exogenous fluid 

accumulation and, secondly, an endogenous fluid shift from venous body reservoirs.
31

 The 

first best known theory explains that congestion occurs as a result of sodium and water 

retention which is gradual over several days or weeks and is accompanied by an exogenous 

fluid accumulation, an increase in body weight and effective circulatory volume, with 

prominent renal dysfunction.
30,31

 The second theory has been recently proposed and it 

explains congestion as a consequence of endogenous fluid shift, which occurs rapidly (hours) 

and is accompanied by an increase in sympathetic outflow causing vasoconstriction in venous 

capacitance vessels and leading to a shift of volume from venous blood reservoir into the 

systemic circulation. This does not lead to an exogenous fluid retention or to a body weight 

gain.
30-32

 

There is also a neurohormonal compensatory mechanism. Indeed, myocardial stress induced 

by the reduction in cardiac output, activates various neurohormonal pathways to offset the 

vascular congestion and hypoperfusion caused by ventricular dysfunction.
30

 The sympathetic 

system is activated, leading to the release of norardrenaline (norepinephrine) which helps 

thereby increasing contractility, heart rate and vasoconstriction. This is helpful in the short-

term; however, in a long-term, this can worsen HF prognosis.
28,30

  . This system is desirable in 

the short-term but when prolonged, it may worsen ventricular dysfunction.
28,30
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Other compensatory mechanisms are also involved such as immune and inflammatory 

changes, oxidative stress, cytokine system activation, increased activation of vasodilatory 

molecules including atrial and brain natriuretic peptides. Moreover, genetic background, sex, 

age and environment may influence these compensatory mechanisms.
26,30

 

With regard to the pathophysiology of HF, it seems relevant to remotely monitor HF patients’ 

body weight, blood pressure and pulse rate.  

 

Figure 3. Pathophysiology of Heart Failure. Adapted from McMurray J.J. N Engl J Med 

2010;362(3):229.
13

 

 

 

1.6. Diagnosis 
When a cardiac failure occurs, the patient and/or physician are usually alerted by signs and 

symptoms, reflecting most often fluid retention (pulmonary congestion and/or peripheral 

oedema) and less often, reduction in cardiac output with peripheral hypoperfusion; for 

example, symptoms such as, breathlessness, orthopnea, paroxysmal nocturnal dyspnea, 

peripheral edema and signs such as low systolic blood pressure, bi-basal rales, an audible 

third heart sound, elevated jugular venous distension, hepatojugular reflux, hepatomegaly, 

ascites, peripheral edema.
25,28,31

 The New York Heart Association (NYHA) functional 

classification is commonly used to describe the degree of the limitation of the patient ordinary 

activities by the typical symptoms of HF.
25

 However, these symptoms and signs have an 

unsatisfactory sensitivity and specificity in the diagnosis of HF. Therefore, in the diagnostic 

algorithm (Figure 4), the diagnosis of HF must be further confirmed by appropriate additional 
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investigations such as electrocardiogram (ECG), chest X-ray, laboratory assessment (with 

specific biomarkers) and echocardiography.
25,31

  

Symptoms and signs can be used to assess a patient’s response to treatment and stability over 

time. Indeed, persistence of symptoms despite treatment reflects an inadequate treatment 

which should be readjusted. Likewise, worsening of symptoms places the patient at risk of 

urgent hospital admission or death and requires early therapeutic intervention.
3
 

 

 

Figure 4. Diagnostic algorithm for a diagnosis of heart failure of non-acute onset. 

Adapted from Ponikowski P. et al. ESC Eur Heart J 2016;37(27):2141.
3
 

BNP = B-type natriuretic peptide; CAD = coronary artery disease; HF = heart failure; MI = 

myocardial infarction; NT-proBNP = N-terminal pro-B type natriuretic peptide. 
a
Patient reporting symptoms typical of HF. 

b
Normal ventricular and atrial volumes and function. 

c
Consider other causes of elevated natriuretic peptides. 
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1.7. Treatment 
HF treatment aims to improve the clinical status, the functional capacity and the quality of life 

of patients, thereby, preventing hospital admission and reducing mortality. HF treatment 

includes both lifestyle modification as well as medical therapies and depends on the type of 

HF.
3,29

 For HFrEF, treatment may be pharmacologic and/or non-pharmacologic. 

Pharmacologic management includes several drugs whose roles are to prevent the deleterious 

effects of compensatory mechanisms activated in response to cardiac failure. Angiotensin-

converting– enzyme (ACE) inhibitors and angiotensin-receptor blockers lead to peripheral 

vasodilatation by decreasing afterload. They also affect left ventricular hypertrophy, 

remodeling, and renal blood flow. Aldosterone antagonists neutralize the effects of 

aldosterone. Diuretics decrease preload. Digoxin increases contractility. Inotropes increase 

myocardial contractility. Beta-blockers slow the heart rate, decrease blood pressure, and have 

a direct beneficial effect on the myocardium, enhancing reverse remodeling. Alpha-blockers 

can cause vasodilatation. Vasodilators decrease afterload. Nesiritide decreases preload and 

afterload. Non-pharmacologic management includes cardiac resynchronization therapy (CRT) 

which aims to improve ventricular efficiency by simultaneously pacing both ventricles. 

Lifestyle modification includes physical exercises which aim to improve peripheral blood 

flow and skeletal-muscle physiology.
3,29,33

 (Figure 5) 

No therapy has been shown to improve outcome in patients with HFpEF or HFmrEF. For 

these patients, the current therapy aims to reduce volume overload (when present), to treat 

cardiovascular and non-cardiovascular co-morbidities and to develop additional strategies to 

reduce symptoms and improve well-being.
3,5

 But, the recent findings in HFpEF 

pathophysiology open the way for new therapeutic targets.
8
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Figure 5. Primary targets of treatment in heart failure. Adapted from Jessup M. et al. N 

Engl J Med 2003;348(20):2010.
33

 

 

 

 

1.8. Management of Heart Failure in Belgium 
The management of HF in Belgium is carried out by general practitioners (GPs), office-based 

cardiologists or internists and hospitals. It differs according to the category of HF patients. 

GPs constitute most of the time, the primary care for HF patients.
24

 Indeed, 70% of them 

admitted to diagnose and manage HF alone in patients with NYHA class II-III against 25% 

cardiologists and 5% internists or geriatricians. This proportion decreased to 40% in patients 

with NYHA class IV.
34

 They usually rely on ECG and X-rays to confirm the diagnosis and 

sometimes the patient is referred for an echocardiography. This last test as well as stress test 

and cardiac catheterization are most often requested by cardiologists.
24

 

 

Asymptomatic chronic HF is often an incidental finding in the course of a concomitant 

condition or during screening of other diseases for which an echocardiography is often 

performed. Therefore, for these asymptomatic patients, the cardiologist, inside or outside the 

hospital is the first one involved in the diagnosis.
24

 If the patient is not hospitalized, a 

treatment is proposed by the cardiologist. This treatment will be initiated by him or by the GP 

who will have to follow the evolution and to readjust the treatment if necessary. If the patient 
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is hospitalized at the time of the diagnosis, the treatment is initiated by the cardiologist and 

continued care will be assured by the GP.
24

 

 

Symptomatic HF is most often clinically suspected by the GP in the presence of severe 

symptoms. He/her can then confirm the diagnosis by means of laboratory tests, ECG, chest X-

rays and echocardiograms. If the GP performs examinations not carried out by the specialists 

he/her can then confirm the diagnosis without their advice and therefore initiates the treatment 

by itself. However, most of the GPs ask for an echocardiography. For these symptomatic 

patients, the treatment can be initiated by the GP alone or with the advice of a specialist. In 

case of a bad clinical course, the GP refers the patient to a specialist for further examination 

and treatment adjustment.
24

 

 

Patients with acute HF are often referred by their GPs to the hospital emergency where they 

are evaluated and treated.
24

 

 

In Belgium, despite efforts to set up HF programs coordinated by multidisciplinary teams 

(composed of cardiologists, GPs, nurses, pharmacists, physiotherapists, dieticians, social 

workers, surgeons, psychologists and so on),
35

 a study showed that less than 30% of 

responding hospitals had one.
36
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Rationale of the study 
 

 

 

 

Age-adjusted cardiovascular disease-related mortality has declined by about two-thirds in 

developed countries during the past half-century except for HF.
37

 HF management has 

evolved over the decades and can be divided into several eras. The “Non-pharmacologic Era” 

was prior to 1980’s. At that time, HF management was focused on lifestyle changes such as 

bed rest, inactivity and fluid restrictions, as well as on digitalis and diuretics which 

represented the mainstay of treatment.
38

 The “Pharmacologic Era” began in 1980’s with the 

publication of the Vasodilator Heart Failure Trial (V-HeFT) which showed that the 

combination of nitrates and hydralazine had some benefit for HF patients.
38-40

 From there, the 

“Pharmacologic Era” continued over the decades with the progressive understanding of HF 

pathophysiology. Thus, in the 1990’s, ACE inhibitors, beta-blockers and spironolactone have 

shown their ability to alter the natural history of HF progression.
41-43

 Then, in the 2000’s, 

Angiotensin Receptor Blockers (ARB) were introduced in the management of HF.
44

 Beside 

pharmacologic progress, a new era in HF management began in the 2000’s.  It was “Device 

Era” also known as “Electrophysiologic Intervention” of HF. At this time, left ventricular 

assist device (LVAD), implantable cardioverter-defibrillator (ICD) and cardiac 

resynchronization therapy (CRT) have been shown to reduce mortality in HF.
45-48

 However, 

despite these therapeutic advances, HF prognosis remains very bad with a still high mortality. 

Indeed, half of the patients die within four years after the diagnosis of HF and more than half 

in the year when the diagnosis is severe HF.
49

 In Belgium, among the 15,643 new HF patients 

diagnosed each year, one in four patients die in the same year of diagnosis.
18
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The first observation was that such therapeutic measures, what effective they might be, could 

be beneficial only in the context of a therapeutic strategy that fully involves the patient in his / 

her own care.  Indeed, lack of compliance with medications and lifestyle recommendations 

were among the primary reasons behind the high rate of HF events.
50

 So, it turned out that 

education at discharge was a vital component for improving outcomes in HF and a strong 

focus on education of patients and their families was required.
51

 Moreover, various studies 

have suggested that guidelines combined with expert advices represented an effective way of 

providing tailored management. However, there were a significant number of patients to be 

treated according to the recommendations. Thus, while patients might have contact with 

specialists during admission to hospital and at outpatient follow up, most care would be 

delivered in the community and led by GPs.
52

 At the same time, the development of 

community based nurse specialists has proved to be beneficial by facilitating a community 

based multidisciplinary approach.
53

 Despite this, the treatment of patients with HF remained 

suboptimal. A number of barriers to improve HF management have been identified by GPs 

including uncertainty about diagnosis, lack of awareness of relevant research evidence, lack 

of diagnostic resources such as echocardiography, and lack of access to specialist advice.
54

 To 

deal with this, it was suggested to build special HF clinics led by nurses and doctors to verify 

diagnosis, optimize treatment, and improve information and education for patients and family 

members.
55

 HF clinics have provided an optimal management of HF thereby, improving HF 

prognosis but they could not absorb the ever-increasing number of HF patients.  

 

Thus, despite the evolving understanding of HF pathophysiology and substantial progress in 

the management of HF during these eras, HF remains today a major public health problem. 

HF is currently the leading cause of hospitalization in people older than 65 years and a 

diagnosis of HF is associated with a still high early post-discharge mortality and readmission 

rate.
56,57

 In Western Europe, one in four patients is readmitted to hospital within 12 weeks of 

hospital discharge.
58

 In a prospective observational cohort study conducted in 2 Belgian 

hospitals, 18.3 % of patients died or were readmitted to hospital within 3 months of hospital 

discharge.
59

 With the aging population and the improvement of post-infarction survival in 

Belgium as in all developed countries, this trend is expected to continue with an increasing 

impact on the costs of health care.
18

 Given the significant burden of HF on health care, it is 

necessary to develop new management strategies that may decrease morbidity, mortality, 

along with the substantial health care expenditures related to this disease. 

In the recent years, there has been the emergence of new pharmacologic therapies. The latest 

promising drugs that have been approved to treat HF were the combination of Angiotensin-

Neprilysin inhibitors.  In addition, some of the newer agents in testing offer promising 

results.
56,60

 Although it is recognized that pharmacologic therapies have substantly improved 

survival in patients enrolled in trials, evidences of improved prognosis in longitudinal studies 

are few and restricted to hospitalized patients.
61

 Recurrent hospitalizations are usually the 

result of poor adherence to drug therapy, inadequate drug therapy, changes in diet or 

inadequate patient support.
57

 Up to two-thirds of hospital admissions might be prevented by 
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improved management.
62

 The aim of the present work was to investigate new strategies to 

improve HF management. 

One promising alternative to this end could be the use of telemedicine or telehealth services. 

With the technological advances in the acquisition, storage and transmission of bio signals, 

the wider availability of low-cost, user-friendly equipment, there is an increasing interest in 

using telemedicine applications to monitor HF patients remotely. The American Heart 

Association has recently published recommendations for the implementation of telemedicine 

in cardiovascular and stroke care.
63

 Is it the beginning of a new era in the management of HF? 

Telemedicine, a term initiated in the 1970’s meaning literally "healing at a distance" consists 

of using information and communication technologies to improve patient outcomes by 

increasing access to medical care and information.
64

 Telemedicine can be asynchronous 

involving pre-recorded data exchange between two or more persons at different times, or 

synchronous implying that those concerned are simultaneously connected for an immediate 

exchange of information.
65

 In developed countries, most of the telemedicine services are 

focused on diagnosis and clinical management.
66

 Biometric measurement devices are 

increasingly used to remotely monitor and manage patients with acute or chronic diseases. 

Some predict that telemedicine will profoundly transform the supply of health care in 

developed countries by shifting health care services from hospitals and clinics to 

households.
67

 

Telemedicine for HF patients can take the form of structured telephone support (STS), non-

invasive monitoring with home-based portable technology or remote invasive hemodynamic 

monitoring.
68,69

 Meta-analyzes have shown that STS programs in HF could reduce 

rehospitalizations of about 25% but had no significant impact on mortality.
70,71

 But these 

results have been challenged by the Tele-HF study in which STS provided no significant 

benefit over usual care in reducing rehospitalizations or deaths.
72

 In this study, 14% of 

patients never used the system and 45% did not adhere to it, showing a failure of voice-

interactive technology and the service by which it was delivered rather than a failure of the 

concept of STS.
69,72

 Beyond telephone calls, patient monitoring can be achieved by non-

invasive home telemonitoring (HTM) of physiological data with detectable changes such as 

body weight, blood pressure or pulse rate allowing early detection of HF deterioration.
63,69

 

Meta-analyzes have suggested that HTM could reduce mortality by 17% to 47% and 

hospitalizations by 7% to 48% during 6 to 12 months of follow-up in HF outpatients.
63,73,74

 

However, three major multicenter randomized controlled trials in HF failed to demonstrate 

superiority of HTM protocols over usual care.
4,72,75

 But, as in TIM-HF trial, patients’ 

adherence to the HTM system was highly satisfactory with 81% of patients completing more 

than 70% of daily transmissions.
4
 Remote invasive monitoring can be used to improve home-

based monitoring. It can take the form of implantable devices already used for other 

indications such as permanent pacemakers, ICD or CRT, or implantable hemodynamic 

sensors and monitors specially designed, able to measure intracardiac pressures.
63,69

 A 

pulmonary artery sensor, the CardioMEMS device was examined in the CHAMPION trial and 

reduced HF hospitalizations by 30% among patients in NYHA class III with a HF 

hospitalization in the previous 12 months.
76

 This device is now approved by the US Food and 
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Drug Administration in reducing HF hospitalizations.
63

 However, further studies of 

implantable hemodynamic monitoring devices are still needed to reproduce and validate these 

findings.
63,68

 

From the above data, it seems reasonable to postulate that HTM can be a useful tool to keep 

HF patients out of the hospital and improve their prognosis. However, there remain 

unresolved issues. Firstly, HTM can it be beneficial to all HF patients?  Most studies have 

shown that patients with a recent HF hospitalization were more likely to benefit from this 

technology. Secondly, which clinical parameters should be monitored and how often? HF is a 

complex syndrome and the mechanism of its decompensation remains unclear. So, we cannot 

be limited to a single clinical parameter to guide management. Thirdly, how the recorded data 

should they be processed? Telemonitoring generates a huge volume of data and a visual 

analysis of crude data accumulating in a central database is unmanageable. Fourthly, who 

receives the data, who takes action and how? This issue may raise the responsibility of health 

professionals with respect to data processing and could represent a barrier to the effective 

implementation of HTM in the absence of legal and regulatory framework.
63,69

 

To confer HTM technology with superiority over usual care in reducing HF readmissions and 

deaths, we considered to develop a new more efficient alert triggering system based on HTM 

principle. It will be an individualized non-invasive automated and autonomous alert triggering 

system for early detection and early preventive therapeutic intervention of HF deterioration. 

To ensure that our system will be more efficient, we proposed alternatives to some of the 

unresolved issues that still restrict the use of HTM in the management of HF patients. First, 

we considered that the prerequisite to confer HTM with a potential superiority over previous 

approaches would rely on formulations of monitored parameters characteristics that are 

associated with HF events. In the literature, there was no description on how the signals 

varied, nor how they were processed for changes assessment, how were defined thresholds 

and were assessed their predictive value of triggering an alert or an intervention. Thus, it was 

not clear how the monitoring contributed to the interventions, how it really predicted the 

events and finally yielded somewhat unreliable conclusions. To counter this, signal trend 

processing in relation to events was part of our study. Second, to avoid workload imposed by 

the visual analysis of transmitted data, we then built a dynamic algorithm-related-event 

through which, transmitted measurements could be daily automatically compared to preset 

limits for triggering an alert. Third, to have a potentially individualized alert triggering 

system, we took into account the baseline clinical risk of each patient as estimated by the 

clinical score developed by the Meta-analysis Global Group in Chronic Heart Failure 

(MAGGIC).
77

 Fourth, we built a fully autonomous system, not involving an exchange of 

information between patients and health professionals and therefore, not implying the 

responsibility of the latter.  

 

A second possible alternative to improve HF management could be to supplement traditional 

measures of clinical effectiveness in HF patients such as reduction in mortality and 

hospitalizations by other health status measures. Despite the World Health Organization 
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(WHO) definition of health as “a state of complete physical, mental and social well-being and 

not merely the absence of disease or infirmity” since 1948,
78

 health as long been measured 

narrowly and in the negative.
79

 With the aging of the population resulting from demographic 

shift, the management of quality of life in life-restricting diseases has become needful. Thus, 

the concept of quality of life (QoL) in health was introduced from the 1980’s.
80

 QoL is a 

complex concept that encompasses physical, psychological and social domains of health.
81

 

There is no universally accepted definition of QoL. The WHO defined QoL as “an 

individual’s perception of his/her position in life within the context of culture and value 

systems in which he/she lives and in relation to his/her objectives, expectations, standards 

and concerns goals”.
82

 In a broad sense, QoL concept extends to all factors relating directly 

and indirectly to health status. It reflects the mental and physical well-being of a person in his 

everyday life.
83

 Because many valued aspects of life such as income, freedom, quality of the 

environment are not generally considered to be related to health, some proposed to use the 

term “health related quality of life” (HRQoL).
83

 HRQoL assessments are designed to 

characterize an individual patient’s quality of life from his/her own subjective perspective.
84

 

HRQoL measures illness experience as opposed to the disease.
83

 It describes the patient’s 

reality, his/her personal point of view as opposed to the reality defined by professional 

medical knowledge.
85

 HRQoL measurements aim to assess the impact of diseases on patients’ 

quality of life and how they face and cope with these situations.  Thus, HRQoL assessment 

provides an important source of information in addition to clinical and biological tests.
83,86

 

Instruments used to measure quality of life must be valid (measuring what is supposed to 

measure), reliable (giving the same measurement if repeated in stable patients), sensitive 

(reflecting clinically meaningful differences in quality of life across the broad spectrum of the 

clinical conditions) and responsive (detecting changes when the patients’ conditions 

change).
84,87

  

Instruments designed to measure HRQoL are generally categorized as generic or specific. 

Generic instruments are general health measures encompassing a wide range of constructs and 

applicable to patients with different conditions and diseases. Because of their global nature, 

these generic instruments are not always able to detect major problem experienced by patients 

with specific disorders such as HF.
88,89

  Disease-specific instruments contrariwise, measure 

the problems and HRQoL related to a specific disease or disorder.
90

 These specific 

instruments better appreciate issues that are relevant to patients and have been shown to be 

more responsive to changes in QoL occurring over a given time period and to be more 

sensitive in discriminating the range of impairment in QoL.
91

 Beyond its effects on mortality, 

HF is often accompanied by restricted physical activity and severe complaints in several areas 

of quality of life.
92

 It is a chronic condition with no hope of recovery which affects quality of 

life more profoundly than many other chronic diseases.
93

 For most patients living with 

chronic progressive disease, maintaining a good quality of life is as important as survival.
94

 

Therefore, the two main goals in HF management are to prevent further disease progression 

(mortality, hospitalizations and deterioration of left ventricular function) and to alleviate 

patients suffering. Using a HRQoL disease-specific instrument is necessary to quantify this 

latter treatment goal.
95

 Seven disease-specific instruments to measure HRQoL in patient with 

HF have been identified in a systematic review.
88

 Among them, the Kansas City 
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Cardiomyopathy Questionnaire (KCCQ) and the Minnesota Living with Heart Failure 

Questionnaire (MLHFQ) were the most highly rated by experts, closely followed by the 

Chronic Heart Failure Questionnaire (CHFQ). They are the three most commonly used 

disease-specific measures for HF patients.
96

 The KCCQ, published in June 2000 is the most 

recently developed of the three recommended instruments.
95

 The authors described it as “a 

valid, reliable and responsive health status measure for patients with congestive HF and may 

serve as a clinically meaningful outcome in cardiovascular research, patient management 

and quality assessment”.
95

 Despite its short lifespan, the KCCQ has quickly become quite 

popular and received the best ratings for validity, sensitivity to change and interpretability.
88

 

Indeed, it was found to reflect clinical changes in HF patients most accurately.
97

 Moreover, 

compared to the MLHFQ, correlation coefficients for social, functional and physical areas are 

higher and a more precise correlation with survival has been established with the KCCQ.
98,99

 

For a long time in the past, HF studies outcomes were focused on reducing hospitalizations 

and mortality. But nowadays, HRQoL is increasingly incorporated as an outcome measure in 

clinical trials.
100-103

 However, despite the availability of validated HF HRQoL instruments and 

their frequent use in randomized trials, clinical management as well as research efforts do not 

yet sufficiently focus on this aspect. A good universal understanding of QoL in clinical 

practice is not yet reached.
98,104

 Recommendations to incorporate HF HRQoL assessments in 

evidenced-based guidelines have failed so far. Lack of easy to administer questionnaires, 

difficulty to translate a HRQoL score into concrete management implications
99

 and scarce 

motivation of health professionals have been identified as the most relevant obstacles.
96,105

 

Likewise, the current prognostic models in HF are fundamentally limited because they 

focused on survival and rehospitalization and still fail to include measures of HRQoL. In that, 

they incorrectly presume that all survival represents a favorable outcome despite the evidence 

that many patients would prefer a better QoL at the expense of its quantity.
94,106-108

 But what 

is the degree of concordance between instruments for measuring HRQoL and traditional 

instruments for measuring morbidity and mortality in HF? Are these instruments correlated? 

What can be the additional predictive value of HRQoL measures in assessing HF patients’ 

prognosis? 

 

As already mentioned, HF is a complex syndrome with a still incompletely understood 

pathophysiology. Therefore, its appropriate management cannot be limited to the use of a few 

biomarkers. Moreover, measurement of HRQoL promotes patient’s active participation in 

his/her own care. We hypothesized that if these two types of health measurement instruments 

in HF were complementary, their combination could then represent a possible alternative to 

well-define HF prognosis. Among the traditional prognostic models in HF, the most valid and 

the most generalizable one is the clinical risk score developed by the MAGGIC group.
77

 So, 

in a second step in the present work, we assessed the relationship between the MAGGIC 

clinical score and the KCCQ score as well as their added prognostic value.  
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3.1. Objectives 

3.1.1. General objective 

The general objective of the present work was to develop new management strategies in order 

to improve the prognosis of HF patients. 

3.1.2. Specific objectives 

To achieve this general objective, two specific objectives have been formulated. In a first 

time, we proposed to build a new individualized non-invasive automated and autonomous 

alert triggering system for early detection and early preventive therapeutic intervention of HF 

deterioration. This specific objective was reached in three steps. Firstly, by identifying the 

characteristics in the dynamic (daily changes) of the monitored parameters (body weight, 

blood pressure, pulse rate) that can be predictive of HF events. Secondly, by building a 

potentially individualized dynamic prediction score using both the previously identified 

characteristics and the MAGGIC clinical score. Finally, by defining the normal limits of the 

dynamic prediction score to optimally set predefined thresholds for alerts triggering. 

In a second time, we proposed to assess the complementarity between quality-of-life health 

status measures and traditional health status measures of morbidity and mortality in defining 

HF prognosis. To achieve this specific objective, we assessed the relationship between the 

KCCQ score and the MAGGIC score as well as their additive prognostic value in a first step. 
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Then, in a second step, we analyzed the prognostic significance of changes in quality-of-life 

score (KCCQ).  

 

 

3.2. Methods 
Methods are described in detail in each publication presented in Chapter 4. In this section we 

briefly described the overall structure of the methodology. 

3.2.1. Study design 

We used data from the Better Efficacy in Lowering events by General practitioner’s 

Intervention Using remote Monitoring in Heart Failure (BELGIUM-HF) project which 

was designed in 2007 and implemented in 2008-2010 in Brussels and South of Belgium. It 

was a prospective registry of HF outpatients followed by their GPs but identified from the 

records of 16 cardiology centres coordinated by “Clinique Saint-Jean” in Brussels. For each 

identified patients, his/her GP was contacted for the study. If the GP agreed, the patient was 

followed up to 6 months by his/her GP. An informed consent was obtained from each study 

participant. The protocol was approved by Ethical Committees of each centre and all studies 

were conducted in accordance with the principles of the Declaration of Helsinki, and the 

European directive 2001/20/EC.  

3.2.2. Study patients 

Patients were enrolled by general practitioners, outside of clinical settings. They were eligible 

to be included in the study if they met all the following criteria: they had a left ventricular 

systolic dysfunction defined as a LVEF < 40% documented by echocardiography, contrast 

ventriculography or radionuclide angio-scintigraphy within 6 months prior to the inclusion,  

they had been hospitalized within the past 6 months for mild to severe HF defined as NYHA 

Class II to IV, clearly documented by the cardiologist’s report, they had received loop 

diuretics (furosemide, bumetanide, torasemide) within 2 weeks prior to screening and 

inclusion, and they were older than 18 years. 

Patients were excluded if they met any of the following criteria: patients awaiting cardiac 

surgery or who underwent myocardial revascularization within the preceding 3 months, 

patients treated by or considered candidates for chronic hemodialysis procedures, patients 

whose cognitive aptitudes were impaired.  

 

Besides the study patients, 38 healthy volunteers stratified into 6 groups according to age and 

gender were also recruited. They were enrolled on the basis of the unique condition of not 

having HF and were not necessarily free of any disease. 

3.2.3. Study outcomes 

As already stated, the major issue in HF is the persistence of still high early post-discharge 

readmission rates. Indeed, reducing readmission rates in HF could concomitantly reduce its 

economic burden and improve quality of care. Therefore, the outcome of interest in HF is 
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readmission rather than mortality. But these are two competitive outcomes because a patient 

who died has no longer a risk to be readmitted to hospital. Furthermore, urgent visits to a 

specialist, even without hospitalization also increase the costs of care. Accordingly, we 

considered in the present study, a cardiac composite endpoint (CCE) including the occurrence 

of death or medical emergency with or without hospitalization. With such a combined 

endpoint, the most important event to consider is usually the one which occurs first. 

The clinical course of patients was thus assessed with respect to the occurrence during 6-

months of follow-up of a CCE. Events were classified as cardiac or non-cardiac events due to 

co-morbidities. Only cardiac events were considered as endpoints and were further classified 

as worsening HF, arrhythmias, hypo/hypertension, and elective hospitalization.   

3.2.4. Data collection 

3.2.4.1. Signal data 

3.2.4.1.1. Signal acquisition 

Each patient received a VitalCare® portable vital sign platform including a Stabil-O-Graph 

electronic tensiometer and a balance TC 100 (Vitalsys NV-SA, Brussels, Belgium), as well as 

a mobile phone (Belgacom, NV-SA, Brussels, Belgium). Using these home-based bluetooth-

coded medical devices, patients performed daily measurements of body weight, blood 

pressure and pulse rate for up to six months. The recording of all these measures in a patient 

was described as the “patient signal”. An illustration is given on Figure 6 which shows the 

daily changes in body weight, blood pressure and pulse rate for a study patient during his 

follow-up between January 25
th

 and March 21
th

. 

The 38 healthy volunteers also performed the same measurements for up to three months.  
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Figure 6. Illustration of a patient signal 
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3.2.4.1.2. Quality control of the acquired signal 

3.2.4.1.2.1. Detection and control of the signal artefacts 

When the acquisition period was closed for all patients, signal trends were visually examined 

for inter-days variations. Rare but unambiguous artefacts were identified on body weight 

measures, but not in blood pressure nor in pulse rate. They were identified as abrupt and 

transient drops of several kilos arising either from the inappropriate use of the scale or from 

technical deficiencies and were groups into two sorts of anomalies. The first kind of anomaly 

was a body weight’s measurement a j-day much lower than the body weight’s measurements 

on the previous (j-3, j-2, j-1) or the following (j+1, j+2, j+3) days. The second kind of 

anomaly was a series of body weight’s measurements on consecutive days (j, j+1,…j+k) that 

were much lower than the body weight’s measurements on the previous (j-1, j-2, j-3) and the 

following (j+k+1, j+k+2, j+k+3) days, resulting in a drop of the body weight’s signal trend 

described as a “tray”. An illustration of these two kinds of anomalies is given on Figure 7.   

 

 

Figure 7. The two kinds of anomalies on body weight trends 
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An outlier detection algorithm was developed to remove or correct such aberrant body weight 

data. Several decisions rules were considered.  

We first used a simplified rule adapted from Dendale et al. which consisted of triggering an 

alert when the difference between the body weight a j-day and the body weight at 0-day (that 

is baseline value) was higher than 2 kg.
109

 With this rule, a large number of alerts were 

generated and all anomalies were not detected.  

A second decision rule was based on Zhang et al. which involved calculating the difference 

between the body weight a j-day and the moving average body weight computed using the 

body weight’s values of the previous 3 days (weightj-3, weightj-2, weightj-1). An alert was 

generated when this difference exceeded 1.36 kg (3 lbs).
110

 This method produced a smaller 

number of anomalies than the method adapted from Dendale et al. Nevertheless the number of 

detected anomalies remained high and such decision was unable to detect the second kind of 

anomalies.  

We therefore used a third decision rule which combined the two previous decision rules to 

detect both kinds of anomalies at the same time. With this decision rule, the first kind of 

anomalies was detected as with the first decision rule. Nevertheless, a fixed threshold of 3 kg 

(called threshold 1) rather than 2 kg was selected to reduce the number of detected anomalies. 

The second kind of anomalies was detected in a first time as with the second decision rule, but 

also adapted to reduce the number of detected anomalies by using threshold 1 (3 kg) instead 

of the threshold of 1.36 kg. In a second time, if a drop was detected, the difference between 

the body weight on j-day and the body weight on j-day +1 was compared to a fixed threshold 

of 2 kg (threshold 2) to determine if it was the beginning of a second kind of anomaly. This 

procedure was repeated iteratively until the end of the second kind of anomaly if so. However, 

this decision rule had also some limitations. Indeed, for patients whose body weight signal 

was very steady, the method failed to identify all anomalies. Contrariwise, the method 

identified too many anomalies for patients whose body weight signal was highly variable.  

We then decided in a four decision rule, to replace the two fixed thresholds used previously 

by new thresholds based on a variability operator. Threshold 1 was thus set to 3*SD (weightj-

3, weightj-2, weightj-1) and threshold 2 was set to 2*SD (weightj-3, weightj-2, weightj-1). But 

with this decision rule, we had the opposite effect. For patients whose body weight signal was 

very steady, the method identified too many anomalies. Contrariwise, the method failed to 

identify all anomalies for patients whose body weight signal was highly variable. 

Finally, as fixed and variable thresholds produced opposite effects, we combined them in a 

last decision rule. So, a robust threshold was set to 2.5 kg + 1.5*SD (weightj-3, weightj-2, 

weightj-1). This last decision method corrected the above problems. 

The two kinds of anomalies were treated differently. For the first kind of anomalies, the 

unique dropout body weight value has been deleted. For the second kind of anomalies, a 

corrective factor was added to all body weight’s values in the “tray”. This corrective factor 

was equal to the difference between the mean of the body weight computed using the body 

weight’s values during the consecutive days of the anomaly (weightj, weightj+1,…,weightj+k) 
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and the mean of the body weight computed using the body weight’s values during the 3 days 

preceding the anomaly (weightj-3, weightj-2, weightj-1). Additionally to the correction of the 

two kinds of anomalies, we also deleted for each patient, the body weight value measured the 

first day because this measurement was frequently very different from the following 

measures. It was found that this first measurement was carried out at the time of the 

equipment delivery, out of standard conditions.  

Through this quality control of the acquired signal, the validity of the recorded data was 

increased. 

 

3.2.4.1.2.2. Within-patients’ variation control 

From a set of triplicate measurements that the first 12 patients agreed to perform, inter-

measurements variability coefficients were 3.9% for systolic blood pressure, 5.1% for 

diastolic blood pressure, 4.1 % for pulse rate and 0.2% for body weight.   

 

3.2.4.2. Clinical data 

A medical history was obtained from each patient at baseline providing information on 

personal history, cardiovascular risk factors and concomitant treatment.  

A clinical evaluation of each patient was also performed at baseline and at the consecutive 

follow-up visits 1 after 3 months and 2 after 6 months.  

A functional evaluation has been done at baseline and at each consecutive follow-up visit 1 (3 

months) and 2 (6 months) using both the NYHA classification summarized in Table 1
111

 and a 

six-minutes’ walk test. 

Table 1. Classification of the New York Heart Association  

Class I Patients with no limitation of activities; they suffer no symptoms from 

ordinary activities. 

Class II Patients with slight, mild limitation of activity; they are comfortable with rest 

or with mild exertion. 

Class III Patients with marked limitation of activity; they are comfortable only at rest. 

Class IV Patients who should be at complete rest, confined to bed or chair; any physical 

activity brings on discomfort and symptoms occur at rest. 

 

The six-minutes’ walk test was optional but strongly recommended and performed in 

accordance with the GP or the cardiologist. This test was performed according to the 

guidelines of the American Thoracic Society at baseline and at each consecutive follow-up 

visit.  

 

Laboratory tests were also performed at baseline and at each consecutive follow-up visit. 

They included hematological (hemoglobin), chemical (glucose, creatinine, sodium, potassium, 
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cholesterol, troponin) and hormonal (B-Type natriuretic peptide and/or NT-pro B-Type 

natriuretic peptide) assays. Patients’ renal function was assessed trough glomerular filtration 

rate (GFR), the best overall index of renal function. GFR was estimated from the simplified 

Modification of Diet in Renal Disease (sMDRD) equation according to the following 

formula
112

 and a renal dysfunction was defined as a GFRsMDRD < 60 ml/min/1.73m
2
: 

 

𝑀𝑎𝑙𝑒 ∶ 𝐺𝐹𝑅𝑠𝑀𝐷𝑅𝐷  (ml min⁄ 1.73𝑚2⁄ ) = 

                                          186.3 ∗ (𝑠𝑒𝑟𝑢𝑚 𝑐𝑟𝑒𝑎𝑡𝑖𝑛𝑖𝑛𝑒)−1.154 

                                                                           ∗ (𝑎𝑔𝑒)−0.203  

 

𝐹𝑒𝑚𝑎𝑙𝑒 ∶ 𝐺𝐹𝑅𝑠𝑀𝐷𝑅𝐷  (ml/min/1.73𝑚2) ∗ 0.742 

 

 

Moreover, a resting 12-head ECG was also performed at baseline and at each consecutive 

follow-up visit. 

 

Likewise, a 2D-echocardiography as well as a Doppler examination were performed at 

baseline and at the second follow-up visit, 6 months after entry. Although this second 

evaluation was optional, it was strongly recommended and performed with approval of the GP 

or the cardiologist.  

 

3.2.4.3. Quality-of-life questionnaire 

A quality-of-life assessment was performed at baseline and at each consecutive follow-up 

visit 1 (3 months) and 2 (6 months) using the Kansas City Cardiomyopathy Questionnaire 

(KCCQ). The KCCQ is a valid, reliable and responsive self-administrated questionnaire 

developed to better describe HRQoL in HF patients. It includes 23 items aggregated into 15 

questions and measured on a Likert scale with 5 to 7 response choices. The KCCQ quantifies 

several domains of HF patients’ health status. Physical limitation is quantified by questions 

1a-f, symptoms (frequency, severity and stability) by questions 2 to 9, self-efficacy by 

questions 10 and 11, quality of life by questions 12, 13 and 14 and social limitation by 

questions 15a-d. For all these 5 subscales, scores are standardized on a 0 to 100 scale with 

lower scores indicating poor health status. Physical limitation and symptoms subscales are 

aggregated into a clinical summary score. Except for self-efficacy, all the 5 subscales are 

aggregated into an overall summary score. Using a valid Belgian French version of the 

KCCQ, we computed a quality-of-life score for each patient. A copy is given in appendice 

1.
95

 

3.2.5. Construction of a signal score 

From the complete signal of daily measurements of each patient, we computed a series of 

signal-derived statistics that were included in a generalized linear model to build a signal 

score. These included standard deviation and slope of body weight, mean and standard 

deviation of systolic blood pressure, mean and standard deviation of diastolic blood pressure, 
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mean and standard deviation of differential blood pressure and mean and standard deviation 

of pulse rate, computed on 3-days, 5-days and 7-days’ time windows.  

 

3.2.6. Construction of a clinical score 

The clinical prognosis of HF is highly variable from one patient to another. Several risk 

models for patients with HF have already been developed. 
113-117

 However, most of them were 

developed from a small database in a single cohort of HF patients and restricted to patients 

with HFrEF, thereby limiting their generalizability to other HF populations. The Seattle Heart 

Failure Model was the most common but its robustness, applicability and generalizability are 

limited.
113

 To overcome the limitations of the previous risk models and build a valid 

prognostic model in HF patients, the Meta-analysis Global Group in Chronic Heart Failure 

(MAGGIC) established in 2013 a valid, generalizable and easy-to-use clinical risk score of 

mortality in HF patients based on a large meta-analysis.
77

  

We aimed to build an alert triggering system which would incorporate the patient’s baseline 

clinical risk. In this respect, we needed a valid prognostic model in HF patients. Developing a 

clinical risk model from our database was possible. But, as with several previous risk models, 

it would have been limited in its generalizability to other HF populations. So, for our alert 

triggering system to be easily implemented in clinical practice, we decided to use the valid 

MAGGIC clinical score. 

 

The MAGGIC score was developed through a large meta-analysis including 39,372 HF 

patients’ individual data, both with reduced and preserved LVEF from six randomized 

controlled trials and 24 cohort studies. The mean age of patients was 68 ± 12 years and 65% 

were men. There were as many patients with a history of myocardial infarction as with a 

history of hypertension, for a proportion of 43%. In addition, 23% and 21% of patients had a 

history of diabetes and atrial fibrillation respectively. NYHA class III or IV were found in 

42% of patients. Mean LVEF was 35 ± 14% and HFrEF was found in 75.3% of patients while 

HFpEF (defined as LVEF ≥ 40%) was found in 24.7%. Regarding the management of HF, 

82% of patients were receiving a diuretic, 67% an ACE-inhibitor or ARB and 34% a beta-

blocker. This study also confirmed the phenotype of patients with HFpEF which were older, 

predominantly women, with most often a history of hypertension than HFrEF patients. 

Furthermore, HFrEF were most often treated with an ACE-inhibitor (75 vs 44%), a beta-

blocker (39 vs 33%) and a spironolactone (24 vs 16%) compared to those with HFpEF. The 

primary outcome was death from any cause. During a median follow-up of 2.5 years, it was 

recorded in 40.2% of patients (23.4% in patients with HFpEF and 26.3% in patients with 

HFrEF).
15

  

 

By including the 31 baseline variables available in a Poisson regression model, the authors 

identified 13 independent predictors defining the MAGGIC clinical score according to the 

following formula 
77

: 
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𝑀𝐴𝐺𝐺𝐼𝐶 𝑠𝑐𝑜𝑟𝑒 = 

                        

                               + 0.143 ∗ (
age

10
) + 0.109 ∗ 𝑚𝑎𝑙𝑒 − 0.035 ∗

                                      𝑏𝑜𝑑𝑦 𝑚𝑎𝑠𝑠 𝑖𝑛𝑑𝑒𝑥(𝑢𝑝 𝑡𝑜 30
𝑘𝑔

𝑚2) 

                            + 0.147 ∗ 𝑠𝑚𝑜𝑘𝑒𝑟 − 0.126 ∗ (
𝑠𝑦𝑠𝑡𝑜𝑙𝑖𝑐 𝑏𝑙𝑜𝑜𝑑 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒

10
) 

                            + 0.352 ∗ 𝑑𝑖𝑎𝑏𝑒𝑡𝑒𝑠 + 0.343 ∗ 𝑁𝑌𝐻𝐴 𝐼𝐼𝐼 + 0.521 ∗ 𝑁𝑌𝐻𝐴 𝐼𝑉 

                            − 0.542 ∗ (
𝑒𝑗𝑒𝑐𝑡𝑖𝑜𝑛 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 (𝑢𝑝 𝑡𝑜 40%)

5
) 

                            + 0.206 ∗ 𝑐ℎ𝑟𝑜𝑛𝑖𝑐 𝑜𝑏𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑣𝑒 𝑝𝑢𝑙𝑚𝑜𝑛𝑎𝑟𝑦 𝑑𝑖𝑠𝑒𝑎𝑠𝑒 

                            + 0.173 ∗ 𝐻𝐹 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 + 0.038 ∗ (
𝑐𝑟𝑒𝑎𝑡𝑖𝑛𝑖𝑛𝑒(𝑢𝑝 𝑡𝑜 350 µ𝑚𝑜𝑙/𝑙)

10
) 

                               − 0.274 ∗ 𝑏𝑒𝑡𝑎 𝑏𝑙𝑜𝑐𝑘𝑒𝑟                    

                            − 0.096 ∗ 𝑎𝑛𝑔𝑖𝑜𝑡𝑒𝑛𝑠𝑖𝑛𝑒 𝑐𝑜𝑛𝑣𝑒𝑟𝑡𝑖𝑛𝑔 𝑒𝑛𝑧𝑦𝑚𝑒 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑜𝑟  

                                         𝑜𝑟 𝑎𝑛𝑔𝑖𝑜𝑡𝑒𝑛𝑠𝑖𝑛 𝑟𝑒𝑐𝑒𝑝𝑡𝑜𝑟 𝑏𝑙𝑜𝑐𝑘𝑒𝑟 

                           + 0.039 ∗ (
𝑎𝑔𝑒

10
) ∗ (

𝑒𝑗𝑒𝑐𝑡𝑖𝑜𝑛 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛

5
) 

                           + 0.012 ∗ (
𝑠𝑦𝑠𝑡𝑜𝑙𝑖𝑐 𝑏𝑙𝑜𝑜𝑑 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒

10
) ∗ (

𝑒𝑗𝑒𝑐𝑡𝑖𝑜𝑛 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛

5
) 

 

 

It turns out that the risk of death increases on average by 15% every 10 years in HF patients. 

It also increases by 12% for men, by 16% for current smokers, by 42% if they suffer in 

addition from diabetes, by 41% and 68% respectively for HF patients with NYHA class III 

and class IV compared to HF patients with NYHA class II, by 23% if they suffer in addition 

from chronic obstructive pulmonary disease, by 19% if HF duration exceeds 18 months, by 

4% with each increase of 10 µmol/l in creatinine up to 350 µmom/l. By contrast, the risk of 

death in HF patients decreases on average by 42% with each 5% increase in LVEF but only 

up to 40%. Indeed, no further trend in prognosis was found above 40% of LVEF. The risk of 

death also decreases by 4% with each 1 kg/m
2
 increase in body mass index up to 30 kg/m

2
, by 

12% with each 10 mmHg increase in systolic blood pressure, by 9% for patients treated with 

an ACE-inhibitor/ARB, by 24% for patients treated with a beta-blocker.
77

  

Moreover, the effect of age on mortality depends on LVEF. Indeed, each simultaneous 10 

years increase in age and 5% increase in ejection fraction leads to a further 4% increase in 

mortality above the risk of these variables considered independently. This means that the 

positive effect of an increase in LVEF decreases with the aging of patients. In the same way, 

the effect of systolic blood pressure on mortality also depends on LVEF. Each simultaneous 

10 mmHg increase in systolic blood pressure and 5% increase in ejection fraction leads to a 

further 1.2% increase in mortality above the risk of these variables considered independently. 

This means that the positive effect of an increase in LVEF decreases as a patient’s systolic 

blood pressure increases.
77

 

 

In addition, authors also performed separate risk models for patients with HFrEF (LVEF < 

40%) and patients with HFpEF (LVEF ≥ 40%). It appears that the influence on mortality in 

both subgroups is similar for most predictors. Nevertheless, two exceptions were found. On 
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the one hand, for age whose effect on mortality is more pronounced in patients with HFpEF 

compared to patients with HFrEF. On the other hand, for systolic blood pressure whose 

positive effect on mortality is less pronounced in patients with HFpEF compared to patients 

with HFrEF. This finding is consistent with the two interactions incorporated in the overall 

model of the MAGGIC score.
77

  

 

Using the MAGGIC score formula, we computed a clinical score for each patient in our study.  

The model-derived clinical MAGGIC score was defined as the 0-100 rescaling of the 

estimated regression line and the higher the score, the worse the patient’s prognosis.  

 

3.2.7. Construction of a combined score 

The MAGGIC score has a unique value while the signal score is dynamic with a value which 

is updated every day. So, the MAGGIC score can be seen as a baseline risk score whereas the 

signal score can be used as a short-term predictive score. Accordingly, we combined these 

two scores using a logistic model to build a new dynamic combined score for the prediction of 

HF events.  

3.2.8. Definition of the normal ranges of the combined score 

The combined score formula was applied to the 38 healthy volunteers in order to establish its 

normal range of values. 

3.2.9. Definition of a diagnostic strategy 

In order to implement a diagnostic strategy with the BELGIUM-HF system, we assessed the 

positive predictive value (PPV) and the negative predictive value (NPV) of various cut-offs 

for triggering an alert according to various a priori HF events prevalence’s rates.  

 

𝑃𝑃𝑉 =
Prior ∗ Sensitivity

[Prior ∗ Sensitivity + (1 − Prior) ∗ (1 − Specificity)]
 

𝑁𝑃𝑉 =
(1 − Prior) ∗ Specificity

[(1 − Prior) ∗ Specificity + (1 − Sensitivity) ∗ Prior]
 

 

3.2.10. Relationship between the MAGGIC score and the KCCQ score 

The MAGGIC score is a measure of HF patients’ health status from clinical and biological 

indicators’ perspective, whereas the KCCQ score is a measure of HF patients’ health status 

from their own perspective. Therefore, we assessed the relationship between both measures of 

HF patients’ health status. Thus, the baseline MAGGIC score and the baseline KCCQ score as 

well as their interaction were introduced in a logistic model to assess their predictive power of 

a HF event during 6 months of follow-up.  
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3.2.11.    Interpreting clinical changes in KCCQ scores 

Changes in KCCQ scores were analyzed between baseline and 3-months’ follow-up in a first 

time, and between baseline and 6-months’ follow-up in a second time. The prognostic 

significance of these changes in KCCQ scores was assessed by comparing the incidence of 

cardiac events in patients who experienced deterioration in KCCQ scores with that of patients 

who experienced improvement in KCCQ scores during these periods. 

3.2.12.    Data analyses 

Data were processed and analyzed with codes in R. The significance level was set to 0.05 and 

all tests were two-sided. 

 

3.3. Workflow 
To achieve the general objective of the present thesis, we divided the workflow into four 

questions (Figure 8). The first question will address the ability of the signal score, the 

MAGGIC score and the combined score to predict HF events. The second question will assess 

the complementarity between the MAGGIC score and the KCCQ score in predicting HF 

events. The third question will analyze changes in patients’ KCCQ score during follow-up. To 

attempt to complete the workflow, the signal score could also be considered to predict a 

deterioration in quality of life in a fourth question.  

 

 

Figure 8. General workflow 
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Results 

 

 

 
4.1. Description of patients and events 

From January 2008 to December 2010, 288 patients were assessed for eligibility. However, 

117 were not included because of exclusion criteria or refusal. The remaining 171 patients 

were enrolled but a further 25 patients failed to start home measurements because of various 

reasons (procedural mismatches). Monitoring was initiated in 146 patients. In addition to the 

patients, 38 healthy volunteers stratified into 6 groups according to age and gender also 

performed HTM measurements. (Figure 9) 

Furthermore, among the 171 patients who signed the informed consent form, a total of 143 

patients filled out the KCCQ at baseline. They were only 75 patients and only 60 patients to 

fill out the KCCQ respectively at the 3-months and the 6-months follow-up visits. (Figure 9) 
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Figure 9. Flowchart 
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The baseline characteristics of the 25 patients who failed to start HTM measurements were 

compared to the 146 patients who completed the monitoring. All the variables were similar in 

both subgroups as illustrated in Table 2. The 25 patients lacking monitoring seemed to have 

more frequently a history of diabetes and ischemic heart disease compared to monitored 

patients but the difference was not statistically significant. (Table 2) The same observation 

was made when considering only the 10 patients for whom the reason for not having 

completed HTM measurements was refusal. (Table 3) So, patients who failed to start HTM 

measurements did not appear to be sicker than those who completed HTM measurements. 
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Table 2. Baseline characteristics of patients according to the achievement of monitoring 

    All patients Monitoring P value* 

     

n = 171 

Yes 

n = 146 

No 

n = 25 

 

Clinical data     

 Age – years 70 ± 12 68 ± 12 71 ± 10 0.22 

 Male – no (%) 125 (73.0) 108 (74.0) 17 (68.0) 0.53 

 Body mass index – kg/m
2
 27.2 ± 4.9 27.0 ± 4.8 28.8 ± 5.5 0.09 

 SBP– mmHg 117 ± 18 116 ± 19 120 ± 13 0.31 

 DBP – mmHg 71 ± 13 71 ± 13 73 ± 13 0.48 

 Pulse – beat per minute 79 ± 17 78 ± 17 82 ± 18 0.28 

 NYHA III-IV – no (%) 100 (58.5) 84 (57.5) 16 (64.0) 0.60 

Risk factors     

 Hypercholesterolemia  

  – no (%) 

 

88 (51.5) 

 

74 (50.7) 

 

14 (56.0) 

 

0.75 

 Hypertension – no (%) 98 (57.3) 82 (56.2) 16 (64.0) 0.52 

 Diabetes – no (%) 59 (34.5) 46 (31.6) 13 (52.0) 0.09 

 Smoker – no (%) 36 (21.1) 31 (21.2) 5 (20.0) 0.80 

Medical history     

 Ischemic heart disease 

  – no (%) 

 

106 (61.9) 

 

86 (58.9) 

 

20 (80.0) 

 

0.07 

 COPD – no (%) 26 (15.2) 24 (16.4) 2 (8.0) 0.45 

Biological data     

 NTerminal-ProBNP–   pg/ml 3896 (1998-

6890) 

3813 (1854-

6894) 

4882 (3105-

6595) 

0.45 

 GFR – ml/min/1.73m
2 

57 ± 21 57 ± 20 54 ± 19 0.49 

LVEF –% 28 ± 7 28 ± 7 27 ± 6 0.55 

Concomitant treatment     

 ACE-inhibitor/ARB 

  –no (%) 

 

161 (94.2) 

 

138 (94.5) 

 

23 (96.0) 

 

0.64 

 Beta-blocker – no (%) 139 (81.2) 117 (80.1) 22 (88.0) 0.42 

 Aldosterone antagonist 

  –no (%) 

 

114 (66.7) 

 

99 (66.8) 

 

15 (60.0) 

 

0.73 

MAGGIC score – % 34 ± 15 33 ± 14 39 ± 16 0.71 

SBP: systolic blood pressure; DBP: diastolic blood pressure; NYHA: New York Heart Association; 

COPD: chronic obstructive pulmonary disease; BNP: brain natriuretic peptide; GFR: glomerular 

filtration rate estimated from sMDRD equation
112

; LVEF: left ventricular ejection fraction; ACE: 

angiotensin converting enzyme; ARB: angiotensin receptor blocker; Plus minus data are Mean ± SD 

*For continuous variables, Student t-test if normal distribution with equal variance and Wilcoxon rank 

sum test if not. For discrete variables, Chi-square test 
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Table 3. Baseline characteristics of patients who refused to complete the monitoring 

    Patients with 

monitoring data 

Patients who refused 

monitoring 

P value* 

    n = 146 n = 10  

Clinical data    

 Age – years 71 (59 – 79) 71 (66 – 76) 0.87 

 Male – no (%) 108 (74.0) 7 (70.0) 0.73 

 Body mass index – kg/m
2
 26 (24 – 29) 29 (26 – 33) 0.19 

 SBP – mmHg 114 (105 – 129) 125 (108 – 133) 0.27 

 DBP – mmHg 70 (60 – 80) 72 (62 – 88) 0.37 

 Pulse – beat per minute 75 (68 – 85) 78 (70 – 80) 0.76 

 NYHA class III-IV  

  – no (%) 

 

84 (57.5) 

 

5 (50.0) 

 

0.53 

Risk factors    

 Hypercholesterolemia  

  – no (%) 

 

74 (50.7) 

 

5 (50.0) 

 

0.75 

 Hypertension – no (%) 82 (56.2) 5 (50.0) 0.75 

 Diabetes – no (%) 46 (31.6) 6 (60.0) 0.09 

 Smoker – no (%) 31 (21.2) 2 (20.0) 0.90 

Medical history    

 Ischemic heart disease  

  – no (%) 

 

86 (58.9) 

 

7 (70.0) 

 

0.09 

 COPD – no (%) 24 (16.4) 1 (10.0) 0.90 

Biological data    

 NTerminal-Pro BNP    

  – pg/ml 

 

3813 (1854-6894) 

 

4225 (3050-6590) 

 

0.49 

 GFR – ml/min/1.73m
2 

57 (41 – 73) 55 (40 – 71) 0.47 

LVEF –% 28 (23 -33) 27 (20 – 35) 0.91 

Concomitant treatment    

 ACE-inhibitor/ARB  

  – no (%) 

 

138 (94.5) 

 

9 (90.0) 

 

0.98 

 Beta-blocker – no (%) 117 (80.1) 8 (80.0) 0.99 

 Aldosterone antagonist 

   –no (%) 

 

99 (66.8) 

 

6 (60.0) 

 

0.73 

MAGGIC score – % 34 (25 – 45) 31 (22 – 45) 0.74 

SBP: systolic blood pressure; DBP: diastolic blood pressure; NYHA: New York Heart Association; 

COPD: chronic obstructive pulmonary disease; BNP: brain natriuretic peptide; GFR: glomerular 

filtration rate estimated from sMDRD equation
112

;  LVEF: left ventricular ejection fraction; ACE: 

angiotensin converting enzyme; ARB: angiotensin receptor blocker; Continuous data are Median 

(Percentile 25 – Percentile 75) 

*Mann Whitney test for continuous variables and Fisher test for discrete variables 

 

 

 

 



Chapter 4 Results 

 

34 
 

The baseline clinical characteristics of the 146 patients who completed HTM measurements 

are reported in Table 4 with differentiation according to the occurrence or not of a cardiac 

event. Mean age of patients was 68 ± 12 years. 54 % of patients were more than 70 years old 

and 73 % were men. NYHA symptoms of class III or IV were found in 57 %. At baseline, 

patients who experienced a cardiac event were older, had a poor functional status according to 

NYHA, had higher values of BNP and more frequently had renal failure than those who did 

not experienced a cardiac event. (Table 4) 
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Table 4. Baseline characteristics of patients 

    All patients Death or medical emergency (with 

hospitalization or not) 

     

n = 146 

Yes 

n = 61 

No 

n = 85 

Clinical data    

 Age – years 68 ± 12 71 ± 11 66 ± 13 

 Male – no (%) 108 (74.0) 46 (75.4) 62 (72.9) 

 Body mass index – kg/m
2
 27.0 ± 4.8 26.9 ± 3.7 27.0 ± 5.5 

 Systolic blood pressure  

  – mmHg 

 

116 ± 19 

 

115 ± 19 

 

117 ± 18 

 Diastolic blood pressure  

  – mmHg 

 

71 ± 13 

 

69 ± 14 

 

72 ± 17 

 NYHA class III-IV – no (%) 84 (57.5) 41 (67.2) 43 (50.6) 

Risk factors    

 Hypercholesterolemia  

  – no (%) 

 

74 (50.7) 

 

34 (55.7) 

 

40 (47.1) 

 Hypertension – no (%) 82 (56.2) 31 (50.8) 51 (60.0) 

 Diabetes – no (%) 46 (31.6) 22 (36.1) 24 (28.2) 

 Smoker within past 12 months – 

no (%) 

 

31 (21.2) 

 

10 (16.4) 

 

21 (24.7) 

Six-Minute Walk Test –Median   

(IQR) 

290 (200-

380) 

219 (160-311) 300 (238-420) 

Biological data*    

 Brain natriuretic peptide –  pg/ml 741.3 (3.2) 853.9 (3.2) 621.0 (3.2) 

 Glucose – mg/dl 107.2 (1.3) 109.2 (1.4) 105.7 (1.3) 

 Cholesterol – mg/dl 147.9 (1.3) 137.1 (1.3) 156.9 (1.4) 

 LDL cholesterol – mg/dl 79.4 (1.5) 70.5 (1.5) 84.0 (1.6) 

 Creatinine – mg/dl 1.45 (1.44) 1.48 (1.48) 1.34 (1.35) 

Left ventricular ejection fraction –

% 

 

28 ± 7 

 

28 ± 8 

 

28 ± 7 

Renal failure
¶
 – no (%) 11 (7.5) 7 (11.5) 4 (4.7) 

COPD – no (%) 24 (16.4) 11 (18.0) 13 (15.3) 

Plus minus data are mean ± SD; IQR: interquartile range; NYHA: New York Heart Association; LDL: 

Low Density Lipoprotein; COPD: Chronic Obstructive Pulmonary Disease 

*Data are geometric means (SD); 
¶
Renal failure = GFR < 60 ml/min/1.73 m

2 
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More details on patients’ medical history and concomitant treatment at baseline were given in 

Table 5. Coronary disease was the most common medical history which was reported in 86 

(59%) patients and most often as a myocardial infarction (41%). The management of patients 

was quite optimal with more than 80% of them receiving in addition to the diuretic, a beta 

blocker or an ACE inhibitor/ARB. 
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Table 5. Patients’ medical history and concomitant treatment at baseline 

   All patients Death or medical emergency (with  

hospitalization or not) 

    

n = 146 

Yes 

n = 61 

No 

n = 85 

Medical history    

 Previous coronary disease  

  – no (%) 

 

86 (58.9) 

 

36 (59.0) 

 

50 (58.8) 

 Previous myocardial 

infarction – no (%) 

 

60 (41.1) 

 

25 (41.0) 

 

35 (41.2) 

 Previous cerebrovascular 

accident – no (%) 

 

12 (8.2) 

 

5 (8.2) 

 

7 (8.2) 

 Previous toxic 

cardiomyopathy – no (%) 

 

13 (8.9) 

 

5 (8.2) 

 

8 (9.4) 

 Valvulopathy – no (%) 11 (7.5) 7 (11.7) 4 (4.9) 

 Previous percutaneous 

coronary intervention  

  – no (%) 

 

 

47 (32.2) 

 

 

21 (34.4) 

 

 

26 (30.6) 

 Previous coronary artery 

bypass graft surgery  

  – no (%) 

 

 

36 (24.7) 

 

 

16 (26.2) 

 

 

20 (23.5) 

 Previous implanted ICD or 

CRT – no (%) 

 

38 (26.0) 

 

19 (31.1) 

 

19(22.4) 

Concomitant treatment    

 Aspirin – no (%) 96 (65.8) 38 (62.3) 58 (68.2) 

 Clopidogrel – no (%) 35 (24.0) 14 (23.0) 21 (24.7) 

 Beta blocker – no (%) 117 (80.1) 49 (80.3) 68 (80.0) 

 ACE /ARB – no (%) 138 (94.5) 58 (95.1) 80 (94.1) 

 Loop diuretics – no (%) 146 (100) 61 (100) 85 (100) 

 Aldosterone antagonist  

  – no (%) 

 

99 (67.8) 

 

38 (62.3) 

 

61 (71.8) 

 Nitrate – no (%) 26 (17.8) 14 (23.0) 12 (14.1) 

 Antiarrhythmic – no (%) 49 (33.6) 26 (44.1) 23 (27.7) 

 Statin – no (%) 88 (60.3) 38 (62.3) 50 (58.8) 

 Digoxin – no (%) 17 (11.6) 6 (9.8) 11 (12.9) 

 Calcium antagonist  

  – no (%) 

 

6 (4.1) 

 

2 (3.3) 

 

4 (4.7) 

 Nonsteroidal anti-

inflammatory – no (%) 

 

3 (2.1) 

 

2 (3.3) 

 

1 (1.2) 

 CRT – no (%) 9 (6.2) 5 (8.5) 4 (4.8) 

 ICD – no (%) 7 (4.8) 2 (3.3) 5 (6.1) 

 Erythropoietin – no (%) 3(2.1) 2 (3.3) 1 (1.2) 

 Antidepressive – no (%) 28 (19.2) 15 (24.6) 13 (15.3) 
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The baseline clinical characteristics of the 38 healthy volunteers who also completed HTM 

measurements are reported in Table 6. They were not free of any disease because 2 (5%), 8 

(21%), 4 (11%) and 7 (18%) healthy volunteers had respectively a medical history of 

diabetes, hypertension, hypercholesterolemia and renal failure. Moreover, almost all of them 

received a treatment for a cardiovascular condition other than HF. (Table 6) 

 

Table 6. Baseline characteristics of healthy volunteers 

    Healthy volunteers Patients 

    n = 38 n = 146 

Clinical data   

 Age – years 61 ± 12 68 ± 12 

 Male – no (%) 22 (57.9) 108 (74.0) 

 Body mass index – kg/m
2
 26.7 ± 3.4 27.0 ± 4.8 

 Systolic blood pressure  

  – mmHg 

 

136 ± 14 

 

116 ± 19 

 Diastolic blood pressure  

  – mmHg 

 

82 ± 11 

 

71 ± 13 

 Pulse – beat per minute 74 ± 15 78 ± 17 

Risk factors   

 Hypercholesterolemia – no (%) 4 (10.5) 74 (50.7) 

 Hypertension – no (%) 8 (21.1) 82 (56.2) 

 Diabetes – no (%) 2 (5.3) 46 (31.6) 

 Smoker within past 12 months  

  – no (%) 

 

4 (10.5) 

 

31 (21.2) 

Biological data*   

 Glucose – mg/dl 95.0 (2.3) 107.2 (1.3) 

 Cholesterol – mg/dl 145.9 (3.2) 147.9 (1.3) 

 Hemoglobin – g/dl 14.0 ± 1.3 13.1 ± 1.9 

 GFR – ml/min/1.73m
2 

56 ± 19 57 ± 21 

Renal failure
¶
 – no (%) 7 (18.4) 11 (7.5) 

Concomitant treatment   

 ACE-inhibitor/ARB– no (%) 7 (18.4) 138 (94.5) 

 Beta-blocker – no (%) 11 (28.9) 117 (80.1) 

 Aldosterone antagonist– no (%) 2 (5.3) 99 (66.8) 

 Calcium antagonist – no (%) 3 (7.9) 6 (4.1) 

 Statin – no (%) 8 (21.1) 88 (60.3) 

 Aspirin – no (%) 6 (15.8) 96 (65.8) 

GFR: glomerular filtration rate estimated from sMDRD equation
112

; ACE: angiotensin converting 

enzyme; ARB: angiotensin receptor blocker; Plus minus data are Mean ± SD 
¶
Renal failure = GFR < 60 ml/min/1.73 m

2 
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All events occurring during follow-up are reported in Table 7. Out of the 146 monitored 

patients, 61 (42%) experienced cardiac events and 55 (38%) remained free of any events, 

whereas non-cardiac events were reported in 30 patients (20%). Twelve patients died (8%), 10 

of them from HF (7%) and two from cancer.  As a whole, 111 cardiac events occurred: 10 

deaths and 101 medical emergencies with or without hospitalization. Among these cardiac 

events, a majority of 82 (74%) events were identified as worsening HF, and 19 (17%) events 

were attributed to arrhythmias or hypo / hypertension. Out of the 111 cardiac events, 96 

occurred during signal acquisition: 3 deaths and 93 medical emergencies with or without 

hospitalization, which were recorded in 61 distinct patients. Among these 61 patients, 35 

patients experienced at least two cardiac events. (Figure 10) Among the 61 cardiac events 

which occurred first, 59 were medical emergencies with or without hospitalization and only 

two deaths occurred as the first event. 

 

 

Table 7. Occurrence of events during follow-up 

   Death 

 

 

 

n 

Medical 

emergency 

with or without 

hospitalization 

n 

Total 

 

 

 

n 

All patients (n = 171) 20   

Non-monitored patients (n = 25) 8  

 

 

Monitored patients (n = 146) 

 

12 155 167 

 Cardiac events (All) 10 101 111 

  Heart Failure 10 72 82 

  Arrhythmias 0 15 15 

  Hyper/Hypotension 0 4 4 

  Elective cardiac hospitalizations 

 

- 10 10 

 Non-cardiac events (All) 2 54 56 

  Pulmonary 0 20 20 

  Renal failure 0 6 6 

  Cerebral accident 0 2 2 

  Traum/Orthopedic surgery 0 7 7 

  Other 2 19 21 
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Figure 10. Flow of events during 6-months signal acquisition 
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We will now consider developing a new more efficient alert triggering system for early 

detection and early preventive therapeutic intervention of HF deterioration. This could be 

achieved through question 1 of our general workflow which will address the ability of the 

signal score, the MAGGIC score and the combined score to predict HF events. 

 

 

Progression in the workflow 
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Résumé 

Objectifs. La télésurveillance médicale à domicile représente une alternative encourageante 

dans la réduction des réhospitalisations chez les patients insuffisants cardiaques. L’objectif de 

cette étude était dans un premier temps, d’identifier les caractéristiques des paramètres 

télésurveillés qui sont prédictifs des évènements cardiaques. Dans un second temps, il 

s’agissait de construire un score de prédiction en combinant les caractéristiques 

précédemment identifiées au pronostic clinique des patients. 

Méthodes. Les patients ont complété à l’aveugle pendant 6 mois, des mesures quotidiennes 

de poids, de pression artérielle et de pouls. Un évènement cardiaque composite (CCE) 

incluant la survenue d’un décès, d’une hospitalisation ou d’une visite urgente chez le médecin 

a été considéré. Une série de statistiques dérivées du signal (SDS) ont été calculées sur des 

fenêtres de temps de 3, 5 et 7 jours. Un score signal de prédiction d’un CCE a été développé 

en incluant les SDS dans un premier modèle de  régression logistique utilisant un sous-

ensemble des données de signal (« Training ») et sa précision a été évaluée sur un autre sous-

ensemble de données (« Testing »). Un score clinique a été calculé sur base de la formule du 

groupe Meta-Analysis Global Group in Chronic Heart Failure. Ces deux scores ont été 

combinés à travers un second modèle logistique. Ces trois scores (signal, clinique et combiné) 

ont été comparés à l’aide de courbes ROC. 

Résultats. La télésurveillance à domicile a été complétée par 146 patients au total et 96 CCE 

sont survenus chez 61 patients en 6 mois. Le score signal combinait 7 SDS incluant la 

variabilité du poids sur 3 jours consécutifs, l’augmentation progressive du poids sur 3 et sur 7 

jours consécutifs, la variabilité du pouls sur 3 et sur 7 jours consécutifs, la moyenne de la 

pression artérielle diastolique sur 3 jours consécutifs et la variabilité de la pression artérielle 

différentielle sur 3 jours consécutifs. Le score signal prédisait l’occurrence d’un CCE (sous-

ensemble Training : AUC = 0.796, P < 0.001 ; sous-ensemble Testing : AUC = 0.830, P < 

0.001). Le second modèle logistique a résulté en un score combiné ayant amélioré la 

prédiction d’un CCE (sous-ensemble Training : AUC = 0.830, P < 0.001 ; sous-ensemble 

Testing : AUC = 0.891, P < 0.001) avec une sensibilité de 92% et une spécificité de 77% pour 

un cut-off à 25%. 

Conclusions. Les données de signal et les données cliniques se complètent dans la prédiction 

du risque chez les patients insuffisants cardiaques.   
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4.2.1. Presentation of Publication 1 
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4.2.2. Illustration of the BELGIUM-HF alert triggering system 

 

The principle of BELGIUM-HF automated and autonomous alert triggering system is shown 

in Figure 11. The measurements of the daily monitored clinical parameters (body weight, 

blood pressure and pulse rate) are automatically transmitted to the patient’s mobile phone. 

The transmitted data are analyzed using 4 pre-installed successive applications. Application 1 

allows recording the data transmitted on a day j. Application 2 then allows a quality control of 

the data transmitted on this day. Application 3 is used to plot the dynamic daily signal of each 

measured parameter. Application 4 finally computes the value of the prediction score on day 

j. If this value reaches the predefined threshold, an alert is triggered on day j, otherwise no 

alert is triggered on that day. This process is repeated daily with new transmitted data. 
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Figure 11. Principle of the BELGIUM-HF automated and autonomous alert triggering system 



Chapter 4 Results 

 

65 
 
 

4.2.3. Summary of the methodology in Publication 1 

 

 A workflow of the methodology implemented in Publication 1 is given in Figure 12. 

 

 
Figure 12.  Workflow of methodology 

 

 

 

 

 

Figures 13a and 13b illustrate more clearly the development and the validation of the signal 

score through two subsets of data (“Training and “Testing”). Signal score was built on the 

training set and validated on the testing set in order to avoid overfitting problem. The training 

set included all signal data during the 7 days preceding the first event (n = 61) and all signal 

data during the 7 days preceding a randomly selected time-point for patients without CCE 

during signal acquisition (n = 85). The testing set included all signal data during the 7 days 

preceding the second event for patients with at least two CCE (n = 35) and all signal data 

during the 7 days preceding another randomly selected time-point for patients without CCE 

during signal acquisition (n = 85). A series of signal-derived-statistics (mean, standard 

deviation and slope for body weight) were computed using the 3, 5 and 7 consecutive values 
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of body weight, blood pressure and pulse rate preceding each time-point. A mathematical 

model for CCE prediction was then built using these signal-derived-statistics in the training 

set and its accuracy was assessed in the testing set. 

 
Figure 13a. Illustration of the development of the signal score 

 

 
Figure 13b. Illustration of the validation of the signal score 
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4.2.4. Additional results to Publication 1 

The overall net reclassification improvement (NRI) was equal to 0.04. The event NRI was 

equal to 0.21 showing that the combined score improved the detection of patients with CCE. 

The non-event NRI however was equal to –0.17 showing that the combined score 

unfortunately also increased risk estimates for patients without CCE. (Table 8) 

Using instead the integrated discrimination improvement (IDI) measure, we found that the 

event IDI was equal to 5.81 indicating that the risk predicted by the combined score was 

higher on average than that predicted by the signal score in patients with CCE. However, the 

non-event IDI was equal to –3.86 showing that the risk predicted by the combined score was 

also higher on average than that predicted by the signal score in patients without CCE. In all 

patients, the overall absolute IDI was equal to 1.95 yielding a relative IDI of 0.11 and 

showing that the combined score increased discrimination by 11% compared to signal score. 

Table 8. Reclassification among patients who experienced a cardiac composite endpoint 

(CCE) and those who did not experience a CCE during follow-up 

Signal score  Combined score 

Frequency  < 21% 21-42% > 42% Total 

Patients who experienced a CCE     

 < 21%  2 0 1 3 

 21-42%  0 9 12 21 

 > 42%  0 0 37 37 

 Total 

 

 2 9 50 61 

Patients who did not experience a CCE     

 < 21%  3 10 0 13 

 21-42%  4 43 10 57 

 > 42%  0 1 14 15 

 Total  7 54 24 85 

 

A TRIPOD checklist for prediction model development is given in appendice 2. 
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4.2.5. Illustration of the contribution of the BELGIUM-HF algorithm 

With reference to Figure 14, the combined score outperformed each of the two scores (signal 

and MAGGIC) separately whatever the cutoff in the two subsets. The 95% confidence 

intervals on the area under the curve (AUC) were [0.801 ; 0.844], [0.793 ; 0.798], and [0.632 ; 

0.694] respectively for combined, signal and MAGGIC scores in the training set. 

 

 

Figure 14. Comparison of the three scores using ROC curves 

 

Taking an example with 5 individual patients, Figure 15 also illustrated the added value of the 

combined score. On the left panel is shown the MAGGIC score which is a single value per 

patient estimated at baseline. In this example, patients A and E had high MAGGIC scores 

whereas patient C had a low MAGGIC score. On the central panel is shown the signal score 

which is a dynamic value updated every day. A boxplot represents each patient’s all signal 

scores values. The combined score is also a dynamic daily value. The signal scores values of 

these patients were similar. Combining the signal score with the MAGGIC score resulted in a 

high increase for patients A and E with a high baseline risk and a decrease for patients C with 

a low baseline risk. A cut-off defined on the combined score rather than on the signal score 

would be more efficient because triggering an alert would then be proportional to the baseline 

risk of each patient.  



Chapter 4 Results 

 

69 
 
 

 

Figure 15. Illustration of the contribution of the combined score in 5 individual patients 

 

 

 

Regarding the compliance with the system, 92% of the monitored data have been properly 

recorded. The remaining 8% did not match missing data but corresponded to periods during 

which patients had been admitted to hospital and were therefore no longer able to perform 

daily measurements of the monitored parameters.  
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4.3. Normal ranges of the combined prediction score  

 
The combined score was applied to the 38 healthy volunteers stratified into 6 groups 

according to their age and gender. Tables 9a, 9b and 9c summarize the distribution of each of 

the variables included in the combined score among these 38 volunteers. All the 7 variables 

included in the signal score showed significant variability in these healthy volunteers except 

for the mean diastolic blood pressure on 3 consecutive days. The score combining the signal 

score to the MAGGIC score also showed a significant variability among these volunteers. 

This is well illustrated in Figure 16. 
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Table 9a. Distribution of variables included in the combined score in healthy volunteers aged under 60 years 

  < 60 years 

  Body weight 

7 days slope (kg/day) 

Body weight 

3 days SD 

(kg) 

Body weight 

3 days slope 

(kg/day) 

Pulse rate 

7 days SD 

(ppm) 

Pulse rate 

3 days SD 

(ppm) 

DBP 

3 days mean 

(mmHg) 

BP difference 

3 days SD 

(mmHg) 

SIGNAL 

Score 

(%) 

MAGGIC 

Score 

(%) 

COMBINED 

Score 

(%) 

Male           

 1 0.1 ± 0.1 0.6 ± 0.4 0.4 ± 0.3 4.9 ± 2.2 4.2 ± 3.0 94 ± 7 6 ± 4 16 ± 4 15 13 ± 4 

 2 0.1 ± 0.1 0.3 ± 0.2 0.2 ± 0.2 5.2 ± 2.6 4.9 ± 3.4 96 ± 4 9 ± 4 12 ± 3 19 10 ± 3 

 3 0.2 ± 0.2 0.5 ± 0.3 0.3 ± 0.3 7.4 ± 4.9 6.4 ± 6.1 96 ± 5 13 ± 11 15 ± 5 18 13 ± 5 

 4 0.1 ± 0.1 0.2 ± 0.1 0.2 ± 0.1 3.5 ± 1.0 3.4 ± 1.6 87 ± 5 5 ± 3 12 ± 2 23 10 ± 2 

 5 0.1 ± 0.1 0.5 ± 0.2 0.3 ± 0.2 6.1 ± 2.1 5.4 ± 2.9 86 ± 5 12 ± 8 13 ± 4 18 11 ± 4 

 6 0.1 ± 0.1 0.4 ± 0.2 0.3 ± 0.2 7.8 ± 3.3 7.5 ± 4.4 93 ± 4 7 ± 4 14 ± 4 21 12 ± 4 

 7 0.1 ± 0.1 0.4 ± 0.2 0.3 ± 0.2 5.6 ± 2.0 4.9 ± 3.0 74 ± 5 8 ± 6 16 ± 4 0 11 ± 4 

 8 0.2 ± 0.1 0.5 ± 0.3 0.3 ± 0.3 5.8 ± 2.4 4.8 ± 3.4 99 ± 5 6 ± 3 15 ± 4 11 12 ± 4 

 9 0.1 ± 0.1 0.5 ± 0.4 0.3 ± 0.4 8.1 ± 2.8 8.6 ± 4.2 79 ± 5 9 ± 7 17 ± 5 1 12 ± 5 

 10 0.2 ± 0.1 0.3 ± 0.2 0.3 ± 0.2 5.3 ± 1.1 4.8 ± 2.2 83 ± 2 5 ± 3 17 ± 4 16 15 ± 4 

Female          

 11 0.1 ± 0.1 0.3 ± 0.2 0.2 ± 0.2 4.5 ± 2.6 3.9 ± 2.9 64 ± 3 6 ± 3 16 ± 3 13 12 ± 3 

 12 0.1 ± 0.2 0.5 ± 0.3 0.4 ± 0. 8.5 ± 2.8 7.3 ± 4.4 80 ± 3 5 ± 3 19 ± 5 12 15 ± 5 

 13 0.1 ± 0.1 0.4 ± 0.2 0.3 ± 0.2 5.5 ± 2.3 5.1 ± 3.4 66 ± 4 3 ± 2 19 ± 4 3 14 ± 4 

 14 0.2 ± 0.3 0.6 ± 0.3 0.3 ± 0.3 5.9 ± 2.1 5.2 ± 2.0 84 ± 5 6 ± 3 17 ± 5 13 13 ± 5 

 15 0.1 ± 0.1 0.4 ± 0.3 0.3 ± 0.3 5.0 ± 2.2 4.1 ± 2.8 64 ± 4 7 ± 4 18 ± 5 8 14 ± 5 

 16 0.2 ± 0.5 0.5 ± 0.4 0.3 ± 0.3 7.2 ± 2.5 6.6 ± 4.4 89 ± 4 7 ± 5 17 ± 9 3 12 ± 9 

Data are mean ± standard deviation; DBP: diastolic blood pressure; BP: blood pressure 
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Table 9b. Distribution of variables included in the combined score in healthy volunteers aged [60 ; 70[ years 

  [60 ; 70 [years 

  Body weight 

7 days slope (kg/day) 

Body weight 

3 days SD 

(kg) 

Body weight 

3 days slope 

(kg/day) 

Pulse rate 

7 days SD 

(ppm) 

Pulse rate 

3 days SD 

(ppm) 

DBP 

3 days mean 

(mmHg) 

BP difference 

3 days SD 

(mmHg) 

SIGNAL 

Score 

(%) 

MAGGIC 

Score 

(%) 

COMBINED 

Score 

(%) 

Male           

 17 0.1 ± 0.1 0.4 ± 0.3 0.3 ± 0.3 10.1 ± 5.1 9.2 ± 6.9 99 ± 5 9 ± 5 15 ± 5 24 13 ± 4 

 18 0.2 ± 0.1 0.5 ± 0.3 0.3 ± 0.3 4.2 ± 1.5 3.6 ± 1.8 90 ± 3 5 ± 3 16 ± 4 31 16 ± 4 

 19 0.2 ± 0.1 0.5 ± 0.3 0.3 ± 0.3 3.3 ± 1.2 3.0 ± 1.8 94 ± 6 8 ± 3 14 ± 5 24 13 ± 5 

 20 0.1 ± 0.1 0.3 ± 0.2 0.3 ± 0.2 3.4 ± 1.1 3.1 ± 1.8 77 ± 4 6 ± 3 15 ± 2 18 13 ± 2 

 21 0.1 ± 0.1 0.4 ± 0.2 0.3 ± 0.2 3.1 ± 1.5 2.6 ± 2.0 97 ± 4 4 ± 2 14 ± 3 32 14 ± 3 

 22 0.1 ± 0.1 0.3 ± 0.2 0.2 ± 0.2 3.9 ± 2.3 3.2 ± 2.4 74 ± 5 4 ± 2 16 ± 3 28 15 ± 3 

Female          

 23 0.1 ± 0.1 0.3 ± 0.2 0.3 ± 0.2 8.7 ± 3.9 7.9 ± 5.5 75 ± 3 6 ± 4 17 ± 4 28 16 ± 4 

 24 0.1 ± 0.1 0.3 ± 1.2 0.2 ± 0.2 3.4 ± 2.1 3.1 ± 2.9 66 ± 3 7 ± 4 15 ± 3 16 12 ± 3 

 25 0.1 ± 0.1 0.3 ± 0.3 0.2 ± 0.2 4.3 ± 1.7 3.7 ± 2.4 84 ± 3 6 ± 4 13 ± 4 38 14 ± 4 

 26 0.1 ± 0.1 0.3 ± 0.2 0.2 ± 0.2 5.0 ± 2.0 3.9 ± 2.9 81 ± 5 5 ± 3 14 ± 3 40 15 ± 3 

 27 0.1 ± 0.1 0.2 ± 0.1 0.2 ± 0.1 7.9 ± 1.8 6.9 ± 3.4 92 ± 4 6 ± 4 12 ± 3 35 12 ± 3 

 28 0.1 ± 0.1 0.3 ± 0.2 0.2 ± 0.2 5.9 ± 2.7 5.3 ± 3.9 81 ± 4 6 ± 4 14 ± 3 27 13 ± 3 

Data are mean ± standard deviation;  DBP: diastolic blood pressure; BP: blood pressure 
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Table 9c. Distribution of variables included in the combined score in healthy volunteers aged 70 years or older 

  ≥ 70 years 

  Body weight 

7 days slope (kg/day) 

Body weight 

3 days SD 

(kg) 

Body weight 

3 days slope 

(kg/day) 

Pulse rate 

7 days SD 

(ppm) 

Pulse rate 

3 days SD 

(ppm) 

DBP 

3 days mean 

(mmHg) 

BP difference 

3 days SD 

(mmHg) 

SIGNAL 

Score 

(%) 

MAGGIC 

Score 

(%) 

COMBINED 

Score 

(%) 

Male           

 29 0.1 ± 0.1 0.3 ± 0.3 0.2 ± 0.3 5.9 ± 1.4 5.2 ± 3.0 83 ± 5 4 ± 3 15 ± 5 37 16 ± 5 

 30 0.1 ± 0.1 0.3 ± 0.3 0.2 ± 0.3 2.6 ± 0.8 2.1 ± 1.3 78 ± 2 6 ± 3 15 ± 6 26 14 ± 6 

 31 0.1 ± 0.1 0.4 ± 0.3 0.3 ± 0.2 3.0 ± 1.5 2.4 ± 1.6 73 ± 2 5 ± 2 16 ± 4 36 17 ± 4 

 32 0.1 ± 0.1 0.4 ± 0.3 0.2 ± 0.2 3.7 ± 1.4 3.1 ± 2.2 85 ± 3 5 ± 3 14 ± 3 34 14 ± 3 

 33 0.1 ± 0.1 0.3 ± 0.1 0.2 ± 0.2 6.1 ± 3.0 5.0 ± 4.1 87 ± 3 7 ± 4 13 ± 3 44 15 ± 3 

 34 0.1 ± 0.1 0.3 ± 0.2 0.2 ± 0.2 2.2 ± 0.8 1.8 ± 1.0 72 ± 4 5 ± 2 16 ± 4 39 17 ± 4 

Female          

 35 0.1 ± 0.1 0.3 ± 0.2 0.2 ± 0.2 4.2 ± 1.2 3.8 ± 2.1 78 ± 3 5 ± 3 15 ± 4 29 15 ± 3 

 36 0.1 ± 0.1 0.4 ± 0.3 0.3 ± 0.3 4.8 ± 1.2 4.3 ± 2.1 74 ± 2 5 ± 3 16 ± 4 34 16 ± 4 

 37 0.1 ± 0.1 0.3 ± 0.3 0.2 ± 0.2 3.2 ± 1.1 2.4 ± 1.6 65 ± 3 5 ± 3 16 ± 3 43 17 ± 3 

 38 0.1 ± 0.1 0.3 ± 0.3 0.2 ± 0.3 2.0 ± 1.0 2.0 ± 1.4 69 ± 3 6 ± 3 16 ± 4 36 16 ± 4 

Data are mean ± standard deviation; DBP: diastolic blood pressure; BP: blood pressure 
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 Figure 16. Distribution of the signal score in 38 healthy volunteers 
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Selection of healthy volunteers was based on the absence of HF. They therefore had a good 

clinical prognosis according to the MAGGIC score. Indeed, they had almost all a MAGGIC 

score below 40%. Contrariwise, most HF patients had a MAGGIC score above 40% whether 

or not they experienced a cardiac event during follow-up. This explains the high sensitivity 

(86%) but the poor specificity (29%) when using the 40% cut-off for the MAGGIC score. 

(Figure 17a) 

The 20% cut-off for the signal score resulted in a few number of alerts in healthy volunteers 

compared to HF patients. Indeed, this cut-off produced, 58 (60.4%), 5102 (22.0%) and 262 

(11.8%) alerts in HF patients with cardiac events, in HF patients without cardiac events and in 

healthy volunteers respectively. (Figure 17b and Table 10) 

The number of produced alerts in healthy volunteers was even smaller when using the 25% 

cut-off of the combined score. With this cut-off, 88 (91.7%), 5334 (23.0%) and 34 (1.5%) 

alerts were produced in HF patients with cardiac events, in HF patients without cardiac events 

and in healthy volunteers respectively. (Figure 17c and Table 10) 
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Figure 17a. Distribution of the MAGGIC score in HF patients and healthy volunteers 



Chapter 4 Results 

 

78 
 
 

 

Figure 17b. Distribution of the signal score in HF patients and healthy volunteers 

 

 

 



Chapter 4 Results 

 

79 
 
 

 

Figure 17c. Distribution of the combined score in HF patients and healthy volunteers 
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Table 10. Number of alerts according to the selected cut-off in patients 

and healthy volunteers 

   Signal score 

(cut-off = 20%) 

Combined score 

(cut-off = 25%) 

Heart failure patients (n = 146)   

 Total number of values 23289 23289 

  True positives values - - no (%) 58 (0.2) 88 (0.4) 

  False positives values - - no (%) 5102 (21.9) 5334 (22.9) 

  True negatives values - - no (%) 18091 (77.7) 17859 (76.7) 

  False negatives values - - no (%) 38 (0.2) 

 

8 (0.03) 

Healthy volunteers (n = 38)   

 Total number of values 2225 2225 

  Alerts - - no (%) 262 (11.8) 34 (1.5) 

 

 

 

We then assessed the diagnostic performance of various cut-offs of the combined score for 

triggering an alert and the resulting predictive values according to some a priori prevalence’s 

rates of HF events. These results are summarized in Table 11. 
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Table 11. Diagnostic performance of various cut-offs of the combined score for 

triggering an alert with resulting predictive values 

Cut-off 

for 

triggering 

an alert 

(%) 

Sensitivity 

(%) 

Specificity 

(%) 

Alerts in 

healthy 

volunteers 

(%) 

Prior 

(%) 

PPV 

(%) 

NPV 

(%) 

 

 

 

15 

 

 

 

99 

 

 

 

9 

 

 

 

32.5 

 

5 

 

5 

 

99 

20 21 97 

42* 44 93 

50 52 90 

       

 

 

20 

 

 

99 

 

 

39 

 

 

7.0 

5 8 99 

20 29 99 

42* 54 98 

50 62 98 

       

 

 

25 

 

 

92 

 

 

77 

 

 

1.5 

5 17 99 

20 50 97 

42* 74 93 

50 80 91 

       

 

 

30 

 

 

42 

 

 

91 

 

 

0.3 

5 20 97 

20 54 86 

42* 77 68 

50 82 61 

       

 

 

35 

 

 

19 

 

 

96 

 

 

0.2 

5 20 96 

20 54 83 

42* 77 62 

50 83 54 

PPV : positive predictive value ; NPV : negative predictive value 

*Prevalence of HF events in our study 

 

The selected 25% cut-off of the combined score resulted in the best positive (74%) and 

negative (93%) predictive values for the observed HF events’ prevalence of 42%. This cut-off 

also resulted in the best positive and negative predictive values for HF events’ prevalence 

between 20 and 50%. But, when HF events’ prevalence is very low around 5%, the best 

positive and negative predictive values are achieved with a higher cut-off of 30%. A too low 

cut-off for triggering an alert generates a high number of alerts in healthy volunteers. (Table 

11) 
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We have just built a new more efficient alert triggering system for early detection and early 

preventive therapeutic intervention of HF deterioration. In the next step, we will assess the 

complementarity between quality-of-life health status measures and traditional health status 

measures of morbidity and mortality in defining HF prognosis. This will be achieved through 

question 2 of our general workflow by assessing the relationship between the MAGGIC score 

and the KCCQ score in predicting HF events. 

 

 

Progression in workflow 
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Résumé 

Objectifs. L’insuffisance cardiaque (IC) est un syndrome clinique complexe. Sa prise en 

charge appropriée devrait par conséquent combiner plusieurs outils de mesure de la santé. 

Nous avons évalué dans cette étude, la relation entre le score établi par le Kansas City 

Cardiomyopathy Questionnaire (KCCQ) et le score clinique établi par le groupe Meta-

Analysis Global Group in Chronic Heart Failure (MAGGIC). 

Méthodes. Nous avons réalisé un registre prospectif de patients IC suivis en ambulatoire par 

leurs médecins généralistes. Le critère de jugement principal était la survenue d’un décès ou 

d’une hospitalisation durant les 6 mois de suivi. Un modèle de régression multivarié a été 

effectué incluant le score KCCQ, le score MAGGIC ainsi que leur interaction. 

Résultats. De janvier 2008 à décembre 2010, 143 patients ont été enrôlés. L’âge moyen des 

patients était de 68 ans et 74% étaient de sexe masculin. Le score KCCQ et le score MAGGIC 

étaient inversement corrélés (r = - 0.24, p = 0.026). Au total, 61 (42.7%) événements sont 

survenus. Il y avait une proportion importante d’événements (77.8%) chez les patients avec un 

score MAGGIC > 50%, quel que soit la valeur du score KCCQ. Lorsque le score KCCQ était 

≤ 50%, il y avait une faible augmentation de risque à mesure que le score MAGGIC 

augmentait (OR= 2.0, IC95% = 0.6 to 6.6). Cependant, lorsque le score KCCQ était compris 

entre 50 et 75 ou > 75%, il y avait une augmentation importante de risque à mesure que le 

score MAGGIC augmentait (OR= 6.9, IC95% = 1.2 to 38.9) et (OR= 7.4, IC95% = 0.8 to 69.7) 

respectivement. 

Conclusions. Les patients avec un score MAGGIC élevé sont déjà à risque élevé de décès ou 

d’hospitalisation. Pour les patients avec un faible score MAGGIC, le score KCCQ permet 

encore d’identifier un sous-groupe à risque élevé de développer ces événements cardiaques. 
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4.4.1. Presentation of Publication 2 
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4.4.2. Illustration of the complementarity between the KCCQ score and the 

MAGGIC score 

Figure 18 illustrates the inverse relation between the KCCQ score and the MAGGIC score 

suggesting that patients with a bad clinical prognosis also tended to have a poor quality of life. 

It also shows that patients with a poor clinical prognosis (MAGGIC score > 50%) were 

already at high risk of HF events. Among patients with a better clinical prognosis (MAGGIC 

score ≤ 25%), those with a poor quality of life (KCCQ score < 25%) are still at high risk of 

HF events. 

 

Figure 18. Relationship between the KCCQ score and  

the MAGGIC score 
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We just showed that quality-of-life health status measures and traditional health status 

measures of morbidity and mortality can complement each other to well-define HF prognosis. 

For further insight into these findings, we will consider in the following step, changes in 

quality-of-life score (KCCQ) as an outcome. This will be achieved through question 3 of our 

general workflow.  

 

 

Progression in workflow 
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4.5. Changes in patients’ quality of life during follow-up 

 
A total of 143 patients filled out the KCCQ at baseline. They were only 75 to fill it at the 

follow-up visit 1 after 3 months and only 60 to fill it at the follow-up visit 2 after 6 months.  

Table 11 summarizes the patients’ QoL scores within each subscale of the KCCQ during 

follow-up. Patients’ mean QoL scores appeared to have improved during the course of the 

study but with significant variability. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 12 shows the within-patients’ variation of the KCCQ score during follow-up among the 

remaining 60 patients with KCCQ data at 6-months of follow-up. For most subscales of the 

KCCQ, mean QoL scores have increased between baseline and 3-months follow-up visit and 

they decreased slightly thereafter between 3-months and 6-months follow-up visits. The same 

observation was made for the overall summary score.  

 

 

 

 

Table 11. Changes in patients’ quality of life during follow-up.* 

  Baseline 

 

n = 143 

3-months 

follow-up 

n = 75 

6-months 

follow-up 

n = 60 

KCCQ summary scores 

 Physical limitation 50.8 ± 29.5 59.1 ± 26.4 58.3 ± 27.9 

 Symptom stability 67.5 ± 35.0 58.3 ± 22.3 55.8 ± 25.4 

 Symptom frequency 52.3 ± 28.1 73.0 ± 23.4 68.9 ± 26.5 

 Symptom burden 57.3 ± 27.3 74.9 ± 21.4 70.3 ± 25.7 

 Total symptom score 54.8 ± 26.6 73.9 ± 21.3 69.6 ± 25.2 

 Self-efficacy 62.9 ± 29.0 77.5 ± 23.0 80.2 ± 22.3 

 Quality of life 46.2 ± 25.4 62.9 ± 26.8 58.6 ± 29.6 

 Social limitation 47.3 ± 30.9 55.4 ± 34.7 57.3 ± 33.2 

 Clinical summary score 51.7 ± 26.2 65.3 ± 22.6 63.4 ± 23.7 

 Overall summary score 48.5 ± 24.3 61.1 ± 24.6 59.5 ± 25.4 

*Plus-minus values are means ± standard deviations 

KCCQ: Kansas City Cardiomyopathy Questionnaire 
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Table 12. Within-patients’ variation of the Kansas City Cardiomyopathy Questionnaire 

score during follow-up.* 

  Patients who fulfilled the questionnaire at baseline 

n = 143 

  Remaining at 3-months 

n = 75 

  Remaining at 6-months 

n = 60 

  Baseline 3-months 6-months 

Kansas City Cardiomyopathy 

Questionnaire overall summary 

score 

   

 Physical limitation 50.5 ± 27.1 58.6 ± 27.3 58.3 ± 27.9 

 Symptom stability 68.8 ± 35.2 58.8 ± 21.1 55.8 ± 25.4 

 Symptom frequency 50.8 ± 28.2 74.3 ± 22.7 68.9 ± 26.5 

 Symptom burden 54.4 ± 26.3 74.7 ± 22.0 70.3 ± 25.7 

 Total symptom score 52.6 ± 25.9 74.5 ± 21.2 69.6 ± 25.2 

 Self-efficacy 65.8 ± 29.7 77.7 ± 22.7 80.2 ± 22.3 

 Quality of life 45.1 ± 26.5 63.2 ± 24.8 58.6 ± 29.6 

 Social limitation 49.6 ± 30.1 56.6 ± 34.9 57.3 ± 33.2 

 Clinical summary score 50.3 ± 24.6 65.4 ± 23.1 63.4 ± 23.7 

 Overall summary score 48.2 ± 23.2 61.5 ± 24.5 59.5 ± 25.4 

*Plus-minus values are means ± standard deviations 

 

 

Moreover, at baseline, there were more patients in the worst QoL categories (worst and poor). 

But over the course of the study, most patients have shifted to the best QoL categories (fair 

and good). (Table 13) This observation is better illustrated in Figure 19.  

Nevertheless, we noted that 25 (33.3%) patients and 22 (36.7%) patients experienced 

deterioration in QoL at 3 and 6-months of follow-up respectively (patients below the 

diagonals in Figure 19). Patients in this subgroup also experienced more cardiac events than 

those who experienced improvement in QoL at the same time (36% vs 20% and 77% vs 18% 

respectively at 3-months and 6-months of follow-up). 

 Furthermore, 7 (9.3%) patients and 4 (6.7%) patients experienced deterioration of more than 

25% of their QoL at 3 and 6-months of follow-up respectively (patients below the red dashed 

lines in Figure 19). In this subgroup of patients, the proportion of cardiac events was much 

higher. Indeed, 43% of these patients experienced a cardiac event at 3-months of follow-up 

while all of these patients experienced a cardiac event at 6-months of follow-up. 
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Table 13. Changes within the Kansas City Cardiomyopathy Questionnaire’s categories 

during follow-up.* 

 Worst 

(< 25) 

Poor 

(25 – 49) 

Fair 

(50 – 74) 

Good 

(75 – 100) 

Baseline (n = 143) 32 (22.4) 45 (31.5) 39 (27.3) 27 (18.9) 

3-month follow-up  

(n = 75) 

 

6 (8.0) 

 

22 (29.3) 

 

20 (26.7) 

 

27 (36.0) 

6 months follow-up  

(n = 60) 

 

7 (11.7) 

 

16 (26.7) 

 

18 (30.0) 

 

19 (31.7) 

*Data are no (%) 

 

 

 

        

Figure 19. Square-diagonal graphs of changes in KCCQ overall summary score after 3 

and 6 months of follow-up 
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Chapter 5 

Discussion 
 

 

 

 

 

 

The aim of the present thesis was to develop new management strategies to reduce mortality 

and hospital readmission rates in HF patients. HTM represents a useful tool to this end. Thus, 

in a first step, we proposed solutions to some of the unresolved issues that still limit the use of 

HTM in the management of HF patients. In this attempt, we first identified in publication 1, 

characteristics in the daily changes of the clinical monitored parameters (body weight, blood 

pressure, pulse rate) that are predictive of HF-related events.  It turned out that a patient 

would trigger an early alert to prevent a HF-related event, as much as his body weight 

increases over 3 to 7 consecutive days; or if he/her has a significant body weight variation 

over 3 consecutive days; or if he/her has a significant pulse rate variation over 3 to 7 

consecutive days; or if he/her has a decrease in the mean of 3 consecutive days’ diastolic 

blood pressure; or if he/her has a narrow differential blood pressure during 3 consecutive 

days. We then combined these HF-related events’ predictors identified from the monitored 

parameters with the clinical MAGGIC score. We decided to use the valid MAGGIC clinical 

score instead of developing a clinical risk model from our database in order to build a system 

that will be easily generalizable. Indeed, our HF population was similar to that of the 

MAGGIC study in that, in both HF populations mean age was 68 years, most of them were 

men, about 40% of them had a history of myocardial infarction and HF events occurred in 

about 40% of cases. But they differed in that mean LVEF was lower in our study (28 ± 7% vs 

35 ± 14%). This is because the MAGGIC study did not include only patients with HFrEF as 
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in our study but also patients with HFpEF. HFrEF was nevertheless found in 75% of patients 

in the MAGGIC study. These two HF populations also differed in that patients in our study 

were sicker (NYHA class III or IV: 57% vs 42%) and more treated (ACE/ARB: 93% vs 67%; 

beta-blocker: 80% vs 34%) than the MAGGIC study’s population. However, these variables 

are included in the MAGGIC score formula. So, the risk for a patient is adjusted according to 

these variables. Therefore, using the MAGGIC score in our HF population was quite 

appropriate and more beneficial. 

 

Combining the predictors identified from the monitored parameters with the MAGGIC score 

resulted in a new HF events’ dynamic prediction algorithm with which the triggering of alerts 

would be proportional to the patients’ baseline clinical risk. So with our algorithm, an alert 

will be triggered faster for a patient with a poor baseline clinical score while the algorithm 

will be more lenient with a patient whose baseline clinical score is good. The predictive 

performance of this new algorithm was higher (whatever the cutoff) than that of an algorithm 

only based on remotely monitored parameters. This new algorithm was applied to healthy 

volunteers in order to establish the normal range of values and to ensure that the system will 

not generate a lot of false positives. Healthy volunteers were not free of any disease because 

many of them had a medical history of diabetes, hypertension, hypercholesterolemia or renal 

failure. No difference was found for the signal score according to age or gender in healthy 

volunteers. The 20% cut-off for the signal score resulted in a few number of alerts in healthy 

volunteers (12%) compared to HF patients with cardiac events (60%). The difference was 

more apparent with the 25% cut-off for the combined score which produced only 1.5% alerts 

in healthy volunteers and up to 92% alerts in HF patients with cardiac events. The 25% cut-

off for the combined score thus appears to be a good cut-off for triggering alerts. 

. 

The normal range of values could be used anyway to optimally set predefined thresholds for 

alerts triggering. Therefore, this new algorithm can be easily implemented to build an 

individualized non-invasive automated and autonomous alert triggering system for early 

detection and early preventive therapeutic intervention of HF deterioration. This new system 

will be more efficient in several points.  

 

First, our prediction algorithm only includes the characteristics of the remotely monitored 

parameters that are really related to HF events. This aspect was not considered in previous 

studies which relied on predefined thresholds to trigger alerts and it was not clear how the 

daily changes in monitored parameters really predicted HF events. Taking this aspect into 

account, we have improved the predictive performance of our algorithm which has thus 

outperformed the traditional “rules-of-thumb” and the rule applied in TEMA-HF1 trial.
109

 

 

Second, our system will not monitor the only body weight parameter as in the WISH
118

 and 

Tele-HF
72

 trials which failed to demonstrate superiority of HTM protocols over usual care. As 

in the TEN-HMS
119

, the TIM-HF
120

, the TEMA-HF1
109

 and the BEAT-HF
75

 trials, our system 

also takes into account in addition to the body weight, the blood pressure and the pulse rate. 
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HF is a complex syndrome usually accompanied by several comorbidities and as some 

authors have already pointed out, its appropriate management cannot be limited to a single 

clinical parameter.
109,110,120

 Moreover, HF deterioration can occur without an increase in body 

weight in half of patients.
121

 A pathophysiological hypothesis increasingly supports that HF 

deterioration is consecutive to an endogenous fluid shift from venous body reservoirs rather 

than an exogenous fluid accumulation and does not lead to an exogenous fluid retention or to 

a body weight gain.
31

 As such, consideration should be given to measuring more than body 

weight in HTM interventions.
122

 Monitoring blood pressure and pulse rate allows to early 

detect complications such as atrial fibrillation or hyper- or hypotension which can quickly 

lead to hospitalization or death.
109

 

 

Third, our prediction algorithm is a dynamic one. The prediction score is a daily value, 

computed each day by including the new values of the monitored parameters. The preset fixed 

limits of body weight changes like those of the “rules-of-thumb” (body weight gain over 3 lbs 

in 1 day or 5 lbs in 3 days) have been found to be inappropriate in predicting worsening HF in 

Zhang
110

 and Ledwidge datasets.
123

 HF patients may have considerable daily fluctuations in 

body weight due to life style readjustment and therefore, short-term changes in body weight 

do not appear to be related to HF deterioration.
110,123,124

 To address this problem, the body 

weight of the first monitoring day was used as the reference body weight in the TEMA-HF1 

trial.
109

 However, during a 6-months follow-up, body weight variations exceeding the 

predetermined threshold of 2 kg used in this study may occur without these variations being 

necessarily linked to an accumulation of fluid, therefore accounting for the low specificity of 

the TEMA-HF1 rule. Accordingly, moving long-term variations algorithms as our prediction 

algorithm or that of Zhang
110

 and Ledwidge
123

, performed better than fixed limits of short-

term body weight changes in detecting HF deterioration. Moreover, in the BEAT-HF trial, an 

alert was triggered for a body weight gain occurring over a longer time window (weekly gain 

> 6 lbs) but HTM interventions did not reduce 180-day readmissions. Some authors pointed 

out that absolute changes in body weight do not seem very sensitive in detecting impending 

decompensation and that more gradual body weight gain may be more valuable in detecting 

HF deterioration. The BELGIUM-HF prediction algorithm analyzes the body weight slope up 

to 7 consecutive days thereby allowing tracking cumulative subtle body weight gain on 7 

consecutive days. This feature is also the most important one of our prediction score given its 

highest coefficient.  A time window longer than 7 days would it be more efficient in 

predicting HF events? Chaudhry
125

 and colleagues have shown that body weight gain begins 

30 days prior to clinical deterioration of HF but that this increase was more pronounced 1 

week before hospitalization for HF. Using a 30-days’ time window would not be an 

appropriate management strategy because it would take at least 30 days to trigger an alert. A 

patient monitoring system is expected to trigger an alert within a reasonable time window. 

Zhang
110

 and colleagues have assessed the performance of a moving average convergence 

divergence algorithm (MACD) in predicting hospitalization for worsening HF in the 14 days 

prior to the hospitalization. This MACD outperformed the simple RoT algorithms (body 

weight gain > 3 lbs in 1 day or > 5 lbs in 3 days) and was very specific (89.4%) but not very 
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sensitive (20.4%). We also assessed the performance of the BELGIUM-HF system in 

predicting HF events on a 14-days’ time window and it did not bring any added value 

compared to the 7-days’ time window. Therefore, the 7-days’ time window seems to be the 

most appropriate time window for an optimal monitoring of HF patients.  

 

Fourth, BELGIUM-HF algorithm was built to be implemented in an automated non-invasive 

alert triggering system. Another issue about the use of HTM in the management of HF 

patients is whether to use an invasive or a non-invasive strategy. A meta-analysis on effective 

technologies for non-invasive remote monitoring in HF identified the four following specific 

technologies: videophone, interactive voice response, STS and HTM.
122

 Videophone’s 

effectiveness was assessed in only one study which found no differences in all-cause mortality 

compared to usual care.
126

 Interactive voice response technology was investigated in only two 

studies in this meta-analysis which found no benefit of this technology over usual care.
127

 

These findings were consistent with those of a larger randomized controlled trial, the Tele-HF 

trial.
72

 Furthermore, few patients in Tele-HF trial complied with the system; 14% of patients 

never used the system and 45% did not adhere to it, reflecting a failure of voice-interactive 

technology.
69,72

 Among non-invasive remote monitoring technologies, STS and HTM are the 

most used and both were found to be significantly better than usual care in reducing deaths 

and HF-related hospitalizations.
122,128

  A meta-analysis comparing the main forms of non-

invasive remote monitoring technologies in HF showed that when these specific technologies 

were ranked according to their effectiveness to reduce deaths and readmissions in HF patients, 

HTM was always ranked first.
128

 Moreover, STS technology requires a case manager to 

conduct follow-up calls to patients and it has been reported that for a case manager who 

provide follow-up calls for 50 patients, HTM technology allows to manage 200-300 patients 

in the same time.
129

 However, by being potentially able to electronically monitor several 

physiological data at once, HTM technology can generate a huge volume of data. Therefore, a 

visual examination of all these data is not practical.
69

 By integrating an algorithm which will 

automatically compute each day a prediction score using the values of the monitored data, the 

BELGIUM-HF system as with similar systems (TEMA-HF1, BEAT-HF) will exempt from 

this workload. Automatic HTM systems also promote patients’ adherence as in TIM-HF trial 

with 81% of patients completing more than 70% of daily transmissions.
4
 In our study, 

adherence to the system was 100% because the 8% of non-transmitted data did not match 

missing data but corresponded to periods during which patients had been admitted to hospital 

and were therefore no longer able to perform daily measurements of the monitored 

parameters. Furthermore, HTM enables patients to be actively involved in their own condition 

management through frequent self-monitoring.
130,131

 This, in addition to the fact that HTM 

uses electronic devices that are already part of the patients’ daily lives (smartphones, tablets) 

increases patients’ adherence to this technology and their compliance with treatment.
69,132

 

Invasive monitoring through implantable hemodynamic monitors could enhance home-based 

monitoring by providing more accurate ant robust data to identify patients at high risk of 

decompensation.
63,133

 Indeed, it has been shown that the first detectable change preceding the 

worsening of decompensation is an increase in filling pressure which can occur 20 days 
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before, followed by changes in autonomic adaptation and intrathoracic impedance and finally 

weight gain and the onset of symptoms occurring only a few days before.
56,134

 Based on this 

observation, several studies have been conducted using a variety of implantable hemodynamic 

monitors to measure changes in cardiac filling pressures in HF outpatients including 

COMPASS-HF, HOMEOSTASIS and most recently the CHAMPION-trials.
76,135,136

 The 

safety and the efficacy of the CardioMEMS device, the most-well studied pulmonary artery 

sensor was examined in the CHAMPION-trial which demonstrated a 30% decrease in HF-

related hospitalizations over a 6-months’ time period in patients using this device.
76

 This 

device is now approved by the US Food and Drug Administration for NYHA class III HF 

patients with a HF hospitalization in the previous 12 months in order to decrease 

readmissions.
56,63

 However, further studies are still needed to assess the efficacy and cost-

effectiveness of the CardioMEMS device as well as to identify factor that may influence the 

use of invasive remote monitoring devices.
63

 Furthermore, a health care provider is required 

to review and interpret transmitted data. This could be an obstacle to a real impact of this 

device.
56

 In overall, invasive monitoring strategies could allow to monitor more accurate and 

robust parameters in the prediction of HF deterioration than non-invasive monitoring 

strategies which nevertheless contribute to improve patients' compliance with treatment by 

making them central partners in their own management. A combination of these two home 

monitoring strategies could be considered in future studies.  

 

Fifth, BELGIUM-HF alert triggering system was built to be a stand-alone system. This 

system was developed on the basis of HTM principle but it differs from HTM technologies in 

their strictest definition in that it does not involve an exchange of data between patients and 

health care providers. Alerts will be sent to the patient’s mobile phone who will then have to 

get in touch with his/her doctor which one will be able to readjust his/her treatment. HTM 

technology in its classical form could raise on the one hand the issue of the responsibility of 

the healthcare professional who receives and must respond to the alerts that will be triggered  

and on the other hand, the issue of the security of the transmitted data.
63

 With BELGIUM-HF 

system, healthcare professionals will not be responsible for alerts triggered and in addition, 

patient privacy and confidentiality will be easily guaranteed.  

Sixth, BELGIUM-HF system is an individualized alert triggering system which integrates the 

baseline MAGGIC clinical score of each patient. There is evidence suggesting that patients at 

high risk of readmission or death appear to benefit more from HTM technology.
69,137

 With 

BELGIUM-HF system, the triggering of alerts would be proportional to the patients’ baseline 

clinical risk. 

 

Seventh, a quality control of the transmitted data is performed with the BELGIUM-HF 

system. During the 6-month period of signal recording, transmitted data were neither viewed 

nor analyzed. If there was a problem with the equipment, assistance was provided by Touring 

Secours. But when the acquisition period was closed, signal trends were visually examined 

and rare but unambiguous artefacts were identified only on body weight measures. These 

artefacts consisted of abrupt and transient drops of several kilos arising either from technical 
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deficiencies of the scale or from its use by a third party. Being able to detect these artefacts is 

very important because these are incidents that cannot be prevented. In this respect, an 

artefact detection algorithm has been developed and incorporated into the BELGIUM-HF 

system to automatically check and correct the signal data. 

 

In the light of the above, the new BELGIUM-HF individualized non-invasive automated and 

stand-alone alert triggering system outperforms previous HTM systems in several points and 

could significantly enhance the effectiveness of HTM technologies in reducing HF-related 

hospitalizations and deaths.  

 

The BELGIUM-HF stand-alone system could thus be used in a new management strategy of 

HF patients which would allow early prevention of HF-related readmissions within 24 hours. 

Indeed, even though we considered a composite endpoint of death or medical emergency with 

or without hospitalization, only two deaths occurred as the first event among the 96 events 

which occurred during signal acquisition. The BELGIUM-HF system therefore detects more 

specifically HF-related readmissions. Furthermore, the system assesses the risk of 

readmission on a daily basis and therefore a preventive therapeutic intervention could be 

performed within 24 hours. Two different approaches can be considered with the BELGIUM-

HF system for the management of HF patients.  

 

The first approach could use the positive predictive value. In this case, a single cut-off for 

triggering an alert should be set. The 25% cut-off of the combined score resulted in a good 

positive predictive value (74%) with a good negative predictive value (93%) meaning that if 

an alert is triggered, the patient has a 74% probability to be readmitted to hospital without an 

early preventive therapeutic intervention. However, positive predictive value depends on 

prevalence. Indeed, the previous positive and negative predictive values were achieved with 

the observed HF events’ prevalence of 42% in our study. When considering various cut-offs 

and various a priori prevalence’s rates of HF events, the 25% cut-off of the combined score 

still provide the best positive and negative predictive values for HF events’ prevalence 

between 20 and 50%. But for low HF events’ prevalence (around 5%), the cut-off should be 

set to a higher value of 30% to achieve the best positive and negative predictive values. 

Moreover, rather than using the single value of the cut-off, we can consider a strategy using 

three risk gradients through three ranges of values and translated into three color gradients. 

Let’s take the example for a cut-off set at 25% to trigger an alert. Each day, it could be 

considered that for a combined score < 20%, the patient would be in the green zone and no 

action would be required. But if the combined score is between 20 and 24%, the patient would 

be in the orange zone and should closely monitor his/her diet and be fully compliant with 

treatment. Finally, if the combined score is ≥ 25%, the patient would be in the red zone. In 

this case, an alert is triggered and the patient should get in touch with his/her GP for an early 

preventive therapeutic intervention. This strategy could allow a more active participation of 

the patient in his/her own care. 
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In a second approach, the cut-off for triggering an alert could be set according to the patient's 

perception of his/her own health rather than using a single cut-off for all patients. In this 

regard, for a patient feeling bad (KCCQ score < 25%) a lower cut-off could be set for faster 

triggering of alert while for a patient feeling good (KCCQ score ≥ 75%) a higher cut-off will 

be set for a later triggering of alert. Finally, for a patient whose KCCQ score is between 25 

and 74%, an optimal cut-off could be used.   

 

 

 

In a second step to improve HF prognosis, we considered supplementing traditional health 

status measures of morbidity and mortality with quality-of-life health status measures to better 

define the prognosis of HF patients. To that end, we assessed in Publication 2, the relationship 

between the MAGGIC clinical score and the KCCQ score, as well as their additive prognostic 

value. The MAGGIC score is a valid, robust, applicable and generalizable easy to use risk 

score for mortality in patients with HF of both reduced and preserved ejection fraction. The 

higher the MAGGIC score, the worst the patient’s prognosis.
77

 The KCCQ is a valid, reliable, 

sensitive and responsive quality-of-life status measure for HF patients. It also appears to be a 

valid measure of health status in both HFrEF and HFpEF patients.
138

 A KCCQ score can be 

computed and the lower this score, the worst the patient’s quality of life.
95

 Firstly, we found 

an expected inverse correlation between these two scores indicating that HF patients at high 

risk of mortality also tend to have a poorer quality of life. Secondly, we found that when the 

MAGGIC score is high, HF patients are already at high risk of death or hospitalization and the 

KCCQ score has no added prognostic value. However, when the MAGGIC score is low, the 

KCCQ score allows to further identify a subgroup at high risk of death or hospitalization. 

Therefore, these two types of health measurement instruments are complementary in 

assessing health in its globality in HF patients. We also assessed the prognostic value of 

changes in KCCQ scores over time. We found in this respect that patients who experienced 

deterioration in QoL at 3 and 6-months of follow-up also experienced more cardiac events 

than those who experienced improvement in QoL at the same time. 

 

KCCQ can thus provide an important source of information in addition to the MAGGIC 

clinical score, useful and even necessary for a better management of HF patients. It may 

therefore provide a different approach in HF management. The concept of perceived health is 

as important as clinical scores in predicting HF events. It’s another way for assessing risk in 

HF patients that should be considered. Considering our findings, KCCQ could be used 

together with the MAGGIC score into a new management strategy of HF patients organized 

into two steps. In a first step, the practitioner will consider the MAGGIC score. If the 

MAGGIC score is poor (> 50%) ie for patients going wrong, he/her no longer needs to 

consider the KCCQ score because for these patients, whatever the perception they have about 

their own health status, they have a very high risk of experiencing a HF event and a 

preventive therapeutic intervention should be performed early. If the MAGGIC score is 

favorable (≤ 50%) ie for patients doing well, the practitioner will then have to consider the 
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KCCQ score in a second step to identify those who have in addition a poor (< 25%) KCCQ 

score ie patients feeling bad. Indeed, these patients who doing well but who feel bad have also 

a very high risk of experiencing a HF event and a preventive therapeutic intervention must 

also be performed.  

HF is a complex syndrome and its appropriate management cannot be limited to the single use 

of traditional health status measures such as the MAGGIC score. Self-perceived health status 

measures such as the KCCQ score are useful and even necessary because biological and 

physiological data, symptoms, functional status and health perceptions all impact the 

individual’s overall quality of life.
139

 Moreover, HF is a chronic condition and for most 

patients living with chronic disease, treatment goal has shifted from disease cure to 

maintaining and improving HRQoL.
139,140

 Indeed, patients are increasingly placing an 

emphasis on their health status and HRQoL instruments may provide an important, systematic 

approach of obtaining QoL data that cannot be obtained from other measures such laboratory 

data or imaging.
141,142

 There is an increasing need to improve the patient-centeredness of 

health care and taking into account patients’ perception of their health status could be a useful 

approach to this end. HF management can be adjusted according to patients’ adherence to 

optimal medical therapy but also according to their understanding of their symptoms.
142

 Over 

the past two decades, there has been a growing interest on health perceived measures and an 

evolution of HRQoL concept.
139,143

 Prior to HRQoL measurements, clinicians-assessed 

measures such as NYHA class had been primarily used to assess HF patients’ functional 

status. However, HRQoL have proven to be more reproducible than clinician-assessed 

measures and even than more objective tests such as measures of ejection fraction or valve 

gradients.
142,144,145

 Using HRQoL can help to better assess patients’ health status because 

physicians may underestimate the impact of symptoms on patients’ physical and social 

function.
142

 Hence, HRQoL has become an important endpoint for clinical trials in HF.
146

 

Nevertheless, only 16% of modern cardiovascular clinical trials have included a HRQoL 

measurement.
147

 Despite the evidence of the added value of HRQoL measurements in the 

assessment of HF patients’ health, their use in routine clinical practice is still awaited.
142

 

However, as with our study, HRQoL assessments have shown their ability to discriminate HF 

patients at high risk for traditional outcomes. Being able to use them to identify HF patients 

who deserve more attention, more intensive therapy is therefore fully justified and the 

importance of incorporating them into clinical practice has been recently highlighted.
148,149

 

The KCCQ is now the most widely used HF HRQoL measurement and it has been found to be 

a significant predictor of mortality, hospitalization and change in health.
99,150,151

 But for 

KCCQ to be adopted into routine practice there are still challenges ahead. 

 

First, acceptance of KCCQ by patients and clinicians and its implementation into clinical 

workflow is a fundamental prerequisite.
142,149

 A lengthy questionnaire to fill might not meet 

patient adherence and clinicians are limited by a time constraint. The respondent and 

administrative burden of the KCCQ has been addressed recently. The first full version of the 

KCCQ, the KCCQ-23 could be self-administrated under 10 min.
142,152

 Recently, a short 

version of the KCCQ, the KCCQ-12 which maintains the psychometric properties of the full 
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KCCQ has been developed and validated.
152

 KCCQ-12 retained strong correlations with the 

original scales, high reliability and high responsiveness. It also had comparable properties 

with the full KCCQ in terms of prognosis and interpretability but with the main advantage 

that this short-form KCCQ-12 requires only 2 to 3 min to be self-administered.
152

 Therefore, 

the burden of filling the KCCQ should no longer act as a barrier to its use into clinical care 

which now depends on a real commitment of patients and clinicians.
142

 

 

Second, HRQoL instrument easy to interpret are necessary for a use in clinical setting. It is 

necessary that the instrument can explicitly determine what differences in scores are clinically 

meaningful.
153

 The predictive validity of KCCQ was assessed in several studies which 

showed that the KCCQ could clearly define whether a patient has a large, moderate or small 

clinical deterioration.
142

 In the same way, we have shown that among HF patients with a good 

MAGGIC clinical score, those with poor KCCQ scores were at higher risk of death or 

hospital readmission. But it has not yet been well described, whether clinicians or patients 

understand the KCCQ score and find it useful in the clinical setting.
142

 We observed for 

example that about one-third of patients experienced a loss in QoL after 3 and 6 months of 

follow-up. But the use of a poor-worst KCCQ score in routine care and its translation into a 

well-tailored therapeutic intervention is not immediately evident.
105

  

 

Third, to promote the integration of KCCQ into clinical practice, its use should first be 

facilitated.
142,149

 The recent development in recording electronic health data through mobile 

telecommunications tools represents a real opportunity for this purpose. A mobile application 

could be developed to facilitate on the one hand the filling of the questionnaire and on the 

other hand, to facilitate computation and interpretation of the KCCQ score.
142,149

 

Furthermore, it has been recently shown that a high KCCQ score assessed before hospital 

discharge was significantly associated with low HF 30-day readmission rate and it contributed 

to significantly improve readmission prediction reliability when combined with other clinical 

components most of which being included in the MAGGIC score (age, gender, beta blocker, 

ACE/ARB, ejection fraction).
154

 HF is still one of the most common diagnoses associated 

with 30-day readmission
155

 and these results also support the need to combine the KCCQ 

score with the MAGGIC score to better define HF prognosis.  

 

The added value of the KCCQ in the prognosis of HF seems therefore undeniable. Moreover, 

its combination with the MAGGIC score would allow assessing health in a global perspective 

for HF patients. Results from our study further strengthen the validity of the use of KCCQ as 

a tool for monitoring patients in routine clinical care. Such a health status scale should no 

longer be used as a surrogate but as a highly meaningful outcome of care. 

 

 

The limitations of the present project are discussed in details in each publication. In general, 

the small sample size was one of these limitations. Patients were however recruited from their 

GPs and such a sample is more representative of HF patients in their daily life. Another 
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limitation was that, as in most studies on HF, we included only patients with reduced ejection 

fraction. This may limit the generalization of our findings to all HF patients. The problem 

with HFpEF is that its identification remains difficult because it is a systemic disorder with a 

heterogeneous pathophysiology affecting not only the heart but also other organs.
8
 We also 

had the constraint of being able to compare our algorithm with those of other studies, hence 

the need to use the same HFrEF patients’ population as these studies. However, one in two 

HF patients has a preserved ejection fraction and this proportion is increasing over time.
5
 So, 

HFpEF patients should be involved in future studies. Another limitation was related to the 

lack of patient compliance in filling the KCCQ. Following the baseline assessment of the 

KCCQ, very few patients fulfilled the KCCQ during the subsequent follow-up visits 1 (3 

months) and 2 (6 months). That did not allow us to assess the relevance of a change in KCCQ 

score as an outcome for HF patients. It also emphasizes that to achieve an effective use of 

KCCQ in routine care, patients and clinicians’ awareness will be previously required. 

Nevertheless, several arguments related to the strength of this project have been identified. 

They were discussed in details in each publication and attest the originality and the robustness 

of our findings.  

 

 

 

  



Chapter 6 Conclusions and perspectives 

 

119 
 
 

 

 

 

 

 

Chapter 6 

Conclusions and perspectives 
 

 

 

6.1.  Conclusions 
 “The very essence of cardiovascular practice is the early detection of heart failure”. This 

assertion of Sir Thomas Lewis in 1933 is still relevant today and still imposes a major 

challenge to clinicians and researchers. Indeed, HF is a major public health problem and an 

early detection of HF deterioration could allow a preventive therapeutic intervention resulting 

in a reduction in HF outcomes and its economic burden. The present thesis considered two 

alternatives to this end. In a first step, by coming up with solutions to some of the unresolved 

issues that still limit the use of HTM in the management of HF patients, we built a new 

individualized non-invasive automated and autonomous alert triggering system for early 

detection and early preventive therapeutic intervention of HF deterioration. This new 

BELGIUM-HF system appears to be more efficient than the previous HTM systems for HF 

patients. HF management has evolved over the decades through several eras. Considering the 

constant progress in HTM technologies as well as the increasingly promising results of their 

use in the management of HF patients, it can be considered that a new era, “the HTM era” 

could begin in HF management. In this regard, the BELGIUM-HF system would be a leading 

tool. In a second step, we showed the complementarity between the MAGGIC score (an 

instrument for assessing mortality in HF patients) and the KCCQ score (an instrument for 

assessing QoL in HF patients) in predicting HF outcomes. Health should no longer only be 

measured narrowly and in the negative through traditional measures of morbidity and 

mortality in HF. HF is a chronic condition and living with a good quality of life is an 

important goal for most patients living with chronic disease. Moreover, HF is a complex 



Chapter 6 Conclusions and perspectives 

 

120 
 
 

syndrome with a still incompletely understood pathophysiology and as we have shown, 

supplementing the MAGGIC score with the KCCQ score allows to well-define the prognosis 

of HF patients. Despite evidence of the added value of the KCCQ in predicting HF outcomes, 

its use in routine clinical practice is still awaited. The present thesis serves to also emphasize 

that it is time to integrate KCCQ into daily practice.  

 

6.2. Perspectives 
HF remains today a major public health problem with still high post-discharge mortality and 

readmission rates. These events are usually the result of poor adherence to drug therapy, bad 

lifestyle habits or inadequate drug therapy. An appropriate management of these patients is 

therefore necessary to improve their prognosis. But how could this be done? The present 

thesis identified in a first step a new more efficient system to help monitor HF patients at 

home between two scheduled visits. In a second step, it proposed to assess HF patients’ health 

in a global perspective by integrating the KCCQ into routine care. However, further studies 

should be conducted to validate our findings. 

First, the performance of regression models used in diagnostic and prognostic prediction 

research is generally better on the data set on which the model has been constructed 

(derivation set) compared to the performance of the same model on new data (validation 

set)
156,157

, especially in small data sets.
158,159

 To address this, several approaches have been 

suggested to estimate a model’s optimism
156

, such as bootstrap resampling, crossvalidation, 

and split-sampling techniques. In our study, we used a split-sampling technique by building 

the BELGIUM-HF algorithm in a subset (training) and then assessing its accuracy in another 

subset (testing). These techniques are internal validation techniques, because the performance 

is estimated using patients from the model’s derivation set only.
156

 However, for relatively 

small data sets, internal validation of prediction models by these techniques may not be 

sufficient and indicative for the model’s performance in future patients. External validation is 

essential before implementing prediction models in clinical practice.
160

 Therefore, as we 

applied the “rules-of-thumb” and the rule of TEMA-HF1 study
109

 to BELGIUM-HF patients, 

BELGIUM-HF algorithm could also easily be applied to other HF patients to ensure external 

validation. 

 

Second, the BELGIUM-HF system needs to be validated in a prospective clinical study 

conducted to assess the efficacy of BELGIUM-HF system in reducing HF outcomes. This 

study should compare a HF management strategy using the BELGIUM-HF system to usual 

care. A cost-effectiveness analysis should also be considered in this study. Based on the 

results of this prospective clinical study, a large randomized control trial could then be 

conducted to definitely prove the efficacy of BELGIUM-HF system in reducing HF 

outcomes.  

Third, prior to the use of KCCQ in routine care, more research is needed to better define how 

to use changes in KCCQ score to maximize its interpretation and usefulness and to assess the 

efficacy of a strategy including KCCQ into routine care compared with usual routine care. 
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Increasing education of patients, clinicians and policy makers is also necessary to recognize 

the importance of measuring and integrating KCCQ into daily practice.  

 

Fourth, by suggesting that health should now be measured in a global perspective for HF 

patients, the BELGIUM-HF system could be considered for predicting deterioration in HF 

patients’ quality of life. Question 4 of our workflow could then be achieved. 
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VII 
 
 

Section/Topic Item Checklist Item Page 

Title and abstract 

Title 1 Identify the study as developing and/or validating a multivariable prediction model, 
the target population, and the outcome to be predicted. 

1 

Abstract 2 Provide a summary of objectives, study design, setting, participants, sample size, 
predictors, outcome, statistical analysis, results, and conclusions. 

1-2 

Introduction 

Background and 

objectives 

3a 
Explain the medical context (including whether diagnostic or prognostic) and 
rationale for developing or validating the multivariable prediction model, including 
references to existing models. 

2 

3b Specify the objectives, including whether the study describes the development or 
validation of the model or both. 

2 

Methods 

Source of data 
4a Describe the study design or source of data (e.g., randomized trial, cohort, or registry 

data), separately for the development and validation data sets, if applicable. 
2 

4b Specify the key study dates, including start of accrual; end of accrual; and, if 
applicable, end of follow-up.  

2 

Participants 

5a Specify key elements of the study setting (e.g., primary care, secondary care, 
general population) including number and location of centres. 

2 

5b Describe eligibility criteria for participants.  2 

5c Give details of treatments received, if relevant.  NA 

Outcome 
6a Clearly define the outcome that is predicted by the prediction model, including how 

and when assessed.  
3 

6b Report any actions to blind assessment of the outcome to be predicted.  NA 

Predictors 
7a Clearly define all predictors used in developing or validating the multivariable 

prediction model, including how and when they were measured. 
3-4 

7b Report any actions to blind assessment of predictors for the outcome and other 
predictors.  

3 

Sample size 8 Explain how the study size was arrived at. - 

Missing data 9 Describe how missing data were handled (e.g., complete-case analysis, single 
imputation, multiple imputation) with details of any imputation method.  

NA 

Statistical analysis 

methods 

10a Describe how predictors were handled in the analyses.  4 

10b Specify type of model, all model-building procedures (including any predictor 
selection), and method for internal validation. 

4 

10d Specify all measures used to assess model performance and, if relevant, to compare 
multiple models.  

4 

Risk groups 11 Provide details on how risk groups were created, if done.  NA 

Results 

Participants 

13a 
Describe the flow of participants through the study, including the number of 
participants with and without the outcome and, if applicable, a summary of the follow-
up time. A diagram may be helpful.  

6 

13b 
Describe the characteristics of the participants (basic demographics, clinical features, 
available predictors), including the number of participants with missing data for 
predictors and outcome.  

7 

Model 

development  

14a Specify the number of participants and outcome events in each analysis.  7 

14b If done, report the unadjusted association between each candidate predictor and 
outcome. 

9 

Model 

specification 

15a Present the full prediction model to allow predictions for individuals (all regression 
coefficients, and model intercept or baseline survival at a given time point). 

8 & 

10 

15b Explain how to the use the prediction model. 
8 & 

10 

Model 

performance 
16 Report performance measures (with CIs) for the prediction model. 11 

Discussion 

Limitations 18 Discuss any limitations of the study (such as nonrepresentative sample, few events per 
predictor, missing data).  

12 

Interpretation 19b Give an overall interpretation of the results, considering objectives, limitations, and 
results from similar studies, and other relevant evidence.  

10-

11 

Implications 20 Discuss the potential clinical use of the model and implications for future research.  11-12 

Other information 

Supplementary 

information 
21 Provide information about the availability of supplementary resources, such as study 

protocol, Web calculator, and data sets.  
NA 

Funding 22 Give the source of funding and the role of the funders for the present study.  - 
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