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Abstract— The number of digital health services, also
known as eHealth, is currently growing at a fast pace.
Driven by an aging population and new costly tech-
nologies these services hold the potential to reduce the
healthcare expenditures and increase the quality of care.
However, the adoption of these services seems challenging
and often fails. This work provides a methodology in
which a new eCare or mHealth service is compared with
the current care. The methodology is translated into
an online tool, which allows the user to evaluate this
innovative service through a pre-development validation
method. Case based research indicates that the methodol-
ogy is able to process the desired input data and identify
a gap in the business models of the actors, which forms a
barrier for adoption. It also provides various solutions to
tackle the identified barriers (if possible) by reallocating
the benefits/costs of the service. It should however be
stated that it provides an assessment of the potential of
a new eHealth service, and not a definitive inference.

Index Terms— digital health services, web tool, pre-
development validation method, win-win reallocation

I. INTRODUCTION

Current socio-economic changes, caused by an

aging population, continuous introduction of new but

costly medical technologies and an overall pressure

on financial resources form a challenge for our

care system. More care will be needed in the near

future whilst the budget cannot increase at the same

pace. To do so, cost-effectiveness of healthcare

technologies and practices should be optimized and

more attention for prevention instead of curing is

required. ICT supported care services also known

as mHealth and eCare services hold the potential

to change the current way of providing care and

allow better health prevention [1]. Despite the large

existing offer, currently no significant adoption of

these services can be witnessed in most Western

European countries. Reasons for this are a lack of

evidence of their efficacy and effectiveness, which

results in a resistance for care professionals, who play

a major role in the adoption of new health services

[2]. On top of that, the absence of a regulatory and

financial framework makes it unattractive for health

professionals to use it because their current business

model is often impacted in a negative way when

adopting these kind of services.

II. OBJECTIVES

The goal of this master thesis is threefold. Firstly

a methodology for performing cost-effect and cost-

utility analyses of eCare service versus the usual

care from the perspectives of the various stakeholders

should be defined. Once the input data are processed,

potential barriers for adopting the eCare or mHealth

service should be identified, followed by suggestions

or opportunities to tackle these barriers. Reallocation

methods should be formulated for the financial

resources in order to become a potentially viable

business case. The third goal is the development of a

generic model in the form of an online tool that will

allow a) validation of the methodology and barrier

identification and b) other users to evaluate an eCare

or mHealth service of their interest.

III. METHODOLOGY

Off all existing barriers, the unclear business model

and a lack of financial support play a major role in the

low adoption. It is this barrier that will be identified

with the methodology, that resulted in a ten-step

plan. Every actor wants to know ’What is in it for

me?’ before accepting the new service. The person

with the innovative digital health service can assess

the influence on the business models of the actors

using the designed tool. If the tool concludes that

there is a potential viable business case, provided that

benefits/costs are reallocated, win-win reallocations

are proposed.



A. Collecting input data of the current care and new

service

The first step exists of identifying the different

actors that play a role in the current and/or new

situation. Difference is made between the eCare

provider (name of the actor who provides the new

service), the receivers (the care givers e.g. nurse,

general practitioner (GP)) and the other actors (e.g.

patient, insurer).

A second step, independent of the previous one,

concerns the market characterization. Based on

age, acceptance of the new technology, specific

characteristics of the service and maybe other

requirements, the eCare provider targets user

segments from the Belgian population. It would be

unrealistic to assume that in no time the current

care is replaced with the new eHealth service. The

number of customers (= the number of patients

using the new eHealth service) in year i is therefore

modeled using the Gompertz-curve [3]. In that way

the ’new situation’ consists of a mix of patients using

the current care and patients using the eHealth service.

In step three the current care is sketched: the

different processes (e.g. visit to general practitioner)

are identified. Figure 1 illustrates the current care for

patients who suffer from chronic heart failure (CHF).

Fig. 1. Process scheme of the current care for CHF patients

This is followed by probably the most time-

consuming step: the input of data concerning the

previously identified processes. For every actor a table

like table I should be completed. As can be seen, the

user needs to assess the monetary value of the time

investment for the actors in this process. It is the

value for a certain actor of executing the process for

one hour. A high value indicates that the actor has a

great willingness to pay for a decrease of one hour

of this process. There is also the possibility to input

one-off transactions between two actors.

A fifth and sixth step are identical to step three and

four, but now it concerns the eHealth service. With the

new service a novel actor arises: the eCare provider.

In step six there is asked to assess the costs for this

service provider. Both one-off, ongoing, population de-

pendent and population independent costs are handled.

PROCESS: (name of the process)

Money

... e from (actor) to (actor)

Time

... minutes for (actor)

Monetary value of time

... e/hour for (actor)

Frequency

... times per year

TABLE I

INPUT DATA FOR A PROCESS

B. A first comparison

The previous steps concerned sheer the input of

data. In the next phase, the input is processed and a

first comparison between the current situation (current

care) and new situation (combination of current

care and new service) is generated. The total time

investment and total profit/loss for every actor are

visualized over the time horizon for both situations.

This gives a first indication of the potential of the

new service, pure financially.

C. Estimating the qualitative effects

To assess the global potential of the new service,

money [e], time [minutes] and qualitative effects

[/] need to be compared. To do so, the input of

qualitative effects is handled in a seventh step.

Qualitative effects are primarily important for the

patient (e.g. increased mobility, peace of mind) and

secondly for the care givers (increase in Quality Of

Life (QOL) patient, quality of care, etc.). To also

express this as a financial unit, there is asked for the

yearly willingness to pay (per patient) of the actor for

every inputted qualitative effect.

Apart from this, the qualitative effects concerning

the patient are assessed with the EQ-5D method.

This is necessary to determine the Incremental



Cost-Effectiveness Ratio (ICER), which will be used

in the final step of the methodology.

D. Barrier identification

Now that all input data are retrieved, money, time

investment and the qualitative effects are added to-

gether for both the current and new situation so that

the profit/loss every actor has in the new situation

can be calculated. The average yearly difference over

the time horizon is called deltaa and has a positive

value if actor a prefers the new service. If there is any

actor who has a negative delta, which means he prefers

the current situation and would block the adoption of

the new service, a barrier is identified. An illustrative

example is visualized in figure 2. In this situation two

barriers are identified: actor2 and actor4 will block the

adoption of the new service.

Fig. 2. Visualization of deltas

The gap is defined as the sum of deltas over all the

actors and indicates if the service has potential to get

adopted.

gap =

∑

a

deltaa

E. Tackling the barriers

Four different situations can be achieved, depending

on the value of the gap (positive or negative) and the

value of the ICER (new service is cost-effective or

not cost-effective). The latter is compared with the

societal willingness to pay, which in this master thesis

is defined as the GDP per capita (Belgium). If the

gap is positive, a possibly viable business case can

be achieved by reallocating the costs/benefits of the

new eHealth service, so that a win-win situation is

obtained. If on top of this the service is cost-effective,

the government can act as a payer [4].

cost-effective not cost-effective

gap ≥ 0 2 (++) 1 (+)

gap < 0 3 (?) 4 (- -)

TABLE II

POSSIBLE SITUATIONS AFTER THE EVALUATION OF BOTH

SITUATIONS

IV. VALIDATION OF THE METHODOLOGY

The methodology is translated into an online tool,

of which the home page is displayed in figure 3.

To validate the designed concept, the methodology is

tested via case research. To assess the robustness, two

completely different cases are handled.

Fig. 3. Start page of the web tool

A. Case research

1) CHF: The first case concerns a telemonitoring

service for chronic heart failure (CHF) patients that

aims to increase the QOL of the patient and decrease

the number of hospitalizations, which is an expensive

process. Literature studies indicate the potential of

this kind of service [5].

The patient is daily monitored at home, which

takes about ten minutes. The results of the monitoring

are sent to a CHF-specialized nurse. If some

measurements are out of the normal range, the nurse

analyzes the alarm and contacts the patient via a

phone call with further information.

The final output provided by the tool indicates

that the gap is positive and that the service is

cost-effective. The new service would result in a

decrease in the receivings of the general practitioner,

cardiologist and especially the hospital (because the

hospitalizations of CHF patients are reduced with a

factor two). The greatest benefit is witnessed for the

insurer, followed by the patient. To achieve a viable

business case, reallocations of the costs/benefits are

necessary. The tool also generates a warning that in

the new situation the nurse has to work up to six

times as much. This is not feasible in practice and



requires additional full-time equivalents.

Common sense tells that a decrease in

hospitalizations (∼ a more healthy population)

is a positive fact. It seems however to be a major

reason of why adoption of the service is difficult if

there are no reallocations of benefits to the hospital.

This sets the current financing model for hospitals

into question, since there is really no financial benefit

to provide this type of services.

2) SMART: SMART is the name for a fictive

mHealth service that tries to reduce waiting times

at the general practitioner’s practice by creating a

virtual queue. The focus of this service lies on the

improvement of a disturbing element in health care,

not on improving the health status of a patient itself.

When it is almost the patients’ turn for a consultation,

an automated text message is sent to the patient via

the mobile phone. Leaving for the general practitioner

shortly after the receipt of this notification ensures

that the patient avoids long queues and that he arrives

approximately five minutes in advance. Ignoring these

notifications, and hereby arriving to late will result in

a penalty. Four actors participate in this service, the

patient, the general practitioner, the eCare provider

and the insurer.

Three scenarios are tested: a worst-case, an average-

case and a best-case scenario, dependent on the waiting

time. Table III represents the average waiting times

[min] for each of these three scenarios.

worst average best

current process 15 22,5 30

new process 10 7,5 5

TABLE III

AVERAGE WAITING TIME AT GP’S PRACTICE FOR THREE

SCENARIOS

The gap for each of the three scenarios is positive,

even when a very low value is assigned to the

monetary value of time for a patient waiting at the

general practitioner’s practice. The critical value of

this parameter is 1,01 e in the worst-case scenario.

Hence every value above or equal to 1,02 e will

result in a positive gap. But a barrier is identified:

the general practitioner has a negative delta. His

receivings stay the same while he has a startup cost

for the service plus a (small) yearly fee per patient.

Consequently the new service has potential to get

adopted, but a reallocation of the costs/benefits is

necessary.

The tool however generates a warning stating

that ICER cannot be used to determine if the new

service is cost-effective. This is because no significant

health status changes take place in the new service in

comparison with the current one.

Three main reallocation proposals are suggested:

equal division, proportional division and division

based on the financial risk. The equally divided re-

allocation method seems to be the fairest proposal at

first sight. However, in this way the insurer gets part of

the profit although nothing changes for him. To solve

this unfairness, an option in the tool is activated to set

the insurance’s delta to zero. In this way the patient,

the general practitioner and the eCare provider divide

the total profit.

B. Performance of the web tool

The web tool was able to process and analyze

two similar cases: a telemonitoring service for

CHF patients and a teleconsultation service for

COPD (Chronic Obstructive Pulmonary Disease)

patients, both with the aim to reduce the number of

hospitalizations. To validate the robustness, a totally

different, fictive case (SMART) was successfully

investigated. The latter indicates that waiting times

at a general practitioner’s practice can be reduced

with the introduction of an mHealth service. This

can increase the quality of the service (a visit to the

general practitioner), satisfy the patients and give the

general practitioner more control over his schedule,

which could make him willing to pay for the service.

V. CONCLUSION

The methodology introduced in this master thesis

is designed as a pre-development validation method

for innovative digital health services. It is translated

into a web tool, which can be used by everyone

who wants to assess the potential of his innovative

idea. It might in fact also be used to compare two

non-healthcare related services.

Case research indicates the potential of the

methodology and web tool. Barriers are identified

and solutions are provided to tackle these barriers. It

should however be stated that it can be used as an

assessment. No definitive conclusions can be made

based on the output of the tool. The quality of this

output is strongly related to the quality of the input

of the user.

VI. FUTURE WORK

The basis is provided for a well-working pre-

development validation tool. There is however one

valuable thing that the tool currently lacks: the

possibility to perform a sensitivity analysis. There

are after all a lot of input variables which can show



variability (e.g. the time spent to a certain process)

or that have to be estimated (e.g. the number of

customers in a certain year on the time horizon).

Allowing to specify the range in which the input

variables can vary could result in some valuable

insights. In that way the final step would provide a

worst, average and best case scenario.

Apart from the sensitivity analysis, the methodology

seems to be complete. The structure and mindset seems

to be on point. If in the future the methodology/tool

would be further developed, it is recommended to

focus on the single steps in detail as the bigger

picture seems to fit. Some simplifications are made:

for example in step 2, where the market target is

estimated via a Gompertz-curve, it is assumed that

there are only two services available: the current care

and the new eHealth service. Every targeted customer

uses or the current care, or the eHealth service. Game

theory may be applied.

Another important recommendation for future work

concerns the Net Present Value (NPV), which is

currently not used. It can be used to estimate the

future profitability of the investment of the eCare

provider by taking the discount rate into account.
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Chapter 1

Introduction

"The emergence of a true multimedia record seems likely. Perhaps clinicians will once again be

able to look at all aspects of their patients, including blood smears and x-rays. Perhaps they will

be able to see patients for the first time and know what they looked like a year ago, or what their

hearts sounded like. In this way, perhaps the computer, which is blamed for taking us away from

our patients, can bring us closer." [1]

—- JAMES J. CIMINO, 1997
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1.1 Problem statement

Current socio-economic changes, caused by an aging population, continuous introduction of new

but costly medical technologies and an overall pressure on financial resources form a challenge

for our care system. More care will be needed in the near future whilst the budget cannot

increase at the same rate. To do so, cost-effectiveness of healthcare technologies and practices

should be optimized and more attention for prevention instead of curing is required.

ICT supported care services also known as mHealth and eCare services hold the potential to

change the current way of providing care and allow better health prevention [2], [3]. Despite the

large existing offer, currently no significant adoption of these services can be witnessed in most

Western European countries. Reasons for this lay in the fact that there is a lack of evidence of

their efficacy and effectiveness.

This results in a resistance for care professionals. On top of that, the absence of a regulatory

and financial framework makes it unattractive for health professionals to use it because their

current business model is often impacted in a negative way when adopting these kind of services

[4], [5].

eHealth applications are applicable for numerous of diseases and practices. However, the

success of eHealth projects is precarious. HelloFysioApp is a platform for online physiotherapy

in the Netherlands and one of the many so called e-Fysio services. Instead of going out to the

physiotherapist, patients can do their exercises at home based on an online video. The start of

the project (2010) was very promising with lots of positive comments both from physiotherapists

and patients. Despite the success the providers of the platform stopped the project in November

2016 [6]. The reason for this is the lack of payments from the insurers. Although, in the same

week as HelloFysio quited, new e-Fysio services started up with the same goals but with different

financing methods.

The healthcare sector may be different for various countries. Although, they have all one

thing in common: it is a very complex sector with many diverse actors who defend their own

interests. This makes it very hard for an innovation to succeed in this sector. If the new service

is not positively evaluated by all the actors, the potential for adoption is limited.
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1.2 Goal of the thesis

The goal of this thesis is threefold:

• Defining a methodology for performing cost-effect and cost-utility analyses of eCare service

versus the usual care from the perspectives of the various stakeholders.

For each actor involved in the service delivery, all required costs and effects need to be identi-

fied. These expenses do not only include the direct financial costs (such as initial investments

or recurring subscription costs), but also indirect costs such as additional administrative effort,

opportunity costs of time investment, etc. can be crucial for the viability of the business case.

Adopting a novel eCare service hopefully not only results in additional costs but also in some

positive effects. Effects can be quantitative such as a higher throughput, a decrease in hospital

beds or length of stay, etc. The methodology should provide a method by which the quantitative

and qualitative effects can be evaluated. Comparing the qualitative effects (such as a higher

quality of life) of the novel eCare or mHealth service with the usual care will be less straight-

forward than comparing quantitative effects.

• Identification of potential barriers for adopting the eCare or mHealth service followed by

suggestions or opportunities to tackle these barriers.

Integrating eCare services into the current healthcare landscape introduces new processes and

a new kind of interaction with the patient. Depending on the nationally installed health care

system this new sort of patient interaction disrupts the current way of care provisioning in

terms of patient monitoring and payment models. In Belgium typically a fee for service system

is installed. Introducing novel eCare services in such a system is challenging. Often the lack of

a proper financial framework forms a barrier for adoption. There is no financial incentive for

additional administrative work that is needed. In contrary, additional work means less time to

examine patients which results in a lowered income for the medical practitioner and the hospi-

tals they work in. Via the methodology a mapping of all the roles of the stakeholders should

be done, which allows the identification of such contradictions in the business case. Once all

potential barriers are detected, innovative reallocations methods of the financial resources hold

the potential to formulate a potentially viable business case.

• Development of a generic model in the form of an online tool that will allow a) validation

of the methodology and barrier identification and b) other users to evaluate an eCare or

mHealth service of their interest.
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www.makingecarework.be should become an online reference evaluation tool for future users

and eCare providers to evaluate the impact of their novel eCare service on the business case of

the involved stakeholders. Via the web tool, the developed generic methodology should allow

modeling all the costs and effects for the involved stakeholders, identify potential barriers and

formulate guidelines in order to overcome these issues.

The ultimate goal of this thesis is therefore to evaluate the total impact of the introduction

of a new eCare or mHealth service both from a payer and societal perspective as well from the

perspective of the involved actors.

1.3 Overview of the thesis

Before there can be started with developing a methodology, a literature study has been executed.

The first goal of this literature study was to get to know the complex healthcare sector and its

current context. After gaining knowledge about the traditional healthcare, the wonderful world

of eHealth was explored. Chapter 2 describes the parts of the literature research which were

useful for this master thesis.

With the knowledge obtained from the literature study, a methodology was composed. The

methodology resulted in a 10-step plan. Each single step has been discussed in detail in chapter 3.

This methodology was translated into an online pre-development validation tool. The ap-

proach used to make the website is briefly highlighted in chapter 4.

In chapter 5 the designed tool is evaluated via case research. Based on this, the overall

performance of the methodology and tool is discussed.

This dissertation finally ends with chapter 6, which gives an overall conclusion and some

possible suggestions for further research.
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Chapter 2

Literature study

Why is their need for digital services in healthcare? Which different kind of digital services

exist? What is the reason that adoption is challenging and slow? How is the eHealth situation

in Belgium? In this chapter there has been tried to give an answer to these kind of questions.

2.1 The current healthcare context

First of all the current healthcare context is sketched. This identifies the need for new and

better care. But it is hard to innovate successfully in the healthcare sector. To do so, one

needs to account for many actors and within complex legislations. Therefore the main actors in

healthcare are briefly discussed in this section, as is the Belgian healthcare system.

2.1.1 Rising costs and an aging population

The healthcare sector is a complex world with a lot of different parties that have different inter-

ests and with complex legislations and regulations. According to the World Health Organization

(WHO), a good health system delivers quality services to all people and this when and where

they need them. The exact configuration of services may be different from country to country,

but in all cases it requires a robust financing mechanism; a well-trained and adequately paid

workforce; reliable information on which to base decisions and policies; well maintained facilities

and logistics to deliver quality medicines and technologies [7].

These requirements are hard to realize because of the global challenge of the risings costs in

healthcare and because of the higher expectations that people have these days (as a result of

a higher income). These rising costs are mainly caused by new expensive medical technologies,

an aging population and the (long) treatment of chronically ill people. This often results in

governments that focus to much on the saving of healthcare costs and too little on the quality of

care. Or as the Organization for Economic Co-operation and Development (OECD) formulates:
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"While the stakeholders are mostly focused on the financial relationships, the ultimate social

goal of health care systems can be seen as producing health, which is the key factor contributing

to improved welfare and well-being" [8].

Currently, the healthcare sector is faced with following trends [9]:

• The demographic shift towards an aging population;

• A rise of chronic diseases and in disease burden;

• An increasing demand for quality healthcare services; and

• Difficulty to control expenditures and to assign incentives in a fair way.

Especially the aging population is a remarkable challenge to deal with. Figure 2.1 illustrates

the population pyramid of the European Union (EU) population by sex and by age groups.

Figure 2.1: Distribution of the EU population by sex and by age groups: 2001 versus 2015 [10]

The bordered color represents the year 2001, while the solid color represents the year 2015.

There is a clear difference at the top of the pyramid which confirms the aging of the population.

According to Eurostat’s projection the distribution in 2080 would look like the one displayed in

figure 2.2. This shows that if this evolution continues, the 85+ group would form the greatest

part of the EU population. This aging population is due to low birth rates and the evolution of

the medical technologies which results in a higher life expectancy [10]. The shape is quite re-

markable: one would expect that the age groups below the 85+ group would decrease gradually.
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There are for example less people in the 80-84 age group than in the group below and above.

This is probably due to the large increase of the people in the 85+ group, which represents a

much larger amount of different ages than the others (who are grouped per five years). The

higher life expectancy might explain this.

Figure 2.2: Projected distribution of the EU population by sex and by age groups: 2015 versus

2080 [10]

According to the WHO the proportion of the world’s population aged 60 or more, will double

from about 11 % to 22 % between 2000 and 2050 [11]. This would mean an increase from 605

million to 2 billion people aged 60 or more over the same period. The number of people aged

80 years or older will even quadruple between 2000 and 2050. The number of people who will

be no longer able to look after themselves in developing countries is also forecast to quadruple

by 2050 (long stays in hospitals, mental health problems, dependent living because of limited

mobility etc.). This evolution rises the need for long-term and chronic care.

In a study concerning the fiscal sustainability of health systems, the OECD states that in

order to maintain the healthcare needs of today and fund the future medical advances major

reforms are needed [12]. If the government fails to contain costs, public expenditure on health

and long-term care in OECD countries will increase from around 6% of the Gross Domestic

Product (GDP) to approximately 9 % in 2030. This will even rise to 14 % by 2060 according to

OECD projections. In all OECD countries the health expenditures have risen more rapidly than

economic growth. This phenomenon is visualized in figure 2.3. In Belgium the average health
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spending growth per capita was about 2 % larger than the GDP growth per capita (1990-2012).

Figure 2.3: Average growth rate of health spending and GDP per capita, 1990-2012 [13]

The in this section described challenges for the current health care sector rise the need for

new and better care. ICT supported services have great potential to fulfill this need.

2.1.2 The Belgian healthcare landscape

Which actors are involved in the Belgian healthcare system? What is their task? Who is re-

sponsible for payments? In this section the Belgian healthcare landscape is sketched.

First of all the (most important) different actors and their roles are shortly explained. These

actors do of course not only appear in Belgium.

• Patient: the care-dependent person for who the other actors assert. He is the user of

health care (often taxpayer).

• First line caregiver: the first line care consists of professional actors who provide the first

contact for diagnosis. Everyone who searches care can make use of this kind of caregiver

without restrictions. This category consists of the general practitioners (GP), nurses,

physiotherapists, dentists etc.
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• Second line caregivers: professional actor to which the first line caregiver can refer, in most

cases for severe or acute disorders. The specialized doctors (e.g. neurologist, orthopedist

etc.) are part of this category.

• Informal caregiver: the person who gives care to a patient who is a relative (e.g. friends,

family). This is informal care that is given voluntarily and (often) unpaid.

• (public) Insurer: covers payments of certain healthcare for the patient. In Belgium there

is a compulsory insurance and there are certain additional insurances.

• Government: responsible for among others the legislation concerning the national health-

care system, maintaining good quality and easy access etc.

The relation between these actors in the Belgian healthcare system is depicted in figure 2.4.

An actor can give a service (care) to another actor (full arrow), an actor can pay another actor

(dotted arrow) or refer some actor to another actor (curled line). The INAMI (l’institut national

d’assurance maladie invalidité) mutualities represent non-competing public insurers. The care

providers are often conventional.

Figure 2.4: Healthcare system in Belgium: compulsory insurance with reimbursement of patients

[14]

The Belgian healthcare system has some specific characteristics [14].

• Liberal: the biggest part of the care givers (medical, paramedical) work on an independent

base with a fee-for-service financing and have diagnostic and therapeutic freedom. This
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financing system means that the care giver is paid per performance. The more patients he

handles, the greater his income.

• Compulsory health insurance: there is a system of compulsory health insurance whose

management asks for deliberation between the different actors in the care sector (insurance

companies, health care workers, funders, government).

• Free choice: free choice of the patient in terms of choice in care givers as well as choice of

(private/public) care institution.

Positive about the Belgian healthcare system compared to others is that there is more equity

and solidarity. But it also has disadvantages: the sickness funds are in fact just passive payment

offices and there are few incentives for efficiency.

2.2 The rise of eHealth

The term eHealth is used for the first time in scientific literature in 1999 [15]. Since then, a

lot has been written about the great potential of eHealth. The first high level conference on

eHealth was held by the European Commission in May 2003. The conference dialogue, where

ministers of health and telecommunications of 25 different European countries were present, was

justified by three main reasons: (1) eHealth is the single-most important revolution in health-

care since the advent of modern medicine or hygiene, (2) there are numerous European eHealth

achievements and (3) European expertise can satisfy national and international needs for health

services. The case for eHealth was intended to encourage the dialogue regarding the next steps

for health systems by involving policymakers, healthcare professionals and citizens [16].

In 2005 the WHO adapted a resolution on eHealth [17]. The resolution invited WHO Member

States to conceive and implement health information systems, to evaluate eHealth activities

and to share knowledge on cost-effectiveness, thus ensuring quality, safety, ethical standards,

data confidentiality, privacy, equity and equality [9]. It also states that before eHealth can be

successful the benefits should be evidence-based.

Nowadays people value health a lot; ’health’ is one of the most popular categories in the App

Store and Google Play Store. A very broad offer of applications concerning health is available.

But what is eHealth (electronic Health) exactly? It is a relatively new term that is rising es-

pecially in the last decade. Literature provides a lot of different definitions for eHealth and its

relatives. In a first part of this section there has been tried to define these digital services.

The rise of eHealth results in a new actor in healthcare: the eCare provider. A second part

of this section handles the role of this eCare provider. Although there is evidence that certain
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services hold the potential to reduce costs and increase the quality of life, little adoption of

these services is witnessed. There has been searched for reasons for this lack of adoption and

for different eHealth projects. In a last subsection there is zoomed in on the current eHealth

situation in Belgium.

2.2.1 What is eHealth

What is eHealth? Lack of consensus on the meaning of this term has led to uncertainty among

academics, policymakers, providers and consumers. The WHO gives the following broad defini-

tion to eHealth:

eHealth is the use of information and communication technologies (ICT) for health [18].

Pagliari et al. [15] performed a systematic review with the goal to formulate a clear defi-

nition. In their survey they come up with 36 different definitions for eHealth. It is clear that

definitions of eHealth vary with respect to the functions, stakeholders, contexts and theoretical

issues targeted. Some of them encompass a broad range of medical informatics applications.

However, most of the defintions emphasize the communicative functions of eHealth. They con-

cluded their survey with the following definition for eHealth, adapted from Eysenbach:

eHealth is an emerging field of medical informatics, referring to the organization and deliv-

ery of health services and information using the Internet and related technologies. In a broader

sense, the term characterizes not only a technical development, but also a new way of working,

an attitude, and a commitment for networked, global thinking, to improve health care locally,

regionally, and worldwide by using information and communication technology [19].

Eysenbach explains that the "e" in eHealth not only stands for electronic, but implies a num-

ber of other e’s, which together perhaps best characterize what eHealth should be. The different

e’s and their description is summarized in table 2.1.
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Efficiency Increase efficiency in health care, thereby decreasing costs.

Enhancing quality

of care

Increasing efficiency involves not only reducing costs,

but at the same time improving quality

Evidence based

eHealth interventions should be evidence based in a sense that

their effectiveness and efficiency should not be assumed but

proven by rigorous scientific evaluation

Empowerment of

consumers and

patients

By making the knowledge bases of medicine and personal

electronic records accessible to consumers over the Internet,

eHealth opens new avenues for patient-centered medicine,

and enables evidence-based patient choice.

Encouragement

of a new relationship

Between the patient and health professional, towards a true

partnership, where decisions are made in a shared manner.

Education

of physicians

Through online sources (continuing medical education) and

consumers (health education, tailored preventive information

for consumers).

Enabling information ex-

change and communication
In a standardized way, between health care establishments.

Extending the scope

of health care

Extending the scope of health care beyond its conventional

boundaries. This is meant in both a geographical sense as well

as in a conceptual sense. eHealth enables consumers to easily

obtain health services online from global providers. These

services can range from simple advice to more complex

interventions or products such as pharmaceuticals.

Ethics

eHealth involves new forms of patient-psychician interaction and

poses new challenges and threats to ethical issues such as online

professional practice, informed consent, privacy and equity issues.

Equity

To make health care more equitable is one of the promises of

eHealth, but at the same time there is a considerable threat that

eHealth may deepen the gap between the "haves" and "have-nots".

People, who do not have the money, skills, and access to

computers and networks, cannot use computers effectively.

Table 2.1: The 10 e’s in eHealth according to Eysenbach [19]

eHealth is the global term used to comprise different application areas. In the COCIR

eHealth toolkit a glossary is added with dozens of definitions for certain applications within the

broad field of eHealth [20]. The for this master thesis most important ones are listed below.
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• TELEMONITORING: Telemonitoring refers to systems and services using devices to

remotely collect/send vital signs to a monitoring station for interpretation. Telemonitoring

is the remote exchange of physiological data between a patient at home and medical staff

at hospital to assist in diagnosis and monitoring (this could include support for people

with lung function problems, diabetes etc). It includes (amongst other things) a home

unit to measure and monitor temperature, blood pressure and other vital signs for clinical

review at a remote location (for example, a hospital site) using phone lines or wireless

technology [20].

• TELEMEDICINE: Telemedicine can be defined as the delivery of healthcare services

through the use of information and communication technologies (eHealth), including wire-

less and mobile connectivity (mHealth), in a situation where the actors are not at the

same location. The actors can either be two healthcare professionals (e.g. teleradiology,

telesurgery) or a healthcare professional and a patient (e.g. telemonitoring of the chroni-

cally ill such as those with diabetes and heart conditions, telepsychiatry etc). Telemedicine

includes all areas where medical or social data is being sent/exchanged between at least

two remote locations, including both care provider to patient/citizen as well as doctor-to-

doctor communication [20].

• ELECTRONIC MEDICAL RECORD (EMR) / ELECTRONIC PATIENT

RECORD (EPR): Electronic Patient Record (EPR), Electronic Medical Record (EMR),

Computerised Patient Record (CPR) are synonymous. They refer to an individual pa-

tient's medical record in digital format generated and maintained by a care provider, such

as a hospital or a physician's office. Such records may include a whole range of data

in comprehensive or summary form, including demographics, medical history, medication

and allergies, immunization status, laboratory test results, radiology images, and billing

information. The purpose of an EPR/EMR can be understood as a complete record of

patient encounters that allows the automation and streamlining of the workflow in health

care settings and increases safety through evidence-based decision support, quality man-

agement, and outcomes reporting. [20]

• mHEALTH: Mobile health, or mHealth, is the provision of eHealth services and infor-

mation that relies on mobile and wireless technologies. Similarly to eHealth, of which it is

part, mHealth describes a broad set of technologies that can support a variety of health-

related services, and is not a separate category of services in itself. Mobile technologies

are utilised across the range of healthcare, social care, wellness and prevention, and form
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an integral part of telemedicine, telehealth and telecare [20].

A term that is less discussed in literature (and even cannot be found in the COCIR glossary)

is eCare. Just like eHealth, in this dissertation eCare is interpreted as an umbrella term for all

ICT-supported services which focus on long term care and non-medical care provisioning and

processes. This includes services that support healthy aging, activities of daily living (ADL) and

ambient assisted living (AAL). Existing solutions include home monitoring systems to support

independent living and systems to enhance social contact of elderly.

Electronic medical records for example are considered as an eHealth application but not as an

eCare application. Although electronic health records are widely used and form an important

application of eHealth, this dissertation focuses on eCare and mHealth services.

2.2.2 The eCare provider

With the development of new eHealth services a new actor arises: the eCare provider. The

term eCare provider will further be used in this dissertation for the actor who builds, maintains,

operates and distributes the eCare or mHealth service. Note that the name eCare provider is in

this dissertation used as a global term for the provision of eHealth services (and not in particular

eCare services).

One single eHealth service is often part of an eHealth platform that is used for multiple

services or is provided by different providers. The development of an eCare platform results

in costs for development, production and maintenance. The typical tasks of eCare platform

providers are depicted in figure 2.5. One can see that the tasks of the eCare providers are split

in four: build and maintain, operate, distribute and connect [21]. The hardware provider de-

velops the hardware necessary for the service. This will result in production costs but also in a

large upfront cost. Hardware can for example be the sensors used to measure certain parameters

of the patient via telemonitoring. Apart from the hardware also software needs to be built and

maintained (e.g. software used to read the measurements of the sensors).

The patient’s data needs to be stored somewhere, so servers need to be bought to store the data.

If desired, a call center can be available to take the emergency calls.

With customer services often a distribution channel is used to take care of the distribution,

marketing, sales and billing processes. This is not necessarily the responsibility of the eCare

provider but can for example be the task of a care organization.

At last the patient should often be connected to the Internet. This can be assured by a network

connectivity provider or by the patient himself.
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Figure 2.5: Different roles of the eCare (platform) provider [21]

Further in this master thesis the costs for an eCare provider introducing a new service will be

estimated. The main costs that can possibly be incurred are explained above. Of course this

will be different from service to service.

2.2.3 Lack of adoption

"Whilst eHealth offers the potential to improve patient outcomes and reduce costs, it must first

be acknowledged as part of treatment regimens by healthcare systems before it can be adopted

widely." [22]

Despite the large existing offer and great potential, eHealth technologies often face adoption

problems. Because of a mismatch between the postulated benefits and the actual outcomes, the

impact of eHealth technologies is often questioned.

One of the reasons of this is the lack of evidence about the effect of eHealth technologies [23].

This results in care professionals who are often skeptical to eHealth and show little support for

these new technologies [24].

According to Li et al, the medical doctors are the key driving force in pushing eHealth

initiatives. Without their acceptance and actual use the benefits of eHealth would be unlikely

to be reaped [25]. They performed a systematic review to identify and synthesize the influential

factors to health care providers' (those medical doctors) acceptance of various eHealth systems.

From the literature 40 different factors were identified and grouped into seven clusters: (1)
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health care provider characteristics, (2) medical practice characteristics, (3) voluntariness of

use, (4) performance expectancy, (5) effort expectancy, (6) social influence, and (7) facilitating

or inhibiting conditions. This is visualized in figure 2.6.

Figure 2.6: eHealth acceptance factors and clusters [25]

With the identification of these 40 factors that determine the adoption of eHealth from the

providers' perspective, they hope to help decision makers at health care settings and policy mak-

ers at the health sector better understand eHealth adoption issues and take action to facilitate

the eHealth innovation process.

More specific, the role of the general practitioners is pivotal to realize adoption. GPs play a cru-

cial role in facilitating access to and the delivery of care [26]. General practitioners are a pivotal

node: the realization of the promises that eHealth offers are greatly influenced by the adoption

and use of eHealth by the GPs. As currently there is a shift for more integrated care and to-

wards a greater role for the GP, he can either play the role of catalyst or bottleneck for digital

innovations in health care. A survey of GPs was conducted in 31 countries (EU27 + Croatia,

Iceland, Norway, and Turkey) to measure and explain levels of availability and use (adoption)
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of eHealth applications and services [27]. In this benchmarking study a method was developed

to calculate a composite index, which represent the eHealth adoption among general practition-

ers in 2013. It is a composite index because it is composed of four different eHealth adoption

indexes: electronic health records, health information exchange, telehealth and personal health

records. The result is displayed in figure 2.7.

Figure 2.7: Composite index of eHealth adoption among general practitioners, 2013 [28]

The values of the index represent: do not know (not aware) = 0; do not have it = 1; have

it and do not use it = 2; use it occasionally = 3; use it routinely = 4. The average composite

index is 1,897 which is quite low. As defined by the four measurement pillars, eHealth did not

yet reach full availability, whereas usage is very modest in EU27. Especially the adoption of

telehealth and personal health records is very low. The general practitioners in Belgium are with

a value of 1,752 below the average. A possible reason for this is the liberal fee-for-service system.

When an eHealth service increases the quality of life of a patient, it is possible that he needs

less care and thus sees less medical doctors. As a result of the pay for performance payment

system, these medical doctors will thus receive less money. Denmark on the other hand clearly

has the highest score (2,49). The Netherlands, known as an innovative country in healthcare,

has also one of the highest scores for the index.

The same was done for the adoption of eHealth of European hospitals in 2013 [28]. This

time the score is on a scale from 0 to 1 and distinction was made between deployment and

availability & use. The averages for EU member states were 0,44 for eHealth deployment, and

0,30 for availability and use (figure 2.8). Again the results show that there is a lot of room

for improvement as no country was close to the optimal score of one. Although, there was a

little increase in comparison with a similar survey of 2011. The more Northern located countries

achieved the highest score. Belgium is in contrast to the adoption of eHealth for GPs above the
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average now.

Figure 2.8: Composite indicators of eHealth adoption in hospitals, 2013 [28]

There can be concluded that adoption of eHealth services is influenced a lot by the GPs'

characteristics and attitudes. These principally concern the lack of resources and financial in-

centives, of data interoperability, and of sound regulatory frameworks [27]. To fulfill the vision

set out in the European Commission eHealth Strategy, improvement in the adoption of digital

health services is not only needed in the primary care, but also in the hospital sector [29].

Investors first need to have trust in their project before they finance it. This is not different for

eHealth projects, which are often complex innovations. An eHealth innovation (especially those

concerning chronic diseases) needs coordination and communication as often a lot of stakeholders

are involved [30].

Another reason for the low impact of eHealth technologies is the fact that eHealth technologies

are often developed without participation from the end user which often results in usability

problems [31]. Studies and literature state the importance of a development process involving

all important stakeholders, of which the end users are a part in order to increase the adoption

of eHealth technologies [32].

There is obviously need for a better fit between human, technological and contextual factors

in order to uptake eHealth technologies. Therefore, Van Gemert-Pijnen et al. believe that a

holistic approach is needed to increase the impact of eHealth technologies [33]. With a holistic

approach they mean that they emphasize the importance of the whole, with interdependence

between the different parts and avoid a separate analysis of its parts. Their research resulted in

a holistic framework for the development of eHealth technologies: The CeHRes Roadmap (figure

2.9).
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Figure 2.9: CeHRes Roadmap for the development of eHealth technologies [33]

The holistic approach is based on six principles that they derived from the review of current

frameworks as well as from empirical research.

• Principle 1: eHealth technology development is a participatory process

• Principle 2: eHealth technology development involves continuous evaluation cycles

• Principle 3: eHealth technology development is intertwined with implementation

• Principle 4: eHealth technology development changes the organization of health care

• Principle 5: eHealth technology development should involve persuasive design techniques

• Principle 6: eHealth technology development needs advanced methods to asses impact

This subsection zoomed in on the barriers that are currently faced for adoption of eHealth

services. They are summarized in table 2.2. Especially the fourth barrier in the table (a lack of

financial support/the unclear business model) is a major motivation for this master thesis.
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Barrier Description

A complex value network

for eHealth services

Integrating digital health services demands an intensive

collaboration of several care actors. That is in contrast with

the current and fragmented way of the often polarized care

provisioning. Often the cost/benefit allocation for these actors

is distorted.

Added value is unclear,

still needs to be proven or

is hard to quantify

Digital health services are new and innovative and therefore the

impact of it is not proven yet. Also these services will impact

more the quality of care and quality of life, which is harder to

measure and quantify.

Technological barriers
There exist issues on data format standardization in order to

guarantee exchangeability.

A lack of financial support/

the unclear business model

Integrating digital health services often require efforts from

professional care providers. This impacts their business model

in a negative way. Without a clear financial structure or com-

pensation, their motivation to adopt and support these

services is and will remain low.

Current perceptions of the

involved actors on the

healthcare system affects

willingness to pay

Because of the installed care insurances, Western European

citizens (and other countries where many healthcare costs are

covered by public health insurances) are not used to pay

(fully) for new medical devices or digital health services.

Privacy concerns &

legal issues

Together with the use of ICT supported care services,

automatically questions on data security and privacy rise.

Ignorance

A new eHealth service might have a lot of potential, but if no

one knows it exists it cannot be adopted. A good marketing

strategy can be valuable. Patients and care givers should also

be completely informed about the possibilities of the service.

Table 2.2: Current barriers for the adoption of digital health services [34]

2.2.4 Some eHealth projects

In this section two eCare projects are described. They had great influence on the making of the

methodology, which will be handled in the next chapter.
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Telemonitoring for patients with chronic heart failure

Patients who suffer from chronic heart failure (CHF), their heart is to weak to pump the normal

amount of blood. This low oxygen supply is compensated by a higher heart rate, vascular steno-

sis, thickening the myocardial muscle or an increase in blood volume. The disease is featured

by a high mortality and low quality of life [35].

In Belgium about 1 to 2 percent of the budget for health care goes to the care for CHF patients

[36]. About two third of that is caused by the cost of hospitalizations. It is the leading cause

of hospitalizations for people above 65 years. This number will even grow because of the aging

population. It is estimated that there are over 200 000 chronic heart failure patients in Belgium,

especially elderly people. These numbers show that focusing on prevention and reducing the

hospitalization for CHF patients has great potential for reducing the costs and improving the

quality of life. Various projects are therefore started in different countries in order to reduce

the (re)hospitalization rate and the mortality rate due to the disease. The service that will be

described here is mainly based on two projects. The first one is Dutch and is called e-Cardiocare.

The other one is a Belgian project on initiative of the Hasselt heart center and has been exe-

cuted in seven different hospitals [37]. It is a telemonitoring service: CHF patients have a scale,

hearth rhythm monitor and a blood pressure monitor at home. They measure their weight, heart

rhythm and blood pressure every day. This because a significant increase in a patient’s weight

during a short period could for example be a result of fluid retention which may be caused by

a decompensation in the case of a heart attack. The measurements are sent to the care giver.

That can be the general practitioner or a specialized heart failure nurse. Most projects give their

preference to the latter. The results are interpreted by the heart failure nurse and when there

is an alarm (the measurements are above or under certain predetermined bounds) measures are

taken. If the condition of the patient seems very severe, counteractive measures can be executed

as early as possible. The nurse can ask the cardiologist for feedback. This daily monitoring aims

to reduce the amount of rehospitalizations, which of course increases the QOL of the patient.

A systematic review of services as described here reports that the most commonly measured

and reported outcomes were mortality and heart failure rehospitalization [38]. Limitations are

found in the fact that there is a lack of high-quality evidence of these remote patient monitoring

interventions. On the other hand, the results of the overview demonstrate that telemonitoring

had beneficial effects on clinical outcomes of heart failure including a reduction in mortality,

heart failure hospitalization, all-cause hospitalization and an improvement in QOL.
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Teleconsultations for Chronic Obstructive Pulmonary Disease

A team of the Odense University Hospital (OUH) and Medisat has implemented a telemedicine

service called the patient briefcase. It is a treatment method for patients suffering from COPD

(Chronic Obstructive Pulmonary Disease) in their own homes, as opposed to hospital admission.

The goal is to provide a solution for COPD patients that offers safety and comfort. Patient em-

powerment and an improved competence to taking action are other goals of this project. When

COPD patients get an upsurge, they are often hospitalized. They are discharged after on aver-

age eight days. That means a patient stays for a quite long period in the hospital. It is this long

period that the patient briefcase avoids by already discharging the patient approximately 36

hours after the hospitalization. In that way he can recover in its familiar environment. Within

24 hours after discharge, a technician installs all the necessary equipment at the patient's home.

This patient briefcase consists of a built-in computer including a web camera, microphone and

measurement equipment. From then teleconsultations take place every day for one week (via

Internet connection, wireless network or satellite). This means that a total of seven telecon-

sultations per patient take place. During the teleconsultation from home, the patient measures

pulse, saturation and spirometry with guidance. He is in contact with a specialized COPD nurse,

who is handling the treatment from her base at the hospital. This nurse collects the patient

measurements electronically on a screen at the hospital. Meanwhile the patient could take read-

ings of the measurements on the telemedicine equipment. The patient receives advice and the

treatment is further discussed [39]. Figure 2.10 depicts a teleconsultation between the patient

at home (left) and a nurse at the hospital (right). The patient is busy with the pulse-oximetry

measurement, while the nurse has three screens in front of her: one with the patient’s measure-

ments (data), one with the patient’s health record and at her right side she sees the patients live.

Figure 2.10: Illustration of a teleconsultation via the patient briefcase [39]
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2.2.5 eHealth situation in Belgium

Also in Belgium eHealth is rising. But as in many of the other OECD countries, very little

adoption is witnessed. Agoria, the federation of companies of the Belgian technological Industry,

sketched the current eHealth situation in Belgium [40]. The nine barriers they encountered are

similar to the ones described earlier in this chapter:

• Need for a structure to reimburse equipment and services

• Lack of legal and deontological clarity

• Need of an integration between the processes

• Lack of business models

• No integrated end-to-end solutions

• Acceptance of care givers and patients

• Lack of education for the users

• No IT-standards

• Too little investments in networks of the new generation

To cope with these barriers, Agoria formulated four demands that are necessary for the de-

velopment of eHealth in Belgium: (1) a study needs to be performed in which the financial en

economical impact of eHealth on the budget for healthcare is analyzed, (2) a framework needs

to be created for the reimbursements on different levels, in particular for chronic disease, (3)

legal and deontologial clarity concerning the informed consent and reimbursements and (4) the

creation of a steering committee consisting of the main actors in (e)Healthcare. These recom-

mendations come together with investments in education, network infrastructure and integration

& use of international standards [40].

In the remaining of this subsection some Belgian eHealth initiatives are discussed.

eHealth platform

The e-Health platform is a public institution that is the center of eHealth in Belgium. Its mission

is to facilitate the access to medical information in a good organized electronic service without

harming the privacy of the patients nor the privacy of the care provider. Everyone who is active

in the healthcare sector can use this integrated service that cannot only help with simplifying

the administration of the process, but it can also improve the quality of the treatment and the

safety of the patient.

Ten assignments are created to achieve the goals that are drafted by the legislator. The main
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cause of these objectives is to create an ergonomic and accessible platform to all members of the

health care community, also focusing on supporting all existing initiatives. Creating a unified

vision and strategy, led by efficiency and effectiveness, is leading the way to the cooperation

between all health care institutions [41].

Vitalink

Vitalink is a Flemish governmental online platform to stimulate the collaboration between care

givers and patients without harming their confidentiality. The patients choose whether, where

and when someone can get access to the information. The information available on Vitalink:

summaries of the medical files of the patients, details and information about vaccinations, details

and information about medication and studies of the population.

The online platform is fastly growing: over six million data were available on Vitalink in April

2017. The intention is that Vitalink is integrated in existing eHealth applications so that the

doctors should only open one application to find all information [42].

Actieplan eGezondheid

eGezondheid is also an online platform, with information about a plan, constructed by the fed-

eral government, to create an integrated eHealth platform in Belgium. Trough twenty action

points they want to achieve an online eHealth landscape where information about every patient

is available to care providers and patients themselves as of 2019.

For example action point nineteen concerns mHealth. Its purpose is to make eHealth services

mobile accessible. This should, among other things, stimulate and facilitate the cooperation

between all health care institutions.

Every general practitioner will keep an electronic medical file about their patients and every

other care giver will keep a general patient file. Patients are capable of reviewing and complet-

ing their files with valuable data and information is given to them to understand their own file

[43].

Digitaal Onco Platform (DOP)

Digital Onco Platform (DOP) is a support for patients with cancer and their environment

through telecounseling and telemonitoring. The goals of the DOP project are the development,

implementation and the evaluation of a digital oncological platform for patients with cancer,

treated in the oncological center of the university hospital of Ghent. DOP was developed as a

pilot test for patients with a metastatic renal cell carcinoma with a systematic treatment and
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for patients with a bone tumor or sarcoma.

The platform was developed in a way that a roll out to other tumor types and other centers goes

smoothly in the future. Therefore there was opted to integrate DOP in the existing collaborative

care platform (CoZo).

The goal of this new eHealth service is to offer customized education to patients, timely moni-

toring of clinical parameters and toxicities as a result of antitumour treatment, timely detection

of psychological risk factors and improve the communication between care givers mutually and

patients. In that way there is aimed for an increase in self management, participation, empow-

erment, QOL, satisfaction and compliance [44], [45].

2.3 Cost-effectiveness analysis (CEA)

Cost-effectiveness is a term closely related to HTA (Health Technology Assessment). A HTA

seeks to inform health policy makers by using the best scientific evidence on the medical, social,

economic and ethical implications of investments in health care [46]. Assessment includes:

• synthesizing health research findings about the effectiveness of different health interven-

tions;

• evaluating the economic implications and analyzing cost and cost-effectiveness;

• appraising social and ethical implications of the diffusion and use of health technologies

as well as their organizational implications;

• HTA process helps identify best practices in health care, thereby enhancing safety, im-

proving quality and saving costs.

In this thesis it is of course not the aim to determine if a health intervention is safe or if there

is any scientific evidence on the effects of the treatment. Although, it is the aim to compare both

costs and effects of a health intervention. This section handles about cost-effectiveness analysis

of a (new) medical treatment, which is a part of a HTA. In this analysis costs and effects of

two or more health treatments are compared. It tries to determine whether or not a medical

treatment should be reimbursed. This section is based on an introducing book concerning health

economics [47].

2.3.1 Cost-effectiveness

The goal of a health care policy is to produce health and gain health (not in the first place to

save money). A healthy population increases production and consumption and finally increases



26 2.3 Cost-effectiveness analysis (CEA)

welfare. The government therefore obviously wants a healthy population. For some treatments

they foresee reimbursements for the patient. But how do they decide if a (new) treatment should

be reimbursed or not? A possible measure for this is the cost-effectiveness of a certain medical

intervention.

A health economic evaluation is a comparing analysis of two or more interventions in func-

tion of costs and effects. This evaluation can be done through a cost-effective analysis (CEA),

which compares the additional cost with the effects in order to determine if a certain treatment

is cost-effective or not. Cost is measured in monetary units, while effects (which are hopefully

positive and can thus be called benefits) are expressed in other units. These benefits do not

have to be expressed in monetary terms as is the case in a cost-benefit analysis. The unit in

which the benefits are expressed is called ’QALY’: Quality Adjusted Life Year.

To determine whether or not an intervention is cost-effective, the incremental cost-effectiveness

ratio (ICER) is calculated in the following way:

step 1: calculation of the difference in costs between ’new’ and ’current’ (CN-CC)

step 2: calculation of the difference in efficacy between ’new’ and ’current’ (EN-EC)

step 3: calculation of the incremental cost-effectiveness ratio (ICER) using equation 2.1

ICER =
CN − CC

EN − EC

(2.1)

This ratio is now compared to the limit of affordability, which is the societal willingness to

pay. But which value has this willingness to pay? In other words: how much does the society

want to pay to gain one unit of health for the patient?

Figure 2.11 illustrates the situation where a current treatment is compared to a new treat-

ment. The vertical axis represents the total cost of the treatment, while the horizontal axis

represents the health effect expressed in QALYs. On the figure there is another coordinate sys-

tem that can be found. The current treatment method is located in the origin of this coordinate

system (the white circle). Every point at the right of this origin represents a situation where

there is a health gain for the patient in comparison with the current treatment. Every point

below the origin represents a less expensive treatment.
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Figure 2.11: New treatment versus current treatment in two dimensions: costs and health effects

The blue colored zone is not discussed here because it represents the situations in which the pa-

tients QOL decreases in comparison with the current situation. The green rectangle represents

obviously positive situations: a better quality of life at a lower total cost. The green triangle

represents the situations in which there is health gain at a greater cost. Situations within the

green colored zone are cost-effective. The black diagonal represents the societal willingness to

pay. A lot has been written about the value of this limit. Published data shows that 30 000 e

- 50 000 e per QALY could be used as the limit to be cost-effective in Belgium, but it varies

from country to country. The World Health Organization on the other hand formulated it as

one to three times GDP per capita. According to the OECD the GDP per capita in Belgium

was 46 800 $ in 2016 [48]. With an exchange rate of 0,9162 this results in 42 878 e (rounded).

If further in this dissertation the ICER is calculated it will be compared with the latter.

2.3.2 Quality Adjusted Life Years

Health care needs to produce health in the most productive way, the most efficient way. If a

new intervention is more expensive than the current situation, then this net cost needs to be

weighted compared to the health effects.

To find the societal willingness to pay one should express gain health in a certain unit, as

been said before. In existing health economics evaluations there appear different indicators for

health gain: number of symptom-free days, quality adjusted life years, amount of years without
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complications etc. All this is tried to comprise in one unit, a unit of health. A widely used unit

for this is the QALY. The principle of QALY is that one combines the quality and the quantity

of life in one concept, which is illustrated in figure 2.12.

Figure 2.12: Schematic representation of QALY

The y-axis represents the index, which has a value between 0 and 1. One equals a perfect

health condition while zero equals dead. The index is a measure for the quality of life of a

patient. It is described as the utility of the health condition. This y-axis thus represents the

quality. The x-axis represents the quantity, which is expressed in life years. One can see that two

different curves are plotted in the figure. Suppose that a patient suffering from a certain disease

lived for eight years from the moment of the diagnosis using the current treatment method. It

is estimated that during this eight years, his quality of life equals a value of 0,6. This value can

be seen as a certain weight. To express this in terms of QALYs this utility should be multiplied

with the number of years lived. Therefore the quality adjusted life years of the patient equals

4,8 (0,6 * 8). This is the situation represented by the blue curve. Note that this value equals the

surface below the curve. Suppose now that there is a new treatment method available that both

increases the quality of life and the remaining life years of the patient. This is represented by

the green curve. The QALY now equals 9,6 (0,8 * 12). The gain in QALYs equals the difference

between both surfaces below the curves. The gain is therefore 4,8 QALYs (9,6 - 4,8).

2.3.3 How to measure the index

How can this index be measured? There are different methods available for this. One could use

the visual analogue scale (VAS), the standard gamble (SG) or perform a time trade off (TTO)
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[49]. A generic method that will be used further in this master thesis is developed by EuroQol

and is called the EQ-5D method. In this method five questions are asked to the patient regard-

ing its mobility, self-care, usual activities, pain/discomfort and anxiety/depression:

Mobility

1: I have no problems walking about

2: I have some problems in walking about

3: I am confirmed to bed

Self-care

1: I have no problems with self-care

2: I have some problems washing or dressing myself

3: I am unable to wash or dress myself

Usual activities (e.g work, study, housework, family activities)

1: I have no problems with performing my usual activities

2: I have some problems with performing my usual activities

3: I am unable to perform my usual activities

Pain/discomfort

1: I have no pain or discomfort

2: I have moderate pain or discomfort

3: I have extreme pain or discomfort

Anxiety/depression

1: I am not anxious or depressed

2: I am moderately anxious or depressed

3: I am extremely anxious or depressed

Each answer on a question represents a value of 1, 2 or 3. Based on the answers on the five

questions a profile is composed. There are 35 = 243 different profiles. Every profile represents

an original value for the utility. The different profiles and their utility are listed in appendix

A.1. A patient that has for example no problem with walking about, some problems with wash-

ing himself, some problems with performing the usual activities, extreme pain and moderately

anxious has a profile of 12232, which results in a utility of 0,2073. Note that in the table there

are also negative values. This in fact means that dead is preferred.
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2.4 Adoption theory

A new eCare or mHealth service targets a particular group of users. In the majority of the

cases this target group consists of patients suffering from a particular disease. This means that

customers are segmented based on their disease/condition. This is however not always the case.

For example with eConsultations a patient has a video call with his general practitioner. In

that case the majority of the Belgian population is in fact the customer target. Based on age,

acceptance of the (new) technology, specific pathologies, the characteristics of the service and

other requirements potential user segments can be targeted.

Not all of the customer targets are achieved in practice and of course it takes a certain

amount of time before new services are used by the target population. To assess the real

number of customers adoption theory can be applied.

Adopters of an innovative idea (eHealth service) can be categorized in five different groups

according to Rogers: innovators, early adopters, early majority, late majority and laggards [50].

Over different years, the cumulative percentage of these different groups (the adopters) forms

an S-shaped curve. This curve can be modeled with different distributions. One that is often

used in a forecasting model is the Gompertz curve. Special with the Gompertz curve is that

it is assymetric: the adoption is slowing down as it progresses. It assumes that the period in

which there is an increasing growth of adoption is shorter than the period in which this growth is

decreasing [51]. This curve is usually used for consumer adoptions in techno-economical research

[52]. It is modeled using equation 2.2.

S = m ∗ e−e−b(t−a)
(2.2)

This function has three parameters: m, b and a. It is modeled in function of t, which represents

the time (in years).

• m: maximum market potential

This represents the maximum percentage of all possible customers that the innovation can

maximally have.

• b: rate of adoption

This parameter defines the velocity of the adoption, in other words the slope of the adoption

of curve.

• a: inflection point

This parameter represents the year in which the adoption changes from a progressive
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increase to a degressive increase. At this point saturation starts and the adoption goes

slower.

These parameters need to be estimated carefully in order to estimate the market potential.

Figure 2.13 shows a possible adoption curve with parameters m = 0.85, b = 0.6, a = 3. One

can recognize the typical S-shape of this cumulative curve.

Figure 2.13: S-shaped adoption estimation

2.5 Conclusion

The literature study made it very clear what the motivation is behind this master thesis. An

aging population and many chronic diseases increase the healthcare costs, which results in an

ever-increasing part of the GDP per capita spending to healthcare. Therefore governments fo-

cus too much on saving costs instead of assuring high quality care [47]. ICT-supported services,

called eHealth services, offer a solution to cope with these high expenditures and deliver high

quality care. Despite the large potential adoption of these services remains difficult. The main

barriers for the adoption of digital health services are a complex value network for eHealth ser-

vices, the added value is unclear, technological barriers, a lack of financial support/ an unclear

business model, current perceptions of the involved actors on the healthcare system affects will-

ingness to pay and there are privacy concerns & legal issues.

Off all these existing barriers, the unclear business model and a lack of financial support play

a major role in the low adoption. Every actor wants to know ’What’s in it for me?’ before

accepting the new service. To identify a possible negative impact on the business model of one
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of the actors, a pre-development validation methodology will be composed. The next chapter

handles this methodology.



METHODOLOGY 33

Chapter 3

Methodology

3.1 Introduction

3.1.1 Use of the methodology

The methodology that will be defined in the next section is a pre-development validation method

for a new digital health service. This means that it can be used to evaluate an innovative

eHealth service. The service does not exist yet or no pilot project has yet been executed. The

methodology/web tool will be used to assess if the innovation has potential to be successful and

get adopted. As the literature study showed innovating is hard, and especially in the complex

healthcare sector where there are many actors with different interests. The tool can of course

not assess e.g. if the planned marketing strategy will be sufficient to reach the market target.

It is designed to assess if there is a viable business case.

Most services focus on increasing the quality of life of the patient. Often (one of) the care

givers e.g. the general practitioner will treat less patients because of their increased health and

witness a decrease in his income. This results in an actor (the general practitioner) who does not

want to participate in the innovation. Without his participation the innovation cannot succeed

and he will block adoption. In other words: there is no viable business case.

The input of the tool consists of a lot of data concerning the current care and the new eHealth

service, while the output of the tool is focused on the detection of gaps in the business models

of the actors and suggestions for reallocations of benefits/costs for the actors. The ultimate

goal is to suggest whether or not the innovation has potential and which changes can be made

in the concept before introducing the service to the market. Therefore this pre-development

validation tool is primarily aimed for the innovator, the person with the idea for a new digital

health service. Probably this will be the eCare provider.
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It is important that the user of the tool knows a lot about the new eHealth service, but

also about the current situation (that he wants to change with the innovation). Before the

tool is used, the user should possess sufficient knowledge about the different processes (costs,

time spendings etc.) that the targeted patients go through. Garbage in will result in garbage out.

Scope definition

The knowledge obtained during the literature study has been used to define a methodology in

which two services (the current service and the new eCare or mHealth service) are compared in

terms of costs and effects. The first of these two is the current service (subscript c), also formu-

lated as current treatment, current situation or current care further in this chapter. The other

service is the new eCare or mHealth service (subscript n), also formulated as new treatment, new

situation or eHealth/eCare/mHealth service further in this chapter. If the formulation eHealth

service is used, this can either refer to an eCare service or a mHealth service.

The methodology is based on the Belgian healthcare system. This among other things means

a fee for service payment system and cost sharing between patients and his insurer.

3.1.2 10-step plan

The methodology is composed of ten different steps, which are explained in detail in the next

section. To not get lost in the variables and equations of the different steps, each step is concisely

introduced in this subsection.

The 10-step plan is schematically displayed in figure 3.1. Every blue box represents a step

of which the main goal is to gather input data about the healthcare services. The purple boxes

denote steps in which the tool converts the input data into certain output.

In a first simple step there is asked to identify all the actors who play a role in the current

and/or new service. As there is always a patient (both current and new service) and always an

eCare provider (only in new service) these actors are standardly included. Other actors might

be chosen from an available list or can be given in manually. There are three categories of actors:

the receivers (GP, specialist, nurse etc.), the eCare provider and the other actors.

Step two concerns the characterization of the market. Information is needed about the

amount of patients targeted with the services and how this number evolves over the time hori-

zon (default value of ten years). To estimate the actual customers that will use the eHealth
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Figure 3.1: Schematic overview of the ten-step plan

service, adoption is applied. This adoption results in the fact that in the new situation exists of

patients using the current care and of patients using the eHealth service.

A third step consists of sketching the flow of the current situation, by creating a process

scheme that represents the possible processes a patient can go through (e.g. frequent planned

control visit to general practitioner).

The fourth step is a completion of the previous one. All the monetary transactions between

actors and their time investment are the input values of this step (for the current care). This is

mainly based on the process scheme drawn up in the previous step.

Step five and six are similar to step three and four, only now it concerns the new eHealth

service. This service results in a new actor: the eCare provider. The costs that the latter incurs

for developing and maintaining the service are estimated.

A first indication of the potential of the new service is provided in step seven. All the infor-

mation obtained in the first six steps is processed and visualized. For every actor two graphs

are displayed: one for the profit/loss and one for the time investment (both over time). On each

graph a curve representing the current situation and a curve representing the new situation can

be found. This will show for every actor which service he will prefer in terms of time consump-
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tion and which service he will prefer in terms of monetary profit/loss. This step is called a first

comparison because there cannot be concluded yet which service the actors will prefer globally

as time and money are expressed in different units.

To compare both services globally the qualitative effects should first be identified. This is

handled in step eight. Here the qualitative effects of the new service (better/worse than the

current care) are estimated for all the actors. A second part of this step consists of calculating

the indexes which will be used further to determine the ICER. The value of this ratio will then

determine if the eHealth service is cost-effective or not.

To identify potential barriers money, time and the qualitative effects of the service need to

be expressed in the same unit so that they all can be compared. This is done in step nine,

which processes the monetary value of the time consumption (input step four and six) and the

monetary value of the qualitative effects (input step eight). Now the two graphs for every actor

(time, money) from step seven can be combined into one. On top of this, the monetary value of

the qualitative effects (step 8), which can either be positive or negative, is added. This results

for every actor in one total profit/loss of the new service in comparison with the current one.

This value, called delta and expressed in e per year, is the average yearly difference over the

time horizon. If delta has a negative value for an actor this indicates that this actor prefers the

current care and will probably block the adoption of the eHealth service: a barrier is identified.

In the tenth and last step the previously identified barriers are tackled through reallocations

of the costs and benefits.
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3.2 Description of the methodology

3.2.1 Identification of the actors

For each actor involved in the service delivery, all required costs

and effects should be identified. To be able to do so, these ac-

tors/stakeholders will first need to be identified. Therefore, the

first step of the methodology is the identification of the different

actors who have a role in the care process.

All actors should be selected as input in this step, which means both those that appear in

the current and in the new situation. A list of common actors is available from which one can

select those that are applicable for the services. The user can also add an actor manually if a

desired actor cannot be found in the list.

The original reason why healthcare is necessary is because there is a patient who’s suffering

from some disease and needs treatment in order to get better. Thus even if the new service is

not in the first place focused the patient, he will always be a part of it. Therefore, the patient

will always be one of the actors. As this methodology applies on eHealth services, the eCare

provider will also always be one of the actors. Together with the patient he is automatically

selected as one of the actors.

The government has an important role (primarily as guard) within the national healthcare

system. Not only is it important to stimulate the positive external influences, to block the

negative ones and to value public goods, it is also necessary to maintain good quality and easy

access to healthcare, to avert an increase in the prices and avoid that health insurance compa-

nies would refuse high risk persons. The government has also the important task to determine

which treatments should be reimbursed. The government should however not be considered as

an actor for the user of the tool and is thus not on the list of actors. The government is in fact

represented via the insurer of the patient. The actor Insurance represents this private insurer

of the patient.

The care givers are also important actors in the health care landscape. The general prac-
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titioner (GP), specialists, physiotherapists or other persons who’s jobs are to provide care to

patients form a special category of actors in the methodology. They will be labeled as receivers.

Because they earn money by giving care to patients the reasoning in further parts of this method-

ology will be different for these actors from other actors (e.g. the insurers). The reason for this

will be clarified in further steps. The actors from the category receivers on the available list are:

GP, specialist, physiotherapist, psychologist and nurse. For every actor that is added manually

by the user, he can choose to label this actor as a receiver.

Other actors that are part of the list are insurer, hospital, nurse and family caregiver. The

subscript a will further in this dissertation be used to denote actor a.

3.2.2 Market characterization

In this second step the market will be characterized. As

explained in chapter 2 certain customers are targeted with

the eHealth service. Based on age, acceptance of the new

technology, specific pathologies, specific characteristics of the

service and maybe other requirements user segments are tar-

geted from the Belgian population. When a new service is

available it will probably take some time before the majority

of the target population really uses it. To obtain realistic

values for the number of users of the service, the theory of

adoption will be applied. In the first part of this step the

adoption parameters will be determined. In a second part there will be asked for numerical

input values concerning the targeted segment. All the information required in this step is fi-

nally combined to determine the number of patients using the current service and the number

of patients using the new digital service. The number of patients using the current service in

the current situation will of course be equal to the total number of users. In the new situation

however, the total number of patients who use a service will be a combination of patients using

the current care and patients using the new eHealth service. Due to the adoption characteristics

the fraction of patients using the new service will be low in the beginning and grow towards the

end of the time horizon.

Adoption parameters

Adoption will be implemented in order to give the provider of the new service insights concern-

ing the market potential. A possible way to model this is using the S-shaped adoption curve



3.2 Description of the methodology 39

(Gompertz), as described in chapter 2. The time horizon can be chosen by the user of the tool,

but its default is set to ten years. The curve has three main parameters that the user can choose:

maximum adoption percentage (m), inflection point a) and the rate of adoption (b). Default

values are m = 0,85; a = 3,5; b = 0,55.

What is the maximum adoption percentage? = m

When is the inflection point? = a

What is the rate of adoption? = b

Number of patients and evolution of patients

Further in this methodology the costs for the different actors will be compared. To have an idea

about the total cost there has to be known how much patients could potentially benefit from

the new service. A healthcare service could have the goal to treat patients with a particular

disease, but this is not necessarily always the case. With preventive services completely healthy

customers can be targeted. These (healthy) customers are although also called patients. There

will thus need to be asked how much patients there are in Belgium suffering the particular dis-

ease, or, more general, how much patients patients are there targeted initially. Or in the case

of a disease treatment, how much patients there are known to have the disease. For example

with COPD and diabetes, it is estimated that there are a lot more patients suffering from these

diseases than there is known [53].

Apart from the current number of patients, the evolution of patients suffering from the dis-

ease needs to be expressed. This is because the impact on the costs of the new eCare service will

be estimated over the coming years and probably the number of patients targeted will evolve

over time. Every year a fraction of the patients (potential users of the eHealth service) will die.

On the other hand, every year there will also be new patients. This means that to obtain the

evolution in number of patients per year, the mortality rate and the number of new patients

needs to be known. In most cases the mortality rate is known as well as the (estimated) total

number of patients in the future years.

To obtain this information three questions are formulated.

How many patients are currently targeted with the new service? = TotalPatients0

What is the average mortality rate (yearly) for the considered population? = MortalityRate
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How is the number of patients growing in percentage per year (to give in 5%, type 0,05)?

One has to take into account that a fraction will die due to the disease (cfr. mortality

rate) and of course also to other things. = PatientGrowth

For reasons that will be explained in step ten there is also asked a fourth question concerning

the remaining life years the average patient has left.

How many life years has the average patient left? = LifeYears

With this information the total patients per year (subscript i) can be calculated using formula

3.1. Together with the adoption parameters this number is now used in order to estimate the

number of patients that will use the new service in year i (formula 3.2). The number of patients

using the current service can then easily be obtained using formula 3.3.

TotalPatientsi = TotalPatients0

(

1 + PatientGrowth
)

(3.1)

Patientsin = TotalPatientsi ∗ m ∗ e−e−b(i−a)
(3.2)

Patientsic = TotalPatientsi − Patientsin (3.3)

Apart from these numbers, the number of new patients for every situation is also of interest.

This number needs to be known to calculate the total one-time costs for example, which occur

when a new patient starts using the service. The total number of new patients can simply be

calculated using formula 3.4. To estimate the part of these new patients who will use the new

service, adoption is applied again. It is assumed that for the new patients the same fraction will

use the new service as with the ’old’ patients. Formula 3.5 and 3.6 are used to calculate the

total number of new patients in year i in the new situation and total number of new patients in

year i using the current situation respectively.

TotalNewPatientsi = TotalPatientsi−1

(

PatientGrowth + MortalityRate
)

(3.4)

NewPatientsin = TotalNewPatientsi ∗ m ∗ e−e−b(i−a)
(3.5)

NewPatientsic = TotalNewPatientsi − NewPatientsin (3.6)
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3.2.3 Current process scheme

In this third step the current situation is outlined on the basis

of a process scheme. This gives a visual overview of how the

current care is organized. A process scheme exists of different

processes that need to be identified. A process can be a visit

to the GP, a monitoring period in the hospital, certain admin-

istrative tasks etc. This is a very important step as the way

of asking for the input data (see next step) highly depends on

this process scheme.

The objects to make the process scheme with are kept limited to keep it as simple as possible.

A simplistic model is illustrated in figure 3.2. The process scheme always begins in ’start’ and

ends in ’end’. The lines in the process scheme represent the flow of patients. Between these

buttons there are two other buttons that can be used. The blue parallelogram represents a

question. After this symbol a bifurcation is always made. The question is often formulated as a

yes-no question. Depending on the answer the patient follows to the next process.

Figure 3.2: Illustration of a simplistic process scheme
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3.2.4 Input data current situation

In this step data input is asked concerning the time and

money of the processes that make part of the current care.

In the process scheme different processes are identified with

the blue rectangles. Processes that are part of the current

care are denoted with the subscript p. Information is needed

about the time investment, monetary flow and the frequency.

For every time an actor spends to a process there will be

asked to assess the monetary value of this time investment.

The monetary values are expressed per patient per year. But

not all transactions can be expressed per year: some costs

are not ongoing but are a one-off transaction. There will also

be dealt with these costs in this step.

Input of monetary flow, time and frequency

Every process takes some time for any actor (tap represents the time needed for actor a to carry

out process p). A planned regularly visit to the general practitioner for example takes a certain

time for this doctor and for the patient.

There will often also be a flow of money FROM an actor TO another actor regarding this

process. So for the ’from-actor’ this will be a cost (cap = cost of process p for actor a), while

for the ’to-actor’ this flow of money is a receiving (rap = receiving of process p for actor a). At

last there will be asked to give in the frequency of the process (fp = frequency of process p). In

this way the occurrence of the action will be known. The latter is expressed in times per year.

Summarized this means that every process appearing in the process scheme of the previous

step has three components that need to be given in: time per event, money per event and the

frequency per year. The units in which this needs to be done are shown in table 3.1.

Unit

Money e

Time minutes

Frequency times per year

Table 3.1: Units of the input data of the processes

One should be careful with the input data of the monetary transactions. A simple and
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frequently used process is an unplanned visit to the GP because the patient does not feel well.

At the end of the consultation the general practitioner asks a certain sum (e.g. 25 euro) to the

patient. The patient pays this sum and goes home. Afterwards, his insurer will reimburse the

greatest part of this sum. The monetary flow of this process is depicted in figure 3.3a. Further

in this methodology the total cost of the service will be calculated by taking the sum of all the

costs of the processes. For this example the total cost of the process is 25 e. However, if one

would give in the costs like in figure 3.3a the total sum of the costs for the actors would be

44 e (25 + 19). The sum of the costs should always be equal to the total cost of the process.

Therefore the input of this process should be as displayed in figure 3.3b.

(a) wrong (b) right

Figure 3.3: Input of monetary transactions

It can be possible that there is a cost for an actor but the receiver is not relevant. Suppose

that in the current situation the patient needs to travel daily to the hospital for a treatment.

With the new eHealth service he only needs to go once a week to the hospital. This means

that in the new situation the patient can save money because he needs to pay less fuel. In this

case the fuel consumption is an important cost which cannot be neglected. But the receiver of

this cost is irrelevant (e.g. owner of the gas station). To deal with this there is an actor ’sink’

available who can only receive payments.

Every process in the process scheme has something to do with the patient. If for example the

data is filled in for the process ’planned visit to the GP’: this takes 20 minutes for the GP, one

hour for the patient (taking traveling time into account), there will be a flow of 19 e from the

insurance company of the patient to the doctor and 6 e from the patient to the doctor (patient

fee) and this takes place twelve times per year. All these data are thus measured in euro per

patient, minutes per patient and times per year per patient. This means that the units in table

3.1 are per patient.

When a patient is treated by a nurse in the hospital the nurse gets payed by the hospital.

The gross hour wage for a nurse can for example be 30 e per hour. To give this in correctly,

one should first of all fill in the time a nurse spends to this process. When this is done one

needs to fill in the money flow for this process using equation 3.7. This represents the cost for
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the payer, while another actor receives this payment (equation 3.8). Of course the a in both

formulas cannot represent the same actor.

cap =
grosshourwage

60
∗ tap (3.7)

rap =
grosshourwage

60
∗ tap (3.8)

If for any reason some payments cannot be given in because of the absence of some process

in the process scheme, they can still be manually added. This should be avoided as much as

possible but it might come in handy if the user of the tool does not really know to which process

he needs to allocate a certain payment.

Are there any costs (= ExtraCostPPac) and receivings (= ExtraRecPPac) per patient that

are not given in in one of the processes? [e per year]

ExtraPPac = ExtraCostPPac − ExtraRecPPac (3.9)

For every actor the sum of all costs and receivings from the different processes can now be

made. Using formula 3.10 the yearly loss per patient in the current situation is calculated. This

cost, formulated as MoneyCost, is the sum of the monetary loss of all the processes with the

extra costs. It is used to calculate the costs for the eCare provider and ’other actors’.

MoneyCostac =
∑

p

fp(cap − rap) + ExtraPPac (3.10)

Note that often (e.g. for the actor patient) the total receivings will be zero because an actor

often has only costs and no receivings for using a service.

For the receivers it is more useful to express the money as total receivings (profit) rather than

as total cost (loss) because this would be a negative value otherwise. Equation 3.10 is therefore

slightly changed for these actors. The total profit per patient per year can be calculated using

formula 3.11 (for a = receiver).

MoneyRecac =
∑

p

fp(rap − cap) − ExtraPPac (3.11)
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The same can be done to express the total time an actor spends per patient per year (formula

3.12). This formula is the same for all type of actors (so no distinction between receivers or

other actors).

Timeac =
∑

p

fptap (3.12)

Monetary value of time

The goal of the methodology is to compare costs, time and effects of the new service with the

current way of working. To do this efficiently, these components will have to be expressed in the

same unit. This unit will be a monetary value: e. There will be dealt with the qualitative effects

in a further step. However, in this step the time of every process (for the current situation) is

an input value so the conversion of time into a monetary value can already be handled here.

But how does this conversion from time [h] into money [e] work? The question that needs to

be answered is:

What is the monetary value of one hour for this process? = sap

This question should be answered without keeping in mind the actual financial cost of the

process. The monetary value of time for actor a for process p is represented by sap.

For the patient this could also be formulated as: ’How much would you maximally pay to

avoid this process for one hour per year with a new service?’. It therefore is a special way of ask-

ing for the willingness to pay of the patient. This might sound contradictory as the patient wants

to pay a certain price to visit his GP for example. If the patient does not really care that he needs

to visit his GP then he can give the monetary value of this time-consuming process a value of

zero. On the other hand, if he really dislikes this process the monetary value is greater than zero.

For the receivers a question like ’What is the monetary value of one hour?’ is hard to an-

swer. Suppose that a patient goes to his general practitioner because he does not feel well. The

process of the GP examining the patient takes of course time for both GP and patient (e.g. 30

minutes). The patient estimates that he is willing to pay 10 e per hour to avoid having to go

to his GP, apart from the real cost that going to the GP involves. But what is the monetary

value of examining a patient for one hour for the GP? As for the GP this process forms a part
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of his receiving, he obviously would not pay to avoid this process. Therefore the time that a

GP (and other actors from this category) spends to a certain process should not be converted

into a monetary value. This is the main reason why there has been made a distinction between

receivers and other actors in step one. How this time investment is taken into account will be

handled later.

Thus for every process a table like 3.2 should be filled in.

PROCESS: (name of the process)

Money

... e from (actor) to (actor)

Time

... minutes for (actor)

Monetary value of time

... e/hour for (actor)

Frequency

... times per year

Table 3.2: Input data for a process

This method of giving in the data is repeated for every process appearing in the process

scheme. All the money that flows from one actor to another in the current situation needs to

be filled in in this step.

Input of the one-off costs

The last input of this step concerns the one-off transactions. This cannot be correctly filled in

using the explained method because the frequency cannot be expressed in times per year. Actors

can have certain one-off costs when using a service. This can be a cost for every new patient,

e.g. when the GP needs certain equipment that is specific for every unique patient (this will

probably not occur that much). This cost can easily be handled.

Are there any one-off costs per new patient for an actor a (= OneOffCostPPac) and one-off

receivings per new patient for an actor a (= OneOffRecPPac)? [e per new patient]

OneOffPPac = OneOffCostPPac − OneOffRecPPac (3.13)
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On the other hand there are also one-off costs that do not need to be made for every every

unique patient. There can be a one-time cost for equipment per every additional patient. It can

also be that this cost is not incurred per single patient, but per certain amount of patients.

When the GP needs for example a laptop with special software that analyzes certain parameters

of a patient who is monitored at home, the cost for this equipment is probably the same for

monitoring five patients as for monitoring six patients. But this equipment will probably have

a certain limit (concerning the capacity). In this example it might be that the software can

handle the monitoring of maximum 50 patients. The one-off cost of monitoring 50 patients is

for example 1 000 e, while for 51 patients the GP would need another unit and thus the cost

would be 2 000 e. This kind of cost is less straightforward to implement.

If one simply asks after this one-time cost for an actor (e.g. the GP) this cost should be multi-

plied with the number of GP’s (that use this service and so incur this cost). This means that

there should be asked for every actor how much there are of them, which is practically very hard.

Another possibility could be to take a general number of patients (e.g. 1000) and ask for

the one-time cost per thousand patients. The answer of this question divided by thousand and

multiplied with the number of patients using the service would then be this one-time cost. One

simplification with this method is that it makes no distinction between the fact that it can be

that the cost for thousand patients is for example 20 000 e, while the costs for 50 000 patients

is also 20 000 e. A second simplification of this method is that it does not cope with the fact

that it can for example be that one GP monitors five patients (while the capacity is 50) and

another one three. This one-time cost should then in fact be made twice because both GPs need

to make the one-off cost. But this method would only incur a cost of one unit because it only

looks at the capacity (8 < 50).

To cope with the first simplification of the previous method there will be asked after this capacity.

Per how many patients is there an extra one-off transaction? = capacityac

What is the value of this transaction? = serviceCostac

Of course there should be specified who the payer is (pays serviceCostac) and who the re-

ceiver is (receives serviceRecac).

The one-off cost for actor a in year i in the current situation can be calculated via equation

3.14.
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OneOffCostaic =
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∗ serviceCostac if A True

0 otherwise

(3.14)

Where A is True if: TotalPatientsi > max
1≤j≤i−1

(TotalPatientsj)

In the same way the one-off receiving is obtained (equation 3.15).

OneOffRecaic =
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1≤j≤i−1

(TotalPatientsj)
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∗ serviceRecac if A True

0 otherwise

(3.15)

The one-off transaction for an actor is then defined by substracting the receiving from the

cost (equation 3.16).

OneOffaic = OneOffCostaic − OneOffRecaic (3.16)

The splitting in the formula is necessary because the cost needs to be zero if in any of the

previous years payments are done for a greater number of patients than the current year. This

can be clarified with a numerical example. Suppose that in year one there are 10 000 patients,

in year two 9 850 and in year three 9 950 and that per 100 patients a cost of 500 e is incurred.

If this cost would always be made (no matter if A is true or not) the one off costs in year one

two and three 3.14 would become:

OneOffCosta,1,c =

⌈

10000

100
−

⌈

0

100

⌉⌉

∗ 500 = 100 ∗ 500 = 50000e

OneOffCosta,2,c =

⌈

9850

100
−

⌈

10000

100

⌉⌉

∗ 500 = (99 − 100) ∗ 500 = −500e

OneOffCosta,3,c =

⌈

9950

100
−

⌈

9850

100

⌉⌉

∗ 500 = (100 − 99) ∗ 500 = 500e

.
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Obviously OneOffCosta,2,c and OneOffCosta,3,c should be zero because in year one a one-off

cost is paid for a capacity of 10 000 patients.

For a lot of actors the one-off costs and receivings will be zero in the current situation.

However, these costs will often occur in the new situation (note that the telemonitoring example

here is in fact already an eHealth service).

Note that often this cost will be used with a capacity of one, which means that the cost is

incurred per additional patient.

3.2.5 New process scheme

This is exactly the same as step three except for the fact that

now this is for the new situation, which means the situation

with the eCare or mHealth service. Again a process scheme

is created. As the current care method would be replaced

with the digital health service, the process scheme cannot be

identical to the one for the current care. Some new processes

will show up, while probably a few processes from the current

process scheme will also be present (e.g. unplanned visit to

the general practitioner). However, probably the data (e.g.

the frequency will be different). The processes of the new

process scheme are marked with the letter k.

3.2.6 Input data new situation

This is exactly the same as step four except for the fact that

this step concerns the eHealth service. Again the required

data for the processes in the previous step are gathered. This

means the monetary transactions, time consumption, mon-

etary value of time, extra costs and one-off costs. This step

has also an additional part in comparison with step four. As

this methodology applies on eCare and mHealth services,

there will be a new actor in the new situation: the eCare

provider. This eCare provider (highly likely that this will be

the user of the tool) will incur certain costs while developing
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and maintaining the new digital health service. In this step there will be asked to estimate the

costs for the service provider.

Input of monetary flow, time and frequency

In the same way the input values of time (tak), costs (cak), receivings (rak) and frequency (fk)

are processed, as are the extra transactions.

Are there any costs (= ExtraCostPPan) and receivings (= ExtraRecPPan) per patient that

are not given in in one of the processes? [e per year]

ExtraPPan = ExtraCostPPan − ExtraRecPPan (3.17)

With these input values the yearly profit per patient for the receivers are calculated using

equation 3.18.

MoneyRecan =
∑

k

fk(rak − cak) − ExtraPPac (3.18)

For all the other actors the yearly loss per patient are calculated using equation 3.19.

MoneyCostan =
∑

k

fk(cak − rak) + ExtraPPac (3.19)

The yearly time spent in the new service is calculated using equation 3.20.

Timean =
∑

k

fktak (3.20)

Monetary value of time

Also in this step the monetary value of time makes part of the input. This monetary value will

further be used in step nine.

What is the monetary value of one hour for this process? = sak
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Input of the one-off costs

The eHealth service can also require one-time transactions. As explained earlier the new situa-

tion consists of actors who make use of the current service and the eHealth service.

Are there any one-off costs per new patient for an actor a (= OneOffCostPPan) and one-off

receivings per patient for an actor a (= OneOffRecPPan)? [e per new patient]

OneOffPPan = OneOffCostPPan − OneOffRecPPan (3.21)

There are also one-off costs that do not need to be made for every new patient, but have to

be made per a certain amount of patients (limited capacity).

Per how many patients is there an extra one-off transaction? = capacityan

What is the value of this transaction? = serviceCostan

Of course it should be specified who the payer is (pays serviceCostan) and who the receiver

(receives serviceRecan).

OneOffCostain =
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−









max
1≤j≤i−1

(Patientsjc)

capacityac

















∗ serviceCostac

+
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−









max
1≤j≤i−1
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capacityan

















∗ serviceCostan

(3.22)

Where the first term is zero if: Patientsic < max
1≤j≤i−1

(Patientsjc)

And the second term is zero if: Patientsin < max
1≤j≤i−1

(Patientsjn)

OneOffRecain =









Patientsi,c

capacityac

−









max
1≤j≤i−1

(Patientsjc)

capacityac

















∗ serviceRecac

+









Patientsi,n

capacityan

−









max
1≤j≤i−1

(Patientsjn)

capacityan

















∗ serviceRecan

(3.23)
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This one-off gain/loss can then be calculated using equation 3.24.

OneOffain = OneOffCostain − OneOffRecain (3.24)

These input data are thus processed in an identical way as for the current situation. The

only difference is that the last handled one-off cost from above is defined as the combination of

the current and new service.

Costs for the eCare provider

In this subsection the costs for the eCare provider are estimated. This is quit hard as there

are a lot of different costs for this actor that are probably unknown. There are one-off costs as

well as ongoing costs and population dependent costs as well as population independent costs.

The typical costs for the eCare provider are described in the previous chapter. Probably these

costs are not exactly known yet and will thus need to be estimated. The costs are split into four

different categories and will be given in by the user by answering the questions below.

What are the population independent one-off costs that are made at the startup? Keep in

mind the costs for development and infrastructure e.g. the purchase of servers.

= Startup [e]

What are the yearly population independent costs? Keep in mind costs for offices and

employees. = YearlyInd [e/year]

What are the population dependent one-off costs per unique patient? This is the one-off

cost for equipment that is specific for one patient. = PopOnce[e/new patient]

What are the population dependent one-off costs? Keep in mind costs for servers and the

purchase of equipment. = PopOnceExtra [e/patient]

What are the yearly population dependent costs? Keep in mind costs for maintenance,

repair, employees, etc. = YearlyPop [e/patient/year]
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3.2.7 A first comparison

The previous six steps consisted purely of gathering informa-

tion about the current and new service. In this seventh step

a first output is generated. Firstly the input of the previous

steps is used to derive formulas for the yearly cost/receiving

and the yearly time investment, which is done for both the

current and new situation and depends on the type of actor

(receiver/eCare provider/other actor). These costs and time

investments are displayed on a graph over the complete time

horizon for every actor. At last the total cost (sum of costs

of all actors) of both services is compared.

For the receivers

The total profit in year i for actor a (a ’receiver’) in the current situation (Recaic) is calculated

using formula 3.25. This profit is calculated for ten years.

Reca,i,c = MoneyRecac ∗ TotalPatientsi − OneOffPPac ∗ NewPatientsi − OneOffaic (3.25)

In the same way the total profit in year i for actor a in the new situation (Recain) is calculated

using formula 3.26. Note that the receivings are coming both from patients using the current

service and patients using the eHealth service.

Reca,i,n = MoneyRecac ∗ Patientsi,c + MoneyRecan ∗ Patientsi,n

− OneOffPPac ∗ NewPatientsi,c − OneOffPPan ∗ NewPatientsi,n − OneOffaic − OneOffain

(3.26)

The time investment in both situations is calculated with the same formula for every actor.

In the current situation equation 3.27 gives the total time spent in year i for actor a, while

equation 3.28 should be used for the new situation.

Timeaic = Timeac ∗ TotalPatientsi (3.27)

Timeain = Timeac ∗ Patientsic + Timean ∗ Patientsin (3.28)
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For every actor the model will automatically display two figures: one concerning the money

per year and one concerning the time spent.

For the eCare provider

For the eCare provider the cost in the current situation is obviously zero. In the new situation

his total cost can be calculated using formula 3.30 in the first year (i = 1) and formula 3.31

for the other years. Apart from the costs that he makes, his total receivings are also calculated

(formula 3.32). The separate calculation of total costs and total receivings for this actor is

necessary because they will both be used in step 10.

Costprovider,i,c = 0 ∀i (3.29)

TCprovider,1,n =
(

PopOnce + OneOffCostPPprovider,n

)

∗ NewPatients1,n + OneOffCostprovider,1,n

+ Y earlyInd +
(

Y earlyPop + ExtraCostPPprovider,n +
∑

k

fkcprovider,k

)

∗ Patients1,n

+ PopOnceExtra ∗ max

(

Patients1,n − max
1≤j≤i−1

(Patientsjn), 0

)

+ Startup

(3.30)

TCprovider,i,n =
(

PopOnce + OneOffCostPPprovider,n

)

∗ NewPatientsi,n + OneOffCostprovider,i,n

+ Y earlyInd +
(

Y earlyPop + ExtraCostPPprovider,n +
∑

k

fkcprovider,k

)

∗ Patientsi,n

+ PopOnceExtra ∗ max

(

Patientsin − max
1≤j≤i−1

(Patientsjn), 0

)

for i Ó= 1

(3.31)

TRprovider,i,n = OneOffRecPPprovider,n ∗ NewPatientsi,n + OneOffRecprovider,i,n

+
(

ExtraRecPPprovider,n +
∑

k

fkrprovider,k

)

∗ Patientsi,n
(3.32)
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The total loss is then calculated via formula 3.33. Due to the adoption and the costs at the

startup it will probably take some time before the eCare provider starts making money. But of

course it is his goal to make money from some point in time. This means that Costprovider,i,n

will probably have a positive value for low i and negative for other years. When this value is

negative the provider makes profit.

Costprovider,i,n = TCprovider,i,n − TRprovider,i,n (3.33)

For the other actors

The financial loss for the other actors can be calculated using equations 3.34 and 3.35. When

Costain or Costaic has a negative value this means that this actor makes profit.

Costa,i,c = MoneyCostac ∗TotalPatientsi +OneOffPPac ∗NewPatientsi +OneOffaic (3.34)

Costa,i,n = MoneyCostac ∗ Patientsi,c + MoneyCostan ∗ Patientsi,n

+ OneOffPPac ∗ NewPatientsi,c + OneOffPPan ∗ NewPatientsi,n + OneOffaic + OneOffain

(3.35)

As illustration a typical progress for the loss for an actor over time (e.g. the patient) is

plotted in figure 3.4. In this case the new situation (combination of actors using the current

service and actors using the new service) is less expensive for the patient. For low i however this

difference is small. The curves move further away from each other as the time increases. The

reason for this is adoption: in the first year only about 3 % of the patients uses the new service,

while in year ten this is about 80 %. As more and more people use the new service (which is

less expensive) over time, the difference between both situations becomes larger.
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Figure 3.4: Illustration of a first plot of the cost for both situations for a normal actor

Total cost of the service

When a new health service is introduced on the market both the selling price and quality of the

service are of great importance. In this subsection the total cost of the new service is compared

to the total cost of the current situation. This is without the qualitative effect of the service

(quality) and without looking at any differences in time investment. This cost is thus the sum

of the costs for all actors. The total cost consists only of real costs, by which is meant that no

receivings are included. These costs are calculated using equation 3.36 and 3.37 for the current

and new situation respectively.

One should be careful for double counting with calculating the total cost of a service. Some

actors pay certain costs to the eCare provider to use the eHealth service. The eCare provider

himself has of course also all kind of costs to develop the service. But these costs are eventually

covered by the actors who pay for using the service. So including both the costs of the eCare

provider and the payments of the other actors to the eCare provider would give a wrong view

of the total cost. Therefore the costs for the eCare provider are not included in formula 3.37.

TotalCostic =
∑

a

(

(

∑

p

fpcap + ExtraCostPPac

)

TotalPatientsi + OneOffCostaic

+ OneOffCostPPac ∗ TotalNewPatientsi

)

for a Ó= provider

(3.36)
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TotalCostin =
∑

a

(

(

∑

p

fpcap + ExtraCostPPac

)

Patientsic + OneOffCostaic + OneOffCostain

+
(

∑

k

fkcak + ExtraCostPPan

)

Patientsin + OneOffCostPPac ∗ NewPatientsic

+ OneOffCostPPan ∗ NewPatientsin

)

for a Ó= provider

(3.37)

Overview

To have a general overview of the difference in (financial) loss/profit between both services, this

total cost over the time horizon is visualized for all actors on a bar chart. The same is done

for the total time spent in both situations. An illustrative example (with fictive numbers) is

displayed in figure 3.5a and figure 3.5b.

(a) Yearly profit (loss) on average (b) Yearly time investment on average

Figure 3.5: Comparing the current and new situation in terms of time and money
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3.2.8 Qualitative effects

In this step the qualitative effects of the current and the

new situation will be identified. These qualitative effects

refer to all the effects of a health service except for time

and money, which are quantitative effects. Together these

effects form the KPIs (Key Performance Indicators). These

KPIs represent the variables by which both situations can

be evaluated. In a first part of this step there will be asked

to select the qualitative effects for all the actors, while in

a second part the EQ-5D method is applied. The latter is

necessary to determine if the new service is cost-effective,

which will be important in step ten, where costs/benefits are reallocated. This eight step is the

last step that consists of only input.

Estimating the qualitative effects

The qualitative effects are especially important for the patient, who is normally benefiting from

the new service. Probably the patient will have more qualitative effects than the other actors.

These effects are also different from the effects that the other actors experience. For the other

actors it is often more difficult to express the qualitative effects. Two lists with effects have been

made up: one for the patient and one for all the other actors. Both can be found in appendix

B. At first both lists contained an equal number of effects, but it turned out that it was often

too difficult to effectively estimate the effects for the other actors than the patient. Therefore

there has been chosen to suggest only a few possible effects that are more general. They are

primarily suited for the care givers. Therefore there are two lists with possible effects: one for

the patient and one for all the other actors. Note that the list with effects are not the only

possible qualitative effects of a service. The user of the tool can add effects himself manually.

For some actors (e.g. the eCare provider) qualitative effects are irrelevant.

Per actor the user should select those effects for which there is a difference in the current

and the new situation. This effect can either be positive or negative. For all of these selected

effects a score should be given for both situations, going from -3 to +3 (discrete scale). This

means that there are seven possible scores: -3 represents a very bad qualitative effect, 0 is rather

neutral and +3 means that the service is scoring very good on this qualitative effect. This score

is an indication for the strength of the effect. This method of asking for a score is fairly easy to

answer. However, to be able to compare the qualitative effects with the quantitative (time and

money) these qualitative effects should be quantified into a financial basis.
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The input value of the scores have not much to do with the conversion into money, they are

just an indication of the strength of the effect. However, once that all the effects are given in

for an actor, the scores will be displayed automatically on a bar chart. This visualization of the

scores makes it more easy for the user to estimate the monetary value of each effect. Now for

every qualitative effect on this chart there will be asked for the willingness to pay.

How much money per patient would this actor maximally pay yearly to experience this

effect? = qaj [e/patient/year]

The notation qaj represents the monetary value of effect j for actor a and will be used in

future calculations. Suppose that the user of the tool has selected four qualitative effects for

which he thinks there is a difference between both situations. For effect one he gives the current

situation a score of +1 and in the new situation this qualitative effect gets a score of +3. In

the same way he gives a score to the other three effects. This example is illustrated in figure

3.6. In this example the new eHealth service is beneficial for three qualitative effects. For the

last effect the score in the current situation is zero (neutral), while in the new situation it is

negative. This can for example occur when in the new service the patient’s data is visible for

more care givers and he feels a bit uncomfortable with this lack of privacy. With this figure as

possible help, the user should give in the monetary value of each of these qualitative effects.

Figure 3.6: General example of a bar where the actor selected four qualitative effects



60 3.2 Description of the methodology

Qualitative effects in the EQ/5D method

Probably the patient is an actor having a great benefit with the introduction of the new service.

A lot of projects focus on increasing the QOL or on extending the amount of life years. As

described before, one can calculate the ICER to determine whether or not an intervention is

cost-effective (compared with the current situation).

The EQ-5D method described in chapter 2 will be used to estimate the effects of both the

current (EC) and new service (EN). After obtaining the index corresponding with the calculated

profiles from figure A.1 (appendix), one can interpret the difference in terms of quality of life

between both situations. Remember the formula to calculate the ICER:

ICER =
CN − CC

EN − EC

. [e / QALY].

With:

CN = cost of the eHealth service [e]

CC = cost of the current care [e]

EN = effects of the eHealth service [QALY]

EC = effects of the current service [QALY]

EN and EC are expressed in QALYs: the quality of life combined with the quantity of life.

The quality of life is equal to the index, which will be calculated here using the EQ-5D method.

For now the quantity of life (the remaining life years) is not relevant. This will be clarified in

step 10, when the costs in the numerator and finally the ICER are calculated.

This ratio can be very important for innovations in health care. If some new expensive

treatment does not seems to be cost-effective then it will be very hard to get adopted because

the government will probably not consider reimbursements. The fact that a new service is cost-

effective or not will be important in the last step of the methodology.

So for both situations five questions need to be answered:

What is the mobility level of the patient?

How is the patient’s level of self-care?

How well can the patient perform its usual activities e.g. going to work, family activities?

How much pain of discomfort does the patient experience?

How anxious or depressed is the patient?

With each question having three possible answers, as described in chapter 2.
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3.2.9 Influence of time and qualitative effects: identification of barriers

In preceding steps both quantitative (monetary transac-

tions and time investment) and qualitative data (effects

of the service) were collected. In step seven the yearly

cost or receiving for every actor was calculated and visu-

alized. In that step two graphs were displayed for every

actor: one concerning his monetary spendings and one

concerning the time investment. In this step these graphs

will be combined into one graph using the monetary value of time, which was one of the input

values asked for in step four and six. The input of the previous step, the qualitative effects,

will also be converted. In this way everything is expressed in a financial unit. Once the total

cost/receiving for every actor is calculated (consists of money, time and qualitative effects) both

situations are compared. The difference per actor is defined as delta. Formulas are derived for

this delta. Again a distinction is made between the receivers, the eCare provider and the other

actors. If the eHealth situation is more expensive than the current care, a barrier is detected.

A barrier is a potential reason of why a new service will not be adopted. In this case a barrier

exists when an actor feels disadvantaged with the new situation, or in other words, when the

new situation is more costly or results in less receiving for an actor. As the involvement of all

the actors is of major importance for the success of the new service, the non participation of one

actor can block adoption. Finally the sum of all deltas (called the gap) will indicate the global

potential of the service.

Influence of time investment and qualitative effects

First of all the monetary value of time and qualitative effects that acted as input data in previous

steps are converted using the number of patients. Remember that qualitative effects are only

used in the new situation. If a certain beneficial qualitative effect is the result of the new eHealth

service, than this effect is converted in a positive monetary value for the new situation. On the

other hand, if a certain qualitative KPI gets worse in the new situation, this results in a negative

monetary value for the new situation. The financial impact of the qualitative effects for an actor

a in year i in the new situation can therefore be calculated using equation 3.38. The values

of the qualitative effects for the current situation are thus per definition chosen zero (equation

3.39).

QualityEffectain =
∑

j

qajPatientsin (3.38)

QualityEffectaic = 0 (3.39)
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The total monetary value of time for actor a in year i is calculated using formula 3.40 in the

current situation and formula 3.41 in the new situation. Remember that the monetary value of

time for actor a for process p(k) is represented by sap(sak).

TimeCostaic =
∑

p

saptapTotalPatientsi (3.40)

TimeCostain =
∑

p

saptapPatientsic +
∑

k

saktakPatientsin (3.41)

Now that all the key performance indicators are converted into a financial unit the total

costs/receivings can be calculated for the different actors and barriers can be detected.

Delta for the other actors

The total cost TC (financial & time investment & qualitative effects) for the other actors can

now be calculated via equation 3.42 for the current situation and 3.43 for the new situation.

One can see that the qualitative effects (if they have a positive value) lower the total cost in the

new situation: it decreases the cost through perception.

TCaic = Costaic + TimeCostaic (3.42)

TCain = Costain + TimeCostain − QualityEffectain (3.43)

Delta is then easily obtained via equation 3.44. It is defined as the difference in the total

cost of current and new situation and expressed as an average difference per year.

deltaa =
1

10

10
∑

i=1

(

TCa,i,n − TCa,i,c

)

(3.44)

Delta for the receivers

For the receivers the total receiving in the current situation is defined as the monetary receivings

(equation 3.45). For the eHealth service the total receiving is the sum of the monetary receivings

and the monetary value of the qualitative effects (equation 3.46).
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TRaic = Recain (3.45)

TRain = Recain + QualityEffectain (3.46)

In order to calculate delta, the time investment of these actors should be taken into ac-

count. For the category receivers ’monetary value of time’ is less relevant like stated before.

When physicians make one million euro per year in 25 000 hours in the current situation and

one million euro per year in 50 000 hours in the new situation, this decrease in earnings per

hour obviously would form a barrier. It is clear that this time investment cannot be ignored.

Therefore not only the total receivings of both situations needs to be compared, but also the

receivings per hour need to be counted in.

Depending on the total receivings (more/less in the new situation) and hourly receivings

(more/less in the new situation) four different situations can occur. This can be seen in table

3.3. For each of these situations a formula is derived to calculate the delta of these receivers.

receivings/hour New ≥ Current receivings/hour New < Current

TRain ≥ TRaic 1 (++) 2 (?)

TRain < TRaic 3 (?) 4 (- -)

Table 3.3: Possible situations for the receivings and receivings per hour for the care givers

Note that the total receivings are defined as the sum of financial receivings and the mon-

etary value of the qualitative effects. The hourly receivings are thus not simply the monetary

receivings. A nurse for example has a fixed wage, expressed in euro per hour. Purely financial,

her hourly receivings will thus always be the same (e.g. 30 e per hour) in both situations. But

here the perception of the qualitative effects is added to the receiving. If the latter is not equal

to zero the nurse will have a different hourly receiving in the new situation compared to the

current one.
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• Situation 1 (++): more receivings in new situation & more receivings per hour

in new situation

This is obviously a beneficial situation for the receiver. More money is earned in total and

per hour. No potential barrier is detected in this situation. The delta is therefore equal to the

difference in receivings between the new and current situation (formula 3.47).

deltaa =
1

10

10
∑

i=1

(

TRa,i,c − TRa,i,n

)

(3.47)

• Situation 2 (?): more receivings in new situation & less receivings per hour in

new situation

To illustrate the case of receiving more money in total but less money per hour an illustrative

situation for a physician is displayed in table 3.4. In this table the total receivings over the time

horizon of ten years and the hourly receivings for both situations can be found (for e.g. a

physician).

current situation new situation

total receivings TR [e] 80 000 100 000

total time worked [hours] 1 600 2 127,66

avg receivings per hour [e/hour] 50 47

Table 3.4: Illustration of a physician receiving more money in total but less money per hour

If one only takes the total receivings in consideration there is no barrier because with the

new service there are more receivings for the physician. But there is a (small) difference in

receivings per hour. In this situation there will be asked if this decrease forms a barrier for the

physician:

Does the decrease in receivings per hour form a barrier?

a) Yes, I do not want to earn less money per hour than in the current situation.

b) No, I am happy that I earn more money in total.

If the answer is a) then delta will have a negative value. As the physician wants to make at

least as much money per hour as in the current situation the value of delta is given by equation

3.48. It represents the amount of money the actor would receive if he works the number of hours

from the new situation but receives the amount of money per hour from the current situation.
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deltaa =
1

10

10
∑

i=1

(

TRa,i,n − TRa,i,c

hoursa,i,c

hoursa,i,n

)

(3.48)

Applied on the example this gives a delta of:

deltaa =
1

10

(

100000 − 80000

1600
2127, 66

)

= −638, 3.

When the answer is b) there will be asked after the willingness to pay for this increase in

total earnings. An additional question is asked.

How much % of the current receivings per hour is the maximum that you are willing to

earn less per hour in the new situation (assuming the time spent in the new situation stays

the same)? = hr%

Delta is then calculated using formula 3.49. This formula will result in a positive value for

delta (at least if the user inputs a value for hr% that does not contradict itself).

deltaa =
1

10

10
∑

i=1

(

(

HourlyReca,i,n − HourlyReca,i,c(1 − hr%)
)

hoursa,i,n

)

(3.49)

Applied on the example with a value of hr% that equals 10%, delta becomes 425,53.

deltaa =
1

10

(

47 − 50(1 − 0, 1)
)

2127, 66 = 425, 53

• Situation 3 (?): less receivings in new situation & more receivings per hour in

new situation

In this case the new service results in more total receivings for the receiver, but less receivings

per hour. Similar to the previous case this situation is divided into two possibilities. There is

asked if the decrease in total receivings forms a barrier.

Does the decrease in total receivings form a barrier?

a) Yes, I want to earn at least as much money as in the current situation.

b) No, I am happy that I earn more money per hour.
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If the answer is a) then delta will have a negative value. As the receiver wants to make at

least as much money in total as in the current situation delta is left unchanged. It is equal to

the difference in total receivings between the new and current situation. Delta can be calculated

using equation 3.47.

If the answer is b) on the other hand, extra information is needed in order to calculate delta.

The willingness to pay for this quantitative effect (increase in receivings per hour) is asked for.

The user of the tool needs to answer an additional question.

How much % of the current total receivings are you maximally willing to earn less in the

new situation (assuming the new hourly receivings)? = tr%

Delta is positive in this case (at least if the user inputs a value for tr% that does not contradict

itself). and can be calculated using formula 3.50.

deltaa =
1

10

10
∑

i=1

(

TRa,i,n − TRa,i,c ∗ tr%
)

(3.50)

• Situation 4 (- -): less receivings in new situation & less receivings per hour in

new situation

In this case both total receivings and receivings per hour are higher in the current situation.

This obviously forms a barrier for adoption of the new eHealth service. Delta will thus have a

negative value and can be calculated using formula 3.51.

deltaa =
1

10

10
∑

i=1

(

TRa,i,n − TRa,i,c

hoursa,i,c

hoursa,i,n

)

(3.51)

• Schematic overview

Figure 3.7 represents a schematic overview of the different formulas to calculate the receivers’

deltas, depending on the value of the gap and the hourly receivings. The formulas inside a green

box result in a positive value for delta. The red ones on the other hand have a negative delta,

which results into a barrier.
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Figure 3.7: Formulas to calculate the receivers’ delta depending on the total receivings and

hourly receivings

• General remark

For actors from the category receivers, the tool will compare both the total receivings and the

hourly receivings of the two services. Based on this, delta is calculated and can either be positive

or negative. Assume the situation displayed in table 3.5. In the new service this receiver has to

work more than eight times as much than in the current situation. But as this actor receives

more money in total and more money per hour (situation 1), no barrier is detected and delta is

calculated automatically. However, the additional hours will probably form a barrier in practice.

The tool will detect this and generate a warning.
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current situation new situation

total receivings TR [e] 100 000 900 000

total time worked [hours] 3 333 28 125

avg receivings per hour [e/hour] 30 32

Table 3.5: Illustration of a new service in which a certain receiver has to work a lot more

Delta for the eCare provider

The eCare provider does not experience any qualitative effects, neither his time investment is

of any interest. As he does not appear in the current situation, his delta would be equal to

the financial loss/profit he makes with the new service. For the other actors it is assumed that

there is no barrier if the new situation is not worse than the current situation. This has the

consequence that these actors are satisfied with a minimal benefit. For the eCare provider this

does not hold. As providing the service is his job and thus his income, he will obviously not

be satisfied if he e.g. makes 1000 euro per year. Therefore delta cannot simply be equal to the

financial loss/profit he makes in the new situation. To handle this there is asked how much

profit per year the eCare provider would want to make at least. This is expressed as a percent-

age gained on his investment. Due to startup costs and market characteristics his earnings will

probably be different over the years thus he should take the time horizon into account.

How much profit do you yearly want to make at least (average over time horizon years)?

Express in % of gross margin. = ProfitGoalprovider

With this information the eCare provider’s delta can be calculated using formula 3.52. In

this formula TRprovider,i,n and TCprovider,i,n are used, which have been calculated in section 3.2.7.

deltaprovider =
1

10

( 10
∑

i=1

TRprovider,i,n − (1 + ProfitGoalprovider)
10

∑

i=1

TCprovider,i,n

)

(3.52)

Total cost of the service: the gap

Now that the deltas are calculated for every actor, the total difference between both situations

is simply obtained via formula 3.53. When this gap has a positive value, the new service might

have the potential to get adopted.

gap =
∑

a

deltaa (3.53)
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General barriers

Other than the previous barriers (concerning a gap in the business case of the actors), there

are also barriers that cannot be identified in this way. A new service can for example be very

successful in all aspects, but if no one knows the existence of it, the new service will not be

adopted. Publicity is therefore very important and lack of it can be seen as a barrier, which

of course cannot be identified with this methodology. This is only one of the many that exist.

When introducing a new service one should be careful for these (general) barriers, which are

described in section 2.2.3.

3.2.10 Tackling the barriers

In the previous step the delta of every actor is calculated.

If for any actor delta has a negative value, a barrier is iden-

tified. The actors for which delta < 0 are called red actors

in this section, while the other actors (delta ≥ 0) are called

green actors. Obviously in an ideal situation there are no

red actors and no barriers need to be dealt with. However,

in most cases one or more red actors will show up. In this

step the aim is to reallocate the benefits and or costs in such

a way that every actor takes profit of the new service. Or

better formulated, does not prefer the current care above

the new service. There exist different situations and different solutions for the reallocations.

The distinction between the situations is made based on being cost-effective or not and having

a positive gap or not. The different situations are displayed in table 3.6. After reallocation of

the benefits most actors will have a new value for their delta (notation: deltaNewa).

cost-effective not cost-effective

gap ≥ 0 2 (++) 1 (+)

gap < 0 3 (?) 4 (- -)

Table 3.6: Possible situations after evaluation of the costs and effects
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Cost-effective?

Before the different situations can be handled, the ICER needs to be calculated as then there

is known if the new service is cost-effective or not. The denominator, the difference in QALYs

between the current and the new situation, is already calculated in step 8. The numerator, the

difference in costs between both services, will be calculated in this step. Once again the formula

to calculate the ICER is displayed below in equation 3.54. If this ratio is lower than 42 878 e

(GDP per capita, Belgium), the eHealth service is cost-effective.

ICER =
CN − CC

EN − EC

< 42878? (3.54)

But which costs should be included in the terms CN and CC? There can be no double counts

included. For example if the patient pays for an eCare service, the developing cost of this service

(cost for the eCare provider), cannot be included. There has been chosen to define CC (equation

3.55) and CN (equation 3.56) as below [e per patient per year].

Cc =
∑

a

(

(

∑

p

fpcap + ExtraCostPPac

)

+
OneOffCostPPac

10
∗

10
∑

i=1

TotalNewPatientsi

TotalPatientsi

+
1

10
∗

10
∑

i=1

OneOffCostaic

TotalPatientsi

)

for a Ó= provider

(3.55)

Cn =
∑

a

(

(

∑

k

fkcak + ExtraCostPPan

)

+
OneOffCostPPan

10
∗

10
∑

i=1

TotalNewPatientsi

TotalPatientsi

+
1

10
∗

10
∑

i=1

OneOffCost∗
ain

TotalPatientsi

)

for a Ó= provider

(3.56)

With

OneOffCost∗
ain =



























TotalPatientsi

capacityan

−









max
1≤j≤i−1

(TotalPatientsj)

capacityan

















∗ serviceCostan if A True

0 otherwise

(3.57)

Where A is True if: TotalPatientsi ≥ max
1≤j≤i−1

(TotalPatientsj)
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The total cost is the sum over all actors (except the eCare provider) of three terms. The

first term represents the cost of the processes [e per patient per year], which are the input of

steps four and six.

The second term represents the yearly cost per patient per year due to one-time costs for

new patients. These costs are only incurred for new patients, so to express OneOffCostPP in

a yearly cost, these one-off costs are multiplied with the fraction of new patients over the time

horizon (default ten years). At last the third term represents the yearly cost per patient that is

incurred per certain amount of patients. The term OneOffCost is already expressed as a cost

per year. To express this as a (yearly) cost per patient it is divided by the total number of

patients. Again it is taken as the average over the complete time horizon.

The last term of formula 3.56 can be calculated using equation 3.57. OneOffCostain cannot

be used here because it is calculated using the adoption characteristics. This means that a

fraction of the patients is using the current service while the other fraction is using the new

service. But for comparing both situations to determine whether or not the eHealth service is

cost-effective, this adoption theory should not be applied. To calculate the ICER correctly it is

assumed that in the new situation all customer targets use the new service.

Now that there is determined whether or not the new service is cost-effective, different situ-

ations, dependent on the value of the gap and ICER, are handled.

Note:

In step 2 of the methodology there was asked for the mortality rate. This is for the current

situation. However, there is assumed that in the new situation this mortality stays the same.

This of course means that also in the calculations of the ICER no difference is made between

the quantity (amount of remaining life years) of both situations. In fact, the indexes in the

denominator of the ICER should be multiplied with the remaining life years of the patient (as

was already indicated in step 8). But here the numerator of the ICER is a cost per year and in

that way no total cost. Multiplying both the numerator and the denominator with the average

remaining life years of a patient is thus a zero sum game and has no effect on the outcome of

the ICER.

Situation 1 (+): gap > 0 & not cost-effective

A new situation that is less expensive but not cost-effective is rather rare. Nonetheless this

situation can occur. The current and new situation are compared by the gap, which does not
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only consist of financial payments, but also of qualitative effects and the cost of time investment.

The EQ-5D method compares the total cost with five qualitative effects concerning the quality

of life of the patient. If the new situation is more costly in terms of the financial costs and the

difference in quality of life for the patient is small, it can for example be that the new service is

not cost-effective. If on top of this the other actors also experience benefits and/or spend less

time with the eHealth service, this new service is possibly less costly in total than the current one.

As explained before, there will probably be one or more actors who rather prefer the current

situation and hereby counter the adoption of the service. An illustrative example that will be

used to clarify some reallocation techniques is sketched in table 3.7. The deltas from this table

are visualized in figure 3.8. In this example there are three green actors (patient, a2 and a4)

and two red actors (a3 and a5).

Actor Delta (if ≥ 0) Delta (if < 0)

patient 8 /

a2 4 /

a3 / -2

a4 3 /

a5 / -3

total 15 -5

gap 10

Table 3.7: Data for numerical example of

possible reallocations of benefits Figure 3.8: Visualization of deltas

The eHealth service from the example clearly has potential as the gap is positive (10). How-

ever, there are two actors who do not want to implement the new service because they prefer

the current care. Because the gap is positive reallocations of the benefits could offer a possible

solution for this. But how will these reallocations be done? In this situation there are different

solutions possible.

• Divide equally

In this solution approach the benefits from the green actors are reallocated equally over all

actors in the new situation. The new delta is the same for all actors and is easily calculated via

formula 3.58.
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deltaNewa =
gap

NumberOfActors
(3.58)

In this way every actor equally benefits from the new service. Applied on the example one

becomes a deltaNew of 2 (10/5) for every actor. This new situation is illustrated in figure 3.9a.

• Red actors break even and divide proportionally from green

Another strategy that might be followed in this situation is to make the red actors break

even. Break even means that deltaNew for the red actors will be zero. In that way they are

indifferent whether the current or new service is used. The remaining question now is how much

to take from which green actor. In this solution approach the benefits that are reallocated from

the green actors are proportionally to their delta. The actor that has the greatest benefit with

the new service gives the most benefits to the red ones (in absolute terms). deltaNew for all red

actors equals zero (equation 3.59), while for the green actors it can be calculated using formula

3.60. Note that the sum in the latter equation is the sum of the original deltas from the green

actors.

deltaNewred = 0 (3.59)

deltaNewgreen = gap
deltaa

∑

a∈greens
deltaa

(3.60)

The updated deltas are calculated for the example below.

deltaNewpatient = 10 ∗ 8

15
= 5, 333

deltaNewa2 = 10 ∗ 4

15
= 2, 667

deltaNewa3 = 0

deltaNewa4 = 10 ∗ 3

15
= 2

deltaNewa5 = 0

This possible new situation is visualized in figure 3.9b.
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(a) Divide equally (b) Divide proportionally

Figure 3.9: Visualization of the deltas after reallocation

• Reallocation based on financial risk

A lot of costs show up when developing an innovation. When the innovation is introduced on

the market there is often a lot of uncertainty about the outcome. If the innovation is a success,

then the investor benefits as he probably gets a share of the revenue. On the other hand, when

the new service is introduced and the expected outcome is not achieved, the investor is now the

victim as the invested money is (partly) lost. The investor is thus the one who is bearing the

financial risk. One could therefore reason that reallocations (after a novel service is introduced

on the market) should be based on the financial risk. In the case of mHealth and eCare services,

the actor who is bearing the greatest risk is the eCare provider.

If the gap is positive (which is the case in this section) and the eCare provider is one of the green

actors and there is at least one red actor (thus reallocations are necessary), one approach is to

never take money from the eCare provider to reallocate. If the eCare provider is one of the red

actors this means that on average he makes a loss over the time horizon. To reward the provider

for the risk he takes, a possible approach is to, after reallocation, let the eCare provider always

receive a certain amount of the gap (expressed as a percentage of the gap). The new delta

for the eCare provider can then simply be calculated using equation 3.61. ProviderProportion

represents the fraction of the gap which is reserved for the eCare provider.

deltaNewprovider = ProviderProportion ∗ gap (3.61)

The other fraction of the gap still needs to be divided over the other actors. There are

different possibilities to do this. One of them is to divide it proportionally over the original
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green actors and make the red actors break even. This approach is explained in the previous

subsection. This means that the new delta for the red actors is zero (equation 3.62) while the

new delta for the green actors can be calculated using equation 3.63.

deltaNewred = 0 (3.62)

deltaNewgreen = (1 − ProviderProportion) ∗ gap
deltaa

∑

a∈greens
deltaa

(3.63)

Note that in both formulas the eCare provider is not included, independent of the sign of the

original delta. This means that equation 3.62 is not applicable for the eCare provider and the

sum in equation 3.63 is the sum of the deltas of the green actors, excluding the eCare provider.

If this approach is used there could exist a situation where the service provider has less benefit

than when the pure ’divide proportionally’ technique would be used to determine the realloca-

tions. This happens when the sum of deltas from the green actors (without the eCare provider)

is smaller than the delta from the eCare provider.

Assume that in the example actor a5 is the eCare provider and that there is defined that he

always receives 50 % of the (positive) gap, no matter if he makes part of the red or green actors.

If this reallocation method is used the new deltas would be:

deltaNewpatient = 0, 5 ∗ 10 ∗ 8

15
= 2, 667

deltaNewa2 = 0, 5 ∗ 10 ∗ 4

15
= 1, 333

deltaNewa3 = 0

deltaNewa4 = 0, 5 ∗ 10 ∗ 3

15
= 1

deltaNewa5 = 0, 5 ∗ 10 = 5

• Special situation: insurer green

In Belgium there is little (or no) competition between the different insurers. They are some

sort of passive payment offices from the government. Therefore one can reason that it does not

really matter how much more beneficial a new situation might be for them. If the delta from

the insurance company is positive and for one or more other actors it is negative, then the first
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thing one can do is set the delta of the insurer to zero. These benefits can now be divided over

the red actors and one of the previously explained methods can be used to reallocate correctly.

Of course this only holds if the gap is positive.

Situation 2 (++): gap > 0 & cost-effective

This is obviously the ideal situation: the total cost for all actors is smaller in the new situation

and it is cost-effective.

All the techniques that are explained for the previous situation can be used to reallocate the

benefits/costs in this situation as the gap has a positive value. On top of that, this situation is

also cost-effective. However that after reallocations a viable business case is obtained, it is still

possible that one excludes some patients with the eCare service. Because the average patient has

a positive delta it does not mean that every patient is able to pay for the service. Health care

should be equal and accessible for everyone. As the situation is cost-effective the government

can for example help to prevent the exclusion of patients.

There are different ways in which the government can intervene in the value network of digi-

tal health services: as a regulator, healthcare payer, digital health platform provider or adoption

initiator [34].

If a service is part of a service platform this could reduce the total cost of the service. The

government can foresee a national healthcare platform to e.g. facilitate and stimulate sharing

healthcare information in a secured way. Service platforms are not the main scope of this master

thesis, so this will not be discussed in more detail. The role as a regulator (by assuring quality

labels) will also not be handled here.

The government can also act as a healthcare payer by foreseeing reimbursements for certain

treatments. Cost-effectiveness is in most cases one of the criteria to determine if a new treatment

will be reimbursed or not. As this is the case for this situation (positive gap and cost-effective)

the government may act as a payer to cover the delta of one or more red actors and thus dissolve

the willingness to pay barrier.

The maximum amount of money that the government can pay yearly is given by equation

3.64. It is equal to the societal willingness to pay, divided by the average remaining life years

of the patient using the eHealth service (input value of step 2) and multiplied with the average

number of patients per year who use the new service.
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ReimburseLimit =
42878

LifeY ears
∗ 1

10

10
∑

i=1

Patientsin (3.64)

In theory the government is maximally willing to pay this amount of money per year. This

means that if the sum of the deltas of the red actors is smaller than this ReimburseLimit, no

other cost reallocations should be executed as the government can cover up for all the identified

barriers (negative deltas). However, this would be a very unsustainable solution as the national

healthcare expenditures would explode.

A typical situation in which the government foresees reimbursements is when there is a new

treatment method for a patient which increases his QOL, but it is too expensive for the patient

to pay for it himself. When the new eHealth service is cost-effective there will therefore in the

first place be looked to the delta of the patient. If the patient has a negative delta, the govern-

ment will act as a payer.

A possible strategy that can be followed to determine to who the government can pay first

is listed below.

1: Is the patient a red actor? Cover his costs by paying the patients who use the new service

by bringing their delta to zero.

2: If the eCare provider has a negative delta he should first of all reconsider different price

settings. As the service is cost-effective the government could finance a part of the costs of

developing and maintaining the service and bring the delta from the eCare provider to zero.

3: If one of the receivers is part of the red actors the government could foresee incentives to

convince them to use the eHealth service. The delta could for example be brought above zero

so that these actors actually prefer the new service. After a certain period this incentive could

be lowered until delta becomes zero. If now these receivers still use the old care method they

can be penalized. The government now acts as an adoption initiator.

4: Cover the cost of remaining red actors.

After the government acted as a payer and there are still red actors, reallocations are again

necessary.
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Situation 3 (?): gap < 0 & cost-effective

At first sight it seems that the new situation has little potential to get adopted as it is more

expensive than the current care. However, the fact that the eHealth service is cost-effective

could be very useful in this case. The government can act as a payer for the actors and foresee

reimbursements to cover up the gap. But if the gap is just covered and so brought to zero, it

would mean that the eHealth service is globally equally good to the current care and thus a

unnecessary innovation. So how much will the government cover in this situation?

A theoretically possible solution is to bring all the deltas of the red actors to zero if equation

3.64 is met. The gap will certainly be positive now, but again the government cannot fund

limitless. Other more sustainable solutions need to be proposed.

Situation 4 (–): gap < 0 & not cost-effective

When the new situation is more expensive and it is not cost-effective, there is no potential reallo-

cation possible to make the business case viable. If this is the situation, there will be concluded

that the new service has no potential for getting adopted.

Practical implementation and feasibility of the reallocations

The more actors that are involved in the reallocation and the more reallocations that need to

be performed, the more difficult it gets practically to reallocate costs and benefits. The ap-

proaches divide equally, divide proportionally and financial risk involve transactions between all

the actors. This makes it very hard to realize in practice. To implement these strategies for

reallocation, it is recommended that a central committee gets established by the government.

All the actors who have to pay to realize the reallocation will pay this to this central committee.

This committee will then make sure that this money is deposited to the right actors.

It is very unlikely that reallocations will happen in this way in practice. A lot of administration

and transactions are needed, which result in man hours and thus extra costs (wages). And also,

this is not how economics and the markets work.

In many cases the patient will benefit from the new service while a certain care giver (e.g.

the general practitioner) is one of the red actors. Assume the situation where a patient uses a

telemonitoring service for which he pays a monthly fee to the eCare provider. His QOL increases

and this results in less visits to the GP and thus a decrease in the GP’s earnings. On top of this

the GP needs to do some extra administrative work for which he does not get compensated.
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With the previously explained reallocation methods (for example divide equally) it is possible

that a part of the patient’s delta would be reallocated to the GP to cover up his decrease in

earnings. This would be very hard to realize in practice as the patient would have to pay the

GP just ’because the GP earned more with the previous service’.

But which reallocation methods are realizable in practice? In this situation the eCare provider

could be the driving force behind the reallocations. The eCare provider will probably set his

prices in a way that after a certain time his profit equals/exceeds its desired value. If his inno-

vation convinces the customers and the aimed market target is obtained, it is very likely that

his delta will be positive. He has to sell his product to the market, which in this case are the

patients who pay him a monthly sum. But he can also approach the general practitioners and

offer them a sum per patient that they threat with the telemonitoring service. If the eCare

provider sets his monthly price so that the patient is willing to pay and this is enough to pass

a part of it through to the general practitioner they all benefit from the new service. The

eCare provider plays a primary role in the success of his telemonitoring service by setting up

contracts with physicians. This is a far more straightforward way to reallocate the costs/benefits.

However, this method has been criticized by the National Council of the ’Orde der artsen’. In

their statement they acknowledge the importance of telemonitoring of patients with heart failure

and the fact that there is no framework for reimbursements. However, the National Council ar-

gues that the financial aspects of the described system can lead to a conflict of interests between

the various actors and that aforementioned solution could be in conflict with the deontology.

In case that telemonitoring becomes actual, a revision of the funding and a clarification of the

legal framework will be necessary [54].

If the need for telemonitoring is concerned, the doctor may ask the patient a reasonable fee

for the performance, namely the supervision and response to the alarms. He should inform the

patient in advance about the arrangements to be made for alarms or in urgent situations [55].

This makes it clear that innovating in healthcare is hard and requires a work of long breath.
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3.3 Conclusion and summary of the methodology

This section described the building and structure of the methodology on which the web tool

will be based. This methodology is directed to the person having a innovative idea for a new

mHealth or eCare service. Using the designed tool, it can be estimated whether or not this idea

is possibly feasible in practice. It should be stated that this methodology provides an indication

of the possible success rather than a definitive judgment.

The composed methodology consists of 10 main steps in which there are asked many ques-

tions to the user concerning all sort of data. This data concerns both the current situation (the

current care) and the new situation (eHealth service + current care). The ultimate goal of this

tool is to detect which actors would prefer the new situation and which actors would prefer the

current care. If there is at least one actor who prefers the current situation, there is a gap in the

business model and possible reallocations of the benefits/costs are suggested so that adoption

of the service might be possible.

In figure 3.10 a schematic overview of the methodology is displayed. The blue frameworks

represent the steps concerning the input of data. In the first step the various actors are identi-

fied. The next step concerns the market characterization. Step 3, 4, 5 and 6 are probably the

most time consuming steps: it concerns the description of the different care processes, followed

by the input of monetary transactions and time investments.

The seventh step provides a first comparison: for every actor the time and profit is visualized

over the time horizon. Step 8 is the last step that really concerns the input of data by the user.

In this step the qualitative effects are identified and valued. Now that all the necessary input has

been collected, barriers are identified in step 9, followed by suggestions to tackle these barriers

in a final step.
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Figure 3.10: Detailed overview of the methodology





DEVELOPMENT OF THE WEB TOOL 83

Chapter 4

Development of the web tool

The methodology described in the previous chapter is translated into a pre-development valida-

tion web tool. This tool will guide the user through the 10-step plan defined in the methodology.

The user should fully understand the current situation and possess a sufficient amount of in-

formation about it. The same applies for the eHealth service. All the steps run through and

all the data asked for in these steps are fundamental to form an accurate judgment about the

potential of the innovation. Consequently the reliability of the tool highly depends on the relia-

bility and completeness of the user’s input data. Unreliable input will result in unreliable output.

First the used technologies and languages are explained. Subsequently a short summary is

provided concerning the implementation of the methodology. Next is discussed how the tool

tries to assist the user.

The web tool can be found at the following URL: http://ecare.evaluation.atlantis.ugent.be/.



84 4.1 Web tool technology architecture

4.1 Web tool technology architecture

The web tool is designed using several technologies and languages:

• HTML5

• CSS3

• JavaScript

• PHP

• MySQL

HTML5 (Hypertext Markup Language 5) is the most recent version of HTML. A HTML-file

is used to describe the structure of a web page. It can among other things embed scripts written

in JavaScript and style sheets written in CSS (Cascading Style Sheets). A JavaScript-file can

respond at run-time on the behavior and content of a web page, whilst a CSS-file defines the

presentation and the layout of a web page content. These files can be run and executed at the

client-side, on the user’s device.

PHP (acronym for Hypertext Preprocessor) is a scripting language executed at the server

side, in contrast to JavaScript. One of PHP’s main features is its compatibility with MySQL.

MySQL is a database system that can be run on a server, it uses standard SQL to access and

manipulate databases.

The JavaScript concept AJAX (Asynchronous JavaScript and XML) is used to communicate

between the client and the server, or more specific between a JavaScript-file and a PHP-file [56].

PhpMyAdmin is used to access, manage and maintain the database via the web itself. It is

a portable web application written in PHP [57].

To summarize, HTML is responsible for the web tool’s structure while CSS3 constitutes the

layout. JavaScript reacts on the user’s behavior and PHP uses MySQL to retrieve and store

data from and in the database.

Figure 4.1 depicts an overview of how all these technologies and languages are used in the

web tool and communicate with each other to form the desired web page.
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Figure 4.1: overview webtool architecture

The web tool makes use of 5 JavaScript libraries:

• JQuery [58].

• GOJS [59].

• Plotly [60].

• Highcharts [61].

• Sweet Alert [62].



86 4.1 Web tool technology architecture

JQuery simplifies the use of JavaScript, it is a "write less, do more" JavaScript library. The

main goal of JQuery in the web tool is to simplify the AJAX calls. To draw the process schemes,

described in subsections 3.2.3 and 3.2.5, five different options were compared. A summary of

the most most important characteristics is given in table 4.1.

automatic clear interactive easy savable swimlanes intuitive user friendly

MERMAID + - - + ± - ±
PLANT UML + ± - + + ± +

BPMN + + - - + - -

GOJS - + + + - + +

BPMN GOJS - ± + - + ± ±

Table 4.1: Comparison of the main characteristics between potential process scheme generators

There has been chosen for GOJS, which makes it possible to easily draw and construct the

desired process schemes. The JavaScript library plotly generates the bar charts in the web tool,

while highcharts is responsible for the graphs. Finally Sweet Alert is used to give the user clear

and proper alert messages.

When a web page of the web tool is requested by the user’s browser, the server will respond

with the corresponding HTML-file. This file is rendered by the web browser. When the browser

notices unknown JavaScript-files, CSS-files or image URLs, he will retrieve the corresponding

URLs from the server and render these. At the start of every web page visit, some JavaScript

functions will be executed with the goal of fetching the needed data from the database for the

requested web page. To achieve this, an AJAX-connection is set up. The JavaScript functions

define to the PHP-files which data they need. The PHP-files fetch this specified data from the

database using MySQL, and send it back to the corresponding JavaScript functions. This pro-

cess takes approximately zero to five seconds. To assure the user that the web tool is fetching

the necessary data a loading symbol is displayed [63]. When all the necessary data is fetched,

the symbol disappears and the whole web page is shown. Now the user can interact with it.

Depending on his behavior, JavaScript will execute different functions and store all the input

data given by the user.

When the user decides to go the next web page, again an AJAX-connection is set up. JavaScript

sends all its relevant stored data to specified PHP-files, after which these PHP-files store these

data in the database using MySQL. Now the next web page can be loaded in, hence repeating

this whole procedure.
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4.2 Implementing the methodology

The goal of the web tool is to implement the methodology described in chapter 3.2. Every single

step out of the 10-step plan is represented by its own web page. In this section the utility of

every web page is briefly discussed.

The web tool’s start page welcomes the user and offers him different options (figure 4.2). The

user can choose to employ an existing project or start a new project. The existing projects are

available as a possible aid for the user of how to correctly input the data. It concerns three cases:

a telemonitoring service for CHF patients (CHF), a teleconsultation service for COPD patients

after reshospitalization (BRIEF) and an mHealth service with the aim to reduce waiting times

(SMART). When opted to manipulate an existing project, the corresponding case is loaded into

the web tool. This web page is followed by an introduction page, where some additional side

information about the project is entered.

Figure 4.2: Start page of the web tool

After this short introduction the 10-step plan kicks off. The first step, the identification of

the actors, lets the user add and remove actors to the project. Next, the user characterizes the

market by entering the different parameters. In a third step the process scheme of the current

situation is drawn. JavaScript library GOJS is used for the latter. After this, the user enters

the corresponding data (money, time, monetary value of time and frequency) for every state



88 4.3 User assistance

drawn in the previous step. Step 5 and 6 have about the same functionalities as step 3 and 4,

but this time for the new situation. Step 7 gives a first comparison between the current and new

situation using graphs. These graphs are generated by the highcharts JavaScript library. Next,

the user estimates the qualitative effects of the new situation relative to the current situation.

With all the data retrieved in the previous steps, time and qualitative effects can be converted

into money. A final comparison is made for every actor and existing barriers are identified. At

last step 10 depicts these barriers and tackles them. The barriers are illustrated by bar charts

generated by the JavaScript library plotly.

Every web page of the web tool for the CHF-case is illustrated and discussed in appendix C.

4.3 User assistance

4.3.1 Reducing the margin of error

It is clear that a user must enter a lot of data into the web tool. Therefore it is not unlikely that

user-input errors will occur. To reduce the amount of user-input errors, some input restrictions

and rules are imposed. Some examples of these restrictions and rules are:

• The actors ’Patient’ and ’eCare Provider’ cannot be removed from any project.

• An actor’s name must be unique.

• Negative input values for money and time are mostly denied.

• When an input field requires a number, only numbers and the decimal mark are allowed.

• Every state (explained in subsections 3.2.4 and 3.2.6) must have a frequency greater or

equal than 0.01.

An example illustrates the functioning of these restrictions and rules. The actors ’Patient’

and ’eCare Provider’ are always present in any project. This means that if a user tries to add

an actor with the name ’patient’ to any project, the web tool will generate a warning. This

warning is illustrated in figure 4.3.
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Figure 4.3: Error when an actor with the non-unique name ’patient’ is added to the project.

4.3.2 Help-function

To make the web tool more user-friendly every web page has a help button. When this button

is pressed, a pop-up window is opened. In this window the user can find the information needed

to correctly and completely fill in the corresponding web page. An example of this is depicted

in figure 4.4. This shows the help-function for the first step of the tool.

Next to complex elements an information icon is placed. When the user hovers over this

icon, a clear explanation about this element appears.

4.3.3 Default values

When starting a new project, it can be difficult for a user to do everything from scratch. To

help the user, some default values are provided for certain input data. In the first step (the

identification of the actors) a list of common actors in healthcare systems is available. In the

second step, where the user characterizes the market, default values are proposed for the different

parameters. Step 3 and 5 (concerning the process schemes) give by default simple standard

process schemes. And in step 8 a list with some common qualitative effects in healthcare is

available.
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Figure 4.4: Help-function for step 1: identification of the actors

4.4 Conclusion

In this chapter the development and structure of the web tool was discussed. Now that the

methodology is implemented in an online tool, the performance of it can be validated. The next

chapter describes how the methodology and tool are tested via case research. Additionally, pros

and cons are formulated.
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Chapter 5

Analysis

This chapter handles the evaluation of the methodology via case research. Based on the results,

critical remarks are formulated.

The telemonitoring service for CHF patients and the patient briefcase, described in section

2.2.4, had a strong influence on the design and development of the methodology. It are quite

similar cases with the aim to reduce the amount of hospitalizations. Because of the similarities,

the robustness of the tool is tested with another, totally different service that aims to reduce

waiting times in healthcare. The methodology is validated via these three cases. They can be

consulted on the web tool by any person.

In a second section of this chapter the overall performance of the methodology and web tool

is critically evaluated.

5.1 Case analysis

In this section the main results of the CHF case and SMART case are discussed. The focus

of the case analysis is on the generated output: barrier identification and dealing with these

barriers.

5.1.1 Case 1: Telemonitoring service for CHF patients

To give an overall view of the web tool, every step is depicted and explained in appendix C. It

is strongly recommended that the reader first takes a look at this appendix, which focuses on

the input. In that way the reader will better understand the care processes for CHF patients

and he can consult all the generated output.



92 5.1 Case analysis

A first comparison

After the actor identification, market characterization, making of the process schemes and in-

putting the data of the processes, step 7 shows a first comparison between the current and the

new situation. When examining the generated figures, some things stand out:

1: The nurses have to work a lot more in the new situation (figure 5.1a)

2: The eCare provider will start making profit after about five years (figure 5.1b)

3: The total time investment in the new situation is much larger (figure 5.1c)

4: The eHealth service is more costly (figure 5.1d)

(a) Time in both situations, Nurse (b) Loss over time, eCare Provider

(c) Total time investment in both situations (d) Total cost of both situations

Figure 5.1: A first comparison: findings

Apart from these findings, it is also remarkable that with the new service (1) the cost for the

patients more than doubles over time and (2) the patient spends more time to the monitoring of
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his disease (figure 5.2). The eHealth service is primarily aimed for the patient, but is he willing

to pay for this additional cost and time investment?

(a) Time (b) Cost

Figure 5.2: Cost and time for the patient

At first sight, following the criterion total receivings/total cost, there are only three of the

seven actors who prefer the new situation (table 5.1).

Current service New service

GP Insurance

Patient Nurse

Cardiologist eCare Provider

Hospital

Table 5.1: Which actor prefers which service in year 10 (pure financially)

One cannot yet conclude a lot based on this first comparison. To assess the potential of the

innovation, the time investment and qualitative effects have to be added to the costs and both

situations will have to be compared again. It might however be noticed that the additional time

investment of the nurses will probably be problematic.

Barrier identification

In step 9 the qualitative effects and the time investments are taken into account and delta is

calculated for every actor. Some results stand out:
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1: The patient now prefers the eHealth service (figure 5.3).

2: Although the average delta for the nurses is positive, the time investment is problematic

(figure 5.4).

3: The gap (over the complete time horizon) is positive: 593 million e (figure 5.5).

A big difference with the first overview of step 7 is witnessed for the patient. The reason for

this is the influence of the qualitative effects, which are currently estimated high. The patient

willing to pay a maximum of

• 365 e per year for an increase in his peace of mind;

• 100 e per year for an increase in his mobility;

• 50 e per year for the increase of knowledge about his condition.

(a) Cost (b) Delta

Figure 5.3: Total cost (finacial + time + qualitative effects) for the patient

For the insurer, hospital and eCare provider there are no qualitative effects and no relevant

time investments so their total profit/loss is the same as in step 7.

The care givers (GP, nurse and cardiologist) are willing to pay 1 e per patient per year for

the increase in QOL. This sum is added to their total receivings. This qualitative effect does

however not change the fact that they prefer the current service.

With the eHealth service the nurse spends time to two processes: treating patients in the

hospital during their monitoring period and analyzing the alarms of the patients, who are daily

monitored at home, followed by a telephone call to inform the patient. Due to the high fre-

quency of the telemonitoring (daily) and the fact that for the moment every patient generates on
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average one alarm every week, this process is the main reason of the increase in time investment

of the nurses.

The nurses have to work on average 4,24 times as much in the new situation. In year 10 this

even increases to more than six times as much. As there is no abundance of nurses in Belgium,

this will be problematic.

Figure 5.4: Visualization of the influence of the time investment and qualitative effects on the

total cost

When the (financial) costs of both situations were compared (step 7, figure 5.1d), the new

service turned out to be more expensive. However, the value of the time investment and the

perception of the qualitative effects have ensured that the new situation has a positive gap:

globally the new eHealth service is valued higher. There is one main reason for this: the

perception of the qualitative effects for the patient.

Figure 5.5: Total cost of the service (financial + time + qualitative effects)

Figure 5.6 shows a comparison of step 7 and step 9 for every actor. The blue bars represent

the difference in cost between the current and new situation (step 7, money), while the red ones

represent the difference in total cost (step 9, money + time + qualitative effects) in year 10. A

bar below the horizontal axis means that the current service is preferred. One can see the big
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influence of the qualitative effects on the total cost of the patient.

Figure 5.6: Comparison of step 7 and step 9 for every actor

As it is forecasted that there are 256 958 patients in year 10 who use the eHealth service,

the patients are willing to pay

256 958 ∗ (365 + 100 + 50) = 132 333 370 e.

This step indicates which actors prefer the current situation and thus form a barrier: the

GPs, cardiologists and especially the hospitals (table 5.2).

Current service New service

GP Insurance

Cardiologist Nurse

Hospital eCare Provider

Patient

Table 5.2: Which actor prefers which service in year 10 (money, time and qualitative effects)

Tackling the barriers

In the tenth and last step the previously encountered barriers are tackled. The average delta for

every actor is visualized in figure 5.7b. Two things immediately catch the eye: (i) the insurers

benefit a lot from the new service and (ii) the hospitals are by far the greatest victim of the new
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service if this would be the new situation.

How the barriers are tackled depends on the value of the gap and the ICER. As figure 5.7a

reveals, the eHealth service seems to be cost-effective and the gap is positive.

(a) Summary of the project
(b) Delta for all actors

Figure 5.7: Final results of the telemonitoring case for CHF patients

The fact that the new service is cost-effective and has a positive gap results in various options

to cover up the gap in the business case:

1. Reallocations of the costs between the actors mutually.

2: The government can cover up the gap by paying the red actors.

3: A combination of the government acting as a payer and reallocations of the benefits.

For the first possibility the tool provides three different solutions: equal division, propor-

tional division and division based on the financial risk. These are however very hard to realize

in practice, as stated in chapter 3.

For the second possibility the tool provides the theoretically maximum limit the government

would pay per patient. As this is more than a billion euro and the gap is about 53 million euro,

the government can definitely cover all the costs by paying the GPs, cardiologists and hospitals

for their loss. This would however be a very unsustainable situation.

The output of the tool stops here. Based on the information provided, the user of the tool

can conclude that the methodology indicates that the service has potential to succeed, provided

some additional efforts. The main indications are:
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• The biggest profit is witnessed for the insurers, while the biggest loss is witnessed for the

hospitals.

• The (financial) cost is slightly larger with the eHealth service and is mainly due to the

additional working hours of the nurses.

• The additional time investment of the nurses require additional full-time equivalents, which

might be problematic

• When the monetary values of time investment and qualitative effects are added, the gap

becomes positive. The patient’s estimated increase in mobility, knowledge about his own

condition and peace of mind are mainly responsible for this.

• To convince the hospital, general practitioner and cardiologist, reallocations are necessary

Additional to this analysis of the telemonitoring service, some things are further investi-

gated. First an elaborated solution is formulated for the reallocations. Secondly the results

of a (realistic) change in the input value of a process is examined. At last there is focused on

the composition of the total cost of the two situations and on the structure of the costs for the

patient. It should be noted that this is done manually by the user.

A possible solution for the reallocations

Firstly the loss for the general practitioner and cardiologist are tackled. The eCare provider

charges a monthly fee of 30,44 e to the patient for the complete telemonitoring service. With

his current price setting, his average delta equals 3 893 969 e. He is often the driving force

behind the success of his innovation: he has to sell the product to the users, in this case the

patients. But as they are willing to pay for the telemonitoring service (because it increases their

QOL), the eCare provider should focus on convincing the cardiologists (delta of -900 570 e) and

general practitioners (delta of -1 581 975 e). If the eCare provider would cover these losses, he

would on average still make a yearly profit of 1 411 424 e on top of his desired profit margin,

defined as 5 % in step 9. Suppose that the eCare provider goes to the GPs and cardiologists and

convinces them to introduce the eHealth service to the patients they treat. For every patient

that uses the telemonitoring service (145 275,1 on average over the time horizon of ten years),

a monthly sum will then be transacted from the eCare provider (who receives money from the

patient) to the GP and cardiologist.

Monthly transaction per patient from eCare provider to GP:

1581975

145275, 1
∗ 1

12
= 0, 9075 e
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Monthly transaction per patient from eCare provider to cardiologist:

900570

145275, 1
∗ 1

12
= 0, 5166 e

This makes the general practitioner and the cardiologist indifferent of which service is used.

The eCare provider could also slightly raise the monthly fee so that the GP and cardiologist

prefer the eHealth service.

Two barriers are now tackled. The insurer, patient, nurse and eCare provider benefit from

the new service, while the GP and cardiologist are indifferent. But the biggest barrier still ex-

ists: an average yearly loss of 66 475 810 e for the hospitals. This has two reasons: (1) reduced

number of hospitalizations and (2) the wages of the nurses, who have to work a lot more in the

new situation.

The hospital plays a major role in the adoption, as they are the one who would implement

the new service and pay the nurses for analyzing the monitoring results. The treatment of ill

people is a (large) part of the hospital’s receiving. In the current context, the hospital has

little to no benefits with a more healthy population. This sets the current financing models for

hospitals into question. Since there is really no financial benefit to provide this type of services.

This calls for the introduction of a (national) financial framework for digital health services.

The biggest ’winners’ with the new service are the insurance companies. As the number

of hospitalizations reduces, the insurer has less costs (+) and the hospital less receivings (-).

An important remark is that the insurance company can be seen as a passive payment office

of the government. If the government would act and cover the gap (because the service is

cost-effective), it would imply that the profit of the insurer is reallocated over the red actors.

So reallocating the profit (which is in fact a saving compared to the current situation) of the

insurers comes down to the same as if the government would pay to the hospitals. One could

therefore reason that it does not really matter if the money comes from the insurer or from

the government itself. The solution proposed is that all the benefits of the insurers in the new

situation (savings) are passed to the hospitals. The remaining gap of the hospital (66 475 810

e - 59 851 639 e = 6 624 171 e) is then covered by the government, which is in fact the same

actor. This can for example be done through a yearly transaction.

This solution approach is visualized in figure 5.8.
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Figure 5.8: Visualization of the proposed reallocation method

The deltas of the actors before and after the reallocations are displayed in figure 5.9.

(a) Before (b) After

Figure 5.9: Delta for all actors: before and after reallocations

This results in three actors who benefit from the eHealth service: the patient, the eCare

provider and the nurse. The insurer, cardiologist, general practitioner and hospital are indiffer-

ent (table 5.3).

For the general practitioner one could even reason that, with his delta that is now assumed
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to be zero, he even benefits from the new service. Assuming there are about 16 000 general

practitioners in Belgium, a yearly delta of -1 581 975 e means a yearly loss of about 99 e per

general practitioner. Monthly this equal approximately 9 e. As general practitioners often have

long working days one could reason that they do not really care for the decrease in consultations

of CHF patients [64].

The same reasoning can be followed for the cardiologist, but their decrease in receivings would

be about 35 e per month.

These numbers also indicate that especially the hospitals are the biggest victim.

Current service Indifferent New service

/ Insurance Patient

Cardiologist eCare provider

GP Nurse

Hospital

Table 5.3: Which actor prefers which service after the reallocations

According to the positive value of delta, the nurse benefits from the new service. But it is

also stated that there is an enormous increase in the time investment. In the next subsection

input values are adapted concerning the time investment of the nurse.

Changing input values

The cause of the large increase in time spendings is the process CHF nurse analyzes the alarm

and contacts patient.

Currently it is assumed that the average patient generates an alarm once a week and that the

nurse spends two minutes to analyze an alarm and six minutes to call and inform the patient.

In most cases the CHF nurse judges that the alarm is not serious. The nurse would thus spend

six minutes to inform the patient that there is nothing serious going on. Perhaps the nurse only

recommends the patient about e.g. his food habits.

Assume now that for non-severe cases the nurse can simply click on a button on the laptop

with the monitoring results of the patient, which then sends a certain warning to the patient.

This takes about one minute and eliminates the telephone call of six minutes. Assuming that

in 75% of the cases a telephone call is not necessary and that an alarm is generated once in ten

days per patient (instead of once in seven days) the new input values are:
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tnurse,analyzingalarmandcontactingpatient = 0, 25 ∗ 8 + 0, 75 ∗ 3 = 4, 25 minutes

tpatient,analyzingalarmandcontactingpatient = 0, 25 ∗ 6 + 0, 75 ∗ 2 = 3 minutes

chospital,analyzingalarmandcontactingpatient = rnurse,analyzingalarmandcontactingpatient =
30

60
∗4, 25 = 2, 125 e

fanalyzingalarmandcontactingpatient = 36, 525 times per year

These practically realizable changes give remarkable results. Apart from the fact that there

is a decrease in the working hours of the nurses (figure 5.10a), the new service now turns out

to be less expensive (figure 5.10b). Sheer financially this was not the case before. Adding the

monetary values of time investment and qualitative effects again obviously results in a possibly

viable business case (figure 5.11).

Apart from these changes, it is fair to assume that in the future the nurse will have to work

less than initially predicted. With the increasing capabilities of technology, there will possibly

be less false alarms (better measurements) in the future. On top of this, certain tasks of the

nurse may possibly be performed by an automated computer system.

(a) Time investment for the nurse (b) Total cost (sheer financial)

Figure 5.10: Remarkable results of an adjustment in input data for the process CHF nurse

analyzes alarm and contacts patient
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Figure 5.11: The total cost of both situations (money, time and qualitative effects) after an

adjustment in input data for the process CHF nurse analyzes alarm and contacts patient

This example illustrates that the output is highly dependent on the input data. With this

adjustment in the input of the time spendings of a process, the nurses will now have to work

maximally about 2,6 times as much. This is a decrease with a factor of more than two, but

can however still be a barrier. A possible solution is to involve the general practitioner to the

monitoring and analyzing of the alarms, as they spend less time in the new situation.

Additional research

The analysis from this section was done based on the output of the tool. It is possible that

the user wants to have more information about e.g. the total cost of a certain process. As an

example the total cost of the service and the costs of the patients are examined.

• Total cost of the service

As stated before, the costs of treating CHF patients are mainly due to hospitalizations (more

than two-thirds of the total cost). To validate this, the share of the various processes in the total

cost of year ten is visualized in figure 5.12a, which confirms this: the cost for hospitalizations

accounts for about 71% of the total cost in the current situation.

To tackle these high hospitalization costs (which not only result in financial costs but also

decrease the QOL of the patient as he has to stay in medical facilities), the potential of a tele-

monitoring service is tested with the tool. To have an idea about the share of the various costs

in the new situation, the same visualization is displayed in 5.12b.
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(a) For the current situation: 332 676 758 e (b) For the new situation: 341 407 886 e

Figure 5.12: Cost of the processes

As the frequency of the hospitalization process decreases the total cost of this process de-

creases (40,83 % of the total cost). The new processes (daily monitoring and analyzing alarm

& contacting the patient) account for 43,21 % of the total cost in the new situation.

• Cost for the patients

When the monetary cost of the time investment is added to the pure financial cost, one

can see that in the current situation, the cost of the time investment is almost as high as the

monetary cost (figure 5.13a, year 10). In the new situation, which requires almost the double

amount of time for the patient, the total cost is mainly due to the monetary cost, and less

to the cost of the time investment. The cost for the time investment is even less in the new

situation. The main reason for this is that in the new situation the time is mainly spent to the

daily measurements, to which the patient assigned a very low monetary value (1 e per hour).

He feels comfortable with measuring the necessary parameters at home.

(a) For the current situation: 104 440 796 e (b) For the new situation: 171 688 579 e

Figure 5.13: Total cost for the patient: monetary cost vs financial cost
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The share of the sheer financially value of the various processes is displayed in figure 5.14.

This indicates that the new processes of the telemonitoring service are costly for the patient.

(a) For the current situation: 50 287 979 e (b) For the new situation: 46 060 934 e

Figure 5.14: Monetary value of time of the different processes for the patient

A closer look to the expenditures of the patient confirms that the daily monitoring (30,44 e

per month) is clearly responsible for the higher cost in the new situation (5.15b).

(a) For the current situation: 54 152 817 e (b) For the new situation: 125 627 645 e

Figure 5.15: Cost of the processes for the patient

In this section the information collected with the tool is analyzed more deeply. There are

numerous things that can be further investigated and analyzed: e.g. the distribution of the total

time investment, the distribution of the total cost, the distribution of the time investment for a

certain actor etc. Some of them may be useful to implement in the web tool in the future.

Conclusion

The web tool processed the input data of the CHF case successfully. Sheer financially, the new

service turned out to be more expensive than the current care. However, the monetary values of
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the time investments and especially the monetary values of the qualitative effects surpass this

additional cost and result in a positive value for the gap. It should although be stated that this

is in fact a subjective estimation. This case research learned that a (subjective) question like

"What are you yearly willing to pay to experience this effect?" is fairly easy to answer, be it that

there will probably be a lot of variation in the answer, dependent from person to person.

"What is the monetary value of one hour of this process?" turned out to be harder to an-

swer. As the answers will vary and thus cover a certain range, it might be very useful to add a

sensitivity analysis to the methodology.

Providing a feature by which the user can answer with a minimum and maximum value

on the two questions from above, will give three scenarios: a worst-, expected- and best-case

scenario. This can be very important as the CHF case stands or falls with the experienced

qualitative effects. If these are e.g. overestimated, the tool can for example wrongly indicate

that the gap is positive and the case has the potential to get adopted.

A sensitivity analysis will not only be useful for the time investment and qualitative effects,

but it might also come in handy for the input data. In the investigated case, the number of

alarms generated per patient is uncertain. A sensitivity analysis could indicate that simply by

having less alarms, the barrier of the large time investment of the nurse could disappear.

In the current context, the hospital has no benefits with a more healthy population. This

sets the current financing models for hospitals into question. Since there is really no financial

benefit to provide this type of services. This calls for the introduction of a (national) financial

framework for digital health services.

5.1.2 Case 2: SMART-project

Introduction of the concept

The second investigated case is a proposal around an innovative mHealth service. This proposal

tries to tackle one of the biggest frustrations in the waiting room of a general practitioner: the

waiting queue. It is not very comfortable, the patient is surrounded with other ill people or

people in pain, and most of the time the patient is bored. The main idea of this fictive mHealth

service is to replace the ongoing physical waiting line with a virtual waiting line. It will not have

a significant change on the health status of the patients, but will improve the queuing process.

This innovative service is named SMART.
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The idea is analyzed on a conventional general practitioners practice, which has on average

approximately 1200 unique patients [65], [66]. Every day the general practitioner works, the

practice is open for consultations with an appointment (called fixed consultations) during the

first three-fourth of the day and for consultations without an appointment (called free consul-

tations) during the last one-fourth of the day. For a fixed consultation the patient has to call

the general practitioner and arrange a time slot. However, for a free consultation the patient

does not need to call the general practitioner. Instead the patient has to go to the practice and

queue in the waiting room according to the FIFO method. This is a reasonable approach to

treat everyone in a satisfying and relatively fast manner. Research provides different numbers

about the number of consultations per unique patient each year [67] [65]. An arbitrary value of

seven consultations each year is taken into account in this analysis.

With the innovative approach, for every fixed consultation the patient again makes a call

with the general practitioner and arranges a time slot. The general practitioner puts this infor-

mation (the patient’s name, his mobile phone number and the agreed time slot) in a program on

his computer. Until this point the procedure is similar to the current approach. However now

on the day of the appointment, instead of going to the practice on the agreed time, the patient

gets an automated notification about the time lag on the general practitioner’s schedule. At

last a final notification is sent to the patient (depending on the distance between his home and

the practice), when it is almost time for his consultation. In this way the patient avoids long

queues in the waiting room, if the general practitioner is running behind his schedule. Besides

this, in the rare case that the general practitioner is ahead of his schedule, the patient will also

be notified. This creates a win-win situation for the general practitioner and his patients.

For every free consultation the patient sends a text message to the general practitioner on

the desired day. In this text message the patient specifies the hour from when he is available.

The patient will get an automated reply with the first available free time slot that satisfies

the implied constraints that day. When all the available time slots of that day are occupied,

new incoming text messages will be replied by a text message that informs the patient of this

problem. The patient has now 3 options. First of all he can choose to get a free consultation the

next available day. Secondly he can call the general practitioner in case of an emergency, maybe

the general practitioner can work overtime to treat the patient. Finally the third option is to

make a fixed appointment with the general practitioner. Again, using this system, the patient

will get a notification when it is almost time for the consultation.

By implying this innovative service it is assessed that emergencies can still be treated, long

queuing periods are avoided and patients are more informed. Patients who ignore these notifi-
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worst realistic best

average waiting time current process 15 22,5 30

average waiting time new process 10 7,5 5

Table 5.4: Worst-case, average-case and best-case scenario for the SMART project

cations and hereby arrive too late at the general practitioner will be penalized in some form.

Waiting times vary from practice to practice and from day to day. To cope with this varia-

tion, three scenarios are tested on this innovative idea. These scenarios are shown in table 5.4.

In the following subsections the average-case situation is discussed deeply. At the end a compar-

ison is made between the gap in the three scenarios and, if necessary, between the reallocation

proposals. Four actors participate in the services. The patient itself, the eCare provider, the

general practitioner and the insurance company.

A first comparison

After entering all the input data asked for in the previous steps, a first comparison can be made

in step 7. Here, the tool gives an overview of the total invested time and total costs/benefits

for each actor. Figure 5.16 depicts the most important results of this step. One should keep in

mind that these figures relate to the average-case scenario. Two things stand out:

1. The total time for the patient decreases enormously, as shown in graph 5.16a. The other

actors’ invested time stays the same in the new situation. Consequently this results in a

decrease of the sum of the total time for every actor in the new process. This effect is

illustrated in graph 5.16b.

2. The general practitioner pays the eCare provider for the installation costs of the new ser-

vice at his practice. This results in a decrease of his income, shown in figure 5.16c. Graph

5.16d shows that the eCare provider has less expenses than income. The total cost for all

the actors is depicted in graph 5.16e. One can determine by looking only at the financial

flows that the new service is more costly than the old service.
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(a) Time in both situations, Patient (b) Time in both situations, Total

(c) Income in both situations, GP (d) Cost in both situations, eCare provider

(e) Cost in both situations, Total

Figure 5.16: A first comparison: average-case scenario SMART-project

Table 5.5 gives an overview of the preferred service for every actor, only considering the

criteria of total receivings / total cost. The patient and the insurer are indifferent because the

price for a consultation is the same in both situations. The GP prefers the current situation. He

has no extra income but only extra costs in the new service (installation and maintenance cost

of the software, paid to the eCare provider). The new service is preferred by the eCare provider.

His income exceeds his costs.
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Current service Indifferent New service

GP Patient eCare Provider

Insurance

Table 5.5: Which actor prefers which service in year 4 (pure financial)

Barrier identification

As explained before, step 9 converts the qualitative effects and the time investments into mone-

tary values. For every actor these are added to his total income or total cost. For the insurance

companies and the eCare provider this conversion has no effect. Their total income/cost is the

same as in step 7. The patients however are willing to pay one euro each year for the increased

service satisfaction due to the reduced waiting times. The monetary value of time for a patient

in the waiting room is set to ten euro per hour. The general practitioner is willing to pay one

euro per unique patient each year for several reasons. Two of them are the patients increased

satisfaction of his service and the fact that he has more control over his agenda.

Graph 5.17a and 5.17b show the change in the total income/cost graph for respectively the

patient and the general practitioner. The total cost for the patient decreases significantly. This

is mainly due to his decrease in waiting time, which was converted into monetary value at the

beginning of this step. For the general practitioner a decrease in his profit can be seen after

one year, due to the installation costs of the software. The following years his profit increases

above the current situation level as a result of his positive qualitative effect, explained in the

paragraph above.

Graph 5.17c illustrates the total cost for all the participating actors. It is clear that the total

cost over the time horizon decreases. Comparing this graph with the total cost graph in step

7 (graph 5.16e) shows the effect of the reduced time investments and the positive qualitative

effects. In contrast to step 7, one can now clearly determine that the new service is preferred

above the current service. However, this not necessarily means that the new service will be

adopted. It is very likely that at least one actor will have a negative delta. In that case some

reallocations will be needed.
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(a) Cost in both situations, Patient (b) Loss over time, eCare Provider

(c) Loss over time, eCare Provider

Figure 5.17: Identification of barriers: average-case scenario SMART-project

To gain a clear indication of the preferences of each actor, the deltas are calculated. These

can be found in table 5.6. As already derived from the graphs, the patient clearly prefers the

new situation. The eCare provider also has a slight preference for the new situation. The insurer

stays indifferent and the general practitioner prefers slightly the current service above the new

service. The negative gap of the general practitioner forms a barrier, which is tackled in the

next step.

Actor Delta

Patient 87080

General practitioner -2646

eCare Provider 4554

Insurance 0

TOTAL DELTA 88988

Table 5.6: Deltas for every actor
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Tackling the barriers

Step 10 tries to tackle the barriers found in step 9. First the cost-effectiveness of the new service

is checked, which is done by calculating the ICER. The ICER is the difference in total cost

between the services divided by the difference in efficacy of the services. However, the health

status of the patient stays the same in the SMART-project. In other words, the denominator of

the equation will be zero. The cost-effectiveness calculation cannot be used in such a project.

The web tool gives a warning about that, shown in figure 5.18. Naturally the tool does not stop

here. Even though the ICER of a service cannot be calculated, the service still has potential to

be adopted if a positive gap is obtained.

Figure 5.18: Total cost of the service (financial + time + qualitative effects)

The three scenarios (worst-, average- and best-case) explained earlier are compared and an-

alyzed now. Figure 5.19 depicts the average deltas over the time horizon for every actor for the

three scenarios (in table and bar chart form). In step 9 was concluded that only the general

practitioner forms a barrier in the average-case scenario. The same goes for the worst-case and

best-case scenarios. In every scenario a positive gap is obtained. Consequently reallocation

methods are proposed.

Before looking at the reallocation proposals, some research is done concerning the critical

value of the monetary value of time at the waiting room of the general practitioner for the

patient. When the monetary value of the qualitative effect is set to zero, the worst-case scenario

still generates a positive gap. Only when the monetary value of time at the waiting room of the

general practitioner for the patient is set to 1,01 e or lower, a negative gap is generated. In this

case the new service will probably never be adopted. In all the other cases the new service has

potential to be adopted, but some reallocation of monetary flows is needed due to the negative

delta of the general practitioner.
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(a) Worst-case (b) Average-case (c) Best-case

(d) Worst-case (e) Average-case (f) Best-case

Figure 5.19: Tables and bar charts of the deltas: SMART-case

The suggested reallocations for the average-case scenario are discussed here. Note that

the reallocations suggested for the worst-case and best-case scenarios are very similar. This is

because of the positive gaps and the proportionality of the deltas. At first the tool suggests three

reallocation proposals. The equally divided reallocation, the proportionally divided reallocation

and the reallocation based on financial risk (50% of the gross margin goes to the eCare provider)

are shown in figure 5.20a, figure 5.20b and figure 5.20c respectively. To avoid misunderstandings,

in every bar chart the bars from left to right represent the deltas of respectively the patient, the

eCare provider, the general practitioner and at last the insurance.

(a) Equally divided realloca-

tion

(b) Proportionally divided re-

allocation

(c) Division based on the fi-

nancial risk

Figure 5.20: Three reallocation proposals: SMART-case

The proportionally divided proposal looks odd in this case. The general practitioner and the

eCare provider should get a significant part of the total profit, due to their made investments.

For the same reason the proposal based on the financial risk is far from optimal, here the GP

has again no profit at all. The equally divided proposal appears to be fair. However, one can

argue about why the insurer should profit of this new service, because nothing changes at all
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for him. For this unfair situation the tool provides an extra function. A preferred percentage of

the global profit can be reserved for an actor of choice. This is illustrated in figure 5.21.

Figure 5.21: Reserve percentage of total profit for an actor of choice

Here, the percentage is set to zero for the insurer. In this way the insurer does not benefit

nor does he experience any major setbacks compared to the current service. Or in other words,

his delta is set to zero. Activating this button generates two new proposals. The first one

based on the equally divided reallocation, the second one based on the proportionally divided

reallocation. Logically the second one will be similar to the one without the activation of the

button, as a result of the delta of the insurer being zero already in that proposal. In figure 5.22

the new equally divided proposal is shown. This seems to be a very reasonable proposal, all the

main actors benefit from the new service.

Figure 5.22: Equally divided reallocation proposal: 0% profit margin for the Insurance

Conclusion

The input data of the SMART-project were successfully processed by the web tool. Only one

problem came up while entering the data. The methodology does not directly provide an input

field for a one-off cost from one actor to another actor, independent of the number of patients.

An installation cost (for installing the software at the general practitioner) of 5000 e from the

general practitioner to the eCare provider is necessary. This problem was solved by entering the

input depicted in figure 5.23. This cost is explained in the one-off costs section of chapter 3.2.4.

The monetary value is set to 5 000 e and the number of patients to a very large number, in this

case 100 million. This means that the general practitioner has to pay 5 000 e per 100 million

patients. By using this simple trick the population independent one-off transaction is correctly
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implemented.

Figure 5.23: solution for the installation cost in the SMART-case

Sheer financially, the new service turned out to be more expensive than the current one.

However, the monetary values of the qualitative effects and especially the monetary value of

time in the waiting room for the patient surpass this additional cost and result in a positive

value for the gap. One should keep in mind that this is a subjective estimation. However the

analysis shows that even when the qualitative effects are ignored and the monetary value of

time for the patient at the waiting room is set to 1,02 e, still a positive gap is reached. This

emphasizes the potential of the project.

The SMART-project showed that improved processes, without any effect on the health sta-

tus of the patients, can be analyzed and compared with the tool. Only the cost-effectiveness

criterion should be ignored. This indicates that the methodology is perhaps also applicable for

non-health related projects.

5.2 Evaluation of the methodology

5.2.1 Cost-effectiveness

Section 2.3 described the use of a Cost-Effectiveness Analysis, which makes part of a Health

Technology Assessment. The aim of such an analysis is to determine the cost per QALY of

a healthcare service. This cost is then compared to the societal willingness to pay. If it is

lower than this limit, the service is considered cost-effective. The fact that a treatment is cost-

effective can then be used as (one of the) condition(s) to determine if the government should

foresee reimbursements for this service. The measure ’what is the monetary value of one life year’

is not straightforward and will always be discussable. In this section the use of cost-effectiveness

in the methodology is evaluated.
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Cost-effectiveness as a measure for reimbursements

The amount of money a government can assign to healthcare is limited. This is one of the

reasons why they cannot foresee reimbursements for everything. In the designed methodology,

cost-effectiveness is the only criterion used to determine if the government can act as payer. In

practice this is just one of many criteria to determine if a certain health intervention should be

reimbursed [68]. If the tool states that the new service is cost-effective, one cannot conclude

from this that in practice the service will definitely be reimbursed.

The introduction of many new cost-effective healthcare services could be problematic be-

cause the budget is limited. It is unlikely that the current reimbursing systems will still be

sustainable in the near feature. If many new services are validated with the web tool and seem

to be cost-effective one cannot simply assume that the government will act as a payer.

The average remaining life expectancy

In step 2 there is asked for the expected remaining life years of the patient. This is not always

an easy question to answer. For example for COPD patients the symptoms and the severeness

can be very different from patient to patient. No data was found on the web about the average

remaining life expectancy for CHF patients. Based on the mortality rate and the median age

of the patients an estimation was made for the remaining life years. This value is then used to

determine the maximum amount the government can cover yearly.

Use of the EQ-5D method to determine the index

The EQ-5D method is one way to assess the qualitative effects and determine the incremen-

tal cost-effectiveness ratio. When the web tool was tested via case research, it was sometimes

found difficult to answer the questions. Especially for the patient briefcase, where pilot projects

indicated that the teleconsultation service has a high costs and the qualitative effects for the

patients are little. However, patients were satisfied with the service and rather prefer this one

(apart from the cost) where they are at home, rather than being hospitalized. With the EQ-

5D method there is only asked for five specific effects (mobility, peace of mind,...) with three

possible answers for each effect. These three answers are e.g. (approximately equal to) perfect

mobility, average mobility, confirmed to bed. With the patient briefcase there is a little increase

in the patient’s mobility for a few days per year because the patient is at home instead of in a

hospital bed. So averaged over a whole year, there is a small increase in his mobility. The same

holds for e.g. ’performing daily activities’, which is easier at home than in the hospital. But this

difference between the two services is too little to say that in the current service the patient has
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for example ’average mobility’ and with the new service ’no problems concerning mobility’. If

one would however select these answers, the denominator in the formula of the ICER would in-

crease with a relatively high amount and thus result in a lower value of the ICER. The principle

of the EQ-5D method seems good, but it might be valuable to have for example five different

answers per question.

5.2.2 Market targeting

In step 2 there is asked to give in the initially targeted number of customers. As the Belgian

population is currently growing, in most cases the targeted population will also grow over the

time horizon. To estimate the size of the market target in the future years, there is asked to give

in a fixed percentage per year, which represents the yearly growth. This method would finally

result in an infinitely growing population. For a time horizon of e.g. ten years this will not be

a problem. It might however be necessary that in the future this target size is estimated in a

different way.

In this step it is also asked to give in the yearly mortality of the patients as a fixed percentage

per year. This is however a simplification: for example with chronic heart failure the mortality

in the first year following diagnosis is 26% and after five years 50 %.

When estimating the number of customers in each year with the new service, it is assumed

that all the patients who do not use the eHealth service, use the current service. Apart from

the current care, no other new services are available: it is assumed that there is no competition.

5.2.3 The costs for the eCare provider

Estimating the costs of the eCare provider

Estimating the costs of the eCare provider is an important step. It is highly likely that the

eCare provider will be the user of the web tool. If this is the case, there is of course no better

person who can estimate the costs for the service. If the latter is not the case, it can be hard to

estimate the costs.

Lifespan of equipment

The lifespan of technological parts of a service has not been taken into account in the methdol-

ogy. In practice equipment has a limited lifetime (e.g. laptops, sensors). After a certain time



118 5.2 Evaluation of the methodology

(e.g. 8 years), often an additional cost to replace the equipment is incurred. The tool does not

provide a possibility to give in a one-time cost on a specific moment in time.

Net Present Value (NPV)

The eCare provider probably wants to know from which moment in time his startup costs are

covered and he starts making profit. Currently his receivings are compared with his costs, which

gives the cumulative profit. This cumulative profit does not take into account the time value of

money. To do so and analyze the profitability of a projected investment in time, the NPV can

be used. Net Present Value is the difference between the present value of cash inflows and the

present value of cash outflows. It is used to analyze the profitability of a projected investment.

Generally, an investment with a positive NPV will be a profitable one.

NPV =
N

∑

t=0

CFt

(1 + r)t

Where:

t = time of the cash flow

CFt = cash flow at time t

N = total time period of the project

r = discount rate

It is strongly recommended that in the future the future cash flows are discounted over time.

This gives a much better view on the profitability of an investment. However NPV has some

uncertainty on its used variables. This can be countered by implying a sensitivity analysis.

Economies of scale

Some costs will not increase linear with the number of customers. Typical, the cost for the first

few customers is higher than for the following customers. This is among other things due to

the fact that infrastructure can be bought in bulk. These are economies of scale for the eCare

provider. The methodology does not provide an input that can handle economies of scale.

5.2.4 Monetary value of time and effects

As already stated in the conclusion of the SMART service and the telemonitoring service for

CHF patients, the monetary value of time and the monetary value of qualitative effects are a

subjective measure. In both cases, the eHealth service is found to be more expensive than the
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current care. The willingness to pay for a certain time reduction (e.g. SMART: less waiting)

or a time investment in another, more comfortable process (e.g. CHF: additional time invest-

ment of daily measurements is preferred over more time spent in the hospital), on one hand

and the willingness to pay for qualitative effects (e.g. CHF: patient’s increase in peace of mind)

on the other, resulted in a positive gap. On the condition that there is a reallocation of the

benefits/costs, the methodology indicates that the service has the potential to succeed.

This can however not be assured because the input data are possibly unreliable. In order

to assess the value of the time and effects as good as possible, it is recommended that this is

personally estimated by the relevant actors and by as many persons as possible. The input value

is then the average of the various answers.

It should be noted that before a monetary value is assigned to a qualitative effect, it first

needs to be identified. As mentioned in section 2.2.3, the effects of a new eHealth service are

often unclear.

It is practically not always achievable to obtain this value-estimation from the actors them-

selves. As the web tool can be used for a relatively fast assessment of the potential of a (pre-

developed) digital health service, it would be very useful if the user can specify a range for the

uncertain input data.

5.2.5 Sensitivity analysis

Providing a feature by which the user can answer with a minimum and maximum value on the

two questions concerning the monetary value of time and effects, will give three scenarios: a

worst-, expected- and best-case scenario. This can be very important as the CHF case stands

or falls with the experienced qualitative effects. If these are e.g. overestimated, the tool can for

example wrongly indicate that the gap is positive and the case has the potential to get adopted.

A sensitivity analysis will not only be useful for the time investment and qualitative effects,

but it might also come in handy for the input data of the processes. In the investigated CHF case

the number of alarms generated per patient is uncertain. A sensitivity analysis could indicate

that simply by having less alarms, the barrier of the large time investment of the nurse could

disappear.
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5.2.6 Analyzing the time investment and cost of specific processes

The tool provides a comparison between the current situation and the new situation for every

actor in terms of total time investment and total profit/loss. Currently the composition of the

total cost for an actor is unknown. If the new situation is for example more expensive, the

tool will indicate this. There is however no information provided concerning the reason of this

increase. A visualization of the share of the various processes in the total cost for an actor in

the current situation, and one for the new situation, would clarify the cause. Enough input data

are entered by the user to generate these visualizations.

For every actor, eleven circle diagrams can be generated for the current and the new situation,

that each visualize the fraction:

1. to which process his costs go,

2. to which actor his costs go.

3. from which process he gets his income.

4. from which actor he gets his income.

5. to which process his time is spent [min].

6. to which process his time is spent [e].

7. of monetary value of his qualitative effects [e].

8. to which process the sum of all his costs/receivings goes.

9. to which process the sum of all his costs/receivings goes.

10. to which category (money, time or qualitative effects) his total costs belong.

11. to which category (money, time or qualitative effects) his total receivings belong.

In the same way, for every process in the current and the new situation six circle diagrams

can be generated, who each visualize the faction:

1. to which actor the costs go.

2. to which actor the income goes.

3. to which actor the time is spent [min].

4. to which actor the time is spent [e].
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5. to which actor the total costs belong.

6. to which actor the total receivings belong.

A comparison between the current and new situation can be made, based on these circle

diagrams explained above. An example for the total cost (time + negative qualitative effects +

costs) of the patient is illustrated in figure 5.24.

Figure 5.24: Circle diagram of the total cost for the patient (current vs new situation)
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5.3 PEST-analysis

The defined methodology considers mostly the financial picture of a service. However, political

parameters like regularization and government incentives, economic parameters like inflation

rate, legal parameters like health law, etc. are mostly ignored. These parameters could help

to see the bigger picture. Therefore it could be interesting to add a PEST-analysis (Political,

Economic, Social and Technological), or one of its many variants, to the defined methodology.

In this way the tool would be able to take, among others, sociological issues into account.

5.4 Conclusion

In this section the tool has been successfully validated with three cases. The results of this case

based research are promising: the tool was able to retrieve input data in a user-friendly way

and can assess relatively fast if a new eHealth service has the potential to succeed. The basis

is provided for an online validation tool. To improve the current version, a sensitivity analysis

can be added. This chapter ends with a list of pros en cons of the web tool, experienced during

the testing (table 5.7).
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PROS CONS

1
The tool is well organized,

clear and to the point.

More detailed calculations on the input

could be performed. For example

circle diagrams that indicate the

costs of an actor.

2

Every step, the project in

progress is automatically saved.

This assures that users can

develop and analyze their

projects at a later time.

A sensitivity analysis could

invigorate the reliability of

the output of the tool.

3
The required process schemes

can be easily drawn and adjusted.

A personal login-interface could

be added. In this way users only have

access to their own projects.

5

The investigated cases were

manually recalculated. It is fair

to say that the calculations in the

tool are reliable.

6

When something unusual

happens, the tool mostly generates

a warning.

7

The user is assisted by the tool in

an intrusive manner. When more

information is needed, the user can

hover or click on the information

icons on almost every web page.

8
The tool tries to reduce the margin

of input errors caused by the user.

Table 5.7: Positive and negative points of the web tool
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Chapter 6

Conclusion and future work

6.1 Conclusion

Driven by an aging population and new costly technologies, eHealth services hold the potential

to reduce the healthcare expenditures and increase the quality of care. However, the adoption

of these services seems challenging and often fails.

One of the main encountered barriers for adoption is the lack of a financial support/ the

unclear business model. Integrating digital health services often require additional efforts from

professional care providers (e.g. extra administrative work). As there is currently no clear fi-

nancial structure or compensation for this, their motivation to adopt and support these services

is and will remain low.

Another important barrier is that the added value of eHealth services is unclear. These

services will impact more quality of care and quality of life, which is harder to measure and

quantify than quantitative effects such as the total cost of a service. Every actor wants to know

'What is in it for me?' before accepting the new service.

With this motivation, the goal of this master thesis was threefold:

1. Defining a methodology for performing cost-effect and cost-utility analyses of eCare service

versus the usual care from the perspectives of the various stakeholders.

2. Identification of potential barriers for adopting the eCare or mHealth service followed by

suggestions or opportunities to tackle these barriers.

3. Development of a generic model in the form of an online tool that will allow a) validation

of the methodology and barrier identification and b) other users to evaluate an eCare or

mHealth service of their interest.
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The first two goals resulted in a ten-step plan. The focus during the development of it was to

ask for data in a user-friendly way, to process this data correctly (= detect a possible gap in the

business models of the various actors) and formulate possible solutions to tackle the previously

identified barriers. Every step and method of the methodology is hereby continuously validated

using one main case: a telemonitoring service for CHF patients.

This methodology was then successfully translated into an online tool, which can be used by

any person that wants to validate an innovative eHealth service. The performance of the tool

was tested via three cases. The results were promising: the tool seems robust as no problems

occurred while inputting the data, barriers were identified and solutions were provided to tackle

these barriers.

It should however be stated that the tool should be used as an assessment of the feasibility

of service. No definitive conclusions can be made based on the output of the tool. Subjective

measures as the monetary value of time and qualitative effects are used to assess the potential

of the eHealth service.

It can be concluded that the goal of the master thesis is accomplished. A methodology is

developed and provides the basis for a well-working pre-development validation tool. It might

in fact also be used to compare two non-healthcare related services, preferably a new service

versus the current one.

6.2 Future work

There is one valuable thing that the tool currently lacks: the possibility to perform a sensitivity

analysis. There are after all a lot of input variables which can show variability (e.g. the time

spent to a certain process) or that have to be estimated (e.g. the number of customers in a

certain year on the time horizon). Allowing to specify the range in which the input variables

can vary could result in some valuable insights. In that way the final step would provide a worst,

average and best case scenario.

Apart from the sensitivity analysis, the methodology seems to be complete. The structure

and mindset seems to be on point. If in the future the methodology/tool would be further

developed, it is recommended to focus on the single steps in detail as the bigger picture seems to

fit. Some simplifications are made: for example in step 2, where the market target is estimated

via a Gompertz-curve, it is assumed that there are only two services available: the current care

and the new eHealth service. Every targeted customer uses or the current care, or the eHealth
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service. Game theory may be applied.

Another important recommendation for future work concerns the Net Present Value (NPV),

which is currently not used. It can be used to estimate the future profitability of the investment

of the eCare provider by taking the discount rate into account.

Concerning the web tool itself, a user specific login-interface could be implemented. Now ev-

ery user can access and manipulate all the existing projects. With a user specific login-interface

a user has its own projects with which no one else can interfere if they do not posses the needed

credentials. The margin of error can be more reduced in the future, by implementing an expan-

sion of the imposed restrictions and rules.
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Appendix A

Utilities according to the EuroQol

5D profiles
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Figure A.1: Utilities according to the EuroQol 5D profiles [69]
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Appendix B

List with qualitative effects

List for the patient (listed alphabetically)

• access to own file / level of knowledge about own condition: the patient has access to his

own file, the patient is clearly informed about the status of his own condition.

• accessibility to care: who fast and easily the patient has access to the necessary care (e.g.

trip time).

• amount of medication: the amount of medication taken by the patient.

• average health level in general: the average health level of the patient.

• carrying out daily activities: how good the patient can perform his daily activities (e.g.

showering, cooking, ...).

• communication with other actors: the communication with one or more of the actors (e.g.

a daily visit from a family care giver).

• freedom of choice: the freedom of choice of the patient

• independence: the level of independence of the patient

• level of knowledge about disease: the patients’ level of knowledge about the disease he

suffers from in general

• level of pain: the level of pain the patient experiences

• mobility: the level of mobility of the patient

• peace of mind: the patient’s peace of mind

• privacy data: the patient’s data confidentiality
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• reliability service: the patients’ experience of the reliability of the service

• safety: the safety of the patient using the service

• satisfaction service: the level of satisfaction the patient has from using the service in

general (it can be that the patient does not experience any increase in QOL with a new

service, but that he likes the new service; this effect comprises more or less the general

experience

• social contact: the patient’s contacts with other people

• timeliness of care: how fast the care is delivered

List for the other actors (listed alphabetically)

• need for new/better care: there is need for new or better care

• QOL patient: the patients’ quality of life in general

• quality of care: the quality of care in general (safety, timeliness etc.)

• satisfaction of the service: the level of satisfaction the actor experiences with the use of

the service

• work pressure: the work pressure experienced with the service
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Appendix C

CHF case

In this section the previously described methodology is applied to the case concerning the tele-

monitoring service for CHF patients, which has been described in chapter 2. Snapshots of every

web page of the tool are displayed, with explanation of how to give in the input data correctly.

The output (steps 7,9 and 10) is discussed in chapter 5.

Start page

At the first page of the tool, the user is welcomed and gets the option to work on an existing

project or start a new project, as illustrated in figure C.1. For the CHF case the user obviously

clicks on the CHF-button.

Figure C.1: CHF 0: Start page
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Introduction

Now that the user has chosen the project he wants to employ, the screen will display figure

C.2. This allows the user to name the project.

Figure C.2: CHF 0: Introduction
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Step 1: Identification of the actors

Apart from the eCare provider (always actor in new service) and the patient (always actor

in current and new service), five other actors are selected: the general practitioner, nurse and

cardiologist are selected as receivers, while the hospital and insurance are part of the other

actors. This first step is visualized in figure C.3.

Figure C.3: CHF 1: Actor identification
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Step 2: Market estimation

Nowadays there are about 230 000 people in Belgium who suffer from CHF. The median age

of CHF patients is 79 years. With the currently aging population the number of patients will

keep on increasing. It is estimated that in 2040 the number of patients will have doubled [70].

As there is asked to give in the % increase per year, following calculation should be done:

23
√

2 = 1, 0305955.

This means that every year the total number of patients is growing with an estimated 3,05955 %.

One year after diagnosis of CHF the mortality is already 26 % [36]. After five years this

mortality is about 50 % [71]. So what should the user choose as mortality rate? As there is

asked for the average mortality rate, there has chosen to give in 10 %, which is the average

mortality over five years. This means that a simplification is made: the mortality is assumed

to have a fixed value. On average, a CHF patient has about five live years remaining from the

moment of diagnosis.

The default values for the time horizon (10 years), adoption rate (0,55), inflection point (3,5)

and maximum adoption percentage (0,85) will be used to estimate the course of the S-curve.

All these input data are pictured in figure C.4. With this information, all the necessary data

concerning the number of patients can be obtained using the formulas from section 3.2. The

total number of patients in year i, the number of patients that make use of the current service

in year i, the number of patients that make use of the new service in year i, the total number of

new patients in year i, the number of new patients that make use of the current service in year i

and the number of patients that make use of the new service in year i are calculated internally.
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Figure C.4: CHF 2: Market characterization
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Step 3: Current process scheme

This step consists of mapping the current situation. What are the different processes the

patient can go through? For the case of chronic heart failure the current care method is sum-

marized in the process scheme displayed in figure C.13.

Figure C.5: CHF 3: Current process scheme

The first question that needs to be answered is if the patient is feeling well. If he is, then

there is of course no need to suddenly visit the hospital or GP. But because he suffers from

CHF, he has planned some frequently planned control visits with the GP to check his condition.

If this doctor visit went smoothly, he can go back home afterwards. On the other hand, if the

GP finds it necessary he can send the patient to the hospital where he will be monitored for

a certain period. Additionally, he can send the patient further to the cardiologist (if he thinks

this is necessary).

If the patient does not feel well he has various possibilities. He can go immediately to the

hospital, go meet his cardiologist or he can go on an unplanned visit to the GP. Similar as the

planned checkup with the GP, the patient can be sent to the hospital or cardiologist by the

doctor if necessary.
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Note that the processes are related to the disease handled with the eHealth service. A CHF

patient who visits the GP because of a broken toe is irrelevant for this case and should not be

handled as a visit to the GP. This will be important for the next step, where among other things

there is asked for the frequency of the processes.



146 CHF CASE

Step 4: Input data current situation

There are four different processes in the current process scheme: hospital monitoring, unplanned

visit GP, frequent planned control visit GP and visit to cardiologist.

When patients are diagnosed with CHF, they often have a schedule of frequent planned

control visits to the GP. Usually this happens every three months. Figure C.6 shows the data

concerning the process of a frequent planned control visit to the GP. For a planned control visit

to the GP there is a flow of money from both the patient and his insurer to the GP. The consul-

tation obviously requires a time investment from both patient and GP. The difference in time for

both actors is due to the fact that the patient has to make the displacement to the doctor’s office.

The input of the monetary value of time may differ from person to person. With this tool

the user should try to estimate what the value is of doing this process one hour less in the future.

As the average CHF patient is 79 years old the time value of a process will probably be different

from for example a thirty year old.

When a patient has a scheduled control visit with the GP he normally feels relatively well. A

young person could therefore probably go to work and could give in the amount of money he

would have earned if he worked during the time of the control visit. For a 79 years old person

this is different, so that the monetary value of the time investment will be less. The displacement

to the doctor’s office can however be inconvenient for the patient, who is not very mobile. This

approach results in an estimated value of 7 e per hour for this process.

These data are displayed in figure C.6.

CHF patients can of course also visit the GP unplanned if they do not feel well (as a result

of their disease). Based on his diagnosis the patient will go back home, to the cardiologist or to

the hospital. Figure C.7 shows the data concerning the process of an unplanned visit to the GP.

The prices are the same as for a planned control visit. The difference with the planned control

visit is that the unplanned visit takes longer for both the CHF patient and for the GP. This is

because normally if the patient goes on a planned visit he feels (relatively) well. An unplanned

visit means he does not feel well, so it will take longer for the GP to examine the patient. The

increase in time for the patient is due to the fact that probably he will have to wait a certain

time before it is his turn as now he is not scheduled. Both examination and waiting time are

estimated to be 30 minutes. Adding the 30 minutes of the time to get to the doctor results in a

total time for the patient of 90 minutes.

It is estimated that a patient is willing to pay 5 e yearly to decrease the time of this process

with one hour.
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Figure C.6: CHF 4: Data for current process: Frequent planned control visit GP

Figure C.7: CHF 4: Data for current process: Unplanned visit GP

The most challenging part of this step is the input of the process of hospitalization, in par-

ticular the monetary transactions.
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In the hospital the patient gets monitored for a certain number of consecutive days. The

most straightforward way to express the frequency of hospital monitoring is in number of days.

Therefore the unit used for money would be e per day (per patient). As the unit for a monetary

transaction defined in the methodlogy is e, one should formulate this process in another way.

A simple solution is to express the process as being monitored one day in hospital. The time

should thus be 24 hours (for the patient), while the frequency should be the amount of days per

year the patient spends on average to hospital monitoring.

First of all the time investment is handled. This process takes 1440 minutes (24 hours) for

the patient, while it is estimated that a nurse spends in total 45 minutes per day to one patient

(treatment, but also administrative work etc.). Often the patient is examined by a cardiologist

to among other things determine the amount and kind of medication. This is estimated as (on

average) ten minutes per day.

Patients want to avoid hospitalizations as much as possible. One could ask for the patient’s

willingness to pay for spending a day in his own home instead of in the hospital. It is estimated

that the average patient would pay about maximally 60 e per day to avoid being hospitalized.

Thus the monetary value of one hour of the process hospital monitoring is estimated as 2,5 e

per hour.

In what follows the monetary transactions and frequency are handled. Data that will be

used in this section concerning heart failure hospitalization in 2014 (Belgium) is found online

in the national database for medical diagnose [72], while general information about costs con-

cerning hospitalization is found at the website of the Virga Jesse Hospital (Hasselt) [73]. What

follows are calculations to determine the input data of the process ’hospital monitoring’, which

is displayed in figure C.10.

In 2014 there were 21 874 hospitalizations in Belgium for heart failure with an average length

of twelve days (figure C.8). As there were an estimated 200 000 CHF patients in that year, the

average days a CHF patients spends to hospital monitoring per year can be calculates as follows:

fhospitalization =
21784

200000
∗ 12 = 1, 307.

These data also allow to calculate the average total cost per day:

chospitalization =
7015, 44

12
= 584, 62 e.
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Figure C.8: Average amount per stay for heart failure (2014) [72]

The total fee for the specialized doctors is 1470,35 e per stay. Which is:

rspecialists =
1470, 35

12
= 122, 53 e per day.

A closer look to the latter revealed that only a small fraction of this 122,53 e goes to the

cardiologist, namely 7,04 e. Radiologists, pneumologists etc. make part of the other specialized

doctors who examine a CHF patient and thus receive a certain amount of money. Taking all

these different specialists into account would make the case difficult and unclear. The focus

of this case research is to map the impact of the telemonitoring service on the main actors,

identified in the first step. In particular the impact on the hospitals and cardiologists is of great

importance, as literature already revealed that the amount of hospitalizations will drop and thus

their receivings will decrease. There has therefore been chosen to assign the honors (except for

the cardiologist) to the actor sink (122,53 - 7,04 = 115,49 e).

The hospital receives 462,09 e per patient per day (584,62 - 122,53). This sum is paid by

both the patients (small fraction) and the insurer of the patient (large fraction) and consists of

many different smaller costs.

The hospital bills all the costs and honors of the hospitalization of the patient. The patient

only pays the part that the insurance company does not pay. The price is determined according

to the statutory RIZIV regulations.

• RIZIV amount of a performance = legally agreed amount that a healthcare provider (e.g,

a doctor, a physiotherapist, etc.) may charge for performing that performance.

• Refund rate of a performance = part of the RIZIV amount reimbursed by the mutual fund.
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• Personal share of a performance = Difference of the RIZIV amount and the repayment

rate.

• Supplement of a performance = amount charged to the patient on top of the RIZIV amount

(eg by doctor’s deconvention, by specific questions of the patient’s room selection.)

The price also depends on the patient’s room selection. If he opts for a single room, he will

pay a room supplement and may charge the treating physicians up to a 150% supplement to the

fee. This applies to both the performance and the supervisory fees.

How much of does the patient pay and how much the insurer? The total fraction that the

patient has to pay himself for the hospitalization is dependent on many things, among others

on his hospitalization insurance. E.g. if the patient pays for reimbursable medicines (0,62 e per

day and for accommodation costs (42,58 e for the first day and 15,31 e for all other days). this

is on average

11 ∗ 15, 31 + 42, 58

12
+ 0, 62 = 18, 2 e per day.

This is only a small fraction of the toal cost. The patient also pays a part of the costs for

the doctors (which is in total 122,53 e per day). It is estimated that his share in this sum is

about 30 % on average. Adding this cost to the patient’s payment to the hospital gives

cpatient = 23, 03 + 36, 79(122, 64 ∗ 0, 3) = 59, 82 e per day.

The receiving of the nurse for treating the patient (calculated using formula 3.8) equals:

rnurse,hospitalization =
30

60
∗ 45 = 22, 5 e per day.

All the necessary information for the monetary transactions as a result of the hospitalization

is now retrieved. How are these payments done in practice? This is illustrated in figure C.9.

The patient only receives one invoice for all the costs, which he pays to the hospital. Dependent

on the hospitalization insurance of the patient, the patient receives reimbursements from his in-

surer. The insurer pays also a certain amount immediately to the hospital. A part of the money

that the hospital receives goes to the employees (nurses, doctors). In this case the cardiologist

is the only identified specialized doctor. The others who participate in the care for the CHF

patient are represented by sink.
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Figure C.9: Hospitalization for heart failure: monetary transactions

There are many ways in which these transactions can be given in with the tool. It is however

very important that the sum of the costs of the single actors equals the total cost of the process

(584,62 e), as stated in section 3.2.4. Of course the total cost/receiving per actor should also

be correct:

chospital − rhospital = −439, 59 e

cpatient − rpatient = 59, 82 e

csink − rsink = −115, 49 e

cinsurance − rinsurance = 524, 8 e

cnurse − rnurse = −22, 50 e
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Figure C.10: CHF 4: Data for current process: Hospital monitoring

∑

a

Costa = 379, 77 + 59, 82 + 7, 04 + 22, 50 + 115, 49 = 584, 62 e

The last process data that needs to be known concerns the examination by a cardiologist.

It is assumed that a CHF patient visits the cardiologist on average three times per year. A

consultation with the cardiologist costs 31,69 e and can occur at the cardiologist’s office, or in

the hospital where he works [74]. For the latter the cardiologist has to pay off a certain fraction

of his receiving to the hospital, on average this is about 40 %. Assuming that about halve of the

consultations are at the hospital, the average receiving of the hospital per consultation equals:

0, 4 ∗ 0, 5 ∗ (31, 69) = 6, 34 e.

The patient’s cost for one visit equals 12 e. The remaining part of the cost is then paid by

the insurer. A consultation takes on average half an hour. For the patient a traveling time of

half an hour is added. It is estimated that the average patient would assign a monetary value

of 5 e per hour for this process.

All this information can be found in figure C.11.



CHF CASE 153

Figure C.11: CHF 4: Data for current process: Visit cardiologist

There are no one-off costs, nor are there extra costs (figure C.12).

Figure C.12: CHF 4: One-off transactions in the new situation
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Step 5: New process scheme

In the new process scheme one can find three processes that are also present in the current

process scheme: unplanned visit to the GP, hospital monitoring and a visit to the cardiologist.

The planned frequent control visits to the GP is replaced with the daily monitoring process,

which refers to the independent daily measurement of the patient of its blood pressure, heart rate,

weight and ECG (electrocardiography). The results of these measurements are sent immediately

to the heart failure nurse. If some parameters are measured out of their bounds, an alarm is

triggered. The heart failure nurse analyses this alarm and takes action by contacting the patient.

If it is a false alarm (or little adjustments need to be taken) the patient is informed and can be at

ease. However, if hospitalization seems necessary the patient goes immediately to the hospital.

Figure C.13: CHF 5: New process scheme
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Step 6: Input data new situation

About two third of the costs of treating chronic heart failure patients in Belgium is due to the

monitoring periods in the hospital. When the number of days spent in the hospital can be re-

duced the total cost for treating CHF patients can decrease a lot. The insurance companies pay

the biggest part of the hospital bill. So they have great benefits if there are less hospitalizations.

Apart of the potential in cost-savings, less hospitalizations strongly increase the QOL of the

patient, who wants to avoid the hospital as much as possible.

The eHealth service therefore focuses on reducing the amount of (re)hospitalizations. A lot of

projects result in a reduced (re)hospitalization rate when telemonitoring is used [38]. There is

estimated that for the new eCare service hospitalizations can be recuded with about 50 %.

In the new process scheme, there are five processes. Three of them are also identified in the

current situation: hospital monitoring, unplanned visit GP and visit cardiologist. The two new

process are daily monitoring (which makes the frequent planned control visit GP unnecessary

with the eHealth service) and CHF nurse analyzes the alarm & contacts patient. For the first

three processes the input data will be the same as in step 4 except for the frequency, so this will

not be explained again. They are displayed in figure C.14, C.15 and C.16.

Figure C.14: CHF 6: Data for new process: Unplanned visit GP
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Figure C.15: CHF 6: Data for new process: Hospital monitoring

Figure C.16: CHF 6: Data for new process: Visit cardiologist
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The input data for the daily monitoring process is displayed in figure C.17. The eCare

provider charges a monthly cost to the patient for the use of the telemonitoring service: 30,44

e per month (one euro per day). The process takes about ten minutes for the patient. As the

patient at home during the process the monetary value of time is estimated very low: 1 e per

hour.

Figure C.17: CHF 6: Data for new process: Daily monitoring

The input data for the process of analyzing the alarm and contacting the patient is displayed

in figure C.18. If the measurements are out of bounds, an alarm is generated. The CHF nurse

will interpret this alarm, which takes about two minutes. After an alarm is generated, the nurse

contacts the patients by telephone to inform the patients. This conversation takes about six

minutes. If the nurse is not sure about the alarm the cardiologist may be contacted. This is

rather rare but can also happen. It is estimated that the cardiologist’s opinion is needed in 5 %

of the alarms (takes two minutes). So on average he spends 0,1 minutes per alarms (2 minutes

time per 20 alarms). There is approximately one alarm per week per patient, which is equal to

52,18 alarms per year.

The payment of the working hours for the nurse are calculated using formula 3.7:

chospital,analyzingalarm = rnurse,analyzingalarm =
grosshourwage

60
∗ tap =

30

60
∗ 8 = 4e.
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Figure C.18: CHF 6: Data for new process: CHF nurse analyzes alarm and contacts patient

In the hospital the nurses can interpret the measurements from the patient on a computer.

This computer is provided by the eCare provider, with all necessary soft- and hardware. The

cost for one unit is 2 000 e for the hospital. It is estimated that about 300 patients can be

monitored with this one-off investment. Further there are no extra costs or one-off costs (figure

C.19.

Figure C.19: CHF6: One-off transactions in the new situation
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The last input of step 6 is maybe the most difficult to estimate of all the input data, especially

if the user of the tool is not the eCare provider himself. The costs are split into five categories.

Costs can be a one-time payment, they can be ongoing, they can be population dependent, they

can be population independent etc. The estimated costs are displayed in figure C.20.

Figure C.20: CHF 6: Estimated costs for the eCare provider

The first cost represents costs for among others the purchase of servers and man hours for

development. This one-off cost has an estimated value of 100 000 e.

The second cost group represents the yearly population independent costs: just as the cost

from above it does not matter if there is one customer or if there are 10 000 customers, this

yearly ongoing cost will be the same. It is estimated that, independent of the amount of cus-

tomers, three employees are needed, each resulting in a cost of 36k per year (108k in total). The

price of their office is estimated to be thousand euro per month. This makes a total of 120 000 e.

Next are the one-off costs per unique patient. It represents the cost for devices that are

devoted to one patient and cannot be used in the future for another patient. With the telemon-

itoring service the patient pays a monthly sum to the eCare provider which covers everything

for the patient. The service is offered as a parcel. The patient does not need to pay a lump sum

in the beginning for the equipment. It is assumed that, when a patient deceases (or for some
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reason stops with the telemonitoring service), the provider company will pick up the equipment

at the patients’ home and it can be used for other patients. However, not everything can be

reused, which results in an estimated cost per new patient of 150 e.

Servers have a limited capacity, which means that they make also part of the population

dependent (one-off) costs. Mostly this cost is expressed as a cost per certain amount of new

customers (for example 2000 e per 1000 new customers). This would result in a cost of 2 e per

patient (2000/1000).

There are also costs that do not need to be made for every unique patient. These are one-off

costs that are incurred per additional patient. If for example there were 1000 patients in the

beginning of year i, 50 patients died during year i, and 50 new patients start using the service,

than there is no cost of this category incurred (note that there would be a cost for 50 patients

in the cost category above this one). Cost of buying servers (which have a limited capacity)

are also included in this category. It is estimated that the telemonitoring service is required a

population dependent one-off cost of 400 e per patient.

At last there are the yearly population dependent costs. Typical costs belonging to this

category are for the maintenance of the servers and also for employees. The latter is necessary

because per certain amount of customers probably an extra employee is needed. This cost is

estimated as 200 e per patient per year.
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Step 7: A first comparison

This step gives a first overview of

• the cost of both situations for every actor

• the time investment in both situations for every actor

• the total cost of both situations

• the total time investment in both situations

Figure C.21: CHF 7: Time and Profit over time horizon for GP and Nurse
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Figure C.22: CHF 7: Time and Profit over time horizon for Patient

Figure C.23: CHF 7: Time and Profit over time horizon for eCare Provider
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Figure C.24: CHF 7: Time and Profit over time horizon for Insurance

Figure C.25: CHF 7: Time and Profit over time horizon for Cardiologist and Hospital
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Figure C.26: CHF 7: Total Time and Profit for all actors
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Step 8: Qualitative effects

The patients qualitative effects can be estimated using the EuroQol 5D method. In that way

indexes are calculated, which on their turn are used in the denominator of the ICER formula.

The results of the EQ-5D method for both current and new situation can be found in figure

C.27.

Figure C.27: CHF 8: Estimating the qualitative effects via the EQ-5D method

The score for the current situation is 22223 which results in an index of 0,1131 (see figure

A.1). With the telemonitoring service the level of self-care, usual activities and pain/discomfort

stay the same. On the other hand there is an increase in both mobility and peace of mind

(anxiety). This results in a score of 12222, which corresponds to an index of 0,5473. This is an

increase of the index with a factor of almost five. Note that the decrease in the level of anxiety

contributes for the biggest part in this difference of the indexes. If the score would have been

12223, so only a difference in the level of mobility, than the index would have been 0,1876.

Using these values for the effects the denominator of the ICER can be calculated. In step 9

the numerator will be calculated so that the ICER can finally be determined.

ICER =
CN − CC

0, 5473 − 0, 1131

This second part of this step consists of identifying the qualitative effects of the new service

for all the actors and assign a monetary value to it. Choose for every actor the qualitative effects

where there is a difference in current and new situation and give both situations a score going

from -3 to +3.

The qualitative effects for the patient are the easiest to determine C.28. The patient’s level

of knowledge about his own condition, his mobility and his peace of mind increase.

One could possibly add ’usability of the service’ as the patient will need to work with ICT and
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this could possibly be difficult for (older) people. However, this new eCare service requires very

little knowledge about ICT so it is chosen to not select it.

The monetary values of these effects are chosen high. The patients are especially willing to pay

for the increase in peace of mind.

Figure C.28: CHF 8: Qualitative effects for Patient

For the other actors it might be less straightforward to choose the qualitative effects. With

the telemonitoring the quality of life of the patient clearly increases. From a human perspective

it is the goal from care givers to improve the quality of life of the patient. It gives them (hope-

fully) satisfaction. For all care givers (nurse, GP, cardiologist) there is chosen to select QOL for

the patient. It is estimated that they would yearly pay one euro per patient for this increase in

QOL (figure C.29, C.30, C.31).
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Figure C.29: CHF 8: Qualitative effects for General Practitioner

Figure C.30: CHF 8: Qualitative effects for Nurse
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Figure C.31: CHF 8: Qualitative effects for Cardiologist
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Step 9: Influence of time and qualitative effects: identification of barriers

In this step the monetary values of the time investment and the qualitative effects are added

to the financial cost/receiving. Delta is calculated for every actor.

Figure C.32: CHF 9: Total Profit and delta for Patient

Figure C.33: CHF 9: Total Profit and delta for Insurance
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Figure C.34: CHF 9: Total Profit and delta for Hospital

Figure C.35: CHF 9: Total Profit and delta for Cardiologist
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Figure C.36: CHF 9: Total Profit and delta for General Practitioner

Figure C.37: CHF 9: Total Profit and delta for Nurse
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For the eCare provider one should enter the profit he wants to make. This is expressed in

% gross margin. There has been chosen to input a value of 5 %; the eCare provider is satisfied

with a return of 105 % on his investment. As one can see that he has a positive delta, it means

that he makes more profit than this percentage.

Figure C.38: CHF 9: Total Profit and delta for eCare Provider

Figure C.39: CHF 9: Total Profit and delta for Cardiologist
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Figure C.40: CHF 9: Total Cost of the service
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Step 10: Tackling the barriers

At last, a summary of the project is shown with some possible reallocation solutions.

Figure C.41: CHF 10: Final results

Figure C.42: CHF 10: Deltas for all actors
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Figure C.43: CHF 10: Tackling the barriers: reallocation based on divide equally

Figure C.44: CHF 10: Tackling the barriers: reallocation based on divide proportionally

Figure C.45: CHF 10: Tackling the barriers: reallocation based on financial risk




