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PREFACE

This thesis is written to complete the Master Health Economics, Policy and Law.
Cardiogenx has commissioned this paper. CardioGenx was founded in 2012 as a spin-
off company of the Thoraxcenter of the Erasmus Medical Center Rotterdam, the
Netherlands. CardioGenx aims to develop novel therapeutics and early diagnostic tests
for cardiovascular diseases. The company exclusively licensed a patent family on the
use of biomarkers involved in blood vessel formation and repair for diagnostic and
therapeutic applications. Dr. H.J. Duckers, chief scientist at CardioGenx and cardiologist
at the University Medical Centre Utrecht, has developed a blood test called Angioprint,
which determines if the heart suffers from (early) ischemia. This test can identify
cardiovascular disease in an early stage. The accuracy and the specific costs of the
blood test are not yet established.

The purpose of this study was to map the current diagnostic care process of
chest pain patients at the Fast Track outpatient clinic of the Erasmus Medical Centre.
The potential of the new blood test to improve the current process for chest pain patients
is explored. Furthermore, preliminary information for a future economic evaluation of the
added value of the blood test is provided. The economic evaluation will be initiated when
the accuracy and costs are established.

My supervisor from CardioGenx who really helped me to achieve this goal is Kim
Bruin. I would like to thank her for her commitment and for her support and advice.

I would also like to thank my supervisor Hans Severens for his kind and
professional support, tremendous dedication and his positive attitude, which really
helped me through this process!

| also would like to thank all people of the Erasmus MC, especially MS. Ten Hoor
and Mr. Muster, for their cooperation and the time they have invested to help and advise

me.
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ABSTRACT

Background: A new blood test has been developed which can determine coronary
artery disease (CAD). The blood test indicates whether the heart suffers from a lack of
oxygen. The current diagnostic process to determine CAD is complex. The degree of
certainty about the diagnosis of chest pain is low and golden standards are scarce. The
hospitals average waiting period before the tests take place is usually two months, while
the Dutch norm is four weeks. There is also a wide variation in care processes that are
completed by the patients and a variation in the order of the tests. It is also proven that at
least 70% of the referred patients to the cardiologist do not have CAD. This leads to
unnecessary costs and inefficient work. Therefore the current diagnostic process of chest
pain patients of the Fast Track outpatient clinic (FTP AP) of the Erasmus Medical Centre
(EMC) is analysed in this study. This project forms an initial exploration and is intended
as a tool for a future economic evaluation of the added value of the blood test compared
to the current diagnostic process.

Methods: Both 1. qualitative, including participatory observations, literature review and
interviews and 2. quantitative research methods including analyzing patient statuses and
cost-consequences analysis (CCA) were used. Three participatory observations are
done; four articles were used from PubMed/Medline; and four interviews were
conducted, mainly with Mr. P.J. Musters. Also conversations were conducted with the
laboratory technician, the cardiac technician and the radiologist. In total 54 patient
statuses (54 +/- 12 years, 36 males) have been analyzed of patients who visited the FTP
AP with chest pain, referred by the GP or an internal department of the EMC. For the
CCA the information from the EMC site and the site of the Dutch Federation of University
Medical Centers (NFU) were used. Also the results of the analyses of the current
diagnostic process have contributed to this analysis.

Results: There is hardly any variation in the standard care program of chest pain
patients visiting the FTP of the EMC. Most of the patients undergo all standard
examinations. After the diagnostic process, 8 of the 54 patients (14,8%) were identified
with CAD. 45 of the 54 patients (83,3%) completed all tests in one day. The average
processing time was 3 days. However, it is a very labor-intensive process. There are a
lot of different specialists present during the tests. The time elapsed from the first visit to
the outpatient clinic to the final diagnosis letter stays within the norm of 4 weeks for 50 of
the 54 patients (92,6%), with an average of 12 days. The average waiting time for the
FTP AP is well above the norm, more than 35 days. The waiting time was within the
Treek standard for 19 of the 40 patients (47,5%). The accuracy of the current tests is
sufficient in relation to the literature. Two exercise ECGs (XECG) were false-negative
and two false-positive. The MSCT scan demonstrated no false-positive or false-negative
values. In total 9 of the 51 XECGs were inconclusive, due to patients who not reached
the Target Heart Rate. 1 MSCT scan was inconclusive. Moreover, 2 patients were
wrongly diagnosed. The new blood test will be 1/3 cheaper than current diagnostics. The
new blood test is also less labor intensive and is probably able to reduce the waiting time
within the Treek standard.

Conclusion: There is a possibility for the new blood test to improve the current
diagnostic process. One way to accomplish this is by reduction of the current waiting
time. The current waiting time is far above the Treek. The GP can perform the new blood
test and is considered to be able to exclusively refer CAD suspected patients (20%),
which will decrease the inflow and thus the waiting time. So the new blood test can be a
solution for the long waiting time. Therefore the blood test can result in a tremendous
cost saving for health care expenditures. In addition to cost saving from less
unnecessary referrals, the new diagnostic process will be less labor intensive and more
convenient for the patient. Last, the new blood test is probably 1/3 cheaper than the
current diagnostic process. Although the first results are promising, much more has to be
investigated about the blood test to determine its possible contribution to the current
process or to even replace the current process in the future.




ABBREVIATIONS

AP: Angina Pectoris

CABG: Coronary artery bypass grafting

CAD: Coronary artery disease

CAG: Coronary angiography

CBA: Cost-benefit analysis

CCA: Cost-consequences analysis

CEA: Cost-effectiveness analysis

Cl: Confidence interval

CUA: Cost-utility analysis

CVD: Cardiovascular disease

DBC: Diagnosis treatment combination

DOT Diagnosis treatment combination on their way to transparency
ECG: Electrocardiogram

EMC: Erasmus Medical Centre

FTP AP: Fast Track outpatient clinic Angina Pectoris
GP: General Practitioner

HDL-cholesterol: High density lipoprotein

LDL-cholesterol: Low density lipoprotein

MSCT: Multi slice computer tomography

NFU: Dutch Federation of University Medical Centers
PCI: Percutaneous Coronary intervention

RCT: Randomized controlled trial

S: Standard deviation

S.E. Standard error

QALY: Quiality-adjusted life-year

XECG: Exercise Electrocardiogram
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1. INTRODUCTION

1.1 INTRODUCTION

The prevalence of people with chest pain is high, 4% of all new episodes in primary care
concerns chest pain (van Weert et al. 2002). Chest pain is experienced as one of the
most frightening symptoms a person can have. A possible cause of chest pain is
cardiovascular disease (CVD). The differential diagnosis of chest pain is very extensive
and there are several pathophysiological mechanisms that can underlie. Chest pain has
a wide range of possible causes (annex 1). Only when the heart is the cause of the pain,
it is called Angina Pectoris (AP). The likelihood of AP is predicted by key elements of a
patient’s history of chest pain, the typicality of these symptoms and other risk factors.

The type of symptoms can be classified into three groups: typical, atypical and
non-anginal symptoms. A typical angina symptom has all three characteristics:
retrosternal pain® and/ or pressure, provocation of pain by exercise and decrease of pain
after rest. If only two of the three symptoms are present, the complaints are atypical
angina. The complaints are non-anginal if only one symptom is present.

Regardless of age and gender the risk of coronary ischemia varies from 16% in
non-anginal symptoms to 50% with atypical symptoms and almost 90% at typical

symptoms (table 1).

Table 1: Risk of coronary stenosis in relation to age, gender and type of pain.

asymptomatic Non-anginal Atypical pain Typical pain
pain
Age Men Women Men Women Men Women Men Women
30-39 1,9 0,3 52 0,8 21,8 4,2 67,7 258
40 - 49 55 1,0 141 28 46,1 13,3 87,3 55,2
50-59 9,7 3,2 21,5 84 589 324 92,0 794
60 - 69 123 75 28,1 18,6 67,1 54,4 94,3 90,6

The majority of the symptoms of AP arise when blood vessels in the coronary artery

system develop a stenosis?, as a result of calcification, called coronary heart disease.

1 Pain behind the sternum that usually occurs on swallowing

Z A narrowing or constriction of the diameter of a bodily passage or orifice




In this thesis, coronary artery disease (CAD) is defined as a narrowing of the coronary
artery, also referred to as stenosis. This restricts the blood circulation to sections of the
heart muscle, which consequently suffers from a lack of oxygen (Knottnerus 2007).
Atherosclerosis leads to narrowing of the blood vessel caused by a deposit of fat.
Infection and thrombosis (clotting) may also be involved. The material that is deposed in
the wall is called ‘plaque’. Plaque arises in most arteries in the body, but especially in
ones within the brains, the heart, the legs (called peripheral arterial disease), and in the
aorta. The main consequences of the growth of plaque in the coronary vessels are
narrowing and occlusion. Constrictions which reduces the cross-section of the coronary
artery by more than 70% leads to complaints caused by insufficient blood flow by burden
of the heart, especially on exertion and emotion. The patient feels crushing pain in the
chest, and has AP. "Stable" AP occurs repetitively and predictably while exercising and
stops if patients are at rest. "Unstable" AP results in unusual and unpredictable pain not
totally relieved by rest, or pain that actually occurs at rest (Devroey 2005; van Weert et.
Al 2002).

The diagnosis of AP is a complex clinical interaction, with the patient describing
their pain or their symptoms and the clinician recognising the characteristics of the pain
in such a way that they are led to think of AP. A quarter of the patients are referred to a
specialist by the GP. Further research is required to examine if the heart causes the
chest pain. This takes place in the hospital after referral by the GP, but this is only
possible after a waiting period of up to two months, while the Dutch norm of the waiting
period for diagnosis and assessment of chest pain patients is four weeks. After the
waiting period the processing time takes several weeks of investigation (kiesbeter 2012).
The maximum acceptable processing time, also called Treek standards, is also four
weeks (Busch 2006).

Cardiologist Eric Duckers has developed a blood test, called Angioprint, which
determines if the heart had ischemia.

CardioGenx, a spin-off of Erasmus Medical Centre (EMC), has selected several
genes that are involved in vascularization of the heart. By the new technology,

The blood test may result in notable timesavings for several key stakeholders including
the patients and the cardiologist. Furthermore, diagnosis of CAD patients can be done at
the physicians practice. It is assumed that this test enables AP diagnosis in an earlier
stage, and decreases the waiting time of the care process. Therefore, the efficiency of
the diagnostic process will be enhanced. Therefore, this study focuses on the current

diagnostic care process.




The specific tests that are performed, the results, the waiting and processing time and
the costs and consequences of chest pain patients at the EMC are investigated. Based
on the results of this study it will be possible to make a future economic evaluation of the
added value of the blood test prior to all other tests.

The ambition CardioGenx is to refer only diagnosed CAD patients to the hospital and to
possible replace current expensive, inconvenient diagnostic practice by a simple blood

test at the physicians practice

1.2 ERASMUS MEDICAL CENTRE

The EMC is established in 2003 by a merger of the Academic Hospital Rotterdam and
the Faculty of Medicine and Health Sciences. The EMC is the largest University Medical
Centre in the Netherlands, with three main cores; patients care, teaching and research.
The EMC employs more than 10.000 people and there are 1.237 beds
(www.erasmusmec.nl). The hospital is internally composed of seventeen relatively
independent operating clusters. The cardiology department is within Cluster 9: The
Thorax Centre. The Thorax Centre is founded in 1971 and is an integrated organization
of the Cardiology and Cardiothoracic Surgery departments. The Thorax Centre is divided
into six medical units and three academic units (www.thoraxcentrum.nl).

In September 2006, the outpatient clinic of the EMC anticipated to the trends and
demands of accessibility, efficiency and quality of health care, by developing the Fast
Track outpatient clinic Angina Pectoris (FTP AP) (annex 2). In this new set-up, all the
tests and results are reviewed and discussed with the patient in one day (Coupler et al
2008). Before September 2006 the average waiting time for patients with chest pain was
58 days (Tijdhof 2005), while the maximum permitted waiting is 28 days (Treeknorm.nl).
There was also no clear process of care in the outpatient clinic Cardiology. The EMC
was the first hospital in the Netherlands who developed an outpatient clinic for AP.

Also unique in the Netherlands is that the FTP AP of the EMC use the MSCT scan
(Tijdhof 2005). Therefore it is interesting to analyze the EMC diagnostic process and
effectiveness of the tests for chest pain patients.

1.3 ANALYSIS OF THE PROBLEM

In the Netherlands, CVD is still the leading cause of mortality and morbidity, accounting
for about 48.000 deaths per annum. This means that one death in three can be ascribed
to disorders of this type. Of the current population of the Netherlands, one million

individuals have experienced symptoms of CVD at some point in their lives.



http://www.erasmusmc.nl/
http://www.thoraxcentrum.nl/

On an annual basis, well over 150.000 individuals develop a complication in relation to
these diseases (Knottnerus 2007). Although a large proportion of the CVDs is

preventable, they continue to rise mainly because preventive measures are inadequate.

Table 2: incidence- and prevalence numbers cardiovascular disease the Netherlands (2000).
(Source: Dutch Heart Association 2005 (Nederlandse Hartstichting))

disease age incidence prevalence
Ischemic heart disease All ages 82000 668 000

Infarction All ages 28500 -36 000 -

Infarction >55 year 277 300*

CVD >55 year 27 100 - 34 500 120900 - 190 100
Heart failure All ages 43 000 176 400

Heart failure >55 year 37 400 163 800
Congential heart disease | Live births 1200

Congential heart disease | All ages - 38500 -50000
Abdom aneurysm, aortic | >50 year - 86 100-213 000

*This regards only to the number of symptomatic infarcts. In addition, an infarct can occur
without symptoms (silent infarction); if these are also included the prevalence 156 000 rises
to a total of 433 000 persons

In the Netherlands, chest pain occurs in 4% of all patient contacts. In two third of the
cases this pain is presented as the main complaint (Vermeire & Wens 2009). The initial
purpose for patients presenting chest pain is to determine if the patient needs to be
referred for further investigation to establish if the patient has acute coronary syndrome
or myocardial infarction. The physician should consider patient characteristics and risk
factors to determine initial risk (Mc Conaghy & Oza 2013).

370.000 people are registered with AP in the Netherlands in 2009. Only 50% of this
group is direct correctly diagnosed. Golden standards are scarce.
Sometimes, it is even difficult for a doctor or other medical professional to tell what is
causing chest pain and whether it is life-threatening. GPs have to find their way among a
multitude of arguments and hypotheses by patients with chest pain. Often, the physician
cannot define a specific diagnosis, but reaches solutions at the level of the symptoms.

The degree of certainty about the diagnosis of chest pain is low, 33% of the GPs are
confident about the diagnosis. There is a clinically relevant difference in 9% of the
consultations between the working diagnosis at an initial consultation and the follow up
diagnosis one or two months later. This is a high percentage, regarding to incorrect
distinction between gastrointestinal pathology and AP and between pulmonary and

cardiac pathology (Vermeire & Wens 2009).
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It has been established that there is neither a clear process of care in several
hospitals for patients with chest pain. There is a wide variation in care processes that are
completed by the patients and a variation in the order of the tests (Tijdhof 2006).

In addition to this, it is also proven that 70% of the referred patients to the cardiologist
do not have CVD (Bremmer 2011).

This results in unnecessary costs and inefficient work. For the patient there is also a
period of uncertainty about the physical health, and considerable tension/ discomfort.
With the new developed blood test, however, the diagnosis can be made rapidly. The
blood test shows if the heart has oxygen deficiency, and identifies cardiac patients in a
fast and efficient way. Furthermore, the GP can perform the blood test instead of the
cardiologist (Bremmer 2011). So if the test would be performed by a GP and he ensures
that only actually diagnosed cardiac patients will be referred, the care process will be
substantially improved. There is evidence that an improved and enhanced cooperation
between primary and secondary care in the cardiology sector lead to more efficient use
of hospital facilities (Wijkel 1986). Diagnostics on application by the first line would result
in better medical policy which result in a better indication for referral. In this way, in the
first line patients can be treated who traditionally would be referred to the second line.
This leads to health care quality improvement. There are also benefits for the specialist,
part of their work is performed by GP. Therefore the specialist can focus on actually
diagnosed patients and the execution and interpretation of specialized research (Remkes
1997).

Prior to calculation of the exact added value of the new blood test and improvement
of the current diagnostic process, it is necessary to analyze the current diagnostic
process. This regarding to the tests included in the care process and the results of the
tests, the waiting and processing time of the process and the costs and consequences of
patients with chest pain. It will also be analyzed whether the percentage of patients not
identified with CAD after the care process, according to literature 70%, is correct. This is
important information for future economic evaluation. Qualitative and quantitative
research methods will be used in this study to analyze this, including participatory
observations, literature review, interviews and the analysis of patient statuses of the FTP

AP. In addition a cost-consequence analysis® (CCA) will be performed.

3 A form of analysis that compares alternative interventions or programs in which the components of
incremental costs and consequences are listed without aggregation.
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1.3.1. SCIENTIFIC RELEVANCE

CVD has a major impact in most developed countries, not only by its impact on mortality
but also by its associated morbidity. Analysing the range of treatments available for CVD
patients over the years, demonstrates a steady and occasionally rapid increase in the
number of treatments and interventions available and in actual use.

A cause of this increase is the growing incidence of CVD. This trend is associated
with the aging of the population, as more elderly age groups experience a higher
incidence of CVD. In addition, there is an increasing incidence of specific disorders, such
as diabetes mellitus, which in turn further exacerbates the risk of CVD.

There is also a much greater focus on opportunities to improve the quality of the
remaining life period for individuals with heart disease. This applies, for instance, to
patients in the final stages of chronic heart failure, which also results in an increase of
the number of patients with CVD (Knottnerus 2007).

On the other hand, the increased number of interventions for CVD is also a result
of an increase in the range of technical options available and the success of these
therapeutic options, particularly in the past ten years (Knottnerus 2007). An extension of
the indication also increases the demand for treatment (Remkes 1997). This has enabled
larger numbers of elderly patients and patients with additional diseases (comorbidity)
who are treated more prudently and effectively. In addition, the timing of the intervention
has shifted. These days, it is much more likely that the intervention take place at an
earlier stage in the disease process. These developments will create an increase in
inpatient and outpatient care, which in the conventional approach is not soluble and
results in irresponsible long waiting times (Remkes 1997).

The less rapid increase in the number of cardiologists contributes to this trend.
Since 1984, the number of admissions of the specialty cardiology increased by almost
60% (Remkes 1997). From 1984 to 1992, the number of cardiologist increased from 421
to 593. After 1993 this number declined. According to the Dutch Society of Cardiology,
the number of practicing cardiologists is 555 in 1995. After 1995, the number of
cardiologist increased again significantly to 957 cardiologists in 2013 in the Netherlands.

Regarding the increase in CVD, it will be important to work as efficient as
possible, resulting in an early stage of diagnosis before invasive treatments are needed
for treatment.

The question is to what extent the current diagnostics enables this. It is relevant
to investigate this, and to demonstrate the percentage of referred patients suffering from
CVD.

12



Consequently, it can be scientifically demonstrated using a cost-consequence analysis if
unnecessary costs are made and if the process is inefficient, providing the basis for a
future economic evaluation regarding the new blood test. Therefore, it is relevant to map

the current diagnostic process for chest pain patients.

1.4. RESEARCH QUESTION

1.4.1. MAIN QUESTION

The purpose of this thesis is to analyze the current diagnostic process of chest pain
patients at the FTP AP of the EMC. Several aspects will be addressed including the
techniques used, the results of the tests and the processing and waiting times of patients
with chest pain. Furthermore, the relationship between patient characteristics and waiting
time will be established and a cost-consequence analysis will be conducted. The main

research question of this study is as follows:

What is the performance of the current process of care for chest pain patients at the Fast
Track outpatient clinic of the Erasmus Medical Centre, from the perspective of test
accuracy, waiting and processing times and costs, and taking into account differences in

performance for patient characteristics

1.4.2. SUB-QUESTIONS

In addition to the main research question, the study consist of several sub questions:

1) Which tests are conducted in chest pain patients at the Fast Track outpatient
clinic of the Erasmus Medical Centre?

a. Which and how many specialists are present per examination?

2) What is the average processing time between referral by the GP or an internal
department of the Erasmus Medical Centre and diagnosis in the Erasmus
Medical Centre?

a. What is the waiting time between referral by the GP or intern and start of
further research in the Erasmus Medical Centre?
b. Is there an association between the characteristics of the patient® and the

waiting time?

4 The patient characteristics includes: age; gender; type of complaints and number of risk factors.
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3) What is the percentage of patients with chest pain where stenoses are found
during the diagnostic process?
a. What is the percentage of patients where stenoses are found after the
completion of the standard research process?
b. What is the percentage of patients where a (diagnostic) cardiac
catheterization is conducted?
c. What is the percentage of patients where stenoses are found after
catheterization?
4) What are the costs and consequences of current diagnostic process compared

with the new developed blood test?

1.5. STRUCTURE MASTER THESIS

In chapter 2 the theoretical framework of the thesis will be described. This chapter
focuses on the economic evaluation including cost-consequences analysis of a
diagnostic process, what type of economic evaluations are possible. Thereafter, the
standard tests and their effectiveness , the Treek standards and the risk factors of AP will
be explained. Chapter 2 ends with hypotheses based on the risk factors of AP, which will
be evaluated in the result section. In chapter 3 will be explained: the research methods,
both quantitative and qualitative including participatory observations, interviews, literature
review, the analyses of patient statuses, calculation of correlations between patient
characteristics and waiting time and the power of that associations, and a CCA will be
explained. Thereafter the patient selection and research objective will be described.
Then the data collection and data analysis will be explained including processing times
and missing values. Finally, the validity and reliability of the study will be explained. In
chapter 4 and 5 the results will be described. The first part of the results will be described
in chapter 4, where a description of the current diagnostic process will be given, using
the qualitative research methods. The second part of the results will be presented in
chapter 5 using the information of the patient statuses. First the study population is
described, then the waiting time and processing time of the sample will be presented.
Thereafter, the tests en the results of the tests of the patients will be described. Next
associations between the waiting time and characteristics of the patients will be
calculated. The results chapter concludes with an indication of a CCA of the current
diagnostic process compared with the new blood test. In Chapter 6 the discussion with
the interpretation of the results and the strengths and limitations of the research is
elaborated. Also recommendations for future studies will be formulated. Finally, in

chapter 7 conclusions will be formulated based on the sub-questions.
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2. THEORETIC FRAMEWORK

First, the theory how to evaluate a diagnostic process will be described, followed by a
cost-consequence analysis. Then the process analysis will be described including the
standard tests for patients with chest pain and their effectiveness. Then an explanation of
the Treek standards will be given including a description of the relevance of these
standards. Next the characteristics of AP, partly already addressed in the introduction,
will be described. This chapter concludes with 4 hypotheses, based on the risk factors of

AP, which will be evaluated in the result section.

2.1. ECONOMIC EVALUATION OF A DIAGNOSTIC PROCESS

Economic evaluation is important because resources — people, time, facilities, equipment
and knowledge — are scarce. Choices must and will be made. Two features characterize
economic analysis, regardless of the activities (including health services) to which it is
applied. First, it deals with both the inputs and outputs, sometimes called costs and
consequences of activities. Second, economic analysis concerns itself with choices.
Resource scarcity, and our consequent inability to produce all desired outputs.
Necessitates that choices must, and will, be made in all areas of human activity. These
choices are made on the basis of many criteria, sometimes explicit but often implicit.
Economic analysis seeks to identify and to make explicit one set of criteria that may be
useful in deciding among different uses for scarce resources. These two characteristics
of economic analysis leads to define economic evaluation as the comparative analysis of
alternative courses of action in terms of both costs and their consequences. Therefore,
the basic tasks of any economic evaluation are to identify, measure, value, and compare
the costs and consequences of the alternatives being considered. In fact, these two
characteristics of economic analysis may be employed to distinguish and label several
evaluation situations commonly encountered in the health care evaluation literature
(Drummond et al 2004).

The identification of various types of costs and their subsequent measurement in
monetary units is similar across most economic evaluations; however, the nature of the
consequences stemming from the alternatives being examined may differ considerably.
If the costs are related to a single, common effect that may differ in magnitude between
the alternative programmes, are usually referred to as cost-effectiveness analyses
(CEAS). In this form of economic evaluation the consequences are measured in the most
appropriate natural effect or physical units, such as ‘life years gained’ or ‘correctly
diagnosed cases’. The results of the studies are expressed in the form of a cost-

effectiveness ratio.
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This is a particularly useful approach when working within a given budget constraint, as
long as the alternatives under consideration are not of radically different scale
(Donaldson and Shackley 1997a). However, some CEAs may present an array of output
measures alongside cost and leave it to decision-makers to form their own view of the
relative importance of these. This variant of CEA called cost-consequences analysis
(CCA) (Drummond et al 2004). A CCA has been defined by Russell et al (1997) as an
analysis ‘in which costs and effects are calculated but not aggregated into quality-
adjusted life-years or cost-effectiveness ratios’ (Russel et al 1997). When a CCA is
performed as a variant of a CEA, it takes an incidence-based perspective and estimates
the costs and consequences for an individual or disease cohort for as long as the health
condition lasts. The perspective of a CCA should be as broad as possible, since the user
of the analysis should be able to view a comprehensive listing of the various costs and
consequences of alternative interventions. This type of analysis provides the most
comprehensive presentation of information describing the value of a drug therapy or
other healthcare intervention, and is also conceptually the simplest. It is a listing of all
relevant costs and outcomes or consequences of the intervention, and comprises the
following key components:

- direct medical costs;

- direct nonmedical costs;

- indirect costs;

- quality-of-life impacts;

- utility impacts;

- clinical outcomes (Mauskopf et al 1998).
The types of costs included will vary with the condition: for example, for an acute illness
such as influenza, direct health care costs and productivity losses are the most important
costs to include. For a chronic psychiatric illness such as schizophrenia, social service
costs and criminal justice costs will also be important to include. Such an analysis is
opportune if it is not feasible or practical to value all costs and benefits in monetary terms

Another form of economic evaluation is cost-utility analysis (CUA). In this form of

economic evaluation the consequences are adjusted by health state preference scores
or utility weights; these are states of health associated with the outcomes who are valued
relative to one another. This approach is particularly useful for those health treatments
that extend life only at the expense of side-effects or produce reductions in morbidity
rather than mortality. The most common measure of consequences in CUAs is the
guality-adjusted life-year (QALY). Cost-utility analysis is therefore a broader form of

analysis than CEA, but it is a variant of that general approach.
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Both CEAs and CUAs are techniques that relate to constrained maximization; that is,
where a decision-maker is considering how best to allocate an existing budget.

The third form of economic evaluation is cost-benefit analysis (CBA). In this form of
economic evaluation the consequences are in money terms, so as to make them
commensurate with the costs. Therefore, potentially this is the broadest form of analysis,
where one can ascertain whether the beneficial consequences of a programme justify
the costs.

In this study the variant of the CEA, a cost-consequence analysis, will be
conducted after the analysis of the current care process. This type of cost evaluation has
been chosen because here the costs will not be aggregated, and this is not possible in
this study because the costs of the new blood test is just an indication, little is known
about this. Also the accuracy of the new blood test is not known yet. Therefore the cost-
consequences analysis is chosen, the simplest form of economic evaluation. It is even
not possible to conduct an entire cost-consequences analysis because the aim of the
study was analyzing the current process, and just a small part of the costs have been
analyzed, namely the DOT price, a replacement of the diagnosis treatment combination
(DBC), including all costs of the entire process of diagnosis to the (possible) treatment.
DOT stands for DBCs towards transparency (DBC op weg naar transparantie). DOT is
the process to develop an improved declaration system for hospitals, which entered in
January 1 2012. The reimbursable services are expressed in DOT care products and
other care products. These costs consist of:

- Hospital costs

- Honorarium costs

- Costs Dutch Federation of University Medical Centers (NFU). The NFU is a
partnership of eight University Medical Centers in the Netherlands and the
general objective of the NFU is to represent the common interests of the UMCs

(NFU.nl 2013).

The UMCs are funded differently than general hospitals because of their special public
function. Therefore they receive additional funding.

For education and research the UMCs receive a grant from the Ministry of
Education. These services comprises money for universities for teaching and research,
divided by the faculties. The Faculty of Medicine receives a part of this for the medicine
program and medical research.

The top referral care and devel