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Further research investigating the country‐specific cost‐effectiveness of diagnostic and 
treatment strategies in ACS care might be needed to define the most cost‐effective way 
for diagnosing and treating patients per country. Such studies would inform national 
policy makers and help them decide what cardiovascular technologies to promote and 
reimburse in order to maximize health gains and/or minimize costs, in the context of 
their local specificities and constraints. While large European studies such as the SPCCT 
(Spectral Photon Counting CT) project aim at developing new technologies, stronger 
evidence regarding current local care, by means of surveys or alternative methods, 
might be needed before the role and value of new imaging modalities in the clinical 
arena can be assessed [23].
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Supplemental material

SURVEY QUESTIONS

GENERAL QUESTIONS
Q1a: In what COUNTRY is your health centre located?

Q2: In what CITY is your health centre located?

Q3: What is your exact function?

Q4: What is the teaching category of your health centre?

Q5: Is your health centre publicly or privately funded?

Q6: How many myocardial infarction diagnosed patients does your health centre receive annually?

DIAGNOSTIC WORKUP
Q7a: What is the diagnostic workup when a high risk patient is admitted to your health centre with chest 

pain and an ACS is suspected? Please also precise for what proportion of high risk patients the modality 

is used?

ECG + biochemical tests

ECG + biochemical tests + non-invasive imaging

ECG + non-invasive imaging (no biochemical test)

Biochemical tests + non-invasive imaging (no ECG)

Other

Q7b: If you marked ‘’other imaging test’’ in the previous question, please describe the modality used.

Q8a: What is the diagnostic workup when a low to intermediate risk patient is admitted to your health 

centre with chest pain and an ACS is suspected? Please also precise for what proportion of these patients 

the modality is used?

ECG + biochemical tests

ECG + biochemical tests + non-invasive imaging

ECG + non-invasive imaging (no biochemical test)

Biochemical tests + non-invasive imaging (no ECG)

Other

Q8b: If you marked ‘’other’’ in the previous question, please describe the modality used.

Q9b: If you marked ‘’other imaging test(s)’’ in the previous question, please describe the modality used.

Q9a: What is the usual strategy when a patient over 50 y-o is admitted to your health centre with chest 

pain and an ACS has been ruled out? Please also precise for what proportion of these patients the modal-

ity is used.
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Bicycle ECG

Stress echocardiogram

Myocardial scintigraphy

Stress MRI

Invasive coronary angiography

Coronary CT scan

Other

Q9b: If you marked ‘’other’’ in the previous question, please describe the modality used.

Q10a: About troponin assays as serial testing, please indicate when the first test and subsequent tests (if 

any) are performed (more than one answer is expected)

In the ambulance

At admission in the hospital

1 hours after symptom onset

2 hours after symptom onset

3 hours after symptom onset

4 hours after symptom onset

5 hours after symptom onset

6 hours after symptom onset

12 hours after symptom onset

Other

Don’t know

Q10b: If you marked ‘’other’’ in the previous question, please describe the modality used.

IMAGING MODALITIES
Q11a: Among all patients presenting with a high probability of ACS after biochemical tests, what are 

the imaging modalities used to make the treatment decision? For each imaging modality used, please 

indicate the proportion of the patients that undergo that modality (more than 1 answer is possible).

Echocardiogram

Coronary computed tomography angiography (CCTA)

Invasive coronary angiography with Fractional Flow Reserve (FFR)

Invasive coronary angiography without FFR

Stress echocardiogram

Myocardial perfusion scan

MRI

Positron-emission tomography (PET)

None

Other
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Q11b: If you marked ‘’other’’ in the previous question, please describe the modality used.

Q12a: Among all patients presenting a low or intermediate probability of ACS, what are the imaging 

modalities used to establish the diagnosis? For each imaging modality used, please indicate the propor-

tion of the patients that undergo that modality (more than 1 answer is possible).

Echocardiogram

Coronary computed tomography angiography (CCTA)

Invasive coronary angiography with Fractional Flow Reserve (FFR)

Invasive coronary angiography without FFR

Stress echocardiogram

Myocardial perfusion scan

MRI

Positron-emission tomography (PET)

None

Other

Q12b: If you marked ‘’other’’ in the previous question, please describe the modality used.

Q13a: A 45-year-old female woman suspected with ACS was admitted in the emergency department. She 

had no cardiovascular risk factor except for smoking during 20 years. She presents with an atypical chest 

pain, her ECG is normal and her troponin result is low. In this specific case, what further examination(s) 

would you perform? (more than one answer is possible)

No examination

Invasive coronary angiography

Coronary CTA

Echocardiogram

Stress tests (treadmill/scintigram/stress echo/stress MRI)

MRI

Other

Q13b: If you marked ‘’other» in the previous questions, please describe the modality used.

Q14a: What proportion of patients presenting with NSTEMI receives invasive coronary angiography? 

(leave blank if you do not know)

Q14b: What is the average time between diagnosing an NSTEMI patient and performing invasive coro-

nary angiography? (leave blank if you do not know)
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TREATMENT
Q15a: Which reperfusion treatment method do you use for patients presenting with a STEMI and no 

contra indication of treatment? Please also precise the proportion of patients treated with each method.

Percutaneous coronary intervention (PCI)

IV thrombolysis

PVI and IV thrombolysis

Other treatment

Q15b: If you marked ‘’other treatment” in the previous questions, please describe the modality used.

Q16a: Which revascularization treatment method do you use for patients presenting with a primary 

NSTEMI? Please also precise the proportion of patients treated with each method.

PCI

CABG

Other treatment

Q16b: If you marked ‘’other treatment” in the previous questions, please describe the modality used.

Q17: Following PCI of the culprit lesion, what is THE MOST COMMON STRATEGY for dealing with sus-

pected non-culprit lesions in a 65-year-old NSTEMI patient presenting a relatively good clinical status?

Conservative management and PCI only if symptoms or reversible ischemia on stress test

Elective stress-test (stress Echo/scintigram/threadmill/stress MRI)

Coronary computed tomography angiography (CCTA)

Immediate PCI during index catheterization

Immediate FFR-guided PCI during index catheterization

Staged PCI during index hospitalization

Staged FFR-guided PCI during index hospitalization

Staged elective PCI within 4-6 weeks

Coronary Artery Bypass Graft surgery

Other

FOLLOW-UP IMAGING
Q18a: Do you routinely perform follow-up imaging immediately after interventional therapy and within 

4 days after symptom onset? (answers c and d can be combined)

Yes, for all patients

Yes, for STEMI patients only

Yes, for patients presenting clinical deteriorations

Yes, for patients for whom imaging may guide further treatment (surgery or medication)

Never
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Q18b: What are the main imaging modalities used as follow-up imaging after revascularization and 

within 24 hours?

Echocardiogram

Coronary computed tomography angiography (CTA)

Myocardial perfusion scan

MRI

Positron-emission tomography (PET)

Stress echocardiogram

Transcranial doppler

None

Other imaging test

Q18c: If you marked ‘’other’’ in the previous question, please describe the modality used.
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Supplementary fi gure 3. Reported percentages of patients receiving diff erent imaging modalities when 
presenting with a high probability of ACS after biochemical tests.
Respondents were asked about the imaging modalities used to make the treatment decision

Timing of troponin assays
Regarding troponin assays used as serial testing, of the 56 respondents who indicated 
that the fi rst test was performed upon hospital admission, 12 reported no subsequent 
test, 10 reported a subsequent test at 3 hours after symptom onset and 7 reported a test 
at both 3 hours and 6 hours. Besides these main trends in serial testing, other respon-
dent reported various combinations of timing, with answers including testing at 2, 4, 5 
and 12 hours after symptom onset.

follow-up imaging after revascularization treatment
In the phase of follow-up imaging used up to 24 hours after revascularization treatment, 
echocardiogram was reported to be used for an average of 74% of the patients across 
Europe, far ahead of MRI and myocardial perfusion scan (each modality being reported 
to be used for 6% of the patients).
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Cardiovascular diseases cause a high humanistic and economic burden worldwide [1-3]. 
Imaging diagnostic tests have been increasingly used in this field over the past decades, 
which has transformed the landscape of cardiovascular care but also raised concerns 
about potential overuse of diagnostics [4,5]. CEAs of diagnostic tests and treatments 
may inform appropriate clinical use of these techniques while improving medical deci-
sion making in a context of limited resources. The aim of this thesis was to assess the 
potential cost-effectiveness of a currently developed advanced imaging diagnostic 
technology (SPCCT), for supporting health care decision making in cardiovascular 
diseases, taking into account international variation. This chapter presents an overview 
of the main findings of this work, the implications of the results, the challenges encoun-
tered, the limitations of our approach and some recommendations for further research.

9.1 Main findings

In a context of variety of imaging and treatment options in stroke care, little was known 
regarding the diagnostic and treatment workup for patients presenting with a suspected 
stroke in Europe. Therefore, we conducted a systematic literature review (Chapter 2) 
and a clinician survey (Chapter 3) to identify the patterns of stroke diagnostic imaging 
and acute revascularisation treatments in routine clinical practice. We also examined 
practice variation across European countries. Our systematic review showed that CT was 
the most widely used imaging modality for diagnosing stroke in Germany, Sweden and 
the UK. Furthermore, our review highlighted potential variations in the imaging workup 
of stroke patients, depending on the category of hospital, on timeslots of the day and 
week and on geographic areas. No evidence regarding the optimal imaging strategy to 
diagnose stroke patients could be found. Our clinician survey confirmed the pivotal role 
of CT as the first-line imaging modality to diagnose stroke and revealed CTA as one of 
the common second-line modalities for ischaemic patients throughout Europe. This in-
formation was used to define the comparator (i.e. current care) in our CEAs of advanced 
imaging. In contrast to these diagnostic-specific findings, considerable variation in the 
revascularisation treatment for ischaemic strokes was observed across countries, in 
terms of percentage of eligible patients treated and treatment used (MT or intravenous 
thrombolysis). Similarly, our second clinician survey (Chapter 7), focusing on clinical 
practice in ACS, suggested large variations in the diagnostic modalities and acute treat-
ment used across geographical areas in Europe. In both disease areas of stroke and ACS, 
current care appears to be heterogeneous and little evidence is available to accurately 
identify and quantify practice variation across countries. Gaining insight into the clinical 
practice of stroke care and ACS care was necessary to frame the health-economic evalu-
ation of SPCCT.
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The potential cost-effectiveness of SPCCT in the diagnostic work-up of ischaemic stroke 
patients was investigated in different healthcare systems: the UK, the US, Germany, Hun-
gary and Sweden (Chapters 4, 5 and 6, respectively). Our CEAs suggest that advanced 
imaging (such as SPCCT) to select patients for late MT was cost-effective in the UK 
(£6,164 to £37,229 per QALY, depending on imaging accuracy and prior probability) and 
in the US ($662 to $13,877 per QALY, depending on trial data used). A reduced specificity 
of SPCCT reduced its cost-effectiveness; this effect decreased as the prior probability 
for patients to benefit from late MT decreased. Moreover, we investigated the cost-
effectiveness of SPCCT followed by late MT in 27 subgroups of US ischaemic patients 
with a large occlusion (i.e. those who are eligible for late MT). Our findings suggest 
that SPCCT and late MT are cost-effective in all subgroups in the US setting. However, 
increased uncertainty about the cost-effectiveness was observed for some subgroups 
(patients with NIHSS**≥16 and patients of 80 years or older). Both our UK-based and US-
based models suggest that although it is worth investing in SPCCT, in combination with 
treatment, more research is needed regarding the (prior) probability that patients will 
benefit from late MT. Despite the general conclusions regarding the cost-effectiveness 
of SPCCT in the US and in the UK, we highlighted that the country-specific findings were 
not generalisable to other countries.

The topic of generalisability of cost-effectiveness models to other settings was addressed 
in a subsequent step (Chapter 6). More concretely, we combined two frameworks and 
applied a four-step approach to assess the validity of transferring a decision analytic 
model from the UK to Germany, Hungary and Sweden. Large variations were observed in 
the country-specific cost-effectiveness estimates of SPCCT across countries. Although the 
exact value of SPCCT is country-dependent, this new technology was found to be cost-
effective in all investigated countries. Based on our method to assess the process of trans-
ferring an original model, we showed different levels of validity of our cost-effectiveness 
results, mainly related to the quality of the country-specific input data that we used.

Finally, we investigated the potential cost-effectiveness of SPCCT in selecting patients 
with NOCAD for statin treatment, based on the imaging identification of vulnerable 
plaques in the UK (Chapter 8). We modelled four different comparators in order to reflect 
variation in current care and explore the impact of different imaging accuracy levels on 
the cost-effectiveness of SPCCT. Based on our findings, an improved imaging test with 
higher sensitivity in identifying vulnerable plaques in patients with NOCAD provides 
good value for money.

** � NIHSS: National Institutes of Health Stroke Scale. Tool used to quantify the impairment caused by a 
stroke.
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9.2 Implications of our results

The results of our analyses have latent implications at different levels of the healthcare 
system and for various stakeholders.

Early-cycle health economic evaluations for test developers
Early CEAs and, more generally speaking, early economic evaluations provide key infor-
mation that manufacturers of the medical industry may use to optimise their product 
development [6,7]. More precisely, early cycle health economic evidence has been 
shown to support strategic research and development decisions (including portfolio 
management), preliminary market assessment and preliminary pricing and reimburse-
ment estimates [8]. The contribution of our early-HTA work to manufacturers is mainly 
valuable in guiding the research development phase of SPCCT and in providing some 
preliminary estimates of the market potentials in two disease areas. First, in the initial 
phase of the SPCCT project, expert panels were conducted that engaged radiologists, 
neurologists, cardiologists, physicists and health economists from academia and the 
industry, both internal and external to the project, in early dialogues. These ‘’scoping’’ 
meetings gave birth to a preliminary inventory of the potential uses of an improved 
photon-counting imaging test in clinical practice. The most promising use of that 
inventory was ascertained through a process of external and independent validation 
with clinicians in different countries. As such, we elicited the most likely use of SPCCT 
in terms of disease area (acute ischaemic stroke and NOCAD), the potential sequence 
(single replacement test) and application (diagnostic, prognostic and/or companion 
diagnostic test to decide on a therapy). These elicitations were also refined according 
to the results of our systematic literature reviews and clinician surveys (Chapters 2, 3 
and 7). In that respect, it is interesting to note that the findings described in Chapter 7 
(survey of current care in ACS) led to a shift in the potential use of SPCCT in cardiac care, 
namely from ACS to NOCAD area. Second, we investigated the impact of the diagnostic 
performance (sensitivity and specificity) of SPCCT on the cost-effectiveness results 
(Chapter 4 and 8). Our results showed that specificity should be favoured over sensitivity 
in the diagnosis of stroke patients, while sensitivity should take priority in the diagnosis 
of NOCAD patients. These findings are concrete elements that should determine the 
technical features and specifications related to the performance of SPCCT. With this 
information at hand, manufacturers are better equipped to anticipate and mitigate the 
risk of developing a new complex technology and can thereby maximise their return on 
investment. In Chapter 4, we also investigated the impact of the prior probability to ben-
efit from late MT on the cost-effectiveness of SPCCT. By doing so, we also provided pre-
liminary indications of the market potential for SPCCT in stroke care. We highlighted the 
multi-level uncertainty around our cost-effectiveness estimates: parameter uncertainty, 
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structural uncertainty but also heterogeneity caused by patients’ characteristics. Given 
this uncertainty, the complexity and high cost of advanced imaging test development, a 
dynamic and iterative process of integration of the newest evidence and adjustment of 
the product specificities is recommended [7]. This iterative process should also capture 
other important stakeholders’ perspectives, among which the clinician’s perspective is 
essential.

Clinicians
As previously mentioned, internal and external clinicians are continuously involved 
along the development phase of a medical product. They provide feedback and advise 
on the indications and applications that a new technology could have in clinical prac-
tice. In addition, clinicians may influence the trade-off level between sensitivity and 
specificity of a new diagnostic test. As such, clinicians make an explicit bridge between 
the industrial and clinical worlds, which is essential to guarantee the applicability and 
relevance of industrial products in the healthcare setting. Their contribution in all phases 
of our early-HTA work (framing, structuring, making assumptions, analysing the results) 
was also essential to articulate the medical and health economic concepts and ensure 
the clinical validity and relevance of our models. In the absence of RCTs, results of early 
decision-analytic models provide preliminary evidence for medical decision making 
that needs to be ascertained by clinicians. In addition to this continuous consultancy 
role to the manufacturer and health economists, clinicians are key opinion leaders at 
the hospital level who play a substantial role during the selection and implementation 
process of a new diagnostic test. The acquisition of a diagnostic imaging device is a 
large and potentially risky financial investment in an equipment expected to have a 
long economic life in the hospital. Therefore, it is essential that clinicians understand 
how a new medical product addresses concrete clinical needs, in terms of both health 
outcomes and process outcomes. Furthermore, the implementation of a new imaging 
diagnostic tool might have extensive implications in the organisation of care at local 
and regional levels. If the choice was made to implement stroke advanced imaging in 
only a few hospitals countrywide, these hospitals would certainly become regional hubs 
for the diagnosis and triage of suspected stroke patients. This would have consequences 
in terms of the human and material resources needed in these hospitals to absorb the 
incoming flow of patients from a vast region. On a more practical note, it is important to 
keep in mind that clinicians are the end users of diagnostic devices in their daily work. 
Reluctance to change and bias towards more traditional, gold standard or expert-driven 
modalities might play an important role in the way clinicians and opinion leaders in-
fluence the introduction of new diagnostics into clinical practice or even into clinical 
guidelines [9].
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Policy makers and national payers: reimbursement, clinical guidelines 
and future research
The assessment of diagnostics in Europe is untransparent and often relies on a reim-
bursement review at the local or regional level, which contrasts with the national process 
generally applied to drug reimbursement decisions [10]. In addition, diagnostic tests are 
often reimbursed through a DRG payment in Europe. In this context and given the early 
HTA nature of our analyses, it is unlikely that our work can directly be used to inform 
reimbursement decisions by the payer (i.e. government or insurer). However, our analy-
ses clearly showed that advanced imaging, used to inform MT treatment, provides high 
value for money across the different investigated countries (UK, US, Germany, Hungary 
and Sweden) (Chapter 4, 5 and 6). In a universe where cancer drugs and drugs for rare 
genetic illnesses are being paid for at millions of dollars or euros per QALY gained, the 
ICERs that we presented in our results imply that major public investments should be 
made in MT, and therefore, in prerequisite diagnostics to this treatment. Given the mag-
nitude of the effects of MT and the likelihood that interventions improving functional 
outcomes in stroke are highly cost-effective, our results might influence future positive 
reimbursement decisions. Most importantly, our results provide an understanding of 
the science that relates to particular clinical decisions and might encourage healthcare 
authorities to revise clinical guidelines both in the field of stroke (time of treatment since 
onset, explicit imaging criteria required for treatment) and NOCAD (systematic imaging-
based decision to select patients for statin therapy). Our work might also stimulate 
healthcare authorities to commission additional research that will be needed to achieve 
future reimbursement decisions. Major parameters driving decision uncertainty were 
identified (e.g., prior probability to benefit from MT, long-term post-stroke costs, test 
accuracy), which might serve as a basis to set the research agenda, preferably based 
on explicit value of information analyses. Future policy questions might address the 
magnitude of the cost-effectiveness across heterogeneous subgroups or the maximum 
number of endovascular treatments that the annual budget can bear, for example.

Early health economic evaluations for research and beyond, gaining 
international insight
Our model-based analyses in the area of stroke essentially confirm the existing health-
economic knowledge regarding the value of MT while pushing the boundaries of 
evidence further, with an emphasis on the impact of advanced imaging and patient 
heterogeneity on the ICER (Chapters 4 and 5). Our model-based analysis in the field of 
NOCAD presents new evidence regarding the potential value of an improved test on 
plaque assessment for selection of patients for statin treatment (Chapter 8). Given the 
fact that no model is perfect, there is a necessity to compare the results of different 
models investigating similar research questions and scrutinise their methodology in the 
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quest for convergence validity. In that respect, our work contributes to the scientific 
understanding of the link between disease progression, disease-related cost structure 
and the positioning, requirements and usefulness of a new imaging technology in 
stroke and NOCAD care. Based on evidence synthesis, our early-HTA work converted 
raw numbers into results and information that are relevant to the scientific commu-
nity. Finally, in spite of the heterogeneity in the role of HTA across European countries, 
our country comparison (Chapter 6) demonstrated, through a unique methodology 
(early cost-effectiveness), that the exact value of SPCCT is country-dependent. Although 
SPCCT has a country-specific value, it appeared to be uniformly cost-effective across the 
countries that we investigated. In that respect, our country comparison provides valu-
able international insights and may contribute to lowering barriers to market access for 
advanced imaging in countries that have a slower rate of adoption of new technologies, 
such as Hungary. Based on recent evidence, countries that are ‘’recent’’ adopters of HTA 
(such as Hungary and, more generally, Central and Eastern Europe) consider the decision 
made in ‘’early HTA adopter’’ countries (such as England, Germany, Sweden, or France) to 
inform their own final decision regarding the reimbursement of drugs [11]. Anchoring 
a Hungarian decision on the use of the appraisal decision of another European country 
might not reflect the local conditions, priorities and values. Our analysis (Chapter 6) 
highlights the need to use local data as input for final decision making while providing 
strong preliminary evidence of the value of SPCCT in Hungary.

9.3 Challenges encountered

Assessing current care
Three chapters of this thesis were dedicated to the assessment of current care in routine 
clinical practice (Chapters 2 and 3 related to stroke care, and Chapter 7 related to ACS 
care). In this attempt to gain insight into current care, we faced major challenges caused 
by the lack or unavailability of data. On the one hand, literature reviews tend to be 
generated late which introduces a time mismatch between the availability of evidence 
and the moment data are needed to perform HTA analysis. On the other hand, while 
surveys offer the advantage of their flexibility and specificity to a topic of interest, their 
results may not be representative or generalisable. Finally, registries are often exclusive 
to rare diseases or cancer care and present various limitations. In this context, and due 
to the international scope of our analyses, the assessment of current care turned out to 
be challenging, which was addressed via complementary methodologies (reviews and 
surveys).
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Choosing a unique comparator in a context of healthcare variation
Given the incremental concept that forms the backbone of the methodology in CEAs, 
the choice of a relevant comparator was essential to determine the value of the health 
technology being assessed. Given the substantial practice variation across countries in 
terms of diagnostic imaging techniques used in stroke care, the choice of a comparator 
was challenging. Based on the results of our European clinician survey, CT + CTA was 
identified as a general, widespread and most likely comparator to be used in our Europe-
an-based CEAs (Chapters 4 and 6). In contrast, in Chapter 5, our comparator was chosen 
based on the imaging modalities used in the DAWN and DEFUSE 3 trials (CT+ CTA or 
MRA + CTP or MRI). Large practice variation in diagnostic techniques used in the field of 
stroke care exists, which suggests that the value of SPCCT should be assessed against 
that of multiple comparators (including relevant combinations of imaging tests) or 
against a realistic mix of diagnostic technologies. We could have adjusted the structure 
of our stroke model (Chapter 4 and 6) and included more comparison arms to reflect 
variation in current care, which would have reduced the structural uncertainty. However, 
for feasibility reasons, for the sake of obtaining findings that are useful at healthcare 
system level and in line with clinicians’ inputs, we simplified our research to a single 
comparator (stroke analyses). Given the lack of evidence regarding the standard assess-
ment and selection of NOCAD patients for statin therapy, we decided to model more 
comparison arms in the related model (Chapter 8). In the case of large practice variation, 
hospital-level CEAs might be particularly relevant as part of the evidence needed to 
inform decisions made at hospital level (such as buying a new imaging device).

Early HTA: modelling the unknown and dealing with uncertainty
Given the early phase of development of SPCCT, the most likely clinical indications 
where this new imaging technology could add value was uncertain. Scoping meetings 
with clinicians highlighted different viewpoints and a lack of consensus regarding the 
potential use (diagnostic, prognostic, screening, follow-up) of SPCCT and the patient 
populations most likely to benefit from this new technology. Specifically, while the 
diagnosis of ACS initially appeared to be a prospective area where SPCCT could add 
value, a final decision was made to center our CEA on NOCAD. Furthermore, for feasibil-
ity reasons, we limited the value assessment of SPCCT to two disease areas (ischaemic 
stroke and NOCAD) while in reality, SPCCT could have increased value in various other 
indications, and even in other disease areas. Most importantly, once implemented in 
clinical practice, SPCCT will not be limited to one indication but will rather serve a range 
of diseases, clinical applications and patient populations, which will influence its aver-
age cost-effectiveness. Furthermore, at the time of our analyses, the accuracy of SPCCT 
per medical condition was unknown, which was addressed by different methodologies. 
Concretely, different pairs of sensitivity and specificity were simulated in a scenario-
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based analysis in Chapter 4, a perfect test was modelled in Chapter 6 and two SPCCT-
based strategies were modelled in Chapter 8. Finally, a substantial part of our work was 
dedicated to measuring uncertainty around our results. The uncertainty around the 
current care estimates (Chapters 3 and 7) was explored by means of the non-stochastic 
simulation method of bootstrapping. Multivariate parameter uncertainty was addressed 
by means of stochastic simulations in PSAs (Chapters 4, 5, 6 and 8). In addition to the 
CEAC(s) presented in these four chapters, confidence intervals around the determin-
istic results and deterministic 1-way sensitivity analyses were introduced in Chapter 5. 
These various methods were chosen to address the dual challenge of dealing with and 
efficiently communicating uncertainty to different stakeholders. Although we primarily 
focused on the impact of parameter values, structural uncertainty, resulting from the 
model design and the various structural assumptions, is probably a major source of 
uncertainty worthy of further investigation [12]. While our modelling work in the field of 
stroke care benefitted from relatively mature research, with available models and data, 
modelling NOCAD involved greater structural uncertainty, mostly driven by the lack of 
robust evidence regarding current care and treatment efficacy. Future research will be 
needed to more specifically address the joint structural and non-structural uncertainty, 
especially in the field of NOCAD. ‘’Disease-specific model standardisation’’ might be an 
approach to decrease structural uncertainty [12,13].

Simplifying reality
A model is a simplification, and therefore an approximation, of reality, based on framing, 
assumptions and the input data (e.g., cost data, disease progression, quality of life data). 
There is a tradeoff between accuracy (adequation between the model and the reality) 
and feasibility, which, as such, presented a first challenge. In the phase of structuring the 
model, it can be difficult to assess which level of precision and complexity is needed to 
obtain accurate results without making the data collection exercise impossible. Another 
major structural simplification lay in the fact that we modelled the crude discrete prob-
abilities to benefit from late MT (stroke care, Chapter 4) (probabilities of 10%, 20% and 
30%). Ideally, we would have modelled the explicit clinical imaging markers (volume of 
infarcted tissue, volume of salvageable brain tissue or penumbra, for example) used to 
predict patients’ outcome and referral to treatments [14-16]. Given the lack of evidence 
regarding these concepts, in terms of imaging thresholds or prevalence, these physi-
ological findings were not explicitly modelled. In addition, a second challenge inherent 
to any modelling exercise related to the limited data available. Specifically, in our work, 
cost data for SPCCT were not available and were based on assumptions. In addition, the 
paucity of available and existing stroke data in Germany and Hungary, respectively, ham-
pered the accuracy and the validity of these countries’ estimates (Chapter 6). While the 
state of evidence related to the disease progression and treatment efficacy in stroke care 
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is relatively mature, we encountered an extreme paucity of data in the area of NOCAD 
and our modelling work had to rely on numerous assumptions (Chapter 8). Finally, we 
presented deterministic results that essentially are costs per average patient, which is a 
concept that does not exist in the real world. On the contrary, between-patient variation 
might be substantial and the impact of this variation on the ICER could be addressed by 
means of alternative research methods (such as discrete event simulations).

Assessing diagnostics
Given the indirect and uncertain effects of a test on patient’s outcomes (via treatment), 
the value appraisal of diagnostics is more complex than that of drugs and requires ex-
tensive knowledge of the post-diagnosis care pathways [17]. Due to this indirect effect, 
it can be challenging to disentangle the value of an imaging test from the value of the 
treatment or procedure delivered based on the test’s results. The value assessment can 
be even more challenging when, in combination to the treatment, the patient modifies 
his lifestyle (smoking or exercise, for example) based on the information provided by the 
test, which would typically be the case for NOCAD patients selected for statin therapy. 
Furthermore, the benefit of a correct diagnosis, the potential harm of a false-positive 
diagnosis and the loss of benefit in a false-negative case, in the short- or long-term, are 
strong drivers of the value of diagnostic tests that go beyond the technical performance 
(sensitivity and specificity) [18]. The value of a diagnostic test also depends on the pre-
test probability of the disease or condition, which may not be precisely known [18]. In 
case additional tests are used in clinical practice, they will change the prior probability 
before the subsequent test, which will impact the value of the diagnostic technology 
being assessed. Finally, there may be adverse effects of performing the test, caused by 
the toxicity of the contrast agent used or the exposure to radiation [18]. The clinical and 
economic value of diagnostics is therefore the result of many variables that all need to 
be taken into consideration during the value assessment.

9.4 Limitations of our approach

We acknowledge different methodological limitations in our work.

Narrow classical approach: CEA
Besides the limitations of the individual studies described in the Chapters, the main 
limitations of our work come from the narrow classical approach to determining the 
value of a health technology for the purpose of its reimbursement at healthcare system 
level. With this approach, we fail to capture the comprehensive value that SPCCT might 
offer to various stakeholders in the healthcare and societal arenas. The results that we 
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provided (ICER) represent the general healthcare cost per QALY gained per patient. At 
hospital level, these results might be heavily impacted by local factors, ranging from the 
volume of patients scanned per year, the patient case-mix (in terms of age, disease or 
comorbidities) and the human and material capacity to deliver acute treatments follow-
ing diagnosis. We touched upon the impact that the cost of RAPID software (needed in 
addition to CTP or MRI, to inform treatment decisions beyond 6 hours from stroke onset) 
might have on the cost-effectiveness of advanced imaging at hospital level (Chapter 5). 
The annual cost of the software per hospital varies substantially per institution ($17,500 
to $52,000 in the US), depending on the use and configuration (for one scanner or un-
limited software license). Considering that the annual software cost would be divided 
among the annual number of patients scanned, the cost-effectiveness of advanced im-
aging might considerably vary across hospitals. In addition to the software costs, critical 
capital equipment investment is involved when it comes to acquiring imaging diagnos-
tics. Cost-effectiveness evidence at hospital-level is needed to inform hospital managers 
regarding their investment decisions. Furthermore, hospital-specific cost-effectiveness 
estimates might be needed to optimise the organisation of stroke care, based on the 
number and localisation of diagnostic- and/or treatment-capable hospitals at country 
level. While reimbursement of the patient scans is a key criterion for investment, budget 
considerations are also essential in the strategic investment choices that hospital man-
agers are responsible for. As such, the approach used to inform decisions applicable at 
a healthcare system level may not be suitable for decisions applicable at a healthcare 
provider level where complementary decision tools might be needed.

Relevance of hospital-based HTA or mini-HTA
Compared to CEA, mini-HTA provides a broader HTA approach to decision making. Mini-
HTA is a comprehensive management and decision support tool targeted at hospital 
managers and clinicians which aims at a strong role for healthcare providers [19,20]. The 
tool is intended to promote informed decision making regarding the acquisition (i.e. 
purchase) of a new health technology, taking into consideration scientific evidence (for 
patient benefit) combined to the impact on the hospital in the context of its organisation, 
culture and economic considerations [19, 20]. The dimension of value at hospital level 
may be captured through safety, patient impact and benefit, cost-effectiveness, quality 
of evidence and level of innovation [21]. The dimension of risk may be broken down 
into the impact on staff and space, incremental and net costs and the investment effort 
required [21]. Most of these variables were not incorporated in our cost-effectiveness-
based value appraisal. Various initiatives of mini-HTA or hospital-based HTA have been 
developed in recent years [22]. Although their approaches seem unharmonised, these 
initiatives reflect a clear general need for hospital-based evidence when medical tech-
nologies, and particularly imaging diagnostics, are to be acquired. Among the recent 
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approaches, a tool combining mini-HTA and multi-criteria decision analysis (MCDA) was 
developed, also reflecting the growing need to incorporate the opinion of end-users (i.e. 
clinicians) into the hospital decision making process [23].

Beyond CEAs: MCDA and budget impact
We touched upon some of the limitations of the cost-effectiveness framework with 
regards to its general implications at healthcare system level. Fortunately, HTA is a much 
more comprehensive discipline which offers complementary methods addressing other 
important concepts than value, such as equity or affordability.

MCDA is a potential contributor to decision making that involves a broader and flexible 
set of criteria or benefits, compared to the restricted cost per QALY gained (captured by 
the ICER). MCDA allows for a systematic, explicit, transparent trade-off between various 
relevant criteria in the decision-making process [24]. This method offers the advantage 
to account for multiple stakeholders’ perspectives [24]. The included criteria vary widely 
and include disease prevalence, disease severity, life expectancy of a patient left un-
treated, effectiveness of intervention and whether the condition is related to patient 
risk behavior. Noteworthy is the fact that the ICER can be part of the MCDA. In line with 
this approach, a recent comprehensive benefit-risk framework specifically assessing the 
value of imaging diagnostics identified 36 criteria classified into three domains: test or 
device attributes, clinical management or provider experience and patient experience 
(Table 9.1) [25]. These criteria are subject to trade-offs across diseases and patients’ or 
providers’ preferences. Furthermore, the choice of criteria depends on the disease or 
indication. While the missed cases, the examination time or the patient preparation re-
quirements might be essential criteria in acute stroke care where ‘’time is brain’’, criteria 
related to patient experience (radiation, toxicity of contrast agent) may be more relevant 
in the area of NOCAD.
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Table 9.1 Benefit-risk criteria for the assessment of diagnostic imaging, categorised into 3 domains [25]

Test-specific Features Patient Management and Provider 
experience

Patient experience

Missed cases Therapeutic/procedural success Value of knowing

False diagnoses Potential for additional confirmatory testing 
(inconclusive/false-positive results)

Disvalue of knowing

Diagnostic accuracy 
consistency

Potential for incidental finding 
management

Burden (time and money) 
to patient

Interobserver reading 
agreement

Net unnecessary treatment (test prescribed 
or averted treatment)

Patient comfort

Depth/breadth of anatomy 
visualisation

Access to test Patient future compliance 
and behaviour

Invasiveness/risk of adverse 
events

Time to diagnosis Radiation-induced cancers

Contrast reaction potential Inpatient/outpatient healthcare visits Length/quality of life

Ionising radiation dose Time to discharge

Patient-specific exclusions Provider utility

Failure/malfunction rate Liability protections

Patient preparation 
requirements

Financial incentives

Examination time Contribution of information to prognosis

Post-test observation time

Decision support

Portability 

Ease of use

Reimbursement potential

Finally, while we have clearly showed that advanced imaging for referral to MT provides 
high value (in terms of cost per health outcome), we have not assessed the affordability 
of the intervention (diagnosis + treatment) at country level. Affordability can be evalu-
ated by means of a budget impact analysis which is generally conducted in addition to 
the ‘’companion’’ CEA [26]. A budget impact analysis accounts for the number of patients 
who need the intervention (stroke incidence for instance) multiplied by the cost of the 
intervention at a short time-horizon (a few years). This analysis allows national payers 
to quantify how using the technology in clinical practice will affect their budget and is 
often used for resource planning and budget allocation. Affordability is a key element 
determining patient access to treatment. In the case of stroke, in spite of the high value 
of advanced imaging and MT, it is likely that some governments cannot afford to cover 
the costs of diagnostic and treatment for all clinically eligible patients. An intervention 
might be highly cost-effective but unaffordable at population level, which suggests 
that priority should be given to certain patients according to country-specific prefer-
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ences (younger patients, patients with the greatest needs or patients most likely to 
benefit from treatment, for example). Finally, a budget impact analysis, incorporated 
as an element of mini-HTA, could be highly relevant to decision makers. Budget impact 
analyses performed at hospital level might support the idea that high-cost diagnostic 
technologies should be concentrated in a few specific hospitals or clinics rather than 
widely spread.

One method does not fit all countries
We provided international insight into the value of SPCCT in the UK (Chapter 4 and 8), in 
the US (Chapter 5) and in Germany, Hungary and Sweden (Chapter 6). Our country-specific 
results are based on the single methodology of cost-effectiveness, which might not equally 
be suited to the different investigated countries. While the UK, Germany and Sweden strive 
for a better quality and equal access to care combined with an efficient use of resources, 
Hungary places increased attention on budget considerations during the pricing and 
reimbursement decision-making process [11]. In contrast, the US has historically been 
less inclined to financial constraints in healthcare [27]. Germany follows the principle of 
added therapeutic benefit and requires health economic evidence (cost-benefit analyses) 
for reimbursement decisions only when no agreement on the reimbursed price is reached 
[11]. These different uses of HTA across European countries show that country-specific 
methods should be used to assess the country-specific value of healthcare technologies, 
especially if the value appraisal is intended for reimbursement.

To a certain extent, and in the interest of patients across countries, our work questions 
the necessity of a more harmonised international HTA system to ensure timely and eq-
uitable access to new high value healthcare technologies. EUnetHTA (European network 
for HTA) has the mission ‘’to support collaboration between European HTA organisations 
that brings added value to healthcare systems at the European, national, and regional 
level’’ [28]. Despite the EUnetHTA achievements, concern has been raised regarding 
the untransparent and heterogeneous reimbursement decisions across countries for a 
similar drug-indication [29]. To date, despite growing efforts focused on the assessment 
of medical devices by EUnetHTA and other HTA organisations, no evidence regarding 
the appraisal process for expensive imaging diagnostics is available. The challenges and 
specificities related to the reimbursement of diagnostics suggest rather more heteroge-
neity than less, compared to pharmaceuticals.
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9.5 Recommendations for future research

We have provided an early insight into the potential value of SPCCT. Further research 
is needed to confirm our cost-effectiveness estimates. First, real world data are needed 
to understand what imaging modalities are currently used in clinical practice for the di-
agnosis of stroke and NOCAD patients at hospital level, national level and international 
level. Real world data based on registries, patient electronic dossiers or big healthcare 
data might be ways to obtain high quality data, especially in countries characterised by 
less research capacities. Value of information analyses using our models could be help-
ful to set the research agenda and priorities regarding data collection. Second, clinical 
studies of SPCCT (trials and observational studies) should be conducted to provide solid 
evidence regarding the clinical efficacy. The potential harms of testing should also be 
investigated. More generally speaking, the value assessment of SPCCT from a patient 
perspective might be relevant. Third, structural uncertainty related to the framing of our 
CEAs should receive additional attention. This particularly needs to be addressed in the 
area of NOCAD, where more robust evidence regarding long-term statin efficacy is nec-
essary. Disease-specific standards for modelling might contribute to a higher quality of 
the health-economic evidence. Fourth, further research should investigate the optimal 
deployment of advanced imaging diagnostic based on the organisation of acute stroke 
care at country level. Since the value of advanced imaging operates via treatment, it is 
necessary to optimise the network of care according to the country-specific practical 
constraints, in terms of budget, manpower, geography, infrastructures and culture. Fifth, 
there is a limit to the price of advanced imaging per patient beyond which the country-
specific conventional cost-effectiveness threshold, if any, will not be met. Headroom 
analyses should be conducted to determine the maximum price of an advanced imag-
ing scan per stroke patient and NOCAD patient according to the national willingness-
to-pay threshold. Headroom analyses could also inform value-based pricing and should 
be conducted for each indication of SPCCT. Finally, international harmonisation of the 
HTA process for reimbursement might be needed to promote fairness and equitable 
access to care for patients across countries. The relevance and mandate of international 
organisations such as EUnetHTA to promote HTA harmonisation throughout European 
countries in favour of equal access to care should be determined.

General conclusion

Despite a lack of data and considerable practice variation across countries, we have used 
modelling techniques to assess the cost-effectiveness of complex diagnostic strategies 
in cardiovascular diseases. More specifically, we estimated the country-specific cost-
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effectiveness of the currently developed SPCCT modality in stroke and NOCAD care and 
identified the technical drivers of the value per disease area. We explained the relevance 
of our early HTA findings to the manufacturer and highlighted the necessity to sharpen 
our cost-effectiveness estimates once more evidence and (quality) data become avail-
able. The evidence of value of SPCCT might be required by decision makers or payers at a 
later time. Although CEAs form a solid pillar in value assessment regardless of the level of 
decision making, they present limitations that complementary methods incorporating 
different stakeholder perspectives may overcome. Depending on the stage of diffusion 
and implementation of SPCCT, later in its life cycle, a more comprehensive approach 
including mini-HTA, MCDA and budget impact analyses might become relevant. In the 
current phase, our economic analyses present strong and useful evidence of how SPCCT 
is expected to be a promising diagnostic technology in cardiovascular diseases.
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Summary

Worldwide, in a context of diffusion of medical technologies and increasing healthcare 
costs, there in a strong need for scientific evidence to support the decision-making 
process regarding the use and financing of new technologies. Health technology as-
sessment (HTA) is the systematic evaluation of the direct and intended effects of a health 
technology, as well as its indirect and unintended consequences. Economic evaluations 
are the core of HTA and provide insight into the costs and effects of a new technology 
compared with another one, which, in many occasions, is current care. The methods 
of cost-effectiveness analysis and cost-utility analysis are commonly used, leading to 
the generic efficiency outcome of cost per quality-adjusted life year (QALY). Framing 
is a crucial initial step of a cost-effectiveness/utility analysis, which includes defining 
the patient population, the intervention, the comparator, and the perspective. Framing 
also is required when evidence from various sources is mathematically synthesised in 
a decision analytic model. The key purpose of decision modelling in healthcare is to 
provide evidence for decision-making under the conditions of uncertainty. Decision 
model uncertainty is threefold: it includes the uncertainty related to the values of the 
parameters used, to patient heterogeneity and to the structural choices that are be-
hind the model, such as the clinical events and statistical methods used. Making these 
concepts of uncertainty explicit, early HTA can also be used alongside the research and 
development phase of a new technology to inform the manufacturer and other relevant 
stakeholders about the potential value of the technology. This is especially relevant 
for diagnostic technologies since early decision analytic modelling may encourage 
developers to adjust the technical features to improve the value of new diagnostics for 
treatment decisions, patients, healthcare providers, manufacturers, and more generally, 
society. A positive value assessment might lead to favourable decisions regarding pur-
chase and/or reimbursement by healthcare providers and healthcare authorities. Finally, 
since the value of a health technology is highly dependent on the healthcare system 
context, transferring health economic evidence from one country to another might be a 
fast and efficient method to inform decision makers in various jurisdictions.

Diseases
Leading cause of death and associated with a high humanistic and economic burden 
globally, cardiovascular diseases (CVD) are a group of disorders of the heart and blood 
vessels, that include coronary heart diseases and cerebrovascular diseases. The large 
majority of CVD cases is caused by atherosclerosis, which is the deposit of fatty mate-
rials (or plaques) on the inner wall of arteries. Plaques and plaque rupture or erosion 
can cause vessel occlusion and lead to cardiovascular events, such as acute coronary 
syndrome (ACS) (including myocardial infarction (MI)), stroke and/or death. The new 
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emerging and innovative imaging technology spectral photon-counting computed 
tomography (SPCCT) could potentially add value in the diagnostic workup of patients 
experiencing or being at risk of a cardiovascular event.

This thesis focuses on two major cardiovascular disorders: ischaemic stroke and coronary 
artery disease (CAD), with ACS and non-obstructive coronary artery disease (NOCAD). 
First, acute patients presenting with stroke-like symptoms need to receive a timely as-
sessment of the cause and nature of brain damage before clinicians can decide on the 
type of acute treatment. SPCCT is expected to improve acute stroke treatment decision-
making by a better quantification of brain perfusion impairment. Second, patients 
presenting with chest pain or discomfort require an assessment of the cause of their 
complaints before treatment can be determined. By its higher sensitivity to calcification 
and increased spatial resolution, SPCCT is expected to improve the accuracy of coronary 
stenosis measurement and the characterisation of atherosclerotic plaques in terms of 
their structure and biology. With this level of information, SPCCT is expected to identify 
plaques that are at risk of rupture and to guide the decision of preventive treatment in 
CAD.

This thesis
The overall objective of this thesis is to assess the potential cost-effectiveness of the cur-
rently developed advanced diagnostic imaging technology SPCCT, to support health-
care decision-making, taking international variation into account. Four main research 
questions are covered. First, what is known about current care and its variation in four 
European countries regarding the diagnostic workup and therapeutic interventions for 
patients presenting with a suspected stroke and patients presenting with ACS? Second, 
what is the cost-effectiveness of SPCCT in ischaemic stroke patients in the United King-
dom (UK) and the United States of America (USA)? Third, is there international variation 
in the cost-effectiveness of SPCCT for patients with ischaemic stroke and is the transfer 
of an economic model a valid method to obtain country-specific estimates? Fourth, 
what is the cost-effectiveness of SPCCT in patients with NOCAD in the UK?

The studies
In Chapter 2, a description of the currently used stroke imaging technologies and prac-
tice variation across Germany, Hungary, Sweden and the UK is provided. This information 
is needed to reflect current clinical practice in our subsequent cost-effectiveness analy-
ses. In a systematic literature review, original studies reporting the imaging workup used 
in acute stroke care were identified. Following the design of a de novo search strategy, 
five databases were consulted, and fifteen studies were included in the final analysis. 
Most of the selected articles were observational studies based on national registries. 
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No study was identified for Hungary. Computed tomography (CT) was reported as the 
main diagnostic imaging modality used in stroke care. Evidence regarding the optimal 
imaging approach to diagnose stroke patients is lacking. Furthermore, evidence was 
insufficient to make an accurate between-country comparison of the imaging workup 
used in stroke care.

A variety of imaging and treatment options for stroke treatment exists. In order to 
complement the findings of Chapter 2 and examine current practice, we developed a 
web-based survey that was distributed to clinicians throughout Europe. Despite a low 
response rate, we presented responses from Sweden (21), the UK (16), Hungary (15), 
Germany (12) and Europe (47) in Chapter 3. Variation in acute stroke diagnosis across 
European countries appeared to be limited regarding the first-line imaging test (CT 
used for 81% to 93% of patients). However, variation increases at later stages of the 
imaging workup and in the choice of treatment. German and UK respondents reported 
that 81% and 12%, respectively, of their patients with a large vessel occlusion diagnosed 
within 4.5 hours received intravenous thrombolysis and thrombectomy. For patients 
diagnosed with an extensive ischaemic stroke within 2 hours from onset, 75% of the UK-
respondents stated thrombectomy as their preferred revascularisation treatment, but 
only 13% reported to use it. We conclude that further research is needed to compare the 
quality of stroke care across countries and determine the most cost-effective second-
line imaging workup to diagnose stroke patients.

In Chapter 4, we compared the cost-effectiveness of two care pathways for acute 
ischaemic stroke patients in the UK: mechanical thrombectomy (MT) limited to 6 hours 
after symptom onset based on conventional imaging versus MT within and beyond 6 
hours based on selection by advanced imaging. For this purpose, we developed a deci-
sion tree (representing the short-term diagnostic and treatment phase) and a Markov 
trace (representing the long-term post-stroke evolution until death) and modelled the 
progression of a hypothetical UK-cohort of patients aged 71. Various scenarios based 
on different values of prior probability to benefit from late thrombectomy and imaging 
accuracy were evaluated. In addition, probabilistic sensitivity analyses were conducted. 
Incremental cost-effectiveness ratios varied from $8,199 (£6,164) to $49,515 (£37,229) 
per QALY gained. Our analyses showed that advanced imaging accuracy impacted 
the incremental cost-effectiveness ratio mainly when its specificity decreased. Over a 
lifetime horizon, all scenarios including late MT improved QALYs. Depending on the sce-
nario, the probabilistic sensitivity analyses showed probabilities varying between 46% 
and 93% for the late MT pathway to be cost-effective at a willingness to pay threshold 
of $39,900 (£30,000) per QALY. We show that, in principle, late MT up to 12 hours from 
symptom onset may be good value for money. However, additional data are needed 
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regarding the implementation of advanced imaging and prior probability for patients 
with an ischaemic stroke to benefit from late MT before the cost-effectiveness can be 
fully assessed.

Recent evidence (DAWN and DEFUSE 3 trials) regarding the functional benefit of late 
MT at a 3-month follow-up showed that MT might be beneficial up to 24 hours from 
stroke onset. Delivering MT in the late treatment window (between 6 and 24 hours from 
symptom onset) requires advanced neuroimaging selection of patients. In Chapter 5, 
we presented whether the short-term functional benefit of late MT based on advanced 
imaging and standard medical care (SMC) translates into cost-effectiveness in the USA 
over a lifetime, compared to SMC only. Adopting a US healthcare perspective, a cost-
effectiveness model combining a decision tree and Markov trace was designed and 
populated with the results of the DAWN and DEFUSE 3 trials. For the total trial popula-
tions, the ICERs were $662/QALY and $13,877/QALY, respectively. Late MT+SMC (versus 
SMC only) has a 99.9% probability of being cost-effective at the willingness to pay of 
$100,000/QALY. Subgroup analyses revealed a wide range of probabilities for MT+SMC 
to be cost-effective at $50,000/QALY, with the greatest uncertainty observed for patients 
with NIHSS≥16 (National Institutes of Health Stroke Scale) and patients of 80 years or 
older.

Chapter 6 presented the international variation in the value of SPCCT for ischaemic 
stroke patients and a methodology to assess the validity of transferring cost-effectiveness 
evidence from a country to another. A 4-step approach combining the framework by Mc-
Cabe and Welte was developed and implemented to assess the validity of transferring 
the decision analytic model of Chapter 4 from the UK to Germany, Hungary and Sweden. 
The UK model appeared to be relevant for the 3 decision countries. Transferability 
limiting factors were identified which led to the localisation of input data per decision 
country. A step was dedicated to the quality assessment of the local data. Model-based 
results were compared across countries. Lifetime incremental cost-effectiveness ratios 
per QALY gained varied across countries: €4,525 (UK), €7,506 (Germany), €12,749 (Hun-
gary), €-11,242 (healthcare perspective) and €-16,362 (societal perspective) for Sweden. 
Despite variation, advanced imaging, followed by late MT, is cost-effective in the 4 
countries. Transferring the original model based on a 4-step approach appeared to be 
an efficient method to provide a preliminary assessment of the cost-effectiveness of late 
MT in different countries. We showed high validity of the cost-effectiveness estimates for 
Sweden. Moderate validity was shown for Germany and Hungary, with the quality of the 
local data being the main validity-limiting factor.
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Chapter 7 presents the findings of our European web-based survey regarding the diag-
nostic and treatment strategies in patients with known or suspected ACS, as reported by 
respondents. The survey focused on ACS imaging and revascularisation treatments and 
on a range of clinical scenarios. Given the limited number of respondents, we clustered 
the responses for Sweden (20), the UK (16), Northern/Western Europe (17), Southern 
Europe (9), and Central Europe (7). Considerable variations between geographical areas 
were observed in terms of reported diagnostic modalities and treatment strategies. The 
differences reported may indicate that some patients do not receive the best available 
care and may experience different health outcomes across geographical areas. Larger 
studies and real-world data are needed to verify these observations and investigate 
their causes.

Patients with NOCAD are at a higher risk of cardiovascular events than patients with 
normal coronary arteries and may benefit from statin therapy. Chapter 8 presented 
the potential cost-effectiveness of SPCCT (versus coronary CT angiography (CCTA)) in 
diagnosing and selecting patients with NOCAD for statin treatment in the UK, based 
on the identification of vulnerable coronary plaques. A de novo decision tree and a 
Markov trace were developed to model the expected outcomes for a hypothetical UK 
cohort of 50-year-old male patients with stable chest pain and no history of CAD. Our 
deterministic and probabilistic results showed that an imaging test providing increased 
sensitivity in detecting vulnerable plaques would add value compared to CCTA. Never-
theless, accurate data regarding the efficacy and adverse events of statin treatment are 
needed before the cost-effectiveness of SPCCT can be estimated more precisely in this 
population.

Discussion
In Chapter 9, an overview of the main findings of the studies is presented together with 
the implications of our results, the challenges encountered and the limitations of our ap-
proach. In light of our research questions, our findings are fourfold. First, despite limited 
data, there is a clear indication of considerable variation between European countries 
regarding the diagnostic workup and therapeutic interventions for patients suspected 
with stroke and patient presenting with ACS. Second, SPCCT is cost-effective in patients 
with ischaemic stroke in the UK and in the USA. A reduced specificity of SPCCT reduced 
its cost-effectiveness. Third, despite variation in country-specific cost-effectiveness esti-
mates, advanced imaging, followed by late MT, appeared to be good value for money 
in Germany, Hungary and Sweden. However, based on a 4-step approach, we showed a 
suboptimal validity of our German and Hungarian cost-effectiveness estimates derived 
from the transfer of a cost-effectiveness model. Fourth, SPCCT is cost-effective in pa-
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tients with NOCAD in the UK, provided increased sensitivity compared to competing 
technologies.

Our results have implications for test-developers, clinicians, policy makers and payers, 
and beyond, for scientific purposes. The definition of current care, the lack of data, the 
necessity to deal with uncertainty and the specific complexity of assessing diagnostics 
were the main challenges that we faced throughout our work. We highlighted the limi-
tations of the narrow approach of cost-effectiveness analyses. Those limitations could 
be overcome by complementary methods such as mini-HTA, multi-criteria decision 
analysis (MCDA) and budget impact analyses. In order to confirm our cost-effectiveness 
estimates, further research is needed to collect real-world data, assess the clinical ef-
ficacy of SPCCT, address structural uncertainty, investigate the optimal deployment of 
advanced imaging in clinical practice and determine its maximum price.

General conclusion
Despite a lack of data and considerable practice variation across countries, we have used 
modelling techniques to assess the cost-effectiveness of complex diagnostic strategies 
in cardiovascular diseases. More specifically, we estimated the country-specific cost-
effectiveness of the currently developed SPCCT modality in stroke and NOCAD care and 
identified the technical drivers of the value per disease area. We explained the relevance 
of our early HTA findings to the manufacturer and highlighted the necessity to sharpen 
our cost-effectiveness estimates once more evidence and (quality) data become avail-
able. The evidence of value of SPCCT might be required by decision makers or payers at a 
later time. Although CEAs form a solid pillar in value assessment regardless of the level of 
decision-making, they present limitations that complementary methods incorporating 
different stakeholder perspectives may overcome. Depending on the stage of diffusion 
and implementation of SPCCT, later in its life cycle, a more comprehensive approach 
including mini-HTA, MCDA and budget impact analyses might become relevant. In the 
current phase, our economic analyses present strong and useful evidence of how SPCCT 
is expected to be a promising diagnostic technology in cardiovascular diseases.
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Wereldwijd, in de context van introductie van medische technologie en stijgende kos-
ten van de gezondheidszorg, is er een sterke behoefte aan wetenschappelijk bewijs om 
besluitvorming te ondersteunen betreffende het gebruik en de financiering van nieuwe 
technologieën. Health technology assessment (HTA) is de systematische evaluatie van 
de directe en bedoelde effecten van een technologie, als mede de indirecte en onbe-
doelde consequenties. Economische evaluaties zijn de kern van HTA en geven inzicht in 
de kosten en de effecten van een nieuwe technologie in vergelijking met een alternatief, 
in veel gevallen de huidige zorg. De onderzoeksmethoden kosteneffectiviteitsanalyse 
en kostenutiliteitsanalyse worden veel gebruikt en deze leiden vaak tot de generieke 
uitkomst van de kosten per voor kwaliteit gecorrigeerd levensjaar (Quality Adjusted 
Life Year, QALY). Een cruciale stap van een kosteneffectiviteitsanalyse of kostenutili-
teitsanalyse is het vaststellen van de uitgangspunten, en dit betreft het definieren van 
de patiëntenpopulatie, de interventie, het vergelijkingsalternatief (comparator) en het 
perspectief van analyse. Het definieren van dergelijke uitgangspunten is ook noodzake-
lijk in het geval wetenschappelijke data uit verschillende bronnen mathematisch in een 
besliskundig model worden samengevoegd. Het belangrijkste doel van besliskundig 
modelleren in de context van de gezondheidzorg is om wetenschappelijk bewijs ten 
behoeve van besluitvorming te leveren, waarbij onzekerheid centraal staat. Onzeker-
heid in relatie tot besliskundige modellen bestaat uit drie onderdelen: onzekerheid 
betreffende de specifiek waarden van rekenparameters in het mathematisch model, 
verscheidenheid (heterogeniteit) in patiëntenpopulaties en ten derde de keuzen die ten 
grondslag liggen aan het model, zoals klinische gebeurtenissen en de gebruikte statisti-
sche methoden. Door deze concepten van onzekerheid expliciet te maken kan vroege-
HTA tijdens de onderzoek- en ontwikkelingsfasen van een nieuwe technologie gebruikt 
worden om de fabrikant en andere belanghebbenden te informeren over de potentiele 
waarde van de technologie. Dit is vooral relevant voor diagnostische technologie omdat 
besliskundig modelleren tijdens de ontwikkelingsfase ontwikkelaars kan stimuleren 
technische mogelijkheden aan te passen om zodoende de waarde van de diagnostische 
technologie voor behandelbeslissingen, patiënten, zorgprofessionals, producenten, en 
de samenleving als geheel te verbeteren. Een positieve waardering kan dan leiden tot 
positieve beslissingen betreffende aankoop en/of vergoeding door zorgaanbieders en 
zorgautoriteiten. Ten slotte, omdat de waarde van een gezondheidstechnologie erg 
afhankelijk is van het gezondheidszorgsysteem waar deze ingezet gaat worden, is de 
aanpassing van gezondheidseconomisch bewijs van het ene naar het andere land mo-
gelijk een snelle en efficiente methode om belanghebbenden in verschillende landen 
te informeren.
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Aandoeningen
Cardiovasculaire ziekten (cardiovascular diseases, CVD) ofwel hart- en vaatziekten zijn 
de belangrijkste doodsoorzaken en gaan gepaard met wereldwijd aanzienlijke men-
selijke en economische consequenties. Deze ziekten betreffen aandoeningen van het 
hart en de bloedvaten, waaronder aandoeningen aan de kransslagaders, ofwel coro-
naire hartziekten en aandoeningen aan de bloedvaten in en naar de hersenen, ofwel 
cerebrovasculaire ziekten. Het merendeel van de CVD-gevallen wordt veroorzaakt door 
atherosclerose waarbij vet- of andere lichaamscellen zich ophopen in de binnenwand 
van de slagader en daar een plaque vormen. De plaque zelf en ook het scheuren of 
eroderen van de plaque kan leiden tot afsluiting van een bloedvat en zodoende car-
diovasculaire incidenten veroorzaken zoals acuut coronair syndroom (waaronder myo-
cardinfact ofwel hartaanval), ischemisch cerebrovasculair accident (ofwel beroerte) en/
of overlijden. De nieuwe en innovatieve beeldvormende technologie, genaamd spectral 
photon counting computed tomography (SPCCT), heeft de potentie van waarde te zijn 
in het diagnostische traject van patiënten die een cardiovasculair incident doormaken 
of daar risico op lopen.

Dit proefschrift richt zich op twee belangrijke cardiovasculaire aandoeningen: ische-
misch cerebrovasculair accident (ICVA) en de coronaire vaataandoeningen acuut coro-
nair syndroom (ACS) en non-obstructief coronaire vaataandoeningen (non-obstructive 
coronary artery disease, NOCAD). Ten eerste richten we ons op acute patiënten met 
CVA-achtige symptomen. Deze moeten zo snel mogelijk onderzocht worden om de 
oorzaak en de kenmerken te bepalen van mogelijke hersenschade voordat de arts kan 
beslissen welke behandeling het beste is. SPCCT zal naar verwachting de besluitvor-
ming in deze situatie verbeteren doordat de doorbloeding van de hersenen beter kan 
worden gequantificeerd. Daarnaast concentreert dit proefschrift zich op patiënten met 
pijn of druk op de borst. Hier moet de oorzaak van deze klachten worden vastgesteld 
voordat een behandeling kan worden bepaald. Door de hogere gevoeligheid van SPCCT 
voor calcificaties en betere beeldkwaliteit door een hoger aantal pixels kan worden 
verwacht dat de nauwkeurigheid van de meting van vernauwing van kransslagaders 
toeneemt. Daarnaast kan SPCCT de structuur en samenstelling van eventuele plaque 
beter vaststellen. Hierdoor kan SPCCT plaques identificeren die risico lopen te scheuren 
en zodoende kan besloten worden tot preventieve behandeling bij CAD.

Dit proefschrift
Het doel van dit proefschrift is om de potentiele kosteneffectiviteit van de in ontwikke-
ling zijnde diagnostische beeldvormende technologie SPCCT vast te stellen en hiermee 
gezondheidszorgbeslissingen te informeren, rekening houdend met internationale 
variatie. Vier onderzoeksvragen worden behandeld. 1) Wat is er bekend over de huidige 
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zorg en de variatie tussen vier Europese landen betreffende het diagnostisch traject en 
behandelbeleid voor patiënten verdacht een van cerebrovasculair accident, dan wel 
patiënten met klachten die wijzen op ACS? 2) Wat is de kosteneffectiviteit van SPCCT 
bij patiënten met ICVA in het Verenigd Koninkrijk (UK) en in de Verenigde Staten van 
America (USA)? 3) Is er internationale variatie in de kosteneffectiviteit van SPCCT bij 
patiënten met ICVA en is het valide om een economisch rekenmodel aan te passen om 
te komen tot land-specifieke schattingen? 4) Wat is de kosteneffectiviteit van SPCCT bij 
patiënten met NOCAD in de UK?

De studies
In hoofdstuk 2 wordt een beschrijving gegeven van de momenteel bij cerebrovasculair 
accident (CVA) toegepaste beeldvormende technologieën en de variatie in de CVA-zorg 
tussen Duitsland, Hongarije, Zweden en de UK. Deze bevindingen zijn nodig om de 
huidige zorgpraktijk in onze kosteneffectiviteitsanalyses weer te geven. In een syste-
matisch literatuuronderzoek werden originele onderzoeksstudies opgenomen waarin 
de diagnostische trajecten werden gepresenteerd in de zorg voor patiënten met CVA. 
Gebaseerd op een gericht ontwikkelde zoekstrategie werden vijf literatuur databases 
doorzocht en op basis hiervan werden 15 originele studies in het literatuuroverzicht 
opgenomen. De meeste van deze studies betroffen observationele studies op basis 
van nationale registers. Voor Hongarije werd geen enkele studie gevonden. Computed 
tomografie (CT) werd gerapporteerd als de belangrijkste beeldvormende technologie 
bij de zorg voor CVA-patiënten. Eenduidig bewijs van het optimale diagnostische traject 
voor deze patiënten ontbreekt. Verder bleek dat er onvoldoende bewijs is om een nauw-
keurige vergelijking tussen de vier landen te maken betreffende dit diagnostisch traject.

Er is een veelheid van beeldvormende technologieën en behandelopties voor CVA. Om 
de bevindingen zoals gepresenteerd in hoofdstuk 2 aan te vullen en de huidige zorg-
praktijk te bestuderen werd een online enquête ontwikkeld en verstuurd naar clinici in 
Europa. Ondanks een lage response rapporteren we in hoofdstuk 3 de antwoorden uit 
Zweden (21), de UK (16), Hongarije (15), Duitsland (12) en overige Europese landen (47). 
De variatie tussen Europese landen met betrekking tot diagnostiek van acute CVA bleek 
beperkt wat betreft de eerst toegepaste beeldvormende technologie: CT werd gebruikt 
in 81% tot 93% van de patiënten. Echter, praktijkvariatie nam toe in de latere stadia van 
het beeldvormende diagnostische traject en in de keuze van de behandeling. Duitse en 
Britse respondenten rapporteerden dat respectievelijk 81% en 12% van de patiënten 
waarbij binnen 4,5 uur na aanvang van symptomen een grote arteriele vernauwing werd 
gediagnostiseerd, behandeld werd met intraveneuze bloedverdunning (trombolyse) en 
verwijdering van het bloedstolsel (trombectomie). Betreffende patiënten die binnen 
2 uur gediagnostiseerd werden met een uitgebreid herseninfarct rapporteerde 75% 
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van de Britse respondenten dat zij trombectomie als behandeling prefereerden, maar 
tegelijkertijd deed slechts 13% dit daadwerkelijk. We concluderen dat nader onderzoek 
nodig is om de kwaliteit van CVA-zorg tussen landen te kunnen vergelijken en om te 
bepalen welke 2e-lijns beeldvormende technologie het meest kosteneffectief is om 
CVA-patiënten te diagnostiseren.

In hoofdstuk 4 vergelijken we de kosteneffectiviteit van twee zorgpaden voor acute 
ICVA-patiënten in de UK: mechanisme trombectomie (MT) tot 6 uur na aanvang van 
symptomen op basis van conventionele beeldvorming versus MT tot, maar ook na 6 
uur na aanvang van symptomen op basis van geavanceerde beeldvorming. Hiertoe ont-
wikkelden wij een beslisboom (die het korte termijn diagnostische en behandeltraject 
weergaf ) en een Markov-model (die de lange termijn voortgang na CVA weergaf, tot 
overlijden) en we modelleerden hiermee de voortgang van een hypothetisch UK-cohort 
van 71-jarige patiënten. Verschillende scenario’s gebaseerd op verschillende waarden 
van zowel de a priori-kans om baat te hebben van late MT als de accuraatheid van 
geavanceerde beeldvorming werden doorgerekend. Daarnaast werden probabilistische 
gevoeligheidsanalyses uitgevoerd. Incrementele kosteneffectiviteitsratio’s (IKER) vari-
eerden van $8.199 (£6.164) tot $49.515 (£37.229) per gewonnen QALY. Onze analyses 
lieten zien dat de accuraatheid van geavanceerde beeldvorming vooral invloed heeft 
op de incrementele kosteneffectiviteitsratio wanneer de specificiteit verlaagd wordt. Bij 
een levenslange tijdhorizon resulteerde late MT in alle scenario’s tot gezondheidswinst 
(meer QALY’s). Afhankelijk van het scenario lieten de probabilistische gevoeligheidsana-
lyses zien dat de kans dat het late MT-traject kosteneffectief was bij een kosteneffecti-
viteitsdrempelwaarde van $39.000 (£30.000) per gewonnen QALY varieerde tussen 46% 
en 93%. We lieten zien dat, in principe, late MT tot 12 uur na aanvang van symptomen 
een goede investering kan zijn. Echter, additionele gegevens zijn nodig betreffende de 
implementatie van geavanceerde beeldvorming en de a priori-kans van ICVA-patiënten 
om baat te hebben van late MT voor de kosteneffectiviteit kan worden vastgesteld.

Twee recente klinische trials (DAWN en DEFUSE 3) lieten zien dat er 3 maanden na 
behandeling positieve functionele effecten waren van late MT, tot 24 uur na aanvang 
van symptomen. Behandeling door middel van MT in het late tijdsbestek na aanvang 
van symptomen (tussen 6 en 24 uur) vereist selectie van patiënten op basis van geavan-
ceerde beeldvorming. In hoofdstuk 5 presenteren we hoe de korte termijn functionele 
effecten van late MT op basis van geavanceerde beeldvorming en standaard medische 
zorg (SMZ) zich lieten vertalen in kosteneffectiviteit in vergelijking met louter SMZ in de 
USA, uitgaande van een levenslange tijdshorizon. Op basis van een Amerikaans gezond-
heidszorg perspectief, werd een kosteneffectiviteitsmodel ontwikkeld, gebaseerd op de 
combinatie van een beslisboom en een Markov model en dit model werd ingevuld met 
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de bevindingen uit de DAWN en DEFUSE 3 studies. Voor de studiepopulaties waren de 
IKERs respectievelijk $662/QALY en $13.877/QALY. Late MT+SMZ (versus louter SMZ) had 
een kans van 99,9% om kosteneffectief te zijn bij een kosteneffectiviteitsdrempel van 
$100.000/QALY. Subgroep analyses lieten zien dat bij een kosteneffectiviteitsdrempel-
waarde van $50.000/QALY deze kans een breed bereik kende, waarbij de belangrijkste 
onzekerheid gold voor patiënten met een NIHSS-score ≥ 16 (National Institutes of Health 
Stroke Scale) en patiënten van 80 jaar en ouder.

In hoofdstuk 6 wordt de internationale variatie betreffende de waarde van SPCCT voor 
ICVA-patiënten gepresenteerd, als ook een methode om te beoordelen wat de validiteit 
is van het transfereren van kosteneffectiviteitsbevindingen van het ene naar het andere 
land. Een vier-stappen benadering werd ontwikkeld die de principes van McCabe en 
Welte combineerde en deze werd toegepast om de validiteit van het transfereren van 
het model zoals gepresenteerd in hoofdstuk 4 van de UK naar Duitsland, Hongarije en 
Zweden te bepalen. Het UK-model bleek passend voor de beslissingscontext van deze 
drie landen. Beperkende factoren voor het transfereren van de UK-bevindigen werden 
vastgesteld en hiervoor werden steeds lokale gegevens verkregen. Ook werd van deze 
gegevens de kwaliteit bepaald. De resultaten gebaseerd op de kosteneffectiviteitsmo-
dellen van de landen werden met elkaar vergeleken en hierbij bleek er variatie in de 
resultaten wat betreft de incrementele kosteneffectiviteit in gewonnen QALY op basis 
van een levenslange tijdhorizon: €4.525 (UK), €7.506 (Duitsland), €12.749 (Hongarije) 
en voor Zweden gebaseerd op een gezondheidsperspectief en een maatschappelijke 
perspectief, respectievelijk -€11.242 en -€16.362. Ondanks deze variatie bleek geavan-
ceerde beeldvorming gevolgd door late MT kosteneffectief in de vier landen. Transfe-
reren van het originele model door middel van de vier-stappen benadering bleek een 
efficiënte methode om een voorlopige analyse van de kosteneffectiviteit van late MT 
in verschillende landen uit te voeren. We lieten zien dat er een hoge validiteit is van de 
kosteneffectiviteitsuitkomsten voor Zweden. Een beperkte betrouwbaarheid bleek het 
geval te zijn voor Duitsland en Hongarije, waarbij de kwaliteit van lokale gegevens de 
beperkende factor was.

In hoofdstuk 7 worden de resultaten gepresenteerd van een online enquête betreffende 
de diagnostische- en behandelstrategieën van patiënten bekend met of verdacht van 
ACS, zoals gerapporteerd door patiënten. De vragenlijst richtte zich op beeldvorming 
en behandelingen voor revascularisatie en daarnaast ook op enkele klinische scenario’s. 
Gegeven het beperkte aantal respondenten werden de antwoorden gegroepeerd van 
Zweden (20), de UK (16), Noord-/West-Europa (17), Zuid-Europa (9) en Centraal-Europa 
(7). Aanzienlijke variatie werd gevonden tussen de verschillende geografische gebie-
den betreffende diagnostische trajecten en behandelstrategieen. De gerapporteerde 
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verschillen gaven mogelijk aan dat sommige patiënten niet de best gangbare zorg 
ontvingen en dat er gezondheidsverschillen waren tussen gebieden. Grotere studies en 
data uit de dagelijkse zorgpraktijk zijn noodzakelijk om onze bevindingen te verifiëren 
en achterliggende oorzaken aan het licht te brengen.

NOCAD-patiënten hebben een hoger risico op cardiovasculaire incidenten dan patiën-
ten met normale kransslagaders waardoor zij mogelijk baat hebben bij behandeling met 
statines. Hoofdstuk 8 presenteert de potientiele kosteneffectiviteit van SPCCT (versus 
coronair CT angiografie, CCTA) in de diagnostiek en selectie van NOCAD-patiënten voor 
statinebehandeling in de UK, gebaseerd op de aanwezigheid en samenstelling van 
arteriele plaque. Een beslisboom en Markov model werden ontwikkeld om hiermee de 
verwachte uitkomsten voor een hypothetisch cohort van 50-jarige mannelijk patiënten 
met stabiele angina pectoris (pijn op de borst), zonder voorgaande CAD. Onze determi-
nistische en probabilistische resultaten lieten zien dat beeldvorming met een hogere 
sensitiviteit om instabiele plaques te detecteren van waarde is ten opzichte van CCTA. 
Desalniettemin zijn preciese gegevens nodig inzake de werkzaamheid en bijwerkingen 
van statinebehandeling voordat de kosteneffectiviteit van SPCCT bij deze populatie 
nauwkeurig kan worden vastgesteld.

Discussie
In hoofdstuk 9 wordt het overzicht van de belangrijkste bevindingen van de studies 
gegeven met daarbij de implicaties van onze resultaten, de uitdagingen die we zijn 
tegengekomen en de beperkingen van onze aanpak. Gegeven onze onderzoeksvragen 
kunnen we de bevindingen in vier punten samenvatten. Ten eerste kan, ongeacht de 
beperkte gegevens, worden gesteld dat er een duidelijke aanwijzing is voor aanzienlijke 
variatie tussen Europese landen wat betreft het diagnostisch traject en behandelbeleid 
voor patiënten verdacht van een cerebrovasculair accident en patiënten met klachten 
die wijzen op ACS. Ten tweede blijkt dat SPCCT kosteneffectief is bij patiënten met 
ICVA in de UK en de USA. Een lagere specificiteit van SPCCT (de kans op een negatieve 
testuitslag bij personen zonder de aandoening) vermindert de kosteneffectiviteit. Ten 
derde werd aangetoond dat ondanks variatie in de kosteneffectiviteit tussen landen 
geavanceerde beeldvorming gevolgd door late MT de investering waard is in Duitsland, 
Hongarije en Zweden. Echter, middels de vier-stappen benadering laten we zien dat 
het transferen van een kosteneffectiviteitsmodel naar Duitsland en Hongarije leidt tot 
beperkte validiteit van resultaten. Ten vierde stellen we vast dat SPCCT bij patiënten 
met NOCAD in de UK kosteneffectief is zolang de sensitiviteit (de kans op een positieve 
testuitslag bij personen met de aandoening) hoger is dan bij andere beeldvormende 
technologieën.
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Onze resultaten hebben implicaties voor de ontwikkelaars van diagnostische tests, 
zorgverleners, beleidsmakers, financiers en verzekeraars en bovendien de wetenschap. 
De definitie van huidige zorg, de schaarste aan gegevens, de noodzaak om rekening te 
houden met onzekerheid en de specifieke complexiteit van de evaluatie van diagnos-
tisch technologie waren de belangrijkste uitdagingen die we in de totstandkoming van 
dit proefschrift tegenkwamen. We hebben de beperkingen van de gerichte benadering 
van kosteneffectiviteitsanalyses laten zien. Dergelijke beperkingen kunnen worden 
gepareerd door toepassing van complementaire onderzoeksmethoden zoals mini-HTA, 
multi-criteria beslissingsanalyse (MCDA) en budget impact analyses. Om onze kostenef-
fectiviteitsschattingen te bevestigen is verder onderzoek noodzakelijk naar gegevens 
uit de dagelijkse zorgpraktijk, als ook het vaststellen van de klinische werkzaamheid 
van SPCCT, de structurele onzekerheid van onze modellen, en bovenal het onderzoeken 
van de optimale toepassing van geavanceerde beeldvorming in de zorgpraktijk en het 
vaststellen van de maximaal acceptabele prijs.

Algemene conclusie
Ongeacht de schaarste aan gegevens en aanzienlijke zorgpraktijkvariatie tussen landen 
hebben we modelleringsmethoden toegepast om de kosteneffectiviteit van complexe 
diagnostische strategieen bij cardiovasculaire aandoeningen te schatten. Hiermee heb-
ben we de landspecifieke kosteneffectiviteit van de in ontwikkeling zijnde technologie 
SPCCT berekend ten behoeve van zorg voor patiënten met CVA en NOCAD en hierbij 
hebben we per aandoening de technische kenmerken vastgesteld die deze waarde in 
grote mate bepalen. Hiermee laten we de relevantie van onze vroege HTA-bevindingen 
aan mogelijke fabrikanten zien en geven de noodzaak aan de kosteneffectiviteitsbe-
vindingen te actualiseren in het geval er betere gegevens beschikbaar komen. In een 
later stadium wordt wellicht dergelijk bewijs over de waarde van SPCCT vereist door 
beleidsmakers of financiers. Alhoewel kosteneffectiviteitsanalyses ongeacht de beslis-
singscontext een belangrijke basis vormen voor de waardebepaling van een technolo-
gie, hebben deze beperkingen die door complementaire onderzoeksmethoden vanuit 
het perspectief van diverse belanghebbenden kunnen worden gecompenseerd. Afhan-
kelijk van de mate van toepassing en implementatie gerelateerd aan de levenscyclus 
van SPCCT kan een bredere benadering, waaronder mini-HTA, MCDA en budget impact 
analyses, relevant worden. In de huidige fase van de levenscyclus van SPCCT geven 
onze economische analyses desalniettemin sterk en nuttig bewijs van hoe SPCCT een 
veelbelovende diagnostische technologie kan zijn bij cardiovasculaire aandoeningen.
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