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Abstract 

I 

ABSTRACT 

Economic evaluations provide a tool to estimate costs and health consequences of competing 
medical technologies, ultimately to aid decision makers when deciding which medical 
technologies should be funded from available resources.  Such decisions inevitably need to 
be taken under uncertainty and it is not clear how to approach them in health care decision-
making.  Recent work in economic evaluation has proposed an analytic framework where 
two related, but conceptually different decisions need to be considered: (1) should a medical 
technology be adopted given existing evidence; and (2) whether more evidence should be 
acquired to support the adoption decision in the future.  The proposed analytic framework 
requires a decision-analytic model appropriately representing the clinical decision problem 
under consideration, a probabilistic analysis of this model in order to determine cost-
effectiveness and characterise current decision uncertainty, and estimating the value of 
additional information from research to reduce decision uncertainty.  The main aim of this 
thesis is to apply the analytic framework on three case studies concerning treatment 
strategies for cardiovascular disease in order to establish whether the treatment strategies 
should be adopted given current available information and if more information should be 
acquired to support the adoption decisions in the future.  The implications for policy and 
methodology of utilising the analytic framework employed in the case studies are also 
discussed in this thesis.  
 
The results of the case studies show that a screening programme for abdominal aortic 
aneurysm in 65-year-old men is likely to be cost-effective in a Swedish setting and there 
appears to be little value in performing further research regarding this decision problem; an 
early interventional strategy in non-ST-elevation acute coronary syndrome is cost-effective 
for patients at intermediate to high risk of further cardiac events in a UK setting; 
endarterectomy in patients with an asymptomatic carotid artery stenosis is cost-effective for 
men around 73 years of age or younger in a Swedish setting and conducting further research 
regarding this decision problem is potentially worthwhile. 
 
Comparing the results of the present analyses with current clinical practice shows a need for 
changing clinical practice in Sweden regarding screening for abdominal aortic aneurysm and 
endarterectomy in patients with asymptomatic carotid artery stenosis.  Furthermore, 
employing the analytic framework applied in the case studies can improve treatment 
guidelines and recommendations for further research.  In particular, treatment guidelines 
ought to consider in which particular subgroups of patients an intervention is cost-effective.   
 
The case studies indicate that it is feasible to apply the analytic framework for economic 
evaluation of health care.  Methodological development can improve the accuracy with 
which cost-effectiveness and value of information is estimated, but may also lead to 
comprehensive and complex evaluations.  The nature of the decision problem should 
determine the level of comprehensiveness required for a particular evaluation.   
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1. INTRODUCTION 

Background 

Economic evaluations provide a tool to estimate costs and health 
consequences of alternative medical technologies in order to establish their 
cost-effectiveness.  If the objective is to maximise health outcomes subject to a 
resource constraint, the results of economic evaluations aid decision makers 
when deciding which medical technologies should be funded from available 
resources [1,2].  These decisions cannot be avoided and inevitably need to be 
taken despite the fact that the estimated cost-effectiveness is often associated 
with a high degree of uncertainty.  It is not clear how to approach such 
decisions in health care in order to achieve an efficient allocation of scarce 
resources.   
 
Principles from decision theory suggest that decisions ought to be based on 
expected values, i.e., the mean cost-effectiveness, given current available 
information.  The uncertainty associated with decisions based on cost-
effectiveness is mainly of importance for the related question of whether to 
acquire further information to support the decision in the future [3].  However, 
this has not been the prevailing paradigm when informing decision-making 
under uncertainty in health care.  Rather, based on classical inferential 
statistics applied in clinical trials, emphasis has been on testing hypotheses 
about cost-effectiveness to determine whether a new medical technology is 
significantly more cost-effective than a comparator [4].  The results of this 
hypothesis testing are then used to guide decisions to adopt a medical 
technology.   
 
Recent work in economic evaluation of health care has questioned this 
approach, arguing that it leads to inefficiency in the adoption of medical 
technologies as rejecting a cost-effective medical technology due to a lack of 
statistical significance is not consistent with an objective of maximising health 
outcomes [5].  Instead, an analytic framework has been proposed, arguing that 
separating the decision to adopt a medical technology and the decision to 
acquire further information can improve efficiency in the provision of medical 
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technologies and in research activities [5,6].  The proposed analytic framework 
requires a decision-analytic model appropriately representing the decision 
problem under consideration, a probabilistic analysis of the model in order to 
determine cost-effectiveness and characterise current decision uncertainty, and 
estimating the value of additional information of research to reduce decision 
uncertainty.  
 
The principles of this analytic framework for economic evaluation in health 
care are gaining acceptance and has been taken up by major decision-making 
bodies outside of Sweden, e.g., the National Institute for Clinical Excellence in 
the UK [7,8].  However, evaluations fully utilising the proposed analytic 
framework are still rarely seen in applied work.  Hence, it is difficult to assess 
the extent to which these methods can influence decision-making and clinical 
practice to date, particularly in Sweden.  
 
In this thesis, the analytic framework is applied to three case studies 
investigating the cost-effectiveness of management strategies concerned with 
treatment and prevention of cardiovascular disease: (1) screening for 
abdominal aortic aneurysm in 65-year-old males; (2) early intervention in 
patients presenting with non-ST-elevation acute coronary syndrome; and (3) 
endarterectomy in patients with asymptomatic carotid artery stenosis. 
 
The results of the case studies are intended to provide guidance regarding the 
adoption of the investigated treatment strategies and whether further 
information should be acquired to support the adoption decisions in the 
future.  Moreover, the implications for policy and methodology of utilising the 
analytic framework employed in the case studies are explored.  The results of 
the case studies are compared with current available treatment guidelines, 
recommendations for further research, and current clinical practice in an 
attempt to address whether the analytic framework used in the present work 
has the potential to improve current decision-making and clinical practice.  
Furthermore, the importance of adequately reflecting uncertainty and 
heterogeneity in cost-effectiveness has been emphasised in the literature [9], 
and it is explored if the methods employed in the case studies can be a useful 
way of achieving this.  
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Aims 

The main aim of this thesis is to apply an analytic framework on three case 
studies concerning treatment strategies for cardiovascular disease in order to 
establish whether: (1) the treatment strategies should be adopted given current 
available information; and (2) whether more information should be acquired 
to support two of the adoption decisions in the future.  Further aims are to 
investigate the implications for policy and methodology of utilising the 
analytic framework employed in the case studies.  

Outline of thesis 

The thesis is structured as follows: chapter 2 provides an overview of the 
analytic framework applied in the case studies, including a brief introduction 
to basic concepts of cost-effectiveness analysis and value-of-information 
analysis; the clinical decision problems investigated in the case studies are 
introduced in chapter 3; chapter 4 provides the results of the case studies; the 
results and their implications for policy are discussed in chapter 5; chapter 6 
provides a discussion of the implications for methodology of using the 
analytic framework; and chapter 7 offers some conclusions.   
 
Further details of the case studies are provided in an appendix.  Due to the 
limited space available in journal papers, many relevant details of modelling 
methods and statistical analyses are reported in technical reports 
accompanying the papers in this thesis.  In the appendix, the interested reader 
will find details from the technical reports not presented in the papers. 

A note on notation 

It is useful to clarify some notational points at the outset.  The terms medical 
technology, intervention, treatment strategy and treatment option are used 
interchangeably and may refer to pharmaceutical treatments, surgical 
procedures or screening programmes.  Although not always synonyms in the 
literature, economic evaluation and cost-effectiveness analysis will be used 
interchangeably in this thesis, and refer to establishing and comparing the 
costs and health outcomes of two or more medical technologies.   
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Finally, a note on the use of currency in this thesis.  The case studies use 
different currencies, which is somewhat confusing.  However, the alternative 
is to use a common currency in this text, which may confuse the contents of 
this thesis with that of the papers.  Thus, in this uncertain decision between 
two confusing states of the world, the currencies employed in the case studies 
are retained in this text.  It should be noted that 10 Swedish kronor (SEK) is 
approximately 1 Euro (€1) or 0.75 pound sterling (£0.75) in August 2007.  
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2. AN ANALYTIC FRAMEWORK FOR 
ECONOMIC EVALUATION 

This chapter provides an overview of the analytic framework for economic 
evaluation of medical technologies that is applied in the case studies.  As 
noted in the introduction, economic evaluations are concerned with estimating 
and comparing costs and health consequences of alternative medical 
technologies.  Such evaluations are needed when deciding which medical 
technologies should be adopted in a publicly funded health care system, 
ultimately to ensure that available health care resources are used wisely.  
Hence, economic evaluations provide a tool to achieve an efficient allocation of 
scarce health care resources when the objective is to maximise health outcomes 
subject to a resource constraint [1,2].   
 
There are different views regarding the appropriate definition of health 
outcomes and what constitutes the relevant resource constraint.  The different 
views are mainly the result of adopting different perspectives for the analyses.  
Based on welfare economics, some argue that a societal perspective is 
necessary, implying that all costs and consequences associated with different 
treatment strategies should be included in the analysis.  Others argue that a 
health care perspective is appropriate, implying that only costs related to 
health care and a relevant health outcome associated with different treatment 
strategies should be included in the analysis.  The merits of each approach 
have been discussed at length in the literature  [10-12].  In the case studies, the 
perspective of the analyses is clearly defined and no attempt is made in this 
thesis to establish which perspective is ‘correct’.   
 
Irrespective of the perspective adopted, available resources can in principle be 
used to provide health care interventions or research.  The analytic framework 
outlined here suggests that the choice between medical technologies given 
existing information should be based on estimated mean cost-effectiveness.  
The uncertainty in the decision to adopt a medical technology should be 
quantified by assessing the value of further research [5].   
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Analysing a decision problem applying this analytic framework requires the 
following main tasks [13]: 
 
1. Constructing a decision-analytic model appropriately representing the 
clinical decision problem under consideration.  
 
2. A probabilistic analysis of this model in order to determine cost-
effectiveness and characterise current decision uncertainty.  
 
3. Estimating the value of additional information of research to reduce 
decision uncertainty.  
 
Below, the different tasks of this analytic framework are summarised.  A brief 
introduction to the methods of cost-effectiveness analysis is provided first, 
which basically covers tasks one and two in the analytic framework.  This is 
followed by an outline of the value-of-information approach, which covers the 
third task of the analytic framework.   
 
 

Cost-effectiveness analysis 

Incremental cost-effectiveness ratios and net benefit 

Economic evaluations aim to determine costs and health outcomes of relevant 
treatment strategies for a defined patient population [1].  The results are 
usually summarised as an incremental cost-effectiveness ratio (ICER), which in 
the case of two comparators is:  
 

ΔE
ΔC

)E(E
)C(CICER

ct

ct =
−
−

= , 

 
where tC  ( tE ) and cC  ( cE ) are the estimated mean costs (health outcomes) of 
the treatment under investigation and a comparator, respectively.  The ICER 
can be plotted on the cost-effectiveness plane, where the horizontal axis 
represents the difference in health outcomes between the treatment under 
investigation and the comparator, and the vertical axis represents the 
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difference in costs [14].  The cost-effectiveness plane is illustrated in Figure 1 
where four hypothetical ICERs are plotted, representing the results of four 
different treatments (A to D) when compared with relevant alternatives.  The 
ICER relates differences in costs to differences in health outcomes and decision 
rules can be applied in order to identify the most cost-effective treatment 
option of those being compared [15].  In the case of a treatment option being 
dominant (costing less and generating greater health outcomes than the 
alternatives with which it is compared), it is clearly cost-effective.  This is 
illustrated by treatment B in Figure 1.  Similarly, if a treatment option is 
dominated (costing more and generating less health outcomes), it is clearly not 
cost-effective.  This is illustrated by treatment C in Figure 1.  However, if a 
new treatment strategy generates additional health outcomes but at an extra 
cost, or similarly, generates less health outcomes but also reduces costs, the 
ICER is compared with those of other treatment strategies, or some notional 
threshold value which decision makers are willing to pay for an additional 
unit of health outcome, in order to determine the preferred option from those 
being compared [15].  This is illustrated by treatments A and D in Figure 1. 
 

Figure 1. Illustration of the cost-effectiveness plane 
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A line, where the slope represents the threshold value, denoted λ, is 
superimposed on the cost-effectiveness plane in Figure 2.  ICERs below and to 
the right of the line will be deemed cost-effective.  Clearly a dominant 
treatment strategy, like treatment B, falls into this category.  Figure 2 also 
illustrates that treatment A in this example appears to be cost-effective.  ICERs 
above and to the left of the line will be deemed cost-ineffective.  The 
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dominated treatment C is a clear example.  Treatment D also appears cost-
ineffective as the ICER is above the line.   
 

Figure 2. Illustration of the cost-effectiveness plane with a notional threshold 
value (λ) representing the willingness to pay for a health outcome 
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The example above illustrates some important characteristics of the ICER.  
First, the ICER needs to be interpreted in association with the cost-
effectiveness plane in order to determine whether a treatment strategy should 
be considered cost-effective or not [16].  Treatments A and D have numerically 
identical ICERs, but the interpretation is clearly different as treatment A is 
cost-effective whereas treatment D is not.  A similar reasoning applies when 
comparing the ICERs of treatments C and B.  This need not be a great concern 
when looking at the point estimates of the ICERs as it is often clear in which 
quadrant of the cost-effectiveness plane the ICER is located.  However, this is 
more problematic when considering the uncertainty around the ICER as the 
joint distribution of incremental cost and health outcome may well span more 
than one quadrant, which can make it difficult to present this uncertainty.  
Second, a related issue is the problem with the statistical properties of the 
ICER.  As a ratio statistic, the ICER tends to infinity when the difference in 
health outcome approaches zero, implying that the distribution of the ICER 
may not be statistically well behaved. 
 
Rearranging the ICER to net monetary benefits [17] , or net health benefits [18], 
has been proposed as a solution to some of the problems with the ICER 
discussed above.  The advantages with the net-benefit approach over the ICER 
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are that the interpretation of the results is unambiguous and that the problems 
with the statistical properties of a ratio are overcome.  In this thesis, the 
approach of net monetary benefit is adopted, expressing costs and health 
outcomes in monetary terms.  In the following, this is simply referred to as net 
benefit.  Incremental net benefit (INB) for the investigated treatment strategy is 
thus defined as:  
 

ΔCλΔE)C(C)Eλ(EINB ctct −=−−−= , 
 
where λ is the threshold value, or willingness to pay, for a health outcome.  It 
should be noted that the INB is the difference between the strategies net 
benefit (NB): 
 

ct NBNB)CλE)CλEINB cctt −=−−−= (( . 
 
As the INB is merely a rearrangement of the ICER, it is clear that using the 
ICER or the INB does not effect the decision whether a treatment strategy is 
cost-effective or not.  If INB for the treatment strategy is positive, which is 
equivalent to the treatment strategy having the highest mean net benefit, it 
should in principle be adopted.  It is important to note that the estimated ICER 
or INB will be associated with uncertainty relating to the precision with which 
they are estimated.  A corollary is that decisions based on these results will 
also be uncertain and this thesis is partly concerned with methods to quantify 
this uncertainty and to determine whether it is useful to reduce it.  

Costs and quality-adjusted life years 

Methods concerning identification, measurement and valuation of costs and 
health outcomes are covered at length in standard textbooks on economic 
evaluation [1,2].  In this section, some basic concepts are introduced.  Costs 
refer to the resources used, both in the health care system and other sectors in 
society.  Resources within the health care system include clinical and other 
staff, capital equipment and buildings, and consumables such as 
pharmaceuticals.  Examples of non-health service resources are time and travel 
of patients and productivity losses due to absence from work.  The tasks of 
identifying, measuring and valuing costs are central in any economic 
evaluation.  The perspective of the analysis is important when identifying the 
relevant costs to be considered in the analysis.  Particular costs, such as travel 
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costs for patients, are relevant from a societal perspective, but not from the 
perspective of a health care provider.  The measurement task is concerned 
with quantifying the actual resource use associated with an intervention.  For a 
surgical procedure, this could encompass measuring the number of days in 
intensive care unit, number of surgeons, time in operation theatre and use of 
disposable equipment.  There are different ways to measure resource use.  The 
case study on early intervention in acute coronary syndrome collected 
resource use alongside a clinical trial and the case study on screening for 
abdominal aortic aneurysm utilised data available in clinical registries to 
measure resource use associated with surgical procedures.  The valuation task 
is concerned with finding adequate unit costs, or prices, to be multiplied with 
the estimated resource use.   
 
In the case studies, quality-adjusted life years (QALYs) are used as health 
outcome.  The QALY combines quantity of life (mortality) and quality of life 
(morbidity) in a single measure.  Quality-adjustment weights, where 0 
represents dead and 1 represents full health, are used to weight the time spent 
in a health state with the health-related quality of life (HRQoL) associated with 
the health state.  A QALY is therefore defined as one year of full health.  The 
quality adjustment should reflect preferences for health states, i.e., the relative 
desirability, or utility, associated with different health states.  A simple 
example illustrates the principles of calculating QALYs.  At a point in time 
(time 0 in Figure 3), the HRQoL of a patient corresponds to a utility of 0.5.  
Without treatment, the health state of the patient is unchanged and the patient 
subsequently dies after 2.5 years as illustrated by the lower curve in the figure.  
Spending 2.5 years in this health state yields a total of 1.25 QALYs (2.5 years 
multiplied with a quality-adjustment weight of 0.5).  With a hypothetical 
treatment at time 0, the HRQoL is improved, corresponding to a utility of 0.8 
during the subsequent 2 years.  The HRQoL deteriorates during the third year 
(corresponding to a utility of 0.7) after which the patient dies, as illustrated by 
the upper curve in the figure.  Total QALYs for this patient are 2.30 [(2 
years*0.8+1 year*0.7) = 2.30].  The treatment therefore results in 1.05 QALYs 
gained compared with no treatment. 
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Figure 3. Illustration of the principles for calculating quality-adjusted life years 
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An advantage with QALYs as an outcome measure is the possibility of 
comparing the results of cost-effectiveness analyses across disease areas as 
treatments principally affecting survival can be compared with treatments 
mainly having an impact on quality of life [1].  Furthermore, QALYs will more 
accurately represent the outcome of treatments that, for example, lead to gains 
in survival, but also result in side effects. 

Decision-analytic modelling 

Different approaches may be used for estimating costs and health outcomes of 
treatment strategies; individual-patient data from clinical trials, decision-
analytic modelling, or a combination of the two.  Although sometimes 
controversial [19-22], decision-analytic modelling has been used for a long 
time [23] and is increasingly accepted to establish cost-effectiveness for 
reimbursement decisions [7,24].  Recently, efforts have also been made to 
define good practice [25-27].   
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In the context of economic evaluation, Briggs and colleagues provide the 
following definition of decision-analytic modelling [28]:  
 

A decision-analytic model uses mathematical relationships to define a series of 
possible consequences that would flow from a set of alternative options being 
evaluated.  Based on the inputs into the model, the likelihood of each consequence 
is expressed in terms of probabilities, and each consequence has a cost and an 
outcome. It is thus possible to calculate the expected cost and expected outcome of 
each option under evaluation.  For a given option, the expected cost (outcome) is 
the sum of the costs (outcomes) of each consequence weighted by the probability 
of that consequence.   

 
The arguments for using decision-analytic modelling mainly focus on the fact 
that the requirements of economic evaluation prescribe that some kind of 
modelling will often be necessary when undertaking a cost-effectiveness 
analysis [29].  Some of these arguments are summarised below.  
 
The methodological literature on economic evaluation is clear in that the 
required time horizon adopted for the analysis should be sufficiently long to 
reflect all the relevant differences in costs and health outcomes between 
treatment options.  For many economic evaluations this will require a lifetime 
time horizon.  This is particularly true when there are differences in mortality 
between the investigated treatments, where life-expectancy calculations 
require full survival curves to be estimated.  Rarely, sufficient long-term 
individual-patient data will be available from a single source, such as a 
randomised trial or an observational study [28].  The decision-analytic model 
then provides a mean to extrapolate cost and health outcomes over time either 
by incorporating data from other sources or by expert opinion. 
 
Decision-analytic models also provide a mean of comparing all relevant 
treatment options that could be used in clinical practice.  In many cases, a 
single study, such as a randomised trial with selective comparators will not 
suffice as it is impossible to establish cost-effectiveness unless appropriate 
comparisons are made with the full range of competing alternatives.  For 
example, recent methodological advances in the field of meta-analysis make it 
possible to estimate unobserved treatment effects from randomised trials 
comparing different treatments [30].  The results of such analyses can be 
combined with decision-analytic modelling in order to estimate costs and 
health outcomes for all relevant treatment options, and, at the same time, 
utilise all randomised evidence in the estimation of effectiveness.  
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Given that all available evidence should optimally be taken into account when 
estimating costs and health outcomes for a range of treatment strategies, 
synthesis of data is often required.  Such synthesis could encompass the 
estimation of a parameter value of interest using data from several trials 
employing meta-analysis methods [31].  This type of synthesis is mostly seen 
for parameters concerning a relative treatment effect, but can also be 
employed for other parameters.  A further important issue concerning 
evidence synthesis is that relevant data for a cost-effectiveness analysis is 
likely to be found in a wide range of sources.  In fact, there may be 
circumstances where no trial has investigated the relevant comparators in the 
setting of interest.  The decision-analytic model then provides a tool for 
bringing relevant data together and estimate cost-effectiveness.   
 
A key argument for using decision-analytic modelling is the ability to indicate 
how uncertainty in the available evidence relating to a given decision-problem 
translates into decision uncertainty, i.e., the probability that a decision based 
on cost-effectiveness is the ‘right’ one [28].  The section below provides a brief 
overview of how probabilistic models can fully account for this uncertainty 
and the section outlining the value-of-information approach describes how 
this uncertainty can be quantified and used to determine the value of further 
research.   

Uncertainty, variability and heterogeneity  

An important task of the analytic framework is to characterise uncertainty 
surrounding each of the parameters in the model by assigning full probability 
distributions [32].  The distributions should represent the quality and quantity 
of evidence available for the parameters of interest and Monte Carlo 
simulation, or probabilistic sensitivity analysis, can then be used to propagate 
this parameter uncertainty through the model so that the imprecision of the 
cost-effectiveness results, and hence the decision based on cost-effectiveness, 
can be estimated [6]. 
 
When discussing uncertainty in decision-analytic modelling, it is important to 
distinguish between uncertainty, variability and heterogeneity [9,28].  The 
concept of uncertainty relates to parameters that have a definite value, but 
which cannot be known with certainty for a particular population of patients.  
More information, e.g., information from a clinical trial, can reduce 
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uncertainty and increase the precision with which a parameter is estimated.  
Therefore, parameters that should be characterised as probability distributions 
are those that (in principle) can be sampled in order to increase the precision 
with which they are estimated [32,33].  Examples include probabilities of 
certain events, such as death or non-fatal cardiovascular events, resource use 
and quality of life associated with the treatment strategies under evaluation.  
The results of probabilistic sensitivity analysis are often summarised in cost-
effectiveness acceptability curves, showing the proportion of iterations of the 
Monte Carlo simulation that a medical technology is cost-effective [34-36].  
However, to fully account for decision uncertainty the probability of making 
the wrong decision based on cost-effectiveness needs to be combined with the 
consequences of making the wrong decision.  This is the key principle of 
value-of-information analysis discussed in detail below.  An important note in 
relation to probabilistic analysis is that for decision models in which there is a 
multi-linear relationship between inputs and outputs, the correct calculation of 
expected costs and health outcomes will need the full uncertainty around 
parameters to be expressed.  Therefore, the probabilistic analysis of the model 
also ensures adequate estimates of expected net benefit [8,28]. 
 
Variability refers to natural variation between individuals outcomes, even 
when they have the same observed characteristics [9,28].  It may be known 
with certainty that a probability of a specific event is 0.20 in a defined 
population, indicating that 20 out of 100 patients will experience the event.  
However, we do not know in advance which particular 20 patients out of the 
100 that will experience the event [28].  Variability cannot be reduced by 
acquiring more information. 
 
Heterogeneity refers to differences in parameters between patients who have 
different observed characteristics, such as gender, age and co-morbidity.  It is 
possible to account for heterogeneity in economic evaluations by estimating 
cost-effectiveness for individuals with different characteristics.  Event-based 
modelling provides a mean to accomplish this and is perhaps best described as 
a combination of statistical analyses and decision-analytic modelling.  
Statistical analyses of individual-patient data are used to determine event 
rates, costs and health-related quality of life for a large number of subgroups 
defined by the covariates included in the statistical equations.  The cost-
effectiveness of these subgroups is then extrapolated from the statistical 
analyses by employing a decision-analytic model [28].  Although, some recent 
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publications are available [37,38], this approach to cost-effectiveness analysis is 
still under development. 

The value-of-information approach 

Another important task of the analytic framework is concerned with 
quantifying the costs of decision uncertainty by establishing the expected 
value of perfect information and perfect partial information.  Although the 
methods of value of information are not new [3,39] and have been applied in 
several disciplines [40], they appeared in the literature of economic evaluation 
in the late 1990s [5,41-44].  The outline below follows the principles set out by 
Claxton in 1999 [5], with refined technical details published in 2004 by Ades 
and colleagues [45].  
 
Decisions about the adoption of medical technologies are associated with 
uncertainty due to the uncertainty in the estimated cost-effectiveness.  The 
expected costs of this uncertainty can be quantified and are determined by the 
probability that a treatment decision based on existing information will be 
wrong and the consequences if the wrong decision is made [5].  Information 
from additional research is valuable for health care decision makers because it 
reduces the uncertainty surrounding an adoption decision.  If society is willing 
to pay a certain amount of money for a QALY gained, referred to as λ above, 
the expected cost of uncertainty represents the amount society is willing to pay 
to eliminate the uncertainty associated with the adoption decision [5].  The 
expected cost of uncertainty can also be interpreted as the expected value of 
perfect information (EVPI) since if we were in a position of perfect information 
the possibility of making the wrong adoption decision is eliminated.   

The value of information for the decision 

Formally, we define ( )θt,B  as the net benefit of strategy t (t = 1, 2, representing 
a treatment and control strategy, respectively) if the parameters in the 
decision-analytic model employed to estimate cost-effectiveness take the value 
θ .  The optimal decision given current information is given by choosing the 
strategy with the highest mean net benefit: ( )θt,BEmax θt , which will maximise 
the expected net benefit.  This states that given the estimated mean costs and 
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QALYs of the treatment and control strategies, the treatment strategy should 
be adopted if the mean INB for the treatment strategy is positive.   
 
As outlined by Ades et al., the true values of θ  are not known but if they were 
known, it would be possible to maximise over t, ( )θt,Bmaxt , to obtain a value 
of an optimal decision at these known values of θ  [45].  As θ  is not known the 
expected net benefit of a decision taken with perfect information is found by 
averaging this expression over the joint distribution of θ : ( )θt,BmaxE tθ .  EVPI 
is thus the net benefit given perfect information minus the net benefit given 
current information: 
 

( ) ( )θt,BEmaxθt,BmaxEEVPI θttθ −= . 
 
Employing non-parametric Monte-Carlo simulation, the net benefit given 
perfect information, i.e., ( )θt,BmaxE tθ , is derived by taking the average of the 
maximums in each iteration of the Monte Carlo simulation [41,45,46].  This is 
shown in Table 1, which illustrates how the EVPI is established using 
simulation methods.  The results of a hypothetical Monte Carlo simulation 
running only 5 iterations are shown in the table.  It should be noted that in real 
applications several thousand iterations are normally used.   
 
The net benefit of each treatment strategy, which is a function of the uncertain 
parameters in the decision-analytic model, is shown in columns two and three.  
The results in columns two and three thus reflect our current knowledge about 
costs and health outcomes (summarised as net benefit) of the two treatment 
strategies.  With imperfect information of the parameters in the decision-
analytic model, and therefore also the net benefit of treatment and control, the 
decision to adopt the treatment or control strategy have to be based on the 
mean net benefits.  In this hypothetical example the treatment strategy has the 
highest mean net benefit (135 000 SEK) compared with control (120 000 SEK) 
and would be the optimal adoption decision as it generates a gain in net 
benefit of 15 000 SEK compared with the control strategy.   
 
In a theoretical position of perfect information, we would know how the net 
benefit resolves in each of the iterations of the Monte Carlo simulation.  With 
this perfect information the decision no longer has to be based on the mean net 
benefit.  Rather, the right decision can be made in each of the iterations.  In this 
simple example, the control strategy would be the preferred choice in 
iterations 2 and 5.  The net benefit with perfect information is shown in 



An analytic framework for economic evaluation 

 17

column 5 and the improved net benefit from choosing with perfect 
information, rather than based on the mean, is the estimated EVPI for the 
decision to adopt the treatment strategy and is found in the last column of the 
table.  
 

Table 1. Illustration of the principles for establishing the expected value of 
perfect information 
Iteration of the Net benefit Net benefit Incremental Net benefit Improved net 
probabilistic Treatment Control net benefit with perfect benefit with 
analysis   Treatment information perfect information
1 150 000 120 000  30 000 150 000 0 
2 120 000 130 000 -10 000 130 000 10000 
3 130 000 110 000  20 000 130 000 0 
4 140 000 100 000  40 000 140 000 0 
5 135 000 140 000 -5 000 140 000 5000 
       
Mean 135 000 120 000 15 000 138 000 3000 

 
 
The estimated EVPI is the maximum value that should be placed on additional 
information to inform the treatment choice for an individual patient.  
However, any information acquired can be used to inform the policy decision 
for all eligible patients entering the same decision problem now and in the 
future.  By estimating the number of patients (N) entering the decision 
problem in each period (t) and applying a discount rate (r) the EVPI for the 
population can be established [5]: 
 

Population EVPI ∑
= +

=
t

1t
t

t
patient r)(1

N*EVPI . 

 
This shows the EVPI for an individual patient multiplied by a constant.  The 
constant is the estimated number of patients facing this decision problem 
during the chosen period (t), sometimes referred to as the effective population. 
 
The estimated EVPI for the decision is the total value of information, or cost of 
uncertainty, associated with the adoption decision.  Economic principles can 
then be used to decide whether more information should be collected to 
inform this decision problem.  The total EVPI can be compared with the cost of 
collecting further information in order to assess whether it is sensible to 
demand more information.  If the cost of collecting further information is less 
than the estimated EVPI it is potentially worthwhile to undertake further 
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studies.  However, the EVPI for the decision only provides a ‘first hurdle’ 
when deciding if it is cost-effective to collect further information.  More 
precise guidance is needed to determine what type of information, e.g., a 
clinical trial or and observational study, will be needed to reduce the 
uncertainty in the adoption decision.  More precise guidance on further 
research can be established by estimating the EVPI for particular model 
parameters. 

The value of information for parameters 

The EVPI for particular model parameters (or sets of parameters) can also be 
established.  Following the same notation as above, ( )θt,BEmaxE

II θθtθ  is the 
expected value of a decision made with perfect information about Iθ , where 

Iθ  is a subset of θ  [45].  The estimation is similar to that of EVPI for the 
decision, but rather than assuming that we have perfect information about all 
parameters in each of the iterations of the probabilistic assessment, it is now 
assumed that we only have perfect information about the parameter(s) of 
interest ( Iθ ).  The expected value of partial perfect information (EVPPI) is thus 
given by:   
 

( ) ( )θt,BEmaxθt,BEmaxEEVPPI θtθθtθ II
−= . 

 
This is the difference between the expected net benefit of a decision made with 
perfect information about Iθ  and the current optimal decision [45].  A 
complicating issue when estimating the EVPPI is that it normally requires 
additional simulations in order to determine the expected net benefit given a 
certain value of Iθ .  Therefore, for this analysis a value from the distribution(s) 
of Iθ  is drawn and the uncertainty in the remaining parameters is propagated 
through the model.  The expected net benefits from this exercise is the results 
of one iteration when estimating the EVPPI for Iθ .  This is then repeated for a 
sufficient number of values from the distribution of Iθ .  It should be noted that 
the reason the additional simulation is required is that a Markov model is not 
linear in the complementary set of parameters, i.e., all the parameters except 
the one(s) of interest, thus the need for a two-level Monte Carlo simulation 
[45,46].  If a model is linear in the complementary sets of parameters it is 
enough to sample from the distribution of Iθ  and then apply the mean values 
from the complementary parameters.  
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With information on EVPPI it is possible to identify the parameters 
contributing most to the decision uncertainty.  In a similar way to overall 
EVPI, the cost of acquiring more information about a specific parameter can be 
compared with the EVPPI for that parameter.  If the EVPPI is higher than the 
cost of acquiring more information it is potentially worthwhile to investigate 
the parameter further.  This has important implications for prioritising 
research as specific areas of research can be identified.  Moreover, different 
parameters are likely to require different study design.  Some parameters, 
such as the relative treatment effect would probably need a randomised 
design, whereas other parameters could be investigated by cohort studies 
(baseline risk) or surveys (utilities).   

Efficient research design and the value of sample 
information 

If the EVPPI for particular parameters is higher than the estimated costs of 
investigating the parameters, further data collection is potentially worthwhile.  
However, decision makers still need to consider how much information that 
should be acquired (e.g., sample size) and how the study should be set up.  
These issues are concerned with efficient research design.  The objective is to 
establish the optimal design of a study, conditional on the uncertainty in the 
parameter the study aim to inform, and the cost of conducting the study.  The 
analyses require substantial simulation and detailed methods are provided by 
Ades and colleagues [45].   
 
The general principle is to establish the expected value of sample information 
(EVSI), which is the difference between the expected value of a decision made 
after new data have been acquired and the expected value of a decision made 
with current information.  The EVSI can then be compared with the cost of 
acquiring the new data in order to determine the optimal design of a new 
study.  
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3. INTRODUCTION TO THE CASE STUDIES 

This chapter introduces the case studies, which form the empirical basis of this 
thesis.  The aim is to provide a brief introduction to the clinical decision 
problems and an overview of the methods employed to evaluate cost-
effectiveness and value of further research.  The case studies were selected on 
the basis that they are policy-relevant investigations in the same disease area 
and involve different types of methodological challenges.  As mentioned 
previously, details of methods and material, such as comprehensive modelling 
methods, statistical analyses and data sources are found in the five papers and 
in the appendix of this thesis. 

Screening for abdominal aortic aneurysm 

The prevalence of abdominal aortic aneurysm (AAA) is above 5 percent, using 
a definition of aortic diameter of 3 cm or more [47], and causes about 2 percent 
of all deaths [48] in men over the age of 65.  Only about 35 percent of the 
individuals suffering from a ruptured AAA reach the hospital and undergo 
surgery.  Allowing for operative mortality, the estimated total mortality from a 
ruptured AAA is around 75 percent [49].  Hence, even a major improvement 
in peri- and postoperative mortality would have a modest impact on total 
mortality.  Screening for AAA has been discussed [50], evaluated [51], and 
recommended [52,53] as a solution.  Randomised controlled trials, including 
individuals between 65 and 80 years of age, have shown that screening can 
reduce AAA-related mortality in men [51,54,55].  This outcome was not clearly 
established in a randomised trial including men between 65 and 83 years of 
age [56].  Studies investigating the cost-effectiveness of screening for AAA 
have differed in their results, with some investigators reporting a low cost [57] 
and others a substantially higher cost per gained health outcome [58].   
 
As both the prevalence of the disease and the mortality from elective surgery 
increase with age, the age of 65 has been suggested as appropriate for a 
screening programme.  Moreover, follow-up of screened individuals show 
that a negative screening at 65 practically excludes the risk of an aneurysm 
later in life [59].  Furthermore, screening of women for AAA has shown no 
effect on AAA-related mortality [55].  Therefore, the screening programme 
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considered in this work is concerned with 65-year-old males.  The long-term 
cost-effectiveness of such a screening programme has not been established and 
it is unclear whether such a screening programme should be recommended or 
not.   
 
At the time of the initiation of this evaluation in 2004, no organised screening 
programme for AAA existed in Sweden.  Screening for AAA was subjected to 
an early assessment in 2003 by the governmental agency the Swedish Council 
on Technology Assessment (SBU).  The first technology brief was based on the 
existing literature, including three large randomised clinical trials of which 
none had been performed in Sweden, and the brief concludes [60]:  
 

There is strong scientific evidence (Evidence grade 1)* that screening reduces 
abdominal aortic aneurysm-related mortality in men. Limited scientific evidence 
exists (Evidence grade 3)* with regard to the method’s cost- effectiveness. No 
evaluation study has been conducted in Sweden concerning screening for 
abdominal aortic aneurysms. No randomised study has examined total effects and 
costs of screening all men, when screening began at the age of 65. A number of 
ethical considerations require further examination. Any kind of screening 
program for abdominal aortic aneurysms that is contemplated in Sweden should 
fall within the scope of a scientific study that evaluates all potential consequences.  
 
*Grading of the level of scientific evidence for conclusions. The grading scale 
includes four levels; Evidence grade 1 = strong scientific evidence, Evidence grade 
2 = moderately strong scientific evidence, Evidence grade 3 = limited scientific 
evidence, Evidence grade 4 = insufficient scientific evidence. 

 
Clearly, an organised screening programme was not recommended in routine 
clinical care in 2003 by SBU.  The main reason for this conclusion appears to be 
the lack of evidence of costs and effectiveness of a screening programme in a 
Swedish setting with a particular design (inviting 65-year-old males for a one-
time screening). According to SBU, any kind of screening programme for AAA 
set up in Sweden should fall within the scope of a scientific study where all 
costs and consequences of the programme are investigated. 
 
A disease progression Markov model was constructed in order to model the 
natural history of the disease and the impact of the natural history of the 
disease with a screening programme (Paper I).  With the screening 
programme, all men were invited to an ultrasound investigation, which will 
result in a proportion of men with an AAA being detected.  Subsequent 
management comprised surveillance for small- and medium-sized aneurysm, 
whereas individuals with large AAAs were offered elective surgery.  The 
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model was populated with data from a wide range of sources in order to 
estimate costs and health outcomes over a lifetime time horizon for a Swedish 
setting, with and without a screening programme.  A value-of-information 
analysis was performed in order to establish whether further research should 
be recommended for this decision problem (Paper II).  The value of 
information was established employing the methods of simulation outlined in 
chapter 2.  

Early intervention in acute coronary syndrome 

Non-ST-elevation acute coronary syndrome (NSTE-ACS) represents a major 
health burden to health care systems and patients face a substantial risk of 
mortality and cardiovascular events.  Although evidence suggests that the use 
of a strategy of early angiography with a view to revascularisation in the 
management of patients with NSTE-ACS is associated with an increased risk 
of myocardial infarction or death during the index hospitalisation, the reduced 
risk subsequently implies an overall reduction in the risk of myocardial 
infarction or death [61].  The 5-year follow-up of the third Randomised 
Intervention Trial of unstable Angina (RITA 3) confirmed these findings 
showing that an early interventional strategy reduced the risk of the composite 
endpoint of death or myocardial infarction [62].  Furthermore, it has been 
shown that an early interventional strategy improves health-related quality of 
life at one year but also leads to increased costs when compared to a 
conservative strategy [63,64].  In order to establish whether an early 
interventional strategy should be recommended for widespread 
implementation, its cost-effectiveness needs to be assessed to determine 
whether the gain in health outcomes justifies any increased costs. 
 
Present clinical guidelines suggest that early interventional strategy is 
performed in patients at intermediate (early catheterisation) or high risk 
(urgent catheterisation) [65].  These guidelines are based on clinical risk and 
do not consider cost-effectiveness.  No guidelines concerning further research 
into the cost-effectiveness of an early interventional strategy in the UK have 
been identified.  Furthermore, data on the utilisation of an early interventional 
strategy in the UK at present has not been identified.  Summary data indicate 
that the percentage of patients assigned an early interventional strategy is 
increasing, although the exact figure for the UK is unclear [66]. 
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Individual-patient data from the RITA 3 trial was used for the economic 
evaluation.  Data collected in the trial included information on clinical 
endpoints (e.g., cardiovascular death and myocardial infarction), costs and 
health-related quality of life.  In the present analysis an event-based modelling 
approach was used (Paper III).   
 
Rates of cardiovascular death or myocardial infarction, costs and health-
related quality of life were estimated using statistical analyses and 
extrapolated to the relevant lifetime time horizon within a decision-analytic 
model.  A two-stage model; a short-term decision tree, representing the index 
hospitalisation (defined as time from randomisation to hospital discharge), 
and a long-term Markov model, representing the time after the index 
hospitalisation was employed.  Costs and QALYs were estimated over a 
lifetime time horizon for a UK setting from the perspective of the NHS.  Since 
baseline risk is a potentially important predictor of both cardiovascular events 
and the effectiveness of early intervention, the model investigated cost-
effectiveness in patients with different risk profiles at randomisation [62].  
Secondary analyses considered whether cost-effectiveness results change 
when clinical results from a meta-analysis of trials were used in the model and 
when treatment effect was allowed to vary with baseline risk.   

Endarterectomy in patients with asymptomatic carotid 
artery stenosis 

It is well known that patients with a symptomatic and tight carotid artery 
stenosis has a high risk of stroke during the first 3 to 6 months after the 
warning symptoms and that this risk can be ameliorated with prompt carotid 
artery surgery [67] in a cost-effective way [68].  Patients with a substantial 
(e.g., 60-99 percent) asymptomatic carotid artery narrowing are also at 
increased risk of suffering a disabling or fatal stroke in the carotid artery 
territory of the brain.  Although endarterectomy can remove arterial 
narrowing and reduce the long-term risk of stroke in patients with 
asymptomatic carotid artery stenosis, the procedure involves some immediate 
risks of perioperative death or stroke.  Hence, to establish clinical effectiveness 
of carotid endarterectomy in addition to best medical treatment in patients 
with an asymptomatic lesion, the procedural risks and long-term benefits need 
to be considered, and compared with a treatment strategy of best medical 
treatment alone.  Moreover, long-term costs of the treatment options need to 
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be established when deciding on the optimal treatment strategy for these 
patients.  Randomised trials have shown that endarterectomy can reduce the 
long-term risks of stroke in patients with an asymptomatic lesion [69,70].  
Furthermore, it has been shown that endarterectomy could be considered cost-
effective in a North American setting [71], but cost-effectiveness has not been 
investigated in a European setting and it is unclear whether the results from 
North America are readily transferable to Sweden.   
 
In recent years, the number of carotid endarterectomies performed in patients 
with an asymptomatic lesion has increased in Sweden, although there is large 
variation in clinical practice between centres [72].  Guidelines on the 
management of patients with an asymptomatic lesion have been issued by the 
National Board of Health and Welfare in Sweden [73].  Based on the North-
American study mentioned previously [71], it is noted in the guidelines that 
carotid endarterectomy is associated with a cost per QALY gained below 
100 000 SEK when compared with a strategy of best medical treatment alone.  
However, in the summary of the guidelines the incremental cost-effectiveness 
ratio of endarterectomy compared with best medical treatment is said to be 
moderate to high.  In the subsequent priority ranking of stroke-related 
interventions, endarterectomy for asymptomatic carotid artery stenosis is 
ranked as a “6” on a scale of 1 to 9, where “1” indicates the highest priority 
and “9” the lowest.  No guidelines on further research into the cost-
effectiveness of carotid endarterectomy seem to exist.   
 
The recent international randomised Asymptomatic Carotid Surgery Trial 
(ACST) investigated the efficacy of carotid endarterectomy and individual-
patient data from the Swedish patients was used for the present analysis.  A 
Markov model was employed in order to estimate cost-effectiveness of carotid 
endarterectomy in addition to best medical treatment compared with best 
medical treatment alone in a lifetime time horizon for a Swedish setting from a 
societal perspective (Paper IV).  Data from a range of sources was employed in 
the analysis including individual-patient data on the Swedish patients 
randomised in the ACST trial.  Cost-effectiveness was estimated for patients at 
different ages and for men and women separately.  A value-of-information 
analysis was performed in order to establish the value of further research 
following the methods of simulation outlined in chapter 2 (Paper V).   
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Summary of the case studies 

An overview of the decision problems investigated in the case studies is given 
in Table 2.  All case studies are concerned with treatment strategies in 
cardiovascular disease.  Furthermore, all case studies compare an active 
intervention strategy with a conservative approach, where the main aim of the 
active interventions is to reduce the future risk of cardiovascular events.  In 
the case studies of carotid endarterectomy and early intervention in acute 
coronary syndrome, the two main strategies for handling these patients are 
compared, and hence the evaluations adhere to the methodological position of 
comparing all relevant treatment strategies.  In the study investigating 
screening for abdominal aortic aneurysm, the comparison of one particular 
design of a screening study is clearly a simplification as different designs of 
the screening programme could have been investigated, and compared in the 
analysis.  As shown in Table 2, the investigated treatment strategies are used 
in clinical practice to a various extent.  Furthermore, official recommendations 
or guidelines for the investigated treatment strategies are available, but only 
for screening for abdominal aortic aneurysm have clear guidance based on 
cost-effectiveness and recommendations for further research been identified.   
 
Key methodological aspects of the case studies are summarised in Table 3.  
The two Swedish studies are evaluated from a societal perspective, which is 
the recommended perspective by governmental bodies in Sweden.  In the UK 
study, a health-service perspective is used.  As noted previously, the 
normative question of which perspective is the ‘correct’ one is beyond the 
scope of this thesis.  However, it is important to bear this difference in 
perspective in mind when interpreting the results.  Finally, the case studies 
involve different types of methodological challenges.  In screening for 
abdominal aortic aneurysm, various data sources are synthesised in order to 
build a disease progression model where no clinical trial exists for the relevant 
setting.  This is contrary to early intervention in acute coronary syndrome, 
where the evaluation is based on, and stays close to, a large clinical trial.  In 
the case study on endarterectomy in patients with asymptomatic carotid artery 
stenosis, an attempt is made to combine the approaches from the two previous 
case studies. 
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Table 2. Overview of the decision problems investigated in the thesis 
          
    Screening for   Early intervention in Endarterectomy in 
    abdominal aortic  acute coronary  patients with  
    aneurysm syndrome asymptomatic carotid 
    artery stenosis 
     
    Papers I and II Paper III Papers IV and V 
          
Strategy under Screening programme Early interventional  Carotid endarterectomy 
evaluation    strategy   
     
Description of  Invitation of men to   Early angiography with Carotid endarterectomy 
strategy under  ultrasound screening management guided in addition to best 
evaluation  with surveillance and   by angiographic medical treatment 
    surgery conditional findings   
    on size of the aorta     
          
Comparator No screening  Conservative strategy Best medical treatment  
  programme  alone 
          
Patient population All 65-year-old men Patients presenting  Patients diagnosed with 
      with non-ST-elevation  an asymptomatic carotid 
      acute coronary  artery stenosis 
   syndrome  
         
Status of strategy  Not used in clinical Used in clinical practice Used in clinical practice 
under evaluation   practice for some patients but  for some patients with  
at time of evaluation   unclear to what extent geographical variation 
          
Recommendations Do not adopt a  Clear clinical guidance Vague guidance on 
available at time of  screening programme, on adoption, no  adoption, no guidance 
evaluation further research needed* guidance on further  on further research*** 
  research**  
* Issued by the Swedish Council on Technology Assessment in Health Care (SBU) [60]. 
** Issued by the European Society of Cardiology [65]. 
*** Issued by the National Board of Health and Welfare in Sweden [73].   
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Table 3. Summary of key methodological aspects of the case studies 
          
    Screening for   Early intervention in Endarterectomy in 
    abdominal aortic acute coronary patients with  
    aneurysm  syndrome asymptomatic carotid 
        artery stenosis 
     
    Papers I and II Paper III Papers IV and V 
          
Analyses   Cost-effectiveness Cost-effectiveness Cost-effectiveness 
performed Value of information   Value of information 
     
Perspective Societal Health service Societal 
     
Setting  Sweden UK  Sweden 
     
Main outcome  Cost per QALY Cost per QALY Cost per QALY 
    EVPI, EVPPI  EVPI, EVPPI  
     
Time horizon Lifetime  Lifetime Lifetime 
     
Data sources Primary data collection,  Individual-patient data  Individual-patient data  
    published sources and from a clinical trial and  from a clinical trial,  
    registry data published sources published sources and  
        registry data 
          
Methods   Disease progression Two-stage model Markov model populated 
    decision-analytic Markov (decision tree and Markov with data from several 
    model populated with  model) populated with  sources, including  
    data from several sources trial data employing  statistical analyses of trial  
      statistical modelling data 
      (event-based modelling)   
          
Methodological Synthesising various  Combine statistical and Perform value-of- 
challenges data sources to build a decision-analytic information analysis 
    disease progression modelling to account for when accounting for 
    model for the relevant heterogeneity in cost- heterogeneity 
    setting effectiveness   
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4. RESULTS OF THE CASE STUDIES 

This chapter provides the main results of the case studies and focuses on cost-
effectiveness and value of information.  Results of statistical analyses and 
analyses performed to assess model validity are found in the appendix.  

Screening for abdominal aortic aneurysm 

In the base-case analysis, the mean incremental costs and mean incremental 
QALYs for the screening programme over a lifetime time horizon was €194 
and 0.020, respectively, yielding a cost per QALY gained of €9 700 for a 
screening programme compared with no screening.  The results of the scenario 
analyses showed that the cost-effectiveness results were fairly robust to the 
key assumptions employed in the model (Table 4). 
 

Table 4. Cost-effectiveness of a screening programme with different scenarios 
Scenario Cost/life year Cost/QALY 
Base-case analysis 7 760 9 700 

Discount rate costs 3 % and health outcomes 0 % 5 550 7 065 

Discount rate costs 6 % and health outcomes 1.5 % 6 490 8 230 

Decrement (0.1) in quality of life Post op  NA 13 800 

Decrement (0.071) in quality of life when diagnosed NA 16 710 

Standard mortality instead of estimated mortality for 14 250 18 000 
non-AAA related mortality of AAA individuals   

Sensitivity ultrasound investigation 80 % 9 620 12 170 

Inclusion of cost of added life years 29 800 37 800 
Results are reported as cost per gained health outcome for screening compared with no screening. 
NA=not applicable. 
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The probability of screening being cost-effective for different willingness to 
pay for a health outcome is shown in the cost-effectiveness acceptability 
curves in Figure 4.  As seen in the figure, the probability of screening being 
cost-effective is high even at low willingness-to-pay values for a health 
outcome. 
 

Figure 4. Cost-effectiveness acceptability curves for screening 
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The results of the value-of-information analysis are shown in Figures 5 and 6.  
The calculations are based on a yearly population of 40 000 men, which 
approximately correspond to the number of men turning 65 each year in 
Sweden.  The expected value of perfect information (EVPI) for the decision to 
adopt a screening programme is shown in Figure 5 for a time horizon of 5 and 
10 years, respectively.  Using a willingness to pay for a QALY of €50 000, the 
EVPI is €115 000 when employing a time horizon of 10 years.  Corresponding 
figure for a time horizon of 5 years is €60 000.   
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Figure 5. Expected value of perfect information for the decision to adopt a 
screening programme 
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The expected value of perfect partial information for model parameters 
(EVPPI) is shown in Figure 6 employing a time horizon of 10 years.  The 
parameter associated with the highest value of information was the 
probability of rupture for different sizes of the abdominal aorta.  It should be 
noted that for illustrative purposes the results in Figure 6 are for low 
willingness-to-pay values for a QALY.  Employing conventional willingness-
to-pay values, the EVPPI for the probability of rupture is low (€70 000 if 
willingness to pay is €50 000).  
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Figure 6. Expected value of perfect information for model parameters 
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Operation: probability of getting an operation when an AAA ruptures.  Rupture: probability of 
rupture for a Small, Medium, and Large AAA.  Detection: probability of opportunistic case finding.  
Prevalence: prevalence of AAA ≥ 3 cm and proportion of AAA in each size group.  Compliance: 
compliance with the invitation to the screening programme.  Costs: cost of acute and elective surgery.  
Utilities: utilities different age groups.  AAA mortality: long-term survival prognosis of AAA 
individuals.  Mortality elective op: mortality within 6 months of an elective operation.  Mortality 
acute op: mortality within 6 months of an emergency operation.  Growth: probability of growing from 
Small to Medium and from Medium to Large AAA. WTP: willingness to pay. 
 
 
In summary, the results of the cost-effectiveness analysis show that inviting 
65-year-old males to an ultrasound investigation will yield a gain in QALYs at 
a cost likely to be considered acceptable.  As long as decision makers place a 
higher value than €9 700 on a QALY, it is cost-effective to adopt a screening 
programme.  The results from the probabilistic analysis showed that screening 
has a high probability of being cost-effective.  Given the information available 
on the overall cost–effectiveness of screening, it appears unlikely that any 
further research regarding this decision problem is worthwhile. 

Early intervention in acute coronary syndrome 

Statistical analyses were used in order to estimate event rates, costs and 
health-related quality of life from the trial data.  The results shown in Table 5 
indicate that early intervention is associated with an increased risk of 
cardiovascular death or myocardial infarction during the index hospitalisation 
compared with the conservative strategy (odds ratio 1.52).  It is also shown in 
Table 5 that after the index hospitalisation, early intervention is associated 
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with a decreased risk of cardiovascular death or myocardial infarction (hazard 
ratio 0.621).  The estimated event rates from the statistical models were 
converted to probabilities, which were employed in the decision-analytic 
model.  In a similar way, costs and health-related quality of life were 
established and incorporated into the decision-analytic model. 
 
To investigate potential differences in costs and QALYs in patients with 
different risk profiles, the cost-effectiveness of an early interventional strategy 
was estimated using the individual covariate patterns of each patient in RITA 
3.  These are presented as a distribution of mean cost-effectiveness across the 
sample of trial patients in Figure 7.  In RITA 3, a multivariate predictive model 
for death or myocardial infarction within 5 years was used to calculate a risk 
score defining quartiles of risk (risk groups 1 to 4) [62].  Because of the much 
higher event rate in the top quartile, this quartile was then further subdivided 
into equal-sized top two-eights of risk (risk groups 4a and 4b) [62].  The 
distribution of cost-effectiveness within these clinical risk groups is also 
shown in Figure 7.  Furthermore, a detailed presentation of cost-effectiveness 
of the characteristics of the patients with the median risk score in each of these 
five risk groups is shown in Table 6. 
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Table 5. Estimated short- and long-term risks of the composite endpoint of 
cardiovascular death or myocardial infarction 
  Odds ratio of composite endpoint 

of myocardial infarction or 
cardiovascular death during the 
index hospitalisation, 
n=1808 

Hazard ratio of composite endpoint 
of myocardial infarction or 
cardiovascular death from hospital 
discharge until end of trial,  
n=1756 

Explanatory variables 
 

Odds ratio 95% confidence 
interval 

 

Hazard ratio 95% confidence 
interval 

Age (for every 10 
years over 60) 

1.731 1.262-2.374  1.777 1.499-2.108 

Diabetes        1.905 1.359-2.672 

Previous myocardial 
infarction 

       1.471 1.087-1.990 

Smoker        1.651 1.207-2.258 

Pulse (for every 5 
beats per minute) 

       1.062 1.012-1.114 

ST depression        1.423 1.067-1.913 

Angina (grade 3 or 4) 1.893 1.086-3.299  1.323 0.988-1.771 

Male        1.372 1.007-1.869 

Left bundle branch 
block 

       1.977 1.169-3.344 

Randomised to early 
interventional 

1.520 0.864-2.675  0.621 0.464-0.830 

Ancillary parameter*        0.579 0.505-0.664 

Coefficients show proportionate increase in risk over baseline event rates where the latter  
relates to rates in patients in the conservative arm without any of the risk factors included in the 
analysis.              
*Shape parameter in the Weibull model where a value less than (above) 1 indicates a  
decreasing (increasing) hazard over time.        
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Figure 7. Cost-effectiveness based on estimated mean costs and QALYs, with 
and without early intervention, for patients in RITA 3 (n=1807) 
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Table 6. Cost-effectiveness results by patient risk profile 
  Risk 

group 1 
Risk 

group 2 
Risk 

group 3 
Risk 

group 4a 
Risk 

group 4b 

Age  45 52 52 61 66 
Diabetes No No No No Yes 
Previous myocardial infarction No No Yes Yes Yes 
Smoker No Yes No Yes No 
Pulse (beats per minute) 72 82 82 87 97 
ST depression No No Yes Yes Yes 
Angina (grade 3 or 4) Yes No Yes No No 
Male Female Male Male Male Male 
Left bundle branch block No No No No No 
Incremental cost (£) 4 885 4 898 6 045 6 538 6 530 
Incremental QALY 0.0909 0.2134 0.2834 0.5468 0.5122 
ICER (£) 53 760 22 949 21 325 11 957 12 750 

 
 
The proportion of iterations of the probabilistic analysis with a positive 
incremental net benefit for the early interventional strategy is shown in the 
cost-effectiveness acceptability curves for the five specified patient 
characteristics representing each risk group (Figure 8).  
 

Figure 8. Cost-effectiveness acceptability curves for the early interventional 
strategy 
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The estimated effectiveness and cost-effectiveness for the alternative scenarios 
around the effectiveness of the early interventional strategy are shown in 
Tables 7 and 8 for the 5 specified patient characteristics representing each risk 
group.  The pooled treatment effect (both in the index and follow-up period) 
from the meta-analyses of 8 trials was similar to the treatment effect observed 
in RITA 3.  Hence, the estimated cost-effectiveness of an early interventional 
strategy using this alternative scenario is similar to that observed when using 
the treatment effect estimated in RITA 3 (Table 7).   
 

Table 7. Cost-effectiveness results with effectiveness based on pooled 
treatment effect from 8 trials in this patient population 
  Risk 

group 1 
Risk 

group 2 
Risk 

group 3 
Risk 

group 4a 
Risk 

group 4b 

Odds ratio index hospitalisation with 
early intervention 

1.42 1.42 1.42 1.42 1.42 

Hazard ratio in follow-up period with 
early intervention 

0.69 0.69 0.69 0.69 0.69 

Incremental cost (£) 4 819 4 852 5 788 6 163 6 129 

Incremental QALY 0.0824 0.1847 0.2397 0.4517 0.4178 

ICER (£) 58 490 26 265 24 143 13 646 14 673 

 
 
The results of the interaction model, which allowed the treatment effect to 
vary with the baseline risk in RITA 3, showed that higher risk was associated 
with a decreasing odds ratio of a composite endpoint during the index 
hospitalisation.  Furthermore, a more pronounced positive treatment effect 
was seen in patients with high risk in the follow-up period.  Consequently, the 
cost-effectiveness in patients at high risk was somewhat improved compared 
to the base-case scenario of a common treatment effect.  Conversely, for 
patients at low risk, cost-effectiveness was much less favourable comparing 
with the base-case scenario (Table 8).  
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Table 8. Cost-effectiveness results with effectiveness permitted to vary 
according to baseline risk in RITA 3 

Risk    
group 1 

Risk 
group 2 

Risk 
group 3 

Risk 
group 4a 

Risk 
group 4b 

Odds ratio index hospitalisation 
with early intervention 

1.71 1.67 1.67 1.56 1.47 

Hazard ratio in follow-up period 
with early intervention 

0.86 0.80 0.72 0.62 0.50 

Incremental cost (£) 4 746 4 774 5 574 6 552 7 214 

Incremental QALY -0.0185 0.0952 0.1876 0.5507 0.6886 

ICER (£) Dominated 50 131 29 711 11 898 10 476 

 
 
Other sensitivity scenarios indicated that the base-case results appeared robust 
to the assumptions required for the long-term extrapolation with the exception 
of the duration of the treatment effect of an early interventional strategy after 
the 5 years of trial follow-up (Table 9).  Extending the duration of the 
treatment effect beyond the 5 years observed in RITA 3 had an expected 
positive effect on cost-effectiveness, hence an early interventional strategy 
could be considered cost-effective in more patients under such scenarios.   
 

Table 9. Cost-effectiveness results when using different assumptions for the 
duration of treatment effect after the 5-year trial period 
Treatment effect scenario Risk 

group 
Assumption of duration of treatment effect  

    Base case* 10 years 15 years lifetime 
1 53 760 34 901 27 949 13 920 
2 22 949 15 410 11 652 7 850 
3 21 325 15 754 13 159 10 473 

4a 11 957 9 631 8 446 7 600 

Constant RITA 3 treatment effect 

4b 12 750 9 707 8 904 8 270 
            

1 Dominated 187 947 121 044 45 130 
2 50 131 28 163 21 553 14 354 
3 29 711 19 681 16 218 12 781 

4a 11 898 9 450 8 334 7 600 

Interaction between treatment effect 
and risk at randomisation 

4b 10 476 7 934 7 348 6 906 
Results presented as cost per QALY gained of early intervention compared with conservative. 
*Assumes no continued treatment effect after 5 years of trial follow-up. 
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In summary, the results show that, in patients presenting with NSTE-ACS at 
high risk of further cardiac events, an early interventional strategy is 
associated with a gain in QALYs at an additional cost likely to be considered 
acceptable when compared with a conservative strategy.  However, for 
patients at low risk, an early interventional strategy is associated with a high 
cost per QALY gained.  For patients at intermediate risk, the cost per QALY 
gained is within generally accepted thresholds, so decisions about cost-
effectiveness are likely to be finely balanced.  The extent to which the duration 
of treatment effect after the 5 years of trial follow-up may change these 
conclusions will depend upon the strength of the decision makers’ beliefs 
about the duration of the treatment effect, and whether the treatment effect is 
considered to be constant or is likely to vary across different risk groups. 

Endarterectomy in patients with asymptomatic carotid 
artery stenosis 

The results of the cost-effectiveness analysis show that the cost per QALY 
gained is equal to or less than 500 000 SEK for men aged 73 or younger (Figure 
9).  The cost per QALY gained was high for women at all ages (1 800 000 SEK 
for 55-year-olds and 120 000 000 SEK for 84-year-olds, figure not shown).  
Cost-effectiveness acceptability curves for 4 subgroups are shown in Figure 10. 
 

Figure 9. Incremental cost-effectiveness ratios of CEA compared with BMT for 
men aged 55 to 84 
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Figure 10.  Cost-effectiveness acceptability curves for the CEA strategy 
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Similar to the case study investigating the cost-effectiveness of an early 
interventional strategy, the base-case results appear robust to the assumptions 
required for the long-term extrapolation, with the exception of the duration of 
the treatment effect of the CEA strategy.  Extending the duration of the 
treatment effect showed that the CEA strategy could be cost-effective in a 
broader set of patients (Table 10).   
 

Table 10. Cost-effectiveness results when using different assumptions for the 
duration of treatment effect after the 5-year trial period 

Assumed duration of treatment effect   
5 years 10 years 15 years Lifetime 

Analysed subgroup (base case) (additional 5 years) (additional 10 years)   
65-year-old men 328 292 130 602 82 716 58 723 

75-year-old men 559 836 298 144 249 995 235 135 

65-year-old women 2 955 765 665 837 440 996 334 092 

75-year-old women 7 407 869 1 450 603 1 091 892 1 007 945 

Results presented as cost per QALY gained of CEA compared with BMT.   
Treatment effect refers to the relative risk of non-perioperative stroke of CEA compared with BMT. 
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Applying a willingness to pay for a QALY of 500 000 SEK, the total EVPI for 
the decision to adopt a CEA strategy across all subgroups is about 17 000 000 
SEK.  The EVPI is substantially higher in men (approximately 15 500 000 SEK) 
compared with women (1 500 000 SEK).  This is mainly due to the fact that the 
adoption decision is less uncertain in women as the probability of the CEA 
strategy being cost-effective is low.  Furthermore, fewer women are diagnosed 
with asymptomatic carotid artery stenosis, hence the EVPI per patient is 
multiplied with a smaller number for women compared with men.  Detailed 
results of all subgroups are available in the appendix. The relationship 
between willingness to pay and the estimated EVPI is shown in Figure 11 for 
men and women, respectively.  
 

Figure 11. Expected value of perfect information for the decision to adopt a 
CEA strategy 
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The EVPPI is shown in Figure 12 for a willingness to pay for a QALY of 
500 000 SEK.  The baseline risk of stroke with the BMT strategy is the model 
parameter associated with the highest EVPPI (approximately 8 400 000 SEK). 
 
 
 
 



Results of the case studies 

 41

Figure 12. Expected value of perfect information for model parameters  
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Relative risk: relative risk of non-perioperative stroke with the CEA strategy compared with BMT.  
Baseline risk: risk of non-perioperative stroke with the BMT strategy.  Baseline risk +5: risk of non-
perioperative stroke with BMT after year 5.  Outcome of CEA: perioperative death or stroke (disabling 
or non disabling).  Outcome stroke: proportion of strokes being fatal, non disabling and disabling.  
Mort. asympt: estimated mortality in the population with asymptomatic carotid artery stenosis.  Mort. 
stroke: estimated mortality post stroke.  Cost CEA: cost of endarterectomy.  Cost stroke: costs 
associated with the post-stroke states in the model.  Utilities: utilities associated with health states in 
the model.  EVPPI is estimated at a willingness to pay for a QALY of 500 000 SEK. 
 
 
In summary, the results show that the CEA strategy has incremental cost-
effectiveness ratios below conventional values of willingness to pay for a 
QALY for men aged 73 or younger.  If the duration of the risk reduction of 
non-perioperative stroke associated with the CEA strategy is assumed to be 
longer than the 5 years of follow-up observed in the ACST trial, the CEA 
strategy is likely to be cost-effective in a broader set of patients.  The results of 
the value-of-information analysis show that it may be cost-effective to acquire 
further information, particularly on the baseline risk of non-perioperative 
stroke, the outcome of endarterectomy and the outcome of stroke.  
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5. IMPLICATIONS FOR POLICY 

This chapter provides a discussion of the results of the case studies and their 
implications for policy.  The results of the case studies are compared with 
current treatment recommendations and recommendations for further 
research.  Furthermore, the results of the case studies are compared with the 
utilisation of the investigated treatment strategies in current clinical practice.   

Screening for abdominal aortic aneurysm 

At the time of the evaluation, no screening programme for abdominal aortic 
aneurysm existed in Sweden.  However, the present study indicates that the 
investigated screening programme is likely to be cost-effective, suggesting a 
need for changing clinical practice.  Failing to adopt a screening programme 
implicates that 800 expected QALYs will be forgone in a population of 40 000 
men that could be invited to screening each year in Sweden.  These QALYs 
forgone can be valued at a total of €40 000 000, if the willingness to pay for a 
QALY is €50 000.  Taking the cost of the screening programme into account, 
adopting a screening program would result in an improvement of total net 
benefit of €32 280 000 for each yearly cohort of 65-year-old men, employing a 
willingness to pay for a QALY of €50 000.   
 
The recommendations provided by SBU in 2003 stated that any kind of 
screening programme for abdominal aortic aneurysm that is contemplated in 
Sweden should fall within the scope of a scientific study that evaluates all 
potential consequences.  This recommendation appeared to be based on the 
limited evidence regarding cost-effectiveness.  However, the present study 
indicates that screening is likely to be cost-effective when utilising relevant 
data available at the time of the recommendation by the SBU.  The value-of-
information analysis showed that further research is unlikely to be 
worthwhile.  In particular, a scientific study that evaluates all potential 
consequences, as recommended by SBU, appears to be inefficient use of scarce 
resources.  The costs of setting up such a study will most likely be higher than 
the expected value, in terms of reduced uncertainty, that it may generate.  
Although the EVPI for the decision to adopt a screening programme in 65-
year-old men is low, it should be pointed out that the estimated EVPPI 
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showed that nearly all the prevailing uncertainty stems from the probability of 
rupture.  Hence, if further research had been deemed cost-effective, the focus 
should have been on the probability of rupture.  This has important 
implications for prioritising research.  The best way of learning more about the 
probability of rupture is to follow a cohort of men with a diagnosed 
abdominal aortic aneurysm.  Such a study would not require a randomised 
design and could perhaps be conducted utilising information that has already 
been collected in routine clinical practice.  

Early intervention in acute coronary syndrome 

It has not been possible to identify detailed data on the utilisation of an early 
interventional strategy in the UK at present.  Some sources indicate that the 
use of an early interventional strategy is increasing [66].  Furthermore, no 
treatment recommendations based on cost-effectiveness or recommendations 
for further research have been identified.   
 
The results of the present analysis show that an early interventional strategy in 
patients presenting with NSTE-ACS is likely to be cost-effective in patients at 
intermediate to high risk of further cardiac events.  It has not been possible to 
compare these results with current clinical practice or recommendations based 
on cost-effectiveness.  However, it should be noted that treatment guidelines 
based on clinical risk advocate risk stratification in determining the optimal 
treatment strategy for patients presenting with NSTE-ACS [65].  The results of 
the present analysis indicate that stratification is also important in guiding 
decisions based on cost-effectiveness.  Assuming that no stratification was 
carried out, the average ICER of the present analysis would be approximately 
£22 400.  If the willingness to pay for a QALY is £20 000, the early 
interventional strategy would be deemed cost-ineffective, whereas, at a 
willingness to pay for a QALY of £30 000, it would be deemed cost-effective.   
 
Such a clear-cut decision will not be efficient.  This is illustrated in Figure 13, 
which reproduces the predicted mean cost-effectiveness for the characteristics 
of each individual patient in RITA 3.  Employing a willingness to pay of 
£20 000, no patients will be recommended the early interventional strategy, 
although it is clearly cost-effective in the subset of patients with an ICER 
below £20 000.  These patients are illustrated by the dark shaded bars in Figure 
13 and comprise 31 percent of the patients in RITA 3.  Employing a willingness 
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to pay for a QALY of £30 000, all patients will be recommended the early 
interventional strategy, although it is clearly not cost-effective in the subset of 
patients with an ICER above £30 000.  These patients are illustrated by the 
white bars in Figure 13 and comprise 30 percent of the patients in RITA 3.   
 

Figure 13. Cost-effectiveness for patients in RITA 3 subdivided by different 
willingness to pay for a QALY 
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The example illustrates the importance of stratification when deciding in 
which patients an early interventional strategy should be deemed cost-
effective.  In the present analysis it was shown that early intervention is likely 
to be cost-effective in patients at intermediate to high risk of further cardiac 
events.  However, stratification according to clinical risk is not unambiguous.  
It was shown in Figure 7 that the 5-year risk of death or myocardial infarction 
is not always a good predictor of cost-effectiveness.  This is further illustrated 
in Figure 14, where two specified patient characteristics are shown.  If 
willingness to pay for a QALY is £30 000, the early interventional strategy is 
cost effective for the specified patient characteristics with the lowest risk of 
death or myocardial infarction.  Hence, there is no straightforward way of 
identifying the particular group of patients with an ICER below the threshold 
value, i.e., the patients illustrated by the shaded bars in Figure 14.  It is 
necessary to define a specified combination of patient characteristics (of which 
two are illustrated in Figure 14) and then determine cost-effectiveness for this 
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particular subgroup.  This may be a potential problem when issuing 
recommendations based on the results of this type of analysis.  
 

Figure 14. Cost-effectiveness for patients in RITA 3 with details of two 
specified patient characteristics 
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Endarterectomy for patients with asymptomatic carotid artery stenosis has 
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15.  The results of the cost-effectiveness analysis showed that carotid 
endarterectomy can be considered cost-effective in men younger than 73 years 
of age, but not in women and in men older than 73 years.  Comparing the 
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Figure 15. Total number of endarterectomies performed for asymptomatic 
carotid artery stenosis in Sweden between January 2004 and March 2006 
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Note that data are from SWEDVASC [72] with details obtained from Claes Forssell, 
Linköping University Hospital. 
 
 
It is possible to estimate the expected loss of net benefit resulting from not 
giving all patients the cost-effective treatment.  In this analysis, the total net 
benefit of giving all patients the treatment strategy with the highest mean net 
benefit (i.e., the cost-effective strategy) was compared with the total net benefit 
of providing carotid endarterectomy according to current clinical practice.  
Hence, in this analysis, the estimated total net benefit of giving all men aged 
73 or younger the CEA strategy and all the other patients the BMT strategy is 
compared with the total net benefit of giving patients the treatment strategies 
according to current clinical practice as shown in Figure 15.  Employing a 
willingness to pay for a QALY of 500 000 SEK, the gain in net benefit, 
compared to current practice, of giving all patients the most cost-effective 
treatment is approximately 6 300 000 SEK for each yearly cohort of patients 
diagnosed with asymptomatic carotid artery stenosis.  Of this improvement, 
2 600 000 SEK is in men and 3 700 000 SEK in women.  Thus, at present, many 
patients get a cost-ineffective treatment strategy resulting in a substantial loss 
of net benefit.  It should be noted that extending the duration of the treatment 
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effect of carotid endarterectomy beyond the 5-year trial follow-up will alter 
these results. 
 
The treatment recommendations regarding carotid endarterectomy were not 
very comprehensive.  The priority given to carotid endarterectomy for patients 
with an asymptomatic lesion in the ranking of stroke-related interventions (a 
“6” on a scale of 1 to 9, where “1” indicates the highest priority and “9” the 
lowest) is somewhat difficult to interpret.  If the ranking of carotid 
endarterectomy refers to a clear-cut decision of adopting carotid 
endarterectomy or not, across all patients, the low ranking may be justified as 
carotid endarterectomy is not cost-effective in women and in men over the age 
of 73.  In fact, a weighted average ICER across all subgroups is approximately 
602 000 SEK, leading to the conclusion that carotid endarterectomy is not cost-
effective using a willingness to pay for a QALY of 500 000 SEK.  However, 
similar to the findings in the case study on early intervention in acute coronary 
syndrome, the results of the present analysis clearly show the limitation of 
such clear-cut decisions.  Preferably, the guidelines ought to rank carotid 
endarterectomy differently depending on the subgroup under consideration.  
 
No guidelines regarding further research into the cost-effectiveness of carotid 
endarterectomy in patients with an asymptomatic lesion has been identified.  
The results of the value-of-information analysis showed that it may be cost-
effective to acquire further information, particularly on the baseline risk of 
non-perioperative stroke.  When considering further data collection of the 
parameters with the highest EVPPI, it should be noted that a long-term follow-
up of the ACST trial is due to report in a few years time.  This report will 
provide data of up to 10 years follow-up, almost doubling the data currently 
available for baseline risk of non-perioperative stroke.  Furthermore, this 
follow-up will provide data on the outcome of stroke and the relative risk of 
non-perioperative stroke.   
 
Designing, and initiating, new studies before the decision-analytic model is 
updated with this information is unlikely to be cost-effective as the follow-up 
from the ACST trial will provide substantial information on most of the 
parameters identified as potentially worthwhile to investigate further.  This 
leads to the conclusion that, at present, men aged around 73 years or younger 
should be recommended CEA, whereas other patients should be 
recommended BMT.  These recommendations should be revised when the 
decision-analytic model has been updated with data from the long-term 



Implications for policy 

48 

follow-up of ACST.  If there is still substantial value in doing further research 
after the decision-analytic model has been updated with this information, 
issues concerning efficient research design can be investigated (an example is 
available in the appendix).  
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6. IMPLICATIONS FOR METHODOLOGY 

Many issues concerning methodological aspects of using the analytic 
framework are illustrated and discussed in the previous chapters.  It was 
shown in the case study on screening for abdominal aortic aneurysm that the 
decision problem could be comprehensively investigated despite the lack of 
primary studies of a programme comprised of inviting men for a single 
screening at the age of 65.  The importance of estimating cost-effectiveness for 
different subgroups, or accounting for heterogeneity, was illustrated in the 
case studies on early intervention in acute coronary syndrome and carotid 
endarterectomy.  Furthermore, the importance of explicitly considering the 
value of information when issuing recommendations for further research was 
illustrated in the case studies on screening for abdominal aortic aneurysm and 
carotid endarterectomy.  
 
In an overall assessment, it could be argued that the case studies themselves 
provide some evidence that conducting economic evaluations using the 
proposed analytic framework is feasible.  However, some further 
methodological issues related to the analytic framework are discussed in this 
chapter.  

Event-based modelling - bridging the gap between 
trials and decision-analytic models? 

Clinical trials have often been used as a vehicle for economic evaluation, 
where health outcomes and costs are measured directly on patients 
participating in the trial.  Based on the sample of patients in the trial, a trial-
based estimate of cost-effectiveness is established [74].  Advantages of this 
approach to cost-effectiveness analysis are the high internal validity of the 
data generated from clinical trials and the fact that trials themselves are well 
established and understood as vehicles for generating knowledge about 
uncertain parameters.  However, it has been argued that decision-analytic 
models are often required for the economic evaluation of health care, and, 
indeed, should be used as a vehicle for economic evaluation rather than 
clinical trials [29].  Event-based models are emerging as a bridge between the 
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two approaches where the focus is on primary events observed in a clinical 
trial and the analysis generally stays close to the trial, and, at the same time, 
utilises some of the advantages with the decision-analytic modelling approach 
[37].   
 
The fact that costs and health outcomes often need to be estimated over a 
lifetime time horizon emphasizes the importance of extrapolation of trial data.  
The case study on early intervention in acute coronary syndrome used a 
Markov model to extrapolate survival, costs and QALYs conditional on 
predicted events from the RITA 3 trial.  By extrapolating the results of the 
parametric survival model employed to estimate cardiovascular death or 
myocardial infarction, transition probabilities for the Markov model could be 
estimated beyond 5 years (which was the duration of the RITA 3 trial).  In a 
similar way, costs and QALYs were extrapolated from the equations based on 
trial data by employing certain assumptions.  Hence, the decision-analytic 
model provides a structure to extrapolate event rates, costs and QALYs, 
conditional on events having occurred in the trial or not, whereas the 
statistical equations based on data from the trial provide the data for this 
extrapolation.  
 
Another example of the bridging between trials and decision-analytic 
modelling concerns evidence external to a trial.  In line with evidence-based 
medicine [75], it is often argued that economic evaluations should take into 
account all relevant evidence.  In RITA 3, the impact on the results of 
including evidence from all randomised trials investigating the relative 
treatment effect of an early interventional strategy was examined.  A meta-
analysis was performed in order to estimate a pooled treatment effect and the 
results of this analysis are shown in Figure 16.   
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Figure 16. Pooled treatment effect on cardiovascular death or myocardial 
infarction with early interventional compared with conservative strategy  

 
Note: the treatment effect refers to the period between discharge from hospital and end of trial follow-
up.  
 
 
The estimated pooled odds ratio was then used in the parametric survival 
model rather than the trial based odds ratio.  The underlying assumption of 
this analysis is that the baseline risk is specific for the setting of the study, and 
can be further controlled for by using covariates in the statistical model, 
whereas the pooled treatment effect is independent of the baseline risk.  This 
analysis stays close to the original trial data, and, at the same time utilise the 
advantage of decision-analytic modelling of enabling external evidence to be 
incorporated into the analysis.  

Scenario analyses 

All case studies utilise scenario analyses in addition to probabilistic sensitivity 
analyses.  The general aim of running alternative scenarios is to investigate 
whether altering the value of a parameter has a major effect on the results of 
the cost-effectiveness analysis.  There are different reasons for performing 
such scenario analysis.  In some cases, parameters may differ for different 
decision makers.  Examples include the rate to discount costs and health 
outcomes, and unit costs to value resource use.  In other cases, parameter 
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values are varied in alternative scenarios due to the fact that they are 
genuinely uncertain and therefore represent different takes on the evidence.  
The most obvious example in the present work is the duration of the treatment 
effect in the case studies of carotid endarterectomy and early intervention in 
acute coronary syndrome.   
 
The former approach to scenario analyses is not a great concern.  The results of 
the alternative scenarios merely represent the results for different decision 
makers and can be interpreted accordingly.  In the latter approach, however, 
there is more concern regarding the interpretation of the results.  In the case 
studies using different scenarios for the duration of the treatment effect, it was 
well illustrated how cost-effectiveness varies with different assumptions 
regarding the duration.  Nevertheless, it should be recognised that such an 
alteration in the cost-effectiveness results also influences the probability of 
making the wrong decision and the estimated EVPI.  Therefore, it is unclear 
how the duration of the treatment effect would impact the EVPI, and indeed 
what the EVPPI for this parameter is.  Preferably, this uncertain parameter 
should have been assigned a probability distribution and formally 
incorporated into the analysis.  This can be achieved using recently developed 
methods to elicit probability distributions from experts [76].  These methods 
are under development and rarely seen in present applications, but are likely 
to provide an improvement in future applications.  

Heterogeneity and value of information 

The case study on carotid endarterectomy illustrates how detailed analyses of 
cost-effectiveness in different subgroups may increase the computational 
burden of the value-of-information analysis.  Although this was not clearly 
seen in the summary results presented in chapter 4, the comprehensive results 
reported in the appendix provide some evidence for this.  This is further 
highlighted by the simple example of EVSI presented in the appendix, where 
the simulations are even more time consuming.  The computational burden of 
performing some of these analyses is a limitation at present.  This is 
particularly true for simulations aiming to establish efficient research design.  
However, it should also be pointed out that the example of EVSI illuminates 
important aspects regarding efficient research design that are unlikely to be 
considered at all without the formal approach of value-of-information 
analysis.  
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A rational framework for decision-making 

The example of heterogeneity and value of information illustrates an 
important point concerning the analytic framework applied in this thesis.  The 
evaluations tend to become very comprehensive, both in scope and 
complexity.  Comprehensive data collection and more sophisticated methods 
will improve our ability to provide accurate estimates of relevant parameters.  
However, it is important to remember that comprehensive economic 
evaluations are not an aim per se.  In fact, the analytic framework implies that 
the level of comprehensiveness required for the analysis is an empirical 
question.  In some cases, a simple evaluation may prove enough to reach a 
decision based on cost-effectiveness and to provide a clear indication of 
whether additional research is required.  In other cases, a simple evaluation 
may reveal that further, and more comprehensive, analyses are required.   
 
In this context, the analytic framework applied in this thesis should be seen as 
a way of thinking rather than a set of complex methods.  It offers a structural 
approach to inform decision-making where judgements need to be taken what 
constitutes relevant evidence and treatment options.  Based on these 
judgements it is possible to establish the most cost-effective treatment option 
given current evidence, whether more information is required and the type of 
evidence that may be valuable.  This approach to decision-making, especially 
when considering the decision to acquire more information, may offer an 
improvement to informal approaches, which can often lead to conclusions that 
‘more research is needed’, without any consideration given to the marginal 
costs and marginal benefits of acquiring more information [77].   
 
Hence, it could be argued that the analytic framework offers a rational 
approach of asking the right questions.  The nature of the decision problem, 
and, indeed, the resources available to inform the decision problem will be 
important when determining the appropriate level of analytical complexity.  
In this context we should always seek to be roughly right rather than precisely 
wrong, but it may also be more efficient to be roughly right than completely 
right.  
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7. CONCLUSIONS  

A screening programme for abdominal aortic aneurysm in 65-year-old men is 
likely to be cost-effective in a Swedish setting from a societal perspective and 
there appears to be little value in performing further research into this 
decision problem.  
 
An early interventional strategy in non-ST-elevation acute coronary syndrome 
is cost-effective in patients at intermediate to high risk of further cardiac 
events from the perspective of the National Health Services in a UK setting.  
 
Endarterectomy in patients with asymptomatic carotid artery stenosis appears 
to be cost-effective in a Swedish setting from a societal perspective in men 
around 73 years of age or younger. It may be worthwhile to conduct further 
research into this decision problem, although the present analysis should be 
updated with long-term results from the ACST trial before further research is 
initiated.  
 
Comparing the results of the present analyses with current clinical practice 
shows a need for changing clinical practice in Sweden regarding screening for 
abdominal aortic aneurysm and endarterectomy in patients with 
asymptomatic carotid artery stenosis.  Furthermore, employing the analytic 
framework applied in the case studies can improve treatment guidelines and 
recommendations for further research.  In particular, treatment guidelines 
ought to consider in which particular subgroups of patients an intervention is 
cost-effective.  
 
The case studies indicate that it is feasible to apply the analytic framework for 
economic evaluation of health care.  Methodological development can 
improve the accuracy with which cost-effectiveness and value of information 
is estimated, but may also lead to comprehensive and complex evaluations.  
The nature of the decision problem should determine the level of 
comprehensiveness required for a particular evaluation.  



Appendix 

 55

APPENDIX                                                
DETAILS OF THE CASE STUDIES 

This appendix provides some further details of the case studies that are not 
reported in the accompanying papers.  

Screening for abdominal aortic aneurysm 

The model structure is described in Paper I, but a more comprehensive outline 
is given below.  Furthermore, data collection and incorporation of data into 
the model is described in detail below.  
 
Assumptions and illustration of the model structure 
In effect, the model is made up of two parts as an individual can be either 
undiagnosed or diagnosed.  The model structures for the undiagnosed and 
diagnosed individuals are shown in Figures A1 and A2, respectively.  The 
circles represent health states and the arrows show possible transitions 
between health states during a Markov cycle. The squares represent events 
that can occur during a Markov cycle leading to a transition from one health 
state to another. 
 
At the start of the analysis no individual is diagnosed with an AAA and the 
cohort is distributed over the No AAA state, and the three AAA states in the 
undiagnosed part of the model, according to prevalence estimates.  A 
simplifying assumption in the model was that an individual without an AAA 
at the age of 65 will not develop an AAA later in life [59,78]. 
 
Each AAA state is associated with a probability of rupture.  Survival after 
rupture is determined by the probability of reaching hospital and getting an 
acute operation, and the probability of surviving the operation.  Survivors of 
an acute operation will make a transition to the Post op state.  If an AAA 
grows into a larger size group during a cycle, the individual will make a 
transition to the next AAA state (from Small to Medium or from Medium to 
Large AAA).  During each cycle there is also a risk of dying from causes not 
related to AAA and thus make a transition to the Dead state.  
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Figure A1. Model structure for undiagnosed individuals 
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Both the screening strategy and the no-screening strategy allow individuals to 
be diagnosed opportunistically in each cycle.  In addition, with the screening 
strategy individuals are diagnosed with help of the ultrasound investigation 
during the first Markov cycle, if complying with the invitation to the screening 
programme.  Sensitivity and specificity of the ultrasound investigation were 
assumed to be 100 percent.  Few studies have investigated the test 
characteristics of an ultrasound investigation for AAA but some evidence 
indicate that these are valid assumptions [79].  The assumption of 100 percent 
sensitivity is investigated in a sensitivity analysis.  Individuals diagnosed 
(opportunistically or by screening) with an AAA > 5.5 cm, fit to undergo, and 
not declining surgery, are operated electively.  Individuals surviving the 
elective operation make the transition to the Post op state.  When diagnosed, 
individuals are kept under surveillance with regular ultrasound investigations 
(Small AAA once a year and Medium AAA twice a year).  Individuals with a 
Large AAA that for some reason do not undergo an operation are kept under 
continuing surveillance by ultrasound twice a year, and they also face a yearly 
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probability of undergoing an elective operation in subsequent Markov cycles.  
A 100 percent compliance with surveillance was assumed.  
 
Figure A2. Model structure for diagnosed individuals 
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Data 
Prevalence  
Prevalence data was obtained from published screening studies.  The 
identified studies are presented in Table A1.  
 
Random effect meta-analyses were performed on the log-odds of prevalence. 
Including all identified studies and all studies including only men aged 65 or 
above yielded similar results.  Including the two studies with data on 65-year-
olds only, produced a lower prevalence estimate [55,80].  The results from the 
analyses are summarised in Table A2 and in Figure A3 (references of the 
studies shown in Figure A3 are available in Table A1).  
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Table A1. Summary of identified studies reporting the prevalence of AAA 
Study Age 

 
Range   Mean 

Country Invited Number 
investigated 

(%) 

Number of 
AAA ≥ 3.0 cm 

(%) 

Year of scan

Ashton [51] 65-74 69 England 33 839 27 147 (80.2) 1 333  (4.91) 1997-1999 

Lindholt [54] 65-73 67.5 Denmark 6 339 4 843 (76.4) 191 (3.94) 1994-1998 

Scott [55] 65-80  NA England 3 205 2 342 (73.1) 178 (7.60) 1989-NA 

Scott [55] 65   England 210 169 (80.5) 10 (5.90) 1989-NA 

Lederle [81]* 50-79  66 US NA 126 196 5 283 (4.19) 1992-1997 

Wilmink [82] 60-69 NA England NA 3 107 158 (5.09) 1991-1996 

Vazquez [80] 65   Belgium NA 465 21 (4.52) 1995-1996 

Lucarotti [83]** 65   England 2 291 1 748 (76.3) 26 (1.49) 1990-1991 

Smith [84]  65-75 NA England 3 500 2 597 (74.2) 219 (8.43) 1989-NA 

O’Kelly [85]** 65   England NA 118 1 (0.85) 1987-NA 

Simoni [86] 65-75 69 Italy  NA 741 65 (8.77) 1991-1994 

Boll [87] 60-80 NA Holland 2 914 2 416 (82.9) 196 (8.11) NA 

Holdsworth [88] 65-79 NA England 800 628 (78.5) 42 (6.69) NA 

Bengtsson [89,90] 74 74 Sweden 499 375 (75.2) 31 (8.27) 1988 

Norman [56] 65-83 73 Australia 17 516 12 203 (63.1) 875 (7.17) 1988-2001 

NA: information not available.           
* 97 % males in the study population.         
** AAA > 40 cm used as definition of AAA.         

 
 
Table A2. Results of meta-analyses of prevalence (AAA ≥ 3 cm) 
Studies included Pooled 

estimates* 
95 % confidence 

interval 
Number of 

studies 
Estimated 
prevalence 

All -2.714 -2.900 -2.527 12 6.20% 

Including 65-year-olds or older -2.670 -2.806 -2.731 9 6.50% 

Including 65-year-olds-only -2.960 -3.321 -2.599 2 4.90% 

*Log odds of prevalence. 
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Figure A3. Forest plot of meta-analysis of studies reporting prevalence in men 
aged 65 years or older 
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In order not to overestimate the positive effects of a screening programme we 
used the estimate from the two studies including 65-year-olds only [55,80].  
Converting the log-odds yielded a point estimate for the prevalence of 4.9 
percent.  For the probabilistic analysis, a normal distribution was assumed on 
the log-odds scale employing the standard error from the meta-analysis.  Five 
studies reported the proportion of total AAAs in the interval 3 ≤ AAA ≤ 4.  The 
result of the meta-analysis is shown in Figure A4.  The point estimate of log-
odds was 0.463 with a 95 percent confidence interval of 0.134 - 0.792 
corresponding to an estimate for the proportion of AAAs being small of 0.614.  
As for total prevalence, a normal distribution was assumed on the log-odds for 
the probabilistic analysis employing the standard error from the meta-
analysis.  The conditional probability of an AAA being medium, given that it 
is not small, was estimated in a similar way employing the two studies 
reporting this data [80,89].  The point estimate for the log-odds was 0.287 with 
a 95 percent confidence interval of -0.773 - 1.348, yeilding a point estimate for 
this conditional probability of 0.571.  
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Figure A4. Results of meta-analysis on the proportion of total AAAs being 
small 
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Summarising the point estimates of prevalence used in the model show a total 
prevalence of 4.9 percent for 65-year-old men.  The estimated proportion of 
AAAs in different size groups was 0.614, 0.220, and 0.166 for small, medium, 
and large AAAs, respectively. 
 
Operative mortality 
Mortality directly associated with elective and acute operations was estimated 
using data from the Swedish Vascular Registry (SWEDVASC) [91].  In 
SWEDVASC, vascular procedures and the outcomes of these procedures are 
registered [91].  In recent years, nearly 90 percent of all operations for AAA 
have been reported to the registry.  Data from 1987 to 2001 was employed in 
this study.  During this period of time data from 2 562 and 3 364 acute and 
elective operations, respectively, were available for men 65 years old or above.  
Deaths occurring within 6 months of an operation were defined as operative 
mortality.  To estimate the probability of death, logistic regressions were fitted 
to the data using age-group dummies.  The predicted log-odds and 
corresponding standard errors from the regressions are shown in Table A3 for 
different age groups, together with the estimated probabilities of operative 
mortality.  For the probabilistic analysis, the uncertainty in the predicted 
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probabilities was characterised using a normal distribution on the log-odds 
predictions employing the standard errors presented in Table A3. 
 
Table A3. Mortality within 6 months of elective and acute surgery 

Age Number of 
observations 

Predicted mean 
log-odds 

Predicted 
standard error 

Probability 

Elective operation 

65-69 852 -2.9346 0.1565 0.0505 
70-74 1243 -2.6902 0.1163 0.0636 
75-79 962 -2.1541 0.1056 0.1040 
> 79 307 -1.9875 0.1753 0.1205 

Acute operation 

65-69 553 -1.2939 0.1035 0.2152 
70-74 819 -0.5745 0.0728 0.3602 
75-79 689 -0.2010 0.0766 0.4499 
> 79 501 0.1239 0.0895 0.5309 

Predicted log-odds and standard errors are from the logistic regression. 
 
 
Probability of being operated when rupture 
Evidence suggests that the proportion of individuals with a ruptured AAA 
reaching hospital and undergoing an operation has increased over time [92].  
The log-odds of a random effects meta-analysis on the four recent studies 
identified [49,82,92,93] was -0.561 with a standard error of 0.187, 
corresponding to a probability of 0.36.  The results are shown in Figure A5.  
For the probabilistic analysis, the uncertainty in the estimated probability was 
characterised using a normal distribution on the log-odds employing the 
standard error from the random effects meta-analysis.  
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Figure A5. Forest plot of meta-analysis of the proportion of patients 
undergoing an acute operation when suffering AAA rupture 
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Postoperative survival prognosis and mortality not related to AAA 
Postoperative survival prognosis was estimated employing data from 
SWEDVASC [91].  In the dataset from SWEDVASC, long-term postoperative 
survival after an operation was available.  As described above, deaths within 6 
months of an operation were defined as operative mortality.  Thus, the long-
term survival prognosis included individuals alive 6 months after operation.  
Survival status for these individuals was available in the dataset until 
December 31 2000.  As type of operation was not a good predictor of long term 
survival once the first 6 months after operation had been removed data from 
both types of operation was used in the analysis.  A time-to-event Weibull 
model was estimated including age as a covariate.  The results are shown in 
Table A4.  
 
Table A4. Results from the time-to-event Weibull regression model on long-
term survival post surgery (log scale) 
Variable Coefficient Standard error 
Age 0.0533 0.0034 
Constant* -7.4914 0.2542 
LnGamma** 0.4711 0.0180 
*Constant is the hazard at time zero. 
**Shape parameter where a value less than (above) 0 on the log scale indicates a decreasing 
(increasing) hazard over time. 
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The age coefficient was updated with the age of 65 in the regression equation 
to derive the estimated hazard function, which was then used to estimate 
yearly probabilities of death.  The estimated yearly probabilities of death were 
higher than standard mortality for individuals less than 90 years old.  When 
an individual turned 90 years old in the model, standard mortality was higher 
than the estimated AAA mortality and therefore, the estimates from the 
Weibull model were no longer used and standard mortality was employed 
instead.  Uncertainty in the mortality estimates was incorporated by defining 
distributions for the parameters of the Weibull regression.  Multivariate 
normality on the log scale was assumed employing the standard errors of the 
regression coefficients.  Cholesky decomposition was employed to preserve 
the correlation between regression parameters.  
 
For men without an AAA, age-specific standard mortality rates were used 
[94].  The standard mortality rates were defined as deterministic in the model.  
Considering that the survival prognosis of AAA individuals is worse than that 
of the normal population, mortality unrelated to the AAA for individuals with 
an untreated AAA was estimated by using the long-term survival prognosis of 
operated individuals described above.  The long-term survival prognosis after 
an operation was assumed to reflect the general health status of patients with 
an AAA, with respect to death due to other causes, as their probability of 
having further problems related to their operated aneurysm is very small 
[95,96].  This assumption was investigated in a sensitivity analysis where all 
individuals with an AAA that had not been operated were given standard 
mortality instead.  In Table A5, the yearly age-specific standard mortality 
probabilities and the yearly mortality probabilities estimated from the Weibull 
regression are shown for individuals aged 65 to 75.  It can be seen from the 
table that, for instance, an individual aged 67 years in the model (i.e. in 
Markov cycle 3) face a probability of death from other causes of 0.018 if free 
from an AAA and a probability of death from other causes of 0.048 if operated 
(and surviving) in any of the previous cycles or if having a not yet operated 
AAA.  
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Table A5. Yearly probabilities of death in the model 
Age Standard mortality Post op*/AAA-mortality** 
65 0.015 0.018 
66 0.017 0.036 
67 0.018 0.048 
68 0.021 0.059 
69 0.023 0.068 
70 0.025 0.077 
71 0.028 0.084 
72 0.032 0.092 
73 0.034 0.099 
74 0.038 0.104 
75 0.043 0.111 
*Post op: mortality in the postoperative state.  
**AAA mortality: mortality with a not yet operated AAA.  

 
 
Probability of rupture 
In a Medline search (the most recent search was performed in July 2004) the 
search terms ‘abdominal aortic aneurysm’ was combined with ‘risk of rupture’ 
and ‘natural history’.  This search generated over 800 references of which most 
were not relevant.  Investigating headings and abstracts, seven studies were 
identified as potentially useful.  Due to large differences in study design and 
reporting of results it was not possible to combine the studies in a formal 
meta-analysis.  
 
Small AAA 
Several studies indicated that the yearly probability of rupture of a small AAA 
was less than 0.01 [48,97-99].  In one study it was estimated that 1 of 184 small 
AAAs would rupture in one year giving a point estimate of 0.0054 for the 
probability of rupture [99].  A beta distribution, Beta(1, 183), was defined for 
this parameter. 
 
Medium AAA 
In two large randomised trials a yearly probability of rupture of a medium 
AAA was 0.006-0.01 [100,101].  Other studies have reported similar findings 
[48,99,102].  As for small AAAs, one study estimated the number of AAAs that 
would rupture in a defined population, suggesting that 1 out of 63 medium 
AAAs would rupture in a year giving a point estimate of 0.015 [99].  A beta 
distribution, Beta(1, 62), was defined for this parameter.  
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Large AAA 
Several studies indicated that the yearly probability of rupture of a large AAA 
was about 0.15 [97,102-104].  One study reported the number of patients with a 
large AAA that ruptured in one year (5 of 32), giving a point estimate of 0.156 
for this probability [102].  A beta distribution, Beta(5, 27), was defined for this 
parameter.  
 
Growth of AAA 
In a Medline search (the most recent search was performed in July 2004) the 
search term abdominal aortic aneurysm was combined with growth rate and 
natural history.  This search generated some 250 references.  Investigating 
headings and abstracts, twenty references were identified as potentially useful.  
As for the studies identified investigating rupture probabilities, differences in 
study design and reporting of results precluded a formal meta-analysis.  
 
From small to medium AAA 
Several studies investigating growth of small AAAs were identified [105-110].  
In most studies the average growth, measured as mm per year, was reported.  
However, there are some difficulties with the incorporation of this type of data 
into the model as the parameter of interest is the probability of moving from 
the Small AAA to the Medium AAA health state.  Collin et al. reported that 16 
of 52 patients with a small AAA had an AAA that was larger than 4 cm at 3 
years follow-up [107].  The estimated three-year probability of a transition 
from the Small to Medium AAA state was thus 0.308, corresponding to a 
yearly probability of 0.115.  A similar finding was reported by Santilli et al 
[108].  A beta distribution for the three-year probability, Beta(16, 36), was 
defined for this parameter.  
 
From medium to large AAAs 
From two large clinical trials, the proportion of individuals with a medium 
AAA growing larger than 5.5 cm was around 50 percent in 4 years follow-up 
[100,101].  An estimated four-year probability of making a transition from 
Medium AAA to Large AAA was thus 0.50, yielding a yearly probability of 
making the transition of 0.159. A beta distribution, Beta(283, 283) was defined 
for the four-year probability reflecting the number of individuals in one of the 
trials. 
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Proportion complying with invitation  
Most evidence indicated that the proportion of individuals complying with the 
invitation was 70-80 percent (see Table A1).  The results of a random effect 
meta-analysis of all studies identified reporting compliance are shown in Table 
A6 and Figure A6.  In Table A6, the results are also shown when pooling the 
results from the two studies reporting compliance for 65-year-olds only 
[55,83].  The point estimates are very similar when including all studies (0.765) 
or only the two reporting compliance for 65-year-olds only (0.773).  The 
estimate using the two studies reporting compliance for 65-year-olds was used 
in the model.  For the probabilistic analysis the uncertainty in the estimated 
proportion was characterised using a normal distribution on the log-odds 
employing the standard error from the random effects meta-analysis.  
 
Table A6. Results of random effect meta-analysis of studies reporting 
compliance with the invitation  
Studies included Pooled 

estimates* 
95 % confidence 

interval 
Number of 

studies 
Estimated 

compliance 

All 1.178 1.000-1.376 9 0.765 

Including 65-year-olds only 1.236 1.021-1.452 2 0.773 
*Log-odds of compliance. 
 
Figure A6. Forest plot of meta-analysis of the proportion complying with the 
invitation to screening  
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Proportion electively operated 
The estimated proportion of individuals actually undergoing an operation 
when candidates for elective surgery (a detected large AAA) was 84 percent 
[55].  A beta distribution, Beta(31, 6), was defined for this parameter.  No study 
was identified where the probability of undergoing an elective operation at a 
later stage was reported.  Built on expert opinion it was estimated that 1 of 6 
individuals would be operated yearly despite not being operated on diagnosis 
of an AAA > 5.5 cm.  A beta distribution, Beta(1, 5) was defined for this 
parameter.  
 
Opportunistic case-finding 
No studies investigating opportunistic case-finding were identified.  We 
performed a small registry study in the county of Östergötland, Sweden, in 
order to investigate the yearly probability of being opportunistically detected 
with an AAA.  Protocols of performed investigations at the department of 
radiology, the Vrinnevi Hospital, Norrköping, were searched for abdominal 
aortic aneurysm.  In these protocols, all AAAs detected during a defined 
period of one year would be registered.  In total, 9 new cases of AAAs were 
reported for men aged 65-69.  Applying the estimated prevalence of 4.9 
percent on the population in the catchment area of the Vrinnevi Hospital the 
total number of AAAs in this population could be defined.  In total 3572 men 
aged 65 to 69 years lived in the catchment area indicating 175 expected AAAs 
in this population.  Nine of these 175 were detected during one year leading to 
a yearly probability of being detected opportunistically of 0.051.  For the 
probabilistic analysis the number of detected cases was held constant and 
prevalence varied.  
 
Sensitivity 
Some evidence indicate that the assumption of 100 percent sensitivity of an 
ultrasound investigation seems plausible.  However, there is little information 
available on this parameter and in a sensitivity analysis a scenario was run 
using 80 percent sensitivity and a beta distribution, Beta(50, 13), was defined 
for this parameter.  
 
Costs 
Costs of acute and elective operations are allocated to the cycle in which they 
occur.  Costs for the invitation and the administration of the screening 
programme arise in the first cycle of the model in the screening strategy.  The 
costs of ultrasound investigations, both the initial and the surveillance 
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investigations, are allocated to the cycles when they occur.  Taking a societal 
perspective all relevant costs should in principle be included.  Loss of 
production due to absence from work is normally an important cost item 
when a societal perspective is taken.  As all individuals in the study are 65 
years of age we have, however, assumed that everyone is retired and hence 
this cost was not included.  A private travel cost, incurred when attending the 
ultrasound investigation, was included.  A much debated cost item in 
economic evaluations is the cost of added life years and this cost was 
considered in an alternative scenario [111].  
 
Costing studies were undertaken in order to estimate costs for the invitation, 
ultrasound investigation, and operations.  Secondary sources were employed 
to get estimates of private costs associated with an ultrasound investigation 
and costs of added life years.  
 
Invitation to screening 
All individuals in the screening strategy will get an invitation to the 
ultrasound investigation.  The calculated cost of the invitation, including the 
cost of administrating the screening programme was €6.67.  Based on one 
administrative assistant working 1 day a week during a year, the cost of staff 
was €5.11 per invitation (assuming gross earnings of €2 000 a month).  The 
remaining €1.56 included office space, postage and stationary.  The cost of the 
invitation was not varied in the probabilistic analysis.  
 
Ultrasound investigation 
The calculated cost of an ultrasound investigation was €42.78.  Wages for a 
biomedical analyst and an assistant nurse were included in this cost.  It was 
assumed that it would take 100 days to screen all men complying with the 
invitation.  The wages for a biomedical analyst and assistant nurse were 
available from Statistics Sweden.  The total estimated costs per ultrasound 
investigation attributed to wages were €15.67 and €14.11 for a biomedical 
assistant and assistant nurse, respectively.  
 
As the screening is performed in a primary care setting with mobile 
equipment a transport cost for staff was included in the calculations.  It was 
assumed that staff needs to travel 100 kilometres per day at a cost of €0.11 per 
kilometre.  A fixed cost of €3 333 per year for a car was also allocated to the 
cost of the ultrasound investigation.  
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An annual cost of the ultrasound equipment was calculated assuming it could 
be used for 5 years with an acquisition cost of €38 889.  A laptop with an 
acquisition cost of €3 333, assuming it could be used for 3 years was also 
included in the cost of the ultrasound investigation.  
 
The cost of office space needed to carry out the investigations was calculated 
using unit costs of €1.11/m2 per day.  It was assumed that a room of 10 m2 
would be needed to carry out the ultrasound investigations.  The cost 
calculations for the ultrasound investigation are shown in Table A7.  As for the 
cost of invitation, the cost of an ultrasound investigation was not varied in the 
probabilistic analysis.  
 
Table A7. Calculated cost of an ultrasound investigation (€) 
Cost item Cost/investigation 

Wages biomedical analyst 15.67 

Wages assistant nurse 14.11 

Car 3.67 

Ultrasound equipment 7.44 

Laptop 1.00 

Office space 0.89 

Total cost 42.78 

 
 
Surveillance 
The cost of an ultrasound investigation calculated above was also used for 
planned investigations when individuals are under surveillance when 
detected with an AAA. 
 
Private cost of ultrasound investigation 
For individuals attending the ultrasound investigation, time and travel costs 
are incurred.  These costs were investigated in a British study [112].  In this 
study 499 men aged 65 to 79 years attending a screening programme were 
included.  The average private cost was 4.79 GBP (1994 prices) which is equal 
to €7.41 inflated to 2003 prices.  These results agree with estimates for prostate 
cancer screening.  Carlsson and colleagues estimated a private cost of €7.22 
(inflated to 2003 prices) for individuals attending prostate cancer screening 
[113].  A private cost of €7.41 was used in the model. 
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Operations 
The calculations of the total costs for operations are based on a fixed and a 
variable cost.  The fixed cost is by definition the same for every operation. 
Variable costs are time in operation theatre, use of blood products, and bed-
days postoperatively.  For variable costs, a unit cost is established and then 
multiplied by actual resource use for each operation.  Information on unit 
costs and resource use was primarily taken from Linköping University 
Hospital.  
 
Fixed costs were categorised into preoperative assessment, disposables, 
equipments and others.  In the costs for preoperative assessment, it was 
assumed that two thirds of acutely operated individuals have an acute 
ultrasound investigation and one third has a CT.  The use of disposables does 
not differ between acute and elective operations.  Regarding the cost of 
ambulance, it was assumed that patients travel on average 30 kilometres to a 
hospital that performs acute operations.  A unit cost of €6.67 per kilometre was 
used for the ambulance cost.  As 50 percent of the acute operations are 
performed on non-office hours an added cost for staff to actually get to the 
hospital was added.  
 
The calculated total fixed costs were €2 751 and €1 653 for acute and elective 
operations, respectively.  A summary of the calculations of fixed costs is 
shown in Table A8.  
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Table A8. Fixed costs of acute and elective operations (€) 
Cost item Acute operation Elective operation 
Preoperative investigations   
Doctors visit   151 
CT 102 306 
Electrocardiogram   22 
Ultrasound (acute) 74   

Disposables     
Anaesthesia 198 198 
Operation* 480 480 

Instruments     
Cell saver 202 202 
Operation** 48 48 
Sterilization 30 30 
Heating 126 126 

Other     
Pharmaceuticals 91 91 
Ambulance 400   
Staff 1000   
Total fixed costs 2751 1653 

*Including an aortic graft.   
 
 
The variable costs consist of time in theatre, bed-days, and blood products.  
Resource use is measured in physical units and assigned probability 
distributions for the probabilistic analysis.  Unit costs are not associated with 
sampling uncertainty and are therefore not varied in the probabilistic analysis.  
The estimation of unit costs is presented first followed by the assessment of 
actual resource use.  
 
The main component in the cost per minute in theatre is the cost of staff.  It 
was assumed that on average, 2 nurses and 2 surgeons are present at both 
acute and elective operations.  Furthermore, it was assumed that on average 
1.5 anaesthetists and 1.5 anaesthetist nurses are present at an acute operation.  
For an elective operation, it was assumed that 1 anaesthetist and 2 anaesthetist 
nurses are present.  According to the financial department at the Heart Centre, 
Linköping University Hospital, the cost per minute for a nurse is €1.11 and the 
cost per minute for a surgeon/anaesthetist is €2.22.  Furthermore, the cost of an 
operating theatre was estimated at €55.56 per hour (€0.93 per minute).  Fifty 
percent of the acute operations are performed during non-office hours at a 100 
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percent higher cost.  This was incorporated in the estimates by making all 
costs for staff 50 percent higher.  This should not be confused with the extra 
cost included in the fixed costs above.  The added fixed cost represents the cost 
to actually get the staff to the operation room.  Once at the operating room the 
staff cost more on non-office hours which was included in the cost per minute.  
 
The estimated cost per minute was €18.44 and €12.04 acute and elective 
operations, respectively.  A summary of the calculations of cost per minute is 
shown in Table A9.  
 
Table A9. Cost per minute for acute and elective operations (€) 
Cost item Acute operation Elective operation 
Number of nurses (operation) 2 2 

Number of nurses (anaesthesia) 1.5 2 

Cost per minute (nurses) 1.67 1.11 

Total cost per minute (nurses) 5.85 4.44 

Number of surgeons 2 2 

Number of anaesthetists 1.5 1 

Cost per minute (surgeon/anaesthetists) 3.33 2.22 

Total cost per minute (surgeon/anaesthetists) 11.66 6.67 

Cost per minute operation room 0.93  0.93 

Total cost per minute 18.44 12.04 

 
 
The unit cost per bed-day and blood products are shown in Table A10.  The 
cost per bed-day is from the Department of Vascular Surgery, Linköping 
University Hospital.  The cost per bed-day at the intensive care unit (ICU) has 
been estimated by the financial department of Linköping University Hospital.  
The unit cost of blood is from the Department of Laboratory Medicine, 
Linköping University Hospital.  
 
Table A10. Cost per bed-day and blood products (€) 
Cost item Unit cost 
Bed-day (Department of Vascular Surgery) 494 

Bed-day (ICU) 2 222 

Blood (ml) 0.41 
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In order to calculate costs per operation, recourse use for variable cost items 
need to be quantified.  Data on time in the operating department for acute and 
elective operations was obtained from an internal registry for quality control 
from the Department of Vascular Surgery, Linköping University Hospital.  In 
total, data was available from 22 acute and 41 elective operations (including 
operations from January 2002 to February 2004).  The mean time in the 
operation department was 270 minutes and 324 minutes for an acute and 
elective operation, respectively.  As the time in operation theatre is associated 
with sampling uncertainty it was defined with a probability distribution for 
the probabilistic analysis.  A gamma distribution was used for this purpose 
[28].  From the sample of acute and elective operations, mean and standard 
errors for the number of minutes needed for each operation were calculated.  
Gamma distributions were defined for these parameters using methods-of-
moment fitting [28]. Gamma(202, 1,3) and Gamma(363, 0,9), for acute and 
elective operations, respectively. 
 
The amount of blood used was estimated from the same sample of operations.  
The mean blood use for an acute operation was 2 865 ml and a gamma 
distribution was defined for this parameter in the same way as described 
above for minutes in the operation department (Gamma(12, 245)).  
Corresponding figures for an elective operation was 1 606 ml (Gamma(21, 76)). 
 
Data on the number of bed-days at the vascular surgery department was 
obtained from SWEDVASC, where the total numbers of bed-days are 
registered, including time in the ICU [91].  Information on the time spent in 
the ICU was available from the Swedish intensive care registry (SIR).  The time 
spent in the ICU was subtracted from the total number of bed-days according 
to SWEDVASC in order to calculate the number of bed-days exclusive of time 
spent in the ICU.  Mean bed-days, according to SWEDVASC, was 14.9 and 
12.2 days for acute and elective operations, respectively.  Corresponding time 
in the ICU, according to SIR, was 6.5 days and 3.2 days, respectively.  In order 
to incorporate uncertainty in the estimates of these parameters, gamma 
distributions were defined for the total number of bed-days, Gamma(222, 0,07) 
for an acute operation, and Gamma(304, 0,05) for an elective operation.  It was 
assumed that the proportion between bed-days in the ICU and bed-days in the 
surgery department is the same in every simulation in the probabilistic 
analysis.  Hence, in each simulation. the total numbers of bed-days are drawn 
for both types of operation.  The time spent in the ICU is then calculated from 
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that value using a constant percentage (43.6 percent and 26.2 percent for acute 
and elective operations, respectively). 
 
A summary of the cost calculations is shown in Table A11.  
 
Table A11. Total costs of acute and elective operations 
Cost item Acute Elective 

Fixed cost 2 751 1 653 

Unit cost per minute 18.44 12.04 

Time per operation (minutes) 270 324 

Total cost time in operation room 4 979 3 901 

Unit cost bed days 494 494 

Number of bed days 8.4 9 

Total costs bed-days 4 150 4 446 

Unit cost ICU 2 222 2 222 

Number of days ICU 6.5 3.2 

Total cost ICU 14 443 7 110.4 

Unit cost blood (ml) 0.41 0.41 

Blood use (ml) 2865 1606 

Total cost blood 1 175 659 

Total cost operation 27 497 17 769 

 
 
Note that the costs in Table A11 are point estimates.  When analysing the 
model, a value is drawn from the defined distributions representing actual 
resource use.  The total costs for an operation is calculated by applying the 
unit costs on resource use and, hence, a new cost for respective operation is 
generated in each simulation of the probabilistic analysis.  
 
Costs of added life years 
Previous estimates of these costs are shown in Table A12 [114].  Gamma 
distributions were defined for the probabilistic analysis.  Employing the 
assumed standard errors shown in Table A12 gamma distributions could be 
defined for these parameters.  
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Table A12. Costs of added life years 
Cost item Mean cost  Standard error Distribution 
Yearly cost of added life years (65-74 year olds) 19 219 2 222 Gamma(75, 257) 

Yearly cost of added life years (75-84 year olds) 22 043 2 778 Gamma(63, 350) 

Yearly cost of added life years (≥85 year olds) 31 422 4 444 Gamma(50, 629) 

 
 
QALYs 
Potential gains in life-expectancy from a screening programme are realised 
late in life when the health status of individuals often is poorer than for 
younger people.  Using age adjusted quality-adjustment weights from a 
normal population incorporates this aspect into the analysis.  QALY-weights, 
and the defined distributions used in the model are shown in Table A13 [115].  
 
Table A13. QALY-weights for males in the normal population 
Age QALY-weight Standard error Distribution 

60-69 0.83 0.012 Beta(812, 166) 

70-79 0.81 0.018 Beta(384, 90) 

80-88 0.74 0.037 Beta(103, 36) 

 
 
No long-term effect on quality of life after a diagnosis of AAA has been 
demonstrated and was therefore not incorporated in the base case analysis 
[51,116].  In a sensitivity scenario, individuals diagnosed with an AAA were 
assigned a decrement in quality of life of 0.071, corresponding to moving from 
no problem to some problem on the anxiety question in the quality of life 
instrument Euroqol EQ-5D [117].  For the probabilistic analysis, a gamma 
distribution was defined for this parameter, Gamma(12.6, 0.01).  Furthermore, 
no long-term negative effects on quality of life have been demonstrated in 
individuals surviving an acute or elective operation and hence no quality 
adjustment of the Post op state was included in the base case analysis [118-
126].  In a sensitivity scenario, individuals in the Post op state were assigned a 
utility decrement of 0.1. A gamma distribution was defined for this parameter, 
Gamma(16, 0.01). 
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Early intervention in acute coronary syndrome 

This section describes the model structure as this is not presented in detail in 
Paper III.  Furthermore, details of the statistical analyses and how the results 
of these analyses were incorporated in the decision-analytic model are 
provided.  Finally, some results of the analyses performed to validate the 
model are provided.  
 
Model structure 
A series of statistical models (referred to as equations) were estimated to 
determine the rates of cardiovascular death or non-fatal myocardial infarction 
(MI) during the index hospitalisation and the remainder of the trial follow-up 
period.  These estimates of effectiveness were then incorporated into the cost-
effectiveness model which is based on a short-term decision tree and a long-
term Markov structure as shown in Figure A7.  The short and long-term 
models represent the index hospitalisation and the post-index hospitalisation 
respectively. Costs and QALYs were determined for the index hospitalisation 
and for each state in the long-term Markov structure.  
 
Figure A7. Model structure 

       Short-term decision tree          Long-term Markov structure

No event Lifetable

Treatment
strategy            Equation 2

Death    Equation 4

MI/CVD          Equation 4      Equation 3

Non-fatal MI Lifetable

MI/CVD Dead (CV)

  No event

Post MI

  Dead (Non CV)Dead

No event

Post MI

Equation 1

Equation 42

1

 
MI: myocardial infarction. CV: cardiovascular.  CVD: cardiovascular death. 
 
 
In the short-term decision tree, patients face a risk of the combined endpoint of 
cardiovascular death or MI as shown by the chance node labelled “1”.  A 
conditional probability determines if that endpoint is fatal or not, illustrated 
by the chance node labelled “2”.  Thus, three mutually exclusive outcomes 
were considered in the short-term tree (as indicated by the boxes in Figure 
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A7): non-fatal myocardial infarction; cardiovascular death; and no event.  
These outcomes also represent health states in the long-term Markov structure 
described below.  The probabilities of the different endpoints during the index 
hospitalisation are used to estimate the proportion of patients starting in each 
of the health states in the long-term model.   
 
Logistic regression models (Equation 1 and 4 in Figure A7) were used to 
estimate the probabilities associated with each chance node.  The regression 
models are presented in the data section below.  Each outcome in the tree is 
associated with a cost, including the cost of treatment.  The mean time of the 
index hospitalisation was 7.2 days in RITA 3 and for 90 percent of the patients 
the index hospitalisation was 13 days or shorter.  To simplify the modelling 
exercise, the short-term tree was assumed to be instantaneous in time.  Hence, 
the main purpose of the short-term tree was to distribute the analysed cohort 
over the starting states in the long-term Markov structure and to estimate the 
short-term costs associated with each treatment strategy.   
 
The Markov structure was made up of three states: No event; Post MI; and 
Dead, each represented by an oval in Figure A7.  Note that two separate Dead 
states are drawn in Figure A7, representing death due to cardiovascular and 
non-cardiovascular causes.  Yearly Markov cycles were implemented.  It 
should be noted that if the acute phase of the disease had been included in the 
Markov structure, monthly cycles would probably have been required.  
However, since the acute phase of the disease is modelled in the short-term 
decision tree, yearly cycles were considered appropriate to model disease 
progression in the long-term. 
 
As noted previously, the proportion starting in each state is determined by the 
outcome of the short-term decision tree.  The majority of the patients in each 
treatment strategy will start the long-term model in the No event state, 
although the proportion of individuals starting in this state will differ between 
the investigated strategies depending on their relative effectiveness during the 
index hospitalisation.  Each year, individuals in the No event state face a 
probability of a composite endpoint of non-fatal MI or cardiovascular death 
(CVD), which is estimated using a Weibull proportional hazards model 
(Equation 2 in Figure A7).  Note that the box (MI/CVD) in Figure A7 indicates 
that a composite event has occurred during a cycle and does not represent a 
formal health state since patients are then assigned to either a fatal or non-fatal 
state based on a separate calculation.  As the individual-patient data indicated 
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a decreasing risk of a composite endpoint with respect to time from the index 
hospitalisation, this transition probability was made time dependent in the 
model.  In a similar manner to the approach applied in the short-term decision 
tree, a conditional probability was then assigned to reflect the chance that this 
endpoint was fatal or not (Equation 4 in Figure A7).  Although this probability 
was estimated from the same statistical model informing the estimate applied 
in the short-term decision tree, the estimates will not necessarily be the same 
in the short-term and longer-term models. This issue will be discussed in more 
detail below.  
 
Patients having a non-fatal myocardial infarction in the model make a 
transition to the Post MI state.  Once in the Post MI state, individuals face a 
risk of a second composite endpoint (Equation 3 in Figure A7).  Analogous to 
the No event state, a decreasing risk with respect to the time elapsed from the 
myocardial infarction was employed for this transition.  However, a different 
technical solution was needed in this part of the model since a myocardial 
infarction can occur in any cycle and therefore precludes using specific cycle 
numbers to model time dependence.  Instead, tunnel states were employed to 
incorporate time dependence in this probability.  Tunnel states are arranged so 
that they can be visited only in a fixed sequence and therefore make it possible 
to reduce or increase the risk of a clinical event as the time spent in a health 
state elapse.  For instance, the year immediately after a myocardial infarction 
(the first year in the Post MI state in the model) is associated with the highest 
risk of a second composite endpoint.  The following four years in the Post MI 
state are associated with successively lower risks of a second composite 
endpoint.  For simplicity, only one Post MI state was drawn in Figure A7 but 
this state is effectively 5 states (with each state representing an additional year 
alive after a myocardial infarction).  Provided no second composite endpoint 
occurs during a cycle, individuals only spend one cycle in each of the first four 
Post MI states before entering the fifth (last) Post MI state.  Once an individual 
reaches the fifth Post MI state, they stay in that state for the sixth and 
subsequent cycles (years) after an MI if no second composite endpoint occurs.  
Hence, time dependency in the probability of a second composite endpoint 
was incorporated for the first five years after a non-fatal myocardial infarction 
in the model.  Thereafter, the probability of a second composite endpoint is no 
longer dependent on the time elapsed from the first myocardial infarction.  
The conditional probability of a second composite endpoint being non fatal 
was estimated using Equation 4.   
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Patients suffering cardiovascular death at any time in the model move to the 
CV dead state.  In each cycle patients also face a yearly risk of dying from non-
cardiovascular causes.  The death states are considered absorbing states in that 
once patients enter these states subsequent transitions are not allowed.  
 
Data 
Analysis of effectiveness 
All statistical analyses included previously identified risk factors for cardiac 
events measured at randomisation and randomised treatment [62].  These risk 
factors were included as covariates in the statistical models and are shown in 
Table A14.  A stepwise backward selection procedure was employed when 
estimating the statistical models.  With this approach, a model including all 
specified covariates is estimated first and the most statistically non-significant 
covariate is then dropped (provided the level of significance of this covariate is 
higher than the pre-specified level).  The model is then re-estimated in an 
iterative process until only statistically significant variables remain in the 
model.  Within the statistical models, the general statistical approach was to 
drop non-significant covariates at the 5 percent level.  However, covariates of 
structural importance, such as the treatment covariate in Equation 1 and 2, 
were considered important to keep in the statistical models regardless of 
statistical significance.  
 
Table A14. Covariates included in the statistical models 
Covariate Explanation 
Age Discrete indicator for every 10 years over 60 years of age 
Diabetes Indicator of diabetes at study inclusion 
Previous MI Indicator of previous MI at study inclusion 
Smoker Indicator of smoker at study inclusion 
Pulse Discrete indicator for every 5 beats per minute 
ST depression Indicator of ST depression at study inclusion 
Angina Indicator of angina grade 3 or 4 at study inclusion 
Male Indicator of male 
Left BBB Indicator of left bundle branch block at study inclusion 
Treat Indicator of randomised to early interventional strategy 

 
 
Logistic regression model of risk of cardiovascular death or myocardial 
infarction during the index hospitalisation (Equation 1) 
A logistic regression model was used to estimate the risk of the combined 
endpoint of cardiovascular death or MI during the index hospitalisation.  The 



Appendix 

80 

index hospitalisation was defined as the time from randomisation to hospital 
discharge.  
 
Weibull proportional hazards model of risk of cardiovascular death or 
myocardial infarction during the remainder of trial (Equation 2) 
To estimate the risk of the combined endpoint of cardiovascular death or MI 
during the remainder of the trial period a time-to-event Weibull proportional 
hazards model was employed with the starting time set at hospital discharge 
[127].  In extrapolating beyond the period of trial follow-up (5 years), a 
conservative assumption of no continued treatment effect from the early 
interventional strategy was made.  Different assumptions concerning the 
duration of the treatment effect after the 5 years of trial follow-up were 
investigated in alternative scenarios.  Further details of the extrapolation are 
given below. 
 
Weibull proportional hazards model of risk of a second composite endpoint of 
cardiovascular death or myocardial infarction (Equation 3) 
There were insufficient patients in RITA 3 to estimate the risk of a second 
composite endpoint of MI or cardiovascular death following a non-fatal MI.  
Instead, the risks of a first composite endpoint were used, multiplied by the 
coefficient for the additional proportionate risk for patients who had a non-
fatal MI prior to their entry into the RITA 3 trial. The rationale for this 
approach was that with a previous history of myocardial infarction a first 
event in the trial in fact represented at least a second event for these patients.  
No treatment effect of an early interventional strategy was included when 
estimating this risk which is a conservative assumption with respect to the 
cost-effectiveness of early intervention. 
 
Logistic regression model of the proportion of composite endpoints being non-
fatal (Equation 4) 
A logistic regression model was employed to estimate the proportion of 
composite endpoints being non fatal.  A dummy variable was used to 
investigate if this proportion was different between the index hospitalisation 
and the remainder of follow-up.   
 
Death from non-cardiovascular causes 
As the risk equations estimate the risk of dying from cardiovascular causes, 
patients’ risk of dying from non-cardiovascular causes needs to be included in 
the analysis.  This risk was estimated using UK sex- and age-specific lifetables 
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adjusted to exclude cardiovascular mortality [128,129].  This approach 
simplifies extrapolation.  Furthermore, using lifetables rather than estimating 
non-cardiovascular causes from the trial data can be argued to better reflect 
the risk of non-cardiovascular causes in clinical practice due to selection 
criteria in the recruitment to RITA 3. 
 
Costs 
Comprehensive resource use data were collected in patients in RITA 3 up to 
one-year follow-up and have been described and analysed in detail elsewhere 
[64].  Two standard OLS regressions were used to determine mean costs for 
the alternative strategies during the index hospitalisation and for the 
remainder of the trial.  Mean costs were estimated, differentiating between 
management strategies, for patients with and without a composite endpoint of 
cardiovascular death or MI.  When extrapolating beyond one year, the analysis 
assumed no difference between the treatment strategies in the cost of patients 
not experiencing the composite event.    
 
Health-related quality of life 
Health-related quality-of-life (HRQoL) data were collected in patients in RITA 
3 at randomisation, 4 months, 1 year, and yearly thereafter.  Methods and 
results have been reported elsewhere [63].  To estimate QALYs for each 
treatment strategy, quality-adjustment weights (utilities) are required on a 
scale where 0 represents death and 1 represents full health.  These were 
obtained using the EQ-5D instrument, which was used in the trial, and 
employing the preferences of the UK general population [117,130].  A standard 
OLS regression was employed in order to estimate the mean HRQoL of 
patients with different risk profiles at randomisation.  A panel-data approach 
was then employed in order to estimate changes in HRQoL after 
randomisation, differentiating between the two management strategies and 
whether a composite endpoint of cardiovascular death or MI had occurred.  
For the long-term extrapolation, no difference in HRQoL between the 
treatment strategies was assumed after the first year in patients not having 
experienced a composite endpoint.  In a similar manner to the approach 
previously described in relation to Equation 3, this was considered to be a 
conservative assumption with respect to the cost-effectiveness of early 
intervention.  The long-term decrement in HRQoL in patients who had 
experienced a non-fatal MI was based on the estimated HRQoL observed 
during the trial of patients who experienced such an event before or during 
the trial. 
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Alternative scenarios 
Two alternative scenarios were investigated relating to the estimation of 
differential effectiveness.  Firstly, a pooled treatment effect was estimated from 
all randomised clinical trials comparing early interventional and conservative 
strategies in NSTE-ACS [62,131-137].  The rationale for this analysis was that 
data from RITA 3 could be considered relevant to inform the baseline risk of 
patients in the UK.  However, it could be argued, once controlling for baseline 
risk, that the treatment effect should be pooled from all randomised trials 
comparing an early interventional strategy with a conservative strategy in 
order to incorporate all available evidence in the cost-effectiveness model.  
Data for this analysis were extracted from an earlier published meta-analysis 
[61] and updated with the results from the more recent ICTUS trial [134], the 
long-term results of FRISC II [133] and the present RITA 3 analysis.  Data were 
pooled employing a random-effects model, with the estimate of heterogeneity 
coming from the inverse-variance fixed-effect method [31].  For the trials not 
reporting the treatment effect of the composite endpoint of myocardial 
infarction or cardiovascular death, the reported treatment effect of myocardial 
infarction or death was used as an approximation.  To incorporate the 
estimates of the treatment effect from the meta-analyses into the cost-
effectiveness model, the mean log-odds ratios and standard errors from the 
meta-analyses were used in equations 1 and 2 instead of the odds/hazard 
ratios estimated from RITA 3 trial data.  In the second alternative scenario, an 
interaction between treatment effect and risk at randomisation was employed.  
In this analysis, the statistical models included an interaction between the risk 
score defined in RITA 3 [62] and treatment effect.  
 
Results  
Effectiveness 
Logistic regression model of risk of cardiovascular death or myocardial 
infarction during the index hospitalisation (Equation 1) 
Equation 1 shows that increasing age and severe angina (grade 3 or 4) were 
associated with an increased risk of a composite endpoint during the index 
hospitalisation (Table A15).  Although not statistically significant, the early 
interventional strategy was associated with an increased risk of a composite 
endpoint during the index hospitalisation (odds ratio 1.520, 95 percent 
confidence interval 0.864 - 2.675).  The limited number of covariates which 
were significant in the equation may be due to the relatively small number of 
composite endpoints occurring during the index hospitalisation.  
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Table A15. Odds ratio of composite endpoint of cardiovascular death or 
myocardial infarction during the index hospitalisation 
Covariate Odds ratio* 95 % Confidence interval

 
Treat 1.520 0.864 to 2.675 

 
Age 1.731 1.262 to 2.374 

 
Angina 1.893 1.086 to 3.299 

 
Constant** 0.010 0.005 to 0.019 

 
*Odds ratio > 1 indicates an increased risk of cardiovascular death or myocardial infarction. 
**Note that the constant is the odds of an event  when no covariate is updated. 

 
 
As previously mentioned, alternative scenarios for the treatment effect were 
investigated.  The results of pooling the treatment effect of 8 trials are shown 
in Figure A8. The odds ratio of the pooled treatment effect from the meta-
analysis was similar to the odds ratio in RITA 3 (odds ratio 1.42, 95 percent 
confidence interval 0.97 - 2.07 in the pooled analysis compared to an odds ratio 
of 1.53, 95 percent confidence interval 0.87 – 2.68 in RITA 3).   
 
Figure A8. Forest plot of meta-analysis of treatment effect in the index 
hospitalisation 

 
 
 

Odds ratio
.1 1 10

Study  % Weight
 Odds ratio
 (95% CI)

 1.13 (0.75,1.71) TIMI IIIB  16.4

 2.50 (1.35,4.62) VANQWISH  13.2

 0.81 (0.16,4.09) MATE   4.3

 2.15 (1.45,3.19) FRISC II  16.7

 1.53 (0.87,2.68) RITA 3  14.1

 2.09 (1.40,3.12) ICTUS  16.6

 0.16 (0.02,1.38) VINO   2.7

 0.76 (0.49,1.17) TACTICS  16.1

 1.42 (0.97,2.07) Overall (95% CI)
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The results of the statistical model including an interaction between baseline 
risk and treatment effect showed that a higher risk was associated with a 
decreasing odds ratio of a composite endpoint during the index hospitalisation 
(Table A16).  For example, the odds ratio of a composite endpoint in the early 
interventional strategy compared with a conservative strategy approaches 1.76 
for low risk patients (risk score approaching 0).  For high risk patients (risk 
score approaching 1), the odds ratio tends towards 1.15.  
 
Table A16. Odds ratio of composite endpoint of myocardial infarction or 
cardiovascular death during the index hospitalisation including an interaction 
between risk at randomisation and treatment effect 
Covariate Log odds ratio* 95 % Confidence interval 

 
Treat 0.567  -0.490 to  1.624 

 
Risk score 3.638   1.198 to  6.077 

 
Interaction treat and risk score -0.424  -3.834 to  2.985 

 
Constant* -4.593  -5.394 to -3.793 

 
*Note that the constant is the log odds of an event when no covariate is updated. 

 
 
The equations presented above estimate the odds of particular events.  It 
should be noted that the odds of an event is the ratio of two complementary 
probabilities and therefore does not represent a probability required to 
populate the cost-effectiveness model.  Hence, the estimated odds need to be 
transformed.  To obtain the relevant probabilities (p) from equation 1, the 
inverse logit transformation was used [138] given by: 

Xβ

Xβ

e1
ep
+

=   

for the covariates, X, and the estimated coefficients on the log scale, β. 
 
Weibull proportional hazards model of risk of cardiovascular death or 
myocardial infarction during the remainder of trial (Equation 2) 
The fact that the shape parameter in the Weibull model is less than 1 indicates 
that the rate of the composite endpoint of cardiovascular death or MI declines 
as time elapses from hospital discharge (see Figure A9).  This finding is 
consistent with other studies in this patient group [139].   
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Figure A9. Estimated hazards of cardiovascular death or myocardial infarction 
from hospital discharge until end of trial 
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Treat = 0 is conservative strategy, treat = 1 is early interventional strategy.  
Note that the remaining covariates are evaluated at their mean value.  
 
 
The results of the Weibull model are shown in Table A17.  All risk factors but 
one (angina) were significant at the 5 percent level.  However, angina was very 
close to significance and was kept in the Weibull model as a likelihood ratio 
test favoured the full model.  The early interventional strategy was associated 
with a statistically significant lower rate of cardiovascular death or MI after 
the index hospitalisation (hazard ratio 0.621, 95 percent confidence interval 
0.464 - 0.830).  
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Table A17. Hazard ratio of composite endpoint of cardiovascular death or 
myocardial infarction from hospital discharge until end of trial  
Covariate Hazard ratio* 95 % Confidence interval 

Age 1.777 1.499 to 2.108 

Diabetes 1.905 1.359 to 2.672 

Previous MI 1.471 1.087 to 1.990 

Smoker 1.651 1.207 to 2.258 

Pulse 1.062 1.012 to 1.114 

ST depression 1.423 1.067 to 1.913 

Angina 1.323 0.988 to 1.771 

Male 1.372 1.007 to 1.869 

Left BBB 1.977 1.169 to 3.344 

Treat 0.621 0.464 to 0.830 

Constant** 0.008 0.005 to 0.015 

Ancillary or shape parameter 0.579 0.505 to 0.664 

*Hazard ratio > 1 indicate an increased risk of cardiovascular death or myocardial infarction. 
**Constant is the hazard at time zero. 
***Shape parameter in the Weibull model where a value less than (above) one indicates a decreasing 
(increasing) hazard over time. 

 
 
The results of pooling the treatment effect of 8 trials are shown in Figure A10.  
The pooled treatment effect was similar to the treatment effect observed in 
RITA 3 (hazard ratio 0.688, 95 percent confidence interval 0.536 – 0.881 
compared to an odds ratio of 0.621, 95 percent confidence interval 0.464 – 0.830 
in RITA 3).   
 
The results of the statistical model including an interaction between baseline 
risk and treatment effect are shown in Table A18.  Although not statistically 
significant, the interaction model showed that the positive treatment effect 
was more pronounced in patients with higher baseline risk.  The hazard ratio 
of a first composite endpoint in the remainder of the trial is close to 1 when the 
risk score is tending towards 0 and approximately 0.21 when the risk score 
tends towards 1. 
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Figure A10. Forest plot of meta-analysis of treatment effect in the follow-up 
period 

 
 
 
Table A18. Hazard ratio of composite endpoint of cardiovascular death or 
myocardial infarction from hospital discharge to end of trial including an 
interaction between risk at randomisation and treatment effect 
Covariate Log hazard ratio* 95 % Confidence interval 

Treat -0.035  -0.581 to  0.511 

Risk score 4.925   3.993 to  5.857 

Interaction treat and risk score -1.518  -3.238 to  0.203 

Constant* -3.986  -4.345 to -3.626 

Ancillary or shape parameter -0.545  -0.682 to -0.408 

*Note that the constant is the hazard at time 0.    
 
 
The transition probabilities needed to populate the long-term Markov 
structure were derived from the results of the statistical models reported 
above.  The yearly transition probability of a composite endpoint in Markov 
cycle t, tp(t), is given by: )λt1)-(texp(1tp(t) γγ −λ−= .  It should be noted that 

the survivor function of the Weibull distribution is given by: 
γλteS(t) −= , 

where λ=Xβ for the covariates, X, and the estimated β and γ.  
 

Odds ratio % Weight
(95 % CI)

0.46 (0.34,0.60) 0.179

0.62 (0.46,0.83) 0.176

0.87 (0.50,1.52) 0.108

0.29 (0.07,1.12) 0.029

0.74 (0.50,1.12) 0.143

0.60 (0.39,0.93) 0.135

0.96 (0.71,1.30) 0.174

1.40 (0.55,3.55) 0.055

0.69 (0.54,0.88)
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As previously noted, the estimated hazard of a composite endpoint declines 
relatively rapidly and tends towards a constant hazard after only a few years.  
Therefore, a declining hazard was used for the first 5 years in the model.  
Thereafter, a constant hazard, with respect to time after the index 
hospitalisation, was implemented.  This appeared reasonable given the shape 
of the hazard curve and that follow-up data in RITA 3 was only available for 
up to 5 years.  The estimated hazard for year 5 was thus employed for the 
sixth and subsequent years in the model. 
 
A complicating issue when estimating the hazard of a first composite endpoint 
was how to deal with age.  The results of Equation 2 indicated a declining 
hazard that tended towards being constant at 5 years.  However, using this 
constant hazard for the remainder of analysis time failed to incorporate the 
possible impact of age as patients get older in the model.  The dummy variable 
for age employed in the Weibull model provided a pragmatic approach to take 
this into account.  Every tenth year, the hazard of a composite endpoint was 
increased by updating the age covariate.  We examined the robustness of this 
assumption in a separate scenario, in which the effect of age on the long-term 
hazard was excluded.  In this scenario, the estimated hazard for the fifth year 
was not updated with age and a constant risk was thus employed throughout 
the remainder of the analysis.  Furthermore, as noted above, a conservative 
assumption was made that the treatment effect did not last longer than the 5 
years of trial follow-up with different assumptions concerning the duration of 
the treatment effect after trial follow-up being investigated in alternative 
scenarios. 
 
The estimated probabilities of a first composite endpoint in the long-term 
Markov structure are shown in Figure A11 (for a 60-year-old patient setting all 
other covariates in Equation 2 at the mean value observed in the trial).  The 
assumption of no continued treatment effect after 5 years is clearly seen in the 
figure as is the effect of employing the variable for age in order to increase the 
risk of a composite endpoint as patients get older in the model. 
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Figure A11. Probabilities of a first composite endpoint in the Markov model  
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Weibull proportional hazards model of risk of a second composite endpoint of 
cardiovascular death or myocardial infarction (Equation 3) 
Equation 2 was used to estimate the risk of a second composite endpoint by 
updating the covariate for prior myocardial infarction (Table A17).  The 
hazard ratio of this variable indicated that the risk of a second composite 
endpoint of cardiovascular death or myocardial infarction was estimated to be 
about 50 percent higher than the risk of a first composite endpoint.  Using the 
results from the Weibull model estimated in equation 2 also imposed a logical 
time dependency, as patients were getting further away from their MI in the 
model.  Technically this was achieved by employing tunnel states for the first 5 
years after a non-fatal myocardial infarction.  After 5 years the hazard of year 5 
was employed, adjusted for age as patients get older in the model.  
 
Logistic regression model of the proportion of composite endpoints being non-
fatal (Equation 4) 
All the events reported in the RITA trial (comprising a total of 244 first events 
and 17 second events) were included in the logistic regression model 
estimating the probability of a composite endpoint being non-fatal.  The 
results showed that this probability was higher during the index 
hospitalisation than during the follow-up period (Table A19).  This reflects the 
fact that patients are likely to receive prompt treatment if they experience an 
MI whilst in hospital.  For those patients who had experienced an MI prior to 
the trial, the composite endpoint was more likely to be fatal.  It should be 
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noted that treatment effect was highly insignificant in this model (odds ratio 
1.01, p-value = 0.95).  Hence, given that a composite endpoint had occurred, 
the randomised treatment that patients received provided no additional 
explanatory power as to whether the composite endpoint was fatal and hence 
was excluded from the final statistical model.  
 
Table A19. Odds ratio of a composite endpoint being non-fatal 
Covariate Odds ratio* 95 % Confidence interval 

  
Index dummy 3.04 1.614 to 5.726 

  
Age 0.699 0.520 to 0.941 

  
Previous MI 0.492 0.286 to 0.847 

  
Constant** 1.189 0.720 to 1.964 

  
*Odds ratio > 1 indicates an event is more likely to be non fatal. 
**The constant is the odds of a composite endpoint being non fatal when no covariate is updated. 

 
 
Similarly to equation 1, the inverse logit transformation was used to get the 
estimated probabilities required for the cost-effectiveness model from 
equation 4 [138]. 
 
Death from non-cardiovascular causes 
The hazard of dying from non-cardiovascular causes was estimated using 
general UK population age-and-sex specific lifetables, adjusted to exclude 
cardiovascular mortality (ICD10 codes I00 to I99) [128,129].  The probabilities 
are shown in Table A20. 
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Table A20. Age and sex-specific probabilities of dying from non-
cardiovascular causes  
Age Men Women   Age Men Women 
45 0.0017 0.0013   74 0.0277 0.0187 
46 0.0019 0.0016   75 0.0296 0.0194 
47 0.0022 0.0017   76 0.0326 0.0216 
48 0.0023 0.0018   77 0.0360 0.0239 
49 0.0027 0.0020   78 0.0396 0.0263 
50 0.0027 0.0022   79 0.0436 0.0290 
51 0.0029 0.0024   80 0.0462 0.0303 
52 0.0032 0.0026   81 0.0500 0.0334 
53 0.0034 0.0028   82 0.0545 0.0375 
54 0.0037 0.0032   83 0.0607 0.0418 
55 0.0041 0.0033   84 0.0684 0.0479 
56 0.0047 0.0036   85 0.0764 0.0523 
57 0.0052 0.0041   86 0.0830 0.0576 
58 0.0057 0.0043   87 0.0895 0.0641 
59 0.0064 0.0048   88 0.0993 0.0717 
60 0.0071 0.0052   89 0.1083 0.0798 
61 0.0077 0.0057   90 0.1187 0.0910 
62 0.0085 0.0061   91 0.1263 0.1010 
63 0.0093 0.0067   92 0.1406 0.1114 
64 0.0100 0.0075   93 0.1522 0.1232 
65 0.0120 0.0075   94 0.1641 0.1323 
66 0.0121 0.0084   95 0.1948 0.1601 
67 0.0135 0.0092   96 0.2068 0.1727 
68 0.0148 0.0103   97 0.2278 0.1840 
69 0.0167 0.0114   98 0.2386 0.1996 
70 0.0177 0.0118   99 0.2488 0.2128 
71 0.0199 0.0133   100 0.2727 0.2311 
72 0.0222 0.0149         
73 0.0246 0.0167         

 
 
Costs 
During the index hospitalisation, the early interventional strategy was 
associated with a higher mean cost (mean £5 654, 95 percent confidence 
interval £5 151 - £6 157) compared with a conservative strategy (Table A21).  
This additional cost was mainly due to the higher number of angiographies 
and revascularisations undertaken in the early interventional arm.  After 
controlling for treatment allocation, a non-fatal myocardial infarction or death 
was associated with additional costs of £6 221 and £7 947, respectively, which 
included the costs for the administration of thrombolytic drugs, 
revascularisations and longer hospital stay in wards and intensive care.  
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Covariates such as age, sex, and ST depression were also associated with 
higher costs during the index hospitalisation.  It should be pointed out that 
including these covariates in the short-term tree will only influence the 
absolute cost level in both treatment strategies but have no effect on 
incremental costs.   
 
Table A21. Estimated costs during the index hospitalisation 
Covariate Coefficient 95 % Confidence interval 

MI index 6 221  4 314 to 8 128 

Dead index 7 947  5 536 to 10 358 

Treat 5 654  5 151 to 6 157 

Male 1 035     516 to 1 553 

ST depression 1 224     699 to 1 750 

Age 878     579 to 1 178 

Constant 1 778  1 199 to 2 358 

 
 
During the first year after the index hospitalisation, the early interventional 
strategy was associated with a lower mean cost (mean -£1 106, 95 percent 
confidence interval -£1 562 to -£650) compared with the conservative strategy 
(Table A22).  This reflected the fact that more patients in the conservative 
strategy had further symptoms that necessitated revascularisation during this 
period.  The results also indicated that patients had a substantially higher 
mean cost, irrespective of treatment allocation, if they suffered a myocardial 
infarction within the previous year (mean £5 467, 95 percent confidence 
interval £3 890 - £7 044) or prior to the trial (mean £724, 95 percent confidence 
interval £210 - £1 239). 
 
Table A22. Estimated costs after the index hospitalisation 
Covariate Coefficient 95 % Confidence interval 

MI year 1 5 467  3 890 to 7 044 

Treat -1 106 -1 562 to -650 

Male 586    111 to 1 061 

Angina 1 034    550 to 1 518 

Previous MI 724    210 to 1 239 

Constant 2 735  2 249 to 3 220 
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Since cost data was only collected for 1-year in RITA 3, certain assumptions 
were necessary in order to translate the results of the cost analysis into costs 
associated with the states in the long-term Markov structure.  In the cost-
effectiveness model, the covariates for sex, angina, and previous MI result in 
the addition of a constant cost to every state in the model.  These covariates are 
updated as patients progress through the Markov model e.g., the costs for all 
patients surviving 1 year after an MI have an additional cost of £724 applied 
for every year they survive without experiencing another event. While the 
treatment covariate predicts a lower cost for the No event state (£1 106) in the 
early interventional strategy in the first year, it was unclear whether this 
differential would continue to exist in the long term.  In the absence of longer 
term cost data we employed a conservative assumption towards the early 
interventional strategy.  After 1 year we assumed that that the rate of 
revascularisations (the cost item contributing the most to the difference 
between early interventional and conservative strategy) was the same in the 
two strategies.  Hence, the predicted cost of the early interventional strategy in 
the first year was applied to both strategies in the second and subsequent 
years for the No event state. 
 
By updating the ‘MI year 1’ covariate, a predicted cost for the first year in the 
Post MI state was obtained.  To reflect the higher use of cardiovascular drugs, 
visits to GPs and hospital admissions assumed to occur during the second and 
subsequent years after a myocardial infarction, the previous MI covariate was 
updated.  It was assumed that the increased cost of patients having had a 
previous myocardial infarction would be a good estimate of the long run 
increase in cost associated with being in the Post MI state.  An alternative 
assumption was considered in a separate scenario, in which no additional 
costs were applied in the years following a myocardial infarction.  
 
Health-related quality of life 
At randomisation, mean HRQoL (in terms of 0 to 1 utilities) were higher for 
males whereas diabetes, previous myocardial infarction, ST depression and 
angina were associated with lower HRQoL (Table A23).  
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Table A23. Estimated baseline utilities 
Covariate Coefficient 95 % Confidence interval 

 
Diabetes -0.0506 -0.0915 to -0.0096 

 
Previous MI -0.0443 -0.0761 to -0.0125 

 
ST depression -0.0660 -0.0950 to -0.0369 

 
Angina -0.0738 -0.1033 to -0.0443 

 
Male 0.0727 0.0436 to 0.1017 

 
Constant 0.6924 0.6636 to 0.7212 

 
Note that the constant shows the utility at randomisation  for a patient without any of the risk factors
included in the analyses. 
A negative (positive) sign indicates that the risk factor is associated with a lower (higher) utility at  
randomisation.   

 
 
Binary covariates were included to represent whether the utility measure was 
taken at month 4 (D4) or subsequently (D12) and an interaction term for 
treatment group.  The model assumes, for patients who do not experience a 
myocardial infarction, changes in utility at one year are maintained until the 
end of the follow up period.  Binary covariates were also included to indicate 
whether a myocardial infarction had occurred recently (that is, within 1 year 
prior to the time of the follow up interview) (current MI) and a covariate 
indicating whether a myocardial infarction had occurred at all prior to the 
time of the follow-up interview, either before or during the trial (Previous MI).  
The number of patients with EQ-5D data in the follow up period was 1734 and 
the number of observations was 6203 indicating that each patient on average 
had their HRQoL measured 3.5 times.  
 
In both treatment strategies HRQoL was improved at 4 months, although an 
incremental gain of the early interventional strategy compared with the 
conservative strategy was seen (mean 0.0384, 95 percent confidence interval 
0.005 – 0.071) (Table A24).  Between 4 and 12 months, HRQoL was improved 
further in both treatment strategies, although the incremental gain of the early 
interventional strategy did not reach conventional levels of statistical 
significance (mean 0.0177, 95 percent confidence interval -0.013 – 0.048).  A 
recent MI was associated with a decrement in HRQoL regardless of treatment 
allocation (mean -0.0353, 95 percent confidence interval -0.078 – 0.008) and a 
previous MI prior to study inclusion was associated with a smaller HRQoL 
decrement (mean -0.0097, 95 percent confidence interval -0.046 – 0.021).   
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Table A24. Estimated gain in health-related quality of life 
Covariate Coefficient Standard error 95 % Confidence interval 

D4i* 0.0384 0.0168 0.0054 to 0.0714 

D12 0.0383 0.0076 0.0234 to 0.0533 

D12i* 0.0177 0.0154 -0.0126 to 0.0480 

Previous MI -0.0097 0.0156 -0.0404 to 0.0209 

Current MI -0.0353 0.0220 -0.0784 to 0.0078 

Constant 0.0442 0.0126  0.0195 to 0.0689 

Between patient standard error (σu)   0.295   

Within patient standard error (σe)   0.183   

Fraction of variance due to ui (ρ)   0.722   

*Note that coefficients represent the gain in utility in the early interventional strategy over and  
above that of the conservative strategy.     

 
 
In a similar manner to the cost analysis, a number of assumptions were 
necessary in order to transfer the HRQoL estimates to quality-adjustment 
weights for different states in the Markov structure.  Employing the baseline 
utility estimates and changes at 4 and 12 months for the conservative and 
interventional strategies, respectively, a mean utility at 4 and 12 months could 
be determined for each strategy.  In the No event state in the Markov structure 
we used the mean of these two values for the first year and the absolute value 
at 12 months for the second and subsequent years.  If no myocardial infarction 
occurred, a conservative assumption of no difference in HRQoL between the 
two strategies after 12 months was employed.  Applying the coefficient for the 
current MI covariate to the baseline utilities provided an estimate of the utility 
to be attached to the first year in the Post MI state.  The previous MI covariate 
was applied to the baseline utility to provide a utility for the second and 
subsequent years in the Post MI state.   
 
Details of the probabilistic analysis 
The model was evaluated for 60 Markov cycles (years) implying that all 
hypothetical individuals would, in effect, be in the Dead state at the 
termination of the analysis regardless of the chosen starting age of the cohort.  
In each simulation in the probabilistic analysis [8], parameter values were 
drawn randomly from the defined probability distributions and the cohort of 
hypothetical individuals was run through the model and mean costs and 
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health outcomes calculated for both strategies.  This procedure was repeated 
5000 times generating 5000 estimates of mean costs and mean effects for both 
strategies.  The expected costs and effects for each treatment strategy are the 
mean of these 5000 simulations [140].  The expected costs and effects are then 
combined to an incremental cost-effectiveness ratio. 
 
As the statistical models were based on individual-patient data it was possible 
to estimate correlations between parameters as well as means and standard 
errors to be employed in the probabilistic analysis.  The Cholesky 
decomposition matrix, T, is derived from the variance- covariance matrix, V, 
such that TT’=V.  A vector of correlated parameters, x, with variance and 
covariance corresponding to the variance-covariance matrix, can be estimated 
from the following equation x=y+Tz, where y is the vector of parameter means 
and z is a vector of independent random draws from the standard normal 
distribution [28,138].  The distributional assumptions employed in the analysis 
were multivariate normality of the log-odds scale for the logistic models, 
multivariate normality of the log hazard scale for the survival-analysis model, 
and multivariate normality on the raw cost and HRQOL scales for costs and 
QALYs, respectively. 
 
Model validation 
Several analyses were performed to assess the validity of the model.  A good 
indicator of overall validity is to investigate the predicted undiscounted life 
expectancy from the model.  The results of this analysis are shown in Figure 
A12.  Predicted life expectancy for the illustrative patient characteristics with 
different starting ages of the cohort is shown in the figure together with the 
life expectancy of the general population in the UK.  As expected, predicted 
life expectancy decreases when the analysed risk groups have a higher risk at 
baseline.  It can be seen in the figure that the estimated life expectancy of 
patients at low risk (first quartile) is similar to the general population which 
was also expected.  
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Figure A12. Predicted life expectancy for different risk profiles and the general 
UK population 
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Illustrative patients based on predicted risk of death or MI as defined in RITA 3 represent each risk 
group [62].  
 
 
In another check of model validation, the predicted number of events in the 
model after 5 years was compared with the number of events reported in 
RITA 3 (where results from 5 years follow-up were reported).  In this analysis, 
the treatment effect observed in RITA 3 was employed and the covariates 
included in the risk equations were set at their mean value in the trial.  Under 
these circumstances, the predicted number of events and odds ratios from the 
model is expected to be relatively close to those reported in RITA 3.  The 
results are shown in Table A25.  The model slightly underestimates the 
number of cardiovascular deaths but appear to predict the events in the RITA 
trial with reasonable precision.  The odds ratios from the model are very 
similar to those observed in RITA 3.  The marginally higher odds ratios 
observed in the model for some outcomes indicate that the results of the 
model do not appear to bias the results in favour of the early interventional 
strategy.  
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Table A25. Predicted number of events and odds ratios from the model 
compared with the results reported in RITA 3  
  Interventional Conservative Odds ratio 

Death/MI       

RITA 3 trial 142 178 0.78 

Model 137 171 0.79 

CVD/MI       

RITA 3 trial 105 139 0.74 

Model 99 133 0.74 

Death       

RITA 3 trial 102 132 0.76 

Model 91 114 0.79 

CVD       

RITA 3 trial 62 90 0.68 

Model 53 76 0.70 

CVD: cardiovascular death. MI: myocardial infarction. 
 
 
The estimated cumulative risk of a composite endpoint of death or MI in 
different risk groups is shown in Figure A13.  Again, the illustrative patients in 
each quartile of risk defined in RITA 3 are used in the analysis.  The model 
appears to predict this outcome with reasonable precision in the different risk 
groups as the cumulative risk curves correspond well with those reported in 
RITA 3 (figure 5 in the clinical report [62]).   
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Figure A13. Cumulative risk of the composite endpoint of death or myocardial 
infarction in different risk groups 
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Illustrative patients based on predicted risk of death or MI as defined in RITA 3 represent each risk 
group [62].  
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Several tests were also performed to check for errors in programming and 
incorporation of data into the model.  In the simplest of these tests no 
treatment effect was included in the model, i.e. the odds and hazard ratios 
were set to 1.  This yielded the expected results of no difference in life-
expectancy between the treatment strategies.  Further excluding any 
differences in costs and health-related quality of life yielded the expected 
results of no difference at all in costs and health outcome in a lifetime 
perspective between the two treatment strategies.   

Endarterectomy in patients with asymptomatic carotid 
artery stenosis 

The model structure is well described in Paper IV.  This section provides a 
description of the data sources and how data was incorporated in the model.  
Furthermore, detailed results of the value-of-information analysis are 
provided and some results of the analyses performed to validate the model. 
 
Data 
Outcome of carotid endarterectomy 
The outcome of endarterectomy was estimated using data from a population-
based registry in Sweden [141].  Applying this non-trial evidence for this 
parameter was considered to provide a representative estimate of the outcome 
of carotid endarterectomy in routine clinical practice Sweden.  This approach 
was facilitated as the clinical report from the ACST trial reported rates of non-
perioperative strokes [70], thus making it possible to combine data of 
perioperative outcomes from other sources with trial data.  In the Swedish 
registry, the outcome of 671 endarterectomies performed in patients with an 
asymptomatic lesion between 1994 and 2003 was available.  Strokes classified 
as transient or permanent in the registry were assumed to correspond to the 
definitions of non-disabling and disabling strokes, respectively.  The results 
are shown by gender in Table A26.  It should be noted that the results by 
gender was provided by doctor Kragsterman through personal 
communication as the original source reported combined results for men and 
women [141]. 
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Table A26. Outcome of endarterectomy in patients with asymptomatic carotid 
artery stenosis in Sweden between 1994 and 2003 
  Men Women 

Total number of endarterectomies 429 242 

Number (%) of patients with no event 422 (98.3) 233 (96.2) 

Number (%) of non-disabling strokes 3 (0.7) 4 (1.7) 

Number (%) of disabling strokes 2 (0.5) 4 (1.7) 

Number (%) of deaths 2 (0.5) 1 (0.4) 

 
 
For the probabilistic analysis, Dirichlet distributions were defined for this 
parameter using the data reported in Table A26 [142].  Dirichlet(422,3,2,2) was 
defined for men, yielding point estimates of 0.983, 0.007, 0.005 and 0.005 for 
the probability of no event, non-disabling stroke, disabling stroke and death, 
respectively.  Corresponding distribution for women was a Dirichlet(233,4,4,1) 
with point estimates of 0.962, 0.017, 0.017 and 0.004 for the probability of no 
event, non-disabling stroke, disabling stroke and death, respectively. 
 
Risk of non-perioperative stroke in the BMT strategy 
The baseline risk, i.e., the risk of a non-perioperative stroke in the No event 
state for patients in the BMT strategy, was estimated from the Swedish 
patients randomised to BMT in the ACST trial.  These patients were assumed 
to best reflect the baseline risk of patients in Sweden.  The number of non-
perioperative strokes in the BMT arm and time at risk are shown in Table A27.   
 
Table A27. Rates of non-perioperative stroke in the Swedish patients 
randomised to best medical treatment in the ACST trial 
  Men Women 

Number of strokes 18 7 

Time at risk 640 416 

Yearly rate 0.0281 0.0168 

 
 
Parametric survival analyses were performed in order to investigate if the risk 
of stroke increased or decreased with respect to time elapsing from 
randomisation [127], but no evidence was found of a changing hazard during 
the five years of trial follow-up.  Therefore, a constant hazard was used in the 
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model.  The survival analysis also indicated that age had virtually no effect on 
the estimated hazards, whereas baseline risk differed between men and 
women.  For the probabilistic analysis, Gamma distributions were defined for 
the rates of a non-perioperative stroke with the BMT strategy.  Gamma(18,640) 
and Gamma(7,416) were defined for men and women, respectively, yielding a 
yearly probability of non-perioperative stroke in the No event state of 0.029 for 
men and 0.019 for women.   
 
Relative risk of non-perioperative stroke with CEA compared with BMT  
Once controlling for baseline risk it was considered appropriate to employ 
data from all patients randomised in the ACST trial to estimate the relative 
risk of a non-perioperative stroke with CEA compared with BMT.  The 
reported relative risk of non-perioperative stroke was 0.345 [70].  For the 
probabilistic analysis, normality was assumed on the log scale employing a 
standard error for the log relative risk of 0.175 [70].  Although there was some 
indication of a slightly lower (more favourable) relative risk for men compared 
with women, and similarly for younger compared with older patients, there 
was little support for these interactions between treatment effect and baseline 
risk.  Hence the often used approach of a common treatment effect, but 
permitting baseline risk to vary by different risk groups (in this case gender), 
was employed in this study.  In the base-case analysis, a conservative 
assumption of no treatment effect after the five years of trial follow-up was 
employed.  Different assumptions concerning the duration of the treatment 
effect after the five years of trial follow-up were investigated in alternative 
scenarios. 
 
Outcome of non-perioperative strokes 
The outcome of a non-perioperative stroke was estimated from the Swedish 
patients in the ACST trial.  Of the 32 non-perioperative strokes observed at 5 
years of follow-up 29 were classified; with 7, 8 and 14 being fatal, disabling 
and non-disabling, respectively.  There was little data available to estimate the 
outcome of non-perioperative stroke in different subgroups for this parameter.  
A Dirichlet distribution, Dirichlet(7,8,14), was defined for this parameter 
yielding point estimates of 0.241, 0.276 and 0.483 of a non-perioperative stroke 
being fatal, disabling and non-disabling, respectively.   
 
Mortality not related to stroke 
Data from the Swedish Vascular Registry (SWEDVASC) [91] was used to 
estimate mortality from other causes than stroke in patients with an 
asymptomatic carotid artery stenosis.  Rather than employing standard 
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mortality rates from national lifetables, this approach was used in order to 
account for the potentially higher mortality risk in patients with an 
asymptomatic lesion due to the presence of cardiovascular disease.  A total of 
859 patients that had not died within 30 days of carotid endarterectomy for an 
asymptomatic lesion were included in this analysis.  It was assumed that 
mortality in patients surviving more than 30 days post surgery would be 
representative of mortality in this population.  A Weibull time-to-event 
proportional hazards model was estimated [127].  The results of the Weibull 
model are shown in Table A28.  As expected, the ancillary (Gamma) parameter 
was above 1 indicating an increasing hazard over time.  Also note that the 
gender variable was far from significant (hazard ratio = 0.968, 95 percent 
confidence interval 0.726 - 1.292) and was thus dropped from the final Weibull 
model.  
 
Table A28. Weibull model for 30-day survivors of carotid endarterectomy for 
an asymptomatic lesion 
Variable Coefficient 95 % Confidence interval 

Age 1.069   1.047 – 1.090 

Constant* 0.0003 0.0001 – 0.001 

Gamma** 1.414    1.270 – 1.573 

*Constant is the hazard at time zero. 
**Shape parameter in the Weibull model where a coefficient below (above) 1 indicates a decreasing 
(increasing) hazard over time. 

 
 
The mortality rates predicted from the Weibull model were converted to 
annual probabilities of death from other causes than stroke [28].  The 
correlation between coefficients in the regression model was maintained in the 
probabilistic assessment employing Cholesky decomposition assuming 
multivariate normality on the log scale [28].  The estimated probabilities for 
65-year-old men and women are shown in Figure A14.  It is shown in the 
figure that the difference between the estimated mortality for patients with an 
asymptomatic carotid artery stenosis and standard mortality is decreasing as 
patients get older and are at increased risk of dying from other causes.  In the 
decision-analytic model we used the estimated risk of death as long as it was 
above standard mortality and then switched to standard mortality.  An 
alternative scenario employed standard mortality from national lifetables 
rather than the estimated mortality. 
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Figure A14.  Probabilities of non-stroke death in the population with carotid 
artery stenosis (65-year-olds) 
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Life-expectancy post stroke 
Other sources [143] have shown a relatively high risk of death the first year 
after a stroke.  This risk appears to decline in subsequent years after the stroke.  
Data from SWEDVASC [91] on stroke survivors was used to estimate the 
survival prognosis of these patients.  The estimated prognosis of stroke 
survivors was then compared with the estimated mortality in the population 
with asymptomatic carotid artery stenosis in order to determine the excess 
mortality risk associated with having experienced a stroke.  The first year after 
a disabling stroke, the excess risk was about 3 for men and 1.5 for women.  The 
second and subsequent years after a disabling stroke, no excess risk was seen 
for women, whereas the excess risk was halved compared with the first year 
after the stroke for men.  A hazard ratio of 3 for men and 1.5 for women was 
thus applied to the estimated Weibull model in Table A28 to determine the 
probability of death first year after stroke.  For the probabilistic analysis 
normal distributions were defined for the log hazard ratio: Normal(1.10, 0.146) 
for men and Normal(0.41,0.146) for women.  For patients suffering a non-
disabling stroke no adjustment of the estimated mortality was made.  
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Costs 
The estimated cost of carotid endarterectomy was 63 400 SEK.  This estimate 
was based on performance-based costing reflecting actual resource use for 
carotid endarterectomy in the county of Östergötland Sweden 
(http://www.lio.se/upload/16047/Prislista%202006.pdf [accessed February 22 
2007]).  For the probabilistic analysis a Gamma distribution, Gamma(161,394), 
was defined based on a standard error of 5 000 SEK.  The estimated standard 
error was based on previous estimates of comprehensive modelling of costs of 
surgical procedures [144]. 
 
The annual cost of best medical treatment was estimated at 2 620 SEK.  This 
cost included a doctor’s visit and costs of pharmaceutical treatment.  This cost 
was not varied in the probabilistic analysis.  
 
A literature review was undertaken to obtain estimates of costs associated 
with the post-stroke states in the model.  We searched PubMed using a free-
text search of ‘costs AND stroke AND Sweden’.  Most recent search was 
performed in February 2007.  This search yielded 45 references of which 8 
articles were scrutinised in more detail.  One study provided comprehensive 
information on costs post stroke in Sweden based on recent data sources [143].  
In this study the average total cost the first year after a stroke was 155 000 SEK, 
including hospitalisations, drugs, outpatient visits, rehabilitation, nursing 
home and domestic aid [143].  The second and subsequent years after a stroke, 
the estimated annual cost was 60 000 SEK.  It should be noted that these 
estimates are averages over patients suffering disabling and non-disabling 
stroke and the costs are expected to be substantially higher in the patients 
suffering a disabling stroke.  In the study by Ghatnekar and colleagues [143], 
60 percent of the strokes were non-disabling and 40 percent were disabling 
(personal communication, Terent).  Based on this information, costs of 240 000 
SEK and 100 000 SEK was assigned for the first year after a disabling and non-
disabling stroke, respectively.  The study by Ghatnekar et al reported large 
standard deviations for the individual cost components in their calculations of 
total costs.  However, standard errors of the total costs were not reported.  For 
the present analysis we assumed large standard errors to reflect the substantial 
uncertainty associated with these estimates.  Gamma distributions, 
Gamma(23,10417) and Gamma(25,4000) were defined for the costs the first 
year after a disabling and non-disabling stroke, respectively.  For the second 
and subsequent years after a stroke an annual cost of 110 000 SEK and 20 000 
SEK was estimated for disabling and non-disabling stroke, respectively 
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employing Gamma(19,5682) and Gamma(16,1250) distributions for the 
probabilistic analysis.  
 
QALYs 
Age-adjusted quality-adjustment weights, or utilities, from a normal 
population in Sweden were used for patients in the No event state and are 
shown in Table A29 together with the distributions employed in the 
probabilistic analysis [115].  The Beta distributions were fitted using methods-
of-moment techniques employing the reported means and standard errors 
[32]. 
 
Table A29. Utilities for patients in the No event state 

    Men       Women   

Age Mean SE Distribution   Mean SE Distribution 

69 or younger 0.83 0.012 Beta(812,166)   0.78 0.015 Beta(594,168)

70 – 79 0.81 0.018 Beta(384,90)   0.78 0.017 Beta(462,130)

80 or older 0.74 0.037 Beta(103,36)   0.74 0.026 Beta(210,74) 
SE: standard error. 
 
 
A literature review was undertaken to obtain estimates of health-related 
quality of life associated with the post-stroke states in the model.  We searched 
PubMed using free-text search of ‘stroke AND QALY’ and ‘post-stroke AND 
health-related quality of life’.  Most recent search was performed in February 
2007.  This search yielded 169 references of which 9 articles were scrutinised in 
detail.  Two papers reported health-related quality of life, or utilities, for 
health states defined according to the health states in the present model 
[145,146].  One study employed a direct time-trade off technique [145] and one 
used the EQ-5D instrument [146] to establish utilities for disabling (modified 
Rankin score 3, 4 or 5) and non-disabling (modified Rankin score 0, 1 or 2) 
stroke.  Both studies showed that the average utility with a post non-disabling 
stroke was not lower than the utilities of individuals in the normal population.  
Hence, no decrement in utility was assumed for patients in the post-disabling 
stroke state.  For patients with a disabling stroke, a substantial loss of utility 
was seen in both studies.  Haake and colleagues [146] reported a mean utility 
of 0.44 and Duncan and colleagues reported [145] a mean utility of 0.54 for 
patients with a disabling stroke, indicating a decrement in quality of life of 
about 0.35 from the utility of the normal population.  The uncertainty around 
these estimates was not clearly reported in the studies but the standard error 
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of the decrement appeared to be about 0.1.  Based on this information a 
Gamma distribution, Gamma(12.25,0.03), was employed for the probabilistic 
analysis.   
 
Detailed results of the value-of-information analysis 
Value of information for the decision 
Detailed results of the value of information for the decision to adopt the CEA 
strategy are shown in Tables A30 and A31 for men and women, respectively.  
The second column of the tables shows the ICERs.  Column 3 shows the 
optimal treatment decision based on current information, where the CEA 
strategy should be adopted if the ICER is below the willingness to pay for a 
QALY and the BMT strategy should be adopted if the ICER is above the 
willingness to pay for a QALY.  This strategy is referred to as the a priori 
strategy in the tables.  The fourth column shows the error probability, or the 
proportion of iterations in the probabilistic assessment that the a priori 
strategy is not cost-effective.  When CEA is the a priori strategy, this is one 
minus the probability of CEA being cost-effective and when CEA is not the a 
priori strategy this is the probability of CEA being cost-effective at a 
willingness to pay for a QALY of 500 000 SEK.  Note that for men (Table A30) 
the error probability is highest for 73-year-old patients as the ICER is close to 
the willingness to pay for a QALY, indicating that the adoption decision is 
associated with large uncertainty.  The fifth column shows the estimated EVPI 
per patient.  This estimate is a function of the error probability and the 
consequence of an error.  The consequence of an error is the net benefit 
forgone when the a priori decision turned out to be wrong.  The sixth column 
in Tables A30 and A31 shows the estimated number of patients in each 
subgroup facing this decision problem during a year.  A time horizon of 10 
years was assumed and a discount rate of 3 percent was used when estimating 
the number of patients diagnosed with an asymptomatic lesion over the next 
ten years (shown in column 7).  The last column shows the total EVPI for the 
decision for each subgroup, which is the EVPI per patient multiplied by the 
effective population.   
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Table A30. Expected value of perfect information for the decision (men) 
Yearly Effective Age ICER A priori 

strategy 
Error 

probability
EVPI 

patient population population 
EVPI 

population 

55 215 894 CEA 0.138 2 985 6 53 157 378 
56 224 181 CEA 0.146 3 145 6 53 165 813 
57 232 984 CEA 0.155 3 321 6 53 175 072 
58 242 346 CEA 0.164 3 517 6 53 185 404 
59 252 311 CEA 0.175 3 734 6 53 196 853 
60 262 934 CEA 0.184 3 973 10 88 349 038 
61 274 272 CEA 0.198 4 235 10 88 372 115 
62 286 392 CEA 0.216 4 533 10 88 398 238 
63 299 376 CEA 0.236 4 872 10 88 428 053 
64 313 309 CEA 0.253 5 257 10 88 461 902 
65 328 292 CEA 0.273 5 684 12 105 599 335 
66 344 283 CEA 0.292 6 154 12 105 648 819 
67 361 301 CEA 0.318 6 670 12 105 703 204 
68 379 511 CEA 0.343 7 244 12 105 763 725 
69 398 898 CEA 0.372 7 875 12 105 830 311 
70 419 595 CEA 0.396 8 558 16 141 1 203 036 
71 442 574 CEA 0.431 9 345 16 141 1 313 686 
72 467 583 CEA 0.468 10 237 16 141 1 439 092 
73 495 246 CEA 0.512 11 247 16 141 1 581 143 
74 525 850 BMT 0.448 9 901 16 141 1 391 826 
75 559 836 BMT 0.400 8 199 8 70 576 315 
76 596 642 BMT 0.355 6 693 8 70 470 427 
77 636 419 BMT 0.309 5 361 8 70 376 789 
78 677 782 BMT 0.270 4 244 8 70 298 337 
79 722 817 BMT 0.225 3 271 8 70 229 883 
80 770 344 BMT 0.181 2 476 2 18 43 507 
81 829 091 BMT 0.137 1 783 2 18 31 334 
82 896 288 BMT 0.106 1 239 2 18 21 775 
83 977 646 BMT 0.074 794 2 18 13 946 
84 1 072 334 BMT 0.048 476 2 18 8 366 

Note: Error probability and EVPI are evaluated at a willingness to pay for a QALY of 500 000 SEK. 
Precise figures are reported in the last column.  Due to rounding errors the results in this column 
may not be identical to multiplying the reported values in columns 5 by those in column 7. 
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Table A31. Expected value of perfect information for the decision (women) 
Yearly Effective Age ICER A priori 

strategy 
Error 

probability
EVPI 

patient population population 
EVPI 

population 

55 1 822 039 BMT 0.173 5 719 2 18 100 490 
56 1 893 631 BMT 0.164 5 264 2 18 92 505 
57 1 971 631 BMT 0.156 4 825 2 18 84 783 
58 2 056 824 BMT 0.145 4 404 2 18 77 387 
59 2 150 106 BMT 0.136 4 002 2 18 70 318 
60 2 252 539 BMT 0.126 3 619 4 35 127 183 
61 2 365 385 BMT 0.116 3 258 4 35 114 507 
62 2 490 122 BMT 0.110 2 916 4 35 102 497 
63 2 628 567 BMT 0.101 2 593 4 35 91 146 
64 2 782 887 BMT 0.095 2 286 4 35 80 348 
65 2 955 765 BMT 0.086 1 999 6 53 105 372 
66 3 150 520 BMT 0.078 1 736 6 53 91 515 
67 3 371 379 BMT 0.070 1 495 6 53 78 820 
68 3 623 759 BMT 0.062 1 278 6 53 67 352 
69 3 914 768 BMT 0.055 1 083 6 53 57 098 
70 4 253 950 BMT 0.047 912 6 53 48 071 
71 4 654 399 BMT 0.041 762 6 53 40 194 
72 5 134 696 BMT 0.035 629 6 53 33 145 
73 5 722 098 BMT 0.031 510 6 53 26 906 
74 6 458 387 BMT 0.027 407 6 53 21 476 
75 7 407 869 BMT 0.022 318 4 35 11 171 
76 8 602 208 BMT 0.017 245 4 35 8 619 
77 10 115 491 BMT 0.013 189 4 35 6 632 
78 12 031 408 BMT 0.011 144 4 35 5 078 
79 14 410 206 BMT 0.008 112 4 35 3 949 
80 17 349 482 BMT 0.006 89 2 18 1569 
81 22 607 946 BMT 0.005 69 2 18 1204 
82 31 845 002 BMT 0.004 51 2 18 893 
83 50 998 665 BMT 0.003 36 2 18 637 
84 120 706 356 BMT 0.002 24 2 18 430 

Note: Error probability and EVPI evaluated at a willingness to pay for a QALY of 500 000 SEK. 
Precise figures are reported in the last column.  Due to rounding errors the results in this column 
may not be identical to multiplying the reported values in columns 5 by those in column 7. 

 
 
 
Value of information for parameters 
The value of information for model parameters is shown in Tables A32 and 
A33 for men and women, respectively. 
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Table A32. Expected value of perfect information for parameters (men) 
Age Relative  Baseline Baseline Outcome Outcome Mort. Mort. Cost Cost Utilities 

  Risk Risk Risk+5 CEA Stroke asympt. stroke CEA stroke   
55 867 28 706 0 31 704 13 797 0 0 0 0 0 
56 1 102 32 057 0 33 231 15 881 0 0 0 0 0 
57 1 332 36 206 0 35 101 18 274 0 0 0 0 0 
58 1 565 40 949 0 37 438 20 988 0 0 0 0 0 
59 2 227 46 713 0 40 190 21 805 0 0 0 0 0 
60 4 245 88 718 0 72 507 46 755 0 0 0 0 0 
61 5 168 101 316 0 78 849 53 828 0 0 0 0 0 
62 5 287 115 787 0 86 600 62 555 0 0 0 0 0 
63 6 518 133 648 0 96 056 74 068 0 0 0 0 0 
64 10 700 185 697 0 129 488 107 219 0 0 0 0 0 
65 15 692 215 916 0 147 318 129 635 0 0 0 0 0 
66 23 521 252 749 0 167 954 157 916 0 0 0 0 0 
67 34 751 300 332 0 193 285 191 153 0 0 0 0 0 
68 51 586 356 722 0 224 623 231 373 0 0 196 0 0 
69 74 723 421 218 0 262 883 279 522 0 0 872 0 0 
70 147 691 659 543 0 410 604 338 764 0 0 6 295 0 72 
71 216 795 773 952 98 492 161 551 527 993 0 33 509 0 5 189 
72 312 303 904 593 2 689 598 695 673 351 15 526 0 101 036 2 393 46 234 
73 447 906 1 062 747 50 506 729 888 821 664 110 347 21 143 250 595 77 960 184 775 
74 266 552 943 606 3 670 525 343 645 892 14 405 0 127 953 7 235 69 836 
75 59 043 364 363 0 161 287 223 443 47 0 19 837 0 7 347 
76 19 309 272 930 0 86 558 143 806 0 0 4 142 0 461 
77 3 901 148 320 0 37 357 84 535 0 0 513 0 0 
78 397 139 616 0 10 348 45 721 0 0 0 0 0 
79 0 94 435 0 1 055 21 357 0 0 0 0 0 
80 0 15 448 0 0 2 104 0 0 0 0 0 
81 0 9 205 0 0 312 0 0 0 0 0 
82 0 4 653 0 0 0 0 0 0 0 0 
83 0 1 940 0 0 0 0 0 0 0 0 
84 0 732 0 0 0 0 0 0 0 0 

55-84 1 713 181 7 752 817 56 963 4 690 523 4 977 245 141 318 21 143 544 948 87 588 313 914 
Relative risk: relative risk of non-perioperative stroke with the CEA strategy compared with BMT.   
Baseline risk: risk of non-perioperative stroke with the BMT strategy.  Baseline risk +5: risk of  
non-perioperative stroke with BMT after year 5.  Outcome of CEA: perioperative death or stroke 
(disabling or non disabling).  Outcome stroke: proportion of strokes being fatal, non disabling  
and disabling.  Mort. asympt: estimated mortality in the population with asymptomatic stenosis.   
Mort. stroke: mortality post stroke.  Cost CEA: cost of endarterectomy.  Cost stroke: costs in the  
post-stroke states.  Utilities: utilities associated with health states in the model.     
EVPPI is estimated at a willingness to pay for a QALY of 500 000 SEK. 
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Table A33. Expected value of perfect information for parameters (women) 
Age Relative  Baseline Baseline Outcome Outcome Mort. Mort. Cost Cost Utilities 

  Risk risk Risk+5 CEA Stroke asympt. stroke CEA stroke   
55 0 48 473 0 7 590 373 0 0 0 0 0 
56 0 44 113 0 5 854 172 0 0 0 0 0 
57 0 39 940 0 4 342 36 0 0 0 0 0 
58 0 35 912 0 3 049 48 0 0 0 0 0 
59 0 32 088 0 2 053 0 0 0 0 0 0 
60 0 57 071 0 2 705 0 0 0 0 0 0 
61 0 50 373 0 1 717 0 0 0 0 0 0 
62 0 44 287 0 1 024 0 0 0 0 0 0 
63 0 38 591 0 473 0 0 0 0 0 0 
64 0 33 288 0 201 0 0 0 0 0 0 
65 0 43 011 0 83 0 0 0 0 0 0 
66 0 36 984 0 0 0 0 0 0 0 0 
67 0 31 323 0 0 0 0 0 0 0 0 
68 0 26 276 0 0 0 0 0 0 0 0 
69 0 21 790 0 0 0 0 0 0 0 0 
70 0 17 719 0 0 0 0 0 0 0 0 
71 0 13 891 0 0 0 0 0 0 0 0 
72 0 10 501 0 0 0 0 0 0 0 0 
73 0 7 607 0 0 0 0 0 0 0 0 
74 0 5 214 0 0 0 0 0 0 0 0 
75 0 2 166 0 0 0 0 0 0 0 0 
76 0 1 265 0 0 0 0 0 0 0 0 
77 0 788 0 0 0 0 0 0 0 0 
78 0 593 0 0 0 0 0 0 0 0 
79 0 450 0 0 0 0 0 0 0 0 
80 0 158 0 0 0 0 0 0 0 0 
81 0 90 0 0 0 0 0 0 0 0 
82 0 24 0 0 0 0 0 0 0 0 
83 0 0 0 0 0 0 0 0 0 0 
84 0 0 0 0 0 0 0 0 0 0 

55-84 0 643 986 0 29 091 629 0 0 0 0 0 
Relative risk: relative risk of non-perioperative stroke with the CEA strategy compared with BMT.   
Baseline risk: risk of non-perioperative stroke with the BMT strategy.  Baseline risk +5: risk of  
non-perioperative stroke with BMT after year 5.  Outcome of CEA: perioperative death or stroke 
(disabling or non disabling).  Outcome stroke: proportion of strokes being fatal, non disabling  
and disabling.  Mort. asympt: estimated mortality in the population with asymptomatic stenosis.   
Mort. stroke: mortality post stroke.  Cost CEA: cost of endarterectomy.  Cost stroke: costs in the  
post-stroke states.  Utilities: utilities associated with health states in the model.     
EVPPI is estimated at a willingness to pay for a QALY of 500 000 SEK. 
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The value of sample information 
In this simple example of expected value of sample information (EVSI), the 
focus is on 74-year-old men and the baseline risk of non-perioperative stroke.  
The expected value of perfect partial information (EVPPI) for this parameter 
was approximately 1 000 000 SEK for 74-year-old men.  The prior distribution 
for the baseline risk was a Gamma distribution, Gamma(18,640).  Following 
the methods outlined by Ades et al. [45], a value from this distribution is 
sampled, which we denote i

Iθ .  Given this value, the outcome of the proposed 
study is simulated.  Assuming n patients with a diagnosis of asymptomatic 
carotid artery stenosis are to be followed up for k years, the simulated study 
outcome follows a Poisson distribution.  The Poisson event counts, which we 
denote e, can be drawn from Poisson( i

Iθ ,nk), where i
Iθ  is the prior event rate 

and nk is the total number of patient years of follow-up in the new study.  The 
prior distribution for the baseline risk is then updated with the simulated 
event count and the total number of patient years of follow-up yielding a 
Gamma(18+e,640+nk) distribution.  This updated Gamma distribution is then 
applied in the decision-analytic model where net benefit of both treatment 
strategies is established.  This procedure is then repeated for a large number of 
simulations in order to determine the EVSI for this particular trial design, i.e., 
this particular nk.  In this simplified calculation we assumed that it would be 
relatively easy to set up a registry study following patients with a diagnosis of 
asymptomatic carotid artery stenosis at a fixed cost of 100 000 SEK, with an 
additional marginal cost of 1 000 SEK for each patient year of follow-up.  The 
EVSI, total costs of sampling and expected net benefit of sampling (ENBS) are 
shown in Figure A15 for different study designs (i.e., different nk).   
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Figure A15. EVSI, ENBS and total costs of sampling for baseline risk of non-
perioperative stroke (74-year-old men) 
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Figure A15 reveals that the EVSI increases with a larger sample (more patient 
years of follow-up), reflecting the fact that more sample information lead to a 
more informed adoption decision, ultimately leading to improved expected 
net benefit.  In fact, as the sample size increases, the EVSI will tend towards 
the EVPPI for the parameter.  This is intuitive as the EVPPI for the parameters 
implies an infinite sample.  It is also clear from Figure A15 that ENBS is 
highest at about 44 patient years of follow-up, i.e., this is the maximum of 
EVSI minus the total cost of sampling.  Finally, a few notes regarding the cost 
function.  Details of the cost components are shown in Figure A16.   
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Figure A16. Expected costs of sampling  
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The fixed and marginal costs of carrying out the follow-up study are 
conceptually unproblematic, although their estimation can most likely be 
improved in a real application.  It is important to take the opportunity cost of 
sampling into account as well.  Here, this is the EVSI forgone as the patients 
enrolled in the study will not be able to benefit from the information generated 
by the new sample.  The estimated number of 74-year-old men diagnosed with 
asymptomatic carotid artery stenosis was 16 per year.  Hence, for any follow-
up study requiring less than 16 patient years of follow-up, the estimated 16 
patients diagnosed the first year cannot benefit from this information.  If more 
than 16 patient years are required, the next cohort of 74-year-old men cannot 
benefit from the information as it will not be available when their treatment 
decision have to be made.  This explains the increased opportunity cost after 
16 patient years of follow-up.  Another increase in this cost is seen at 48 patient 
years of follow-up as a third cohort of 74-year-old men cannot benefit from 
this information (first 16 patients followed for 2 years and second cohort of 16 
patients for 1 year).  
 
The decision problem in this application further complicates the issues of 
efficient research design.  For example, the information acquired for 74-year-
old men will benefit other cohorts as well.  Hence, the EVSI shown in Figure 
A15 is much larger as most cohorts of men will benefit from this information.  
In order to solve the optimisation problem in this case, we would need to 
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estimate the EVSI over all cohorts.  This means that different types of study set 
ups are possible.  If a constant hazard of non-perioperative stroke over time 
and across different ages is assumed, as it is in the present model, different 
types of designs must be considered, taking into account how many patients at 
certain ages should be enrolled each year and how long they should be 
followed up.  This in turn will have an impact on the opportunity cost of 
sampling, where the opportunity cost of holding back the a priori strategy for 
some patients must be incorporated.  Note, that for 74-year-old men the a 
priori strategy is BMT whereas for all men younger than 74, CEA is the a priori 
strategy.  Enrolling these patients into a follow-up study investigating the 
baseline risk of stroke (in effect the BMT strategy) have further opportunity 
costs than EVSI forgone, as these patients will not receive the treatment with 
the highest net benefit during the proposed study. 
 
Model validation 
Several analyses were performed to assess the validity of the model.  A good 
indicator of overall validity is to investigate the predicted undiscounted life 
expectancy from the model.  The results of this analysis are shown in Figure 
A17.  Predicted life expectancy for men and women at different ages is shown 
in the figure together with the life expectancy of the general population in 
Sweden.  As expected, predicted life expectancy is lower than that of the 
normal population and decreases when the analysed risk groups have a higher 
starting age.   
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Figure A17. Predicted life-expectancy for men and women with the CEA 
strategy and the general Swedish population 
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The event rates employed in this study are similar to those reported for all 
patients in the ACST trial [70].  Hence, the predicted number of events after 5 
years in the model should be similar to those reported in ACST.  The 
proportion of patients without any major event (stroke or perioperative death) 
predicted by the model is shown in Figure A18 for 65-year-old men and 
women, respectively.  In the last panel in Figure A18, the results are combined, 
giving 70 percent weight to men reflecting the proportion of men in the ACST 
trial.  These results correspond well with the results reported in ACST, which 
is expected if the model is correctly specified and programmed.   
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Figure A18. Predicted perioperative deaths or any stroke in the model for 65-
year-old patients 
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Several tests were also performed to check for technical flaws such as errors in 
programming, which is normally referred to as internal validity or consistency 
[26].  The simplest of these tests include removing the risk of an event during 
the carotid endarterectomy procedure, leave out the treatment effect on non-
perioperative stroke and remove the cost of the endarterectomy.  Under these 
circumstances the two strategies expectedly give exactly the same costs and 
health outcomes.   
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