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Objective: We estimated the cost-effectiveness of novel imaging tests to select patients for carotid en-
darterectomy (CEA) in patients with significant carotid stenosis using a computer model and explored the
Keywords: minimum prognostic performance that a new confirmatory test must have in order to be cost-effective
Ischemic stroke versus the guideline-based strategy.
TIA Methods: The guidelines recommend initial duplex ultrasonography (DUS) followed by a confirmatory
Prognostic test performance test if DUS shows 30-69% stenosis; a positive CT-angiography (CTA) is an indication for CEA. In an alter-
Sensitivity native strategy, we replaced CTA with CE-DUS, and in another strategy we replaced it by a hypothetical
Specificity imaging test and estimated the minimum prognostic performance that the test must have in order to
Cost-effectiveness analysis be cost-effective versus the guideline-based strategy. We assessed the potential cost-effectiveness in four
age- and sex-specific subpopulations.
Results: For 60-year-old men, a perfect confirmatory test (100% sensitivity and specificity) improves
health (0.066 quality-adjusted life years) and reduces costs (€110/$146) versus the guideline-based strat-
egy. Potential health gain is smaller for 80-year-old men, while no health gain is expected for women.
Assuming 100% sensitivity, a test must have a specificity of at least 66% for 60-year-old men and 87% for
80-year-old men to be cost-effective. Similarly, assuming 100% specificity, a test must have a sensitivity
of at least 58% for 60-year-old men and 66% for 80-year-old men.
Conclusions: Information from new imaging technologies may improve stroke risk prediction and thereby
improve decisions about which patients should undergo CEA. However, their cost-effectiveness strongly
depends on the current test strategy and choice of patient subpopulation.

© 2019 Published by Elsevier Ltd on behalf of Fellowship of Postgraduate Medicine.

Introduction decision to select patients for CEA in daily clinical practice is

mainly based on degree of carotid artery stenosis [1,2]. Several

Carotid endarterectomy (CEA) reduces the risk of recurrent
stroke in selected populations: i.e., symptomatic patients with 70-
99% stenosis, or patient subpopulations with 50-69% stenosis. The

Abbreviations: CEA, carotid endarterectomy; CE-DUS, contrast-enhanced DUS;
CE-MRI, contrast-enhanced MRI; CTA, CT angiography; DUS, duplex ultrasonogra-
phy; FN, false negative; FP, false positive; ICERs, incremental cost-effectiveness ra-
tios (€/$ per QALY gained); MRA, magnetic resonance angiography; OMT, optimal
medical treatment; QALYs, quality-adjusted life years; TN, true negative; TP, true
positive.
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published studies have shown that the features of a vulnerable
plaque (e.g., intraplaque hemorrhage, thin or ruptured fibrous cap,
and large lipid-rich necrotic core) are related to risk of recurrent
stroke [3-6].

Imaging of the atherosclerotic plaque with MRI, CT angiography
(CTA), duplex ultrasonography (DUS) [7], or biomechanical analysis
based on imaging information [8], can yield valuable information.
This information can help to improve stroke risk prediction and
classify patients into different subpopulations that differ in the risk
of recurrent ischemic stroke. These tests can thereby improve deci-
sions about which patients would benefit from CEA. This improve-
ment in patient stratification is an integral part of the promise of
precision medicine [9-11].

2211-8837/© 2019 Published by Elsevier Ltd on behalf of Fellowship of Postgraduate Medicine.
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However, the prognostic performance (i.e., sensitivity and speci-
ficity) of these tests is unknown. Several prospective cohort stud-
ies are currently ongoing determining the prognostic performance
of various candidate tests (e.g., PARISk [12] and CAPIAS [13]). In
this study, we estimated the potential cost-effectiveness of novel
imaging tests using a computer model and explored the maximum
health gain that these tests could achieve if they were perfect,
in comparison with a guideline-based strategy. We also estimated
the minimum prognostic performance that a new confirmatory test
must have in order to be cost-effective versus the guideline-based
strategy.

Methods

We applied the framework with general steps of early-CEAs of
medical tests as developed by Buisman et al. [14]. This framework
is a useful guidance for researchers performing early-CEAs of med-
ical tests.

Patient population

We defined the patient population as follows: patients with a
recent TIA or minor ischemic stroke (mRS <3). TIA was defined as
a focal neurologic deficit of sudden onset lasting less than 24 h and
with no signs of recent infarction on CT or MRI. Ischemic stroke
was defined as a focal neurological deficit of sudden onset of pre-
sumed vascular origin, lasting at least 24 h, with brain imaging
showing typical signs of brain infarction or no abnormalities.

Current imaging test strategies (including a guideline-based strategy)

As part of secondary prevention, patients are selected for CEA
or optimal medical treatment (OMT) alone. The Dutch national
stroke guidelines [15] were examined and interviews were con-
ducted with vascular neurologists from different hospitals to as-
certain whether the guidelines were used in clinical practice (see
Buisman et al. [16]).

In general, after diagnostic evaluation and treatment in the
acute phase, patients with a recent TIA or minor ischemic stroke
undergo an assessment of carotid artery stenosis and subsequent
treatment as part of secondary prevention (i.e., preventing a recur-
rent stroke). In the assessment of carotid stenosis, Dutch guidelines
recommend DUS as the initial test and CTA or magnetic resonance
angiography (MRA) as confirmatory test [15]. According to the ini-
tial DUS, the criterion for performing a confirmatory test is mod-
erate (50-69%) carotid stenosis for men or severe (70-99%) carotid
stenosis for women [15]. CEA is recommended for both men and
women with severe (70-99%) carotid stenosis and a TIA or minor
ischemic stroke in the past 6 months. In addition, a CEA is recom-
mended for men with moderate (50-69%) carotid stenosis and a
TIA or minor ischemic stroke in the past 3 months [15].

Since multiple imaging test strategies are used in clinical prac-
tice [16], we included various strategies in our analysis as com-
parators, including a guideline-based strategy (initial DUS and con-
firmatory CTA) and three other strategies: DUS-only, CTA-only, and
CE-MRA-only.

New test strategy

Since there are many imaging tests currently being developed
to improve risk prediction with imaging features of a vulnerable
plaque, leading to a large number of possible combinations of tests,
vascular neurologists were queried about the optimal combination
of tests. We determined that the most likely application for a new
imaging test to improve risk prediction in patients with a recent

TIA or minor ischemic stroke would be a confirmatory test for pa-
tients with 30-69% stenosis based on an initial DUS. DUS is the
preferred initial test since it is often used in current care, relatively
cheap and simple to use.

In addition, we used contrast-enhanced DUS (CE-DUS) as a
new confirmatory test for patients with 30-69% stenosis based
on an initial DUS, because recent studies have shown an associ-
ation between vulnerable plaque features assessed with CE-DUS
and the recurrence of ischemic stroke events in TIA/stroke patients
[9].

Model structure

A lifetime cost-effectiveness model was developed to perform
the cost-effectiveness analyses. Fig. 1 shows the first part of the
model in which use of tests and subsequent treatment were mod-
eled. Patients who test positive, i.e., patients with a high-risk of a
recurrent stroke, undergo CEA, whereas others receive OMT alone.
Based on the prognostic test performance, patients are classified
into four groups: true positive (TP), false positive (FP), false neg-
ative (FN), and true negative (TN). Final health outcomes depend
on these classifications and subsequent treatment. Fig. 2 shows
the health outcomes after CEA and OMT alone. If the test’s sen-
sitivity and specificity are less than 100%, the test misclassifies pa-
tients, resulting in inappropriate treatments and increased risk of
ischemic stroke events. The final health outcomes include minor,
major, fatal or no ischemic stroke. Death from other causes is in-
corporated by using the life expectancy from the Dutch population
[17].

Model inputs and assumptions

Test performance

The performance of the imaging tests used in current care was
based on the sensitivity and specificity to diagnose 70-99% carotid
stenosis (see Table 1). The sensitivity and specificity of DUS and
CE-MRA were based on a meta-analysis of 41 studies [18]. The per-
formance of CTA was derived from a prospective cohort study of
351 TIA/minor ischemic stroke patients [19].

The performance of CE-DUS was based on the sensitivity and
specificity to detect plaque rupture compared to ultrasonography
and histological images [20]. The performance of the new hy-
pothetical prognostic test was defined in terms of the ability to
predict an ischemic stroke based on imaging features of vulner-
able carotid plaque. TPs were defined as patients with a posi-
tive test result and a 100% lifetime risk of an ischemic stroke if
they receive OMT alone. Since these patients subsequently undergo
CEA, their risk of ischemic stroke is reduced. FNs were defined
as patients with a negative test result and a 100% lifetime risk
of an ischemic stroke if they receive OMT alone. Since these pa-
tients do not undergo CEA and instead receive OMT alone, their
lifetime risk of ischemic stroke remains 100%. TNs were defined
as patients with a negative test result and a 0% lifetime risk of
an ischemic stroke if they receive OMT alone. Since these pa-
tients are correctly identified, they will receive OMT and continue
to have a 0% risk of ischemic stroke. FPs were defined as pa-
tients with a positive test result and a 0% lifetime risk of an is-
chemic stroke if they receive OMT alone. Although these patients
should receive OMT, they are misclassified, undergo CEA and there-
fore have a short-term risk of ischemic stroke due to surgical
complications.

When these definitions are applied, a test with a higher sen-
sitivity increases the chance that patients who will benefit from
a CEA are correctly identified and treated. Similarly, a test with a
higher specificity increases the chance that patients who will not
benefit from a CEA are correctly identified and treated.
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Fig. 1. Decision model - tests and subsequent treatment.
New test (confirmatory) = CE-DUS or hypothetical imaging test.
Table 1
Model input parameters.
Parameter Value SE Distribution (alpha;beta) Source
Performance of tests
DUS - sensitivity 0.890 0.015 Beta (371;46) [18]
- specificity 0.840 0.026 Beta (173;33) [18]
CTA - sensitivity 0.910 0.041 Beta (44;4) [19]
- specificity 0.990 0.005 Beta (376;4) [19]
CE-MRA - sensitivity 0.940 0.015 Beta (225;14) [18]
- specificity 0.930 0.015 Beta (257;19) [18]
CE-DUS - sensitivity 0.913 - - [20]
- specificity 0.687 - - [20]
Health-related quality of life
Baseline (recent TIA or minor ischemic stroke) 0.710 0.020 Beta (350;143) [21]
After minor ischemic stroke 0.658 0.015 Beta (631;329) [21,22]
After major ischemic stroke 0.310 0.015 Beta (283;629) [21]
Costs (in 2014¢€)
DUS €125 €19 Gamma (€44;€3) [25]
CTA €189 €28 Gamma (€44;€4) [25]
CE-MRA €243 €36 Gamma (€44:€5) [25]
CE-MRI (new test) €362 €54 Gamma (€44;€8) [25]
CE-DUS (new test) €244 €37 Gamma (€44;€5) [25]
Carotid endarterectomy €7077 €68 Gamma (€10,788;€1) [26]
Optimal medical treatment (per year) €120 €18 Gamma (€44;€3) Expert opinion
Minor ischemic stroke [27]
first year €8731 €1113 Gamma (€61;€142)
subsequent years (per year) €1494 €190 Gamma (€62;€24)
Major ischemic stroke [27]
first year €49,790 €6350 Gamma (€61;€810)
subsequent years (per year) €29,072 €3708 Gamma (€61;€473)
Fatal ischemic stroke (in year of fatal ischemic stroke) [28]
Men - aged <65 €6663 €999 Gamma (€44;€150)
Men - aged 65-74 €10,875 €1631 Gamma (€44;€245)
Men - aged 75-85 €8735 €1310 Gamma (€44,€197)
Men - aged >85 €10,640 €1596 Gamma (€44;€239)
Women - aged <65 €7353 €1103 Gamma (€44;€165)
Women - aged 65-74 €9984 €1498 Gamma (€44;€225)
Women - aged 75-84 €12,043 €1806 Gamma (€44;€271)
Women - aged >85 €14,484 €2173 Gamma (€44;€326)

SE = standard error.
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Fig. 2. Decision model - health outcomes after treatment.

Health-related quality of life (utilities) and life expectancy

We included quality-adjusted life years (QALYs) as a measure
of health outcomes. Table 1 shows the utility weights by ischemic
stroke severity used in our model (at baseline after a recent TIA
or minor ischemic stroke, after minor ischemic stroke, and after
major ischemic stroke). At baseline, all patients have had a recent
TIA or minor ischemic stroke and a utility of 0.71 was assigned
[21]. We assigned a utility of 0.66 when a second minor ischemic
stroke occurred, which was calculated by combining the utility loss
due to a minor ischemic stroke (0.0524) with the baseline utility
[22]. We used a utility of 0.31 after major ischemic stroke [21].

Life expectancies of patients after a TIA, minor, or major is-
chemic stroke were estimated by combining survival data of is-
chemic stroke patients [23] with the life expectancy from the
Dutch population in 2014 [17].

Costs

All costs were calculated in 2014 Euros and converted to US
Dollars using a societal perspective (see Table 1). A mean exchange
rate of €1 = $1.3285 was used for 2014, because daily exchange
rates ranged from €1 = $1.2141 to €1 = $1.3953 in 2014 [24]. The

total costs per patient consisted of costs of tests, treatment (i.e.,
CEA and medicines), and stroke-related societal costs. Test costs
were based on tariffs provided by the Dutch Healthcare Author-
ity [25]. Costs of CEA were based on a recent cost-analysis [26],
and the costs of OMT were based on expert opinion. Stroke-related
costs in the first and subsequent years after a minor or major is-
chemic stroke, and costs related to a fatal ischemic stroke were
based on literature [27,28].

The cost of the new hypothetical confirmatory test was arbi-
trarily set at €362/$481 which was based on the unit cost of a MRI
of the carotid plaque including contrast [25], because recent stud-
ies have shown an association between vulnerable plaque features
assessed with MRI and the recurrence of ischemic stroke events
in TIA/stroke patients [9]. The cost of the new CE-DUS was set
at €244/$324 which was based on the unit cost of a DUS of the
carotid plaque including contrast [25].

Risk of ischemic stroke

The risk of ischemic stroke after CEA or OMT alone was based
on published estimates of the ECST-study [29,30] and reanalyzed
according to the NASCET-method [31,32]. These estimates were
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combined with a risk reduction of 33% to reflect that medical
treatment has improved (e.g., widespread use of statins, better
antiplatelet therapy, and lower targets for blood pressure control
[33-35]).

Short-term risks referred to the risk of events occurred within
30 days after start of OMT or CEA. Long-term risks referred to the
risk of events occurred after 30 days until death. We assumed that
the risk after 10 years, in each subsequent year, would be equal to
risk in the 10th year (see Supplementary Table e-1).

Analysis

The cost-effectiveness of the new test strategy was assessed
versus the different comparators. Incremental cost-effectiveness ra-
tios (ICERs) were calculated using the guideline-based strategy as
comparator. ICERs were calculated as the difference in costs di-
vided by the difference in QALYs. Probabilistic sensitivity analy-
sis with 1000 simulations was performed. For each simulation, the
values of the input parameters were randomly sampled from the
appropriate distributions (see Supplementary Table e-1).

The cost-effectiveness of the new test strategy was assessed in
four subpopulations (60-year-old men, 80-year-old men, 60-year-
old women, and 80-year-old women). Cost-effectiveness planes
were created to show the incremental costs and QALYs of the new
imaging test strategies versus the guideline-based strategy. As il-
lustration, we assumed that a perfect confirmatory test (100% sen-
sitivity and specificity) was used. However, a new confirmatory test
is unlikely to be perfect. Therefore, we estimated the minimum
prognostic performance that a new confirmatory test must have in
order to be cost-effective versus the guideline-based strategy using
a QALY threshold of €30,000/$39,855. We used this QALY thresh-
old because it is similar to the QALY threshold set by NICE [36].
We created four scenarios by varying the sensitivity and specificity.
First, we estimated the minimum required specificity given a test
with 100% sensitivity. Second, we estimated the minimum required
sensitivity given 100% specificity. In the third and fourth scenarios,
we estimated the minimum required specificity given a 90% sen-
sitive test, and the minimum sensitivity required given a 90% spe-
cific test. In an alternative strategy, we used CE-DUS with known
sensitivity, specificity and costs as a confirmatory test for patients
with 30-69% stenosis. Annual discount rates were 4.0% for costs
and 1.5% for health outcomes in accordance with the Dutch guide-
lines [37].

Results

A cost-effectiveness plane represents the difference between
the new test strategy and guideline-based test strategy in health
outcomes on the horizontal axis and in costs on the vertical axis.
Fig. 3 shows a cost-effectiveness plane that summarizes the re-
sults for the four subpopulations. For 60-year-old and 80-year-old
women, a perfect confirmatory test strategy leads to poorer health
outcomes and higher costs than the guideline-based strategy. For
60-year-old and 80-year-old men, the triangles represent all com-
binations of sensitivity and specificity that a test can have in or-
der to be cost-effective compared to the guideline-based strategy.
These triangles show that a cost-effective test (i.e., a test with cost-
effective combinations of sensitivity and specificity) usually results
in better health outcomes but higher costs. The exception to this
rule is the use of a perfect or near-perfect confirmatory test with
60-year-old men, where the result would be better health out-
comes and lower costs).

Table 2 shows the cost-effectiveness results of the new test sce-
narios compared to the guideline-based strategy. The costs and
health outcomes are dependent on the sensitivity and specificity
of the tests, age, and sex.
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Fig. 3. Cost-effectiveness plane with different subpopulations.
Se = sensitivity; Sp = specificity; QALY = quality-adjusted life year; Cost-effectiveness
of 30,000 Euro per QALY gained = QALY threshold line of €30,000/$39,855.

For 60-year-old men, the five new test scenarios and current
CTA-only and CE-MRA-only strategies resulted in better health out-
comes than the guideline-based strategy, while DUS-only resulted
in poorer health outcomes. Furthermore, DUS-only, CTA-only, CE-
MRA-only, and a perfect test resulted in lower costs than the
guideline-based strategy, whereas the other four new test scenar-
ios led to higher costs. Assuming 100% sensitivity, a test must have
a specificity of at least 66% to be cost-effective. Similarly, a test
with a specificity of 100% must have a sensitivity of at least 58%.
Assuming 90% sensitivity, a test must have a specificity of at least
74% and a test with a specificity of 90% must have a sensitivity of
at least 70%. Notice that the new imaging test must have a suffi-
ciently high sensitivity and specificity to be cost-effective, and that
the test specificity is more important than the test sensitivity.

For 80-year-old men, the minimum required test performance
must be higher than for 60-year-old men. A test with a sensitivity
of 100% must have a specificity of at least 87% (versus 66%) and a
test with a specificity of 100% must have a sensitivity of at least
66% (versus 58%).

For 60-year-old and 80-year-old women, even a perfect confir-
matory test is not cost-effective versus the guideline-based strat-
egy since it leads to poorer health outcomes and higher costs.
The poorer health outcomes arise because the new test strategy
in women with 30-69% stenosis and not in women with 70-
99% stenosis. In the guideline-based strategy, women with 70-99%
stenosis based on DUS undergo a confirmatory test. In contrast, in
the new test strategy, these women do not undergo a confirmatory
test, which means that some of the women are undertreated and
therefore show poorer health outcomes and incur higher costs.

We found that the maximum health gain achievable by using a
perfect confirmatory test after a DUS is relatively small (i.e., 0.066
QALY in 60-year-old men, 0.022 QALY in 80-year-old men, and no
gain in women).

In addition, Table 2 shows the cost-effectiveness of the new CE-
DUS as confirmatory test compared to the guideline-based strat-
egy. For all four subpopulations, this new test strategy is not cost-
effective because the ICERs are greater than the QALY threshold of
€30,000/$39,855 for 60-year-old and 80-year-old men and domi-
nated by the guideline-based strategy for 60-year-old and 80-year-
old women (i.e., poorer health outcomes and higher costs).

Discussion

Information from new imaging technologies can help to im-
prove stroke risk prediction and thereby improve decisions about
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Table 2
Cost-effectiveness of new test strategy versus current test strategies in different subpopulations.
Sex Age Sensitivity Specificity Test strategy QALYs AQALYs (vs GL) Costs ACosts (vs GL) ICER (vs. GL)
Men 60 GL 11.589 Reference €29,134/$38,705 Reference Reference
DUS-only 11.556 —0.033 €29,112/$38,675 -€22/-$29 €667/$886
CTA-only 11.606 0.017 €28,590/$37,982 -€544/-$723 Dominant
CE-MRA-only 11.625 0.036 €28,768/$38,218 -€366/-$486 Dominant*
100% 100% DUS + new test 11.655 0.066 €29,024/$38,558 -€110/-$146 Dominant*
100% 66% DUS + new test 11.611 0.022 €29,775/$39,556 €641/$852 €29,136/$38,707
58% 100% DUS + new test 11.607 0.018 €29,657/$39,399 €523/$695 €29,056/$38,601
90% 74% DUS + new test 11.610 0.021 €29,749/$39,522 €615/$817 €29,286/$38,906
70% 90% DUS + new test 11.608 0.019 €29,697/$39,452 €563/$748 €29,632/$39,366
91.3% 68.7% DUS + CE-DUS 11.604 0.015 €29,813/$39,607 €679/$902 €43,969/$58,413
Men 80 GL 4,705 Reference €19,047/$25,304 Reference Reference
DUS-only 4.694 —-0.011 €19,016/$25,263 -€31/-%41 €2818/$3744
CTA-only 4,712 0.007 €18,360/$24,391 -€687/-$913 Dominant
CE-MRA-only 4.718 0.013 €18,654/$24,782 -€393/-$552 Dominant*
100% 100% DUS + new test 4.727 0.022 €19,091/$25,362 €44/$58 €2000/$2657
100% 87% DUS + new test 4.720 0.015 €19,491/$25,894 €444/$590 €29,600/$39,324
66% 100% DUS + new test 4.714 0.009 €19,314/$25,659 €267/$355 €29,667/$39,413
90% 91% DUS + new test 4.718 0.013 €19,434/$25,818 €387/$514 €29,769/$39,548
91% 90% DUS + new test 4.718 0.013 €19,458/$25,850 €411/$546 €31,615/$42,001
91.3% 68.7% DUS + CE-DUS 4.707 0.002 €20,061/$26,651 €1014/$1347 €439,498/$583,873
Women 60 GL 13171 Reference €32,957/$43,782 Reference Reference
DUS-only 13.041 —0.130 €37,638/$50,002 €4681/$6219 Dominated**
CTA-only 13.078 —0.093 €35,897/$47,689 €2940/$3906 Dominated**
CE-MRA-only 13.096 -0.075 €35,773/$47,524 €2816/$3741 Dominated**
100% 100% DUS + new test 13.122 —0.049 €35,526/$47,196 €2569/$3413 Dominated**
91.3% 68.7% DUS + CE-DUS 13.081 —0.090 €37,292/$49,542 €4335/$5759 Dominated**
Women 80 GL 5.658 Reference €20,540/$27,287 Reference Reference
DUS-only 5.607 —-0.051 €24,083/$31,994 €3543/$4707 Dominated**
CTA-only 5.622 —-0.036 €22,799/$30,288 €2259/$3001 Dominated**
CE-MRA-only 5.628 —0.030 €22,931/$30,464 €2391/$3176 Dominated**
100% 100% DUS + new test 5.636 —-0.022 €23,097/$30,684 €2558/$3398 Dominated**
91.3% 68.7% DUS + CE-DUS 5.619 0.040 €24,571/$32,643 €4032/$5357 Dominated**

GL=guideline-based strategy (initial DUS + confirmatory CTA); new test =new confirmatory test.

* Dominant = better health outcomes and lower costs.
** Dominated = poorer health outcomes and higher costs.

which patients should undergo CEA. We examined how much
these technologies can potentially improve the value of decision-
making given the treatment options that are currently available.

We showed that multiple factors determine the cost-
effectiveness of a new test strategy. First, the cost-effectiveness of
the new confirmatory imaging test depends on which subpopula-
tion is tested. In the two subpopulations of men that we examined
a new test may be cost-effective if the test achieves minimum
required prognostic performance, whereas even a perfect con-
firmatory test is not cost-effective among women with 30-69%
stenosis. Amongst women, a new confirmatory test is likely to be
cost-effective for women with 70-99% stenosis since they have a
higher risk of ischemic stroke.

Second, the positioning of new tests (e.g., as initial or confirma-
tory test) has an impact on the cost-effectiveness. Since new tests
are likely to be costly, we examined a test strategy in which pa-
tients first undergo DUS and then undergo a new imaging test as
confirmatory test only if they have 30-69% stenosis according to
DUS. We found that the maximum health gain achievable by us-
ing a perfect confirmatory test after a DUS is relatively small per
individual (0.066 and 0.022 QALY gain for 60-year-old and 80-year-
old men, respectively). While these are small gains per individual,
they could be important at a population level and cost-effective
to achieve. Obviously, a new imaging test could be used in other
ways, including as the initial test; an exploration of other ways to
use new tests merits further research.

Third, the choice of current test strategy is important. When
DUS-only, CTA-only or CE-MRA-only is used as the current test
strategy for 60-year-old women instead of the guideline-based
strategy, a perfect confirmatory test strategy leads to better health
outcomes and lower costs.

Fourth, clinical effectiveness of existing treatments is important,
because a test forms just one part of patient management. The
available treatments should be able to reduce the risk of an is-
chemic stroke; a new test with excellent prognostic performance
is useless if the available treatment options are not very effective.
On the other hand, if available treatments are both effective and
relatively cheap, a test will have no value since all patients could
receive treatment without the test. While improvements of med-
ical treatment have reduced the risk of ischemic stroke [33-35],
tests are still needed to identify the best candidates for treatment
since existing treatments have both advantages and disadvantages.

Our study has some limitations. Only a single recurrent is-
chemic stroke event was allowed in our model even though
patients can have more than one recurrent stroke. Furthermore,
our model structure and inputs are based on literature and expert
opinion. Ongoing studies such as PARISk [12] and CAPIAS [13] may
yield better input for our model. Another limitation is the use
of national tariffs instead of unit costs of tests. Hence, some of
our results are not generalizable to other countries. The current
test strategies used in our study do not necessarily reflect the
test strategies seen elsewhere and the model inputs might be
different (e.g., higher costs in the US). The US AHA/ASA guidelines
recommend the use of at least one of the following tests to select
suitable candidates for CEA: DUS, CTA or MRA [38]. Recommenda-
tions for the sequence of tests are not specified, which may result
in a variety of test combinations. Furthermore, we expect that
the life expectancy of ischemic stroke patients is generalizable to
most developed countries because of similar overall life expectan-
cies. However, differences in the quality of stroke care (e.g., risk
of complications after CEA) might result in differences in QALYs.
Therefore, similar analyses should be performed in other countries.
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An Expected Value of Partially Perfect Information (EVPPI) can be
useful given the uncertainties in the model. We would therefore
recommend this for further research.

Conclusions

While new imaging tests can help to select the most appropri-
ate treatments for patients with a recent TIA or ischemic stroke,
their impact on costs and health outcomes depends on the current
test strategy and the choice of patient subpopulation. Our analyses
show that the maximum health gain of a perfect confirmatory test
strategy versus the guideline-based test strategy may be limited.
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