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Cost effectiveness of coronary angiography
and calcium scoring using CT and stress MRI
for diagnosis of coronary artery disease

Abstract We compared the cost
effectiveness of recent approaches
[coronary angiography and calcium
scoring using computed tomography
(CT) and stress magnetic resonance
imaging (MRI)] to the diagnosis

of coronary artery disease (CAD) with
those of the traditional diagnostic
modalities [conventional angiography
(CATH), exercise ECG, and stress
echocardiography] using a decision
tree model. For patients with a 10% to
50% pretest likelihood of coronary
artery disease, non-invasive coronary
angiography using CT was the most
cost effective approach, with costs per
correctly identified CAD patient of
€4,435 (10% likelihood) to €1,469
(50% likelihood). Only for a pretest
likelihood of 30% to 40% was calcium
scoring using CT more cost effective
than any of the traditional diagnostic
modalities, while MRI was not cost

Introduction

effective for any pretest likelihood. At
a pretest likelihood of 60%, CT coro-
nary angiography and CATH were
equally effective, while CATH was
most cost effective for a pretest like-
lihood of at least 70%. In conclusion,
up to a pretest likelihood for coronary
artery disease of 50%, CT coronary
angiography is the most cost-effective
procedure, being superior to the other
new modalities and the most com-
monly used traditional diagnostic
modalities. With a very high like-
lihood for disease (above 60%),
CATH is the most effective procedure
from the perspective of society.

Keywords Cost effectiveness -
Computed tomography - Magnetic
resonance imaging - Coronary
angiography - Coronary disease -
Stress echocardiography - Exercise
electrocardiography

Cost-effectiveness analyses for new imaging modalities
have become increasingly important worldwide [1-12].
Especially, non-invasive cardiac imaging using multislice
computed tomography (MSCT) and magnetic resonance
imaging (MRI) is evolving rapidly [13—17] and is also
gaining acceptance among referring physicians and pa-
tients. However, it is not known how these new modalities
compare economically with conventional coronary angi-
ography and other traditional non-invasive diagnostic
modalities. Treatment of coronary artery disease (CAD)
accounts for costs of €6.1 billion annually in Germany and
the overall cost for one CAD patient during his or her entire

life is €64,000 [18]. We used a decision tree model to assess
the cost effectiveness of new modalities for diagnosis of
CAD in relation to pretest likelihood of disease and to
compare them with traditional approaches.

Materials and methods

Based on the decision tree developed by Patterson et al. [6,
7], which allows one to assess cost effectiveness according
to the pretest likelihood of disease, Dewey and Hamm
recently suggested a cost-effectiveness analysis model for
diagnosis of CAD in the German situation [19]. This
method was adopted for the present study to compare (1)
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coronary angiography using multislice computed tomog-
raphy (MSCT), (2) calcium scoring using electron-beam
computed tomography (EBT), and (3) dobutamine stress
magnetic resonance imaging (MRI) with traditional
approaches to diagnosis of CAD (Fig. 1). The traditional
modalities investigated for comparison were: conventional
coronary angiography (CATH), exercise ECG (Ex-ECQG),
and dobutamine stress echocardiography (ECHO). In the
mathematical model applied, hypothetical patient cohorts
with different pretest likelihoods were submitted to the six
different diagnostic strategies shown in Fig. 1. This
approach of submitting hypothetical cohorts of patients
with different pretest likelihoods for CAD to the different
diagnostic strategies separately was initially suggested by
Patterson et al. [6, 7] and has the advantage of evaluating
diagnostic tests regardless of currently accepted therapeutic
approaches. Pretest likelihoods for patients with suspected
CAD are defined by different cardiovascular risk factors
(such as gender and age) and anginal symptoms and can be
calculated easily using tables or regression models [20, 21]
(see Table 1). CATH was used for confirmation of the
diagnosis in strategies 1 to 5 in patients whose non-
invasive test results were positive or non-diagnostic
(Fig. 1). The sixth strategy investigated was immediate
CATH. Modality-specific parameters used for analysis
were derived from the literature and are listed in Table 2.
For the purpose of identifying diagnostic test accuracies we
chose well-known meta-analyses of diagnostic perfor-
mance, which are already available on the per-patient level

for all tests but CT coronary angiography. For CT coronary
angiography we used the results of an interim analysis of a
meta-analysis (including studies with at least 12-slice CT)
that is currently being conducted at our institution and
which identified 12 studies (see Table 2). For all tests,
significant CAD for calculation of per-patient sensitivities
and specificities was defined as at least one coronary vessel
with at least one stenosis with >50% diameter reduction on
conventional coronary angiography. The cost for perfor-
ming calcium scoring using EBT was based on the cost for
MSCT coronary calcium scoring, since there is no cost
difference between those two methods in the reimburse-
ment system. This also has the advantage of reflecting the
clinical ability to perform calcium scoring using MSCT
[22-24]. Diagnostic accuracy of calcium scoring, however,
was based on the results obtained with EBT, since far fewer
data are available for MSCT in this regard.

Definition of cost effectiveness

Cost effectiveness [2] was defined as the ratio of the direct
and indirect costs for a test and the number of patients
correctly diagnosed as having CAD [7]. A decrease in the
cost per correct diagnosis thus indicates improved cost
effectiveness. Correct diagnosis of absence of disease was
not considered a direct criterion of effectiveness, whereas
complications in patients with a false-negative diagnosis
were included as indirect cost.

Table 1 Pretest likelihood calculation for coronary artery disease based on age, gender, and symptoms according to Diamond and Forrester

[20]

Age (years) Typical angina pectoris® Atypical angina pectorisb Non-anginal chest pain®
Women Men Women Men Women Men

30-39 26% 70% 4% 22% 1% 5%

40-49 55% 87% 13% 46% 3% 14%

50-59 79% 92% 32% 59% 8% 22%

60-69 91% 94% 54% 67% 19% 28%

2All three characteristics of angina pectoris present (retrosternal location, triggered by exercise and release during rest or after nitroglycerine)

are present.
°Only two of the above-mentioned characteristics are present.
“Only one of the above-mentioned characteristics is present.
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Table 2 Parameters of the different modalities

MSCT coronary EBT calcium scoring Dobutamine CATH Ex-ECG Dobutamine stress
angiography stress MRI ECHO
Sensitivity (95% 95.6% 92.3% (90.7-94.0%) 86% [26, 27] 100% 67% (60-74%) 85% (83-87%) [30]
confidence interval) (93.5-97.2%)*  [25] [28, 29]
Specificity (95% 78.8% 51.2 (47.5-54.9%)  86% [26, 27] 100% 84% (79-89%) 77% (74-80%) [30]
confidence interval) (73.9-83.2%)*  [25] [28, 29]
Rate of non-diagnostic 1.15%" 2% [9] 11% [26] 0% 18% [7] 15% [31]
examinations
Cost” €175.69 €94.28 €164.18 €630.99 €32.96 €131.22
Rate of complications 0.004% [32] 0% [9] 0.038% [33-36] 1.5% [37, 38] 0.05% [7] 0.038% [33-36]

*The sensitivity, specificity, and rate of non-diagnostic examinations of MSCT were determined on the basis of cumulated data from 12
prospective studies analysing per-patient diagnostic accuracies, which were identified in an interim analysis of a meta-analysis of CT
coronary angiography currently being conducted at our institution [39-50]. The accuracies of the other modalities were derived from meta-
analyses, reviews, and original studies as indicated. CATH as the gold standard was set to have 100% accuracy.

°Costs were determined from the reimbursement rates according to the “Einheitlicher BewertungsmaBstab EBM 2000plus” [51]. The cost of
EBT is similar to that for non-contrast CT for coronary calcium quantification, reflecting that MSCT is now also used in clinical
practice for this purpose. The following reimbursement numbers were applied: 34330, 34345, and the mean of 24211 and 24212 (MSCT);
34330 and the mean of 24211 and 24212 (EBT); 34430 and the mean of 24211 and 24212 (MRI); 1520 and 34291 (CATH); 1600 and
13251 (Ex-ECG); 1600, 2100, and 33031 (ECHO). The pharmaceutical costs for MSCT and CATH (both 100 ml non-ionic iodinated

contrast agent, €51.26) and for ECHO and MRI (dobutamine and atropine, €2.19) were calculated from present industry prices for

outpatient physicians.
Definition of cost

The cost of a diagnostic test strategy comprised the
following components: direct cost (reimbursement rates for
the modalities) multiplied by the number of patients and
indirect cost (cost of subsequent tests, cost of complica-
tions associated with the diagnostic modality, cost of
additional tests, and cost resulting from diagnosis of a
patient as false negative, multiplied by the respective
number of patients). The overall cost of a diagnostic
strategy (see Fig. 1) was calculated for each patient cohort
with a defined pretest likelihood varying from 10% to
100% as the sum of all direct and indirect cost items
multiplied by the respective number of patients. No attempt
was made to take into consideration the actual cost from the
perspective of healthcare providers, as those amounts are
subject to wide regional variation. Instead, we used the
established reimbursement rates for the six tests, as these
most truly reflect the perspective of society. Since
diagnostic tests for CAD are mainly performed on an
outpatient basis, reimbursement rates for the tests were
taken from the current German outpatient reimbursement
system  (“Einheitlichen = Bewertungsmaf3stab EBM
2000plus” [51]). The underlying reimbursement point
value (“Punktwert”) used for calculation purposes was
5.11¢. The total cost for each test was calculated by adding
the cost of drugs administered (Table 2). The cost for
complications (including mortality) was calculated by
assuming acute myocardial infarction as a typical example
of a serious complication and thus calculating the cost of a
typical complication on the basis of the study by Patterson
and co-workers [7]. The costs of myocardial infarction
comprise (1) hospitalisation, (2) rehabilitation and (3) non-

productive time. Based on the current German reimburse-
ment system for inpatients (“Diagnosis-related groups”,
DRGs), the basic reimbursement for a myocardial infarc-
tion is €2,999.81, with relative weightings of 1.776 and
1.237, resulting in a total reimbursement of €6,210.48 and
€4,325.65 (mean €5,268.07) for F41Z and F42Z (“Invasive
cardiac diagnostic evaluation in acute myocardial infarc-
tion with very severe and without complications or co-
morbidities, respectively”). The cost of rehabilitation is
€3,000 [52]. With an assumed absence of the patient from
work for 2 months, the cost of non-productive time is
€3,474, based on the gross domestic product per inhabitant
[53]. The average overall cost of a myocardial infarction
thus amounts to €11,742.07. In addition, the analysis

Table 3 Parameters for the break-even analysis of MSCT coronary
angiography

Parameter Cost (€)
Purchase of the MSCT scanner 1,000,000
Construction and installation 40,000
Electricity requirements per month 1,200
Maintenance and service per year 100,000
Radiology technician (BAT Vc) per year® 36,000
Radiologist (BAT Ila) per year® 58,800
Interest rates of 5% per year for the purchase 52,000
and construction costs
Reimbursement rate (reimbursement minus 124.43

contrast agent costs)

?Salaries for the technician and the radiologist were calculated in
accordance with the average rates provided by the German
Research Foundation (see: http://www.dfg.de).


http://www.dfg.de
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<« Fig. 2 Proportion of patients with coronary artery disease correctly
identified by a MSCT, b EBT, and ¢ MRI in comparison with the
traditional diagnostic modalities (CATH, ECHO, Ex-ECG) in
relation to different pretest likelihoods of coronary artery disease

included complication-related costs resulting from CAD’s
being missed by the tests used (false negative). This cost
was also calculated on the assumption that myocardial
infarction is a typical complication and that there is a
likelihood of 25% of myocardial infarction over a follow-
up period of 10 years [7]. An annual discounting of 5% was
assumed for complication-related costs.

Sensitivity and break-even analysis

A sensitivity analysis was performed to test the robustness
of the model with the following variations of the standard
parameters (Table 2): (1) increasing or decreasing the
accuracies of all non-invasive tests in the 95% confidence
intervals, (2) increasing and decreasing the complication
rates of CATH (2.0% and 0.5%), (3) assuming higher and
lower complication-related costs (€15,000 and €5,000,
respectively) and (4) taking into account expensive and less
expensive CATH (€750 and €500). It is useful to consider
cost and value from a different perspective [2]. Thus, in
addition, a break-even analysis based on our own experi-
ence from the perspective of healthcare providers was
performed for MSCT coronary angiography (Table 3).

Results

The proportion of patients with coronary artery disease that
were correctly identified by MSCT, EBT, and MRI
depended on sensitivity, specificity, and the rate of non-
diagnostic examinations and differed relevantly for the new
modalities (Fig. 2). CATH, as the gold standard in the
present cost effectiveness analysis, was 100% accurate,
while its advantage over the other modalities increased
with the pretest likelihood for CAD. MSCT was the second
best method with regard to accuracy, followed by EBT,
MRI, and ECHO (Fig. 2).

The costs per correctly identified CAD patient decreased
hyperbolically with increasing pretest likelihood for all
modalities (Fig. 3). Nevertheless, the total costs per patient
increased with the pretest likelihood (data not shown). For
patients with a pretest likelihood of CAD in the range of
10% to 50%, MSCT was the most cost-effective approach,
with costs per correctly identified CAD patient of €4,435
(10% likelihood) to €1,469 (50% likelihood, Fig. 3a). Ex-
ECG was more cost effective than ECHO, at a likelihood of
10% (€5,313 vs €5,583), while ECHO was the most cost-
effective traditional approach for patients, with a likelihood
of 20% (€3,207) to 30% (€2,416, Fig. 3a). At a pretest
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likelihood of 60%, MSCT and CATH were equally
effective, with costs of €1,345, while CATH was most
cost effective for a pretest likelihood of at least 70%, with
costs of €1,153 (70% likelihood) to €807 (100% like-
lihood, Fig. 3a). For a pretest likelihood of 30% to 40%,
EBT was more cost effective than any of the traditional
diagnostic modalities, but not MSCT, with costs of €2,345
(30% likelihood) to €1,897 (40% likelihood, Fig. 3b).
However, for likelihoods of 50% or greater, CATH was
more cost effective than EBT (Fig. 3b). MRI was not cost
effective for any pretest likelihood (Fig. 3c).

The dependency of cost effectiveness on pretest like-
lihood is illustrated by examples of three patient types
(Fig. 4). In patients with a low-to-intermediate (13% and
30%) pretest likelihood for CAD, MSCT was most cost
effective (Fig. 4a,b). When pretest likelihood was higher
(63%), CATH was the most cost-effective procedure from
the perspective of society (Fig. 4c).

Sensitivity analysis

At a maximally increased and decreased accuracy within
the 95% confidence interval, MSCT was the most cost-
effective modality up to a pretest likelihood of 60% and
50%, respectively. The order of the non-invasive mo-
dalities remained unchanged by this simulation. At a sole
reduction of the accuracy within the 95% confidence
interval, EBT was more cost effective than the traditional
approaches only for a pretest likelihood of 40%.

When the accuracy of EBT was maximally increased
within the 95% confidence interval, EBT was more cost
effective than the traditional approaches for pretest
likelihoods of 20% to 50%. If the diagnostic accuracy of
MSCT was simultaneously reduced at a maximally
increased accuracy of EBT (“worst-case scenario”),
MSCT remained more effective than EBT from an
economic perspective, indicating robustness of the
model. Since no 95% confidence intervals were available
for dobutamine stress MRI, no simulations could be
obtained for this modality. Neither increasing (2.0%) nor
decreasing (0.5%) the complication rates of CATH
changed the order of the modalities, and CATH was most
effective for pretest likelihoods of 50% or greater. At
higher and lower complication-related costs (€15,000 and
€5,000), MSCT remained most cost effective up to pretest
likelihoods of 60% and 70%, respectively. On condition of
an increase (€750) and decrease (€500) of the reimburse-
ment for CATH, this invasive modality was more cost
effective than MSCT from 80% and 50% on, respectively.
The cost-effectiveness order of the modalities was not
changed by these sensitivity modulations. Up to reimburse-
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[21]
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ment rates of €260, MSCT was still the most cost-effective
non-invasive modality at all pretest likelihoods. At higher
reimbursement rates other non-invasive modalities over-
took MSCT from an economic perspective.

Break-even analysis

For the current reimbursement rate of MSCT and at ten
coronary examinations per day the expenses were always
higher than the takings (Fig. 5a). At a reimbursement rate
of MSCT that still allowed this test to be most cost effective
from societal perspective (€260), the break-even point
would come only after the rather long period of 64 months
(Fig. 5b). In a high-referral centre (30 coronary MSCT
examinations per day), already with the present reimburse-
ment rate the break-even point could be reached after a
short period of 23 months (Fig. 5c). However, since such
high referral rates are rather unlikely, MSCT coronary
angiography would only be profitable in a reasonable time
frame after investment if reimbursement were three-times
higher than with the present outpatient reimbursement
system in Germany (Fig. 5d).

Discussion

The economic efficiency of medical strategies from the
perspective of society has become increasingly important
worldwide [1-12]. In the cost-effectiveness analysis
presented here we examined new non-invasive modalities
and the most common traditional approaches to the
diagnosis of CAD. Myocardial stress scintigraphy [sin-

gle-photon emission computed tomography (SPECT)] was
not included as one of the traditional approaches in the
present study because it has already recently been shown
not to be cost effective for diagnosis of CAD, based on the
current German reimbursement system [19]. Our results
show that, at pretest likelihoods of up to 50%, MSCT is the
most cost-effective test to diagnose CAD, while, at higher
likelihoods of disease (above 60%), CATH is the most
recommendable approach.

There was a hyperbolic decrease in costs for each patient
correctly diagnosed with CAD as the pretest likelihood
increased. This observation is attributable to the fact that a
correct diagnosis was classified as a positive effect in the
cost-effectiveness analysis model and that this positive
effect becomes more frequent as the pretest likelihood
increases. The pretest likelihood of CAD is a major
determinant of the ranking of the investigated diagnostic
tests in terms of cost effectiveness. For instance, MSCT is
most cost effective for a low-to-intermediate pretest
likelihood of CAD (up to 50%), whereas CATH without
prior invasive tests is most cost effective for a likelihood of
60% or greater. These observations clearly indicate that
estimation of pretest likelihood of disease is an important
criterion in selecting the most appropriate diagnostic
strategy. Simple tools are available for determining pretest
likelihood in the routine clinical setting [20, 21] (Table 1).
Dewey and Hamm have recently applied the model
developed by Patterson et al. [6, 7] to analyse the cost
effectiveness of the traditional diagnostic modalities for
CAD in Germany [19]. In this study it was concluded that
CATH is the most-cost effective procedure for a pretest
likelihood of 50% or greater, while Ex-ECG and ECHO are
the preferred modalities for diagnosis of CAD at lower
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Fig. 5 a-d Break-even analysis for MSCT coronary angiography
with four simulations. For the calculated current reimbursement rate
(€124.43) and at ten coronary examinations per day (2,200
examinations per year) the expenses are always higher than the
takings (a). If the reimbursement rate of MSCT including contrast
agent costs were increased to €260 (net reimbursement for
radiologist: €208.74)—still allowing MSCT to remain the most
cost-effective modality from the perspective of society—the break-
even point would come only after 64 months (b). If 30 examinations

pretest likelihoods, from an economic perspective. Our
study adds knowledge with regard to the up-and-coming
non-invasive cardiac imaging modalities MSCT, EBT, and
MRI. The results of the present study suggest that EBT (or
MSCT) for calcium scoring and stress MRI cannot be
recommended from an economic perspective, while MSCT
coronary angiography has the potential to reduce cost in
patients with a pretest likelihood of up to 50%.

The analysis of cost effectiveness using the mathemat-
ical models presented here has a number of limitations: (1)
The relevance of the results for clinical practice is much
lower than that of findings obtained in clinical studies that
investigate cost effectiveness in addition to the efficiency
of a diagnostic test [8]. (2) In general, cost-benefit
calculations might provide more information than an
analysis of cost effectiveness [54]. However, cost per
quality-adjusted life years saved is not the best outcome
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were to be performed per day (6,600 examinations per year) at the
current reimbursement rate the break-even point could be reached
after 23 months (¢). Since such a high referral rate would be unlikely
as of yet, and the plausibility inspection of a radiologist’s maximum
working time allows only 12 hours daily, we also simulated a similar
favourable outcome with a break-even point after 23 months in d. In
this case ten examinations would be performed per day at a
reimbursement rate increased by a factor of 3 (including contrast
agent cost 424.55; net reimbursement for radiologist €373.29)

measure for evaluating the cost effectiveness of imaging
examinations [11], and it appears more suitable to apply
variables that represent the influence of imaging on
subsequent management (e.g. correctly identified patients)
[11]. (3) Correct exclusion of disease was not a direct
criterion of effectiveness in the model used here but has an
indirect effect in terms of lower costs in patients without
complications. (4) Variations in the overall predictive
accuracy as they are identified in different meta-analyses
have a fairly large effect on the result. We tried to minimise
these effects by carefully selecting data on sensitivity and
specificity published in the most recent meta-analyses.
Moreover, we performed a sensitivity analysis with
variation of parameters within the 95% confidence
intervals to test the robustness of the results. Another
possible disadvantage is that we did not consider the cost of
treating CAD. However, the advantage of the present cost-
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effectiveness model lies exactly in the fact that it evaluates
diagnostic tests regardless of currently accepted therapeutic
approaches [55]. Another advantage over previous cost-
effectiveness studies [4] is that the pretest likelihood, as
one of the main variables [11], was taken into account in
the current analysis using variations from 10% to 100%.
Also interpretability, as another main variable [11], was
considered by including rates of non-diagnostic examina-
tions. The calculated outpatient reimbursement rates from
2006 were the basis for the present study, since the
diagnostic modalities analysed are most commonly applied
in an outpatient setting.

The break-even analysis shows that MSCT coronary
angiography would only be profitable if reimbursement
were three-times higher than with the present outpatient
reimbursement system. From the perspective of society,
however, MSCT would only be more cost effective than
any other non-invasive modality if the overall cost were

below €260. But, at the resulting net reimbursement rate for
radiologists of €208.74, the break-even point would come
only after the rather long period of 64 months (Fig. 5b),
clearly illustrating the complexity of integrating the needs
of healthcare providers and society into one strategy for the
diagnosis of CAD.

Finally, we conclude that MSCT coronary angiography
is the most cost-effective new modality for diagnosis of
CAD which is also more effective than the traditional
approaches up to a pretest likelihood of disease of 50%,
from the perspective of society. However, from the
perspective of the healthcare providers, MSCT coronary
angiography would be profitable in a reasonably short
course after investment only if the reimbursement rate were
increased by a factor of 3. CATH remains the most cost-
effective modality in patients with a rather high likelihood
of CAD (above 60%).
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