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Abstract

Objectives To determine the costs and cost-effectiveness
of a diagnostic strategy including computed tomography
coronary angiography (CTCA) in comparison with inva-
sive conventional coronary angiography (CA) for the
detection of significant coronary artery disease from the
point of view of the healthcare provider.

Methods The average cost per CTCA was determined via
a micro-costing method in four French hospitals, and the
cost of CA was taken from the 2011 French National Cost
Study that collects data at the patient level from a sample
of 51 public or not-for-profit hospitals.

Results The average cost of CTCA was estimated to be
180€ (95 % CI 162-206€) based on the use of a 64-slice
CT scanner active for 10 h per day. The average cost of CA
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was estimated to be 1,378€ (95 % CI 1,126-1,670€). The
incremental cost-effectiveness ratio of CA for all patients
over a strategy including CTCA triage in the intermediate
risk group, no imaging test in the low risk group, and CA in
the high risk group, was estimated to be 6,380€ (95 % CI
4,714-8,965€) for each additional correctly classified
patient. This strategy correctly classifies 95.3 % (95 % CI
94.4-96.2) of all patients in the population studied.
Conclusions A strategy of CTCA triage in the interme-
diate-risk group, no imaging test in the low-risk group, and
CA in the high-risk group, has good diagnostic accuracy
and could significantly cut costs. Medium-term and long-
term outcomes need to be evaluated in patients with cor-
onary stenosis potentially misclassified by CTCA due to
false negative examinations.

Keywords CTCA - Cost-effectiveness - Sensitivity -
Specificity - Cost

JEL Classification D61

Abbreviations

AGEPS Paris University Hospital Central Purchasing
Service (Agence Générale des Equipements et
Produits de Santé)

ATIH Technical Agency for Hospital Information
(Agence technique de [I’information sur
I’hospitalisation)

CA Coronary angiography

CAD Coronary artery disease

CEA Cost-effectiveness analysis

CI Confidence interval

CRF Case report forms
CTCA  Computed tomography coronary angiography
DRG Diagnosis-related group
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ENC French National Cost Database (Etude nationale
des cofits)

FN False negative

FP False positive

ICER Incremental cost-effectiveness ratio

mSv MilliSieverts

NPV Negative predictive value

PPV Positive predictive value

TN True negative

TP True positive

Introduction

The widespread diffusion of computed tomography coro-
nary angiography (CTCA) has been driven by its ability to
provide in a non-invasive fashion similar information to the
conventional coronary angiography (CA). In 64-slice CT
scanning, use of a contrast agent allows the visualisation of
the coronary lumen and wall and results in a large
4-dimensional dataset of the heart obtained over the entire
cardiac cycle. In addition to being non-invasive, since
CTCA is usually done in outpatient care, it is also expected
to be less costly than CA. Conventional CA has for many
years been considered as the gold standard for coronary
artery disease, with 100 % diagnostic accuracy. However,
in the current context of healthcare cost containment, the
question of adopting less expensive technology even at the
cost of some loss in effectiveness may not be out of the
question [1].

The average cost of CA in France in 2011, as estimated
in the French Hospital Cost Database (Etude nationale des
cotits, ENC), is 2,794€ (95 % CI 2,448-3,140€). This
includes a national average hospital stay of 3.7 days. The
cost of CTCA had not previously been estimated in France
but, since it is generally carried out as an outpatient pro-
cedure, the cost was expected to be much lower than CA.

Given the different costs expected for the two diagnostic
tests with similar aims to detect coronary stenosis, and the
different outcomes expected in terms of diagnostic accu-
racy, cost-effectiveness analysis was the chosen economic
tool in order to investigate both costs and consequences of
diagnostic guidelines.

The objective was to ascertain the cost of CTCA in four
hospitals participating in the EVASCAN study and to
determine the cost-effectiveness of a diagnostic strategy
including CTCA using 64-detector scanners in comparison
with conventional CA in patients of a French multi-centre
trial EVASCAN (Evaluation of CT Scanner), which
included the largest number of intermediate- to high-risk
stable and symptomatic patients with a clinical indication
for coronary imaging reported to date.
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Materials and methods
Study design and population

The methods and results of EVASCAN have been descri-
bed elsewhere [2]. In short, a total of 757 adults referred
from their primary care physicians for non-emergent
invasive CA were enrolled in 40 French hospitals between
June 2006 and May 2008. All patients had experienced
chest pain and had suspected or stable coronary artery
disease (CAD). The inclusion criteria stipulated the
requirement for a CA to ensure that CTCA would be eth-
ically compared to CA. Since the CA is considered to be
the gold standard by which to measure CTCA, all patients
underwent both procedures, even those who tested negative
with CTCA, in order to be able to calculate the diagnostic
accuracy of CTCA. A total of 11 patients were excluded
due to the withdrawal of consent (n = 1), deviation from
the protocol (n = 2) and either the CTCA and/or the CA
not being completed (n = 8). Each of the remaining 746
patients underwent first CTCA followed by CA
1.7 + 0.8 days later. The resulting images from each
diagnostic technique were engraved on CD ROM for
centralised blind analysis; diagnosis of significant coronary
artery stenosis was based on the classic 50 % luminal
narrowing threshold. The pretest probability of CAD was
estimated using the Duke Clinical Score [3]. This score
uses risk factors such as age and gender, co-morbidities
such as diabetes and hypertension, a physical examination
and other clinical factors to identify the level of risk of
CAD. Patients were categorised as having low (1-30 %),
intermediate (31-70 %) or high (71-99 %) estimated pre-
test probability of CAD. The economic analysis is based on
the 705 patients for whom this risk level was calculable
(Fig. 1). Each patient was asked to state a preference for
either CTCA or CA. The effective radiation dose of med-
ical imaging techniques was reported in milliSieverts
(mSv). The time horizon was the diagnostic procedure only
and costs were estimated from the viewpoint of the
healthcare provider.

Cost of coronary angiography

The EVASCAN study recorded the date of CA and the
length of hospital stay (0-33 days). The ENC is con-
structed from activity-based costs collected at the patient
level then aggregated to the DRG level. The total cost and
standard deviation of outpatient CA were taken from the
latest available version (2011) of the ENC and DRG
schedule available on the website of the Technical Agency
for Hospital Information (Agence technique de I'informa-
tion sur I’hospitalisation, ATIH): http://www.atih.sante.fr.
Using the average costs and standard deviation for CA
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Fig. 1 Flowchart of patients included in economic analysis

carried out as an outpatient, the cost was modelled to a log
normal density function to ascertain the 95 % confidence
intervals and for re-sampling in the probabilistic sensitivity
analysis.

Cost of CTCA

A micro-costing costing method was employed to estimate
the average cost of CTCA. The volume of resources used
was determined by direct observation of each stage of the
diagnostic procedure. In addition, the case report forms
(CRF) for each patient included the time required to ana-
lyse the images. Fixed and variable costs were included.
The base-case hardware costs, including the cost of the CT
scanner, were amortised over 5 years with a discount rate
of 3 %. The price information was ascertained via the
radiology service administrators and information from
central purchasing service (Agence Générale des Equipe-
ments et Produits de Santé, AGEPS). Expert advice from
the EVASCAN team and AGEPS was sought to ascertain
the machine specification to be used in the costing given
the variety of different CT scanners used in France and
currently commercially available. In addition, three CT

scanner manufacturers were interviewed: General Electric,
Toshiba and Siemens. For all the hardware, the average
maintenance for the base-case was estimated at 10 % per
year of the original cost of the machine and the useful
clinical life of the hardware was estimated at 5 years with
no resale value. A 4-year lower limit and 8-year upper limit
on the useful life of the hardware were employed in the
probabilistic sensitivity analysis. The discount rate was
varied between 0 and 5 %.

As far as personnel costs are concerned, the rate per
minute for each agent involved was based on 212 working
days per year for full time contracts and a 7.5-h contractual
working day for a radiologist and medical secretary and a
10-h working day for the radiologist or executive admin-
istrator. No factors were included for lost time due to
inefficiency or sickness. The patients’ travel time and work
compensation payments were not accounted for in the
micro-costing.

Both deterministic and probabilistic sensitivity analyses
were carried out by varying a number of parameters such as
salary costs, personnel time required for the test, hardware
costs, consumable item costs, discount rate, length of
useful life of the CT scanner, length of CT scanner time per
test and the daily active hours of the CT scanner. The
details of the micro-costing are contained in the online
appendix. Using log normal functions for costs and the
normal distribution for the other parameters, the probability
density function for each parameter was simulated and the
95 % confidence intervals of CTCA cost were calculated
by re-sampling 10,000 times the values of these parameters
from their respective density functions. Since to the best of
our knowledge, no correlations existed between the
parameters, all parameters were assumed to be
independent.

Cost-effectiveness analysis

We assumed the following decision algorithm based on
pretest probability of CAD from a prior risk assessment:
high-risk patients would undergo CA without CTCA,
intermediate-risk patients would undergo CTCA first, fol-
lowed by CA if positive, and low-risk patients would not
undergo any imaging test (Fig. 2). The measure of effec-
tiveness was the diagnostic accuracy of the strategy
including CTCA compared to the reference test CA in
terms of correctly identified cases and non-cases (true
negatives and true positives). A total of 10,000 estimations
of the ICER were carried out by concurrently varying the
cost and effectiveness using a non-parametric bootstrap
method for the effectiveness and a probabilistic sensitivity
analysis from the density functions already described for
the costs.
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Fig. 2 Diagnostic decision tree
for CT triage in the intermediate
risk group showing average
effective radiation dose overall
and by sub-group of patients.
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Table 1 Assessment of the risk of CAD using the Duke score

Risk of EVASCAN Duke score CAD
CAD population

n % Range Average  Prevalence

(%) (%) (%)

High 402 54 71-100 90 69
Intermediate 201 27 31-70 54 44
Low 102 14 0-30 18 21
Unavailable 41 5 - - _

CAD Coronary heart disease
Results
Patient-based analysis

Of the 746 patients studied for whom the CTCA was car-
ried out on a 64-slice CT scanner, 65 % had suspected
CAD and 35 % had previously known CAD. After risk
level calculation using the Duke score, the population was
split into three risk level categories: low, intermediate and
high (Table 1). For 41 patients, the data required to cal-
culate the Duke score was not available.

Diagnostic accuracy: CTCA

In the patient-based analysis for the whole study popula-
tion, the sensitivity and specificity of CTCA were 91 %
(95 % CI 88-94) and 50 % (95 % CI 45-55) respectively
(Table 2). Segments that could not be assessed by CTCA
for a total of 13 patients out of the population of 746
patients (1.7 %) were counted as positive for stenosis and
thus increasing the false positive rate. Six of these 13
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patients had stenosis confirmed by CA, and 7 were found to
be free of significant stenosis. If non-assessable segments
were assumed to be negative for coronary stenosis, sensi-
tivity and NPV would decrease, but specificity and PPV
would increase [2]. Non-assessable segments were con-
sidered as positive test results for significant stenosis since
this better reflects real world practice where an uncertain
CTCA result would lead to referral for a conventional CA.

Diagnostic accuracy: CTCA triage
in the intermediate-risk group

The clinical results from the EVASCAN study recom-
mend individually evaluating each patient to determine
pretest probability for significant CAD and using CTCA
as the method of choice in the intermediate-risk group to
exclude significant coronary stenosis. The resulting deci-
sion algorithm was used in this cost-effectiveness model
and consisted of using conventional CA in the high-risk
group, CTCA triage to rule out coronary stenosis in the
intermediate-risk group, and no imaging tests in the low-
risk group. This decision algorithm leads to 95 % of
patients being correctly classified as with or without
stenosis.

Cost of diagnostic procedures

The average cost of CTCA is 180€ (95 % CI 162-206€).
Detailed results of the CTCA micro-costing are shown in
the Appendix (online only). The total estimated cost of
CTCA was shared almost evenly between personnel on the
one hand, with equipment and supplies on the other. This
estimate is based on the CT scanner having no down time;
for example, in the base-case, the active daily operating
time is 10 h per day. However, in real life, CT scanners
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Table 2 Measures of diagnostic accuracy of CTCA for the detection of significant CAD on native coronary vessels [2]
% (95 % CI)
Sensitivity Specificity PPV NPV
Risk
Low 86 (71, 100) 49 (38, 60) 31 (19, 43) 93 (85, 100)
Intermediate 87 (79, 94) 55 (46, 65) 61 (52, 70) 84 (75, 92)
High 92 (89, 96) 45 (36, 54) 79 (74, 83) 73 (63, 83)
Total population 91 (88, 94) 50 (45, 55) 68 (64, 72) 83 (77, 88)

Risk levels diagnostic accuracy based upon n = 705. Total population diagnostic accuracy based upon n = 746

CI Confidence interval, NPV negative predictive value, PPV positive predictive value

— - —Lower limit

Base Case

1,000 € -
— — Upper Limit
900 € *

|

b. 180 € per CTCA c. 123 € per CTCA

|
|
|
1 a. 309 € per CTCA
|
|

800€ 1
7ooe<:
600€ 4 -
500€ 4 |

400 € -

300 € -

200 € -

100 €

0€

0 5,000 10,000 15,000 20,000

Volume of CTCA per year per hospital

Fig. 3 Average cost of CTCA according to annual volume with
deterministic sensitivity analysis. a Upper limit machine saturation
cost estimate with CTCA machine time of 20 min and an 8-h machine
day. b Base-case machine saturation estimate includes CTCA
machine time of 15 min and a 10-h machine day. ¢ Lower limit
machine saturation cost estimate with CTCA machine time of 10 min
and a 12-h machine day

may not be 100 % active and the average cost varies
according to the annual volume (Fig. 3). The base-case
results assume a length of a CTCA of 15 min which is
comparable to the average length of any type of CT scanner
examination for outpatients of 15.8 min for 80 % of the CT
tests carried out in France [4]. Personnel costs included the
post-scan image analysis mean time of 28 min by a doctor
in radiology, patient preparation time and administrative
time, such as making appointments or typing-up the CT
scan results to be sent to the cardiologist.

According to 2011 ENC data, the average length of
hospital stay in France for a patient undergoing CA was
3.7 days with 10 % of CA carried out as day-case proce-
dures. The length of stay observed in the EVASCAN

population ranged from O to 33 days with an average of
2.1 days. However, as we expect that more catheter-based
procedures will be carried out as outpatient care in the
future, the cost of CA was deduced from the average cost
of outpatient CA reported in the ENC and the confidence
intervals estimated from a log normal distribution. The
average cost for CA in 2011 was estimated to be 1,378€
(95 % CI 1,126-1,670€).

Radiation exposure and patient preferences

The average radiation dose received during the CTCA in
EVASCAN per patient was 17.2 & 5.9 mSv. The patients
showed an overall preference for CTCA with 58 % of
patients declaring a preference for the non-invasive CTCA,
and 12 % for conventional CA. For the remaining 30 % of
patients, the data are either not available or the patient did
not express a preference.

Cost of triage strategy

The triage strategy decision tree is shown in Fig. 2, and
thus costs were estimated based on the clinical strategy of
neither CTCA nor CA in the low-risk group (average age
59), CTCA triage in the intermediate group (average age
63) and CA in the high-risk group (average age 69). The
base-case average cost of diagnosing stenosis in the
EVASCAN population (n = 705 for whom risk informa-
tion is available) was 1,085€ (Table 3).

Cost-effectiveness

An incremental cost-effectiveness ratio (ICER) was cal-
culated to compare the costs and accuracies of CA alone
versus the triage strategy of CTCA combined with CA. The
accuracy or health effect in the ICER computation is the
number of patients correctly diagnostically categorised as
being free or not of significant stenosis. The CTCA triage
strategy in the intermediate-risk group led to 95 % of the
EVASCAN population being correctly classified versus
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Table 3 Cost of triage strategy based on the clinical strategy of
neither CTCA nor CA in the low-risk group, CTCA triage in the
intermediate-risk group and CA in the high-risk group

Risk level n n %  Average cost per
patient diagnosis
€ (95 % CI)

Low risk

Neither CTCA nor CA 102 14 0 (0, 0)

Intermediate risk
First line CTCA negative results no CA

N 62 9 180 (162, 206)
FN 12 2 180 (162, 206)
First line CTCA positive results plus second line CA
TP 77 11 1,553 (1,305, 1,853)
FP 50 7 1,553 (1,305, 1,853)
High risk

First line diagnostic test CA 402 57 1,378 (1,126, 1,670)

Average cost in Evascan 1,085€

population in the base-case

Intermediate risk sensitivity = 86 %, specificity = 55 %

FN False negative, FP false positive, TN true negative, TP true
positive

0
|

-100
|

Incremental cost (euros)
-200
|

-300
|

-400
|

-8 6 -4 2 0
Incremental accuracy

Fig. 4 Scatter plot on the cost-effectiveness plane showing the
difference in costs and diagnostic accuracy from EVASCAN data
using 10,000 bootstrap replicates with the reference test of CA (for all
risk levels) on average 293€ more expensive per patient. The lines
circling the scatter plot represent the 50 and 95 % confidence
intervals

100 % with CA. The ICER is 6,380€ (95 % CI
4,714-8,965€) for each additional correct diagnosis that
would be attained with a “CA for all” strategy compared to
a triage strategy with CCTA that excludes negative CCTA
from further testing.
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The reference diagnostic test CA is on average 293€
(95 % CI 249-337€) more per patient. The results of the
bootstrap and sensitivity analysis are shown as a scatter
plot of 10,000 ICERs presented on the cost-effectiveness
plane (Fig. 4). The horizontal axis shows the difference in
diagnostic accuracy between the strategies of CTCA triage
in the intermediate group and the comparator of CA for all.
The vertical axis represents the cost difference between the
triage strategy and the comparator. The scatter plot is
contained in the south-west quadrant. In other words,
CTCA is a cost-reducing/quality-reducing innovation, de-
crementally cost-effective compared to CA with an ICER
of 6,380€ spared on average per correct diagnosis lost.

Discussion

The EVASCAN population is the largest used for a diag-
nostic accuracy study to date in the population of patients
with stable or suspected CAD. With such a large sample
size of 705 patients from 40 centres, quality controlled data
and CTCA and CA being analysed in a blinded fashion at
central core laboratories, the EVASCAN results are robust.
The diagnostic accuracy results of EVASCAN (NPV
84 %) support findings of other authors that conclude that
CTCA is good for ruling out disease in the intermediate-
risk group [5, 6], particularly for patients who cannot
undergo CA or who have uncertain results from diagnostic
work-up procedures such as stress tests [7]. All the EVA-
SCAN patients, of whom 14 % were at low risk of CAD,
had been referred to the hospital for catheter CA between
June 2006 and June 2008 despite the fact that guidelines do
not recommend invasive CA for low-risk patients [8]. This
implies that some cardiologists may be prepared to ca-
theterise patients at very low risk of having CAD based on
the clinical information available to them.

Since more and more catheter-based procedures are
carried out in ambulatory care [9], it seemed appropriate to
compare CTCA carried out in ambulatory care with out-
patient CA, despite the fact that the average length of stay
in the EVASCAN population for CA was 2.2 days. A limit
of the study is the use of different methods for evaluating
the cost of the two techniques. The CTCA cost estimate is
estimated from a micro-costing analysis which is consid-
ered to be the most precise costing method [10], and the
CA cost estimate was carried out using a quality-controlled
activity-based method employed in a sample of 51 public
hospitals. The most modest cost estimate for the CA has
been employed in the analysis (outpatient vs. inpatient) and
the results show no overlap between the confidence inter-
vals of the cost of the two diagnostic techniques.

Offering a reduction in cost per patient of 293€, the
CTCA triage strategy compared to CA was decrementally
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cost effective and spared 6,380€ per diagnosis missed. The
triage strategy whereby CTCA positive results are vali-
dated by CA would result in 95.3 % of patients (n = 672)
being correctly classified and 4.7 % (n = 33) incorrectly
classified. Of these 33 incorrectly classified patients, 21 are
low-risk patients who have risk of adverse cardiac events
very similar to that of the general population [11, 12]. The
remaining 12, a group representing 1.7 % of the EVA-
SCAN population, are intermediate-risk patients with a
false negative result from CTCA triage who suffered a
relatively high dose of radiation and are at risk for adverse
cardiac events such as myocardial infarction. The average
cost of care in a French public hospital, as estimated in the
2011 ENC for a myocardial infarction, is 4,463€. After a
myocardial infarction, life expectancy can be expected to
reduce by between 3 and 13 years [13]. Therefore, in the
unlikely case scenario where all of the 1.7 % patients with
false negative results proceed to myocardial infarction, the
average loss in life expectancy for the EVASCAN popu-
lation may be between 0.6 and 2.7 months at an average
cost of care of 78€. However, a negative CTCA result does
not imply that no treatment is given. These patients would
continue to be monitored by their cardiologist for suspected
or stable angina, in particular with medication. No high-
risk patients would be incorrectly classified since they
would proceed directly to CA. For the 7 % of the EVA-
SCAN population (50 patients) who had a false positive
result from the CTCA, the costs of the subsequent CA
carried out to refute the positive diagnosis are included in
the total cost analysis (Table 3) and represent 9 % of the
average cost per patient in the triage strategy. It appears
that only the patients who need urgent bypass or angio-
plasty would be failed by this strategy of triage, which is
unlikely to occur in a patient population of stable or sus-
pected CAD with intermediate risk. The advantage of CA
is that should stenosis be found interventions such as cor-
onary artery bypass surgery can be carried out immedi-
ately. However, many studies agree that there is evidence
that the extent and severity of CAD defined at CTCA
predicts all-cause mortality, whereas patients with a normal
CTCA have an excellent prognosis [14]. Advocating a
decrementally cost-effective strategy is unusual in the
medical literature. As noted by Nelson et al., physicians
forced to implement such strategies may choose not to
advertise it because of the inherent ethical dilemma. The
potential loss in diagnostic accuracy for patients at inter-
mediate risk with normal CTCA results does not affect the
prognosis of patients [14] and may be compensated by
reduced procedural risk.

The EVASCAN study did not collect follow-up data on
clinical outcomes for the patients and thus could not
measure the medium- to long-term outcomes for these
patients. A study comparing three different imaging

methods to angiography in the investigation of patients
with stable chest pain found that, in terms of QALYs
gained after 3 years of follow-up, there was little difference
between any of the techniques [15], and that there was no
significant difference in cost-effectiveness between sys-
tematic CA and the non-invasive test groups, although this
may be due to a deviation from the protocol whereby
negative functional tests still lead to referral to angiogra-
phy, perhaps due to doctor prejudice leading to a prefer-
ence for interventional versus non-invasive testing. Other
cost-effectiveness analysis (CEA) studies of similar popu-
lations that consider longer-term clinical outcomes are
usually based on modelling data. One such study concluded
that CTCA is a cost-saving technique which avoids some
unnecessary CA but with a slight detriment in patient
outcomes [16]. Another found that health outcomes
between different strategies with or without CTCA were
very similar. The study also found that costs calculated
from tariffs could actually be higher with CTCA partly due
to incidental findings such as pulmonary nodules [17].
However, in another modelling analysis from a societal
point of view, CTCA demonstrated similar gains in QALY
over a 10-year period to CA—but at a lower cost [18]. This
wide variety of results is partly due to the fact that model-
ling studies rely on many assumptions in order to be able to
estimate the cost per life gained, yet for diagnostic tests,
which only indirectly save lives, this measure may not be
pertinent. Thus, for imaging studies, more disease-specific
measures such as cost per case identified, or cost per correct
diagnosis, as we have used here, are often employed [19,
20]. Our cost analysis covers the cost of the diagnostic
techniques only and does not incorporate any treatment
costs or other follow-up events linked to incidental findings.

Correct risk classification is one of the main keys to the
feasibility of a CTCA-based triage. Many different meth-
ods are available to classify the risk level of patients. The
Duke Clinical Score used in EVASCAN is based on an
American population and so might not be as pertinent to
the EVASCAN population as the ESC HeartScore. In
addition, different studies use different algorithms to test
risk and these may not reflect the actual practice of car-
diologists, who may use more simple techniques such as
definition by age, gender and symptoms [21], or simply
their clinical judgement. Another study using the score of
Morise et al. concluded that the most important step for
physicians in choosing between the two diagnostic tech-
niques is made on the basis of a clinical estimation of
disease likelihood [22, 23]. Not employing an accurate
method to stratify the patients into risk groups may result in
an incorrect therapy being prescribed. In the high- and
intermediate-risk group, the average Duke score overesti-
mates the actual risk of CAD as demonstrated by a lower
actual prevalence as measured by the CA results.
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The overall clinical benefit to the patient must outweigh
any untoward risk such as radiation exposure or adverse
events, as well as bearing in mind patient preferences. Both
CA and CTCA incur radiation exposure for the patient. The
average radiation dose per patient received from CTCA
was 17.2 £ 5.9 mSv. Other studies report ranges of
effective doses for CTCA of between 5 and 30 mSv with a
median value of 12 mSv [24]. For conventional CA, where
X-ray technology is also used, effective doses of between
2.0 and 15.8 with an average effective dose of 7 mSv are
reported [25]. At these low doses of radiation, there is still
considerable uncertainty about the overall effects and
increased cancer risk. This is due to the fact that there is no
easy way to differentiate between the effects of medical
device radiation, other “man-made” sources and those
from naturally occurring radiation, nor any way to distin-
guish cancers that occur due to radiation exposure rather
than other causes. One study based on 34 patients under-
going CTCA in 2009 reported that, for a median CT
effective dose of 22 mSv, one radiation-induced cancer
would develop for every 790 CTCA carried out on 60-year-
old men [26]. In the strategy of CTCA triage in the inter-
mediate-risk group, the strategy confirmed by EVASCAN,
all high-risk patients would be correctly identified, at an
average radiation dose for all risk levels of over 10 mSv.
For comparison, annual background radiation is typically
1-3 mSv depending on the location. In the French hospital
network, older model CT scanners with less than 64 slices
are considered to have insufficient diagnostic accuracy for
CTCA. However, new generation models have been shown
to be cost-effective for difficult-to-image patients with
known CAD and with scanning protocols that incur lower
radiation doses. Given the current high cost of these
scanners, it is unlikely that they will be universally avail-
able to all patients and 64-slice CT scanners remain very
much the mainstay in the French public setting [27].

In our study, more adverse events were recorded for the
CA examination (30 events) than CTCA (8 events); how-
ever, the detail of the adverse events was not recorded. With
respect to patient preference, given the non-invasive nature
of CTCA, the reduction of patient discomfort and the fact
that it does not require hospitalisation, it is not surprising
that 58 % of patients declared a preference for CTCA over
CA. Another study reporting patient preferences also found
that CT scanning was the most preferred technique com-
pared to other imaging techniques or digital subtraction
angiography before carotid endarterectomy. [28].

Notwithstanding guidelines or patient preferences, the
choice of diagnostic test will be influenced by the available
techniques in the local health setting. In 2002, a government
directive was issued to ensure coverage of 10 CT scanners
per million inhabitants for the whole of France but with
varying regional targets. The presence or absence of a CT
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scanner in the local hospital could determine whether or not
the patient is referred for CTCA. Nevertheless, more health
care services do not necessarily lead to improved outcomes
[29]. In the USA, there has been a shift from carrying out
CT scans in hospitals in inpatient and outpatient settings to
physicians’ offices. As a result, there has been rising con-
cern at the reduction in quality alongside an increase in the
provision of these services, leading to overuse in some areas
[29]. In addition, physician preferences rather than the
patient health-state may influence decision making. This
may lead to inappropriate use of either technique [15]. For
example, if guidelines are not followed, and CTCA used
indiscriminately regardless of patient risk level, the CTCA
false positive results could lead to unnecessary further tests
such as CA and over-treatment in the low-risk groups. In the
absence of a triage strategy, if the CTCA technology is used
indiscriminately without consideration of pretest risk, it is
possible that overall diagnostic spending would increase
[19] and, depending on the health-care setting and payment
systems, financial incentives can also lead to inappropriate
use [29]. However, with careful evaluation of pretest
probability of CAD, CTCA triage for intermediate-risk
patients is a cost-saving strategy in comparison with the
strategy of “CA for all”: on average, the per patient saving
is 293€. The trade-off of these potential monetary savings is
a slight reduction in accuracy and a small increase in the
average radiation dose.
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