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Summary
Purpose: To compare the effectiveness of assessment tools for 10-year cardiovascular risk
in physician-referred Swiss patients.
Material and Methods: The risk evaluation
according to the Prospective Cardiovascular
Münster algorithm, adapted for the Swiss population (CH-PROCAM) was defined as PROCAM corrected by the factor 0.7 for Switzerland in all subjects ≥50 years of age and 0.18
in women <50 years in age. In these subjects,
CH-PROCAM, the algorithm of the European
Atherosclerosis Society (EU-SCORE), coronary calcium score percentiles (CS%), and total plaque area of the carotid arteries (TPA)
were available. Posttest probabilities (PTP) for
CS% and for TPA were calculated by using the
Bayes formula. Agreement for starting an LDL
cholesterol (LDLC)-lowering therapy between
CH-PROCAM and CH-PROCAM-PTP was
assessed in intermediate risk patients.
Results: CH-PROCAM identified 17 (10%) and
EU-SCORE 42 (24%) out of 175 individuals
at high risk (p = 0.0006, weighted kappa (wK)
= 0.45). CH-PROCAM-PTP identified 30 (17%)
and EU-SCORE-PTP 66 (38%) individuals at
high risk (p <0.001, wK = 0.26). The 19 patients
with vascular disease (9% of 213) were detected by CH-PROCAM-PTP (receiver operating characteristics (ROC) 0.69, p = 0.002), but
not by the other methods. Agreement to start
a LDLC-lowering therapy in intermediate risk
subjects was moderate (wK = 0.54).
Conclusion: CH-PROCAM classified patients
at high risk significantly less often than EUSCORE. EU-SCORE-PTP appears to substantially overestimate the true risk. What is most
important, CH-PROCAM-PTP identified patients with clinical vascular disease, as shown
by ROC analysis. Therefore, CH-PROCAMPTP currently represents a valuable method
for further stratifying risk in primary care patients who have been defined by CH-PROCAM
as being at intermediate risk, and may be helpful to correctly identify subjects who deserve
an LDL lowering therapy.
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Introduction
Cardiovascular risk prediction in primary care
is ambitious. In the PROCAM cohort, only
about a third of the subjects who experienced
a myocardial infarction during follow-up had
been correctly identified as being at high risk.
Approximately another third of those subjects
who experienced a myocardial infarction had
been identified as being at intermediate risk
[1]. To improve risk prediction, particularly in
the intermediate-risk group, the use of innovative biochemical or genetic tests [2] or novel
tools of atherosclerosis imaging are necessary.
Non-invasive atherosclerosis imaging is a
promising tool for determining the cardiovascular risk on the basis of plaque development
in either coronary or carotid arteries. Recent
work based on ROC analysis has confirmed
that coronary calcification is more accurate
compared to risk assessment tools derived
from the Framingham study to predict the
combined endpoint of fatal and nonfatal myocardial infarction [3–5, 12, 13]. Carotid intimato-media thickness (IMT) also has been studied extensively, both as part of primary care
studies and in intervention studies. However,
because of the problems regarding the reproducibility and the lack of evidence that there
is an added value of IMT to predict vascular
risk, this latter method is not recommended in
daily clinical practice [6]. Another risk prediction tool that is derived from carotid imaging
is the total plaque area (TPA) [7]. As shown by
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ROC analysis, this test is particularly useful
to predict the combined endpoint of myocardial
infarction, stroke, and vascular death.
New risk prediction tools for primary prevention of vascular events have been or are
being issued in different countries. The aim of
developing these new risk prediction tools is
to assess global risk based on data from risk
charts or risk algorithms. Like atherosclerosis
imaging, they can be used for the prediction of
fatal or nonfatal myocardial infarction (International Atherosclerosis Society [IAS] guidelines [8]) or for the prediction of fatal stroke
and fatal myocardial infarction (European
Atherosclerosis Society [EAS] guidelines [9]).
Since both, the PROCAM algorithm and coronary calcification, are risk markers for fatal
and nonfatal myocardial infarction, coronary
calcification can be used sequentially to calcu-

late posttest probabilities. Similarly, both EUSCORE and TPA are used to test the risk for
fatal stroke and fatal myocardial infarction,
TPA can be used to calculate posttest probabilities in sequential testing.
The present study aims first to compare
the risk stratification obtained from CH-PROCAM and EU-SCORE in a physician-referred
patient group and second to obtain risk assessments using the additional information provided by coronary calcification and TPA, which
allows to calculate posttest probabilities. A
group of patients with known vascular disease
served to assess the performance of CH-PROCAM, EU-SCORE and the posttest probabilities of coronary calcification and TPA to discriminate these vascular patients from the
whole study group.

Materials and methods
Patients
The patients in the study were all referred by physicians, either in order to examine chest pain of unknown origin or to determine the individual cardiovascular risk and in whom the addition of atherosclerosis
imaging was felt to give additional clinical information. Patients were assessed between April 2002 and December 2003. A total of 213 patients were enrolled. From these 213 patients, 19 had clinically defined vascular disease (9 myocardial infarction, 3 coronary bypass operations, 4 percutaneous coronary angioplasties,
3 transient ischaemic cerebral attacks) and 19 had diabetes mellitus. The total number of primary care patients having no manifest vascular disease or diabetes mellitus was thus 175.
Figure 1
Synopsis of patient
groups and structure
of study analysis.

Clinical characteristics, comparison of
cardiovascular risk factors with results from
atherosclerosis imaging (n = 213, table 1)

primary care
pat.
n = 175

Comparison of CH-PROCAM and EU-SCORE
(accuracies and Kappa statistics, table 2)
Comparison of posttest probabilities after
implementation of atherosclerosis imaging
(accuracies and Kappa statistics, table 3)
Appendix:
Test accuracy of coronary calcification used for
calculation of posttest probabilities for fatal or
nonfatal myocardial infarction
(test accuracy of Raggi cohort (n = 676)
CS%, table 4 [10])
Test accuracy of Carotid Total Plaque Area
used for calculation of posttest probabilities for
death due to stroke or myocardial infarction
(Test accuracy of the London Cohort for Total
plaque area (n = 1686),
table 5 [7])
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study group
n = 213
subjects

study group
n = 213, including
vascular pat. n = 19
diabetic pat. n =19

Diagnostic ability (ROC analysis)
of CH-PROCAM, EU-SCORE and posttestprobabilities using atherosclerosis imaging to
discriminate 19 vascular patients from the
rest of the study group, (fig. 4)
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Design, methods and risk calculations based on atherosclerosis imaging
The study design is presented as an overview in figure 1. We used four different risk prediction models
to define risk in our 175 primary care patients:
(a.) CH-PROCAM
(b.) CH-PROCAM combined with coronary calcification to calculate posttest-risk for fatal or nonfatal
myocardial infarction (CH-PROCAM-PTP)
(c.) EU-SCORE
(d.) EU-SCORE combined with TPA to calculate posttest risk for fatal stroke or fatal myocardial infarction (EU-SCORE-PTP).
Risk assessment based on PROCAM and SCORE
Cardiovascular risk was calculated by using the PROspective CArdiovascular Münster (PROCAM)
algorithm, adapted for the Swiss population (CH-PROCAM) and the algorithm of the European Atherosclerosis Society that was adapted for low-risk populations (EU-SCORE). The AGLA 2005 guidelines defined
CH-PROCAM by applying a correction factor of 0.7 for Switzerland in men and in women 50 years old or
older, and a correction factor of 0.18 in women less than 50 years old. These correction factors are based on
estimates from the MONICA study [23]. Patients with diabetes mellitus (n = 19) and patients with known
vascular disease (n = 19) were excluded from the comparative analysis in order to obtain a truly primary
care group of patients (N = 175).
For CH-PROCAM, high-risk and low-risk for myocardial infarction were defined as ≥20% and <10% in
the next ten years, respectively. For EU-SCORE, high-risk and low-risk for vascular death were defined as
≥5% and < 3%, respectively.
Imaging method and risk assessment using total plaque area of carotid arteries (TPA)
Total plaque area (TPA) is a measure of the total plaque burden of the carotid arteries. Plaques are traced
longitudinally, and the TPA is derived from the sum of all plaque areas detected during the imaging of both
carotid arteries. Imaging was done with the patients in the supine position as described in the original London cohort [7]. During examination of the carotid artery, the patient was brought into a position that allowed
Figure 2
Qualitative and quantitative
display of a common carotid
artery plaque traced longitudinally.

Figure 3
Qualitative and quantitative
display of coronary calcifications using images obtained
from a four slice MSCT
scanner and quantification
software from ScImage.Inc
(fda approved).
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head rotation to both sides. The sonographer stood to the right of the patient’s chest. The head was rotated
35–45° away from the side being examined and retroflexed by approximately 10–20°. Imaging was started
with a transverse (short-axis) sweep to check for the presence of plaque (defined by a thickening >1 mm) and
included the total length of the common carotid artery, the bulb, and all visible parts of the internal and
external carotid arteries. Plaque quantification was made from a longitudinal image. Online tracing of the
plaque surface area was performed by using calipers. The sum of all plaque surface areas was defined as the
TPA (fig. 2).
For the TPA, we used the London (Canada) cohort [7]. The mean age of these subjects was 59 years, and
the fatal myocardial infarction and stroke event rate for the whole group was 1.4% in 2.61 years or by linear
extrapolation, 5.2% in 10 years, thus forming a moderately high-risk group of fatal myocardial infarction or
fatal stroke. With increasing levels of TPA, we found increased levels of risk for fatal myocardial infarction
or fatal stroke with a 10-year event rate of 17.5% in the highest quartile (table 5).
In order to test the diagnostic performance of TPA of the London cohort [7], we performed a ROC analysis for the entire group (n = 1686). The diagnostic performance of TPA in the London cohort showed the highest area under the curve (AUC) for fatal myocardial infarction (n = 20; AUC 0.79), for death of any cause
(n = 44; AUC 0.77), and for death due to myocardial infarction or stroke (n = 23; AUC 0.77). For the combined endpoint of fatal and nonfatal myocardial infarction, the AUC was only 0.56 (p = 0.02). For the calculation of posttest probabilities, therefore, TPA was used as a surrogate marker for the combined outcome
of fatal myocardial infarction and stroke, which then could be incorporated in addition to the EU-SCORE
by using the Bayes formula.

Figure 4
Diagnostic ability
(ROC Analysis) to detect
19 patients with known
vascular disease.

Sensitivity (true positives)

Imaging method and risk assessment using coronary calcifications (CS%)
Visualisation of coronary calcifications by cardiac gated computed tomography allows to measure the total calcified plaque burden in the coronary arteries. By using the Agatston method, which quantifies coronary
calcifications based on plaque area and plaque density, a score was derived (Agatston score). Coronary calcifications were made visible for further processing by using a single-breath hold, multislice (Aquilion, Toshiba, Japan) ECG-gated, non-contrast enhanced, low-radiation scan sequence. Data were processed by
using the NetraMD Software (ScImage Palo Alto, California, USA), which provides reproducible data on total Agatston calcium scores, percentile of Agatston scores, and plaque volumes for all coronary arteries and
total plaque volume. The cut-off point to define that a plaque is calcified was set at 130 Hounsfield units (fig.
3).
In all patients, coronary calcium score percentile (CS%) estimates were available. Posttest probabilities (PTP) for CS% were calculated by using published sensitivities, specificities (table 4, [3,10]) for the occurrence of fatal or nonfatal myocardial infarction using the Bayes formula. This endpoint had occurred
in 30 of 676 patients who were observed over a mean time of 2.7 years. In this cohort [10] the mean age
was 52 years, and the myocardial infarction – either fatal or non fatal – event rate for the entire group
was 4.44% in 2.7 years (or by linear extrapolation, 16% in 10 years). Thus, we adopted a risk prediction
model based on coronary calcium percentiles derived from a U.S. cohort with an intermediate-risk for fatal
or nonfatal myocardial infarction.
The four risk prediction models were compared in 175 consecutive primary care patients without apparent vascular disease. More specifically, for the calculation of test performance of EU-SCORE in comparison
to CH-PROCAM, the CH-PROCAM defined the high-risk patients against which EU-SCORE was tested (table
2). Similarly, CH-PROCAM-PTP high-risk patients served as the test reference to calculate test performance
of EU-SCORE-PTP to detect high-risk patients defined by CH-PROCAM-PTP (table 3).
Finally, these four risk prediction models were compared by ROC analyses based on the data from 19 patients, in whom vascular disease was known from the patient’s histories.

CS%
CH-PROCAM-PTP

CS%
Area 0.733, SE 0.0525, p <0.0001, 95%CI 0.630-0.836
CH-PROCAM-PTP Area 0.687, SE 0.0658, p = 0.0022, 95%CI 0.558-816
AUC Difference
Area 0.046, p = 0.4607

1-Specificity (false positives)
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CH-PROCAM guidelines for starting an LDL cholesterol (LDLC)-lowering therapy
According to the Swiss guidelines for LDLC-lowering (treatment goals that should be achieved in relation to the CH-PROCAM risk), LDLC should be lowered to <2.6 mmol/l in high-risk patients, to 2.6–3.4 mmol/l
in intermediate risk patients, to 3.5–4.1 mmol/l in low-risk patients with one additional cardiovascular risk
factor and <4.9 mmol/l in all patients. Eventual modification of LDLC lowering indication was obtained using
CH-PROCAM-PTP, irrespective of concomitant statin therapy.
Statistical methods
Data was compiled in a Microsoft® Office Excel data sheet (Microsoft, Redmond, WA, USA) and further
analysed by using GB-STAT version 9.0 (Dynamic Microsystems, 2000, Silver Spring, MD, USA) by using
chi-squared statistics or the Wilcoxon/Mann-Whitney rank sum test. For ROC and the comparison of risk
grouping with weighted kappa statistics (wK), we used Analyze-itTM, Ltd, version 1.67. Posttest probabilities
were calculated as follows: for each patient, a pretest probability was calculated from either CH-PROCAM
or EU-SCORE. Results of atherosclerosis imaging (CS%, TPA) were used to define the level of sensitivity and
specificity of these tests according to tables 4 and 5 respectively. Posttest risk was calculated as follows (Bayes
theorem):
PTP pos: (PV ҂ SE) / [PV ҂ SE + (1 – PV) ҂ (1 – SP)]
PTP neg: [PV ҂ (1 – SE)] / [PV ҂ (1 – SE) + SP ҂ (1 – PV)]
(PTP pos = posttest probability for a disease if the test is positive [pathologic]; PTP neg = posttest probability for a disease if the test is negative [normal]; PV = pretest probability [or prevalence {PV}] for a disease; SE = sensitivity; SP = specificity.)
For statistical analysis, the level of significance was set at p <0.05.

Table 1
Clinical characteristics and presence or absence of carotid plaque and coronary calcification.

All

TPA
TPA
CAC
CAC
present
absent
p
present
absent
p
N
213
191
22
166
47
Men/Women 168/45
148/43
20/2
ns
132/34
36/11
ns
Age
59 ± 10
60 ± 10
54 ± 9
0.0063
61 ± 10
54 ± 8
0.0010
Hypertension 101
03
8
ns
85
16
0.0555
Smoking
78
71
7
ns
62
16
ns
FAHx
37
31
6
ns
26
11
ns
Diabetes
19
18
1
ns
18
1
ns
Chol
116
107
9
ns
92
24
ns
BPsystolic
137 ± 23
137 ± 23
131 ± 19
ns
137 ± 22
136 ± 26
ns
LDL
3.56 ± 1.27 3.60 ± 1.16 3.20 ± 1.09 ns
3.56 ± 1.35 3.57 ± 0.99 ns
HDL
1.26 ± 0.38 1.27 ± 0.37 1.20 ± 0.41 ns
1.25 ± 0.36 1.29 ± 0.42 ns
Triglyceride 1.96 ± 1.30 1.97 ± 1.35 1.88 ± 0.94 ns
1.88 ± 1.12 2.22 ± 1.82 ns
TPA
546 ± 597
609 ± 584
0
<0.0001 338 ± 539
0
<0.0001
CH-PROCAM 9.7 ± 9.1
10.1 ± 9.1
6.4 ± 8.0
0.0142
10.5 ± 9.1
6.9 ± 8.7
<0.0001
EU-SCORE 3.7 ± 3.6
3.9 ± 3.7
2.3 ± 2.4
0.0124
4.0 ± 3.7
2.6 ± 3.4
0.0008
ALL = all patients; TPA = total plaque area; CAC = coronary calcifications; n = number of patients;
ns = statistically not significant; FAHx = positive family history for premature coronary artery disease;
Chol = total cholesterol; BP = blood pressure; LDL = low density lipoprotein; HDL = high density
lipoprotein; CH-PROCAM = PROCAM algorithm adopted for Switzerland [1];
EU-SCORE = European algorithm for low risk populations [9]

Results
CH-PROCAM and EU-SCORE
characteristics in relation
to atherosclerosis imaging
The total number of patients originally included in this study was 213, whereas 45 (21%)
were women (table1).
In the 213 patients, 191 (90%) had plaque
as defined by TPA. The TPA correlated significantly with the risk levels predicted by using

CH-PROCAM and EU-SCORE (both p = 0.01;
table 1). Patients without carotid plaque were
significantly younger by an average of 6 years
(p = 0.006), but the presence of single risk factors was not significantly different between
those patients with and those patients without
carotid plaques.
In the 213 patients, 166 (78%) had plaques
as defined by Agatston scores. The Agatston
Scores correlated significantly with the risk
assessment levels predicted by using the CH-
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PROCAM and EU-SCORE (p <0.0001 and
p = 0.0008, respectively; table 1). Patients without calcified plaques in the coronaries were
significantly younger by an average of 7 years
(p = 0.007), but again, the presence of single
risk factors was not significantly different between those patients with and those patients
without coronary calcifications. A non-significant trend for hypertension was, however,
detectable in the total group of 213 patients
(p = 0.056). In these patients, carotid plaques
were present significantly more frequent than
calcified coronary plaques (n = 191 vs. n = 166,
chi-squared = 9.98; p = 0.0016).

Comparison of results
from atherosclerosis imaging
A CS% >75 were found in 55 of the 213 patients
(26%). The TPA had an AUC of 0.58 (95% CI
0.50–0.67; p = 0.03) to detect these 55 high-risk
patients. By using an arbitrary cut-off of the
TPA of >1.00 cm2, we found a sensitivity of
24%, a specificity of 85%, a positive and a negative predictive value of 36% and 76%, respectively, and an overall accuracy of 69% to detect
high-risk patients defined by a coronary calcium score percentile of >75.

Table 2
Direct comparison of CH-PROCAM and EU-SCORE risk assessment tools.

CH-PROCAM
low
interm
high
SUM
TP
14
sensitivity
low
88
11
0
99
TN
130
specificity
EU-SCORE interm
20
11
3
34
FP
28
PPV
high
12
16
14
42
FN
3
NPV
SUM
120
38
17
175
Sum
175
accuracy
Kappa weighted statistics:
0.45
CH-PROCAM = PROCAM algorithm corrected for a low-risk population;
EU-SCORE = SCORE algorithm adopted for a low-risk population; TP = true positives;
TN = true negatives; FP = false positives; FN = false negatives; PPV = positive predictive value;
NPV = negative predictive value.

82
82
33
98
82

Table 3
Direct comparison of CH-PROCAM-PTP and EU-SCORE-PTP risk assessment tools.

CH-PROCAM-PTP
low
interm high
SUM
TP
21
sensitivity
low
64
11
5
80
TN
100
specificity
EU-SCORE-PTP interm
18
7
4
29
FP
45
PPV
high
32
13
21
66
FN
9
NPV
SUM
114
31
30
175
Sum 175
accuracy
Kappa weighted statistics:
0.26
CH-PROCAM = PROCAM algorithm corrected for a low-risk population;
EU-SCORE = SCORE algorithm adopted for a low-risk population; TP = true positives;
TN = true negatives; FP = false positives; FN = false negatives; PPV = positive predictive value;
NPV = negative predictive value; PTP = posttest probability based on atherosclerosis imaging;
interm = intermediate.

Table 4
Diagnostic performance of the calcium score percentile to predict fatal or nonfatal myocardial infarction in 10 years.

CS%
risk (%)
sensitivity
specificity
index
50–75
20–34
93
52
1.45
75–89
35–64
75
75
1.50
90–99
≥65
49
90
1.39
CS% = coronary calcium score percentile derived from an original US cohort with intermediate risk
for heart attacks [10].
Risk (%) = ten-year-event rates for fatal and nonfatal myocardial infarction in relation
to CS% category (observation time 2.7 years; linear extrapolation to 10 years).
Index = test performance expressed as the sum of sensitivity and specificity divided by 100 [3, 10].
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Table 5
Diagnostic performance of the TPA to predict fatal myocardial infarction or fatal stroke in 10 years.

TPA
risk (%)
sensitivity
specificity
index
0.12–0.45
3
100
25
1.25
0.46–1.18
2
83
51
1.34
1.19–6.73
18
74
76
1.5
TPA = total plaque area of both carotid arteries.
Risk (%) = 10-year-event rates for fatal myocardial infarction or stroke in relation to TPA category
(observation time 2.5 years; linear extrapolation to 10 years).
Index = Test performance expressed as the sum of sensitivity and specificity divided by 100
(adapted from [7]).

Characteristics of the
primary care group
To investigate a primary care group (see methods section), 19 patients with known vascular
disease and 19 patients with diabetes mellitus
(which is by definition a high coronary risk)
were excluded from the comparative analyses
(fig. 1).
The primary care group consisted therefore of 175 patients, of whom 38 (22%) were
women. Of these 175 patients, 54 (30%) were
referred for a work-up to examine chest pain
of undetermined origin, whereas 121 (70%)
were referred for cardiovascular risk stratification only. The median age of the 175 patients
was 59 years (range 36–83), with no significant
difference compared to the total number of patients.
Comparison of CH-PROCAM and
EU-SCORE, and posttest probabilities
(PTP) on risk assessment
In the primary care group (n = 175), CH-PROCAM defined 17 patients as being at high risk
for a heart attack, whereas EU-SCORE defined 42 primary care patients as being at high
risk (chi-squared = 11.17, p = 0.0006; table 2).
Using CH-PROCAM-PTP, the number of highrisk patients increased from 17 to 30 (chisquared 3.54, p = 0.06; tables 2 and 3); using
EU-SCORE-PTP, the number of high-risk patients increased from 42 to 66 (chi-squared
5.79, p = 0.02; tables 2 and 3).
By using weighted Kappa statistics, the
agreement in risk grading was best between
CH-PROCAM and EU-SCORE (weighted
Kappa: 0.45; table 2). Agreement was lower between CH-PROCAM and CH-PROCAM-PTP
(weighted Kappa: 0.35) and still lower between
CH-PROCAM-PTP and EU-SCORE (weighted
Kappa: 0.24) and EU-SCORE-PTP (weighted
Kappa: 0.26; table 3).
Sensitivity and specificity of EU-SCORE
to identify high-risk patients defined by CHPROCAM was 82% and 82% respectively.

However, after having applied atherosclerosis
imaging to calculate posttest probabilities,
sensitivity and specificity of EU-SCORE-PTP
to identify high-risk patients defined by CHPROCAM-PTP decreased to 70% and 69% respectively.

Accuracy of assessment tools in patients
with known vascular disease
From the total 213 patients, 19 patients had
known vascular disease (AMI 9, CABG 3,
PTCA 4, TIA 3). The AUC of CH-PROCAM,
EU-SCORE, or TPA was between 0.54 to 0.55
(p = ns) to discriminate these 19 patients
among 213 study patients. However, by using
the Agatston scores and CH-PROCAM-PTP,
which is a posttest estimate of risk that incorporates coronary calcium score percentiles,
these patients were correctly identified (AUC
0.73, p <0.0001 and 0.69, p = 0.0022, respectively; fig. 2).
CH-PROCAM-PTP as a modifier
of intensity of LDLC-lowering
From a total of 175 primary care patients, 105
(60%) had no indication for a LDLC-lowering treatment based on CH-PROCAM. Using
CH-PROCAM-PTP in these 175 patients, 113
(65%) remained without indication for LDLClowering treatment. Furthermore, in 24 patients (14%) only, there was a disagreement
with respect to a need for LDLC-lowering
treatment when using the two different algorithms (weighted Kappa 0.71).
In addition, CH-PROCAM identified 38
of 175 patients as being at intermediate risk
(22%). In these 38 patients, 19 (50%) did not
qualify for LDLC-lowering treatment. CHPROCAM-PTP identified 18 of 175 patients as
being at intermediate risk, who would not require an LDLC lowering treatment (47%), but
disagreement for a need to modify LDLC was
found in 9 of 38 patients (24%) resulting in a
weighted kappa value of 0.53.
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Discussion
This is the first study that aims to assess cardiovascular risk using Swiss-adopted global
risk markers (CH-PROCAM, EU-SCORE) and
imaging risk markers (CS%, TPA) simultaneously in a primary care patient group. The major findings of the present scientific work show
an only moderate agreement between the
Swiss-adapted risk assessment tools recommended by the IAS (CH-PROCAM) and by the
EAS (EU-SCORE).
We found, that the risk algorithms recommended by the IAS and the EAS corrected for
low-risk populations match only moderately
with respect to the definition of high-risk patients. As expected, in this cross-sectional observation of physician-referred patients without clinically manifested vascular disease, the
IAS-derived risk algorithm (CH-PROCAM)
identified fewer patients (9.7%; 17 out of 175)
as being at high risk when compared to the
EAS-derived risk algorithm (EU-SCORE),
which identified 42 out of 175 patients (24%)
as being at high risk (table 2). However, the
sensitivity and specificity of EU-SCORE to
identify high-risk patients defined by CHPROCAM was good (82% and 82% respectively). The agreement with respect to risk classification for CH-PROCAM and EU-SCORE
was moderate (weighted Kappa 0.45).
Our observations are in line with several
observations, where coronary risk algorithms
were compared among each other. The PROCAM algorithm showed for example a higher
sensitivity and specificity when compared to
the Framingham risk algorithm [24]. A similar
comparison showed, that the Framingham
risk algorithm overestimated the risk in the
PROCAM cohort by 50% [25]. Further, a comparison between the PROCAM algorithm, the
SCORE algorithm and the Swiss lipid guidelines 2005 showed a very poor agreement
(Kappa <0.25 among each of the comparisons)
for the indication to lower LDLC in 8829 subjects [26].
Further, none of these risk assessment algorithms have been validated for the Swiss
population using outcome studies.
Therefore, as an additional information,
atherosclerosis imaging may be used in selected patients as an additional test in order
to assess, whether cardiovascular risk factors
have already caused a damage to the arteries,
and to what extent, in an individual patient.
Because we believe, that atherosclerosis imaging should be integrated into the risk assessment furnished by the framework of major
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and independant cardiovascular risk factors,
we used the model of posterior probabilities
(posttest risk), and performed posttest risk calculations in every patient.
By applying our posttest coronary risk
stratification tool (CH-PROCAM-PTP), which
incorporates a biological correlate of risk as defined by plaque formation in coronary arteries
and by using posttest coronary risk that is
based on coronary calcium percentiles, the
number of high-risk patients increased from
17 to 30. Of these 17 patients, only 10 were defined as being at high risk by CH-PROCAM
(data not shown). On the other hand, out of 38
intermediate-risk patients as defined by CHPROCAM, 11 (29%) were re-classified into the
high-risk category and 16 (42%) were reclassified into the low-risk category by using the CHPROCAM-PTP algorithm (data not shown).
Therefore, the knowledge of the presence and
extent of coronary calcifications may be helpful to detect high-risk subjects, mainly assessed as intermediate risk subjects by CHPROCAM. CH-PROCAM-PTP may close the
detection gap inherent to conventional risk
testing (CH-PROCAM) and allow for earlier
risk reduction interventions.
The sensitivity and specificity of the EUSCORE-PTP algorithm to detect high-risk
patients defined by the CH-PROCAM-PTP extension were only 70% and 69%, respectively
(table 3). The agreement between CH-PROCAM-PTP and EU-SCORE-PTP for risk classification in this patient group was very low
(weighted Kappa 0.26). This emphasises the
possibility, that the incorporation of atherosclerosis imaging on top of CH-PROCAM and
EU-SCORE increases the mutual validity of
these algorithms; and that the differences
between CH-PROCAM-PTP and EU-SCOREPTP are at least in part due to differences in
the pretest probabilities.
An important clinical implication of atherosclerosis imaging can be exemplified for the
indication of LDLC-lowering in the CH-PROCAM algorithm. As we showed in a very recent
population survey on 914 Swiss primary care
subjects (CORDICARE I Study, data on file),
the agreement to initiate an LDLC-lowering
therapy was very low between CH-PROCAM
and EU-SCORE (weighted Kappa 0.26 [27]).
In this study, we applied atherosclerosis
imaging using coronary calcium for the estimation of posttest risk (CH-PROCAM-PTP) to
the whole group of 175 primary care patients.
This strategy modifies the indication for a
LDLC-lowering therapy in 24 of 175 patients
(14%). Therefore, the agreement between CH-
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PROCAM and CH-PROCAM-PTP (weighted
kappa 0.71) was sufficient. We therefore conclude that coronary calcium imaging should
not be used as a screening test to decide whether a LDLC-lowering drug treatment should
be started or not. However, in the intermediate
risk patients (n = 38) defined by CH-PROCAM,
the indication for a LDLC-lowering therapy
was different in 9 of 38 patients (24%) when
using the CH-PROCAM-PTP algorithm. The
indication to start a LDLC-lowering treatment
was therefore quite different 0.53 (weighted
kappa statistics). This example underlines the
importance of additional risk modification
tools in intermediate risk patients. Furthermore, our findings are in line with the recommendation of a consensus paper on coronary
calcifications [28].

Performance of atherosclerosis
imaging
By analysing the original London cohort, it
could be demonstrated that TPA is a valuable
method for predicting total mortality during
follow-up (AUC 0.77) and the mortality from
myocardial infarction and stroke (AUC 0.77)
(personal calculation from the original data of
the London cohort [7]). In addition, in our
study patients, a TPA >1.0 cm2 showed a positive predictive value of 36% and a specificity of
85% to detect patients with coronary calcification above the 75th percentile. Therefore, TPA
might be used as a first step in sequential testing. If the TPA indicates that the patient is at
intermediate risk, the calcium score methodology then could be used as the decisive final
test. However, the TPA has shown only low to
moderate overall diagnostic performance for
detecting a CS% >75 (AUC 0.58, p = 0.03) in
this study population.
The predictive value of coronary calcium
scoring has been a matter of debate [11]. Recently, two important outcome studies on coronary calcium scoring have been published [12,
13]. Both studies showed in large, populationbased cohorts without self-referral selection
bias, that coronary calcifications improved
risk prediction for coronary events above
prospective measurements of conventional
risk factors and high-sensitivity C-reactive
protein [12] or for coronary and vascular
events above prospective measurements of
conventional risk factors, Ankle Brachial Index and carotid IMT [13]. Moreover, in the Rotterdam study [13], subjects were not aware of
the results of coronary calcium scoring, thus
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forming a truly unbiased group with respect to
medical intervention.
The diagnostic value of plaque imaging
has been quantified in the present study. We
tried to define the test performance of our four
algorithms to discriminate 19 patients with
known vascular disease from the whole study
group (n = 213). Using ROC analysis, only the
algorithm that incorporated a measure of coronary calcium allowed to discrimate these 19
vascular patients from the rest of the study
group in a statistically significant manner
(fig. 2).

Limitations
We were able to include only a limited number
of patients for the comparison of the Swiss-specific PROCAM algorithm (CH-PROCAM) and
the EAS algorithm for low-risk populations
(EU-SCORE). Another limitation was that the
gold standard (ie, prospectively assessed event
rates for myocardial infarction, stroke, and
death) was not available and we tried to circumvene this problem by looking at the diagnostic performance of our risk assessment
tools to discriminate vascular patients (fig. 2).
However, it must be emphasised, that none of
the risk factor based tests incorporated in the
PROCAM and SCORE algorithms were compared with the gold standard, which is the development of severe cardiac events (hard endpoints such as fatal or non-fatal myocardial
infarction).
We therefore used a surrogate marker
for the risk of myocardial infarction. In middle-aged, asymptomatic subjects with no detectable coronary calcium, event rates for fatal
and non-fatal myocardial infarction are extremely low (2–4 events/1000 subjects/year
[4, 5, 10, 13]). Thus, one can argue that the
absence of coronary calcium in intermediaterisk subjects (as defined by PROCAM) helps
to identify the low-risk subject. In our study
population, we were able to demonstrate that
16 of 38 (42%) intermediate-risk subjects, as
defined by CH-PROCAM, could be re-classified into the low-risk category by using coronary calcium percentiles (CH-PROCAM-PTP).
The risk that is related to coronary calcification may be even lower in low-risk populations
(such as the Swiss population) than in the US
cohort from which our surrogate marker (CS%
>50) was originally obtained [10]. However,
this extrapolation needs further confirmation
in independent studies. If the risk of coronary
calcification is lower in low-risk populations,
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this risk relationship would allow physicians
to re-classify intermediate-risk subjects in
low-risk populations as low-risk subjects.
Posttest risk calculations that included additional risk markers, such as the Ankle
Brachial Index [14, 17] or the carotid intima
media thickness, do not improve the accuracy
to predict myocardial infarction events [6, 13].
A third limitation was that we had to adopt
data from the electron beam computed tomography (EBCT) risk prognosis database [10]
into multislice computed tomography (MSCT)
imaging since a database that allowed the calculation of accurate posttest probabilities was
not available at the time of this study for
MSCT in Europe. The results from the MESA
trial [18] and the Heinz Nixdorf Recall Study
[19] were not yet available. Moreover, these
studies are outcome studies. This means that
the results will be not quite accurate since medical interventions allowed during the study
may reduce the risk in those subjects who had
already been identified as being at high risk.
This is true for all event studies that assessed
risk tools. For this reason, the necessity of reclassifying subjects who exhibit a coronary calcium percentile >75% into a high-risk category
will always remain an expert indication (class
IIb). Nevertheless, the cut-off of CS% >75 has
been recently incorporated into the NCEP III
[20] and the European [21] guidelines as a
powerful tool to further risk stratify subjects
who are assessed initially as being at intermediate risk by conventional risk charts. Therefore, the poor sensitivity of PROCAM- and
NCEP III-based risk algorithms is improved
by the incorporation of atherosclerosis imaging into the risk prediction [28].
A fourth limitation of the present study is
the linear extrapolation of event rates from
follow-up times of 2.7 years for CS% and
2.5 years for TPA to a ten-year risk estimate.
Based on a Swiss mortality registry (mortality
due to ischaemic heart disease), the increase
in risk in both men and women between the
age groups 55–59, 60–64, and 65–69 was almost linear [22]. Nevertheless, this linear extrapolation may actually underestimate the
risk inherent in vascular plaque formation and
therefore represents a conservative estimate
of cardiovascular risk as with increasing age,
risk tends to increase exponentially, particularly after the age of 65 years.
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Conclusions
We conclude that in our group of middle-aged
patients with a low to intermediate risk of
heart attacks as defined by a new PROCAM
derived risk algorithm (CH-PROCAM) and by
a population-adapted algorithm (EU-SCORE),
the agreement of these two methods are rather
low.
Furthermore, atherosclerosis imaging
identified a substantial portion of high-risk patients that would otherwise be overseen when
assessment of risk is not extended to biological markers of coronary risk such as eg coronary calcifications.
The added value of extending the risk assessment to include coronary calcifications has
been validated in the present study. We also
demonstrated that the measurement of coronary calcifications is a strong tool to identify
patients with known vascular diseases. Although the study involved a small number of
patients from a single study center, it is the
first study demonstrating that the measurement of coronary calcifications has a major impact to identify patients with known vascular
diseases. We therefore conclude that atherosclerosis imaging is a useful tool for the clinician to improve risk prediction in primary
care, in particular in intermediate-risk patients when the intensity of preventive therapy (LDLC-lowering) is doubtful.
In intermediate risk patients, the additional information of the CS% value allows to
further risk stratify 71% of these remaining
patients. High risk as predicted by atherosclerosis imaging (eg, CS% >75, TPA >1.00 cm2)
corrects classification of patients who had been
classified by the current cardiovascular risk
assessment guidelines as being at intermediate risk only. Further studies are, however,
needed to elucidate the relative prognostic
impact of TPA and CS%, to address the
question of whether TPA may serve as a substitute for the measurement of coronary
calcifications in selected patients, and the
prognostic impact of our posttest risk calculation model.
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Glossary
PROCAM
SCORE
CH-PROCAM

PROspective Cardiovascular Münster (PROCAM) algorithm.
Algorithm of the European Atherosclerosis Society.
PROCAM algorithm adopted for Switzerland according to AGLA Guidelines 2005.
CH-PROCAM allows to estimate the 10-year-risk for fatal and nonfatal myocardial
infarction.
EU-SCORE
SCORE algorithm adopted for Switzerland according to SCORE Guidelines 2003.
EU-SCORE allows to estimate the 10-year-risk for vascular death.
ROC analysis
Receiver operating curves (ROC) display a plot of sensitivity versus (1 – specificity)
over all possible test results of a continuous predictor; an AUC value should be >0.70,
which means, that the medical test has an acceptable diagnostic performance.
TPA
Total plaque area is an ultrasound measure of the global plaque burden of the carotid
arteries calculated for both sides and expressed in cm2. Usually, a value above 1.00 cm2
implies a high risk. This test has the best accuracy, based on ROC analysis, to foresee
vascular death caused by either stroke or myocardial infarction. Based on known
sensitivities and specificities of this test, it allows to calculate posterior probabilities
for vascular death in combination with the EU-SCORE as the pretest probability.
Test performance for vascular mortality was tested in the London cohort [7].
Coronary Calcium Coronary Calcium (Agatston score) was measured with a MSCT scanner and
percentiles were calculated from a U.S. cohort [Ref 10]. A percentile of >75 usually
implies a high risk for fatal or nonfatal myocardial infarction. Coronary calcium
percentiles are best used to calculate posterior probabilities for fatal or nonfatal
myocardial infarction with the CH-PROCAM algorithm as the pretest probability.
PTP
Posterior Test Probabilities are derived from a pretest probability (which in this study
is defined by CH-PROCAM for the risk of fatal or nonfatal myocardial infarction and
defined by EU-SCORE for the risk of death due to stroke or myocardial infarction),
and the sensitivities and specificities of CS% (table 4) or TPA (table 5). As an example,
a subject with a pretest probability of 15% (CH-PROCAM) and a CS% >75 has a PTP
of 35% (95 CI 25–46%) to develop a fatal or nonfatal myocardial infarction in 10 years.
Similarly, a patient with an EU-SCORE pretest probability to develop fatal stroke or
myocardial infarction in 10 years of 3.0% and a TPA of >1.18 cm2 has a posttest probability of 8.2 % (95 CI 5.7–11.6%). The formulas to calculate posttest risk are displayed
in the section “statistical methods” of this paper. Pre- and posttest risk calculations can
also be performed on our website: www.scopri.ch.
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