


Background and Problem

Cardiovascular diseases are still the number one
killer in developed countries. The term “death
from cardiovascular disease,” however, includes
not only acute myocardial infarction, but also
death from chronic ischemic heart disease, stroke,
peripheral artery disease, and pulmonary
embolism. A more detailed analysis shows that
only approximately 18% of the cardiovascular
deaths arise from acute myocardial infarction,
while a continuously increasing percentage result
from chronic ischemic heart disease. Although
modern medicine significantly improved the
short-term outcome of acute myocardial infarc-
tion, it shifted the problem from a decrease in
mortality to an increase in morbidity. Therefore,
the challenge of modern medicine is not only to
further reduce the already declining cardiovascu-
lar mortality,1,2 but also to reduce cardiovascular
morbidity. The major goal is to thus prevent the
first acute myocardial infarction to ensure not
only a long life but also a life without cardiovas-
cular events. This is even more important, since
31% to 72% of coronary occlusions developed
from a previously “insignificant” coronary lesion
by sudden and “unexpected” plaque rupture
leading to a nonfatal or fatal coronary event.3 To
achieve this goal it is not only important to detect
“atherosclerosis” per se, but also to identify the
asymptomatic high-risk individual, then initiate
intensive risk factor modification at this preclini-
cal stage.4,5

Noninvasive Detection of the
Presence of Atherosclerotic Disease
Asymptomatic atherosclerotic disease is defined
as the presence of abnormal function or structure
of the vessel wall due to atherosclerosis. In this
early stage, patients cannot be warned by ischemic
chest pain (angina pectoris).Also, functional tests,
like exercise ECG, stress echocardiography, perfu-
sion scintigraphy, or perfusion magnetic reso-
nance imaging (MRI), will be negative, because
there is not yet a critical lumen narrowing leading
to inducible perfusion abnormalities or myocar-
dial ischemia. Intravascular (intracoronary) ultra-
sound (IVUS) is an excellent tool to diagnose 
and follow up preclinical atherosclerosis.6 It is,
however, an invasive tool requiring arterial access
(cardiac catheterization).

Pathology studies have documented that levels
of traditional risk factors are associated with the
extent and severity of atherosclerosis. However, at
every level of risk factor exposure, there is sub-
stantial variation in the amount of atherosclero-
sis. This variation in disease is probably due to
genetic susceptibility, combinations and interac-
tions with other risk factors, including life habits,
duration of exposure to the specific level of the
risk factors and such factors as biological and lab-
oratory variability. Therefore, no blood test exists
that “proves” the presence of atherosclerotic
disease. All the known traditional (e.g. hypercho-
lesterolemia) and modern (e.g. elevated C-reactive
protein) risk factors increase the likelihood of
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atherosclerosis, but they do not prove its existence
in an individual person. Therefore functional and
imaging techniques have to be used for diagnos-
ing atherosclerosis at this early stage. A variety of
noninvasive tests are available for determining 
the presence of asymptomatic atherosclerosis in
various vascular beds.

Functional Tests for Early Detection of
Atherosclerotic Disease

Endothelial Dysfunction and Forearm Blood 
Flow Testing

Endothelial cells play a central role in inhibiting
the development of atherosclerosis and its throm-
botic consequences. Endothelial dysfunction is
secondary to the long-term impact of risk factors
on endothelial cells. Conventional risk factors
increase the oxidative stress in vascular tissue,
giving oxidative stress a crucial role in endothelial
dysfunction.7 In patients undergoing either
routine diagnostic catheterization for the evalua-
tion of chest pain or percutaneous transluminal
coronary angioplasty (PCI), a significantly in-
creased vasoconstrictor response to acetylcholine
predicted long-term atherosclerotic disease pro-
gression and cardiovascular event rates.8 Noninva-
sive endothelial function testing is emerging as a
biomarker of vascular disease.9 The most fre-
quently used endothelial-directed vasodilator
stimulus is an increase in blood flow (brachial
artery flow-mediated vasodilation, FMD). This is
assessed by changes in brachial artery diameter
(7–12 MHz linear array probe) after 5-minute
blood pressure cuff arterial occlusion. Vasodila-
tion is usually measured 1 minute after cuff
release. To assess endothelium-independent vaso-
dilation, the subject is given a single dose of
nitroglycerin. Patients with risk factors for coro-
nary heart disease (CHD) have impaired vasodila-
tor responses.10 Investigators are still seeking to
improve the methods for ultrasonographic analy-
sis of brachial artery vasomotion. More precise
analysis techniques are now available in the form
of automated continuous estimation of brachial
artery responses. There is, however, significant
biologic variability in measurement, greatly
varying in response to factors such as size of the
blood pressure cuff, baseline arterial diameter, a

high-fat meal, and a women’s menstrual cycle. The
technique is skill- and labor-intensive and not yet
easily used in routine clinical practice.10

Ankle–Brachial Index (ABI)

The measurement of the ankle–brachial blood
pressure index (ABI) is an easy-to-perform,
inexpensive, and reproducible noninvasive test 
to detect asymptomatic atherosclerotic disease.
Technical requirements are a regular blood pres-
sure cuff and a Doppler ultrasound device to
measure the systolic blood pressures in left and
right brachial arteries as well as both posterior
tibial and dorsalis pedis arteries.10 Usually, the
highest systolic ankle pressure is used for calcula-
tion. Because of its high sensitivity and specificity
(>90% respectively), an ABI <0.90 is considered a
reliable sign of peripheral arterial disease (PAD).
Its high specificity is partially explained by the fact
that the ABI may paradoxically be elevated with
age-dependent increased arterial stiffness, includ-
ing arterial calcification. Therefore, an ABI >1.5
may be difficult to interpret.11 ABI reflecting
significant PAD adds additional validity to medical
history, because 50% to 89% of patients with an
ABI <0.9 do not have typical claudication.12 The
history of claudication alone “dramatically under-
estimates” the presence of large-vessel PAD.13

The presence of PAD is strongly related to a
high incidence of coronary events and stroke.
Therefore, ABI also correlates with further devel-
opment of angina, myocardial infarction, conges-
tive heart failure, coronary artery bypass graft
surgery, stroke, or carotid surgery. However, ABI
should not be considered as a continuous measure
of generalized atherosclerosis.11 In asymptomatic
individuals over 55 years of age, an ABI < 0.9 may
be found in 12% to 27%. Even in an elderly popu-
lation (71–93 years), a low ABI further identifies a
higher-risk CHD subgroup.14 However, a normal
ABI does not predict the absence of severe coro-
nary artery disease (CAD).15

Imaging for Early Detection of
Atherosclerotic Disease

Carotid Ultrasound

Sonography of superficial arteries is a relatively
inexpensive means of noninvasively visualizing
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the lumen and walls of arteries which are involved
in the ubiquitous process of atherosclerosis. Risk
assessment using carotid ultrasound focuses on
measurement of the intima–media thickness
(IMT) and plaque characteristics.

Intima–Media Thickness (IMT)

Intima–media thickness is an integrated mea-
surement of the involvement of both the intima
and the media in the atherosclerotic process.
Current ultrasound instrumentation with trans-
ducers !8 MHz is capable of identifying the
borders between the vessel lumen and the intima
as well as between the media and the adventitia.
Although there is no uniformly accepted method-
ology, the common carotid IMT is determined as
the average of 12 measurements (6 measurements
each from the near and far wall of each of the three
segments in both sides). As there is a graded
increase of cardiovascular risk with increasing
IMT, no cut-off value to distinguish between
normal and abnormal has been defined. In 
young and healthy individuals with multiple tra-
ditional risk factors from the Bogalusa Heart
Study, IMT increased significantly with the
number of risk factors for both common carotid
and carotid bulb segments, but not for the 
internal carotid segment.16 Persons without
known cardiovascular disease with higher IMT
values (those in the highest quintile or !1 mm) 
are at increased risk for cardiac events and
stroke.17 When IMT is used to predict the 
incidence of subsequent stroke, the risk is 
graded but nonlinear, with hazards increasing
more rapidly at lower IMTs than at higher IMTs.18

Therefore, precision of measurements is of great-
est importance in the submillimeter range, which
poses high requirements on instruments and
physicians. The risk of cardiac events in 4–7 years
of follow-up in patients free of clinical coronary
artery disease at baseline is also nonlinearly
related to IMT.19

Plaque Characteristics

Plaque characteristics as assessed by carotid ultra-
sound were found to be predictive of subsequent
cerebral ischemic20 and coronary21 events. Patients
with echolucent stenotic plaques had a higher risk
of cerebrovascular and coronary events than sub-

jects with other plaque types. On B-mode ultra-
sound assessments, lipids, thrombi, and hemor-
rhage will all appear as echolucent structures. As
the Rotterdam Study showed, noninvasive mea-
sures of extracoronary atherosclerosis are predic-
tors of myocardial infarction (MI).22 The relatively
crude measures directly assessing plaques in the
carotid artery (and abdominal aorta) predicted
MI equally well as the more precisely measured
carotid IMT.22

Magnetic Resonance Imaging (MRI)

MRI offers direct visualization of the atheroscle-
rotic plaque, allowing identification of plaque
components such as the fibrous cap, lipid core,
hemorrhage, and thrombosis. It has been 
evaluated as a means of in vivo imaging of
the arterial wall by noninvasively depicting 
coronary plaques.23,24 Using optimized three-
dimensional (3D) imaging sequences to improve
contrast between lumen and vessel wall, a 
spatial resolution of 0.66 " 0.66 " 2 mm can 
be obtained. However, longer acquisition times 
are still a limitation. Regression of the lipid 
component of atherosclerotic plaques induced 
in animal models can now be demonstrated 
by serial in vivo MR examinations.25 The current
fast technical improvement has led to 3D black-
blood vessel wall imaging which permits in 
vivo distinction between “normal” and diseased
vessel walls.26 MRI may identify the fibrous cap 
in the atherosclerotic aorta.27 Carotid, aortic,
and even coronary plaque assessment with MRI 
may lead to its use as a scanning tool for quanti-
fying subclinical disease, predicting future 
cardiovascular events, and evaluating therapeutic
interventions. For the present, MRI is a promising
research tool, but its use is limited to only a 
small number of research laboratories. Further
advances are needed to reduce the problems 
from cardiac and respiratory motion and the 
nonlinear course of the coronary arteries.
Thus, MRI is not yet appropriate for use in iden-
tifying patients at high risk for CAD in clinical
practice.

Ultrafast CT Imaging (EBCT, MSCT)

For cardiac CT imaging, ultrafast techniques are
necessary: In Europe, predominantly very fast
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rotating mechanical CTs are used (MSCT with 16
or more slices simultaneously acquiring the data),
while in the US, electron beam CT (EBCT, no
mechanically moving parts) is the prevailing tech-
nology. Besides the considerably lower costs of
MSCT, the spatial resolution of MSCT is superior
to EBCT with the temporal resolution still a
matter of debate using the “sector technology”
for MSCT. In contrast to cardio-MR, cardio-CT 
easily depicts the presence of calcified plaques 
of more than 1 mg. In general, there is clinically
good agreement between the calcium scores mea-
sured by EBCT and MSCT.28–30 As regards radia-
tion exposure, the effective dose for calcium
scoring is 0.7 mSv for EBCT and 1.0 mSv for
(prospectively triggered) MSCT.31 For a practical
comparison, the German government allows a
radiation dose of 1.0 mSv during pregnancy for an
unborn child.

The presence of coronary calcium is identical
with “disease” – there is no “normal” calcium in
the coronary vessel wall.3,32 In an international
multicenter study of 5345 individuals with no
signs or history of CAD, calcified atherosclerotic
plaques were present in 63% of men and in 
41% of women.33 The amount of calcified 
coronary plaques reflects the total coronary
plaque burden, that is, the more calcified plaques
are present, the higher is the amount of
non-calcified plaques.34 In an autopsy study 
of sudden-death coronary victims, all hearts of
age >50 years showed some calcification.35 A
calcified plaque is not necessarily stable; stable
and vulnerable plaques contain the same amount
of calcium.35,36

The use of contrast media for the cardio-CT
examination enables non-calcified plaques to 
be visualized and characterized. The density 
measurements of non-calcified plaques reflect
echogenicity and plaque composition and may
allow differentiation between soft and fibrous
plaques.37–39 Cardio-CT may one day be con-
sidered a “noninvasive IVUS.” At the present 
time, the clinical role of non-calcified plaques,
especially in persons without any calcified
plaques, has not yet been determined. Never-
theless, the demonstration of coronary calcium
for the first time offers the opportunity to 
directly and noninvasively visualize coronary 
atherosclerosis.

Modern Identification of the 
High-Risk Individual

In the RECALL Study “any form of atherosclero-
sis” was present in 53% of the individuals in-
vestigated (4814 persons, age 45–74 years), so
atherosclerosis is a common finding in people
over 45 years.40,41 Although population-based,
general recommendations for risk factor modifi-
cation make sense, they have not been as success-
ful as expected.42 In recent years, there has been a
shift of paradigm regarding the detection of early
atherosclerotic disease. Whereas in the previous
versions of the European and US guidelines the
detection of “any atherosclerosis” was essential for
decision making in further treatment,43–45 the
newer guidelines focus specifically on the assess-
ment of the individual risk, particularly on 
detection of the “high-risk” individual.4,5,46 The
determination of a high “absolute” individual risk
has been increasingly recognized as a critical
determinant for making decisions about institut-
ing pharmacological therapy for risk reduction in
prevention of cardiovascular disease in the US47

and in Europe.48,49

Today, there are two concepts for the definition
of a “high-risk” individual, one based on mor-
bidity and mortality, and the other on mortality
only: For the combination of morbidity and 
mortality, traditionally the Framingham score46

or, predominantly in Germany, the PROCAM
score50 are used. Both scores (based on app-
roximately 5000 individuals each, from Framing-
ham/US or industrial workers from Münster/
Germany) have determined a “high risk” if
the likelihood for a cardiovascular event is >20%
per 10 years, that is, 2% per year. The question
remains whether data from the US can be ex-
trapolated to Europe.51 The Framingham and
PROCAM scores overestimated the absolute 
CHD risk of middle-aged men in Belfast and
France.52 These regional differences were con-
sidered when introducing the European SCORE
system (based on more than 200,000 individuals),
focusing only on the hard endpoint “card-
iovascular death.”53 Thus, the “SCORE score”
has defined “high risk” as a likelihood of >5% 
to die from cardiovascular disease within the next
10 years.
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The Dilemma of Traditional Identification of
High-Risk Patients

Two large cohort studies revealed that 80% to 90%
of the patients with CHD had at least one of four
traditional risk factors (cigarette smoking, hyper-
lipidemia, arterial hypertension, or diabetes).54,55

In the clinical practice of prevention, however, we
have the opposite problem: of course we treat arte-
rial hypertension and diabetes anyway, but which
asymptomatic patient without demonstrable
myocardial ischemia with which risk factors is at
high risk for developing a cardiovascular event?
The identification of high-risk individuals based
on a single laboratory parameter may be mis-
leading: for example, only about 50% of patients
having an MI demonstrated hypercholes-
terolemia.56 Thus, predicting a heart attack based
on hypercholesterolemia alone may be like
flipping a coin. The diagnosis of a “metabolic syn-
drome” has not been shown to be of additional
value in predicting events as compared to the
Framingham score.57 Adding abdominal obesity,
triglycerides, and fasting glucose to these equa-
tions provides little or no increase in power of
prediction.57

The usefulness of newer blood-laboratory para-
meters to identify high-risk patients is not yet
established: There are newer promising data for
plasma natriuretic peptide levels predicting car-
diovascular events and death.58 Elevated homo-
cysteine has been shown to be an independent
risk factor for MI in middle-aged women.59

Among older adults, an elevated level of Lp(a)
lipoprotein is an independent predictor of stroke,
death from vascular disease, and death from any
cause in men but not in women.60 ApoB,
apoB/apoA-I and apoA-I were also regarded as
highly predictive in evaluation of cardiac risk.61

The value of C-reactive protein (CRP) in identify-
ing high-risk individuals is a matter of ongoing
controversy, with reports describing CRP levels as
a marker of atheromatous plaque vulnerability,62,63

enhancing global risk assessment.64 A recent
study, however, questioned its predictive value and
recommended a review of its use for predicting
coronary events.65 Measurement of CRP in elderly
people has no additional value in coronary disease
prediction when traditional cardiovascular risk
factors are already present.66 Thus, the clinical rel-

evance of CRP measurements in the prediction of
the risk of CHD remains unproven.67 Although
CRP, Lp(a), homocysteine, apoB, apoA-I, and
fibrinogen may be associated with vascular
disease risk, their optimal use in routine screen-
ing remains to be determined.68 At the present
time it is not clear how to integrate all these blood
tests into an evidence-based risk score.

High-risk patients are traditionally identified
using one of the three major risk scores, derived
from the parameters listed in Table 11-1.

There is, however, one inherent problem in
identifying individuals at high risk related to the
prevalence. This is explained for the PROCAM
score as follows: Figure 11-1 shows the actually
observed 10-year coronary events based on the
PROCAM score.50 Taking the prevalence into 
consideration, the following calculations can be
made: A score >61 was observed in 2% of the pop-
ulation with an event rate of 43.2%. Thus, out of
1000 persons, 20 persons (2%) would have a score
>61, leading in 9 persons (43.2% of 20 persons) to
an event. On the other hand, a score of 45–53 was
observed in 15% of the population with an event
rate of 14.8%. Thus, out of 1000 persons, 150
persons (15%) would have a score of 45–53,
leading in 22 persons (14.8% of 150 persons) to an
event. Thus, twice as many patients with a heart
attack (62%) come from the “medium-risk” group
as from the “high-risk” group (31%) (Figure 11-2).
A similar problem has been shown for the Fram-
ingham score. Thus, the dilemma is that the guide-
lines primarily focus on the “high-risk” patients,

TTAABBLLEE 1111--11.. Comparison of the parameters used for calculating the
individual “absolute” risk according to the three major risk scores

Framingham PROCAM SCORE
Parameter score score score

Age + + +
Gender + # (men only) +
Systolic blood pressure + + +
Smoking + + +
Diabetes mellitus # + #
Total cholesterol + # +
HDL cholesterol + + +
LDL cholesterol # + #
Triglycerides # + #
Positive family history # + #
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FIGURE 11-1. The PROCAM score, its prevalence, and the percentage of observed acute coronary events within each risk group.

FIGURE 11-2. The PROCAM score, its prevalence, and the percentage of the number of patients with an observed acute coronary event
within each risk group.

1
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but most events occur in the large intermediate-
risk group. Therefore, an additional method is
needed to identify the “true high-risk” individuals
hidden in the medium-risk group.

Imaging Methods for the Detection of 
High-Risk Individuals

An ideal valuable additional tool should meet the
following requirements:

– proven independent risk factor (= independent
from the risk factors in Table 11.1)

– proven information additional to the tradi-
tional risk factors

– no inherent risk
– widely available.

Although MRI is a valuable research tool for
assessing plaques in asymptomatic atheroscle-
rotic disease (see above), there are no data proving
that this imaging method delivers clinically
important, independent, and additional informa-
tion. Atherosclerosis of the carotid artery as
detected by ultrasound (see above) is related to an
increased hazard ratio. But neither for MRI nor for
carotid ultrasound does data exist regarding how
to additionally identify patients at high risk for
cardiovascular events, that is, a risk of >2%/year.

Calcium Scoring for the Detection of 
High-Risk Patients

For the identification of high-risk individuals, the
absolute calcium score has to be interpreted
within the context of age and gender. Thus each
interpretation of the calcium score (e.g. the Agat-
ston score) should describe the percentile allo-
cated to the score.28,69,70 An overwhelming number
of studies have shown that a calcium score,
especially in the upper (usually >75%) percentile
range, is a predictor of coronary/cardiovascular
events, independent of the traditional risk
factors.70–81 There is in particular no correlation
between the calcium score and LDL or HDL cho-
lesterol,82 nor any correlation with CRP,83,84 even
after adjusting for traditional risk factors.85 In an
unselected population of subjects older than 55
years, 30% of the men and 15% of the women
without risk factors had extensive coronary
calcification.86 There is no or only a weak correla-

tion between calcium scoring and the Framing-
ham risk estimate87,88 as well as the PROCAM risk
factor model.89

Three studies have shown that coronary
calcium provides independent incremental infor-
mation in addition to the Framingham score in
the prediction of cardiovascular events.71,76,90 Mor-
tality data from 10,377 asymptomatic individuals
with cardiac risk factors showed that when con-
sidering the receiver operating curve, the con-
cordance index alone for cardiac risk factors
increased from 0.72 to 0.78 (P < 0.001) when the
calcium score was added to a multivariable model
for prediction of death.76 Another study including
1461 asymptomatic adults has shown that across
all Framingham risk categories, calcium scoring
was predictive of risk among patients with a
Framingham score higher than 10%.71 All three
studies concluded that calcium scoring offers the
most additional information among individuals
in the Framingham intermediate-risk category.
Therefore, the ESC guidelines recommended
calcium scoring (with either EBCT or MSCT) as
an independent method of incremental informa-
tion for detecting a subset of high-risk patients.4,5

Although calcium scoring does not identify an
individual vulnerable plaque, it identifies the vul-
nerable individual.

According to the NCEP guidelines, diabetic
patients are already a “CAD equivalent” and
should therefore be treated like patients with
established CAD.46 An ABI <0.9 always represents
an individual at high risk (see above). Chronic
kidney disease is a risk factor for the development
of cardiovascular disease. It has been recom-
mended that chronic kidney disease be regarded
as a high risk in the full prevention and treatment
of CVD risk factors.91 The role of carotid plaque
imaging in ruling out high-risk coronary patients
is not yet clear: In the RECALL Study, 52% of
1526 individuals (mean age 58 ± 8 years) with 
no carotid plaque did have coronary calcified
plaques.40

The indications for calcium scoring in asymp-
tomatic patients without evidence of myocardial
ischemia are listed in Table 11-2.

If high-risk strategies are to have a major
impact on CVD in the population, they need to be
more widely used than previously envisaged.49

Combining the two approaches – conventional
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identifies patients with (even asymptomatic)
peripheral artery disease. Carotid ultrasound
detects increased intima–media thickness (IMT)
and plaque characteristics. The relatively crude
measures directly assessing plaques in the carotid
artery (and abdominal aorta) predicted myocar-
dial infarction equally well as the more precisely
measured carotid IMT. Magnetic resonance
imaging (MRI) has been evaluated as a means of
in vivo imaging of the arterial wall by noninva-
sively visualizing coronary plaques, but MRI is not
yet appropriate for use in additionally identifying
patients at high risk for CAD in clinical practice.

In contrast, cardio-CT easily depicts the pres-
ence of calcified plaques. The presence of coro-
nary calcium is identical with “disease” – there is
no “normal” calcium in the coronary vessel wall.
The amount of calcified coronary plaques reflects
the total coronary plaque burden; that is, the more
calcified plaques are present, the higher the
amount of non-calcified plaques. The demonstra-
tion of coronary calcium offers for the first time
the opportunity to directly visualize coronary ath-
erosclerosis by noninvasive means.

In recent years, there has been a paradigm shift
from the detection of “any atherosclerosis” to the
assessment of the individual risk, particularly
detecting the “high-risk” individual, defined as a
risk of >2%/year. High-risk patients can be
identified using the Framingham, PROCAM, or
SCORE score. There is, however, one inherent
problem in identifying individuals at high-risk
related to the prevalence: twice as many patients
with a heart attack (62%) arise from the “medium-
risk” group as from the “high-risk” group. The
dilemma is that the guidelines primarily focus on
“high-risk” patients, but most events occur in the
large intermediate-risk group. Therefore, an addi-
tional method is needed to identify the “true high-
risk” individuals hidden in the medium-risk
group:

An ideal and valuable additional tool should be
a proven independent risk factor, provide addi-
tional information to the traditional risk factors
with no inherent risk, and be widely available. An
overwhelming number of studies have shown that
a high (percentile) calcium score is a predictor of
coronary/cardiovascular events, independent of
the traditional risk factors. Three studies showed
that coronary calcium provides independent

risk estimation and calcification measurement –
should enable clinicians to better assess the man-
agement of asymptomatic individuals.92

Once an individual patient has been detected 
as at “high-risk,” an intensive risk factor
modification including lifestyle changes and
medical therapy should be initiated. An intensive
nurse-based educational program, however, was
not successful.93 Obviously, more than patient
education is necessary to reach these goals.94 For-
tunately, calcium scoring is helpful in patients’
motivation.95

Summary and Conclusions

Although modern medicine significantly im-
proved the short-term outcome of acute myocar-
dial infarction, it shifted the problem from a
decrease in mortality to an increase in morbidity.
Therefore, the challenge of modern medicine 
is to reduce the cardiovascular morbidity, that is,
to prevent the first event.

Asymptomatic atherosclerotic disease is de-
fined as the presence of abnormal function or
structure of the vessel wall without angina pec-
toris or demonstrable myocardial ischemia.
Functional tests for early detection of asympto-
matic atherosclerotic disease are forearm blood
flow measurements (not yet clinically established)
and the ankle–brachial index (ABI). An ABI <0.9

TTAABBLLEE 1111--22.. Indications for calcium scoring in asymptomatic
patients with no demonstrable myocardial ischemia. The highest
additional information is obtained in individuals classified as
“intermediate risk” according to conventional risk factor scoring

Conventional risk 
scoring (e.g. Framingham 
score, PROCAM score) Calcium scoring

Low-risk patients Not indicated (no screening method,
radiation, not cost-effective)

Intermediate-risk patients: Indicated (additional information,
identification of individuals actually at 
high risk)

High-risk patients Not indicated (not necessary, no additional
information)

Diabetic patients, Not indicated (not necessary, no additional 
ABI < 0.9, chronic kidney information, because already at high risk)
disease (carotid plaques?)
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incremental information in addition to the Fram-
ingham score in the prediction of cardiovascular
events. Thus, in asymptomatic individuals with no
demonstrable myocardial ischemia, the highest
additional information from calcium scoring is
obtained in individuals classified as “intermediate
risk” according to conventional risk factor
scoring. Combining the two approaches – con-
ventional risk estimation and calcification mea-
surement – should enable clinicians to better
assess the management of asymptomatic 
individuals.
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