
Summary

This paper addresses primary care physicians, cardiol-
ogists, internists, angiologists and doctors desirous of
improving vascular risk prediction in primary care.

Many cardiovascular risk factors act aggressively
on the arterial wall and result in atherosclerosis and
atherothrombosis. Cardiovascular prognosis derived
from ultrasound imaging is, however, excellent in sub-
jects without formation of intimal thickening or athero-
mas. Since ultrasound visualises the arterial wall di-
rectly, the information derived from the arterial wall
may add independent incremental information to the
knowledge of risk derived from global risk assessment.
This paper provides an overview on plaque imaging for
vascular risk prediction in two parts:

Part 1: Carotid IMT is frequently used as a surro-
gate marker for outcome in intervention studies ad-
dressing rather large cohorts of subjects. Carotid IMT
as a risk prediction tool for the prevention of acute myo-
cardial infarction and stroke has been extensively
studied in many patients since 1987, and has yielded
incremental hazard ratios for these cardiovascular
events independently of established cardiovascular risk
factors. However, carotid IMT measurements are not
used uniformly and therefore still lack widely accepted
standardisation. Hence, at an individual, practice-
based level, carotid IMT is not recommended as a risk
assessment tool.

The total plaque area of the carotid arteries (TPA)
is a measure of the global plaque burden within both
carotid arteries. It was recently shown in a large Nor-
wegian cohort involving over 6000 subjects that TPA is
a very good predictor for future myocardial infarction
in women with an area under the curve (AUC) using a

receiver operating curves (ROC) value of 0.73 (in men:
0.63). Further, the AUC for risk prediction is high both
for vascular death in a vascular prevention clinic group
(AUC 0.77) and fatal or nonfatal myocardial infarction
in a true primary care group (AUC 0.79). Since TPAhas
acceptable reproducibility, allows calculation of post-
test risk and is easily obtained at low cost, this risk as-
sessment tool may come in for more widespread use in
the future and also serve as a tool for atherosclerosis
tracking and guidance for intensity of preventive ther-
apy. However, more studies with TPA are needed.

Part 2: Carotid and femoral plaque formation as
detected by ultrasound offers a global view of the ex-
tent of atherosclerosis. Several prospective cohort stud-
ies have shown that cardiovascular risk prediction is
greater for plaques than for carotid IMT. The number
of arterial beds affected by significant atheromas may
simply be added numerically to derive additional in-
formation on the risk of vascular events.

A new atherosclerosis burden score (ABS) simply
calculates the sum of carotid and femoral plaques en-
countered during ultrasound scanning. ABS correlates
well and independently with the presence of coronary
atherosclerosis and stenosis as measured by invasive
coronary angiogram. However, the prognostic power of
ABS as an independent marker of risk still needs to be
elucidated in prospective studies.

In summary, the large number of ways to measure
atherosclerosis and related changes in human arteries
by ultrasound indicates that this technology is not yet
sufficiently perfected and needs more standardisation
and workup on clearly defined outcome studies before
it can be recommended as a practice-based additional
risk modifier.
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First part: Carotid IMT and carotid plaque area

Carotid intima-to-media thickness (IMT) has been
studied extensively as a tool for prediction of cardio-
vascular events, i.e. myocardial infarction and stroke.
A large number of investigations have shown that in-
terventions aiming at risk reduction for cardiovascular
events went along with reductions in carotid IMT.
Carotid IMT may therefore be used as a surrogate
marker for outcome, e.g. in studies using statins [1].

However, there is ongoing debate as to whether
carotid IMT should be used to predict cardiovascular
events on an individual basis in clinical practice, or, in
other words, whether carotid IMT may serve as a tool
to guide intensity of primary prevention activities in
primary care.

Evidence from community-based cohorts

The ARIC studies
Carotid IMT has been used in clinical trials for
decades. The largest study ever performed – the “Ath-
erosclerosis Risk in Communities” (ARIC) study –was
also one of the first, and measured carotid IMT in hu-
mans as a risk prediction tool for myocardial infarction
(ARIC-AMI [2]) and stroke of ischaemic origin (ARIC-
STROKE, [3]). The ARIC study originally included
7289 women and 5552 men aged 45–64 years. Maxi-
mum carotid IMT was measured at 12 predefined sites
within the common and internal carotid artery and the
bulbs, including near and far wall measurements. The
feasibility of this method was however low: only in 15%
of all subjects were all measurements available and
corrections for missing values had to be made using
maximum likelihood methods [2]. Further, risk predic-
tion for acute myocardial infarction (AMI) was rela-
tively low, especially in men, when the 3rd tertile (IMT
>0.8 mm) was used: of 194 AMI occurring during a fol-
low-up of 4–7 years, only 106 (sensitivity 55%) were
correctly predicted. As a comparison, an LDL value
>4.14 mol/l had a sensitivity of 38%. However, the haz-
ard ratio (HR) for IMT >0.8 mm in men remained sta-
tistically significant after correction for major cardio-
vascular risk factors (HR: 2.9, 95% CI 1.9–4.3). In
women the 3rd tertile (IMT >0.7 mm), the sensitivity in
detecting incident AMI was 69% with an HR of 5.6
(95% CI 3.0–14.9), and for LDL >4.14 mol/l sensitivity
was 45%. Although hazard ratios may be impressive,
test performance in terms of sensitivity may not be sat-
isfactory.

To circumvent this problem receiver operating
curves (ROC) are increasingly used to define the addi-
tional value of a test when major cardiovascular risk
factors are already known. In the ARIC-AMI study [2]
such calculations were not performed. For the ARIC-
STROKE study [3] areas under the curve (AUC) were
performed for traditional cardiovascular risk factors

and additional measurements. Among 22 nontradi-
tional factors considered, the joint addition of Body
Mass Index, waist-hip ratio, high density lipoprotein
cholesterol, albumin, von Willebrand factor, alcohol
consumption, peripheral arterial disease and carotid
artery wall thickness improved prediction of future is-
chaemic stroke modestly and to a statistically signifi-
cant degree over a risk score that included traditional
factors. Further improvement was obtained by adding
age and race. For women the area under the receiver
operating characteristic curve went from 0.79 to 0.83
to 0.84; for men it went from 0.76 to 0.78 to 0.80. As the
authors stated, “these modest improvements are not
enough to influence clinical and public health efforts to
reduce the community burden of ischaemic stroke”.

Cardiovascular Health Research Group
In contrast to the ARIC studies, which included sub-
jects of middle age, the Cardiovascular Health Study
Collaborative Research Group included only subjects
aged at least 64 years during a follow-up period of
6.2 years with 267 AMI and 284 ischaemic strokes
observed in 4476 subjects [4]. For the total group, a
carotid IMT >1.17 mm (maximum IMT derived from
far walls of the common carotid arteries and the carotid
bulb corresponding to the 5th quintile) was associated
with an annual event rate for AMI of 18/1000 and for
ischaemic stroke of 24/1000. By extrapolation to a ten-
year observation period, therefore, IMT >1.17 mm iden-
tified only intermediate risk subjects for AMI (18%),
but high risk subjects for STROKE (24%). Although
hazard ratios were significant after correction for con-
ventional cardiovascular risk factors (HR 3.15, 95% CI
2.19–4.52), again, ROC analysis was not performed.
Hence the true sensitivity and predictive values in this
study are unknown and the incremental value based
on AUC remains to be determined.

The Rotterdam studies
Another large observational study included a popula-
tion-based sample of 5130 subjects aged >55 years
(mean age 72 years) recruited from the Rotterdam area
[5]. In this analysis, a nested case control design was
used with 1496 controls and 374 cases (194 AMI and
191 STROKE). Mean carotid IMT measurements ware
taken from multiple measurements of the common
carotid artery, including near and far wall measure-
ments. Again, the hazard ratios remained significantly
high after correction for age and gender with values for
the combined IMT of 1.71 (95% CI 1.45–2.01) for AMI
and 1.68 (95% CI 1.44–1.96) for STROKE. However,
using ROC analysis, the incremental gain in risk by
adding carotid IMT was minimal. The ROC area of a
model with age and sex only was 0.65 (95% CI 0.62–
0.69). Independent risk factors were previous myocar-
dial infarction and stroke, diabetes mellitus, smoking,
systolic blood pressure, diastolic blood pressure, and
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total and HDL cholesterol levels. These risk factors in-
creased the ROC area from 0.65 to 0.72 (95% CI 0.69–
0.75). This model correctly predicted 17% of all subjects
with coronary heart disease and cerebrovascular dis-
ease. When common carotid IMT was added to the pre-
vious model, the ROC area increased to 0.75 (95% CI
0.72–0.78). When only the IMT measurement was
used, the ROC area was 0.71 (95% CI 0.68–0.74), and
14% of all subjects were correctly predicted. There was
no difference in ROC area when different measurement
sites were used. The authors concluded: “Adding IMT
to a risk function for coronary heart disease and cere-
brovascular disease does not result in a substantial in-
crease in predictive value when used as a screening
tool.”

In a more recent study where carotid IMT was
measured between 1997 and 2000 in 1795 population-
based asymptomatic subjects with a mean age of
71 years [6], 50 coronary events occurred (40 fatal or
non-fatal AMI, 10 coronary revascularisations). In
this group observed for 3.3 years, the severest level
of carotid IMT exhibited a nonsignificant hazard ratio
of 1.6 (95% CI 0.8–3.1).

The Tromsø study
The Tromsø study investigated 6226 men and women
over a period of 6 years. Average age of the cohort was
60 years. The adjusted RR (95% CI) in the highest ver-
sus lowest IMT quartile was 1.73 (0.98–3.06) in men
and 2.86 (1.07–7.65) in women. When bulb IMT was ex-
cluded from analyses, IMT did not predict MI in either
sex [7].

The GENIC Study
In the GENIC Study [8], the ability of carotid IMT
(mean thickness of the common carotid artery, far wall
measurements, CCA-IMT) to detect ischaemic stroke
confirmed by magnetic resonance imaging was tested
in a case control study comprising 470 cases and 933
controls. The risk of ischaemic stroke increased con-
tinuously with increasing CCA-IMT. The odds ratio per
standard deviation (SD) increase (0.150 mm) was 1.82
(95% CI 1.54–2.15); adjustment for cardiovascular risk
factors slightly attenuated this relation (HR 1.73; 95%
CI 1.45–2.07). The hazard ratio for a CCA-IMT above
the 75th percentile (CCA-IMT >0.871 mm) was 5.93
(95% CI 3.71–9.47, p <0.0001). The mean CCA-IMT for
all types of stroke was 0.797 mm in cases and 0.735
mm in controls, with a difference of 0.062 mm between
cases and controls.

Carotid IMT in younger subjects
In younger subjects there are virtually no outcome data
for hard cardiovascular events based on carotid IMT.
Studies therefore relied on the associations between
carotid IMT and cardiovascular risk factors. In the
carotid IMT, part of the Muscatine study, 182 asymp-

tomatic men and 136 asymptomatic women aged 33–
42 years were studied. Significant risk factors for in-
creased carotid IMT were elevated LDL cholesterol and
smoking in men and elevated LDL cholesterol and sys-
tolic blood pressure in women [9]. In the Bogalusa
Heart Study 518 asymptomatic individuals with a
mean age of 32 years were studied. Risk factors in-
cluded were Body Mass Index, cholesterol, cigarette
smoking, systolic blood pressure, waist circumference
and insulin level. IMT increased significantly as the
number of risk factors increased [10]. However, in a re-
cent overview on the association of carotid IMT in
young diabetic subjects, conflicting results were found
[11]. Although carotid IMT measurements were
thought to be useful over and above conventional risk
factors including diabetes mellitus, the authors con-
cluded that “IMT measurements in the children and
teens with type 1 diabetes have yielded conflicting re-
sults, and larger, longitudinal studies are needed in
this area”.

Final comments on IMT
In a recent European consensus paper [12] the authors
commented that since carotid IMT is not yet an ac-
cepted screening tool for cardiovascular events, “there is
no need to ‘treat IMT values’ or to monitor IMT values
in individual patients save in a few exceptional cases
(e.g. familial hypercholesterolaemia)”, whilst a task-
force paper for the American Society of Echocardiogra-
phy [13] argued in favour of measuring IMT in primary
care individuals. The evidence in favour of a statisti-
cally significant and incremental value of carotid IMT
measurements over known vascular risk factors is,
however, still modest. For the future, more studies are
needed using large cohorts of patients with standard-
ised carotid IMT measurements as defined in the re-
cent European consensus paper [12], which stated that
plaques should be excluded from IMT measurements.
However, in the large IMT epidemiological studies
plaque measurements were probably included [14].

Further, by using only high resolution B-mode ul-
trasound transducers (≥10 mHz), better results in car-
diovascular risk prediction may be achieved. For inter-
vention studies, carotid IMT should be measured in a
standardised manner as defined by the European con-
sensus paper [12], preferably at the common carotid
artery far wall. Further, although manual tracing is
feasible and reproducible, semi-automatic software, as
exemplified in figure 1, is readily performed and easy
to handle.

Debate is ongoing as to the incremental value of
IMT measurements over major independent cardio-
vascular risk factors. Analysis based on hazard ratios
shows a large overlap between cases and controls, and
it may be difficult in clinical situations to identify with
enough certainty which subject may benefit more from
aggressive cardiovascular risk factor modification with
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a given degree of increased carotid IMT. Further, in-
creases of 0.1 mm in IMT involve only a modest in-
crease in risk with a hazard ratio of some 1.1 [14]. On
the other hand, analysis of the value of the IMT as an
additional test using ROC analysis has been criticised
as too insensitive [15]. An elegant way to escape this
ongoing scientific debate would be to use estimates of
risk from conventional risk factor testing as the pretest
probability for vascular events, and use IMT measure-
ments to calculate posterior probabilities based on
Bayes statistics [16–18]. This approach would allow
subjects to be reclassified into a higher or lower risk
category on the basis of widely accepted mathematical
models.

In summary, carotid IMT is used as a surrogate
marker for outcome in intervention studies addressing
rather large cohorts of subjects. At an individual, prac-
tice-based level, carotid IMT deserves further study be-
fore it can be implemented as an accepted risk assess-
ment tool. More studies are needed to define with
greater clarity how results from carotid IMT measure-
ments may be used in clinical practice.

Total plaque area of carotid arteries (TPA)
Focal thickening within the carotid wall expresses ath-
erosclerosis of the vessel and is termed plaque. The def-
inition of carotid plaque formation is, however, not uni-
form. A recent European consensus paper [12] defined
plaque as a focal thickening of >1.5 mm and/or defines
plaque as focal widening of the vessel wall of 50% rel-
ative to adjacent segments, with protrusion into the
lumen, composed of calcified or noncalcified compo-
nents. The protrusion is generally evaluated by eye-
balling judgment, without measuring the thickness of
the lesions or of the adjacent structure. A total plaque
score may be built which reflects the total number of
sites with plaques and may range from 0 to 6 (left- and
right-sided common carotid artery, bifurcation, and in-
ternal carotid artery) [19].

Carotid plaques may also be measured as a surface
area longitudinally (fig. 2). This technique was used in
the original London cohort with a large number of sub-
jects to predict cardiovascular risk [20]. Images are ac-
quired in the supine position. During the carotid artery
examination, the patient is made comfortable in a posi-
tion that allows head rotation to either side. The sono-
grapher stands to the right of the patient’s chest. The
head is rotated 35–45° away from the side examined
and retroflexed by about 10–20°. Imaging is started
with a transverse (short axis) sweep including the total
length of the common carotid artery, the bulb, and all
visible parts of the internal and external carotid arter-
ies to check for the presence of plaque defined by a
thickening >1 mm. Plaque quantification is made from
a longitudinal image. Online tracing of the plaque sur-
face is performed using calipers. The plane in which
the measurement of each plaque was made is chosen

Cardiovascular Medicine 2010;13(9):255–264

Figure 1
Carotid IMT. The figure shows a case of IMT quantification with the M’ATH soft-
ware. The mean common carotid IMT was 0.60 mm.

Figure 2
The figure shows an example of how plaque area can be measured in practice.
In the image a single large plaque measured 0.57 cm2. The sum of all plaques
within both carotid arteries is the total plaque area (TPA).

Figure 3
Example of common femoral artery plaque. The figure shows an atherosclerotic
plaque in the common femoral artery.
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by panning around the artery until the view showing
the largest extent of that plaque was obtained. The
sum of all plaque surface areas is defined as the total
plaque area (TPA). Intraobserver reliability (intra-
class correlation) was 0.94 for repeated measurements
[21].

Diagnostic performance of TPA
The diagnostic performance of TPA for the combined
endpoint of myocardial infarction and stroke was orig-
inally tested in 1686 subjects [20]. 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 for fatal myocardial infarction or fatal stroke.
With increasing levels of TPA, an increase in fatal myo-
cardial infarction and fatal stroke incidents was ob-
served with a 10-year event rate of 17.5% in the high-
est quartile (TPA >1.19 cm2). The adjusted 5-year rela-
tive risk of combined outcome of stroke, myocardial in-
farction, and vascular death was 3.5 (95%CI 1.8–6.7, p
<0.001) for the 4th versus the 1st quartile of TPA. The
diagnostic performance of TPA using receiver-operat-
ing characteristics (ROC) 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 non-fatal myocardial infarction, AUC was
only 0.56 (p = 0.02).

TPA was further tested in a subgroup of the origi-
nal London cohort, in which no previous vascular dis-
ease was present and the dataset was complete, to cal-
culate 10-year risk estimates for fatal or nonfatal
myocardial infarction based on the NCEP III risk al-
gorithm [12, 14–15]. The comparison between TPAand
NCEP III risk showed a high AUC for TPA to detect 13
subjects with fatal or nonfatal myocardial infarction
during a mean follow-up of 3 years (AUC 0.79, p
<0.0001). For the cutoff value of TPA >1.00 cm2, the
sensitivity was 62% and the specificity 87%. For the
same cohort, NCEP III performed less well (AUC 0.68,
p = 0.002, loss of diagnostic information of AUC = 11%,
p = 0.096). A NCEP III risk of >20% in 10 years had a
sensitivity of 31% and a specificity of 90%. When NCEP
III risk was used as the pretest probability and TPA re-
sults as the post test probability after applying the
Bayes theorem, the post test AUC was 0.77 (95% CI:
0.67–0.87, p = 0.0027). TPA-PTP added 9.5% additional
prognostic information, which was statistically signif-
icant (p = 0.0029).

The prognostic information for myocardial infarc-
tion was published for TPA in a large population-based
Norwegian cohort [7]. In this study, 6226 subjects (3237
women) were investigated. All subjects were originally
free of vascular disease and the mean age was approx.

60 years. Subjects were divided into tertiles with re-
spect to TPA results. In 2989 men followed up over
6 years, annualised risk per 1000 subjects for AMI was
8% in the no plaque group, 10% in the first, 18% in the
second and 23% in the third tertile. The AUC of no
plaques and tertiles of TPA was 0.63, yielding a good
TPA diagnostic value. In 3237 women followed up over
6 years, annualised risk per 1000 subjects for AMI was
2% in the no plaque group, 5% in the first tertile, 10%
in the second and 16% in the third. The AUC of no
plaques and tertiles of TPA was 0.73, yielding a good
diagnostic value for TPA. TPA is thus an especially
valuable test for risk prediction of future myocardial
infarction in women with a negative likelihood ratio of
0.36 in women without plaques (men: 0.63) and a posi-
tive likelihood ratio of 3.4 in women with plaques in
the third tertile (men: 1.84). Although TPA was as-
sessed only in the right carotid artery in all patients,
the large number of patients and events allows ex-
trapolation of the data to a TPA derived from both
carotid arteries by simply doubling the values within
the tertiles.

Recently, the same group published the data on
prognosis for a first ischaemic stroke using plaque area
and intimamedia thickness in the carotid artery [22].
IMT and total plaque area in the right carotid artery
were measured in 3214 men and 3313 women aged
25–84 years who participated in a population health
study in 1994–1995. During follow-up (median 8.9
years), incident ischaemic strokes occurred in 6.5%
(n = 209) of men and 4.4% (n = 146) of women. The age-
adjusted hazards ratio for ischaemic stroke in the high-
est quartile of plaque area versus no plaque was 2.67
(95% CI 1.83–3.91, p <0.0001) in men and 2.21 (95%
CI 1.42–3.44, p <0.001) in women. The associations
were weakened, but remained significant after adjust-
ment for systolic blood pressure, HDL-cholesterol,
smoking, prevalent diabetes and coronary heart dis-
ease. There were no significant associations between
IMT and ischaemic stroke.

Calculation of post test risk based
on EAS-SCORE and IAS-PROCAM
Based on the original London cohort, post test proba-
bilities may be calculated using the Bayes formula with
the EU-SCORE as the pretest probability [23], since
both these risk charts and TPAhave been shown to pre-
dict vascular mortality with good accuracy. In a Swiss
group of patients, however, risk appeared to be overes-
timated when EAS-SCORE and TPA post test proba-
bility on one hand were compared with CH-PROCAM
and coronary calcification post test probability on the
other hand [24]. In view of the new data from Norway,
TPA can now be used to calculate post test risk in men
and women separately for the risk of myocardial
infarction using IAS-PROCAM as the pretest proba-
bility.
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Final comments on TPA
TPAhas emerged as a strong predictor of vascular mor-
tality, the combined endpoint of death due to coronary
artery disease and stroke, and incident myocardial in-
farction and ischaemic stroke in large cohorts of pa-
tients. TPA may therefore serve as an additional tool
to stratify risk in intermediate risk subjects defined by
the EAS-SCORE or IAS-PROCAM. Since TPA is read-
ily measured with a reportedly acceptable repro-
ducibility, its increased future use can be anticipated.

Second part: Plaque imaging in carotid
and/or femoral arteries

Plaque definition
The atherosclerotic plaque is defined by focal en-
croachment into the lumen of at least 50% of the sur-
rounding IMT value. In the Mannheim Intima Media
Thickness Consensus, the definition of plaque includes
either local encroachment into the arterial lumen >50%
(or 0.5 mm), or a local thickness >1.5 mm [12]. How-
ever, as reported by Bots [25], a cutoff of 1.1–1.2 mm
was used in many studies to define the presence of
plaque.

To assess the severity of atherosclerosis, some au-
thors used an ultrasound morphology classification of
the arterial wall. The IMT measurements were classi-
fied into four categories: no atherosclerotic lesion, in-
timamedia thickening, nonstenotic plaque and large
stenotic plaque [26–29]. Others used a plaque score
which is computed by summing the maximum thick-
ness of all plaques in both carotid systems [30] or as a
sum of all plaques in all segments of the carotid artery
[31–35].

Correlation between plaques
and cardiovascular risk
In recent years, increased attention has been given to
the correlation between coronary artery disease (CAD)
and the cumulative extent of peripheral atherosclerosis
in carotid and femoral arteries, as well as in the aorta
[28, 29, 36–45]. Table 1 summarises the 13 principal
prospective studies that have analysed the value of
carotid and femoral plaques as a means of identifying
individuals at increased risk for premature myocardial
infarction, stroke or death. These studies included
asymptomatic patients [27, 28, 33, 46] or cardiovascu-
lar risk patients with or without a cardiovascular his-
tory [29–32, 34, 35, 47, 48]. The mean follow-up was
between 1.1 and 12.7 years. In half of them, the plaque
was defined on arbitrarily-chosen cutoff points of local
thickness of IMT ranking, usually between 1.0 and 1.5
mm [27, 28, 34, 35, 46, 47], and in others by focal en-
croachment into the lumen of at least 50% of the sur-
rounding IMT value [29, 31, 32, 48]. In the majority of
them, plaque had a better predictive value for cardio-
vascular events than IMT. Severity of atherosclerosis

was appraised by use of a plaque score, a cutoff point of
IMT or the degree of stenosis.

For example, the Rotterdam Study [31] used a total
plaque score reflecting the presence of plaques at 6 dif-
ferent locations within the carotid arteries to evaluate
the risk of stroke in 3996 neurologically asymptomatic
subjects aged >55 years. The authors found an in-
creased rate ratio for stroke after a mean follow-up of
6.1 years, from 1.0 (95% CI) in patients without
plaque to 1.18 (0.82–1.71), if 1–2 plaques were present,
and to 1.47 (1.02–2.13) for the presence of 3–6 carotid
plaques respectively. These results may argue again
in favour of cardiovascular risk assessment based on
the extent of atherosclerosis with detection of plaques
on carotid sites, rather than using the average of
multiple carotid intima media thickness (C-IMT) mea-
surements.

All studies have shown a correlation between the
presence of plaques and/or the severity of atheroscle-
rosis and the occurrence of cardiovascular events. In
addition, their analysis supports the superiority of
plaque imaging to IMT in cardiovascular risk predic-
tion [26, 29, 33, 34, 46].

The inclusion of the femoral artery added more in-
formation to that provided by the carotid artery alone
in predicting risk of cardiovascular events. The
CAFES-CAVE study, a 10-year follow-up study includ-
ing 10000 asymptomatic subjects at low risk with a
mean age of 53.2 + 6.3 years [28] supports this view. In
this study, the rate of cardiovascular events in each
class over the next 10 years rose dramatically from
0.13% in class I (normal wall) to 8.6% in class II (wall
thickening), to 39.3% in class III (nonstenosing
plaques) and 81.6% in class IV (stenosing plaques). The
authors note that the combination of both carotid and
femoral screening provided an additional value to the
single carotid measurement and that 30% of subjects
with normal carotid arteries had femoral plaques. In
addition, a common carotid artery IMT <1.0 mm was
observed in 74% of subjects of class II, in 54% of class
III and in 44% of subjects in class IV. However, the
drawbacks of this study were discussed in the first sec-
tion of this position paper.

Among 693 asymptomatic patients with hypercho-
lesterolaemia, Levenson [49] reported a prevalence of
atherosclerotic lesions in 25% within carotid arteries,
34% within the aorta and in 51% within the femoral
arteries. In the LiVicordia study, Kristenson [40] found
a prevalence of femoral plaques in comparison to
carotid arteries in 200 randomly sampled 50-year-old
asymptomatic men. Simon [38] also reported a lower
prevalence of carotid plaques (20%) than femoral
plaques (40%) in hypertensive middle-aged men.

Taken together, these results showed that the de-
tection of carotid and femoral plaques could offer a
more global view of the subjects’ atherosclerotic status
and that, therefore, such screening may provide a bet-
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Table 1
Atherosclerotic plaques and prediction of cardiovascular events in prospectives studies.

Author N (sex, age) Follow-up Site Plaque definition Cardiovascular risk prediction

Salonen JT. 1288 1 m. to 2.5 y. Carotid Mineralization or focal RR of coronary events for:
KIHD study (men, 42, 48, 56 and 60 y.) (mean 1 y.) protrusion of IMT Small plaques: RR = 4.15 (95% CI 1.51–11.47)
(1991) [26] Large stenotic plaques: RR = 6.71 (95% CI 1.33–33.91)

IMT: RR = 2.17 (95% CI 0.70–6.74)

Handa N. 214 Mean 16 m. Carotid Plaque score = sum of thickness HR for stroke if:
OSACA study risk patients or prior CVD of each plaque (mm) Plaque score 5.1 to 10.0: HR = 2.7
(1995) [30] Plaque score >10.0: HR = 9

Belcaro G. 2322 6 y. Carotid IMT >1.0 mm Incidence of total CV events if:
(1996) [27] (876 women, 30 to 70 y.) + femoral IMT ≤1.0 mm: 0.0%

asympt. IMT 1.1–2.0 mm: 5.5%
Non-stenotic plaque (C-IMT <2.0 mm): 18.4%
Stenotic plaque (stenosis >50%): 42%

Belcaro G. 10000 10 y. Carotid IMT >1.0 mm Incidence of total CV events if:
CAFES-CAVE (3945 women, 35 to 65 y.) + femoral IMT ≤1.0 mm: 0.13%
study asympt. IMT 1.1–2.0 mm: 8.6%
(2001) [28] Non-stenotic plaque (C-IMT >2.0 mm): 39.1%

Stenotic plaque (stenosis >50%): 81.06%

Held C. 558 Mean 3 y. Left carotid Focal widening of the vessel Adjusted RR of CV death or myocardial infarction for:
APSIS study (182 women, 60 ± 7 y.) + femoral wall >100% relative to adjacent Carotid plaque: RR = 1.83 (95% CI 0.96–3.51)
(2001) [6] stable angina pectoris segment C-IMT (>1.02 mm): RR = 0.78 (95% CI 0.36–1.70)

Femoral plaque: RR = 0.86 (95% CI 0.43–1.71)
F-IMT (>1.69 mm): RR = 1.98 (95% CI 0.76–5.16)

Hollander M. 3996 Mean 6.1 y. Carotid Focal widening of the vessel Adjusted RR of stroke for:
Rotterdam (women 60.3%, ≥55 y.) wall >50% relative to adjacent Moderate plaque vs no plaque RR = 1.18
study no prior stroke segment (95% CI 0.82–1.71)
(2003) [31] Severe plaque vs no plaque RR = 1.47

(95% CI 1.02–2.13)
IMT (tertile 2 vs 1): RR = 1.64 (95% CI 1.01–2.66)
IMT (tertile 3 vs 1): RR = 12.42 (95% CI 1.51–3.89)

van der Meer I. 6389 Mean 10 y. Carotid Focal widening of the vessel Adjusted HR of incident myocardial infarction for:
Rotterdam study (women 61.9%, ≥55 y.) wall >50% relative to adjacent Plaque (yes or no): HR = 1.83 (95% CI 1.27–2.62)
(2004) [32] no prior MI or revascul segment IMT (quartile 4 vs 1): HR = 1.95 (95% CI 1.19–3.19)

Störk S. 367 4 y. Carotid Focal widening relative to Adjusted HR of cardiovascular mortality for:
(2004) [33] (men, 78 ± 4 y.) adjacent segment Plaque score (0–4): HR = 1.60 (95% CI 1.17–2.17)

asympt. elderly IMT (far wall): HR = 2.59 (95% CI 0.27–24.92)

Kitamura A. 1289 Mean 4.5 y. Carotid IMT ≥1.5 mm Adjusted RR of stroke for:
(2004) [47] (men, 60–74 y.) Smooth or mildly irregular plaque vs no plaque:

no prior stroke or RR = 3.0 (95% CI 1.3–6.9)
CHD+B35 Markedly irregular or ulcerated plaque vs no plaque:

RR = 4.4 (95% CI 1.4–14.0)
Homogeneous plaque vs no plaque:
RR = 3.3 (95% CI 1.4–7.9)
Heterogeneous plaque vs no plaque:
RR = 3.1 (95% CI 1.2–7.7)
CCA-IMT ≥1.07 mm & ICA-IMT <1.93 mm:
RR = 2.8 (95% CI 1.1–7.2)
CCA-IMT ≥1.07 mm & ICA-IMT ≥1.93 mm:
RR = 4.8 (95% CI 1.9–12.0)

Rosvall M. 5163 Mean 7 y. Right carotid Adjusted HRR of coronary events for:
(2005) [34] (3074 women, 46 to 68 y.) Plaque (yes or no) = 1.81 (95% CI 1.14–2.87)

no prior MI and/or stroke IMT (tertile 2 vs 1): = 1.28 (95% CI 0.68–2.35)
IMT (tertile 3 vs 1): = 1.50 (95% CI 0.81–2.59)

Rosvall M. 5163 Mean 7 y. Right carotid IMT >1.2 mm Adjusted HRR of stroke for:
(2005) [35] (3074 women, 46 to 68 y.) Plaque (yes or no) = 1.26 (95% CI 0.76–2.10)

no prior MI and/or stroke IMT (tertile 2 vs 1): = 1.77 (95% CI 0.80–3.92)
IMT (tertile 3 vs 1): = 2.54 (95% CI 1.20–5.40)

Prati P. 1348 Mean 12.7 y. Carotid IMT >1.0 mm Adjusted RR of cerebrovascular ischaemic events for:
San Daniele (718 women, 18–99 y.) Plaque (yes or no) RR = 10.4 (95% CI 6.4–17.1)
study asympt. carotid IMT >1.0 mm vs <1.0 mm)
(2008) [46] atherosclerosis RR = 5.6 (95% CI 3.2–10.1)

Rundek T. 2189 Mean 6.9 y. Carotid Focal widening of the vessel Adjusted HR of myocardial infarction for:
Northern (1309 women, 68 ± 10 y.) wall >50% relative to adjacent Plaque & max. thickness of plaque <1.9 mm
Manhattan no prior stroke segment vs no plaque: HR = 0.94 (95% CI 0.52–1.69)
study Plaque & max. tickness of plaque ≥1.9 mm
(2008) [48] vs no plaque: HR = 1.41 (95% CI 0.81–2.45)

Adjusted HR of stroke for:
Plaque & max. tickness of plaque <1.9 mm
vs no plaque: HR = 0.78 (95% CI 0.46–1.35)
Plaque & max. tickness of plaque ≥1.9 mm
vs no plaque: HR = 1.12 (95% CI 0.66–1.91)
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ter indicator of the risk of cardiovascular events than
carotid IMT measurements alone.

Other methods of plaque measurement
to predict cardiovascular events

Plaque echogenicity
Another approach to measurement of the atheroscle-
rotic burden is to evaluate the qualitative characteris-
tics of atherosclerosis in an effort to distinguish vul-
nerable from stable atherosclerotic plaques. Echogenic
properties of carotid plaques have been associated with
the risk of cardiovascular and cerebrovascular events
in different patient populations [50–53]. Echolucent
carotid plaques may help to identify patients at greater
risk for future stroke [48, 49] or to predict coronary
events [54–56].

The Atherosclerosis Burden Score (ABS score)
We propose an alternative approach to targeting and
monitoring of preventive vascular therapy based on the
use of a new score (atherosclerosis burden score, ABS)
defined as the number of carotid and femoral arteries
presenting plaques defined as focal thickening of at
least 1.2 mm.

The choice of a focal thickness ≥1.2 mm was based
on the data of our previous study, performed to evalu-
ate the reference values of C-IMT and femoral intima-
media thickness (F-IMT) in healthy subjects aged 20–
60 without major cardiovascular risk factors [57]. Our
data [58] demonstrate that ABS is highly reproducible
and correlates more closely with conventional cardio-
vascular risk factors than carotid IMT. Furthermore,
this score is better at predicting the presence of coro-
nary artery disease defined by coronary angiogram
than carotid IMT, and correlates more closely with the
severity of this disease. Our results are in agreement
with other studies clearly distinguishing carotid IMT
from atherosclerotic plaques and demonstrating that
coronary heart disease risk is largely associated with
the presence of nonobstructive or obstructive plaque
rather than carotid IMT [26, 28].

Final comments for ultrasound carotid
and femoral plaque imaging
The presence of plaque, together with other major car-
diovascular risk factors, could be used to define persons
at high risk for myocardial infarction or stroke. Also,
the presence of a subclinical plaque may provide added
motivation for people to modify lifestyle risk factors
and adhere to any necessary medication. Finally,
plaque imaging may also be helpful in evaluating the
efficacy of anti-atherosclerotic therapy and individual
monitoring of therapy. However, these assumptions
await further elucidation by ongoing scientific work.

Future directions for atherosclerosis imaging

This paper addresses primary care doctors, cardiolo-
gists, internists, angiologists and doctors working to
improve vascular risk prediction in primary care.

In it, we were able to review a considerable number
of papers aiming at improving vascular risk prediction.
Despite the large volume of published literature in that
field of research, the clinical acceptance and inclusion
of atherosclerosis imaging in national guidelines is still
pending. There are several reasons for this:
– different definitions of vessel wall morbidity for the

same outcome measurements,
– the statistical approach to definition of the inde-

pendent incremental value of atherosclerosis im-
aging over the major independent cardiovascular
risk factors,

– the lack of definite proof that atherosclerosis im-
aging really helps to motivate primary care sub-
jects to adhere better to medical advice and ther-
apy,

– the need for cost-effectiveness studies,
– the need for outcome studies showing that inter-

vention guided by atherosclerosis imaging really
improves outcome,

– the lack of a consensus as to which imaging method
using ultrasound, computed tomography or mag-
netic resonance – to mention only the noninvasive
technologies – should be used first in sequential
testing.

Nevertheless, improvements need to be made in vas-
cular risk prediction in view of the low sensitivity of
published risk charts such as PROCAM, FRAMING-
HAM, REYNOLDS, ESC-SCORE, etc. However, one
crucial point seems to be resolved with respect to the
correct statistical approach to judgement of the incre-
mental value of a new emerging test (e.g. atherosclero-
sis imaging) over conventional cardiovascular risk fac-
tors: Net Reclassification Improvement (NRI) is a sim-
ple and reliable tool which is increasingly replacing
receiver-operating curves (ROC) [59, 60]. In the mean
time, the debate on the clinical usefulness of athero-
sclerosis imaging over the emerging risk factors will
certainly continue for several years. One important
proof of concept has been published recently for the
large ARIC cohort, which comprises 13145 subjects
over a mean follow-up of 15.1 years. This study showed
a 22% net reclassification improvement for the com-
bined measurement of IMT and carotid plaques. Thus,
the clinical utility of carotid imaging in improving car-
diovascular risk prediction over the presence of tradi-
tional cardiovascular risk factors is scientifically es-
tablished [61].
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