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A useful, extremely safe technique for the evaluation of vascular anatomy

Carotid ultrasonography in the
assessment of cardiovascular risk
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Summary

Carotid ultrasound is one of the most accessible examinations in daily clin-
ical practice for the evaluation of the arterial status. However, the
clinical implications of the presence, the extension and the morphology of
carotid damage are not entirely clear. Aim of this narrative review is to dis-
cuss the role of carotid ultrasound in the assessment of cardiovascular risk
through the examination of the updated evidence in the literature. We de-
scribe the technical aspects of the procedure and the possible correlations
between the imaging results and the assessment of the cardiovascular
risk. Some insights about new, more sophisticated techniques for carotid
evaluation, such as carotid three-dimensional and contrast-enhanced
ultrasound, are also presented.
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Carotid ultrasound evaluation

B-mode ultrasound carotid evaluation is a high-reso-
lution, noninvasive and widely available technique
for the direct visualisation of the arterial anatomy
(fig. 1) [1]. The examination determines the carotid in-
tima-media thickness (CIMT), defined as the thick-
ness, measured in the far wall of the common carotid
artery (CCA), from the media-adventitia interface to
the intima-lumen interface (with a threshold value
for subclinical vascular damage >0.9 mm) (fig. 2), and
the possible presence of atherosclerotic plaques, de-
fined as CIMT »>1.5 mm or as focal lesions encroaching
into the vascular lumen by at least 0.5 mm or 50% of
the surrounding IMT value [2]. From a pathophysio-
logical point of view it is important to stress that an
increase in CIMT and a carotid plaque are different
phenomena. The main predictors of increased CIMT,
which is specifically an expression of hypertrophy of
the media and adequately evaluated at the level of
the CCA, are age and hypertension [3]. In contrast,
plaque, which is an expression of endothelial dys-
function, recruitment of inflammatory cells, accu-
mulation of cholesterol and cellular debris (i.e., of the
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sclerotic risk factors [4—7]. It occurs in sites with tur-
bulent flow, such as the carotid bulb and the proxi-
mal internal carotid artery, with the CCA involved in
very advanced damage only [8]. The carotid plaque
can be characterised in terms of various features:
degree of stenosis (mild <50%, moderate 50%—69%,
severe 70%-99%), surface regularity, and echogenic-
ity. For the degree of stenosis, Schulte-Altedorneburg
et al. showed a good correlation between in vivo ultra-
sound findings and evaluation of postmortem ca-
rotid specimens in the same critical patients [9]. The
degree of carotid stenosis is weakly related to the tra-
ditional atherosclerotic risk factors [10]. In addition,
irregularities of the carotid plaque surface may rep-
resent a good marker of its vulnerability, which
translates into increased risk of thromboembolic
cerebral events [11-13]. With regards to plaque echo-
genicity, several studies clearly showed that echo-
lucent carotid plaques were more related to cardio-
vascular events (CVEs) than were echogenic ones [14—
16]: in fact, echolucent plaques histologically demon-
strate a higher lipid content and a reduced fibrous
and calcium content, which represent important fea-
tures of advanced and/or unstable atherosclerotic
disease [17]. Different methods exist for the quantita-
tive assessment of the ultrasonographic properties of
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Figure 1: Longitudinal B-mode image of the left carotid bifur-
cation with the internal carotid artery (ACI SN) and the exter-
nal carotid artery (ACE SN) seen in the same plane. At the
beginning of the external carotid artery the superior thyroid
artery (AT) is observed.
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Figure 2: Longitudinal B-mode image of the distal tract of the
common carotid artery with the intima-media thickness.

the carotid plaques: the Gray Scale Median score, a
measure of plaque brightness, and the integrated
backscatter, which is able to differentiate lipids from
other components [18].

Two-dimensional carotid ultrasound for
the prediction of cardiovascular events

Assessment of cardiovascular risk

Several scoring systems are used for cardiovascular
risk (CVR) prediction in clinical practice: the Ameri-
can Framingham Risk Score (FRS) and the European
Systematic Coronary Risk Evaluation (SCORE) charts
have been proposed and validated [19, 20], and re-
cently the American College of Cardiology and the
American Heart Association released a new 10-year
cardiovascular disease (CVD) calculator [21]. The
Reynolds Risk Score uses, in addition to traditional
risk factors, information from high sensitivity
C-reactive protein (hs-CRP) and parental history of
premature CVD [22, 23], which stresses the role of
subclinical inflammation and of the genetic back-
ground in the pathogenesis of atherosclerosis; this
score reclassified 30% of women estimated to be in
the intermediate-risk group with the traditional FRS
into a higher or lower risk category with improved
accuracy [22].

These scores are simple to use in evaluating CVR;
however, in some cases the estimate is suboptimal,
particularly in subgroups of the general population
(for example, those at low or intermediate risk), since
they vary widely in terms of the background risk in
study populations, predictors and outcomes consid-
ered [24-29]. Other limitations of these scores in-
clude a substantial underestimation of lifetime risk,
with a potential misclassification of high-risk sub-
jects at low or intermediate CVR [30].
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Among healthy adults aged 20 to 79 years, risk scores
classify 75% of the subjects as low or intermediate
risk, but in these categories a substantial number of
CVEs (about 60%) occurs [31]. The main goal for pri-
mary prevention seems to be the identification of
low-risk or intermediate-risk subjects who have
subclinical atherosclerosis, and therefore could be
reclassified to a higher risk level [32]. To improve in-
dividual risk assessment, several studies investigated
the role of CIMT and carotid plaque evaluation with a
noninvasive and safe technique such as carotid ultra-
sound.

Role of the carotid intima-media thickness

Some years ago, Lorenz et al. published a systematic
review and meta-analysis involving 37,197 subjects
from the general population and showed that for an
absolute CIMT difference of 0.1 mm the future risk of
CVEs increased by more than 10%: this relationship
was stronger for stroke than for myocardial infarc-
tion and was independent of traditional risk factors
[33]. However, the incremental value of CIMT meas-
urement for risk stratification in addition to those
risk factors was less clear: a subsequent meta-analy-
sis by Den Ruijter et al. involving 45,828 subjects
showed that the addition of CIMT to FRS determina-
tion modestly improved 10-year risk prediction (net
reclassification improvement of 0.8%), although a
more evident influence could be seen in subjects at
intermediate risk, with a net reclassification im-
provement of 3.6% [34]. Very recently, Bots et al. con-
firmed these conclusions in 17,254 subjects with ele-
vated blood pressure, demonstrating the limited but
significant utility of CIMT measurement in CVR pre-
diction for individuals at intermediate risk [35].

Role of carotid intima-media thickness
progression or regression

Several studies evaluated the progression of CIMT as
a predictor of CVD: although the MESA trial showed a
significant association between CIMT progression
and CVEs [36], a subsequent large meta-analysis
showed that the progression of CIMT (detected
through the changes between two ultrasound exam-
inations 2-7 years apart) did not improve the CVR
prediction [37]. In addition, the evaluation of treat-
ment-induced regression of CIMT failed to demon-
strate a predictive value for CVEs [38]. For these rea-
sons, in recent European Society of Hypertension /
European Society of Cardiology guidelines for man-
agement of arterial hypertension, CIMT evaluation
was considered of limited value for the follow-up of
hypertensive patients [39].

EMHMedia



REVIEW ARTICLE
|

Recent statements of the guidelines

In 2013, a guideline from the American College of Car-
diology and the American Heart Association recon-
sidered the role of CIMT, in conjunction with other
biomarkers, in the assessment of CVR [40]: the con-
clusions of the panel’s experts were that, after quan-
titative risk assessment with the usual tools, in the
presence of uncertainties about treatment decisions
family history of premature CVD, hs-CRP serum lev-
els, coronary calcium score (CCS) or ankle-brachial
index, but not CIMT, could be evaluated to reclassify
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Figure 3: Longitudinal B-mode image of the carotid bifurca-
tion with an echogenic irregular carotid plaque extended
from the carotid bulb to the proximal internal carotid artery.
Plaque area is measured in a longitudinal view in which the
plaque has the largest extension, freezing the frame and trac-
ing around the plaque perimeter with a cursor on the screen.

63

the risk. On the other hand, a previous guideline
from the American College of Cardiology Foundation
and the American Heart Association for the assess-
ment of the CVR in asymptomatic adults evaluated as
“reasonable” the measurement of CIMT in subjects at
intermediate risk (Class Ila of recommendation, level
of evidence B) [41].

Role of carotid plaque in cardiovascular risk
prediction: comparison with CIMT

The definition of CIMT is straightforward and allows
adequate comparisons between studies. On the con-
trary, criteria for defining and assessing carotid
plaque and, more generally, the global carotid dam-
age, defined as carotid burden, can vary [42]. Some
authors initially tried to evaluate the cardiovascular
predictive value through a carotid plaque score, cal-
culated as the sum of the maximum thickness of the
plaques in the various segments of both carotid ar-
teries. Several studies showed that, compared with
CIMT, plaque score was a stronger predictor of CVEs
and correlated with the complexity of coronary le-
sions [43-45]. However, Spence et al. suggested that
the best method for assessing the carotid burden was
to calculate the carotid plaque area (CPA), defined as
the sum of the areas of all the plaques in the carotid
tree evaluated in a longitudinal view: subjects with
high values of CPA at baseline (patients in the highest
quartile for CPA) presented a significant increase in
CVEs (figs 3 and 4) [46]. With consecutive measure-

Figure 4: Longitudinal (A) and transverse (B) image of an echogenic calcified carotid plaque, located in the carotid bulb.
No ultrasound waves penetrated beyond calcium, resulting in a dark cone of shadow.
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ments of CPA, the progression of the atherosclerotic
damage was linked to increased CVR, something not
demonstrated with CIMT (see above) [42]. During re-
cent years it has emerged that the assessment of ca-
rotid plaque was a better predictor of cardiovascular
risk, compared with CIMT. In fact, although the Rot-
terdam Study did not show differences between CIMT
and a carotid plaque score as predictors of myocar-
dial infarction [47], several subsequent studies
stressed the importance of carotid plaque evaluation
as compared with CIMT in predicting coronary artery
disease. In the initial presentation of the results of
the Tromsg Study, CPA, evaluated in more than 6,000
subjects of a general population, was a stronger pre-
dictor of myocardial infarction than was CIMT [48];
after 10 years of follow-up CPA was highly predictive
for stroke also, whereas CIMT was still not predictive
[49]. Subsequently, the Strong Heart Study demon-
strated that the presence of carotid plaque was an im-
portant predictor of coronary artery disease, whereas
CIMT was not an independent risk factor for CVD [50].
More recently, Polak et al., in a cohort of the Framing-
ham Offspring Study, and Plichart et al., in the French
Three-City Study, demonstrated that carotid plaque,
but not CIMT, improved cardiovascular risk predic-
tion [51, 52]. A large meta-analysis, which evaluated
most of these studies, confirmed these conclusions
and stressed again the differences between the meas-
urements of the vascular wall in the CCA (deliberately
not containing plaque) and in the carotid bulb (possi-
bly comprising a plaque) [53]. Furthermore, in the
large cohort of the REACH registry (more than 10,000
subjects), Sirimarco et al. showed that carotid athero-
sclerosis was an independent predictor of coronary
events in the recruited subjects, with different types
of symptomatic vascular disease and presence of risk
factors at baseline [54]. In comparison with other
markers of atherosclerotic damage, such as serum
CRP and CCS, Brook et al. demonstrated that, although
each test may improve CVR stratification, a negative
CPA determination is superior to CIMT, CCS, and CRP
in its ability to reduce the likelihood of concomitant
significant coronary atherosclerosis [55]. The main
results of the cited trials are presented in table 1.

Three-dimensional ultrasound and
contrast enhanced ultrasound

An improvement in carotid assessment and
cardiovascular risk prediction?

Only a few studies analysed the role of carotid
three-dimensional ultrasound (3dUS) in the assess-
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ment of CVR, in which the plaque is evaluated in both
a longitudinal and a perpendicular cross-sectional
axis [56, 57]. This technique seemed to improve the
carotid burden evaluation through the estimation of
the total plaque volume (TPV). A recent trial showed
that progression of TPV better predicted CVEs com-
pared with total plaque area and CIMT [58]. Subse-
quently, Kuk et al. showed that also the volume of ca-
rotid ulceration, evaluated with the same technique,
significantly correlated with CVEs [59]. The strong
correlation between 3dUS and coronary artery dis-
ease was confirmed by Johri et al. in subjects under-
going carotid ultrasound evaluation and concomi-
tant coronary angiography [60].

Another important emerging test for the early detec-
tion of plaque instability and prediction of CVEs is
contrast-enhanced ultrasound (CEUS) of the carotid
artery. This technique is able to identify intraplaque
neovascularisation and adventitia vasa vasorum
neoproliferation through the injection of micro-
spheres via a peripheral vein [61]. Staub et al., evaluat-
ing 147 subjects retrospectively, demonstrated the as-
sociation of these features with CVD and previous
CVEs [62]. For further confirmation, Deyama et al.
showed that, in subjects with known carotid plaque
undergoing coronary angiography, CEUS evaluation
of the carotid plaque neovascularisation is strongly
correlated with the severity of coronary artery dis-
ease [63]. In addition, van den Oord et al. demon-
strated that CEUS significantly improved the accu-
racy of plaque assessment by ultrasound [64]. See
table 1 for a summary of the cited articles.

Further studies are needed to confirm the role of
3dUS and CEUS as new tools for early identification of
individuals at risk of new CVEs [65].

Conclusions

Carotid ultrasound is a useful, extremely safe tech-
nique for the evaluation of vascular anatomy and
may allow a net reclassification improvement of the
CVR. Several reports indicate that CIMT is clinically
useful at least in subjects at intermediate risk [33, 34].
The carotid plaque has a greater predictive value: the
evaluation of the CPA seems to give the best informa-
tion for the initial assessment of the atherosclerotic
damage and the response to appropriate therapies.

In recent years, new sophisticated ultrasound-based
techniques have emerged, such as carotid 3dUS and
carotid CEUS. Large ongoing observational studies al-
ready underway include 2d and 3d carotid ultrasound
for the screening of subclinical atherosclerosis and
the evaluation of its progression [66]. Another im-
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Table 1: Main results of the cited clinical trials evaluating the predictive role of the carotid ultrasound features for cardiovascular risk.

Study Year Population Methods Main results
Kitamura 2004 1,289 pts. Carotid IMT and plaque evaluation in pts. 34 strokes occurred. Multivariate-adjusted RR (95% Cl) for the highest
etal. without a previous stroke or CAD. The sub- vs lowest quartiles of maximum IMT of the CCA (>1.07 vs <0.77 mm)
[11] sequent incidence of stroke was investigated was 3.0 (1.1-8.3) for stroke. Combination of CCA and ICA wall thick-
with a mean follow-up of 4.5 yrs. ness was better predictor of the risk of stroke than CCA wall thickness
alone. Men with plaque in the ICA had a 3-fold higher risk of stroke
than those without plaque. Plaque surface irregularity further increa-
sed the stroke risk. Significant excess risk of stroke demonstrated in
men with an uncalcified plaque.
Prabhakaran 2006 1,939 Evaluation of the irregularity of the plaque 69 ischaemic strokes occurred. After adjusting for demographics,
etal. stroke-free  with 2d carotid US with a a mean follow-up  traditional vascular risk factors, degree of stenosis and plaque thick-
[12] pts. of 6.2 yrs. ness, irregular plaque (vs no plaque) associated with ischemic stroke
(HR 3.1).
Hondaetal. 2004 286 Assessment of the echogenicity of carotid Echolucent carotid plaques predicted the existence of complex coro-
[14] CAD pts. plaques with US and of the coronary plaque nary plaques (83% predictive power). Higher probability of coronary
complexity by use of angiography with a events in pts. with echolucent carotid plaques than in pts. e¢js there
follow-up of 30 months. something missing here?e® Presence of echolucent carotid plaques in
stable CAD pts. predicted future coronary events independent of other
risk factors (OR 7.0).
Singh et al. 2013 154 Carotid US with gray-scale technique in Significant association between the presence of plaque and traditional
[15] pts. with ischaemic stroke pts. Follow-up of pts. for cerebrovascular risk factors. Also significant association between
ischaemic 6 months for the recurrence of stroke and recurrence of stroke and echolucent character of carotid plaque.
stroke its association with plaque echogenicity. Recurrence of stroke related to advanced stage of ATS, specified by
carotid plaque and its characteristics.
Polak et al. 2011 5,028 IMT rate of change with a mean follow-up 42 first-time strokes occurred. In multivariable models age (HR 1.05
[35] pts. of the of 3.22 yrs. per year), SBP (HR 1.02 per mm Hg), lower HDL-chol. (HR 0.96 per mg/
MESA trial dl), IMT rate of change (HR 1.23 per 0.05 mm/year) associated with
free of CVD incident stroke. The upper quartile of IMT rate of change had HR of
2.18 compared with the lower 3 quartiles combined.
Morito etal. 2008 116 pts. Pts. undergoing carotid US and coronary CAD correlated with plaque score and with number of plaques.
[41] angiography. Pts. divided into 2 groups
based on the presence or absence of CAD.
Xie et al. 2011 1,734 pts. Pts. undergoing carotid US and examination |IMT at baseline associated with the risk of CVD among participants
[42] of traditional risk factors. Mean follow-up without carotid plaque (multivariable adjusted HR 1.59) but not among
of 5 yrs. those with plaque (H 1.04). CPA (HR 1.29), the number of plaques (HR
1.14) and the number of segments with plaque (HR 1.45) associated
with CVD. Combined carotid IMT and number of segments with
plaque to establish a summary index with improved prediction of the
5-year risk of CVD compared with IMT or the number of segments
with plaque alone. Improved risk prediction by the index compared
with the conventional risk score.
lkeda et al. 2012 501 pts. Pts. undergoing carotid US and coronary Excellent negative predictive values of plaque score and IMT with
[43] angiography regards to the complexity of CAD.
Spence 2002 1,686 Carotid US at baseline and annual follow-up CPAs categorised in 4 quartile ranges: 0.00-0.11 cm2, 0.12-0.45 cm?,
etal. pts. visits for up to 5 years (mean, 2.5 + 1.3 yrs). 0.46-1.18 cm?, 1.19-6.73 cm?. Combined 5-yr risk of stroke, Ml, and
[44] Plaque area progression (or regression) defi- vascular death increased by quartile of CPA: 5.6%, 10.7%, 13.9%, and
ned as an increase (or decrease) of >0.05 cm? 19.5%, respectively, after adjustment for all baseline pt. characteris-
from baseline. tics. 63.1% of pts. with carotid plaque progression, 28.2% plaque re-
gression, and 16.2% no change during follow-up. The 5-year adjusted
risk of combined outcome was 9.4%, 7.6%, and 15.7% for patients with
CPA regression, no change, and progression, respectively.
van der Meer 2004 6,389 pts. of Carotid plaques and IMT measured by use All measures of ATS good predictors of Ml independently of traditio-
et al. the Rotter- of US, abdominal aortic ATS with x-ray, nal cardiovascular risk factors. HRs were 1.83 for carotid plaques, 1.95
[45] dam Study and lower-extremity ATS with ABI. for carotid IMT, 1.94 for aortic ATS, 1.59 for lower extremity ATS. HR
for Ml for pts. with severe ATS according to a composite ATS score
was 2.77 compared with subjects with no ATS. Predictive value of Ml
for a given measure of ATS was independent of the other ATS measu-
res.
Johnsen 2007 6,226 pts. of US measurement of IMT, TPA, and plaque Ml occurred in 6.6% of men and 3.0% of women. Adjusted RR between
etal. the Tromsg  echogenicity. Follow-up for 6 yrs. the highest TPA tertile versus no plaque was 1.56 in men and 3.95 in
[46] Study women. In women significant trend toward a higher Ml risk with more

echolucent plaque. Adjusted RR in the highest versus lowest IMT
quartile was 1.73 in men and 2.86 in women. With exclusion of the
bulb IMT from analyses, IMT did not predict Ml in either sex.

CARDIOVASCULAR MEDICINE - KARDIOVASKULARE MEDIZIN - MEDECINE CARDIOVASCULAIRE 2015;18(2):61-67

EMHMedia



REVIEW ARTICLE

66

Table 1: Continuation.

Mathiesen 2011 6,584 US measurement of IMT and TPA, and Incident ischaemic strokes occurred in 7.3% of men and 4.8% of
etal. pts. of the plaque echogenicity. Follow-up for 10 yrs. women. The HR for 1 SD increase in square-root-transformed plaque
[47] Tromsg area was 1.23 in men and 1.19 in women when adjusted for other CV
Study risk factors. The multivariable-adjusted HR in the highest quartile of
plaque area versus no plaque was 1.73 in men and 1.62 in women. The
multivariable-adjusted HR for 1 SD increase in IMT was 1.08 in men
and 1.24 in women. No differences in stroke risk across quartiles of
IMT.
Roman 2012 2,441 pts. of US measurement of IMT of the CCA. Arterial 495 CVEs occurred. Atherosclerotic plaque was a strong independent
etal. the Strong mass calculated from IMT and end-diastolic  predictor of CHD (HR 1.88) and plaque score was an independent pre-
[48] Heart Study diameter. ATS defined as focal plagque and dictor of stroke (HR 1.19).
the number of carotid segments containing
plaque (plaque score). Follow-up for a mean
of 7.7 yrs.
Polak 2011 2,965 pts. of US measurement of the mean IMT of the 296 CVEs occurred. The risk factors of the FRS predicted the events,
et al. the Framing- CCA and the maximum IMT of the ICA. CVD  with a C statistic of 0.748. The adjusted HR for CVD with a 1-SD incre-
[49] ham Off- outcomes evaluated for an average follow- ase in the mean IMT of the CCA was 1.13, with a non significant
spring Study up of 7.2 yrs Evaluation of the reclassifica- change in the C statistic of 0.003; the HR for the maximum IMT of the
tion of CVD on the basis of the 8-year FRS ICA was 1.21, with an increase in the C statistic of 0.009. NRI increased
category (low, intermediate, or high) after significantly after addition of IMT of the ICA (7.6%) but not IMT of the
adding IMT values. CCA (0.0%). With the presence of plaque the NRI was 7.3%, with an
increase in the C statistic of 0.014.
Plichart 2011 5,895 US examination of carotid arteries: measure- 223 CVEs occurred. In multivariate analysis, carotid plaques were
etal. pts. of the ment of mean IMT of both CCAs at plaque- independent predictors of CAD: HR (plaques at 1 site) 1.5; HR (plaques
[50] Three-City free sites and assessment of focal plaques in at >2 sites) 2.2; contrary to mean CCA-IMT. Adding carotid plaques to
Study the near and far walls of the CCAs, the bi- conventional risk factors significantly improved CHD risk prediction.
furcations and the origin of the ICAs. Median
follow-up of 5.4 yrs.
Sirimarco 2013 23,364 pts. Carotid US evaluation; follow-up of 4 yrs. Carotid ATS in 46% of pts. and associated with increasing conventio-
etal. of the nal CV risk factors and extent of symptomatic vascular disease. 4,304
[52] REACH re- pts. experienced >1 coronary event. After adjustment for CV risk fac-
gistry tors and geographic region, risk of coronary events increased by 22%
in pts. with vs without carotid ATS. Relative increase was 18% in pts.
with multiple risk factors only, 25% in pts. with CAD, 46% in pts. with
cerebrovascular disease, and 37% in pts. with peripheral artery
disease. Carotid ATS was associated with increased risk, even among
pts. with previous Ml but no known stroke or among pts. with previ-
ous stroke but no known M.
Brook 2006 42 pts. un- Measurement of CPA, IMT, and CRP CT angiographyidentified clinically significant CAD in 43% of pts. CPA
et al. dergoing >0 was more sensitive (72%) and specific (58%) than a CCS >0 (58%
[53] 16-slice co- and 55%) for identifying CAD. “Clean” carotid artery (CPA = 0) provi-
ronary CT ded superior negative predictive value (74%) and likelihood ratio of a
angiography negative test (0.48) than all other studies, in particular vs a CCS =0
(65% and 0.72). The areas under the ROCs for CPA and CCS in relation
to any CAD were similar (0.640 vs 0.675). CIMT and CRP performed
poorly compared with CPA and CCS. For detecting CAD in only the left
main or left anterior descending artery, the negative predictive value
and likelihood ratio of a negative test remained superior for CPA (87%
and 0.33) compared with CCS (80% and 0.56). In a population with a
prevalence of coronary lesions of 30%, the post-test probability in any
patient with a negative CPA result reduced to 10%
Wannarong 2013 349 pts. 3d US measurement of IMT, TPA, and TPV. Progression of TPV predicted stroke, death or TIA, stroke/death/MI
etal. Follow-up of <5 years (median 3.17 yrs) for and stroke/Death/TIA/MI (any CVE). Progression of TPA weakly predic-
[56] detection of vascular death, MI, stroke, and  ted stroke/death/TIA but not stroke/death/MI or any CVE. Change in
TIAs. IMT did not predict stroke/death/MI or any CVE. In Cox regression,
TPV progression remained significant predictor of events after adjust-
ment for coronary risk factors but change in TPA did not. IMT change
predicted events in an inverse manner.
Kuk 2014 349 pts. Measurement of carotid 3d US and evalua- Pts. with total ulcer volume >5 mm? showing significantly higher risk
etal. [57] tion for ulceration with a < 5-year follow-up. of developing stroke, TIA, or death and of developing stroke/TIA/
death/Ml/revascularisation. Lower ulcer volumes and ulcer depth did
not predict CVEs.
Johri et al. 2013 70 pts. un- Carotid evaluation with 2d and 3d US. Total 3d plaque volumes less than 0.09 ml predicted the absence of
[58] dergoing significant CAD in 93.3% of patients (98% sensitivity), whereas maxi-
coronary mal 2d plaque thickness less than 1.35 mm provided significantly

angiography

lower negative predictability at 75% (93.9% sensitivity).
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Table 1: Continuation.

Staub 2010 CEUS analysis for the presence of intralumi-
etal. nal plaque, plaque neovascularisation

[60] (Grade 1 = absent; Grade 2 = present), and
degree of adventitial vasa vasorum (Grade 1

= absent, Grade 2 = present).

147 pts. Presence of intraluminal carotid plaque directly correlated to CV risk
factors, CVD, and CVEs. Adventitial vasa vasorum Grade 2 associated
with significant more subjects with CVD than Grade 1 (73 versus 54%).
Pts. with intraplaque neovascularisation Grade 2 showing significantly
more often a history of CVEs than subjects with Grade 1 (38 vs 20%).
With multivariate logistic regression analysis presence of plaque sig-
nificantly associated with CVD (OR 4.7) and intraplaque neovasculari-

sation grade 2 with CVE (OR 4.0).

Deyama 2013 304 pts. Carotid CEUS evaluation for intraplaque neo- Higher grade of carotid CEUS-assessed plaque neovascularisation
etal. vascularization with microbubbles within the associated with greater complexity and extent of coronary lesions.
[61] plaque, graded as: GO, not visible; G1, mode- Grade 2 plaque neovascularisation was a risk for acute coronary syn-
rate; or G2, extensive microbubbles. Assess- drome, independent of traditional risk factors (OR 1.91). Regression of
ment of coronary lesions by angiography. carotid CEUS-assessed neovascularisation in 46% of plaques in pts.
during 6 months of statin treatment, in 14% of plaques in pts. not
taking a statin.
van den Oord 2013 100 pts. Evaluation of standard carotid US and CEUS The addition of CEUS to the standard US protocol demonstrated
et al. for the presence of atherosclerotic plaques.  atherosclerotic plaques in 88% of pts. The incorporation of CEUS into
[62] the standard carotid US protocol resulted in a significantly improved
detection of patients with subclinical ATS.
Nambi 2012 13,145 pts. Carotid IMT and plaque evaluation in pts. Adding to TRF, C-IMT+plaque information was reclassified ~23% of
[64] of the ARIC  without a previous stroke or CAD. subjects with a NRI of ~9.9%. The addition of C-IMT and plaque sepa-
study rately or together to the TRF model improved the AUC, which increa-
sed from 0.742 to 0.750, 0.751 and 0.755 for the TRF-only, TRF+C-IMT,
TRF+plaque and TRF+C-IMT+plaque model respectively.
Rundek 2008 2,189 pts. of Evaluation of maximum carotid plaque Carotid plaque in 58% of subjects. CVEs occurred among 319 subjects.
[65] the NOMAS thickness. Mean follow-up of 6.9 years. Pts. with maximum carotid plaque thickness greater than 1.9 mm had
study a 2.8-fold increased risk of combined CVEs in comparison with the

subjects without carotid plaque (HR 2.80). Approximately 44% of the
low-risk individuals by FRS had a 10-year CV risk of 18.3% if having
carotid plaque.

ABI = ankle/brachial index; ARIC = Atherosclerosis Risk In Communities; ATS: = atherosclerosis; CAD = coronary artery disease; CCA = common carotid artery; CEUS = con-
trast-enhanced ultrasound; Cl = confidence interval; CPA = carotid plaque area; CT = computerised tomography; CV = cardiovascular; CVD: = cardiovascular disease; CVE = cardio-
vascular event; 2d = two-dimensional; 3d = three-dimensional; FRS = Framingham Risk Score; HDL-chol. = high density lipoprotein-cholesterol; HR = hazard ratio; ICA = internal
carotid artery; IMT = intima-media thickness; MESA = Multi-Ethnic Study of Atherosclerosis; Ml = myocardial infarction; NOMAS = NOrthern MAnhattan Study; NRI = net reclassi-
fication improvement; OR: = odds ratio; pts. = patients; REACH = REduction of Atherothrombosis for Continued Health; RR = relative risk; SBP = systolic blood pressure; TPA = total
plaque area; TPV =total plaque volume; US = ultrasound; vs = versus; yrs = years.
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portant clinical effort, within the High-Risk Plaque
Initiative, is the Biolmage Study in which enrolled
subjects were subdivided in a survey-only group, a
group undergoing traditional risk factor scoring, and
a third group with the risk factor scoring and the
additional evaluation of subclinical atherosclerosis
(in conjunction with the determination of various
new biomarkers): follow-up will be terminated by the
occurrence of an adequate number of atherothrom-
botic events [67].

Although it is without doubt that the development of
carotid and coronary plaques is closely related [68],
the transition from a population level to an individ-
ual patient management in terms of cardiovascular
prevention remains not unanimously stated, since in
the individual subject the presence of a carotid
plaque does not automatically imply the presence of

an underlying coronary artery disease and hence the
need to perform a coronary angiography [69].

In addition, some studies suggest that carotid evalu-
ation does not seem to motivate patients to follow a
healthy lifestyle or to improve treatment adherence
[70, 71]. Nevertheless CIMT and/or carotid plaque
detection in subjects at low or intermediate risk can
certainly represent a useful biomarker to start, or to
change with a more aggressive strategy, drug treat-
ment aimed to correct the traditional risk factors.

Funding / potential competing interests

This work was supported by a PRA Grant of the University of Genoa
(Italy) to Prof. F. Dallegri. No other potential conflict of interest
relevant to this article was reported.

References
— The full list of references is attached to the online version at
www.cardiovascmed.ch.

EMHMedia



REFERENCES Online appendix
|

References

1

N

4

v

6

)

el

10

11

12

13

14

15

16

17

Stein JH, Korcarz CE, Hurst RT, Lonn E, Kendall CB, Mohler
ER, et al. Use of carotid ultrasound to identify subclinical
vascular disease and evaluate cardiovascular disease risk: a
consensus statement from the American Society of
Echocardiography Carotid Intima-Media Thickness Task
Force. ] Am Soc Echocardiogr. 2008;21(2):93-111.

Touboul PJ, Hennerici MG, Meairs S, Adams H, Amarenco
P, Bornstein N, et al. Mannheim carotid intima-media
thickness and plaque consensus (2004-2006-2011). An
update on behalf of the advisory board of the 3rd, 4th and
sth watching the risk symposia, at the 13th, 15th and 20th
European Stroke Conferences,

Mann-heim, Germany, 2004, Brussels, Belgium, 2006, and
Hamburg, Germany, 2011. Cerebrovasc Dis. 2012;34(4):290—
6.

Finn AV, Kolodgie FD, Virmani R. Correlation between
carotid intimal/medial thickness and atherosclerosis: a
point of view from pathology. Arterioscler Thromb Vasc
Biol. 2010;30(2):177-81.

Spence ]D, Hegele RA. Noninvasive phenotypes of
atherosclerosis: similar windows but different views.
Stroke. 2004;35(3):649-53.

Spence JD. Technology Insight: ultrasound measurement
of -carotid plaque--patient management, genetic research,
and -therapy evaluation. Nat Clin Pract Neurol.
2006;2(11):611-9.

Spence JD. The importance of distinguishing between
diffuse carotid intima-media thickness and focal plaque.
Can ] Cardiol 2008;24:61C—4C.

Weber C, Noels H. Atherosclerosis: current pathogenesis
and therapeutic options. Nat Med. 2011;17(11):1410-22.
O’Leary DH, Bots ML. Imaging of atherosclerosis: carotid
-intima-media thickness. Eur Heart J. 2010;31(14):1682-9.
Schulte-Altedorneburg G, Droste DW, Felszeghy S, Csiba L,
Popa V, Hegediis K, et al. Detection of carotid artery
stenosis by in vivo duplex ultrasound: correlation with
planimetric measurements of the corresponding
postmortem specimens. Stroke. 2002;33(10):2402-7.
Al-Shali K, House AA, Hanley AJG, Khan HMR, Harris SB,
Mamakeesick M, et al. Differences between carotid wall
morphological phenotypes measured by ultrasound in
one, two and three -dimensions. Atherosclerosis.
2005;178(2):310-25.

Kitamura A, Iso H, Imano H, Ohira T, Okada T, Sato S, et al.
-Carotid intima-media thickness and plaque
characteristics as a risk factor for stroke in japanese elderly
men. Stroke. 2004;35(12):2788-94.

Prabhakaran S, Rundek T, Ramas R, Elkind MS, Paik MC,
Boden-Albala B, et al. Carotid plaque surface irregularity
predicts ischemic stroke: the Northern Manhattan study.
Stroke. 2006;37(11):2696—701.

Yla-Herttuala S, Bentzon JF, Daemen M, Falk E, Garcia-
Garcia HM, Herrmann J, et al. Stabilization of
atherosclerotic plaques: an -update. Eur Heart J.
2013;34(42):3251-8.

Honda O, Sugiyama S, Kugiyama K, Fukushima H,
Nakamura S, Koide S, et al. Echolucent carotid plaques
predict future coronary events in patients with coronary
artery disease. ] Am Coll Cardiol. 2004;43(7):1177-84.
Singh S, Atam V, Jain N, Yatish BE, Patil MR, Das L.
Association of carotid plaque echogenicity with recurrence
of ischemic stroke. N Am ] Med Sci. 2013;5(6):371-6.
Antonopoulos CN, Sfyroeras GS, Moulakakis KG,
Giannakopoulos TG, Vassilopoulos I, Papapetrou A, et al.
Association between carotid artery occlusion and
ultrasonographic plaque type. Ann Vasc Surg.
2014;28(5):1197-203.

Lovett JK, Redgrave JN, Rothwell PM. A critical appraisal of
the performance, reporting, and interpretation of studies
comparing carotid plaque imaging with histology. Stroke.
2005;36(5):1091-7.

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

34

35

CARDIOVASCULAR MEDICINE - KARDIOVASKULARE MEDIZIN - MEDECINE CARDIOVASCULAIRE

Degnan AJ, Young VEL, Gillard JH. Advances in
noninvasive imaging for evaluating clinical risk and
guiding therapy in carotid atherosclerosis. Expert Rev
Cardiovasc Ther. 2012;10(1):37-53.

Wilson PW, D'Agostino RB, Levy D, Belanger AM,
Silbershatz H, Kannel WB. Prediction of coronary heart
disease using risk factor categories. Circulation.
1998;97(18):1837-47.

Reiner Z, Catapano A, De Backer G, Graham I, Taskinen M-
R, Wiklund O, et al. ESC/EAS guidelines for the
management of -dyslipidemias. Eur Heart J.
2011;32(14):1769-818.

Stone NJ, Robinson J, Lichtenstein AH, Bairey Merz CN,
Lloyd-Jones DM, Blum CB, et al. 2013 ACC/AHA Guideline
on the treatment of blood cholesterol to reduce
atherosclerotic cardiovascular risk in adults: a report of
the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines. Circulation.
2014;129(Suppl 2):51-545.

Ridker PM, Buring JE, Rifai N, Cook NR. Development and
validation of improved algorithms for the assessment of
global cardiovascular risk in women. JAMA.
2007;297(6):611—9

Ridker PM, Paynter NP, Rifai N, Gaziano JM, Cook NR. C-
reactive protein and parental history improve global
cardiovascular risk prediction: the Reynolds Risk Score for
men. Circulation. 2008;118(22):2243-51.

Cooney MT, Dudina AL, Graham IM. Value and limitations
of existing scores for the assessment of cardiovascular
risk. A review for clinicians. ] Am Coll Cardiol.
20009;54(14):1209-27.

Gordon WJ, Polansky JM, Boscardin WJ, Fung KZ, Steinman
MA. Coronary risk assessment by point-based vs.
equation-based Framingham models: significant
implications for clinical care. ] Gen Intern Med.
2010;25(11):1145-51.

Liew SM, Doust ], Glasziou P. Cardiovascular risk scores do
not account for the effect of treatment: a review. Heart.
2011;97(9):

689-97.

Rodondi N, Locatelli I, Aujesky D, Butler J, Vittinghoff E,
Simonsick E, et al. Framingham risk score and alternatives
for prediction of coronary heart disease in older adults.
PLoS One. 2012;7(3):€34287.

Ridker PM, Cook NR. Statins: new American guidelines for
prevention of cardiovascular disease. Lancet.
2013;382(9907):1762-5.

Ades PA. A controversial step forward: a commentary on
the 2013 ACC/AHA guideline on the treatment of blood
cholesterol to reduce atherosclerotic cardiovascular risk in
adults. Coron Artery Dis. 2014;25(4):360-3.

Lloyd Jones DM, Larson MG Beiser A, Levy D. Lifetime risk
of developing coronary heart disease. Lancet.
1999;353(9147):89-92.

Kannel WB, Schatzkin A. Sudden death: lessons from
subsets in population studies. ] Am Coll Cardiol.
1985;5(Suppl 6):141B-9B.

Ajani UA, Ford ES. Has the risk for coronary heart disease
changed among U.S. adults? ] Am Coll Cardiol.
2006;48(6):1177-82

Lorenz MW, Markus HS, Bots ML, Rosvall M, Sitzer M.
Prediction of clinical cardiovascular events with carotid
intima-media thickness: a systematic review and meta-
analysis. Circulation. 2007;115(4):459—-67.

Den Ruijter HM, Peters SA, Anderson TJ, Britton AR, Dekker
JM, Eijkemans M]J, et al. Common carotid intima-media
thickness measurements in cardiovascular risk prediction:
a meta-analysis. JAMA. 2012;308(8):796-803.

Bots ML, Groenewegen KA, Anderson TJ, Britton AR,
Dekker JM, Engstrom G, et al. Common carotid intima-
media thickness measurements do not improve
cardiovascular risk prediction in individuals with elevated


http://www.ncbi.nlm.nih.gov/pubmed?term=Touboul%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=23128470
http://www.ncbi.nlm.nih.gov/pubmed?term=Hennerici%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=23128470
http://www.ncbi.nlm.nih.gov/pubmed?term=Meairs%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23128470
http://www.ncbi.nlm.nih.gov/pubmed?term=Adams%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23128470
http://www.ncbi.nlm.nih.gov/pubmed?term=Amarenco%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23128470
http://www.ncbi.nlm.nih.gov/pubmed?term=Amarenco%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23128470
http://www.ncbi.nlm.nih.gov/pubmed?term=Bornstein%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23128470
http://www.ncbi.nlm.nih.gov/pubmed/23128470
http://www.ncbi.nlm.nih.gov/pubmed?term=Finn%20AV%5BAuthor%5D&cauthor=true&cauthor_uid=19679833
http://www.ncbi.nlm.nih.gov/pubmed?term=Kolodgie%20FD%5BAuthor%5D&cauthor=true&cauthor_uid=19679833
http://www.ncbi.nlm.nih.gov/pubmed?term=Virmani%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19679833
http://www.ncbi.nlm.nih.gov/pubmed/?term=finn+kolodgie+firmani+point+of+view
http://www.ncbi.nlm.nih.gov/pubmed/?term=finn+kolodgie+firmani+point+of+view
http://www.ncbi.nlm.nih.gov/pubmed?term=Spence%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=14963285
http://www.ncbi.nlm.nih.gov/pubmed?term=Hegele%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=14963285
http://www.ncbi.nlm.nih.gov/pubmed/14963285
http://www.ncbi.nlm.nih.gov/pubmed?term=Spence%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=17057748
http://www.ncbi.nlm.nih.gov/pubmed/?term=spence+carotid+management+genetic+research
http://www.ncbi.nlm.nih.gov/pubmed?term=Weber%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22064431
http://www.ncbi.nlm.nih.gov/pubmed?term=Noels%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22064431
http://www.ncbi.nlm.nih.gov/pubmed/22064431
http://www.ncbi.nlm.nih.gov/pubmed?term=O%27Leary%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=20542989
http://www.ncbi.nlm.nih.gov/pubmed?term=Bots%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=20542989
http://www.ncbi.nlm.nih.gov/pubmed/20542989
http://www.ncbi.nlm.nih.gov/pubmed/12364728
http://www.ncbi.nlm.nih.gov/pubmed/12364728
http://www.ncbi.nlm.nih.gov/pubmed/12364728
http://www.ncbi.nlm.nih.gov/pubmed/12364728
http://www.ncbi.nlm.nih.gov/pubmed?term=Prabhakaran%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17008627
http://www.ncbi.nlm.nih.gov/pubmed?term=Rundek%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17008627
http://www.ncbi.nlm.nih.gov/pubmed?term=Ramas%20R%5BAuthor%5D&cauthor=true&cauthor_uid=17008627
http://www.ncbi.nlm.nih.gov/pubmed?term=Elkind%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=17008627
http://www.ncbi.nlm.nih.gov/pubmed?term=Paik%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=17008627
http://www.ncbi.nlm.nih.gov/pubmed?term=Boden-Albala%20B%5BAuthor%5D&cauthor=true&cauthor_uid=17008627
http://www.ncbi.nlm.nih.gov/pubmed/?term=northern+Manhatthan+study+the+irregularity+of+carotid+plaque
http://www.ncbi.nlm.nih.gov/pubmed?term=Yl%C3%A4-Herttuala%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23966311
http://www.ncbi.nlm.nih.gov/pubmed?term=Bentzon%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=23966311
http://www.ncbi.nlm.nih.gov/pubmed?term=Daemen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23966311
http://www.ncbi.nlm.nih.gov/pubmed?term=Falk%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23966311
http://www.ncbi.nlm.nih.gov/pubmed?term=Garcia-Garcia%20HM%5BAuthor%5D&cauthor=true&cauthor_uid=23966311
http://www.ncbi.nlm.nih.gov/pubmed?term=Garcia-Garcia%20HM%5BAuthor%5D&cauthor=true&cauthor_uid=23966311
http://www.ncbi.nlm.nih.gov/pubmed?term=Herrmann%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23966311
http://www.ncbi.nlm.nih.gov/pubmed/23966311
http://www.ncbi.nlm.nih.gov/pubmed?term=Honda%20O%5BAuthor%5D&cauthor=true&cauthor_uid=15063426
http://www.ncbi.nlm.nih.gov/pubmed?term=Sugiyama%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15063426
http://www.ncbi.nlm.nih.gov/pubmed?term=Kugiyama%20K%5BAuthor%5D&cauthor=true&cauthor_uid=15063426
http://www.ncbi.nlm.nih.gov/pubmed?term=Fukushima%20H%5BAuthor%5D&cauthor=true&cauthor_uid=15063426
http://www.ncbi.nlm.nih.gov/pubmed?term=Nakamura%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15063426
http://www.ncbi.nlm.nih.gov/pubmed?term=Koide%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15063426
http://www.ncbi.nlm.nih.gov/pubmed/15063426
http://www.ncbi.nlm.nih.gov/pubmed?term=Antonopoulos%20CN%5BAuthor%5D&cauthor=true&cauthor_uid=24333197
http://www.ncbi.nlm.nih.gov/pubmed?term=Sfyroeras%20GS%5BAuthor%5D&cauthor=true&cauthor_uid=24333197
http://www.ncbi.nlm.nih.gov/pubmed?term=Moulakakis%20KG%5BAuthor%5D&cauthor=true&cauthor_uid=24333197
http://www.ncbi.nlm.nih.gov/pubmed?term=Giannakopoulos%20TG%5BAuthor%5D&cauthor=true&cauthor_uid=24333197
http://www.ncbi.nlm.nih.gov/pubmed?term=Vassilopoulos%20I%5BAuthor%5D&cauthor=true&cauthor_uid=24333197
http://www.ncbi.nlm.nih.gov/pubmed?term=Papapetrou%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24333197
http://www.ncbi.nlm.nih.gov/pubmed/24333197
http://www.ncbi.nlm.nih.gov/pubmed?term=Wilson%20PW%5BAuthor%5D&cauthor=true&cauthor_uid=9603539
http://www.ncbi.nlm.nih.gov/pubmed?term=D%27Agostino%20RB%5BAuthor%5D&cauthor=true&cauthor_uid=9603539
http://www.ncbi.nlm.nih.gov/pubmed?term=Levy%20D%5BAuthor%5D&cauthor=true&cauthor_uid=9603539
http://www.ncbi.nlm.nih.gov/pubmed?term=Belanger%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=9603539
http://www.ncbi.nlm.nih.gov/pubmed?term=Silbershatz%20H%5BAuthor%5D&cauthor=true&cauthor_uid=9603539
http://www.ncbi.nlm.nih.gov/pubmed?term=Kannel%20WB%5BAuthor%5D&cauthor=true&cauthor_uid=9603539
http://www.ncbi.nlm.nih.gov/pubmed/?term=P.W.%2C+Wilson%3B+D%27Agostino%2C+R.B.%3B+Levy%2C+D.%3B+Belanger%2C+A.M.%3B+Silbershatz%2C+H.%3B+Kannel%2C+W.B.+(12+May+1998).+%22Prediction+of+coronary+heart+disease+using+risk+factor+categories.%22.+Circulation97+(18)%3A+1837%E2%80%931847.+doi%3A10.1161%2F01.CIR.97.18.1837.+Retrieved+7+May+2013.
http://www.ncbi.nlm.nih.gov/pubmed?term=Stone%20NJ%5BAuthor%5D&cauthor=true&cauthor_uid=24239923
http://www.ncbi.nlm.nih.gov/pubmed?term=Robinson%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24239923
http://www.ncbi.nlm.nih.gov/pubmed?term=Lichtenstein%20AH%5BAuthor%5D&cauthor=true&cauthor_uid=24239923
http://www.ncbi.nlm.nih.gov/pubmed?term=Bairey%20Merz%20CN%5BAuthor%5D&cauthor=true&cauthor_uid=24239923
http://www.ncbi.nlm.nih.gov/pubmed?term=Lloyd-Jones%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=24239923
http://www.ncbi.nlm.nih.gov/pubmed?term=Blum%20CB%5BAuthor%5D&cauthor=true&cauthor_uid=24239923
http://www.ncbi.nlm.nih.gov/pubmed?term=Gordon%20WJ%5BAuthor%5D&cauthor=true&cauthor_uid=20824362
http://www.ncbi.nlm.nih.gov/pubmed?term=Polansky%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=20824362
http://www.ncbi.nlm.nih.gov/pubmed?term=Boscardin%20WJ%5BAuthor%5D&cauthor=true&cauthor_uid=20824362
http://www.ncbi.nlm.nih.gov/pubmed?term=Fung%20KZ%5BAuthor%5D&cauthor=true&cauthor_uid=20824362
http://www.ncbi.nlm.nih.gov/pubmed?term=Steinman%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=20824362
http://www.ncbi.nlm.nih.gov/pubmed?term=Steinman%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=20824362
http://www.ncbi.nlm.nih.gov/pubmed/20824362
http://www.ncbi.nlm.nih.gov/pubmed?term=Rodondi%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22470551
http://www.ncbi.nlm.nih.gov/pubmed?term=Locatelli%20I%5BAuthor%5D&cauthor=true&cauthor_uid=22470551
http://www.ncbi.nlm.nih.gov/pubmed?term=Aujesky%20D%5BAuthor%5D&cauthor=true&cauthor_uid=22470551
http://www.ncbi.nlm.nih.gov/pubmed?term=Butler%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22470551
http://www.ncbi.nlm.nih.gov/pubmed?term=Vittinghoff%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22470551
http://www.ncbi.nlm.nih.gov/pubmed?term=Simonsick%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22470551
http://www.ncbi.nlm.nih.gov/pubmed/22470551
http://www.ncbi.nlm.nih.gov/pubmed?term=Ridker%20PM%5BAuthor%5D&cauthor=true&cauthor_uid=24268611
http://www.ncbi.nlm.nih.gov/pubmed?term=Cook%20NR%5BAuthor%5D&cauthor=true&cauthor_uid=24268611
http://www.ncbi.nlm.nih.gov/pubmed/24268611
http://www.ncbi.nlm.nih.gov/pubmed?term=Ades%20PA%5BAuthor%5D&cauthor=true&cauthor_uid=24518291
http://www.ncbi.nlm.nih.gov/pubmed/24518291
http://www.ncbi.nlm.nih.gov/pubmed?term=Lorenz%20MW%5BAuthor%5D&cauthor=true&cauthor_uid=17242284
http://www.ncbi.nlm.nih.gov/pubmed?term=Markus%20HS%5BAuthor%5D&cauthor=true&cauthor_uid=17242284
http://www.ncbi.nlm.nih.gov/pubmed?term=Bots%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=17242284
http://www.ncbi.nlm.nih.gov/pubmed?term=Rosvall%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17242284
http://www.ncbi.nlm.nih.gov/pubmed?term=Sitzer%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17242284
http://www.ncbi.nlm.nih.gov/pubmed/17242284
http://www.ncbi.nlm.nih.gov/pubmed?term=Den%20Ruijter%20HM%5BAuthor%5D&cauthor=true&cauthor_uid=22910757
http://www.ncbi.nlm.nih.gov/pubmed?term=Peters%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=22910757
http://www.ncbi.nlm.nih.gov/pubmed?term=Anderson%20TJ%5BAuthor%5D&cauthor=true&cauthor_uid=22910757
http://www.ncbi.nlm.nih.gov/pubmed?term=Britton%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=22910757
http://www.ncbi.nlm.nih.gov/pubmed?term=Dekker%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=22910757
http://www.ncbi.nlm.nih.gov/pubmed?term=Dekker%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=22910757
http://www.ncbi.nlm.nih.gov/pubmed?term=Eijkemans%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=22910757
http://www.ncbi.nlm.nih.gov/pubmed/?term=Den+Ruijtre+common+carotid+jAMA
http://www.ncbi.nlm.nih.gov/pubmed/24614213
http://www.ncbi.nlm.nih.gov/pubmed/24614213
http://www.ncbi.nlm.nih.gov/pubmed/24614213

REFERENCES Online appendix
|

blood pressure: The USE-IMT Collaboration. Hypertension.
2014;63(6):1173-81.

36 Polak JF, Pencina MJ, O'Leary DH, D'Agostino RB. Common
carotid artery intima-media thickness progression as a
predictor of stroke in multi-ethnic study of
atherosclerosis. Stroke. 2011;42(11):3017-21.

37 Lorenz MW, Polak JF, Kavousi M, Mathiesen EB, Volzke H,
Tuomainen TP. Carotid intima-media thickness
progression to predict cardiovascular events in the general
population (the PROG-IMT collaborative project): a meta-
analysis of individual participant data. Lancet.
2012;379(9831):2053-62.

38 Costanzo P, Perrone-Filardi P, Vassallo E, Paolillo S,
Cesarano P, Brevetti G, et al. Does carotid intima-media
thickness regression predict reduction of cardiovascular
events? A meta-analysis of 41 randomized trials. ] Am Coll
Cardiol. 2010;56(24):2006-20.

39 Mancia G, Fagard R, Narkiewicz K, Redon J, Zanchetti A,
Bohm M, et al. ESH/ESC Task Force for the Management of
Arterial Hypertension. 2013 Practice guidelines for the
management of arterial hypertension of the European
Society of Hypertension (ESH) and the European Society of
Cardiology (ESC): ESH/ESC Task Force for the Management
of Arterial Hypertension. ] Hypertens. 2013;31(10):1925-38

40 Goff DC Jr, Lloyd-Jones DM, Bennett G, Coady S, D’Agostino

RB Sr, Gibbons R, et al. 2013 ACC/AHA guideline on the

assessment of cardiovascular risk: a report of the

American College of Cardiology/American Heart

Association Task Force on Practice Guidelines. Circulation.

2014;129(Suppl 2):549-573.

Greenland P, Alpert JS, Beller GA, Benjamin EJ, Budoff MJ,

Fayad ZA, et al. 2010 ACCF/AHA guideline for assessment

of cardiovascular risk in asymptomatic adults: a report of

the American College of Cardiology Foundation/American

Heart Association Task Force on Practice Guidelines. ] Am

Coll Cardiol. 2010;56(25):

€50-103.

42 Spence JD. Point: uses of carotid plaque measurement as a
predictor of cardiovascular events. Prev Cardiol.
2005;8(2):118-21.

43 Morito N, Inoue Y, Urata M, Yahiro E, Kodama S, Fukuda N,
et al. Increased carotid artery plaque score is an
independent predictor of the presence and severity of
coronary artery disease.

] Cardiol. 2008;51(1):25-32.

44 Xie W, Liang L, Zhao L, Shi P, Yang Y, Xie G, et al.
Combination of carotid intima-media thickness and
plaque for better predicting risk of ischaemic
cardiovascular events. Heart. 2011;97(16):

1326-31.

45 Ikeda N, Kogame N, Iijima R, Nakamura M, Sugi K. Carotid
-artery intima-media thickness and plaque score can
predict the SYNTAX score. Eur Heart J. 2012;33(1):113-9.

46 Spence JD, Eliasziw M, DiCicco M, Hackam DG, Galil R,
Lohmann T. Carotid plaque area: a tool for targeting and
evaluating vascular preventive therapy. Stroke.
2002;33(12):2916-22

47 van der Meer IM, Bots ML, Hofman A, del Sol A, van der
Kuip DA, Witteman JC. Predictive value of noninvasive
measures of atherosclerosis for incident myocardial
infarction: the Rotterdam Study. Circulation.
2004;109(9):1089-94.

48 Johnsen SH, Mathiesen EB, Joakimsen O, Stensland E,
Wilsgaard T, Lgchen ML, et al. Carotid atherosclerosis is a
stronger predictor of myocardial infarction in women
than in men: a 6-year follow-up study of 6226 persons: the
Tromsg Study. Stroke. 2007;38(11):2873-80.

49 Mathiesen EB, Johnsen SH, Wilsgaard T, Bgnaa KH, Lgchen
M-L, Njglstad L. Carotid plaque area and intima-media
thickness in prediction of first-ever ischemic stroke; a 10~
year follow-up of 6584 men and women: the Tromsg
Study. Stroke. 2011;42(4):

972-8.

50 Roman MJ, Kizer JR, Best LG, Lee ET, Howard BV, Shara NM,

et al. Vascular biomarkers in the prediction of clinical

=

4

cardiovascular disease: the Strong Heart Study.
Hypertension. 2012;59(1):29-35.

51 Polak JF, Pencina M]J, Pencina KM, O’'Donnel CJ, Wolf PA,
D’Agostino RB. Carotid-wall intima-media thickness and
cardiovascular events. N Engl ] Med. 2011;365(3):213-21.

52 Plichart M, Celermajer DS, Zureik M, Helmer C, Jouven X,
Ritchie K, et al. Carotid intima-media thickness in plaque-
free site, -carotid plaques and coronary heart disease risk
prediction in older adults. The Three-City Study.
Atherosclerosis. 2011;219(2):917

53 InabaY, Chen JA, Bergmann SR. Carotid plaque, compared
with carotid intima-media thickness, more accurately
predicts -coronary artery disease events: a meta-analysis.
Atherosclerosis. 2012;220(1):128-33.

54 Sirimarco G, Amarenco P, Labreuche ], Touboul PJ, Alberts
M, Goto S, et al. Carotid atherosclerosis and risk of
subsequent -coronary event in outpatients with
atherothrombosis. Stroke. 2013;44(2):373—9.

55 Brook RD, Bard RL, Patel S, Rubenfire M, Clarke NS,
Kazerooni EA, et al. A negative carotid plaque area test is
superior to other noninvasive atherosclerosis studies for
reducing the likelihood of having underlying significant
coronary artery disease. Arterioscler Thromb Vasc Biol.
2006;26(3):656-62.

56 Fenster A, Blake C, Gyacskov I, Landry A, Spence JD. 3D
ultrasound analysis of carotid plaque volume and surface
morphology. Ultrasonics. 2006;44 Suppl 1:e153-7.

57 Makris GC, Lavida A, Griffin M, Geroulakos G, Nicolaides
AN. Three-dimensional ultrasound imaging for the
evaluation of carotid atherosclerosis. Atherosclerosis.
2011;219(2):377-83.

58 Wannarong T, Parraga G, Buchanan D, Fenster A, House
AA, Hackam DG, et al. Progression of carotid plaque
volume predicts cardiovascular events. Stroke.
2013;44(7):1859-65.

59 Kuk M, Wannarong T, Beletsky V, Parraga G, Fenster A,
Spence ]D. Volume of carotid artery ulceration as a
predictor of cardiovascular events. Stroke. 2014;45(5):1437—
41.

60 Johri AM, Chitty DW, Matangi M, Malik P, Mousavi P, Day
A, et al. Can carotid bulb plaque assessment rule out
significant coronary artery disease? A comparison of
plaque quantification by two- and three-dimensional
ultrasound. ] Am Soc Echocardiogr. 2013;26(1):86-95.

61 Feinstein SB. Contrast ultrasound imaging of the carotid
artery vasa vasorum and atherosclerotic plaque
neovascularization. ] Am Coll Cardiol. 2006;48(2):236-43.

62 Staub D, Patel MB, Tibrewala A, Ludden D, Johnson M,
Espinosa P, et al. Vasa vasorum and plaque
neovascularization on contrast-enhanced carotid
ultrasound imaging correlates with
cardiovascular disease and past cardiovascular events.
Stroke. 2010;41(1):41-7.

63 Deyama J, Nakamura T, Takishima I, Fujioka D, Kawabata
K, Obata JE, et al. Contrast-enhanced ultrasound imaging
of carotid plaque neovascularization is useful for
identifying high-risk patients with coronary artery
disease. Circ J. 2013;77(6):1499-507.

64 van den Oord SCH, ten Kate GL, Akkus Z, Renaud G,
Sijbrands EJG, ten Cate FJ, et al. Assessment of subclinical
atherosclerosis using contrast-enhanced ultrasound. Eur
Heart ] Cardiovasc Imaging. 2013;14(1):56-61.

65 Kalashyan H, Shuaib A, Gibson PH, Romanchuk H, Saqqur
M, Khan K, et al. Single sweep three-dimensional carotid
ultrasound: reproducibility in plaque and artery volume
measurements. Atherosclerosis. 2014;232(2):397-402.

66 Fernandez-Ortiz A, Jimenez-Borreguero LJ, Penalvo JL,
Ordovas JM, Mocoroa A, Fernandez-Friera L, et al. The
Progression and Early detection of Subclinical
Atherosclerosis (PESA) study: rationale and design. Am
Heart J. 2013;166(6):990-8.

67 FalkE, Sillesen H, Muntendam P, Fuster V. The High-Risk
Plaque Initiative: primary prevention of atherothrombotic
events in the asymptomatic population. Curr Atheroscler
Rep. 2011;13(5):359-66.

CARDIOVASCULAR MEDICINE - KARDIOVASKULARE MEDIZIN - MEDECINE CARDIOVASCULAIRE


http://www.ncbi.nlm.nih.gov/pubmed/24614213
http://www.ncbi.nlm.nih.gov/pubmed?term=Polak%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=21885840
http://www.ncbi.nlm.nih.gov/pubmed?term=Pencina%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=21885840
http://www.ncbi.nlm.nih.gov/pubmed?term=O%27Leary%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=21885840
http://www.ncbi.nlm.nih.gov/pubmed?term=D%27Agostino%20RB%5BAuthor%5D&cauthor=true&cauthor_uid=21885840
http://www.ncbi.nlm.nih.gov/pubmed?term=Lorenz%20MW%5BAuthor%5D&cauthor=true&cauthor_uid=22541275
http://www.ncbi.nlm.nih.gov/pubmed?term=Polak%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=22541275
http://www.ncbi.nlm.nih.gov/pubmed?term=Kavousi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22541275
http://www.ncbi.nlm.nih.gov/pubmed?term=Mathiesen%20EB%5BAuthor%5D&cauthor=true&cauthor_uid=22541275
http://www.ncbi.nlm.nih.gov/pubmed?term=V%C3%B6lzke%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22541275
http://www.ncbi.nlm.nih.gov/pubmed?term=Tuomainen%20TP%5BAuthor%5D&cauthor=true&cauthor_uid=22541275
http://www.ncbi.nlm.nih.gov/pubmed/?term=lorenz+lancet+2012+IMT
http://www.ncbi.nlm.nih.gov/pubmed?term=ESH%2FESC%20Task%20Force%20for%20the%20Management%20of%20Arterial%20Hypertension%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=ESH%2FESC%20Task%20Force%20for%20the%20Management%20of%20Arterial%20Hypertension%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed/24107724
http://www.ncbi.nlm.nih.gov/pubmed?term=Goff%20DC%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=24222018
http://www.ncbi.nlm.nih.gov/pubmed?term=Lloyd-Jones%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=24222018
http://www.ncbi.nlm.nih.gov/pubmed?term=Bennett%20G%5BAuthor%5D&cauthor=true&cauthor_uid=24222018
http://www.ncbi.nlm.nih.gov/pubmed?term=Coady%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24222018
http://www.ncbi.nlm.nih.gov/pubmed?term=D%27Agostino%20RB%20Sr%5BAuthor%5D&cauthor=true&cauthor_uid=24222018
http://www.ncbi.nlm.nih.gov/pubmed?term=D%27Agostino%20RB%20Sr%5BAuthor%5D&cauthor=true&cauthor_uid=24222018
http://www.ncbi.nlm.nih.gov/pubmed?term=Gibbons%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24222018
http://www.ncbi.nlm.nih.gov/pubmed/24222018
http://www.ncbi.nlm.nih.gov/pubmed?term=Greenland%20P%5BAuthor%5D&cauthor=true&cauthor_uid=21144964
http://www.ncbi.nlm.nih.gov/pubmed?term=Alpert%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=21144964
http://www.ncbi.nlm.nih.gov/pubmed?term=Beller%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=21144964
http://www.ncbi.nlm.nih.gov/pubmed?term=Benjamin%20EJ%5BAuthor%5D&cauthor=true&cauthor_uid=21144964
http://www.ncbi.nlm.nih.gov/pubmed?term=Budoff%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=21144964
http://www.ncbi.nlm.nih.gov/pubmed?term=Fayad%20ZA%5BAuthor%5D&cauthor=true&cauthor_uid=21144964
http://www.ncbi.nlm.nih.gov/pubmed/?term=Greenland+JACC+2010+asymptomatic+adults
http://www.ncbi.nlm.nih.gov/pubmed/?term=Greenland+JACC+2010+asymptomatic+adults
http://www.ncbi.nlm.nih.gov/pubmed/15860989
http://www.ncbi.nlm.nih.gov/pubmed/15860989
http://www.ncbi.nlm.nih.gov/pubmed?term=Morito%20N%5BAuthor%5D&cauthor=true&cauthor_uid=18522772
http://www.ncbi.nlm.nih.gov/pubmed?term=Inoue%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=18522772
http://www.ncbi.nlm.nih.gov/pubmed?term=Urata%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18522772
http://www.ncbi.nlm.nih.gov/pubmed?term=Yahiro%20E%5BAuthor%5D&cauthor=true&cauthor_uid=18522772
http://www.ncbi.nlm.nih.gov/pubmed?term=Kodama%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18522772
http://www.ncbi.nlm.nih.gov/pubmed?term=Fukuda%20N%5BAuthor%5D&cauthor=true&cauthor_uid=18522772
http://www.ncbi.nlm.nih.gov/pubmed/?term=Morito+J+Cardiol+plaque+score
http://www.ncbi.nlm.nih.gov/pubmed?term=Xie%20W%5BAuthor%5D&cauthor=true&cauthor_uid=21653216
http://www.ncbi.nlm.nih.gov/pubmed?term=Liang%20L%5BAuthor%5D&cauthor=true&cauthor_uid=21653216
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhao%20L%5BAuthor%5D&cauthor=true&cauthor_uid=21653216
http://www.ncbi.nlm.nih.gov/pubmed?term=Shi%20P%5BAuthor%5D&cauthor=true&cauthor_uid=21653216
http://www.ncbi.nlm.nih.gov/pubmed?term=Yang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21653216
http://www.ncbi.nlm.nih.gov/pubmed?term=Xie%20G%5BAuthor%5D&cauthor=true&cauthor_uid=21653216
http://www.ncbi.nlm.nih.gov/pubmed/?term=Heart+97%3A1326%2C+2011
http://www.ncbi.nlm.nih.gov/pubmed/22028386
http://www.ncbi.nlm.nih.gov/pubmed/22028386
http://www.ncbi.nlm.nih.gov/pubmed/22028386
http://www.ncbi.nlm.nih.gov/pubmed?term=Spence%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=12468791
http://www.ncbi.nlm.nih.gov/pubmed?term=Eliasziw%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12468791
http://www.ncbi.nlm.nih.gov/pubmed?term=DiCicco%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12468791
http://www.ncbi.nlm.nih.gov/pubmed?term=Hackam%20DG%5BAuthor%5D&cauthor=true&cauthor_uid=12468791
http://www.ncbi.nlm.nih.gov/pubmed?term=Galil%20R%5BAuthor%5D&cauthor=true&cauthor_uid=12468791
http://www.ncbi.nlm.nih.gov/pubmed?term=Lohmann%20T%5BAuthor%5D&cauthor=true&cauthor_uid=12468791
http://www.ncbi.nlm.nih.gov/pubmed/12468791
http://www.ncbi.nlm.nih.gov/pubmed?term=van%20der%20Meer%20IM%5BAuthor%5D&cauthor=true&cauthor_uid=14993130
http://www.ncbi.nlm.nih.gov/pubmed?term=Bots%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=14993130
http://www.ncbi.nlm.nih.gov/pubmed?term=Hofman%20A%5BAuthor%5D&cauthor=true&cauthor_uid=14993130
http://www.ncbi.nlm.nih.gov/pubmed?term=del%20Sol%20AI%5BAuthor%5D&cauthor=true&cauthor_uid=14993130
http://www.ncbi.nlm.nih.gov/pubmed?term=van%20der%20Kuip%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=14993130
http://www.ncbi.nlm.nih.gov/pubmed?term=van%20der%20Kuip%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=14993130
http://www.ncbi.nlm.nih.gov/pubmed?term=Witteman%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=14993130
http://www.ncbi.nlm.nih.gov/pubmed/14993130
http://www.ncbi.nlm.nih.gov/pubmed?term=Johnsen%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=17901390
http://www.ncbi.nlm.nih.gov/pubmed?term=Mathiesen%20EB%5BAuthor%5D&cauthor=true&cauthor_uid=17901390
http://www.ncbi.nlm.nih.gov/pubmed?term=Joakimsen%20O%5BAuthor%5D&cauthor=true&cauthor_uid=17901390
http://www.ncbi.nlm.nih.gov/pubmed?term=Stensland%20E%5BAuthor%5D&cauthor=true&cauthor_uid=17901390
http://www.ncbi.nlm.nih.gov/pubmed?term=Wilsgaard%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17901390
http://www.ncbi.nlm.nih.gov/pubmed?term=L%C3%B8chen%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=17901390
http://www.ncbi.nlm.nih.gov/pubmed/?term=carotid+atherosclerosis+stronger+predictor+stroke+2007+johnsen
http://www.ncbi.nlm.nih.gov/pubmed?term=Roman%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=22068872
http://www.ncbi.nlm.nih.gov/pubmed?term=Kizer%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=22068872
http://www.ncbi.nlm.nih.gov/pubmed?term=Best%20LG%5BAuthor%5D&cauthor=true&cauthor_uid=22068872
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20ET%5BAuthor%5D&cauthor=true&cauthor_uid=22068872
http://www.ncbi.nlm.nih.gov/pubmed?term=Howard%20BV%5BAuthor%5D&cauthor=true&cauthor_uid=22068872
http://www.ncbi.nlm.nih.gov/pubmed?term=Shara%20NM%5BAuthor%5D&cauthor=true&cauthor_uid=22068872
http://www.ncbi.nlm.nih.gov/pubmed/22068872
http://www.ncbi.nlm.nih.gov/pubmed?term=Polak%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=23568342
http://www.ncbi.nlm.nih.gov/pubmed?term=Inaba%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21764060
http://www.ncbi.nlm.nih.gov/pubmed?term=Chen%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=21764060
http://www.ncbi.nlm.nih.gov/pubmed?term=Bergmann%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=21764060
http://www.ncbi.nlm.nih.gov/pubmed?term=Sirimarco%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23306325
http://www.ncbi.nlm.nih.gov/pubmed?term=Amarenco%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23306325
http://www.ncbi.nlm.nih.gov/pubmed?term=Labreuche%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23306325
http://www.ncbi.nlm.nih.gov/pubmed?term=Touboul%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=23306325
http://www.ncbi.nlm.nih.gov/pubmed?term=Alberts%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23306325
http://www.ncbi.nlm.nih.gov/pubmed?term=Alberts%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23306325
http://www.ncbi.nlm.nih.gov/pubmed?term=Goto%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23306325
http://www.ncbi.nlm.nih.gov/pubmed/?term=carotid+atherosclerosis+risk+of+subsequent+sirimarco+amarenco+2013
http://www.ncbi.nlm.nih.gov/pubmed?term=Brook%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=16357319
http://www.ncbi.nlm.nih.gov/pubmed?term=Bard%20RL%5BAuthor%5D&cauthor=true&cauthor_uid=16357319
http://www.ncbi.nlm.nih.gov/pubmed?term=Patel%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16357319
http://www.ncbi.nlm.nih.gov/pubmed?term=Rubenfire%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16357319
http://www.ncbi.nlm.nih.gov/pubmed?term=Clarke%20NS%5BAuthor%5D&cauthor=true&cauthor_uid=16357319
http://www.ncbi.nlm.nih.gov/pubmed?term=Kazerooni%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=16357319
http://www.ncbi.nlm.nih.gov/pubmed/?term=brook+a+negative+caotid+plaque+area
http://www.ncbi.nlm.nih.gov/pubmed?term=Fenster%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16844159
http://www.ncbi.nlm.nih.gov/pubmed?term=Blake%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16844159
http://www.ncbi.nlm.nih.gov/pubmed?term=Gyacskov%20I%5BAuthor%5D&cauthor=true&cauthor_uid=16844159
http://www.ncbi.nlm.nih.gov/pubmed?term=Landry%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16844159
http://www.ncbi.nlm.nih.gov/pubmed?term=Spence%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=16844159
http://www.ncbi.nlm.nih.gov/pubmed/16844159
http://www.ncbi.nlm.nih.gov/pubmed?term=Wannarong%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23735956
http://www.ncbi.nlm.nih.gov/pubmed?term=Parraga%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23735956
http://www.ncbi.nlm.nih.gov/pubmed?term=Buchanan%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23735956
http://www.ncbi.nlm.nih.gov/pubmed?term=Fenster%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23735956
http://www.ncbi.nlm.nih.gov/pubmed?term=House%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=23735956
http://www.ncbi.nlm.nih.gov/pubmed?term=House%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=23735956
http://www.ncbi.nlm.nih.gov/pubmed?term=Hackam%20DG%5BAuthor%5D&cauthor=true&cauthor_uid=23735956
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wannarong%2C+Stroke%2C+2013+total+plaque+volume
http://www.ncbi.nlm.nih.gov/pubmed?term=Kuk%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24713529
http://www.ncbi.nlm.nih.gov/pubmed?term=Wannarong%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24713529
http://www.ncbi.nlm.nih.gov/pubmed?term=Beletsky%20V%5BAuthor%5D&cauthor=true&cauthor_uid=24713529
http://www.ncbi.nlm.nih.gov/pubmed?term=Parraga%20G%5BAuthor%5D&cauthor=true&cauthor_uid=24713529
http://www.ncbi.nlm.nih.gov/pubmed?term=Fenster%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24713529
http://www.ncbi.nlm.nih.gov/pubmed?term=Spence%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=24713529
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kuk+et+al.+stroke+2014+ulceration
http://www.ncbi.nlm.nih.gov/pubmed?term=Feinstein%20SB%5BAuthor%5D&cauthor=true&cauthor_uid=16843169
http://www.ncbi.nlm.nih.gov/pubmed/?term=Feinstein+jacc+2006+ceus+carotid
http://www.ncbi.nlm.nih.gov/pubmed?term=Staub%20D%5BAuthor%5D&cauthor=true&cauthor_uid=19910551
http://www.ncbi.nlm.nih.gov/pubmed?term=Patel%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=19910551
http://www.ncbi.nlm.nih.gov/pubmed?term=Tibrewala%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19910551
http://www.ncbi.nlm.nih.gov/pubmed?term=Ludden%20D%5BAuthor%5D&cauthor=true&cauthor_uid=19910551
http://www.ncbi.nlm.nih.gov/pubmed?term=Johnson%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19910551
http://www.ncbi.nlm.nih.gov/pubmed?term=Espinosa%20P%5BAuthor%5D&cauthor=true&cauthor_uid=19910551
http://www.ncbi.nlm.nih.gov/pubmed/19910551
http://www.ncbi.nlm.nih.gov/pubmed?term=Deyama%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23519900
http://www.ncbi.nlm.nih.gov/pubmed?term=Nakamura%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23519900
http://www.ncbi.nlm.nih.gov/pubmed?term=Takishima%20I%5BAuthor%5D&cauthor=true&cauthor_uid=23519900
http://www.ncbi.nlm.nih.gov/pubmed?term=Fujioka%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23519900
http://www.ncbi.nlm.nih.gov/pubmed?term=Kawabata%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23519900
http://www.ncbi.nlm.nih.gov/pubmed?term=Kawabata%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23519900
http://www.ncbi.nlm.nih.gov/pubmed?term=Obata%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=23519900
http://www.ncbi.nlm.nih.gov/pubmed/?term=dejama+circ+j+carotid+ceus

REFERENCES Online appendix

68 Zhang Y, Guallar E, Qiao Y, Wasserman BA. Is carotid smoking cessation and other cardiovascular risk factors.
intima-media thickness as predictive as other noninvasive Arch Intern Med. 2012;172(4):344-52.
techniques for the detection of coronary artery disease? 71 Johnson HM, Turke TL, Grossklaus M, Dall T, Carimi S,
Arterioscler Thromb Vasc Biol. 2014;34(7):1341-5. Koenig LM, et al. Effects of an office-based carotid

69 Bots ML, Sutton-Tyrrell K. Lessons from the past and ultrasound screening intervention. ] Am Soc Echocardiogr
promises for the future for carotid intima-media 2011;24(7):738-47.

thickness. ] Am Coll Cardiol. 2012;60(17):1599-604.
70 Rodondi N, Collet TH, Nanchen D, Locatelli I, Depairon M,
Aujesky D, et al. Impact of carotid plaque screening on

CARDIOVASCULAR MEDICINE - KARDIOVASKULARE MEDIZIN - MEDECINE CARDIOVASCULAIRE



