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Carotid ultrasound provides quantitative measurements of carotid intima–media thickness (CIMT) that can be used to assess cardiovascular
disease (CVD) risk in individuals and monitor ongoing disease progression and regression in clinical trials. It is non-invasive, rapid, reprodu-
cible, and carries no risk. Numerous epidemiological studies have established that CIMT is a marker of subclinical atherosclerosis and is
associated with established CVD risk factors and with both prevalent and incident CVD. The use of CIMT in outcome trials as a surrogate
or predictor of CVD outcomes is widespread. Carotid ultrasound is being employed to test the efficacy of CVD treatment in order to ident-
ify potential useful drugs earlier and to possibly speed regulatory approval. Successive trials have generated lessons learned and applied, with
slow but steady improvement in CIMT measurement reproducibility.
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In 1986 Italian investigators reported the results of an in vitro study
of 18 human aorta and common carotid arteries, which compared
direct measurements of arterial wall thickness by gross and micro-
scopic examination with B mode real-time imaging of those same
specimens.1 They described a characteristic B mode image of the
arterial wall composed of two parallel echogenic lines separated
by a hypoechoic space. The distance between the two lines did
not differ significantly from the intima–media thickness (IMT)
measured on pathologic examination, leading the investigators to
suggest that B mode imaging could present a useful approach to
the measurement of IMT in vivo. Today, less than a quarter
century later, calculation of carotid IMT (CIMT) is arguably the
most widely used non-invasive measure of atherosclerosis cur-
rently employed by clinicians and clinical investigators, both to
quantify the extent of subclinical disease and to monitor change
over time (Figure 1).

Because cardiovascular disease (CVD) is the leading cause of
morbidity and mortality worldwide, the potential value of a non-
invasive imaging method that allowed direct visualization of the
arterial wall and provided quantification of all stages of the athero-
sclerotic process was great. Previously, while ultrasound was
widely employed as a screening tool for carotid disease, the

B-mode image of the vessel was used as an adjunct to obtaining
accurate Doppler flow measurements from the site of maximum
lumen narrowing. The vessel wall was largely ignored, since the
focus was on identifying patients with high-grade stenosis who
might be candidates for carotid endartectomy. Now there
existed the possibility that a technology that was already widely
available, non-invasive, and familiar to clinicians, could provide
further benefit by quantifying atherosclerosis much earlier in its
development in individual subjects and patients.

The carotid artery lends itself to study by high-resolution ultra-
sound devices because it is superficial in location, is relatively
stationary, and runs parallel to the surface of the neck, at least
to the level of the carotid bifurcation. Employing B-mode ultra-
sound, the ‘double echo’ pattern shown in that original publication
to represent the combined width of the carotid artery intima and
media, can be readily and reproducibly visualized in nearly all sub-
jects. Typically, the carotid artery is classified into three segments
when undergoing ultrasound study, each approximately 1 cm in
length. The most proximal segment, the 1-cm straight segment
of the extracranial carotid artery immediately prior to the bifur-
cation, is the common carotid (CCA). Its distal boundary is ident-
ified by a divergence of the near and far walls as the artery begins to
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divide into its internal and external branches. This focal widening of
the bifurcation extends over approximately 1 cm and is labelled the
carotid bulb (CB). Its distal margin is defined by the tip of the flow
divider separating the diverging internal carotid artery (ICA) and
external carotid artery. The final segment that is commonly exam-
ined is the proximal 1 cm of the ICA. Of the three anatomic seg-
ments, the easiest to examine by ultrasound is the CCA, making it
an attractive target of study. However, the carotid artery has
proven to be an extremely complex vessel, with differing associ-
ations for each segment to risk factors and outcomes, complicating
the search for a standard imaging protocol that best meets every
clinical and investigational requirement.2

Because the carotid artery is an elastic artery, CIMT in healthy
young subjects consists almost entirely of media. Technically, it is
impossible to distinguish between intima and media by ultrasound.
The normal carotid arterial wall appears unaffected by age or
gender until approximately 18 years of age; thereafter there is
diffuse progressive intimal thickening. Carotid IMT varies

throughout the cardiac cycle by as much as 0.03 mm, being thickest
at end diastole and thinnest at peak systole. It is rare to find carotid
atherosclerotic plaque, defined either as a focal structure that
encroaches into the arterial lumen of at least 0.5 mm or 50% of
the surrounding IMT value or a thickness .1.5 mm as measured
from the media–adventia interface to the intima–lumen interface,3

in men under 40 years or in women prior to the onset of meno-
pause.4 When present, focal atherosclerotic plaques are almost
always located in the CB and ICA and rarely in the CCA except
in very advanced disease. This is thought to be related in significant
part to the varying hemodynamics of the carotid artery, with
plaques forming in areas of low, rather than high, sheer stress, par-
ticularly in regions of marked oscillations in the direction of wall
sheer stress. Such conditions are present in the CB and ICA but
not in the distal CCA, where wall sheer stress is high and the
sheer stress vector is aligned in the forward axial direction
throughout the pulse cycle.5– 7

In healthy middle-age adults, the distance from the CCA lumen–
intima interface and the media–adventia interface measures 0.6–
0.7 mm (Figure 2). In the CB, CIMT is generally higher, whereas
values for the ICA resemble those of the CCA in healthy individ-
uals. Thickness varies with age, gender, and ethnicity. It increases
with age and is generally thicker in men than women.8 While
certain risk factors, such as diastolic blood pressure and fasting
glucose, relate better to the CCA, others demonstrate a stronger
relationship to the CB or ICA.2 However, normal values for CIMT
are difficult to provide because in addition to risk factors, the
absolute CIMT value also depends on the location of the measure-
ment (segments, near, or far wall), the ultrasound equipment used,
and the off line reading system (automated, manual tracings)
employed.9 These latter aspects are one of the reasons why
mean CIMT values may differ considerably between studies.

Automated edge detection programmes have been suggested as
a better approach to reduce variability in the measurement of
CIMT. Most automated edge detection programmes have been

Figure 2 Ultrasound image showing measurement of near and far wall CIMT in the distal 1 cm of the CCA.

Figure 1 The number of publications using ‘carotid intima
media thickness’ in the title or abstract as assessed using
PubMed database (http://www.ncbi.nlm.nih.gov/sites/entrez), by
year of publication, 16 February 2010.
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designed for the measurement of far wall CCA, whereas the near
wall is not considered, nor are measurements of the CB or the
ICA. The main potential advantage of automated edge detection
programmes is that they may reduce variability in CIMT readings
as a result of reduction in differences between readers and by
the elimination of change in reading behaviour over time (reader
drift). The beneficial effect of automated edge detection in
reduction of measurement variability depends on the contribution
of sonographers and readers on the total variability in the CIMT
measurement. A number of studies have indicated that differences
between sonographers have a much larger effect on CIMT
measurements than differences between readers. Furthermore, a
formal quantification of the extent of reduction in measurement
error using either approach has not been done. In general, when
ultrasound images show clear interfaces automated edge detection
programmes work well, whereas when the interfaces on the ultra-
sound images are less clear, the automated edge detection pro-
gramme needs to be manually overridden, thereby eliminating
the advantages of the use of automated edge detection.10,11

Relationship with future vascular
events
Following publication of the first CIMT paper, with attention now
redirected from the arterial lumen to the arterial wall, several large
observational studies were initiated to ascertain the relationship of
CIMT with established CVD risk factors, with prevalent CVD,
atherosclerosis elsewhere, and, most importantly, with incident
vascular disease independent of other risk factors. In the Kuopio
Ischemic Heart Disease (KIHD) risk factor study, 1288 Finnish
men were followed for 2.5 years; an increased CIMT (.1 mm)
at baseline was related to a 2.2-fold (95% confidence interval
[CI]: 0.7–6.74) increased risk of myocardial infarction (MI).12 In
1997 the Atherosclerosis Risk in Communities Study (ARIC)
reported the results of a study of 15 792 healthy subjects aged
45–65 years who had been followed in four US communities for
4–7 years after undergoing baseline carotid ultrasound. ARIC
demonstrated that increased CIMT was prospectively associated
with increased risk of CHD, with a hazard ratio (HR) of 1.13 for
MI per 0.1 mm difference in CCA IMT, adjusted for age and
gender.13 Similar findings were reported that same year by the
Rotterdam Study for 7983 subjects, the HR being 1.19 for the
same measurement.14 Two years later the Cardiovascular Health
Study (CHS) reported on a study of 4476 subjects without clinical
CVD followed for a median period of 6.2 years, using a combined
CCA and ICA CIMT measure.15 For MI, the HR was 1.15. Dividing
their population into quintiles based on CIMT, CHS showed that
the 7-year rates for MI or stroke was over 25% for participants
in the fifth quintile compared with less than 5% for those in the
first quintile (Figure 3).

When analysed separately, there was a stronger association
between ICA IMT and incident MI than CCA IMT, while the oppo-
site was true for stroke. After adjustment for traditional risk
factors, CIMT was the variable most strongly associated with
CVD events, and by itself was as powerful a predictor of these
as any combination of the traditional risk factors. In 2007 Lorenz

et al.16 published a systematic review and meta-analysis of eight
relevant general population-based studies that had reported on
the ability of CIMT to predict future cardiovascular end points,
including the three above, involving a total of 37 197 subjects fol-
lowed for a mean of 5.5 years. They reported that for an absolute
CIMT difference of 0.1 mm, the future risk of MI increases by
10–15%, and the stroke risk increases by 13–18%. Currently,
over 20 cohort studies performed among subjects with or
without previous vascular disease, and with and without CVD
risk factors, showed consistently that increased CIMT relates to
increased cardiovascular risk, independently of established vascular
risk factors.

Incremental value for risk
stratification
While it was clear that ultrasonically derived carotid wall measure-
ments provided offered a powerful new tool in assessing CVD risk,
it was less certain how much additional value CIMT measurement
added to existing risk-assessment methods such as the Framingham
risk score or the Systematic Coronary Risk Evaluation (SCORE)
system. Framingham divides subjects into three risk categories
based principally on age, gender, cholesterol, blood pressure, and
smoking: low (,10% risk of an vascular event in 10 years); inter-
mediate(10–20%): and high (.20%).17 Treatment recommen-
dations, which have become progressively more aggressive over
the past two decades, are linked to these categories. Several
studies indicated that the risk stratification by Framingham leaves
room for improvement. Recognizing that treating major CVD
risk factors for primary and secondary prevention works and the
guidelines support this, and seeking to provide clinicians with
better risk indicators, in 2001 the American Heart Association Pre-
vention V Conference suggested that persons over 50 years of age
at intermediate risk for CVD might be suitable for screening by
non-invasive tests, including carotid ultrasound.18 In 2003 the
34th Bethesda Conference wrote that patients at intermediate
risk for total CVD event possibly warrant further risk stratification
by non-invasive tests such as CIMT and coronary artery calcium
(CAC) scoring to assess atherosclerotic burden.19 Initially in

Figure 3 Unadjusted cumulative event-free rates for the com-
bined end point of MI or stroke, according to quintile of CIMT.
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2003, and again in 2007, the Task Force for the Management of
Arterial Hypertension of the European Society of Hypertension
and of the European Society of Cardiology recommended
carotid ultrasound in hypertensive patients both to provide
better stratification and to assess end-organ damage.20 Because
of their concern that ultrasound scanning limited to the CCA
was likely to measure vascular hypertrophy only, they suggested
that scanning the CB and/or the ICA provided a better measure
of atherosclerosis.

One of the first reports on the incremental value of CIMT
measurement in risk stratification among 55-year-old subjects
came from the Rotterdam Study in 2001. At that time, evaluation
of the incremental value was generally based on the change in area
under the receiver operating characteristic curve (ROC), the c
statistic, although recently Cook21 has challenged the use of this
approach as the best choice for evaluating the utility of novel
risk factors. In the Rotterdam Study analyses, when CCA CIMT
was added to a basic risk factor model, the ROC area increased
from 0.72 (95% CI: 0.69–0.75) to 0.75 (95% CI: 0.72–0.78). The
authors concluded that adding CIMT to a risk function for CVD
did not result in a substantial increase in predictive value when
used as a screening tool.22 In addition, a recent systematic
review of the role of CIMT measurements in CVD screening pro-
grammes concluded that at present it seems that the published evi-
dence to quantitatively support the use of a CIMT measurement to
help in risk stratification on top of such standard risk functions
such as Framingham or SCORE is limited.23

While there remains a paucity of information on the effective-
ness of screening using carotid ultrasound, existing data does
support some conclusions. The prevalence of severe carotid ste-
nosis (≥70%) in the general population is low and does not
provide a rationale for widespread screening of asymptomatic
patients.24 And while there has been extensive focus on the
concept of using bioimaging to detect the ‘vulnerable plaque’,
plaque characterization by ultrasound has not shown to be of
any value in therapeutic decision-making and should not be used
as a justification for screening. Finally, for reasons discussed
below, serial CIMT studies to assess the efficacy of treatment in
individuals is not recommended.

Change over time in CIMT and
trials
Because external ultrasound is non-invasive and has no known risk,
early consideration was given to obtaining longitudinal CIMT
measures to assess the impact of treatment on individuals.
Annual CIMT progression rates average 0.005–0.01 mm/year. In
a pooled analysis of lipid lowering trials the estimate for rate of
change in CIMT was 0.0147 mm/year (95% CI: 0.0122–0.0173)
for mean CCA IMT and 0.0176 mm/year (95% CI: 0.0149–
0.0203) for combined mean maximum CCA, bulb, and ICA IMT.9

As these estimates reflect group averages, it means that some par-
ticipants progress more rapidly than others, and that some may not
change at all. The axial resolution of an ultrasound unit is between
0.1 and 0.3 mm. Measurement error is consistently reported to be
at least 5–10% of baseline CIMT. Thus for individuals, the error

involved in CIMT measurement precludes identification of real
change over any reasonable time period. However, while serial
CIMT studies cannot track change in single subjects, they have
become widely used in clinical trials involving hundreds of subjects
in each trial arm. The above data determines the appropriate
design for progression studies. The longer the duration of the
trial, the larger the study population, the more rigorous the
imaging protocol, and the more significant the expected impact
of the therapeutic intervention, the more likely divergent rates
of CIMT change will be identified. Such studies began in the
mid-1990s, largely focusing on the impact of statins vs. placebo
and demonstrated that aggressive statin therapy reduced CIMT
progression relative to placebo or lower dose statin therapy. By
way of example, in one of the earliest such trials published, the
ACAPS study reported on 919 patients treated for with lovastatin
or placebo along with warfarin or its placebo. They were able to
demonstrate that after 3 years CIMT progression between lovasta-
tin and its placebo was statistically significant (P ¼ 0.001).25

Over the past 15 years, change in CIMT over time has been used
as an alternative for CVD events as the primary outcome in a variety
of intervention studies such as evaluating lipid modifying therapy,
glucose lowering therapy and antioxidant therapy, and hormonal
replacement therapy.26–29 In addition, a recent review reported on
the effects of blood pressure lowering on rate of change in CIMT
using data from randomized controlled trials. Of 22 trials identified
through a PubMed search, 8 included 3329 patients with diabetes
or coronary heart disease. In these 8, blood pressure lowering treat-
ment with an angiotensin-converting enzyme (ACE) inhibitor, a beta-
blocker, or a calcium-channel blocker, reduce the rate of change in
CIMT 0.007 mm/year as compared with placebo or no treatment
(P ¼ 0.01). In 9 trials including 4564 hypertensive patients, CCBs,
ACE inhibitors, an angiotensin II receptor blocker, or an a-blocker,
compared with diuretics or beta-blockers, in the presence of
similar blood pressure reductions, significantly decreased the rate
of change in CIMT with 0.003 mm/year (P ¼ 0.03).30

The design of CIMT trials has varied. Some studied only the
CCA, while others included all three segments; some imaged
only the far wall, others both the near and far wall. Some
focused on studying the vessel from a single predetermined
angle, while others obtained and averaged measurements from
multiple angles. Some controlled for cardiac cycle, others did
not; some used hand-drawn methods to define interfaces, while
others employed various automated edge-detection techniques.
Even today, no single ‘best practice’ CIMT protocol has emerged.
Two recent studies illustrate this. In 2008 METEOR reported on
984 subjects with a low Framingham risk score and a maximum
CIMT ≥1.2 to ,3.5 mm who were treated with rosuvastatin
40 mg vs. placebo. The protocol employed utilized measurements
of the near and far wall of all carotid artery segments using a single
fixed angle at each level, and the primary endpoint was the rate of
change of maximum CIMT at 12 carotid sites. Two scans were per-
formed at baseline, one every 6 months thereafter, then two at
end of study. All seven scans were read randomly by a single
reader at the end of study, using a manual method to draw the
interfaces, with control for the cardiac cycle. Rosuvastatin 40 mg
show a rate of maximum CIMT progression of 20.0014 mm/
year vs. 0.0131 mm/year for placebo (P , 0.0001) (Figure 4).31
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The recently published ARBITER 6-HALTS trial compared the
effects of two combination therapies—either niacin or ezetimibe
added to long-term statin therapy—on far wall CCA IMT only,
employing two scanning angles on the right and left. Scans were
obtained at baseline, at 8 months and at 14 months and were
read by a single reader employing an automated border-detection
algorithm. The primary end point was the between-group differ-
ence in mean CIMT after 14 months. Ezetimibe showed a change
from baseline to 14 months of 20.0007+ 0.0035 mm, while
niacin showed a change of 20.0142+0041 mm, demonstrating
that niacin had greater efficacy in mean CCA CIMT (P ¼
0.003).32 Two approaches, but each providing a definitive result.

Recent publications have appeared in which attempts were
made to provide data on ‘best’ CIMT measurements strategy for
trials based on comparing various strategies on reproducibility,
progression, and treatment effect.33,34 These analyses assumed
that the best CIMT protocol would be one that combines high
reproducibility, a large and precise estimate of the rate of CIMT
progression, and a large and precise estimate of the treatment
effect. It has been proposed that employing three-dimensional
measurement of carotid plaque would allow mark reductions in
the size and duration of ultrasound studies assessing the efficacy
of new therapies.35 In the Troms Study, involving 6226 participants
aged 25–84 years with no previous MI, carotid plaque area was a
stronger predictor of MI than was CIMT.36 However, we are not
aware of any randomized controlled trial to date that has
employed total plaque volume as the outcome measure.

CIMT change and reduction in
events
Unfortunately, no study to date has been powered to demonstrate
whether a reduction in CIMT progression led to a corresponding

reduction in CVD events. For the large epidemiology studies, no
comparison of progression rates linked to outcomes is available
since no systematic intervention occurs. For the prospective
trials, none has been large enough or of sufficient duration to con-
vincingly confirm or refute the hypothesis that novel therapies that
slow or reverse CIMT progression have a corresponding impact on
hard clinical outcomes. One early study has provided information
on the relation of change in CIMT and the risk of future events. In a
population of 146 men with coronary disease, aged 40–59 years
with a follow-up of 8.8 years, Hodis et al.37 showed that a
0.03 mm/year increase in CCA IMT was related to a 2.2-fold
increased risk of coronary events. In addition, Espeland et al.38

recently performed a meta-analysis showing that across the trials,
statin therapy was associated with an average decrease of CIMT
progression of 0.012 mm/year (95% CI: 20.016 to 20.007).
Using the same studies, a meta-analysis yielded a risk reduction
of 52% for CVD events. In this approach, the authors linked the
CIMT benefit to the reduction of events. In contrast with these
findings was the report from the European Lacidipine Study on
Atherosclerosis (ELSA), a randomized trial in which 2334 hyper-
tensive patients from 7 European countries were followed under
effective antihypertensive treatment for 3.75 years. The authors
concluded that while baseline CIMT strongly predicted CVD
events during the follow-up period, differences in CIMT measured
yearly compared with baseline did not.39

Concurrence between CIMT and
IVUS trials
There have been at least five parallel clinical trials that have used
both CIMT and intravascular coronary artery ultrasound (IVUS)
to evaluate the efficacy of different therapeutic approaches on
atherosclerosis progression.31,40 – 49 IVUS employs a miniaturized
ultrasound device attached to the end of a catheter to obtain a
series of images of the coronary artery wall from which measure-
ments of wall thickness can be derived. While in no instance to
date have the identical subjects been studied by both CIMT and
IVUS, in at least four instances the therapeutic interventions—
and therefore the expected therapeutic effect on different vascu-
lar beds—were similar. In the ASAP trial, 325 patients with famil-
ial hypercholesterolemia (FMH) having an average age of 48 years
and a baseline CIMT of 0.093 mm were treated with either ator-
vastatin 80 mg (intensively treated) or simvastatin 40 mg (moder-
ately treated). At 2 years atorvastatin CIMT decreased
20.031 mm (P ¼ 0.0017) while simvastatin CIMT increased
0.036 mm (P ¼ 0.0005).40 In the REVERSAL trial 654 patients
undergoing coronary artery catheterization were randomly
assigned to either atorvastatin 80 mg (intensive) or pravastatin
40 mg (moderate). The primary IVUS endpoint (percentage
change in atheroma volume) showed a significantly lower pro-
gression rate in the atorvastatin group (P ¼ 0.02). Progression
of coronary atherosclerosis did occur in the pravastatin group
(2.7%) compared with baseline but not in the atorvastatin
group (20.4%).41 These two studies supported the thesis that
greater low-density lipoprotein cholesterol (LDL-C) lowering is
beneficial, a hypothesis that was subsequently supported by a

Figure 4 Change in maximum CIMT for rosuvastatin vs.
placebo over the 2 year period of the METEOR Trial.
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number of clinical outcomes studies.50,51 Radiance 1 was a CIMT
study of 850 FMH patients who were randomly assigned to either
torcetrapib, an inhibitor of cholesteryl ester transfer protein,
60 mg and atorvastatin or atorvastatin alone. After 2 years the
use of torcetrapib showed no benefit despite an increase in high-
density lipoprotein cholesterol (52%), and a substantial decrease
in LDL-C (21%).42 In a parallel IVUS study, ILLUSTRATE, involving
950 subjects with symptomatic coronary artery disease, the
change in percent atheroma volume was nearly identical in both
groups (P ¼ 0.72).43 The torcetrapib outcomes study ILLUMI-
NATE, involving 15 067 subjects, was terminated coincident
with the conclusion of the two imaging studies; at termination
the torcetrapib group showed a 25% increased risk over the
group that received atorvastatin alone (HR, 1.25; 95% CI: 1.09–
1.44; P + 0.001).52 The above examples were chosen because
they allow comparison of two techniques, CIMT and IVUS,
which are used to obtain sequential measurement of athero-
sclerosis progression in different vascular beds and with results
that can be linked to clinical outcomes trials. One of the thera-
peutic trials had a positive outcome for both imaging modalities,
and one had a negative outcome for both. The clinical trials had
the same results, one positive and one negative. To date, although
the number of studies is small, there has been concordance
between trial outcomes as determined by ultrasonic wall
measurements in the carotid and coronary arteries, and, in at
least two instances, by clinical outcomes.53

CIMT and CAC
As earlier noted, a number of consensus panels have suggested
that CIMT and CAC might be useful additions to standard risk
assessment scores. While there continues to be honest debate
about the value of such screening, two recent studies have
addressed the question of which study is more predictive of inci-
dent CVD events. Using 559 subjects enrolled in the Pittsburgh
Field Center of CHS, Newman et al.54 found that CIMT and
CAC had similar hazards ratios for total CVD and CHD. CIMT
was more strongly related to stroke than CAC. The Multi-Ethnic
Study of Atherosclerosis (MESA) studied 6814 adults with both
CIMT and CAC. The cohort was followed for incident CVD
events for a median of 3.9 years. After adjusting for each other
and traditional CVD risk factors, the HR of CVD increased
2.1-fold (95% CI: 1.8–2.5) for each one-standard deviation (SD)
increment of log-transformed CAC score, vs. 1.3-fold (95% CI:
1.1–1.4) for each 1-SD increment of CIMT.55 A ROC curve analy-
sis also suggested that CAC was a better predictor of incident
CVD than was CIMT, with areas under the curve of 0.81 vs.
0.78, respectively. In MESA, CIMT was more predictive of stroke
than was CAC.

Similar to CAC, there have been several reports comparing the
direction, magnitude, and precision of the relation for CIMT with
that found for other atherosclerosic measurements. The latter
includes measurement of carotid plaque presence or total
plaque area assessed with ultrasound. An in-depth description of
these studies is however beyond the scope of the current
review.56,57

Conclusion
Advances in the field of carotid ultrasound have been incremental,
resulting in a steady decrease in measurement variability. Improve-
ments in edge detection algorithms point towards increasing auto-
mation of CIMT measurements, though the use of this approach
has so far been limited to the CCA. The major advantage of
CIMT is that it is completely non-invasive and can be repeated
as often as required. It provides a continuous measure, since all
subjects have a measurable carotid wall. It is also relatively inex-
pensive to perform, and the technology is widely available.
Increased CIMT has been shown consistently to predict future vas-
cular events. Furthermore, intervention for established CVD risk
factors has been shown to affect CIMT progression within 12–
18 months in properly designed trials with results congruent
with clinical events trials. For all these reasons, and the wealth of
experience with this approach, external carotid external ultra-
sound is likely to remain among the most widely employed
imaging technique for the quantification and tracking of subclinical
atherosclerosis.

Conflict of interest: D.H.O. has a minor holding in Medpace, Inc.
and received minor consulting fees from Pfizer in the past year.
M.L.B. has no conflict of interest.

References
1. Pignoli P, Tremoli E, Poli A, Oreste P, Paoletti R. Intimal plus medial thickness of

the arterial wall: a direct measurement with ultrasound imaging. Circulation 1986;
74:1399–1406.

2. Polak JF, Person SD, Wei GS, Godreau A, Jacobs DR, Harrington A, Sidney S,
O’Leary DH. Segment-specific associations of carotid intima-media thickness
with cardiovascular risk factors: the Coronary Artery Risk Development in
Young Adults (CARDIA) Study. Stroke 2010;41:41–47.

3. Touboul PJ, Hennerici MG, Meairs S, Adams H, Amarenco P, Bornstein N,
Csiba L, Desvarieux M, Ebrahim S, Fatar M, Hernandez Hernandez R, Jaff M,
Kownator S, Prati P, Rundek T, Sitzer M, Schminke U, Tardif JC, Taylor A,
Vicaut E, Woo KS, Zannad F, Zureik M. Mannheim carotid intima-media thickness
consensus (2004–2006). An update on behalf of the Advisory Board of the 3rd and
4th Watching the Risk Symposium, 13th and 15th European Stroke Conferences,
2004, Mannheim, Germany, 2007, 75–80 and Brussels, Belgium, 2006. Cerebro-
vasc Dis23.

4. Kiechl S, Willeit J. The natural course of atherosclerosis. Part 1: incidence and
progression. Aterioscler Thromb 1999;19:1484–1490.

5. Ku DN, Giddens DP, Zarins CK, Glagov S. Pusitile flow and atherosclerosis in the
human carotid bifurcation. Positive correlation between plaque location and low
oscillating shear stress. Arterioscler Thromb Vasc Biol 1985;5:293–302.

6. Malek AM, Alper SL, Izumo S. Hemodynamic shear stress and its role in athero-
sclerosis. JAMA 1999;282:2035–2042.

7. Kolodgie FD, Burke AP, Nakazawa G, Virmani R. Is pathologic intimal thickening
the key to understanding early plaque progression in human atherosclerotic
disease? Arterioscler Thromb Vasc Biol 2007;27:986–989.

8. Stein JH, Korcarz CE, Hurst RT, Lonn E, Kendall CB, Mohler ER, Najjar SS,
Rembold CM, Post WS. Use of carotid ultrasound to identify subclinical
disease and evaluate cardiovascular risk: a consensus statement from the Amer-
ican Society of Echocardiography Carotid Intima-Media Thickness Task Force
endorsed by the Society of Vascular Medicine. J Am Soc Echocardiogr 2008;21:
93–111.

9. Bots ML, Evans GW, Riley WA, Grobbee DE. Carotid intima-media thickness
measurements in interventional studies. Design options, progression rates, and
sample size considerations: a point of view. Stroke 2003;34:2985–2994.

10. Tang R, Hennig M, Thomasson B, Scherz R, Ravinetto R, Catalini R, Rubba P,
Zanchetti A, Bond MG, for the ELSA Investigators. Baseline reproducibility of
B-mode ultrasonic measurement of carotid intima-media thickness: the
European Lacidipine Study on Atherosclerosis (ELSA). J Hypertens 2000;18:
197–201.

Imaging of atherosclerosis 1687
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/article/31/14/1682/439025 by guest on 11 April 2024



11. Hulthe J, Wikstrand J, Emanuelsson H, Wiklund O, de Feyter PJ, Wendelhag I.
Atherosclerosic changes in the carotid artery bulb as measured by B-mode ultra-
sound are associated with the extent of coronary atherosclerosis. Stroke 1997;28:
1189–1194.

12. Salonen JT, Salonen R. Ultrasonographically assessed carotid morphology and the
risk of coronary heart disease. Arterioscler Thromb 1991;11:1245–1249.

13. Chambless LE, Heiss G, Folsom AR, Rosamond W, Szklo M, Sharrett AR,
Clegg LX. Association of coronary heart disease incidence with carotid arterial
wall thickness and major risk factors: the Atherosclerosis Risk in Communities
(ARIC) Study, 1987–1993. Am J Epidemiol 1997;146:483–494.

14. Bots ML, Hoes AW, Koudstaal PJ, Hofman A, Grobbee DE. Common carotid
artery intima-media thickness and risk of stroke and myocardial infarction: the
Rotterdam Study. Circulation 1997;96:1432–1437.

15. O’Leary DH, Polak JF, Kronmal RA, Manolio TA, Burke GL, Wolfson SK Jr.
Carotid-artery intima and media thickness as a risk factor for myocardial infarc-
tion and stroke in older adults. Cardiovascular Health Study. N Engl J Med
1999;340:14–22.

16. Lorenz MW, Markus HS, Bots ML, Rosvall M, Sitzer M. Prediction of clinical car-
diovascular events with carotid intima-media thickness: a systematic review and
meta-analysis. Circulation. 2007;115:459–467.

17. Anderson KM, Wilson PW, Odell PM, Kannel WB. An updated coronary
risk profile. A statement for health professionals. Circulation 1991;83:
356–362.

18. Greenland P, Smith SC Jr, Grundy SM. Improving coronary heart disease risk
assessment in asymptomatic people: role of traditional risk factors and noninva-
sive cardiovascular tests. Circulation. 2001;104:1863–1867.

19. Wilson PWF, Smith SC, Blumenthal RS, Burke GL, Wong ND. 34th Bethesda
Conference: Task force #4—How do we select patients for atherosclerosis
imaging. JACC 2003;41:1898–1906.

20. Mancia G, de Backer G, Dominiczak A, Cifkova R, Heagerty AM, Kjeldsen SE,
Laurent S, Narkiewicz K, Ruilopr L, Rynkiewicz A, Schmieder RE, Struijker
Boudier HAJ, Zanchetti A. 2007 Guidelines for the management of arterial hyper-
tension: the Task Force for the Management of Arterial Hypertension of the
European Society of Hypertension (ESH) and of the European Society of Cardi-
ology (ESC). J Hypertens 2007;25:1105–1187.

21. Cook NR. Use and misuse of the receiver operating characteristic curve in risk
prediction. Circulation 2007;115:928–935.

22. Iglesias del Sol AI, Moons KGM, Hollander M, Hofman A, Koudstaal PJ,
Grobbee DE, Breteler MMB, Witteman JCM, Bots ML. Is carotid intima-mendia
thickness useful in cardiovascular disease risk assessment?: The Rotterdam
Study. Stroke 2001;32:1532–1538.

23. Plantinga Y, Dogan S, Grobbee DE, Bots ML. Carotid intima-media thickness
measurement in cardiovascular screening programmes. Eur J Cardiovasc Prev
Rehabil 2009;16:639–644.

24. de Weerd M, Greving JP, de Jong AWF, Buskens E, Bots ML. Prevalence of asymp-
tomatic carotid artery stenosis according to age and sex: systematic review and
metaregression analysis. Stroke 2009;40;:1105–1113.

25. Furberg CD, Adams HP, Applegate WB, Byington RP, Espeland MA, Hartwell T,
Hunninghake DB, Lefkowitz DS, Probstfield J, Riley WA, Young B, for the Asymp-
tomatic Carotid Artery Progression Study (ACAPS) Research Group. Effect of
lovastatin on early carotid atherosclerosis and cardiovascular events. Circulation
1994;90:1679–1687.

26. Revkin JH, Shear CL, Pouleur HG, Ryder SW, Orloff DG. Biomarkers in the pre-
vention and treatment of atherosclerosis: need, validation, and future. Pharmacol
Rev 2007;59:40–53.

27. Wang JG, Staessen JA, Li Y, Van Bortel LM, Nawrot T, Fagard R, Messerli FH,
Safar M. Carotid intima-media thickness and antihypertensive treatment. Stroke
2006;37:1933–1940.

28. DCCT/EDIC Research Group: Nathan DM, Lachin J, Cleary P, Orchard T,
Brillon DJ, Backlund J-Y, O’Leary DH, Genuth S. Invasive diabetes therapy and
carotid intima-media thickness in Type 1 Diabetes Mellitus. N Engl J Med 2003;
348:2294–2303.

29. Yokoyama H, Katakami N, Yamasaki Y. Recent advances of interventions to inhibit
progression of carotid intima-media thickness in patients with type 2 diabetes.
Stroke 2006;37:2420–2427.

30. Wang JG, Staessen JA, Li Y, Van Bortel LM, Nawrot T, Fagard R, Messerli FH,
Safar M. Carotid intima-media thickness and antihypertensive treatment: a
meta-analysis of randomized controlled trials. Stroke 2006;37:1933–1940.

31. Crouse JR, Raichlen JS, Riley WA, Evans GW, Palmer MK, O’Leary DH,
Grobee DE, Bots ML. Effect of rosuvastatin on progression of carotid intima-
media thickness in low-risk individuals with subclinical atherosclerosis: the
METEOR Trial. JAMA 2007;297:1344–1353.

32. Taylor AJ, Villines TC, Stanek EJ, Devine PJ, Griffen L, Miller M, Weissman NJ,
Turco M. Extended-released niacin or ezetimibe and carotid intima-media thick-
ness. N Engl J Med 2009;361:2113–2122.

33. Dogan S, Plantinga Y, Evans GW, Meijer R, Grobbee DE, Bots ML. Ultrasound
protocols to measure carotid intima-media thickness: a post-hoc analysis of
OPAL study. Curr Med Res Opin 2009;25:119–122.

34. Dogan S, Plantinga Y, Crouse JR, Evans GW, Raichlen JS, O’Leary DH, Palmer MK,
Grobbee DE, Bots ML, on behalf of the METEOR Study Group. Ultrasound pro-
tocols to measure carotid intima-media thickness: a comparison of reproducibil-
ity, rate of progression and treatment effect in asymptomatic subjects with mild to
moderate subclinical atherosclerosis, the METEOR study. In: European Athero-
sclerosis Society Conference, 26 April 2008 Istanbul, Turkey.

35. Ainsworth CD, Blake CC, Tamayo A, Beletsky V, Fenster A, Spence JD. 3D ultra-
sound measurement of change in carotid plaque volume: a tool for rapid evalu-
ation of new therapies. Stroke 2005;36:1904–1909.

36. Johnsen SH, Mathiesen EB, Joakimsen O, Stensland E, Wilsgaard T, Lochen M-L,
Njolstad I, Arnesen E. Carotid atherosclerosis is a stronger predictor of myocar-
dial infarction in women than in men: a 6-year follow-up study of 6226 persons:
the Tromsv Study. Stroke 2007;38:2873–2880.

37. Hodis HN, Mack WJ, LaBree L, Selzer H, Liu C, Azen SP. The role of carotid
arterial intima-media thickness in predicting clinical coronary events. Ann Intern
Med 1998;128:262–269.

38. Espeland MA, O’Leary DH, Terry JG, Morgan T, Evans G, Mudra H. Carotid
intimal-media thickness as a surrogate for cardiovascular disease events in trials
of HMG-CoA reductase inhibitors. Curr Cont Trials Cardiovasc Med 2005;6:3.

39. Zanchetti A, Hennig M, Hollweck R, Bond G, Tang R, Cuspidi C, Parati G,
Facchetti R, Mancia G. Baseline values but not treatment-induced changes in
carotid intima-media thickness predict incident cardiovascular events in treated
hypertensive patients: findings in the European Lacidipine Study on Atherosclero-
sis (ELSA). Circulation 2009;120:1084–1090.

40. Smilde TJ, Wissen SV, Wollersheim H, Trip M, Kastelein JJP, Stalenhoef AFH.
Effect of aggressive versus conventional lipid lowering on atherosclerosis pro-
gression in familial hypercholesterolaemia (ASAP); a prospective, randomized
double blind trial. Lancet 2001;357:577–581.

41. Nissen SE, Tuzcu EM, Schoenhagen P, Brown BG, Ganz P, Vogel RA, Crowe T,
Howard G, Cooper CJ, Brodie B, Grines CL, DeMaria AN. Effect of intensive
compared with moderate lipid-lowering therapy on progression of coronary
atherosclerosis. JAMA 2004; 291:1071–1080.

42. Kastelein JJP, van Leuven SI, Burgess L, Evans GW, Kuivenhoven JA, Barter PJ,
Revkin JH, Grobbee DE, Riley WA, Shear CL, Duggan WT, Bots ML, for the Radi-
ance 1 Investigators. Effect of torcetrapib on carotid atherosclerosis in familial
hypercholesterolemia. N Engl J Med 2007;356:1620–1630.

43. Nissen SE, Tardif J-C, Nicholls SJ, Revkin JH, Shear CL, Duggan WT, Ruzyllo W,
Bachinsky WB, Lasala GP, Tuzcu EM. Effect of torcetrapib on the progression of
coronary atherosclerosis. N Engl J Med 2007;356:1364–1366.

44. Nissen SE, Nicholls SJ, Sipahi I, Libby P, Raichlen JS, Ballantyne CM, Davignon J,
Erbel R, Fruchart JC, Tardif JC, Schoenhagen P, Crowe T, Cain V, Wolski K,
Goormastic M, Tuzcu EM. Effect of very high-intensity statin therapy on
regression of coronary atherosclerosis: the ASTEROID trial. JAMA 2006;295:
1556–1565.

45. Mazzone T, Meyer PM, Feinstein SB, Davidson MH, Kondos GT, D’Agostino RB
Sr, Perez A, Provost J-C, Haffner SM. Effect of pioglitazone compared with glime-
piride on carotid intima-media thickness in type 2 diabetes: a randomized trial.
JAMA 2006;296:2572–2581.

46. Nissen SE, Tuzcu EM, Brewer HB, Sipahi I, Nicholls SJ, Ganz P, Schoenhagen P,
Waters DD, Pepine CJ, Crowe TD, Davidson MH, Deanfield JE,
Wisniewski LM, Hanyok JJ, Kassalow LM, for the ACAT Intravascular Athero-
sclerosis Treatment Evaluation (ACTIVATE) Investigators. N Eng J Med 2006;
356:1304–1316.

47. Nissen SE, Nicholls SJ, Wolski K, Rodes-Cabau J, Cannon CP, Deanfield JE,
Despres J-P, Kastelein JJP, Steinhubl SR, Kapadia S, Yasin M, Ruzyllo W,
Gaudin C, Job B, Hu B, Bhatt DL, Lincoff AM, Tuzcu EM, for the STRADIVARIUS
Investigators. Effect of rimonabant on progression of atherosclerosis in patients
with abdominal obesity and coronary artery disease: the STRADIVARIUS ran-
domized controlled trial. JAMA 2008;299:1547–1560.

48. Nissen SE, Nicholls SJ, Wolski K, Nesto R, Kupfer S, Perez A, Jure H, De
Larochelliere R, Staniloae CS, Mavromatis K, Saw J, Hu B, Lincoff AM,
Tuzcu EM. Comparison of pioglitazone vs glimepiride on progression of coronary
atherosclerosis in patients with type 2 diabetes: the PERISCOPE randomized con-
trolled trial. JAMA 2008;299:1561–1573.

49. Meuwese MC, de Groot E, Duivenvoorden R, Trip M, Ose L, Maritz FJ,
Basart DCG, Kastelein JJP, Habib R, Davidson MH, Zwinderman AH,
Schwocho LR, Stein EA, for the CAPTIVATE Investigators. ACAT inhibition and
progression of carotid atherosclerosis in patients with familial hypercholesterole-
mia: the CAPTIVATE randomized trial. JAMA 2009;301:1131–1139.

50. LaRosa JC, Grundy SM, Waters DD, Shear C, Barter P, Fruchart J-C, Gotto AM,
Greten H, Kastelein JJP, Shepherd J, Wenger NK, for Treating to New Targets

D.H. O’Leary and M.L. Bots1688
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/article/31/14/1682/439025 by guest on 11 April 2024



(TNT) Investigators. Intensive lipid lowering with atorvastatin in patients with
stable coronary disease. N Engl J Med 2005;352:1425–1435.

51. Ridker PM, Morrow DA, Rose LM, Rifai N, Cannon CP, Braunwald E. Relative effi-
cacy of atorvastatin 80 mg and pravastatin 40 mg in achieving the dual goals of
low-density lipoprotein cholesterol ,70 mg/dl and C-reactive protein ,2 mg/l:
an analysis of the PROVE-IT TIMI-22 trial. J Am Coll Cardiol 2005;17:1644–1648.

52. Barter PJ, Caufield M, Eriksson M, Grundy SM, Kastelein JJ, Komajda M,
Lopez-Sendon J, Mosca L, Tardif JC, Waters JC, Shear CL, Revkin JH, Buhr KA,
Fisher MR, Tall AR, Brewer B. Effect of torcetrapib in patients at high risk for cor-
onary events. N Engl J Med 2007;357:2109–2122.

53. Davidson MH, Dembowski E. Atherosclerosis surrogate imaging trials come of
age: for better or for worse? Curr Cardiol Rep 2008;10:521–525.

54. Newman AB, Naydeck BL, Ives DG, Boudreau RM, Sutton-tyrrell K, O’Leary DH,
Kuller LH. Coranary artery calcium, carotid artery wall thickness, and

cardiovascular disease outcomes in adults 70 to 99 years old. Am J Cardiol 2008;
101:186–192.

55. Folsom AR, Kronmal RA, Detrano RC, O’Leary DH, Bild DE, Bluemke DA,
Budoff MJ, Liu K, Shea S, Szklo M, Tracy RP, Watson KE, Burke GL. Coronary
artery calcification compared with carotid intima-media thickness in prediction
of cardiovascular disease incidence: the Multi-Ethnic Study of Atherosclerosis
(MESA). Arch Intern Med 2008;168:1333–1339.

56. Johnsen SH, Mathiesen EB. Carotid plaque compared with intima-media thickness
as a predictor of coronary and cerebrovascular disease. Curr Cardiol Rep 2009;11:
21–27.

57. Spence JD. Measurement of intima-media thickness vs. carotid plaque: uses in
patient care, genetic research and evaluation of new therapies. Int J Stroke 2006;
1:216–221.

CARDIOVASCULAR FLASHLIGHT
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

doi:10.1093/eurheartj/ehq120
Online publish-ahead-of-print 28 April 2010
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A 50-year-old woman with highly
symptomatic, drug refractory parox-
ysmal atrial fibrillation (AF) was
referred to our institution for trans-
catheter pulmonary vein isolation.

The pre-operative magnetic reson-
ance imaging (MRI) scan showed a
congenital vascular anomaly: right
superior vena cava was absent and
both brachiocephalic veins drained in
a persistent left superior vena cava
(LSVC) that ended up in a huge cor-
onary sinus (Panel A).

Before performing the transseptal
puncture, a self-terminating AF
episode triggered by focal activity
from LSVC was observed. Planned
pulmonary vein isolation was then
abandoned, and the electrical iso-
lation of the LSVC from distal coron-
ary sinus was attempted.

A three-dimensional reconstruction
of the right atrium and the giant coronary sinus together with the proximal persistent LSVC was obtained merging the MRI scan and
the Carto 3 map.

Circumferential ablation at the junction between LSVC and distal coronary sinus was performed (Panel B, red dots: ablation sites).
Complete isolation was documented by the presence of focal activity in the vein, highlighted by asterisk in Panel C, dissociated from the
atrium.

The patient was discharged without antiarrhythmic drugs and experienced no clinical recurrence during 6-month follow-up.
Persistent LSVC is the most common congenital thoracic venous anomaly. The association between LSVC and AF has already been

documented in small series of cases, in which both pulmonary veins and LSVC isolation were performed. This is the first reported case
in which LSVC disconnection alone was effective in the cure of paroxysmal focal AF.
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