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Abstract
Intima-media thickness (IMT) is increasingly used in clinical trials as a surrogate end point for determining the
success of interventions that lower risk factors for atherosclerosis. The necessity for unified criteria to distinguish early atherosclerotic plaque formation from thickening of IMT and to standardize IMT measurements is
addressed in this consensus statement. Plaque is defined
as a focal structure that encroaches into the arterial
lumen of at least 0.5 mm or 50% of the surrounding IMT
value or demonstrates a thickness of 61.5 mm as measured from the media-adventitia interface to the intimalumen interface. Standard use of IMT measurements is
recommended in all epidemiological and interventional
trials dealing with vascular diseases to improve characterization of the population investigated. The consensus
concludes that there is no need to ‘treat IMT values’ nor
to monitor IMT values in individual patients apart from
few exceptions. Although IMT has been suggested to
represent an important risk marker, it does not fulfill the
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characteristics of an accepted risk factor. Standardized
methods recommended in this consensus statement will
foster homogenous data collection and analysis. This
will help to improve the power of studies incorporating
IMT measurements and to facilitate the merging of large
databases for meta-analyses.
Copyright © 2004 S. Karger AG, Basel

Introduction

Decades of silent arterial wall alterations precede cardiovascular clinical events, which then reflect advanced
atherosclerotic disease. The first morphological abnormalities of arterial walls can be imaged by B-mode ultrasonography. This high-resolution, noninvasive technique
is one of the best methods for detection of early stages of
atherosclerotic disease, because it is easily applicable,
readily available, and demonstrates the wall structure
with better resolution than magnetic resonance angiography or conventional angiography. Accordingly, ultrasound has been used in a number of studies to monitor the
intima-media thickness (IMT) of the carotid arteries, a
measurement which has consequently been shown to be
associated with cardiovascular risk factors and the inci-
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dence of cardiovascular disease. Surprisingly, however,
there are diverse approaches for measuring IMT, and
some of these may lead to divergent results. Moreover,
there are no unified criteria for distinguishing atherosclerosis as seen in early plaque formation from thickening of
the intimal-medial complex. This is because IMT reflects
not only early atherosclerosis, but also nonatherosclerotic
intimal reactions such as intimal hyperplasia and intimal
fibrocellular hypertrophy. This differentiation is important because epidemiological studies have shown that wall
thickening as depicted by ultrasonographic measurements of IMT is different from atherosclerotic plaque
regarding localization, risk factors and predictive value on
cardiovascular events. As IMT is being increasingly used
in clinical trials to serve as a surrogate end point for determining the success of interventions that lower risk factors
for atherosclerosis, it is imperative that standardized
methods be used to allow homogenous data collection and
analysis. This would help to improve the power of such
studies and to facilitate the merging of large databases for
meta-analyses. This consensus statement therefore addresses the important issue of standardization of IMT
measurements and seeks to clarify problems related to the
classification of early atherosclerotic lesions.

IMT and Early Plaque

In the absence of atherosclerotic plaque, B-mode ultrasound displays the vascular wall as a regular pattern that
correlates with anatomical layers. The intima-media portion of this pattern is represented by the area of tissue
starting at the luminal edge of the artery and ending at the
boundary between the media and the adventitia. This
interface is well depicted by ultrasound. With increasing
age, this pattern has been shown to thicken in a uniform
way in straight arterial segments. Thickening of the intima-media is accelerated and enhanced in the presence of
risk factors of atherosclerosis, particularly high blood
pressure. As a mirror of these processes, IMT was identified as a tool to investigate normal aging and preclinical
atherosclerosis. Later stages of atherosclerosis (plaque,
stenosis, occlusion) can also be identified by ultrasound
imaging either in the absence of or coincident with
increasing IMT. However, there are intermediate stages
between increased IMT and atherosclerotic plaque formation that are impossible to differentiate even on histological examination. Such conditions are common at the
bifurcation and the origin of the internal carotid artery,
but occur only occasionally in the common carotid artery.
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Epidemiological and intervention studies have shown
that although both share some common atherosclerosis
risk factors, the natural history, patterns of risk factors
and the prediction of cardiac and cerebral events are different for IMT and plaque. The consensus recommends
the following definitions for ultrasound characterization
of IMT and atherosclerotic plaque.
(1) IMT is a double-line pattern visualized by echotomography on both walls of the common carotid arteries in
a longitudinal image. It is formed by two parallel lines,
which consist of the leading edges of two anatomical
boundaries: the lumen-intima and media-adventitia interfaces. (2) Plaque is a focal structure encroaching into
the arterial lumen of at least 0.5 mm or 50% of the
surrounding IMT value or demonstrates a thickness of
61.5 mm as measured from the media-adventitia interface to the intima-lumen interface. These definitions will
allow classification of the great majority of the carotid
lesions observed with ultrasound.

Where to Measure?

The common carotid artery can be assessed in nearly
every patient. Successful examination of the internal
carotid artery and of the carotid bulb depends both upon
the anatomical topography of the patient and on sonographer expertise.
(1) Measurement of IMT is most simply performed in
a region free of plaque where the double-line pattern is
observed – this is advantageous as measurements are easier, more accurate, reproducible and can be standardized
by computerized analyses. (2) IMT can be measured in
the common carotid artery, at the bulb and the origin of
the internal carotid artery. (3) In study designs that
include wall thickness, values obtained from different
sites of the carotid arteries should be documented separately.

Whom to Assess?

Standard and regular use of IMT measurements are
recommended in all epidemiological and interventional
trials dealing with vascular diseases to better characterize
the population investigated (similarly to the documentation of other risk factors).
There is no need to ‘treat IMT values’ nor to monitor
IMT values in individual patients apart from few exceptions (e.g. familial hypercholesterolemia).
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How to Analyze?

Standard equipment includes a high-resolution Bmode system operating with preferentially linear ultrasound transducers at frequencies above 7 MHz. Appropriate depth of focus (e.g. 30–40 mm), frame rate
(115 Hz), and gain settings (minimal intraluminal artifacts) are recommended to obtain the best image quality.
Various scanning procedures are used.
(1) The arterial wall segments should be assessed in a
longitudinal view, perpendicular to the ultrasound beam,
with both walls clearly visualized in order to achieve
diameter measurements. Lateral probe incidence is recommended as it offers the best view in the middle field
where the resolution is known to be greater than in the
near or far field.
(2) IMT should be measured preferably on the far wall.
This is because IMT values from the near wall depend in
part on gain settings and are less reliable.
(3) Along a minimum of 10 mm length of an arterial
segment, a high-quality image acquisition is required for
serial reproducible measurements. (a) Edge detection systems that are properly calibrated provide accurate measurements of IMT. Observations made by readers are no
less valid, but they need to be controlled and are time consuming compared to automated systems, which can provide the mean maximal value of 150 measurements performed on 10 mm of common carotid artery in a very
short time (! 0.1 s). (b) Interadventitial and lumen diameter measurement must be obtained as IMT is significantly
correlated with the arterial diameter.
(4) Intraclass correlation coefficient should be evaluated for intra- and interobserver variability in each ultrasound lab, both for IMT and plaque measurements.

Who Should Analyze?

In clinical trials, several additional requirements are
recommended to assure data harmonization. They can be
performed through an expert IMT panel – represented in
the Steering Committee – to address:
(1) study design,
(2) study control,
(3) full image monitoring,
(4) statistical plan analysis,
(5) data monitoring (from CRO and Core Lab),
(6) result analysis
and define:
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(1) inclusion criteria of the centers,
(2) equipment installation if necessary,
(3) sonographers’ training performance quality control,
(4) certification of the centers (equipment and sonographers),
(5) quality assurance and quality control,
(6) central reading facilities,
(7) evaluation of data variability through intraclass
correlation coefficient.
All these procedures can reduce measurement variability, which is a key parameter for sample size evaluation.

Which End Point to Analyze?

In studies where clinical outcome parameters are defined, IMT and plaque measurements should be included
as secondary end points. In studies without clinical end
points, measurements of IMT and plaque may represent
primary outcome.
Optimal choices of primary outcome should be defined
according to the design of the study and should address
IMT and plaque measurements: maximal thickness, areas, scores and volume may all be useful if evaluated.

Conclusions

Recent studies have shown that reduction of IMT values are significantly correlated with risk reduction and
improvement of risk factor profiles in a large population.
However, neither positive nor negative predictive values
on ischemic risk reduction are known in individual subjects treated successfully for specific risk factors. Thus,
although IMT has been suggested to represent an important risk marker, it does not fulfill the characteristics of an
accepted risk factor. Evidence-based study results demonstrating the efficacy of treatment through significantly
improved outcome are needed.
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