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harmonization on approaches to carotid image acquisition 
and analysis. This updated consensus document delineates 
further criteria to distinguish early atherosclerotic plaque 
formation from thickening of IMT. Standardized methods 
will foster homogenous data collection and analysis, im-
prove the power of randomized clinical trials incorporating 
IMT and plaque measurements and facilitate the merging of 
large databases for meta-analyses. IMT results are applied 
to individual patients as an integrated assessment of cardio-
vascular risk factors. However, this document recommends 
against serial monitoring in individual patients. 

 Copyright © 2012 S. Karger AG, Basel 

 Introduction 

 Progressive, subclinical arterial wall alterations pre-
cede cardiovascular clinical events, which then reflect 
advanced atherosclerotic disease. The first morphologi-
cal abnormalities of arterial walls can be visualized by 
B-mode ultrasonography. This high-resolution, noninva-
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 Abstract 

 Intima-media thickness (IMT) provides a surrogate end point 
of cardiovascular outcomes in clinical trials evaluating the 
efficacy of cardiovascular risk factor modification. Carotid
artery plaque further adds to the cardiovascular risk assess-
ment. It is defined as a focal structure that encroaches into 
the arterial lumen of at least 0.5 mm or 50% of the surround-
ing IMT value or demonstrates a thickness  1 1.5 mm as mea-
sured from the media-adventitia interface to the intima-lu-
men interface. The scientific basis for use of IMT in clinical 
trials and practice includes ultrasound physics, technical and 
disease-related principles as well as best practice on the per-
formance, interpretation and documentation of study re-
sults. Comparison of IMT results obtained from epidemio-
logical and interventional studies around the world relies on 
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sive technique provides one of the best methods for the 
detection of early stages of atherosclerotic disease, based 
upon its simple nature, wide availability, and demonstrat-
ed capacity to depict arterial wall structure with better 
resolution than any other similar technique (e.g. mag-
netic resonance imaging or radiographic techniques). Ac-
cordingly, many studies have successfully applied intima-
media thickness (IMT) as a technique to monitor arterial 
wall alterations based upon its association with cardio-
vascular risk factors and the incident cardiovascular dis-
ease  [1–6] . However, these measurements are not strictly 
associated with individual risks of stroke, myocardial in-
farction and peripheral artery disease. 

  Diverse approaches for measuring IMT exist, creating 
confusion in the literature. In addition, unified criteria 
are needed for distinguishing atherosclerosis as seen in 
early plaque formation from thickening of the intima-
media complex on the recognition that IMT reflects not 
only early atherosclerosis, but also nonatherosclerotic 
compensatory remodeling with largely medial hypertro-
phy as a result of smooth muscle cell hyperplasia and fi-
brocellular hypertrophy. This differentiation is impor-
tant because epidemiological studies have shown that 
wall thickening as depicted by ultrasonographic mea-
surements of IMT is different from atherosclerotic plaque 
regarding localization, natural history, risk factors and 
predictive value for vascular events.

  As IMT is increasingly used in clinical trials to serve 
as a surrogate end point for best medical treatment, the 
success of interventions that lower risk factors for athero-
sclerosis can be documented. Further advancement for 
the field of IMT requires standardized methods, enabling 
homogenous data collection and analysis. This may help 
to improve the power of such studies and to facilitate the 
merging of large databases for meta-analyses.

  This update of the last Mannheim IMT Consensus 
Document  [7]  addresses the important issue of standard-
ization of carotid IMT measurements and seeks to clarify 
problems related to the classification of early atheroscle-
rotic lesions. 

  Distinction between IMT and Plaque  

 In the absence of atherosclerotic plaques, B-mode ul-
trasound displays the vascular wall as a regular pattern 
that correlates with anatomical layers. The area of tissue 
starting at the luminal edge of the artery and ending at 
the boundary between the media and the adventitia rep-
resents the intima-media portion of this pattern.

  This interface is well depicted by ultrasound. With in-
creasing age, this pattern thickens in a uniform way with-
in straight arterial segments. All known major vascular 
risk factors contribute to increased IMT thickening and 
its progression. As a mirror of these processes, IMT pro-
vides a tool to investigate normal aging and preclinical 
atherosclerosis. Ultrasound imaging further identifies 
later stages of atherosclerosis (plaque, stenosis, occlusion) 
which may also be identified either in the absence of or 
coincident with increased IMT. However, intermediate 
stages between increasing IMT and atherosclerotic plaque 
formation cannot clearly be differentiated neither by ul-
trasound nor by 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 (CCA) where 
most studies are performed. Epidemiological and inter-
vention studies have shown that although both share 
common risk factors of atherosclerosis, its natural his-
tory, patterns of risk factors and the prediction of cardiac 
and cerebral events are different for carotid IMT and ca-
rotid plaque  [8–10] .

  Definitions for Ultrasound Characterization of IMT 

and Atherosclerotic Plaque 

 Ultrasound techniques identify:  
 (1) IMT is a double-line pattern visualized by echog-

raphy on both walls of the CCA in a longitudinal image. 
Two parallel lines, which consist of the leading edges of 
two anatomical boundaries, form it: the lumen-intima 
and media-adventitia interfaces. This definition com-
plies with the IMT correlation studies comparing this 
ultrasound pattern to carotid anatomy specimens  [11]  
( fig. 1 ). 

 (2) Plaques are focal structures encroaching into the 
arterial lumen of at least 0.5 mm or 50% of the surround-
ing IMT value, or demonstrates a thickness  1 1.5 mm as 
measured from the intima-lumen interface to the media-
adventitia interface. 

 These definitions permit classification of the vast ma-
jority of carotid lesions observed with ultrasound. 

 Physical and Structural Basics 

 Carotid examination includes visualization of com-
mon, internal and external carotid arteries. Continuous 
technical progress among ultrasound devices now pro-
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vides higher spatial and density resolutions. Ongoing 
technical progress includes the emergence of three-di-
mensional imaging. 

  Ultrasound Principles of Physics and Technology 
 – The virtual biconcave lens of an ultrasound beam with 

its thicker nature on the near and  distal part of the 
field leads to the optimal resolution in the mid part of 
this field. 

 – Establishing the perpendicular relationship between 
the ultrasound beam and the visualized  structures 
provides optimal reflection of the incident ultrasound 
beam. 

 – The energy of the ultrasound beam decreases with the 
depth of insonation making the far field darker. 

 – The probe frequency has a direct relationship to reso-
lution, and an inverse relationship to depth of ultra-
sound penetration. 

 – Linear transducers activate piezo-electric crystals si-
multaneously resulting in a synchronized propagation 
of the ultrasound wave. Sector scanners are typically 
activating crystals sequentially in predefined time in-
tervals, causing asymmetric shifts and reception  of 
skewed wavefronts. Linear ultrasound transducers 
provide best image quality for superficial arteries, 
while electronic sector scanners are better used for 
deep structures with less accessibility. 

 – B-mode signals which are displayed on the screen de-
rive from the received raw radiofrequency signals of 
the probe. 

 Anatomic Structures and Physiological Principles 
 – Common and internal carotid arteries are homoge-

neous in structure and hemodynamics.  
 – Insonation is limited at the origin by the brachioarte-

rial cephalic trunk on the right side and the aortic arch 
on the left side, the CCA ends at the bifurcation that is 
represented anatomically by the point of divergence of 
the CCA walls ( fig. 1 ).

  – The bifurcation is rather heterogeneous between indi-
viduals. At this site, remodeling varies  according to 
the angles, curvatures and diameters of carotid arter-
ies that influence shear stress constraints and modify 
wall thickness independently of any arterial disease or 
risk factor  [12, 13] . 

 – Since atherosclerosis usually starts in the carotid bulb, 
delineation of the different segments is required. 

 Standards for Image Acquisition  

 Intima Media Thickness  
 Carotid arterial wall assessment may include the 

common, internal or bulb segments of the carotid ar-
tery. Whereas nearly all patients have their CCA im-
aged, successful imaging of the internal carotid artery 
and of the carotid bulb depends both upon the anatom-
ical topography of the patient and on sonographer’s ex-
pertise. 

  Settings of the Ultrasound Device 
 (1) Standard equipment includes a high-resolution B-

mode system operating in the black and white mode, 

  Fig. 1.  Longitudinal view of CCA and carotid bifurcation and or-
igin of internal and external carotid arteries. The double arrow 
line corresponds to the end of the CCA, where near and far walls 
start diverging. 
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preferentially with linear ultrasound transducers at fre-
quencies  1 7 MHz.

  (2) Appropriate depth of focus (e.g. 30–40 mm), and 
optimal frame rate 25 Hz ( 1 15 Hz) provide optimal image 
quality and facilitate edge detection. 

  (3) Log gain compensation of approximately 60 db.
  (4) Gain settings adjusted to obtain a symmetrical 

brightness on the near and far wall, or in the mid part of 
the field to eliminate intraluminal artifacts.

  Examination Procedure 
 (1) Arterial wall segments should be assessed in a lon-

gitudinal view, strictly perpendicular to the ultrasound 
beam. 

  (2) Both walls should be clearly visualized in order to 
achieve diameter measurements. The optimal diameter 
should be obtained during diastole by automatic cine-
loop detection or by looking for the minimal diameter 
during the cardiac cycle ( fig. 4 ).

  (3) Measurements obtained from radiofrequency sig-
nals are equivalent to those obtained with conventional 
video signals  [14, 15] .

  (4) Lateral probe position is recommended as it offers 
the best resolution in the midfield.

  (5) Acquisition of multi-insonation angles increases 
procedure time consumption without benefit for mea-
surements; however, in clinical trials they result in better 
reproducibility and facilitate statistical analysis  [16] .

  (6) Horizontal arterial image display optimizes the in-
terfaces between blood and vessel wall structures.

  (7) Imaging of the carotid bifurcation provides a land-
mark essential in serial imaging.

  (8) Longitudinal and cross-sectional views are re-
quired to visualize focal atherosclerosis.

  Plaque acquisition should be done along the carotid 
tree, in longitudinal and cross-sectional views. Color 
flow Doppler imaging helps to identify low echogenic 
boundaries.

  Measurement Location 

 Measurement of IMT should occur within a region 
free of plaque with a clearly identified double-line pat-
tern. Such measurement will have increased accuracy, re-
producibility  [17] , and ease of measurement using com-
puter-based techniques. Such measurements will match 
a majority of reference values within studies performed 
throughout the world. The majority of reference values 
provide data from different countries  [18–20] .

Bifurcation and origin of ICA CCA

Plaque

IMT

10 mm length

ECA

Bulb
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  Fig. 3.  Drawn representation of carotid tree, with plaque and IMT 
measurement according to Mannheim consensus: (1) thickness 
 1 1.5 mm; (2) lumen encroaching  1 0.5 mm; (3, 4)  1 50% of the sur-
rounding IMT value. 

  Fig. 4.  Automatic selection of the end diastole frame from a CCA 
video acquisition for an IMT measure.       

QI 94 Maximal: 0.788 mm Mean: 0.625 mm 

  Fig. 5.  IMT measurement in diastole on the selected frame. QI = 
Quality Index indicates that 94% of 150 measures could be per-
formed. Maximal is the highest value obtained from all the ele-
mentary measures. Mean is the average of all the measurements 
that could be performed.       
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  This pattern is the only one that has been validated 
with anatomy  [11] . 

  (1) IMT should be measured preferably on the far wall 
of the CCA at least 5 mm below its end ( fig. 3–5 ) which 
avoids interindividual variability induced by physiologi-
cal remodeling and less gain dependence will exist. Val-
ues from the near wall depend in part on gain settings 
and are less reliable. If taken on the near wall, its value 
should be recorded separately from IMT of the far wall. 

 (2) IMT can be measured at the carotid bifurcation or 
ICA bulb in a region free of plaque, on a shorter length, 
taking caution of the large interindividual variability in-
duced by remodeling and anatomic variations. These val-
ues must be recorded separately  [21] . In study designs that 
include wall thickness, values obtained from different sites 
of the carotid arteries should be documented separately. 

 (3) Along 10 mm length of a straight arterial segment, 
a high-quality image acquisition is required for reproduc-
ible serial measurements. In case of vessel tortuosity, IMT 
measurements are only possible at a shorter vessel seg-
ment, especially in the carotid bifurcation or the ICA bulb. 

 (4) For plaque: Maximal thickness requires demon-
stration from 2 different angles of insonation, in longitu-
dinal and cross-sectional views. 

 Methodology Standards 

 IMT 
 (1) Edge detection systems provide accurate measure-

ments of IMT  [22] . Although manual measurements may 
lead to valid measurements, they require rigorous quality 
control and quality assurance. Manual and semimanual 
reading methods require more time than automated sys-
tems. Automated systems can provide the mean maximal 
value of 150 measurements performed on a 10-mm seg-
ment of CCA instantaneously. 

 Manual measurements are more observer dependent 
than semi-automatic systems. 

 (2) CCA inter-adventitial and intraluminal diameters 
must also be measured as IMT is significantly correlated 
with arterial diameter  [23] . 

 (3) IMT measurements options include the mean, 
maximum, composite measures from both sides and dif-
ferent arterial sites. Mean IMT values averaged across the 
entire distance are less susceptible to outliers, whereas the 
maximal IMT may reflect more advanced stages with fo-
cal thickening or plaque formation. The maximal value 
may be misleading due to the effect of measurement and 
sampling errors. 

 IMT values from the left and right side can be averaged 
although there is a significant difference between the left 
and right CCA IMT, with higher values on the left side 
 [24] . Composite scores including both plaque and IMT 
should be avoided. 

 (4) Each vascular laboratory must perform quality 
control of their equipment periodically by (phantom 
scans) and reliability studies of scans and measurements 
for ultra-sonographers and readers. Reporting require-
ments include the intra-class correlation coefficients to 
be evaluated for intra- and interobserver variability, both 
for IMT and plaque measurements. 

 Plaque 
 (1) Plaque location, thickness, area and number, 

scanned in longitudinal and cross-sections must be re-
corded. The incremental value of recording texture (den-
sity, echogenicity, shadow) remains uncertain pending 
more research. 

 Guidelines and Use in Clinical Practice 

 Guidelines that support the use of IMT for the assess-
ment of cardiovascular risk include: ACC/AHA Guide-
line on the initial detection of cardiovascular risk: Rec-
ommends assessment as a class IIA (‘is reasonable to per-
form’) in individual at intermediate coronary heart 
disease risk  [25] .

  The National Cholesterol Education program Adult 
Treatment Panel III identified IMT as a method to detect 
subclinical atherosclerosis and guide selection and inten-
sification of lipid management  [26] .

  The ESH/ESC European practice guidelines in Spain 
include IMT to detect target organ damage induced by 
hypertension  [27] .

  The American Society of Echocardiography  [28]  and 
the Society of Atherosclerosis Imaging and Prevention 
 [29]  published appropriate use criteria.

  CIMT and plaque presence are recommended for the 
initial detection of CHD risk in asymptomatic patients:
  – at intermediate risk 
 – in the setting of 2 or more NCEP risk factors 
 – with metabolic syndrome 
 – in the setting of a family history of premature CHD 
 – with a known CAC score of zero and FRS 11–20%.  



 Mannheim Carotid Intima-Media 
Thickness and Plaque Consensus 

 Cerebrovasc Dis 2012;34:290–296 295

 Reference Values and Societies Guidelines 

 The differences observed in IMT values in a healthy 
population from different countries are related to many 
factors, including methodological variability and differ-
ences in cardiovascular risk and factor profiles  [30–32] . 

  Since 2000, several guidelines suggest that carotid 
artery B-mode ultrasound imaging is safe, noninvasive 
and relatively inexpensive allowing to assess subclinical 
atherosclerosis  [33–35]  in asymptomatic persons  1 45 
years old and could add incremental information to tra-
ditional risk factor assessment  [36–39] . Reference val-
ues require matching to specific imaging protocols uti-
lized in large sample size population as much as possi-
ble.

  Risk calculators may integrate IMT measurement 
with risk factor measurements. The ARIC study has 
published such a calculator incorporating IMT and 
plaque assessment to determine an adjusted Framing-
ham risk. CCAIMT ‘normal values’ in the absence of 
plaque should help to characterize populations at inter-
mediate risk. 

  Use of IMT in Research 

 Epidemiological and interventional trials evaluating 
cardiovascular diseases should include IMT and plaque 
to better characterize the study population. 

  Ancillary studies in research should be sufficiently 
powered to evaluate the predictive value of IMT and 
plaque for incident clinical events.

  In clinical trials, several additional requirements are 
recommended to assure data harmonization. They can be 
performed through an expert IMT/Plaque panel as usu-
ally represented in the Steering Committees  [40] .

  Clinical trials using IMT and plaque as intermediate 
outcomes need to address the following:
–   Study design. 
 – Study quality control. 
 – Full image monitoring. 
 – Statistical plan analysis. 
 – Data monitoring (from CRO and Core Lab). 
 – Result analysis and definition: 

 (1) Inclusion criteria for the participating ultrasound 
centers.

  (2) Equipment installation if necessary.
  (3) Sonographers training and performance control.
  (4) Certification of the centers (equipment and sonog-

raphers).

  (5) Quality assurance and quality control.
  (6) Central reading facilities.

  – Evaluation of data variability through intra-class cor-
relation coefficient. 

 – Choice of end points depends on: 
 (1) Primary or secondary prevention status.
    (2) Epidemiological or interventional studies.
  IMT and plaque measurements including maximal or 

mean IMT, plaque thickness, area and volume, and plaque 
score may all be useful as imaging outcomes.

  All these procedures and choices can reduce measure-
ment variability, which is a key parameter for a high-
quality study, statistical power and sample size determi-
nation.

  Conclusions 

 Carotid IMT and plaques are different phenotypes 
indicating increased vascular risk. Plaque presence 
demonstrates a higher risk and therefore overrides IMT 
predictive values. However, IMT without plaque re-
mains a significant marker of an increased risk of vas-
cular events and significantly predicts plaque occur-
rence. The continuity of vascular wall changes is best 
monitored in CCA IMT studies, different from discon-
tinuous focal lesions (plaque) which are characteristic of 
atherosclerotic disease. Therefore, the distinction be-
tween IMT and plaque must be clearly specified in the 
scanning protocols. 
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