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Anatomia

La parete vasale appare anato-
micamente composta tra tre strati 
(Fig. 1): 
– strato esterno: avventizia;
– strato medio: media o strato mu-

scolare;
– strato interno: intima o strato en-

doteliare.
Una tipica immagine ultrasono-

grafica della parete arteriosa a li-
vello del complesso intima-media, 
risulta caratterizzata dalla presenza 
di una coppia di linee iperecogene 
parallele che delimitano uno spazio 
anecogeno. Le due linee iperecoge-
nee rappresentano lo strato esterno, 
l’avventizia, e lo strato interno, cioè 
il complesso intima-media. La sot-
tile linea ipo-anecogena tra questi 
due strati, rappresenta lo strato me-
dio, ossia la lamina elastica esterna. 
(Fig. 2).

Come si misura

La misurazione dell’IMT presenta 
alcuni problemi di ordine tecnico, 
così come definito nelle linee guida 
delle società di diagnostica vascola-
re (SIDV-GIUV). Il primo problema 
è dovuto alla differenza di spessore 
medio-intimale tra le due carotidi 
comuni, rilevata da diversi studi, 
che documentano un IMT maggiore 
a sinistra, se misurato sulla parete 
posteriore della carotide comune 
rispetto a quello della carotide co-
mune destra, dove prevale lo spes-
sore della parete anteriore. Anche 
la variabilità nella misurazione tra 
operatori diversi è minore nella valu-
tazione della parete posteriore a sn. 
Pertanto le linee guida della SIDV- 
GIUV (5) consigliano di:
• misurare l’IMT sulla parete po-

steriore della ACC ad 1 cm dalla 
biforcazione, in un segmento di 
circa 1 cm, prendendo la misura 
sulla parete posteriore in almeno 
2-3 proiezioni e segnalando il va-
lore minimo e massimo (Fig. 3);

Fig. 1.

Fig. 2 - Immagine ultrasonica di IMT normale.

Fig. 3.

43

Anatomia

La parete vasale appare anato-
micamente composta tra tre strati 
(Fig. 1): 
– strato esterno: avventizia;
– strato medio: media o strato mu-

scolare;
– strato interno: intima o strato en-

doteliare.
Una tipica immagine ultrasono-

grafica della parete arteriosa a li-
vello del complesso intima-media, 
risulta caratterizzata dalla presenza 
di una coppia di linee iperecogene 
parallele che delimitano uno spazio 
anecogeno. Le due linee iperecoge-
nee rappresentano lo strato esterno, 
l’avventizia, e lo strato interno, cioè 
il complesso intima-media. La sot-
tile linea ipo-anecogena tra questi 
due strati, rappresenta lo strato me-
dio, ossia la lamina elastica esterna. 
(Fig. 2).

Come si misura

La misurazione dell’IMT presenta 
alcuni problemi di ordine tecnico, 
così come definito nelle linee guida 
delle società di diagnostica vascola-
re (SIDV-GIUV). Il primo problema 
è dovuto alla differenza di spessore 
medio-intimale tra le due carotidi 
comuni, rilevata da diversi studi, 
che documentano un IMT maggiore 
a sinistra, se misurato sulla parete 
posteriore della carotide comune 
rispetto a quello della carotide co-
mune destra, dove prevale lo spes-
sore della parete anteriore. Anche 
la variabilità nella misurazione tra 
operatori diversi è minore nella valu-
tazione della parete posteriore a sn. 
Pertanto le linee guida della SIDV- 
GIUV (5) consigliano di:
• misurare l’IMT sulla parete po-

steriore della ACC ad 1 cm dalla 
biforcazione, in un segmento di 
circa 1 cm, prendendo la misura 
sulla parete posteriore in almeno 
2-3 proiezioni e segnalando il va-
lore minimo e massimo (Fig. 3);

Fig. 1.

Fig. 2 - Immagine ultrasonica di IMT normale.

Fig. 3.

43

Anatomia

La parete vasale appare anato-
micamente composta tra tre strati 
(Fig. 1): 
– strato esterno: avventizia;
– strato medio: media o strato mu-

scolare;
– strato interno: intima o strato en-

doteliare.
Una tipica immagine ultrasono-

grafica della parete arteriosa a li-
vello del complesso intima-media, 
risulta caratterizzata dalla presenza 
di una coppia di linee iperecogene 
parallele che delimitano uno spazio 
anecogeno. Le due linee iperecoge-
nee rappresentano lo strato esterno, 
l’avventizia, e lo strato interno, cioè 
il complesso intima-media. La sot-
tile linea ipo-anecogena tra questi 
due strati, rappresenta lo strato me-
dio, ossia la lamina elastica esterna. 
(Fig. 2).

Come si misura

La misurazione dell’IMT presenta 
alcuni problemi di ordine tecnico, 
così come definito nelle linee guida 
delle società di diagnostica vascola-
re (SIDV-GIUV). Il primo problema 
è dovuto alla differenza di spessore 
medio-intimale tra le due carotidi 
comuni, rilevata da diversi studi, 
che documentano un IMT maggiore 
a sinistra, se misurato sulla parete 
posteriore della carotide comune 
rispetto a quello della carotide co-
mune destra, dove prevale lo spes-
sore della parete anteriore. Anche 
la variabilità nella misurazione tra 
operatori diversi è minore nella valu-
tazione della parete posteriore a sn. 
Pertanto le linee guida della SIDV- 
GIUV (5) consigliano di:
• misurare l’IMT sulla parete po-

steriore della ACC ad 1 cm dalla 
biforcazione, in un segmento di 
circa 1 cm, prendendo la misura 
sulla parete posteriore in almeno 
2-3 proiezioni e segnalando il va-
lore minimo e massimo (Fig. 3);

Fig. 1.

Fig. 2 - Immagine ultrasonica di IMT normale.

Fig. 3.





San Daniele del Friuli 



San Daniele del Friuli 

Transversal	  scanning:	  at	  least	  3	  IMT	  
points	  of	  the	  Near	  and	  Far	  walls	  
	  
Longitudinal	  scan:	  	  
Posterlateral	  (PL)	  
Anterolateral	  (AL)	  
	  
At	  least	  3	  measuremets	  for	  Near	  and	  
Far	  walls	  
Mean	  and	  max	  thickness	  
	  

Atherosclerosis	  Risk	  in	  the	  Communities	  
(ARIC)	  study:	  C-‐IMT	  in	  the	  3	  segments.	  At	  
each	  segment	  11	  measurements	  of	  the	  F-‐
wall	  x2	  
	  
Reference	  values	  with	  echo.tracking	  	  for	  
CCA	  IMT	  –Engelen	  Eur	  Heart	  J	  2013:	  
Measurements	  of	  the	  F-‐wall	  right	  and/or	  
left	  CCA	  
	  
	  
	  



Ñ  Displayed  items	
Ó  max,  min,  average  	
Ó  SD,  points  (How  many  points  are  used  for  the  result)	
Ó  Width  of  ROI	
Ó  Histogram	

Max	  
point	  Max	  

point	  

LETTURA	  AUTOMATICA	  
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Carotid	  IMT	  varies	  through	  the	  cardiac	  cycle	  by	  0.03	  mm,	  thickest	  in	  	  
end	  diastole	  and	  thinnest	  at	  peak	  systole.	  	  	  
	  
In	  healthy	  middle-‐age	  adults,	  the	  distance	  from	  the	  CCA	  lumen	  –	  
intima	  interface	  and	  the	  media–adventia	  interface	  measures	  0.6–	  
0.7	  mm	  	  
3	  segments	  each	  1	  cm	  lenghth:	  CCA	  ,	  CB,	  ICA	  
Complex	  artery	  with	  different	  association	  for	  each	  segment	  with	  
risk	  factors	  and	  outcome.	  
	  
Atherosclerotic	  plaque:	  encroaches	  into	  	  the	  arterial	  lumen	  of	  at	  
least	  0.5	  mm,	  thickness	  >1.5	  mm	  from	  media-‐adventitia	  to	  intima-‐
lumen	  interface	  
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What	  is	  CIMT	  
Which	  CIMT	  measurement	  is	  the	  best?	  
What	  is	  the	  best:	  near	  versus	  far	  wall?	  	  
What	  is	  the	  best:	  CCA	  alone	  versus	  adding	  the	  bifurcation	  
and	  internal	  measurements?	  	  
Quantification	  of	  CIMT:	  manual	  versus	  semi-‐automated	  edge	  
detection.	  	  
Use	  of	  CIMT	  in	  risk	  classification.	  	  
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Atherosclerotic	  
cardiovascular	  disease	  
event	  (ASCVD)	  of	  a	  	  
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The	  combination	  of	  C-‐IMT+	  
carotid	  plaques	  improve	  
the	  prediction	  of	  CVD	  
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Risk factors for the progression of carotid intima-media thickness over
a 16-year follow-up period: The Malm€o Diet and Cancer Study
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a b s t r a c t

Objective: To evaluate the progression of carotid intima-media thickness (IMT) in the common carotid
artery (CCA) and the bifurcation over a mean follow-up of 16 years in relation to cardiovascular risk
factors.
Methods: The study population included 3426 middle-aged Swedish men and women participating in
the 1991e1994 (baseline) and the 2007e2012 (re-examination) investigation of the cardiovascular
cohort of the Malm€o Diet and Cancer Study (MDCS).
Results: There were differences in risk factor patterns in arterial segments in that diabetes and male sex
were associated with the progression of IMT in the bifurcation, but not in the CCA, and high-density
lipoprotein cholesterol (HDL) was associated with the progression of IMT in the CCA, but not in the
bifurcation. Favourable changes in systolic blood pressure (SBP), low-density lipoprotein cholesterol
(LDL) and HDL during follow-up decreased the IMT progression rate in the CCA. There was a cumulative
relationship between traditional cardiovascular risk factors (i.e., regular smoking, LDL/HDL-ratio ! 3,
hypertension) and IMT progression rates. The odds ratio (OR) of high IMT CCA progression rate (>75th
percentile) was 1.0 (reference), 1.4 (95% CI: 1.1, 1.7), 1.7 (95% CI: 1.3, 2.2) and 2.1 (95% CI: 1.4, 3.1),
respectively, for individuals with none, one, two, and three risk factors.
Conclusion: There were differences in the associations between risk factors and progression rate in
different arterial segments. Favourable changes in SBP and lipids during the follow-up period were
associated with reduced IMT progression rates in the CCA.
© 2015 The Authors. Published by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-

ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The atherosclerotic disease process is known to begin in child-
hood [1]. It develops during the life-course with the onset of car-
diovascular symptoms usually in late middle age. The long “silent”
preclinical phase of the process, allows intervention before any

major complications, such as harm to the heart or brain, have
occurred.

Prevention of cardiovascular disease has focused primarily on
strategies directed towards risk factors known to be related to
clinical events. However, in order to understand which factors play
a role in the earlier and later stages of atherosclerotic disease, it is
important to differentiate risk factors associated with the pro-
gression of atherosclerosis from those associated with plaque
rupture or thrombus formation. In recent years high-resolution B-
mode ultrasonography has been shown in large populations to be a
valid non-invasive method of monitoring atherosclerotic changes
such as progression of intima-media thickness (IMT) and increased
plaque burden in the carotid arteries. The value of carotid IMT as a
surrogate end-point in intervention or observational studies as an
alternative to cardiovascular disease (CVD) or death is strengthened
by its associations with risk factors [2e4] and coronary or cere-
brovascular events [5e15]. Recent studies, however, have shown
only small improvements in the risk prediction of cardiovascular

Abbreviations: ARIC, atherosclerosis risk in communities; BCAPS, the beta-
blocker cholesterol-lowering asymptomatic plaque study; BMI, body mass index;
CCA, common carotid artery; CRP, C-reactive protein; CVD, cardiovascular disease;
HDL, high-density lipoprotein cholesterol; IMT, intima-media thickness; LDL, low-
density lipoprotein cholesterol; SBP, systolic blood pressure.
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(P.M. Nilsson), Olle.melander@med.lu.se (O. Melander), Bo.hedblad@med.lu.se
(B. Hedblad), Gunnar.engstrom@med.lu.se (G. Engstr€om).
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3426	  sbj	  
Mean	  CCA	  IMT	  automatically	  
measured	  
(max	  Far	  wall	  CB)	  
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15792,	  45-‐64	  yrs	  
Cox	  proportional	  hazards	  model	  
was	  used	  for	  10-‐yr	  CHD	  risk	  

Nambi	  et	  al	  
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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
Matthias W Lorenz, Joseph F Polak, Maryam Kavousi, Ellisiv B Mathiesen, Henry Völzke, Tomi-Pekka Tuomainen, Dirk Sander, Matthieu Plichart, 
Alberico L Catapano, Christine M Robertson, Stefan Kiechl, Tatjana Rundek, Moïse Desvarieux, Lars Lind, Caroline Schmid, 
Pronabesh DasMahapatra, Lu Gao, Kathrin Ziegelbauer, Michiel L Bots, Simon G Thompson, on behalf of the PROG-IMT Study Group

Summary
Background Carotid intima-media thickness (cIMT) is related to the risk of cardiovascular events in the general 
population. An association between changes in cIMT and cardiovascular risk is frequently assumed but has rarely 
been reported. Our aim was to test this association.

Methods We identifi ed general population studies that assessed cIMT at least twice and followed up participants for 
myocardial infarction, stroke, or death. The study teams collaborated in an individual participant data meta-analysis. 
Excluding individuals with previous myocardial infarction or stroke, we assessed the association between cIMT 
progression and the risk of cardiovascular events (myocardial infarction, stroke, vascular death, or a combination of 
these) for each study with Cox regression. The log hazard ratios (HRs) per SD diff erence were pooled by random 
eff ects meta-analysis.

Findings Of 22 eligible studies, 16 with 36 984 participants were included. During a mean follow-up of 7·0 years, 
1519 myocardial infarctions, 1339 strokes, and 2028 combined endpoints (myocardial infarction, stroke, vascular 
death) occurred. Yearly cIMT progression was derived from two ultrasound visits 2–7 years (median 4 years) apart. 
For mean common carotid artery intima-media thickness progression, the overall HR of the combined endpoint was 
0·97 (95% CI 0·94–1·00) when adjusted for age, sex, and mean common carotid artery intima-media thickness, and 
0·98 (0·95–1·01) when also adjusted for vascular risk factors. Although we detected no associations with cIMT 
progression in sensitivity analyses, the mean cIMT of the two ultrasound scans was positively and robustly associated 
with cardiovascular risk (HR for the combined endpoint 1·16, 95% CI 1·10–1·22, adjusted for age, sex, mean common 
carotid artery intima-media thickness progression, and vascular risk factors). In three studies including 
3439 participants who had four ultrasound scans, cIMT progression did not correlate between occassions 
(reproducibility correlations between r=–0·06 and r=–0·02).

Interpretation The association between cIMT progression assessed from two ultrasound scans and cardiovascular 
risk in the general population remains unproven. No conclusion can be derived for the use of cIMT progression as a 
surrogate in clinical trials.

Funding Deutsche Forschungsgemeinschaft.

Introduction
Carotid intima-media thickness (cIMT) is a non-invasive 
ultrasound biomarker of early atherosclerosis. A positive 
association exists between it and the risk of sub sequent 
cardiovascular events in general populations, indepen-
dent of all major risk factors.1 This relation has promoted 
the use of cIMT in pathophysiological studies and clinical 
trials, in which the perception of cIMT has shifted from a 
secondary endpoint to a surrogate of risk of cardiovascular 
event. A randomised clinical trial published in 2009 was 
prematurely stopped on the basis of cIMT results.2

Many studies already include the tacit assumption that 
relations with cIMT, as seen in the general population 
or risk cohorts, refl ect associations with the risk of 
cardiovascular events.3–5 Most of these studies use cIMT 

progression, calculated as an absolute yearly rate of pro-
gression. Repeated cIMT measurements are a plausible 
way to test the eff ects of interventions on cIMT progression. 
However, whether change of cIMT aff ects the risk of 
cardiovascular events should be systematically investigated. 
The results of the Multi-Ethnic Study of Atherosclerosis6 
show a positive association between cIMT progression and 
stroke. The association between cIMT progression and the 
risk of myocardial infarction or mortality in the general 
population has never been assessed on a large scale. In 
view of the large variability of cIMT progression, this task 
requires access to individual participant data from many 
large cohorts. The aim of the fi rst stage of the PROG-IMT 
project (individual progression of carotid intima media 
thickness as a surrogate of vascular risk) is to assemble a 
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-‐  Arterial	  stiffness	   	  is	  one	  of	  the	  main	  determinants	  of	  
SBP,	  PP	  and	  then	  CV	  events.	  

	   -‐	  Arterial	   stiffness	   has	   also	   an	   independent	   predictive	  	  
value	   for	   CV	   events	   in	   patients	   with	   hypertension,	  
diabetes,	   end-‐stage	   renal	   disease	   in	   elderly	   subjects	  
and	  in	  general	  population.	  
	  
-‐  Arterial	   stiffening	   and	   cardiac	   function	   should	   be	  

considered	  as	  an	  unicum:	  ventricular	  arterial	  coupling	  
	  
	  

Carotid	  arterial	  stiffness	  



PWV as part of the HT 
stratification ….	

…and aortic disease	  





The	  distance	  between	  
two	  gates	  shows	  the	  
vessel	  diameter.	  

At	  10	  MHz	  frequency	  
precision	  is	  0.01mm	  

What’s	  eTRACKING	  :	  Principle 



Distension	  wave	  

Upper	  tracking	  point	  

Lower	  tracking	  point	  

Tracking cursor 

Movement	  of	  the	  vessel	  wall	  is	  tracked	  automatically	  by	  simply	  setting	  
the	  tracking	  gate	  on	  the	  B-‐mode	  image.	  Displays	  waveforms	  of	  
changes	  in	  vessel	  diameter	  (distension	  wave)	  in	  real	  time.	  

Tracking gate 

Tracking gate 



Calculated	  parameters	  
β	  (stiffness	  parameter):	  index	  of	  arterial	  stiffness	  
	   	  	  

β	  =	  In	  (Ps	  /	  Pd)	  /	  [(Ds	  –	  Dd)	  /	  Dd]	  
	  
Calculated	  from	  changes	  in	  vessel	  diameter	  and	  blood	  pressure	  	  
Arterial	  stiffness	  ↑　　β	  value	  ↑	  	  	  
Less	  dependent	  on	  blood	  pressure	  	  
	  

Ep	  (pressure-‐strain	  elasticity	  modulus):	  index	  of	  	  vessel	  elasticity	  
	  	  

Ep	  =	  (Ps	  –	  Pd)	  /	  [(Ds	  –	  Dd)	  /	  Dd	  ]	  
	  
Calculated	  from	  changes	  in	  vessel	  diameter	  and	  blood	  pressure	  	  
Arterial	  elasticity	  ↓　　Ep	  ↑	  	  	  
The	  value	  greatly	  varies	  with	  blood	  pressure	  even	  in	  the	  same	  blood	  vessel.	  	  
	  

AC	  (arterial	  compliance):	  index	  of	  blood	  vessel	  compliance	  	  
AC	  =	  π(Ds	  ×Ds	  -‐	  Dd×Dd)	  /	  [4	  (Ps	  –	  Pd)]	  
	  
Calculated	  from	  changes	  in	  blood	  vessel	  cross-‐sectional	  area	  and	  blood	  pressure	  	  
Arterial	  compliance	  ↑	  　　AC	  ↑	  	  	

Ps: systolic pressure 
Pd: diastolic pressure 
Ds: maximum vessel 
diameter 
Dd: minimum vessel 
diameter  



PWV is mainly related to the elastic properties of the arterial wall.  
PWV is well known as a parameter to assess the atherosclerosis. 
Conventional PWV has been based on the two point measurement. 
PWV is the velocity at which the pulse wave travel between known distance. 
When the artery becomes stiffer, the PWV shows higher value. 
This time, we developed one point pulse wave velocity method derived from Stiffness 
parameter β	

PWVβ　　One	  –Point	  Pulse	  wave	  velocity	  

Definitional	  equation	  	  C	  ＝√（βP	  /	  2ρ）	  

P：Diastolic	  blood	  pressure	  
ρ：blood	  density	  (1050	  Kg/m3)	  

“Non-‐invasive	  one-‐point	  measurement	  of	  local	  pulse	  wave	  velocity”	  
Sugawara,	  et	  al.,	  Tokyo	  Women's	  Medical	  University	  
Saishin	  Igaku,	  2003,6,279-‐288	  



NORMALS	  





Arterial stiffness:regional and local 
stiffness  

EHJ 2006;27:2588 
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JACC	  2014	  

579	  population	  based	  cohort	  
study.	  F-‐up	  7.6	  yrs	  
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Conclusion 1 

ü The presence of subclinical arterosclerosis 
(increse C-IMT, increse carotid stiffness) is a 
disease itselfe over an additional predictive 
value.  

ü C-IMT and arterial stiffness have incremental 
value on risk assessment over FRS especially 
among intermediate risk cohort 

ü C-IMT measurements need to be better 
standarized  to be constant and rialable in 
every-day clinical practice 
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