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Novità emergenti dalla 

valutazione ultrasonica dei 

grossi vasi arteriosi nel 

paziente iperteso 



The Cardiovascular Continuum 
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Ispessimento/placche carotidee, rigidità 

arteriosa e rischio CV 

 L’incidenza a 10 anni degli eventi CV maggiori è stata 

superiore al 20% quando l’eco (carotide comune più biforcazione) 

dimostrava ispessimenti nei quintili più alti, verso un rischio 

inferiore al 10% per i quintili più bassi. 

 

 Nello studio Copenhagen Country un aumento della Pulse 

Wave Velocity >12 m/s si è associato ad un aumento del 50% 

nel rischio di eventi Cv. 

 

 
Circulation 2009; 120:1084–1090. 

N Engl J Med 1999; 340:14–22. 

 ESH Task Force, J Hypertens 2009 



 It is an early marker of atherosclerosis  
 

 

IMT : what is it ? 
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Significant Carotid IMT (>=1 mm) a CHD 

risk equivalent? 



IMT: Associated factors 

 Age and sex 

 Hypertension 

 Lipids 

 Diabetes  

 Genetics  

 Haemostatic parameters 

 Cigarette smoking / Alcohol 

 Obesity / Physical inactivity 

 Others 
 



Prevalenza delle lesioni aterosclerotiche  

nei pazienti ipertesi negli studi ELSA 
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 It is an early marker of atherosclerosis  
 

 It is an independent predictor of 
vascular disease 
 
 

IMT : what is it ? 
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Thickness Consensus (2004–2006) 











WHY PULSE WAVE VELOCITY? 

• Clinical assessment of large arteries requires a 
simple, practical  method. 

 

Pulse wave velocity = Index of arterial stiffness 

 

• Arterial stiffness will 

– Play a potential etiologic role in cardiovascular disease. 

– Help to recognize arterial changes. 

– Constitute an "early risk marker" . 

– Be useful in assessing the arterial effects of drugs. 



Thomas Sydenham (1624-1689) 

«A man is as old as his arteries» 

//upload.wikimedia.org/wikipedia/commons/d/df/ThomasSydenhamColour.jpg


Normal values for pulse wave velocity: 

average according to age (1455 subjects)  

Boutourye P, Eur Heart J. 2010 October; 31(19): 2338–2350.  

  



Pulse wave velocity is related to  age and blood 

pressure (BP) categories (11 092 subjects) 

Boutourye P, Eur Heart J. 2010 October; 31(19): 2338–2350.  

  



Correlations of PWV With Coronary, Lower Extremity, 

Cerebral, and Renal Arteriosclerosis 

CoutinhoJ et al, J A C C : C A R D I O V A S C U L A R I M A G I N G,  V O L . 4 , N O . 7 , 2 0 1 1 



PULSE WAVE VELOCITY 

• A simple method to assess arterial stiffness 
and distensibility. 

 

• A long-established and widely used 
technique. 

 

• Non-invasive, accurate  and reproducible. 



The Pulse Wave Velocity  



The Pulse Wave Velocity  

http://www.biomedical-engineering-online.com/content/4/1/49/figure/F2


Version 8.0 Pulse Wave Velocity Screen 
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London et al adapted from Kidney Int 1996 

Relationship between arterial stiffness and Aortic Pulse Wave 

Velocity (PWV) 

R=0.745 

p<0.00001 



The wave reflection 



The wave reflection 









The Impact of the Early 

Wave Reflection 
• This earlier return to the heart of 

the reflected pressure wave (due 

to stiffening of the arteries) 

changes the aortic root pressure 

waveform,  … with 3 key clinical 

implications 

• Central pulse pressure increases 

... increasing risk of stroke and renal 

failure 

• LV Load increases…. increasing 

LV mass, and accelerating 

progress towards LV hypertrophy 

and heart failure 

• Coronary artery perfusion 

pressure in diastole reduces…. 

increasing risk of myocardial 

ischemia 

D PP 

Increased Central 
Pulse Pressure 

Increased LV Load 

Decreased Coronary Artery 
Perfusion Pressure in  
Diastole 



The wave reflection contributes to 

arterial-ventricular coupling 











Carotid plaque 



Contrast-enhanced ultrasound imaging of the vasa 

vasorum: from early atherosclerosis to the identification of 

unstable plaques 



Copyright ©2008 American College of Cardiology Foundation. Restrictions may apply. 

Coli, S. et al. J Am Coll Cardiol 2008;52:223-230 

Hypoechoic Carotid Plaque With Extensive (Grade 2) Contrast-Agent 

Enhancement 



Hypoechoic Carotid Plaque With Extensive 

(Grade 2) Contrast-Agent Enhancement 

Coli, S. et al. J Am Coll Cardiol 2008;52:223-230 



Histology sample demonstrating neovascularization (vasa vasorum indicated by the black 
arrows) in the tunica media (Movat pentachrome staining), after 43 weeks follow-up. 

Schinkel A F et al. Eur J Echocardiogr 2010;11:659-664 

Published on behalf of the European Society of Cardiology. All rights reserved. © The Author 
2010. For permissions please email: journals.permissions@oxfordjournals.org 



Copyright ©2008 American College of Cardiology Foundation. Restrictions may apply. 

Coli, S. et al. J Am Coll Cardiol 2008;52:223-230 

Plaque With Grade 2 Contrast-Agent Enhancement Showing Abundant 
Neovascularization at Histology 



Figure 2. Carotid artery with intraplaque neovascularization grade 2 on contrast-enhanced 
ultrasound. 

Staub D et al. Stroke 2010;41:41-47 

Copyright © American Heart Association 



Vasa Vasorum and Plaque Neovascularization on 

Contrast-Enhanced Carotid Ultrasound Imaging 



Figure 1. Carotid artery with vasa vasorum grade 2 on contrast-enhanced ultrasound. 

Staub D et al. Stroke 2010;41:41-47 

Copyright © American Heart Association 



Vasa Vasorum and Plaque Neovascularization on 

Contrast-Enhanced Carotid Ultrasound Imaging 



CONCLUSIONI 

 

Con le nuove tecniche di indagine ultrasonica dei grossi vasi arteriosi 

(carotidi) nel paziente iperteso è possibile, con il sistema  echotracking  RF, 

determinare automaticamente l’entità degli IMT, dell’ augmentation index 

(onda riflessa), il grado di distensibilità della parete arteriosa (stiffness) e la PWV,  

tutti elementi che entrano in gioco nel coupling arterio-ventricolare  e contribuiscono, 

insieme al stroke volume ed alle resistenze periferiche, al determinismo della 

PA sistolica e diastolica centrale e locale. 

Inoltre, lo studio della morfologia della placca con la tecnica ultrasonica 

a contrasto con microbolle, consente non solo una migliore definizione della 

superficie e del grado di stenosi, ma permette anche di visualizzare la eventuale 

neoangiogenesi dei vasa vasorum, espressione della attività flogistica-immunitaria 

del processo ATS, ritenuta responsabile delle complicanze di placca e pertanto 

marker precoce di vulnerabilità ed instabilità della placca.  

 

 

 







Figure 2. Carotid artery with intraplaque neovascularization grade 2 on contrast-enhanced 
ultrasound. 

Staub D et al. Stroke 2010;41:41-47 

Copyright © American Heart Association 













Risk Factor 

 Strong and independent association 

Biological plausibilty 

Regression with treatment 

Reproducibility 

 Standardization 

 Low cost 

 



intima-media thickening 





CCA IMT 
   Validazione 

 Correlazione: 
 Struttura anatomica 
 Pattern ecografico di due linee parallele 

iperecogene  
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 (Pignoli P., Circulation 1986) 



Sphygmocor 

Pulse Wave Velocity  

& Augmentation Index 
Uses Arterial tonometer (radial) 




