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resistance vessels 
: arteries <300 μm in diameter 
: capillaries <100 μm in diameter 



Jain et al, Nature Medicine9, 685 -693 (2003)  
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Arteries 

• Large arteries are elastic (conducting) 
arteries – pressure reservoirs 

• Medium arteries are muscular 
(distributing) arteries – more smooth 
muscle 

• Contraction or relaxation of muscle 
changes the size of the lumen, and so 
controls the blood pressure in the vessel. 



• Progressive over years 

– Starts with some injury to endothelium 

• Smoking, hypertension, hyperlipidemia,  
diabetes, autoimmune disease,  and infection 

– Inflammation, release of enzymes by 
macrophages causes oxidation of LDL, which is 
then consumed by macrophages – foam cells – 
accumulate to form fatty streaks 

– Fatty streaks of lipid material appear first as 
yellow streaks and spots 

– Smooth muscle cells proliferate,  and migrate 
over the streak forming a fibrous plaque 
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• Fibrous plaque results in necrosis of 
underlying tissue and narrowing of lumen 

• Inflammation  can result in ulceration and 
rupture of the plaque,  resulting in platelet 
adherence to the lesion = complicated 
lesion 

• Can result in rapid thrombus formation  
with complete vessel occlusion → tissue 
ischemia and infarction  
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Compliance 

• The increase in volume a vessel can accommodate 
for a given increase in pressure.  

– Depends on the ratio of elastic fibers to muscle fibers in 
the vessel wall. 

• Elastic arteries more compliant than muscular arteries 

• Veins more compliant than either artery (blood reservoirs) 

• Decreased compliance suggests an increased 
stiffness of vessel wall. 

• Determines the vessel’s response to changes in 
pressure. 



Why do we screen for 

asymptomatic cancers 

but ignore 

asymptomatic CVD?   



CVD Risk factors (ESH-ESC) 

Sublinical organ damage 
1. LVH on ECG 

2. LVH on echocardiogram (LVMI > 125 (♂), > 110 (♀)) 

3. Carotid IMT > 0.9 mm or plaque 

4. PWV (carotid to femoral) > 12 m/sec 
5. Creatinine ♂ = 1.3-1.5 mg/dl, ♀ = 1.2-1.4 

6. GFR < 60 ml/min 

7. ABI < 0.9 

8. Microalbuminuria 30-300 mg/day or  

 albumin-creatinine ratio ♂ 22, ♀31  mg/g Cr 



• Vascular disease screening and prevention 

– Who? 

• Age > 60 years with following risk ( 1) 

• DM, HTN, hyperlipidemia, smoking, CAD, stroke, PAD, FHx 
of vascular disease 

– What? 

• Screening: non-painful, no discomfort, no side effect 

• carotid duplex, abdominal USG, ABI 

• Disease specific test 
– TMT for claudication, PPG with thermal measurement, ABI, …. 

– Angiography, CT scan, MRI, …… 

 



2ndary 
Prevention 

Treatment of 
Subclinical 
Coronary 

Atherosclerosi
s 

Treatment of 
Atherosclerosis Risk 

Factors 

Primary Prevention of 

Atherosclerosis Risk Factors 

“Prevention of Heart 
Attacks must be the 
Primary Goal.”  
   E Brauwald 

 

FRS guided 

Imaging guided 



NIH Fact Sheet ‘Image Guided Interventions’ 

• Evidence supporting the use of 
non-invasive imaging tests to 
screen for CAD is gradually 
accumulating.  
 

“Future image-guided interventions will 
enable …to detect critical illnesses at their 
most curable stage …before any symptoms or 
signs are noticeable.  
The practice of medicine will shift … to one of 
prediction and prevention in asymptomatic, 
at-risk populations.”  

Image–Guided 
Prevention 

Coronary Calcium Score 

by CT 

Aorta Plaque by MRI 

Carotid IMT by US 



N Engl J Med 2008;358:1336-45. 



Coronary calcium score 



For future risk stratification 

• Calcium score in real clinical practice? 

– Additional value over FRS 

High CACS can modify predicted risk obtained from FRS alone, especially 
among patients in the intermediate risk category in whom clinical decision 
making is most uncertain 

JAMA. 2004;291:210-215 



Carotid IMT or plaque? 



Carotid USG: 
1st step in the diagnostic strategy 

• Highly accurate and reliable test 

• Advantage 

– Direct visualization of the extracranial arteries 

– Accurate determination of degree of stenosis 

– Assess presence of morphology of plaque 

– Useful tool to evaluate revascularization procedures 

– Identify non-atherosclerotic abnormalites 

• Carotid dissection 

• Firbomuscular disease 

• Trauma 



Carotid-Artery IMT as a Risk Factor for MI 
and Stroke in Older Adults 

 
• 4,476 patients > 65 years with no clinical CV disease 
• Primary end-points 

– New MI / Stroke 
• Median follow-up 6.2 years 

N Engl J Med 1999;340:14-22 



FRS adjusted K-M analysis 

J Am Coll Cardiol 2012;60:1489–99 

IMPROVE 
 
• 3,703 subjects with 36.2 months f/u 
•   3 vascular risk factors without documented atherothrombosis 



Hypertension. 2014;63:00-00. 
Online Data Supplement 



 



Net reclassification tables in HTN 

 



• There is no added value of measurement of 
CIMT in HTN for improving CV risk 
prediction.  

• For those at intermediate risk, the addition 
of CIMT to an existing CV risk score is 
small, but statistically significant. 



JAMA. 2012;308(8):796-803 

The addition of common CIMT measurements to the FRS was a/w 
small improvement in 10-year risk prediction of  MI or stroke, but this 
improvement is unlikely to be of clinical importance 

14 population-based cohorts 
contributing data for 45,828 
individuals. 



N Engl J Med 2011;365:213-21. 

Framingham Offspring Study cohort, composed of non-Hispanic whites, who 
were undergoing the sixth examination cycle, from February 1995 through 
September 1998. 



 



HR for CV disease 
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0.755
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IMT

RF + ICA IMT RF + ICA
plaque

C-statics 

C-statics



• The maximum internal and mean CCA IMT both 
predict CV outcomes 

• But only the maximum IMT of (and presence of 
plaque in) the ICA significantly (albeit modestly) 
improves the classification of risk of CV disease 
in the Framingham Offspring Study cohort 



Follow up IMT:  
surrogate marker? 



• Of 22 eligible studies, 16 with 36,984 
participants 

• two ultrasound visits 2–7 years (median 4 years) 
apart 

Lancet 2012; 379: 2053–62 



Mean CCA IMT 

• The association of cIMT (mean of baseline and follow-up) with the 
endpoints was significant and positive.  

• These associations were attenuated after adjustment for vascular 
risk factors, as expected. 



• The association between cIMT progression assessed from two 
ultrasound scans and CV risk in the general population remains 
unproven.  

• No conclusion can be derived for the use of cIMT progression as a 
surrogate in clinical trials 

IMT progression? 



• mean CCA IMT: 
good predictor 

IMT progression 

Mean IMT 



How about plaque? 



Stable plaque 

Rapid increase in size  symptomatic Unstable plaque 



Significance of plaque morphology: 

 

Plaque morphology as risk of cerebral events  

 : natural course of carotid disease 

 

Echolucent plaques= lipid&macrophage rich = unstable 

 

                                                       risk of stroke 

•  Asymptomatic                                               2 -5% / year 

•  Ulceration                                                       7.5% / year 

•  High grade + TIA                                            13% / year 

•  High grade + stroke                                        5-9% / year 

•  Echolucency vs density                                 increase 2-5 fold 

•  Thin/ruptured fibrous cap                             increase > 10 fold? 



Carotid stenosis 



Tight ICA stenosis 

11808235 







Sonographic features of severe ICA or CCA stenosis 
• PSV > 230 cm/sec 
• Plaque ( 50% DS) 
• Color alaising despite a high velocity scale ( 100) 
• ICA/CCA PSV ratio > 4.0 

• High pitched sound at PW doppler imaging 



Tight stenosis? 

11080099 



Positive remodeling 

Angiography  



Significant stenosis by soft plaque 





Vascular stiffness 

• Compliance, ΔD/ΔP or ΔA/ΔP 

– arterial stiffness at a site 

• Augmentation index, Δaugmentation/PP  

– systemic arterial stiffness  

• Pulse wave velocity, PWV = D / ΔT 

– arterial stiffness at a segment  



Compliance? 

M/20 
BP: 126/84 mmHg 

M/75 
BP: 146/68 mmHg 



Arterial Stiffness and Cardiovascular Events : 
The Framingham Heart Study 

• 2232 partipiciants 

– Median 7.8 years f/u 

 

• Conclusion 

– Aortic PWV improves risk 
prediction when added to 
standard risk factors and may 
represent a valuable biomarker 
of CV disease risk in the 
community 

Circulation. 2010;121:505-511 



• The European guidelines for the 
management of hypertension and 
guidelines for CVD prevention in 

clinical practice added aortic 
PWV as a recommended test 

for TOD 



• Vascular disease screening and prevention 

– Who? 

• Age > 60 years with following risk ( 1) 

• DM, HTN, hyperlipidemia, smoking, CAD, stroke, PAD, FHx 
of vascular disease 

– What? 

• Screening: non-painful, no discomfort, no side effect 

• carotid duplex, abdominal USG, ABI 

• Disease specific test 
– TMT for claudication, PPG with thermal measurement, ABI, …. 

– Angiography, CT scan, MRI, …… 

 

Conclusion  


