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Importance of Subclinical Atherosclerosis

• CHD events often occur with no clinical 

history and often normal risk factors (e.g., 

total cholesterol is a poor predictor)

• Most heart attacks result from coronary 

lesions of less than 50% stenosis, often 

undetectable by traditional methods (exercise 

test, angiogram)

• Need to identify disease early enough to 

intervene  to prevent clinical events

• The vascular endothelium is a key signal 

transducer in atherogenesis.











Ideal Surrogate Measures of Atherosclerosis

• Use as intermediate endpoints rather than 

waiting until hard endpoints occur

• May have implications for identifying and 

tracking earlier, subclinical disease

• Compared to clinical event studies, studies of 

surrogate endpoints are lower cost, require 

fewer subjects, less-follow-up

• Use to follow progression of disease and 

effects of medical intervention



Noninvasive Diagnostic Modalities 

for Vascular Endothelial Function 

• Brachial artery reactivity testing

• Pulse wave velocity (PWV)

• Pulse contour analysis (PCA)

• Peripheral arterial tonometry (PAT)

• Digital thermal monitoring

























FMD and CV Events over 5 Years in CHD pts

Neuntfeufl T et al,  Am J Cardiol 2000;86:207



What is Pulse Contour Analysis ?

• Pulse Contour Analysis uses the characterisitic 

of the arterial pulse to derive indices related to 

arterial stiffness and arterial tone



The Arterial Pulse
 The pulse  distorts the arterial wall.

 The pulse wave/distortion travels at a speed determined by the stiffness/elasticity of

 the wall

Reflections occur when the vessel changes in some way



The arterial pulse differs in 

different locations  due to  wave 

propagation and reflections

A good location to 

measure the arterial pulse 

is in a digit where it is easy 

to access



The heart expels blood, distorting 

the arterial wall to create the 

arterial pulse. The arterial pulse 

start to propagate through the 

arteries

At the finger, the pulse 

starts to form.



At the finger, the pulse  

continue to form.

When the pulse encounters diameter 

changes and arterial bifurcations, it 

gets reflected back and a large wave 

reflection is generated in the lower 

torso. 



At the finger, the reflected 

pulse starts to appear.

The reflected wave propagates back 

up in the aorta and then in the upper 

arm. 



The direct wave and the 

reflected add up together ...



… to form the digital pulse



less stiff  slow

stiff  fast

Influence of Arterial Stiffness 

on the Finger Pulse



Influence of Arterial Tone 

on the Finger Pulse

More reflection Less reflection
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Digit Volume Pulse (DVP)

PPT related to large artery transit time 

time

Amplitude related to 

peripheral vasodilationa

b

RIDVP =
a

b
 100

SIDVP =
subject height (m)

PPT(sec)

SI: Stiffness index
RI: Reflection index



Local effects
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• DVP in left and right hand are very  

similar.

• Local vasodilation causes similar 

changes in both left and right DVPs.



GTN 3 g/min

RI = 61 %

GTN 30 g/min

RI = 49 %

GTN 300 g/min

RI = 42 %

Saline

RI = 76%

RI is related to vasodilation



PPT(ΔT) and SI related to large artery stiffness
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Accuracy/Reproducibility

Study Reference 1 2, 4 3 inter 3 intra

subject numbers (male/female) 8/0 30/0 13/10 13/10

status healthy 15 CAD/15 healthy healthy healthy

age young ?/young 54+/- 12 54+/- 12

PulseTrace SI 9.6% 17.8% (15%) 14.4% 11.9%

SphygmoCor Vx  Central PWV 8.8% 10.5%

SphygmoCor Px  AI 22.4%

PulseTrace RI 7.0% 4.8%

Sessions 300.0% ?

investigator(s) 1 1

period 2 weeks ?

number of tests per session 3 every 5min ?

1.  Millaseau et al Clinical Science (2002) 103, 371–377

2.  Woodman et al Poster presentation, 73
rd

EAS 2002

3.  Laucevicius et al Seminars in Cardiology, 2004, Vol. 10, No. 2, 83-90

4.  Woodman et al Med Sci Monit, 2003; 9(5): RA81-89.  
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Factors influencing SI/RI

• BP (increasing stiffness)
– Stress

– Fatigue

• Exercise
– Aerobic exercise (vasodilation)

– Isometric exercise (vasoconstriction)

• Smoking (vasoconstriction)

• Food intake
– Alcohol (vasodilation)

– Digestion (gut vessels dilation)

– Fatty food (reduce endothelial activity)



Peripheral Arterial Tonometry (PAT)

• Noninvasive measurement of arterial 

tone changes in peripheral arterial beds

• Recording finger arterial pulsatile 

volume changes





PAT Method





PAT Ratio

PAT ratio = (Xht/Xh0)/(Xct/Xc0)

– X; pulse amplitude

– t; time interval

– h; hyperemic finger

– 0; baseline

– c; control finger



Hamburg NM, et al. Circulation 2008;117:2464-74



Digital Thermal Monitoring



Digital Thermal Monitoring



Digital Thermal Monitoring



Correlation with Framingham Risk Score

Carlier SG, et al. ESC Congress 2006



Correlation with CAC score

Ahmadi N, et al. SCCT Annual Meeting 2007



Correlation with Metabolic Disorder

Ahmadi N, et al. TCT 2007



Conclusions

• Surrogate measures of atherosclerosis 
predict CHD risk and are sensitive to 
monitoring effects of therapeutic interventions.

• Noninvasive methods to measure subclinical 
atherosclerosis and its progression provide 
an opportunity to enhance primary prevention 
efforts.

• Patient compliance to risk-reduction may be 
enhanced by knowledge of disease.

• Identification of those with the greatest 
amount of subclinical atherosclerosis may 
provide a better rationale for aggressive 
treatment (lipids, HTN).


