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 Local Determinants of the Natural     

 History of Individual Coronary Lesions 
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Local Factors 



Local Endothelial Shear Stress (ESS) Varies Along 

the Course of a Coronary Artery and Determines 

Local Endothelial Form and Function 

Characteristics of Flow Types: 

Laminar Flow without Disturbance 

Disturbed Laminar Flow  

Low Flow and Reversed Flow 

 

ESS is the tangential force derived from the friction of the 

flowing blood on the endothelium 



Pathobiologic Consequences of Local Low ESS 

• Local Low ESS leads to highly localized: 
– Loss of endothelial integrity 
– Increased LDL accumulation 
– Inflammation with accumulation of activated macrophages 

• Increased expression/activity of elastases 
       and collagenases 

– Increased plaque growth 
– Disruption of plaque matrix/internal elastic 
        lamina leading to excessive expansive remodeling 
– Thinning of plaque cap 

 
 
 

• Local Moderate or High ESS is vasculoprotective 
 

Formation of high-risk, rupture-prone, “vulnerable” plaque 

(Chatzizisis, et al. Circulation 2008;117:993; Chatzizisis, et al. Atherosclerosis 2009;203:387; 

Koskinas, et al. Circulation 2010;121:2092; Chatzizisis, et al. Circulation 2011;123:621) 

Observations from in-vivo and ex-vivo experimental models 



Atherosclerotic Lesion Are Determined 

by Local Patterns of Fluid Shear Stress 

(Cheng , et al, Circulation 2006; 113:2744) 
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The PREDICTION Study 

Purposes: 

• To characterize the natural history of CAD in consecutive 

high-risk patients after an acute coronary syndrome (ACS); 
 

• To identify the baseline local ESS, plaque and wall 

remodeling characteristics that precede the subsequent 

development of plaque at high risk for developing acute 

plaque rupture or accelerated luminal obstruction; 
 

• To attribute new clinical events to preceding local 

hemodynamic (ESS) and anatomic (plaque and arterial 

remodeling) characteristics.  

 PREDICTION of Progression of 

Coronary Artery Disease and Clinical Outcomes 

Using Vascular Profiling of Shear Stress and Wall Morphology  



PREDICTION Study – Study Design 

Index ACS Event; 

PCI of Culprit Lesion 

  Presentation                           6-10 Months                         12 months 

3 Vessel 

Vascular Profiling 

Clinical 

Followup 
3 Vessel 

Vascular Profiling 

• 3-vessel vascular profiling procedure (IVUS + coronary angiography) 

after completion of PCI for ACS 

•  Routine followup vascular profiling procedure 6-10 months in subset of 

patients 

• Repeat coronary angiography of all patients developing new cardiac 

events requiring repeat PCI to attribute preceding anatomic and 

hemodynamic conditions  



Methods: Measurements of IVUS Frames 

and Creation of 3-D Reconstruction 

Total number of IVUS frames  300-400/arterial segment 

(Feldman and Stone. Curr Opin Cardiol 2000; 15: 430) 

• Lumen 
 

• Outer Vessel Wall = 

         Area within EEM 
 

• Plaque = Intimal-Medial 

    Thickness 



Stone PH, et al. Circulation 2003;108:438  Coskun AU et al. Catheter Cardiovasc Interv 2003;60:67-78 

Example of Endothelial Shear Stress 

“Profile”of Coronary Artery 



PREDICTION Study: Results 

• Each 3-D reconstructed artery divided into 3-mm segments 
(mean length/artery 47.6 ± 16.2 mm; n= 19,867 segments) 

– Each 3-D reconstructed 3mm segment characterized by 

local: 

• predominant ESS value 

• maximal plaque thickness 

• plaque area 

• lumen area 

• remodeling pattern (compensatory, excessive expansive, or 

constrictive) 

• For anatomic natural history and outcome analyses, each 3-

mm arterial segment at follow-up was compared with identical 

segment at baseline 

Analysis of Individual Coronary Artery Anatomy 



PREDICTION Study:  
Anatomic Natural History 

Relationship Between Baseline ESS and 

Percent Change in Maximum Plaque Thickness 

(n=8,137 segments 3-mm length) 



PREDICTION Study: Results 
Characteristics of Local Baseline ESS 

Along the Course of an Artery with Lumen Narrowing 



PREDICTION Study:  

Anatomic Natural History 
Characteristics of Local Baseline ESS 

Resulting in Progressive Severity of Luminal Obstruction 

> 2.4 mm2 

(20th percentile) 

> 3.6 mm2 

(10th percentile) 

> 4.7 mm2 

(5th percentile) 

Magnitude of Worsening Luminal Obstruction at Followup: 



PREDICTION Study:  

Anatomic Natural History 
Baseline Predictors of Worsening Lumen Narrowing 

(Baseline lumen narrowings 

with followup data [n=408]) 



Bifurcation; Stented Artery 



Bifurcation; Native Artery  
Plaque Rupture 



PREDICTION Study 

• Local areas of low ESS develop: 

– Significant plaque progression 

– Decrease in lumen area 

 

• Independent baseline anatomic predictors of progressive 
lumen obstruction: 

– Large plaque (burden: OR 2.13; area: OR 1.81) 

– Low ESS (OR 1.70) 

 

• Results of stented artery and bifurcations will be 
expected in the future. 

 

 

Summary and Conclusions 

Anatomic Natural History over 6-10 month followup: 
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