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What is shear stress?

• Shear stress is the frictional force that the fluid flow 
exerts at the endothelium

• Magnitude of shear stress is very low : no direct 
mechanical impact

• Endothelium is highly sensitive to shear stress
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Shear stress and atherosclerosis 
near bifurcations
www.fluent.com

carina

Low shear stress

High shear 
stress

Atherosclerosis is located at low shear stress regions
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Aim

In clinic practice plaques are also observed at 
the high shear stress carina (Sianos, 
Eurorinterv. ‘05)

Hypothesis:
– If plaque is present at high shear stress 

regions, it will be due to circumferential 
growth from a low shear stress region

Aim:
– In-vivo minimal-invasive assessment of 

plaque distribution near bifurcations with 
multi-slice computed tomography (MSCT).



Patients & Bifurcations
Methods
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Patients
Elected for coronary angiography
Scanned with 64-slice MSCT
HR < 65 bpm during scanning

Bifurcations
1. Left main  Left anterior descending artery & Circumflex
2. Left anterior descending artery  First diagonal
3. Trifurcations are excluded
4. Heavily calcified bifurcations are excluded
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Extract bifurcation
Methods

Segment Shear 
Stress

I - -
II -
III +
IV ++++IV

I - -

+III

-II
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Presence of plaque
Results

shear stress
++

- -

epicard

62%
72%

38%
31%

– 26 patients
– 65 cross-sections

 Plaque most often at      I
and II

 Plaque is found in the 
carina part IV !

Présentateur
Commentaires de présentation
We analyzed 65 cross-sections for the presence of plaque from 26 patients. In all, but 1 patient, one or more cross-sections contained plaque.  

Of all those cross-section 72% had plaque in the low shear stress part  I. 62% of the cross-sections had plaque in part 2. The percentages drop down to 38% and 31% in the low shear stress parts 3 and 4. Thus plaques are most often present at low SS parts I and II and indeed a considerable number of cross-sections have plaque at the carina.
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Plaque configurations
Results

 ++

• 10/11 plaque in I or II

• No plaque in IV

• 16/20 plaque in I and II
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I
III II

IVShear stress

7 3 1 0

12 3 1 0 012 3 5 1 0 0

• No plaque in facing parts

• 20/21 plaque in I or II

11 5 4 0

5 8

Présentateur
Commentaires de présentation
Let we first look at all cross-sections which had only 1 part affected with atherosclerosis. Here you see that we found 7 cross-sections with only part I affected, 3 with part II affected, 1 with part II affected and not once only part IV was affected. This makes that 10/11 cross-sections with minimal atherosclerosis have plaque in the low shear stress parts I and II.

When 2 parts are affected we notice that always plaque is present in adjacent segments and these [wijs aan] plaque configurations were not found. Again also in mild atherosclerosis in most cross-sections, 20 out of 21, parts I or II are affected. Only this configuration contradicts with plaque only in high SS parts

Cross-sections with 3 affected parts show that this configurations with part IV not affected is most found. From these 20 cross-section, in 16  plaque present in parts 1 AND 2. Although plaque was present at the carina, segments 1 or 2 was always involved.  

Thus plaque is in all stages of atherosclerosis is most present in the low shear stress regions. To complete, we found 5 cross-sections with all parts affected an 8 without atherosclerosis. 
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7 3 1 0

12 3 5 1 0 0

04511

5 8

• More often plaque in carina as more parts are 
inflicted

• Always also adjacent low SS part inflicted

Plaque at carina (segment 4)
Results

 ++--
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Shear stress

Présentateur
Commentaires de présentation
We expected that as plaque was found in the carina it grown circumferentially from a low shear stress region. These are the parts with plaque at the carina.

We didn’t find plaque solely on the carina , so atherosclerosis seems not start there. We see that the more parts are inflicted the more often the carina part IV is also involved.
In the cross-sections with plaque in the high SS parts, adjacent low ss parts I and/or II are most of the time also inflicted. Because plaque seems not to start in part IV, it is likely that it grows circumferential from low ss parts into the high SS carina. 

Could have originated from low SS part I or II
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This study:

1. Confirms the low shear stress theory 
2. Confirms our hypothesis that plaque grows 

circumferentially from low shear stress 
regions into the high shear stress carina 

3. Shows the ability of MSCT to assess plaque 
distribution non-invasively

Conclusion


	Welcome to the 5th� European Bifurcation Club �16-17 September 2009 - BERLIN
	Diapositive numéro 2
	Diapositive numéro 3
	Diapositive numéro 4
	Diapositive numéro 5
	Diapositive numéro 6
	Presence of plaque
	Plaque configurations
	Plaque at carina (segment 4)
	Diapositive numéro 10

