
Arterial stenosis - atherosclerosis



Atherosclerosis



Development of stenosis



Atherosclerosis & coronary stenoses



Treatment

Coronary bypass 
(invasive)

Coronary angioplasty 
(minimally-invasive)



Angioplasty & stenting



Angioplasty & stenting (i)



Angioplasty & stenting (ii)



Angioplasty & stenting (iii)



Arterial stenosis 

A COARCTATION consists of a 
converging section, a narrow 
section and a diverging section, 
each with their particular 
pressure-flow relations.

Converging tube: Zone 
where Bernoulli’s equation 
applies.

Diverging tube: Flow 
separation & turbulence. 
Energy losses are 
important. Bernoulli’s 
equation does not apply.

Narrow section. If it is 
long and constant in 
diameter Poiseuille’s 
law applies.



Pressure-flow relation across a stenosis



Pressure-flow relation across a stenosis



Pressure-flow relation across a stenosis
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Pressure-flow relation across a stenosis: physiological and clinical significance 
A: nonlinear effect of flow
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Pressure-flow relation across a stenosis: physiological and clinical significance 
B: nonlinear effect of area reduction (percent stenosis)
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Example: coronary stenosis

stenosis

slope = Rd = Pd,MV/Q
under maximal 
vasodilation (MV)

slope = Rc = Pd,c/Q
under control conditions

Normal QMV

Normal Qc

Stenosis QMV

Stenosis Qc

Increase in 
flow with MV

Increase in flow with MV
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Coronary Flow reserve = QMV/Qc
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MV: maximal vasodilation



Stable vs. unstable stenosis



Epicardial 
stenosis

Microvascular 
disease

FFR

CFR

CFR → coronary flow measurements (difficult)

Functional Flow Reserve 
(FFR)  
(stenosed/normal)

Percutaneous coronary intervention  / model development

CFR= QMV

Qn

FFR= Pd
Pa

Coronary Flow Reserve (CFR) 
(hyperemic/baseline)

FFR → coronary pressure measurements (easier, guide wire)



Pijls, et al., Circulation, (2000)

FFR → coronary pressure measurements (easier, guide wire)

Rm

FFRQ =
Qs

Qn

=
(Pd,s −Pv) /Rm
(Pa,n −Pv) /Rm

≈
Pd,s
Pa,s

= FFRP

Assumptions: 
-Pv << Pa 

-Arterial pressure remains the 
same in presence or absence of 
stenosis 
-Distal resistance remains the 
same in presence or absence of 
stenosis 

 

n: normal, absence of stenosis 
s: in presence of stenosis

Usually FFR < 0.8 => indication to intervene with stenting 


