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Coronary Artery Stenosis
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Coronary Artery Stenosis

Stenosis
Treatment:

* non-surgical

e surgical




Fractional flow reserve (FFR)
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P Vasodilatation
CfOl"t
. P, Fp - Average pressure c.listal to the lesion (P))
-’ average aortic pressure (P_ )

FFR =1-—— healthy subject

FFR<0.75 —— surgical treatment







FFR problems

* materials costs:
~ 5000 - 6000 $ (full treatment), ~ 1000 $ (probe)

* multiple stenoses




Consecutive and parallel stenoses
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Blood flow circulation model

1) Mass balance 25, 9(uS) _,
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2) Momentum a(uz P]
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3) Bifurcations
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3.3 Compatibility conditions




Vessels structure

» General physiologically correct
anatomical model

Sources: books, post mortem data,

e.g. Visible Human Project
www.nlm.nih.gov/research/visible

« Patient-specific (individual)
anatomical model

MRI/CT, Dopplerography
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Wall state equation

4) Vessel wall elasticity

Analytic approximation
P(8)=P* (t,x)+ pc’ f(S)

~ [exp(s/S,-1)-1,5> 5,
as _{ln(S/SO),SSSO

P (t,x) — external pressure

oO—0
Pedley, Luo, 1998
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u,, A, p,=p,(4)




Bifurcations. Terminal vessel
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Bifurcations. Terminal vessel
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Patient geometrics




Results.

Blood flow

Case A

120 left coronary artery

100

@, mifmin a0
&0

40

20

0

- 0.4 0.6 0.8

30 ;
right coronary artery

25
P
Q, m ,.‘mmzcl

15
10

5> 0 0.2 0.4 0.6 0.8 1

Case B

=~ _ leftcoronary artery
-

80 e —_— N

Q, mifmin g0
40

20

0

=20

-40

i
1
a, mlfmin

60
20
80
40

0

-40

Q, mifmin

-10 -

20

10

Case C

left coronary artery




FFR. Geometry

Patient 1 Center-lines

Patient 2




FFR. Results

( LCA-1
\
= \ LCX-1
-'F”/ g\\\ \
A . T )
{ o i
k. \ d % Measured Calculated
\ }\ FFR FFR
\ LAD-1 LAD-1 0.51 0.58 +14%
LCA-1 0.72 0.84 +17%
. \\ (6| 0.59 0.61 +3%
RCA-2
IF:“ N LAD-2 0.74 0.78 +5%
o RCA-2 0.93 0.87 -5%




FFR. Isolated vessel
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FFR. Isolated vessel
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FFR. Isolated vessel
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FFR. Isolated vessel

LAD
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stenosis B
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FFR. Two parallel stenoses
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stenosis A stenosis B veins
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pressure distal to the lesion (P, ,)

1) FFR = .
aortic pressure (P, )




stenosis A stenosis B veins
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pressure distal to the lesion (P, )

1) FFR = .
aortic pressure (P_ )
P -P(P /P P —-P)P -P
2) FFR(A4)=—" G R0 Y ) C i),
F—F,+E-F P.(P,~F)

B. De Bruyne, N.H.J. Pijls, G.R. Heyndrickx, D. Hodeige, R. Kirkeeide, K.L. Gould, Pressure-derived fractional flow reserve to
assess serial epicardial stenoses: Theoretical basis and animal validation, Circulation, 2000, (15), 1840—-1847.
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stenosis A stenosis B veins
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FFR. Two sequential stenoses
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FFR. Two sequential stenoses

stenosis A stenosis B veins
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stenosis A stenosis B
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FFR. Two sequential stenoses.
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Calculations
90 % 85 % FFR, =0.54
. > P, P Py | I
P 5 FFR, =043
Options
[ P — P, | g, — > FFRB = 085

>, . . n—=> FFR, =047
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Discussion

&

Patient-specific data: N

FFR procedure

\

FFR

CT-scans, medical history

Patient-specific geometry > calculated FEFR
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FFR.

Elasticity of vessel walls
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