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ECV is a predictor of mortality in AS patients 

EXTRACELLULAR VOLUME (ECV)  
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ECV 1 year after AVR 

EXTRACELLULAR VOLUME (ECV)  
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↑ ECV after AVR suggests that the reversed ventricular remodeling is associated 

with an ↑ in diffuse fibrosis and possibly ↑ risk of mortality. 

If ECV ≈ diffuse fibrosis, there should be a noticeable decrease in 

conduction velocity in ventricles after AVR. 

HYPOTHESIS 





VIRTUAL HEART MODELS 
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METHODS – GENERAL IDEA 
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Use virtual heart models to 

estimate tissue parameters and 
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THE EFFECT OF R AND F ON QRS AND CV 
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PERSONALIZATION OF TISSUE PARAMETERS 

For each model, find F ∈ [0,1] that 

minimizes the error between 

QRSmodel and QRSpatient 

Step #1: Cell radius (R) 

Wbefore ≈ Ncell*2Rbefore 

Wafter ≈ Ncell*2Rafter 

Aurigemma et al. Circ Cardiovasc Imag 2013  

Before  

AVR 

After  

AVR 

Step #2: Fibrosis factor (F) 

For each model, find R ∈ [9.6,17.8] μm  

such that QRSmodel ≤ QRSpatient  
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 S1 = 600 ms 

pacing until stable QRS duration 



BI-VENTRICULAR MODELS 

Supercomputer Joliot-Curie 

 ≈ 300 000 core-hours 

 

≈ 4.3 years of computing  

using an equivalent  

8-core computer   



RESULTS - VENTRICULAR REMODELING 

Treibel et al. JACC 2018 

Females 
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LV mass * ECV LV mass * (1-ECV) 
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RESULTS - MODEL PARAMETERS 

No change in 

estimated 

conduction 

velocity between 

the time points! 

Krayenbuehl et al.  

Circulation 1989 
myocyte diameter interstitial fibrosis 

Median fitting 

error < 0.5 ms 

Models 

Females 

Males 

Patients 

Before After

0

40

80

120

AVR

Q
R

S
 (

m
s
)

QRS - models

Females

Males

p=0.3013

Before After

0

40

80

120

AVR

Q
R

S
 (

m
s
)

QRS - patients

Females

Males

p=0.2148

Before After

0

5

10

15

20

AVR

C
e
ll
 r

a
d

iu
s
 (

u
m

)

Cell radius

Females

Males

p=0.0015

Before After

0

20

40

60

80

100

AVR

F
 (

%
)

F

Females

Males

p=0.1934

Before After

0

20

40

60

80

100

AVR

C
V

 (
c
m

/s
)

Conduction velocity

Females

Males

p=0.5186

Before After

0

40

80

120

AVR

Q
R

S
 (

m
s
)

QRS - models

Females

Males

p=0.3013

Before After

0

40

80

120

AVR

Q
R

S
 (

m
s
)

QRS - patients

Females

Males

p=0.2148

Before After

0

5

10

15

20

AVR

C
e
ll
 r

a
d

iu
s
 (

u
m

)

Cell radius

Females

Males

p=0.0015

Before After

0

20

40

60

80

100

AVR

F
 (

%
)

F

Females

Males

p=0.1934

Before After

0

20

40

60

80

100

AVR

C
V

 (
c
m

/s
)

Conduction velocity

Females

Males

p=0.5186

Before After

0

40

80

120

AVR

Q
R

S
 (

m
s
)

QRS - models

Females

Males

p=0.3013

Before After

0

40

80

120

AVR

Q
R

S
 (

m
s
)

QRS - patients

Females

Males

p=0.2148

Before After

0

5

10

15

20

AVR

C
e
ll
 r

a
d

iu
s
 (

u
m

)

Cell radius

Females

Males

p=0.0015

Before After

0

20

40

60

80

100

AVR

F
 (

%
)

F

Females

Males

p=0.1934

Before After

0

20

40

60

80

100

AVR

C
V

 (
c
m

/s
)

Conduction velocity

Females

Males

p=0.5186

Before After

0

40

80

120

AVR

Q
R

S
 (

m
s
)

QRS - models

Females

Males

p=0.3013

Before After

0

40

80

120

AVR

Q
R

S
 (

m
s
)

QRS - patients

Females

Males

p=0.2148

Before After

0

5

10

15

20

AVR

C
e
ll
 r

a
d

iu
s
 (

u
m

)

Cell radius

Females

Males

p=0.0015

Before After

0

20

40

60

80

100

AVR

F
 (

%
)

F

Females

Males

p=0.1934

Before After

0

20

40

60

80

100

AVR

C
V

 (
c
m

/s
)

Conduction velocity

Females

Males

p=0.5186



RESULTS - CORRELATIONS #1 
0 20 40 60 80

40

50

60

70

80

90

Fibrosis factor (%)

C
o

n
d

u
c

ti
o

n
 v

e
lo

c
it

y
 (

c
m

/s
)

15 20 25 30 35

8

12

16

20

ECV (%)

C
e
ll
 r

a
d

iu
s
 (

u
m

)

8 10 12 14 16 18 20

40

50

60

70

80

90

Cell radius (um)

C
o

n
d

u
c

ti
o

n
 v

e
lo

c
it

y
 (

c
m

/s
)

Females, before

Females, after

Males, before

Males, after

15 20 25 30 35

0

20

40

60

80

ECV (%)

E
je

c
ti

o
n

 f
ra

c
ti

o
n

 (
%

)

r = 0.3939, p=0.0568r = - 0.5267, p=0.0082

r = 0.5113, p=0.0107r = - 0.6702, p=0.0003

Females, before AVR

Females, after AVR

Males, before AVR

Males, after AVR

0

20

40

60

80

Extracellular 

conductivity 

factor

(%)

r = 0.09502, p = 0.6587

8

12

16

20

Cell radius

(um)

r = - 0.5267, p = 0.0082 r = - 0.1148, p = 0.5933

Extracellular volume (%)

15 20 25 30 35

40

50

60

70

80

90

0 20 40 60 80

Extracellular conductivity factor (%)

8 10 12 14 16 18 20

Cell radius (um)

Conduction

velocity 

(cm/s)

r = - 0.2036, p = 0.3399 r = - 0.6702, p = 0.0003 r = 0.5113, p = 0.0107

A

B

15 20 25 30 35

0

20

40

60

80

Exracellular volume (%)

r = 0.3939, p = 0.0568

8 10 12 14 16 18 20

Cell radius (um)

r = -0.3459, p = 0.0978

0 20 40 60 80

Extracellular conductivity factor (%)

r = -0.2892, p = 0.1705

Ejection

fraction 

(%)

Females, before AVR

Females, after AVR

Males, before AVR

Males, after AVR

0

20

40

60

80

Extracellular 

conductivity 

factor

(%)

r = 0.09502, p = 0.6587

8

12

16

20

Cell radius

(um)

r = - 0.5267, p = 0.0082 r = - 0.1148, p = 0.5933

Extracellular volume (%)

15 20 25 30 35

40

50

60

70

80

90

0 20 40 60 80

Extracellular conductivity factor (%)

8 10 12 14 16 18 20

Cell radius (um)

Conduction

velocity 

(cm/s)

r = - 0.2036, p = 0.3399 r = - 0.6702, p = 0.0003 r = 0.5113, p = 0.0107

A

B

15 20 25 30 35

0

20

40

60

80

Exracellular volume (%)

r = 0.3939, p = 0.0568

8 10 12 14 16 18 20

Cell radius (um)

r = -0.3459, p = 0.0978

0 20 40 60 80

Extracellular conductivity factor (%)

r = -0.2892, p = 0.1705

Ejection

fraction 

(%)

Females, before AVR

Females, after AVR

Males, before AVR

Males, after AVR

0

20

40

60

80

Extracellular 

conductivity 

factor

(%)

r = 0.09502, p = 0.6587

8

12

16

20

Cell radius

(um)

r = - 0.5267, p = 0.0082 r = - 0.1148, p = 0.5933

Extracellular volume (%)

15 20 25 30 35

40

50

60

70

80

90

0 20 40 60 80

Extracellular conductivity factor (%)

8 10 12 14 16 18 20

Cell radius (um)

Conduction

velocity 

(cm/s)

r = - 0.2036, p = 0.3399 r = - 0.6702, p = 0.0003 r = 0.5113, p = 0.0107

A

B

15 20 25 30 35

0

20

40

60

80

Exracellular volume (%)

r = 0.3939, p = 0.0568

8 10 12 14 16 18 20

Cell radius (um)

r = -0.3459, p = 0.0978

0 20 40 60 80

Extracellular conductivity factor (%)

r = -0.2892, p = 0.1705

Ejection

fraction 

(%)

ECV is not associated with conduction velocity! 

Fibrosis factor (%) 



RESULTS - CORRELATIONS #2 
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CONCLUSIONS 

• We developed a new approach for modeling tissue properties in patients 

with LV hypertrophy 

• Reversed ventricular remodeling that follows AVR 

• is associated with an increase in ECV (Treibel et al. 2018) 

• is not associated with changes in conduction velocity 

• Increased ECV 

• Before AVR: is a predictor of mortality (Kwak et al. 2021) 

• After AVR: is likely a footprint of reversed ventricular remodeling 

and does not have to be a predictor of worse outcome 

• Clinical and/or experimental studies should challenge these findings 
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Thank you  

for your attention! 

vladimir.sobota@ihu-liryc.fr 






