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Intéréts de I'imagerie en coupe

*Pas de probleme

*Images de bonne résolution
* Analyse + facile (Vaisseaux, masses...)



Sequence de flux

_ —
Im: 1/72 PR PROGRAM 6
Se: 1201 - o St 101679475
by 20/04/1956 M
’ CHU la Cavale Blanche
\ 505310307
IRM CARDIAQUE
QFLOW AORTE 150

A P
2.3 FS: 3
WL: 957 WW: 1664 [D] « TR: 5.2 TE: 3.2
T: 8.0mm L: 121.6mm s ol S 08/03/2016 13:43:40

Caruthers SD et al, Circulation 2003



4D flow
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APPLICATIONS:



RA

Diagnostic d’ un Rao significatif par Scanner multicoupes

Feuchtner et al JACC 2006;47:1410-7



Intérét du Score Calcique Valvulaire

R=-0.79, p<0.0001

0 1000 2000 3000 4000 5000 6000 7000 800D

EBCT Score

AUC=0.89

Messika-Zeitoun D. J Circulation 2004 et Am Coll Cardiol



Score calcique

Calcium Measurement Thresholds of Aortic Valve Calcification

Aortic Valve Calcification
(AVC total)

Aortic———¢ Women Men

valve 1274 AU 2065 AU
calcification

Aortic Valve Calcification
Density (AVCd)

= AVC
AVCA= a5rtic annulus area

women Men
292 AU/cm? 476 AU/cm?




Relative Risk of Mortality

Score calcique

Spline Curve Analysis
Different thresholds for excess mortality in women and men

P
2
o
o

RR>1=excess mortality RR>1=excess mortality

Relative Risk of Mortality

250 500 750 1000 250 500 750 1000
AVCd (AU/Cm?) AVCd (AU/Cm?)

100

80

60

207 HR: 3.76(2.58-5.22); p<0.0001
Adjusted HR: 2.22 (1.40-3.52); p=0.001*

3 - 5 6 7
Follow-up, (years)

Overall Survival, (%)




Bouvier et al Eur Heart J 2006;27:3033-38



RA

Diagnostic d’ un Rao significatif par Scanner multicoupes

Sao la + petite

Feuchtner et al JACC 2006;47:1410-7



RA

Diagnostic d” un Rao significatif par Scanner multicoupes

' =1.08x-0.03
= 0.89

Feuchtner et al JACC 2006;47:1410-7



Evaluation de |la sévérite

Aire valvulaire géométrique

TEE/CMR Bland-Altman TEE/CMR
r=0.58, ICC=0.58, P<0.01
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0,5 1 1,5
AVA by TEE (cm?) Average value

Anatomic valve area
John? (2003) planimetry| . 0.02+0.08 cm*]

Kupfahl®® (2004) planimetry ... 0.02+0.21 cm?

Debl® (2005) planimetry 0.13+0.16 cm*]

Reant® (2006) planimetry 0.01+0.14 cm?
(Echo—CMR)

Schlosser® (2007) planimetry . 0.15+0.13 cm?

Reant P et al, Eur J Radiol 2006; Cawley PJ et al, Circulation 2009



Limites de 'aire valvulaire géomeétrique

« What our eyes see is not necessarily what our heart feels »
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Flow direction

Pibarot P, Larose E, Cardiology 2008; Garcia D, Kadem L, J Heart Valve Dis 2006



Aire valvulaire effective

\C\"
20

Caruthers SD et al, Circulation 2003



Aire valvulaire effective

Aortic Valve Dimension

by MRI (cm?)

1.0
by Ultrasound {cm?)

Bland-Altman Analysis for
Aortic Valve Dimension

Difference (cm?)

0.4 0.6 0.8
by Ultrasound (m)

0.5 1.0 1.5

Mean Aortic Valve Dimension (cm?)

Caruthers SD et al, Circulation 2003



Aire valvulaire effective
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AP/RL=0.86 AP/RL=0.70
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Normal

15 2.0 25 3.0
CMR EOA (cm?)

w

Mederate

CMR—TTE EOA (cm?)

CMR

00 o5 10 15 20 25 30 3. X Figure 6 Grading of aortic stenosis severity with the use of
Mean TTE-CMR EOA (cm?) TTE- versus CMR-derived effective orifice areas (EOA)

Garcia J et al, JCMR 2011



Limites

* Perte de signal local

* Turbulences

* Repliement

* Bruit de fond

e Résolution temporelle limitée
* Effet de volume partiel

* Jets eccentriques...

Lotz J, Radiographics 2002



Fibrose myocardigue

Normal Heart Aortic Stenosis

. e

6i,ffuse Interstitial Fibrosis Focal Rep[acement Fibrosis

Hypertrophy

Fibroblast
Collagen fibers
Cardiomyocyte
Blood vessel

Barone-Rochette G et al, JACC 2014



Fibrose focale

MF < 2.5%

MF > 2.5% and <5.0%
MF > 20% and < 30%

MF 2 5.0%

Survival Probability )

—==Group1l ——Group2 -—Group3 =+=Group1l -——Group2 -——Group3

Survival Probability O

=19 n=21 n=14 n=17 n=22 n=15

40 ' 40
Time (months)

1"
14

Number "
at risk Time (months)

Group 1 13

Group 2 12

Group 3 8 8
Total 33

0
Numbers at risk
Infarct LGE 40
Mid-wall LGE 54
No LGE 49

Azevedo CF et al, JACC 2010; Dweck MR et al, JACC 2011



Fibrose diffuse

Post-Gd

* (1-het)
(ms™)

AR1 blood

Volume Fraction %

Collagen Volume Fraction %

Collagen

CMR Myozardial Vd CMR Myocardial Vd CMR Myocardial Vd

Aortic Stenosis Hypertrophic Cardiomyopathy Combined

4

Ugander M et al, Eur Heart J 2012; Flett AS et al, Circulation 2010



Fibrose diffuse

r?=0.22,p=0.001

Mean DMF%
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Normal Aortic stenosis Correlates Wlth
Group - Functional status
- Longitudinal strain
Does not seem to improve after surgery

Flett AS et al, Eur Heart J CV Imaging 2012; Lee SP et al Radiology 2015



TAVI



TAVI

Procédure idéale

Procédure simple et réussie

Sans complication

Résultat héemodynamique correct
Pas de fuite péri-prothétique

mmm) |mportance du screening Role de
IMAGERIE



TAVI

e Contre-indications générales
— Anneau aortique: < 18 ou > 27 mm (Edwards),
< 18 ou > 27 mm (CoreValve)
—Calcifications importantes pouvant occlure un ostium

coronaire lors de la pose
—Thrombus VG

EACTS et ESC



TAVI

Contre-indications voie fémorale

— Arteres iliagues tortueuses, calcifiées et de petit
diametre

— Pontage aorto fémoral
— Aorte tres angulée, tres athéromateuse, coarctation,

Contre-indications voie apicale
— ATCD de chirurgie du VG (x: intervention de Dor)
— Calcifications du péricarde

— Insuffisance respiratoire sévere, pointe VG non
accessible

EACTS et ESC



TAVI

Sélection

de la voie
d’abord




TAVI

Evaluation de |’ axe ilio-fémoral

Internal © External © Vessel ©
E Sheat 16F 6.6 Mmm 6.0 mm

(Edwards)
18F 7.2mm 6.5mm
19F 7.5mm 7.0mm

20F 80mm 7.0mm

22F 8.8 mm

CoreValve 16F 6.6mm 6.0 mm
(Medtronic)
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iR
2009;5:438-442



TAVI

e Aorte ascendante:

— Mesures a #niveaux:
— Position des artéres coronaires par rapport a I’ anneau aortique

— Appréciation des calcifications, d’ une bicuspidie
% o | '..c_:; .




TAVI

Choix de la taille
de la valve




TAVI

Mesure de I'anneau

ETT

SAPIEN

CoreValve

> Imm ETO > 2-4mm Scanner




TAVI

Mesure de I'anneau




TAVI

Mesure de I'anneau
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TAVI

Mesure de I'anneau
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TAVI

TAVI: distance des coronaires




APPLICATIONS:



Vaisseaux

Note asymmetric dilatior
of this sinus leads to
1.25 x higher diameter

Aorta in cross-section
just above aortic valve




Calcul de la fraction de réegurgitation:
- Directe par fluxométrie

- Hybride volumétrie/fluxométrie

- Volumétrique (VD/VG)



Quantification

Contraste de phase

19 No 9/15:36:15.44
Pos. : A m

HF [1
FH [1/1]
901: csQFLOW_BH 150cm/s
FFE/M

Td 162ms [8/40]
Venc 150 cm/s

Venc = 150 cm/s

Epaisseurs:u/u:uimmig

201 IS aal o

Zoom 2.51 §8 Ll sl

il - EEOVVEBHINBUCTTIS:

TS/ DRI ATIIT
Zoo2:5)

Délai de déclenchement (ms)

RF
5 cn;
FFE/M | & ||e
WL 936 -
WW_ 1628 i T
i onase Résultats d’analyse - Flux (mis) 7 Rt u )
. Résutats d'analyse
:Z 4 AA (aorte ascendante)
Volume éjecté systolique 474 ml
e Vol.débit antérograde a9m
- Val déb ogate \Zm
g Fract. rélgurmante 049%
P Volume diéjecton abs. #20nl
:z Flux moyen 5092 mlls
80 Distance d'éjection 1225¢m
« Vélocité moyenne 13.07 cm's
N Vol max 12177 s
0 Gradient de pression may. 593 mmHo (k=4)
2 Fréquence cardiaque 64 bpm
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 850 900 BC 000 les




FR=32%

Temps (ms)

IDER

Les valeurs ne sont pas comparables directement avec I’écho. Mais reproductibilité excellente



Insuffisance aortique

Seuils?

Gelfand et al:

e Légere <15%

* Moyenne 15% < AR <27%
e Sévere > 27%

p<0.0001 p<0.0001

LVEDV >246m|

Survival without surgery
Survival without surgery

Myerson et al: chirurgie dans 2.6 ans:
* FR>33%
 VoIR > 42 ml

Echo:
 FR>50%
e VoIR > 60 ml

o
)
g
]
@
-1
3
&
g
=
s
3
z
5
@

Gelfand E. et al. J Cardiovasc Magn Res 2006; Myerson SG et al. Circulation 2012



Pronostic

Reg_Frac

=

Sensitivity: 84.6
Specificity: 91.9
Criterion : >33

Regurgitant fraction £33%

Sensitivity
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Regurgitant fraction >33%

>33
Sens: 84.6
Spec: 91.9

Regurgitant fraction (%)

No. remaining

RF 233%
RF >33%

Canservative Crassaver

Myerson, Circulation 2012




APPLICATIONS:



Quantification

Diastole Systole

/\ Ao Stroke

[\ Volume Phase Contrast

Velocimetry

LV Stroke Volume (LVSV): Mitral Regurgitant Volume (M RVol):
LVSV = LVEDV-LVESV M RVol = LVSV - Ao Stroke Volume
LVSV =250 mL - 100 mL M RVol = 150 mL - 80 mL

LVSV =150 mL M RVol = 70 mL

SSFP Volumes

Zoghbi WA et al. JASE 2018



Mitral Regurgitation

v2)

(o]
¢}

Mean +25D = 70 ml MRI Echo

15% 14%

Mean =16 ml Severe Mild
o

56%

o 349, Severe 30%

Moderate Moderate
Mean - 25D = -38 ml

Echo Regurgitant Volume (ml)
Echo-MRI Regurgitant Volume (ml)

Q

T T T T T
120 150 25 50 75 100 125
MRI Regurgitant Volume (ml) Average Regurgitant Volume (ml)

y =1.8x-17 y = 0.6x+30
* r=0.85 r=032
p <0.0001 p=01

Post-Surgical Decrease in
LV EDV (ml)

Post-Surgical Decrease in
LV EDV (ml)
Decrease in LV EDV After Surgery (ml)

T I I Echo
100 200 100 200

MRI Regurgitant Volume (ml) Echo Regurgitant Volume (ml) Moderate Severe

CMR = better reproduciblity and correlation with decrease in LVED after surgery

Uretsky S et al. JACC 2015



Mitral Regurgitation

A

104 Regurgitant volume s 55mil o Regurgitant fraction < 40%
0.91 .

Regurgitant fraction 41-50%

Regurgitant fraction > 50%

L oa N=109 asymptomatic primary MR

Regurgitant volume > 55ml

survival without surgery

T T T
1 4 5
i5 4 16 12
17 5 s s 2

Tesibaank Eeho R0 <00’ Strong association with indication for surgery within 5y

Echo ERO = 0.40 cm’

LVEDVi 100 mi/m*

P = 0.0001

Survival without surgery

Myerson et al. Circulation 2016



Mitral Regurgitation

asymptomatic patients, moderate or severe organic MR

All cause mortality

Survival, %

6

Follow-u ears
Patients at risk p (years)

Oy 1y Sy
MRI SEV-ECHO SEV 62 60 20
MRI SEV-ECHO MOD 23 23 13
MRI MOD-ECHO SEV 38 38 25
MRI MOD-ECHO MOD 135 132 75

- MRI SEV-ECHO SEV

(v o)

Event-free survival, %

oy 1y
62 54
23 22
38 38
135 130

—= MRI SEV-ECHO MOD

Indication for MV surgery

O

All cause mortality and
indication for MV surgery

Event-free survival, %

Follow-up (years) Follow-up (years)

Sy oy 1y Sy
14 62 54 14
4 23 22 4

24 38 38 24
69 135 130 69

—= MRI MOD-ECHO SEV — MRI MOD-ECHO MOD

Penicka M et al. Circulation 2018



Cut Points ?

ECHO:
Rvol > 60 ml|
RF > 50%

CMR:
Myerson et al - Penicka et al

Sensitivity Specificity Specificity Specificity

Rvol > 55 ml Rvol > 50 m]
= Ol = m
78 (65-88) 65 (58-71)
RF>40 % RF>40 %
. 60 4550 ~




Merci pour votre attention!



