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IRM de stress:
place dans la détection des
cardiopathies ischémiques

Pierre Croisille
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Mrs Dest.

71 y.o.female, with hypertension and dyslipidemia
chest pain @ effort in the last 6 months.

Treadmill : [OOW (95%), with typical chest pain and ST elevation V4-Vé.

coronary angiography £ PTCA



PTCA failure




Cine SSFP

LVEF=71% EDVi=54ml/m2 ESVi=16ml/m?2



MRI 12/01/11  Stress perfusion (dipyridamole)

stress
















MRI before

total endoscopic coronary
artery bypass (TECAB)

MG-LAD




Mr Par. P
51 ans
coronarien avere

douleurs thoraciques a l'effort
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IRM perfusion J30 post-angioplastie




Deétecter une ischéemie, quelle importance?

Décés cardiaques Deéceés ou infarctus

I_I

n =307 | n= 307
*p<005 * p < 0.005

=— TI201 (-) Coro () ' — T1201(-) Coro (-}
— TI201 (-) Coro (+) — TI201 (-) Coro (+)
TI201 (+) Coro (+) — Ti201 (+) Coro (+)

4 6 8 4 6 8
Suivi (ans) Suivi (ans)
c'est la présence d’'une ischémie et non la presence de

stenoses qui determine le pronostic

Pavin et al. Eur Heart J 1997

P.Croisille




Deétecter une ischéemie, quelle importance?

Pronostic a long terme

Survie cumulée 0.30
sans événements

0.85

D.20 7| Logrank-test P < 0.0001

Patients oboerves 0 1 2 3 ] T {EI'IE}
TSM Nomale 360 385 3Ta 35T 205 93

1-1 gag. ancemaux Bb4 533 523 502 a0g 158

" 3 Sf. AND ML 1896 186 176 186 g7 47

Vanzetio of al. Cirg 1908

valeur pronostique de la severite et de I'etendue des anomalies
Ischemiques

P.Croisille



2013 ESC guidelines on the management of stable coronary artery disease

symptomatic patients

Table 13 Clinical pre-test probabilities® in patients

with stable chest pain symptoms'%®

Typical angina Atypical angina Nen-anginal pain
Age Men Women Men Wemen gen ‘W’om;n
30-39 | 59 28 29 10 TS A 5
-40—49 69 37 38 |I4_ hiS 8
50-59 |77 47 49 20 34 12
-60—69 84 58 59 - 25 ‘ 44 17
-70—79 89 68 +29 3;_- 54 24

>80 93 75 78 47 65 32

PPT < 15% : pas d’autre test

PPT > 85%.: stratification du risque

2013 ESC guidelines Eur Heart J 2013;34:2949-3003



2013 ESC guidelines on the management of stable coronary artery disease

Table |2 Characteristics of tests commonly used ta

diagnose the presence of coronary artery disease

| Diagnesis of CAD
| | Sensitivity (%) Specificity (%)
Exorcisa ECG %™ | 45-50 85-90
.Exer-:ise stress echocardiography™® _| 80 E; BO 38
Exercise stress SPECT™ | ‘;_]"3—5"] 6387
-Dnbuumlna stracs achocardiography™ I T9-83 Bi1-85
-D-::butanine stress HRITL“"'_ ' 79 BB Bl 91
-"'.":-.sntlila'_ur' stress echocardiography® I 7279 9295
Vzgodilator strogg SPECT™ 9091 75-84
-';i'aidila:or;ﬂass_ﬁﬂ R s 6794 61-83
Cororary CTASH: 195-99 64-33
-‘.-."asc-dih;ﬂress PEFY- 8l 97 71 9

European Heart Journal 2013; 34: 2949-3003



Relation entre extension de I'ischémie et mortalité d’origine cardiaque
traitement medical vs revascularisation
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silent myocardlal infarction (M)

Circulation. 20°C May 31; 1:!3{2212141-5 dai: 10,1 1E1VCIRCULATIONAHA115.021177. Cpub 2013 May 16.

Race and Sex Differences in the Incidence and Prognostic Significance of Silent Myocardial Infarction in the
Atherosclerosis Risk in Communities (ARIC) Study.

Zharg M7, Rautaharu FM?, Prineas R Rodriquer C.°, Loehr L2, Rosamond 'WD?, Kitzman D®, Couper D?. Sollman EZ2.

n=9500 population générale

u Silent MI N Clinical Ml
]
T
R
EaT
.

Black Men White Women Black Woemen

3.3% Silent M| vs 4.1% clinical M| soit >45%



silent myocardial infarction (M)

0.75

Survival Probability
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Follow-up time (Years)

mauvais pronostic similaire si silencieux ou clinique
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Screening asymptomatic patients with type 2
diabetes is recommended—Con
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bbb Gl i BMC Cardievascular Disorders

Screening for asymptomatic coronary e
artery disease in patients with diabetes

mellitus: A systematic review and meta-

analysis of randomized trials

Christopa Bauters' “2 and G las Larnesis™!
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The present analysis shows no evidence for a benefit of screening in term of outcome. The
proportion of patients who undergo myocardial revascularization as a consequence of

screening is low...

Overall, screening has no detectable impact on the prescription of preventive medications

including statins, aspirin and ACE/ARB.



Comment se compare I'IRM de stress (perfusion) par rapport
a la méthode de référence scintigraphique?

MR-IMPACT: comparison of perfusion-cardiac
magnetic resonance with single-photon emission
computed tomography for the detection of
coronary artery disease in a multicentre,
multivendor, randomized trial

Juerg Schwitter'*, Christian M. Wacker?, Albert C. van Rossum?,
Massimo Lombardi4, Nidal Al-Saadi®, Hakan Ahlstrom$, Thorsten Dill7,
Henrik B.W. Larsson®?, Scott D. Flamm?, Moritz Marquardt', and Lars Johansson®

ecomparaison IRM stress adenosine vs. SPECT pour |la détection de la

maladie coronarienne
eréférence: coronarographie (sténose >50%)
e 18 centres, multivendeurs, 241 patients

Eurcpean Heart Journal (2008) 29, 430—439



Comment se compare I'IRM de stress (perfusion) par rapport
a la méthode de référence scintigraphique?
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L'IRM de stress (perfusion) (0.1 mmol/kg-Gd) a une performance
diagnostique >= a la scintigraphie pour la détection de Iésions

coronariennes

European Heart Journal (2008) 29, 480—48%



Cardiovascular magnetic resonance and single-photon
emission computed tomography for diagnosis of coronary
heart disease (CE-MARC): a prospective trial

Iohr P Greanwned, Meil Maredia, fobr F Yoonger, Jofin M Rrowan, Jane Misan, CalinC Fuarsst, Petrs Bljctarveld, j=hn P Ridoway,
i jn L nerine | Diddnso s, Stopnen G k Bfnim
eesnci Ruerooie, ot | Hickimon, Skt Ry e Py wan thelancet.com Published online December 23, 2011
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Diagnostic Performance of Stress

Cardiac Magnetic Resonance Imaging

in the Detection of Coronary Artery Disease

A Meta-Analysis

Kiran R. Mandalur, MI).* Ben A. Dwamena, MDY Asin F. Choudhs, MD#
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Diagnostic Performance of Noninvasive Myocardial
Perfusion Imaging Using Single-Photon Emission
Computed Tomography, Cardiac Magnetic Resonance,
and Positron Emission Tomography Imaging for the
Detection of Obstructive Goronary Artery Disease

A Meta-Analysis JACC 2012, 59:1719-28

Caroline Jaarsma, MD™% Tio Leiner, MDY, PriDd Schastiaan ©, Bebdere, MD, P11D
ITarry J. Crijas, MD, PriD*: Joachim E. Wildberger, MDD, PuD,+4 Eike Nagel, MD, Pril3,|
Patriciz J. Melemana, M), Prild 45 Simon Schalla, MO

n=17901 patients

ir: - Diegnostic Performance of SPECT, CMR, and PET Perfusion Imeging on Patient and Coronary Artery Territory Basis

DOR (958 Gl)

RDOR (95% Glj p Value

Ho. of Studles Sensitivty (955 G Specificity (95% CI)

Padent besis

SPECT 168 EB [ER-23 gl {5952}
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PET* ii &4 Bd-37) BiiF4-87)
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11.75(2.26-14.21)
2411 (15.68-37.07)
24. 74 (1667 -30.30)

3 6R (LER-4.95) -20.00d
2R0{L10-1.7T} 20,06

DOR: Diagnostic Odd Ratio, RDOR: relative Diagnostic Odd Ratio

PET vs CMR:

patient basis : RDOR=1.44[0.62-3.34] p=0.39

coronary territory basis RDOR=0.95[0.42-2.18] p=0.91



Valeur pronostique de I'IRM de stress?

Prognostic Value of Cardiac Magnetic Resonance
Stress Tests

Adenosine Stress Perfusion and Dobutamine Stress Wall Motion Imaging

Cosima Jahnke, MD; Eike Nagel, MD; Rolf Gebker, MD; Thomas Kokocinski, MD;
Sebastian Kelle, MD; Robert Manka, MD; Eckart Fleck, MD; Ingo Paetsch, MD

(Circulation. 2007;115:1769-1776.)

*513 patients
esuspicion ou CAD aveéree, douleurs thoraciques / dyspnée
ecomparaison Stress Dobutamine & adénosine
esuivi sur mediane 2,3 ans (0.6-4.5) MACE (déeces ou IDM)
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Valeur prédictive de I'IRM de stress?

analyse univariee

TABLE 3. Univariate Predictors of Cardiac Death and Nonfatal
Myocardial Infarction in Patients Undergoing Combined
Adenosine Stress MRP and DSMR Wall Motion Imaging

Univariate
Parameter HR 95% Cl P
Clinical
Age* 1.52 0.92-2.51 0.100
Gender, male 2.45 0.71-8.42 0.154
Smoking 1.44 0.59-3.55 0.426
Hypertension 1.62 0.47-5.57 0.080
Hyperlipoproteinemia 3.70 0.85-16.00 0.440
Diabetes mellitus 2.55 1.00-6.48 0.049
Known CAD 3.60 1.19-10.84 0.023
Total risk factors >4 4.20 1.64-10.58 0.002
MR imaging
WMA at rest 4.43 1.59-12.39 0.004
LVEFt 0.56 0.40-0.79 0.001
1.18 1.08-1.28 <0.001
Inducible WMA 542 2.18-13.50 <0.001
Inducible MRP deficit 12.51 3.64-43.03 <0.001

LVEF indicates left ventricular ejection fraction; LVESV, left ventricular
end-systolic volume.

*Per decade.

tPer 10% LVEF points.

$Per 10-mL change.

(Circulation. 2007:115:1769-1776.)



Valeur predictive de I'IRM de stress?

analyse univariée

TABLE 3. Univariate Predictors of Cardiac Death and Nonfatal

Myocardial Infarction in Patients Undergoing Combined
Adenosine Stress MRP and DSMR Wall Motion Imaging

Univariate
Parameter HR 95% Cl P
Clinical
Age* 1.52 0.92-2.51 0.100
Gender, male 2.45 0.71-8.42 0.154
Smoking 1.44 0.59-3.55 0.426
Hypertension 1.62 0.47-5.57 0.080
Hyperlipoproteinemia 3.70 0.85-16.00 0.440
Diabetes mellitus 2.55 1.00-6.48 0.049
Known CAD 3.60 1.19-10.84 0.023
Total risk factors >4 4,20 1.64-10.68 0.002
MR imaging
WMA at rest 4,43 1.59-12.39 0.004
LVEFt 0.56 0.40-0.79 0.001
LVESVT 118 108128 <0001
Inducible WMA 542 2.18-13.50 <0.001
Inducible MRP deficit 12.51 3.64-43.03 <0.001

LVEF indicates left ventricular ejection fraction; LVESV, left ventricular

end-systolic volume.
*Per decade.
tPer 10% LVEF points.
tPer 10-mL change.

analyse multivariée

DSMR (=1 segments)
HR:4.7 (1.8-12.7) p=0.002

MRP (=1 segments)
HR: 10.6 (2.8-39.1) p<0.001

autres variables NS

IRM stress (DSMR et MRP):

eseuls prédicteurs indépendants MACE
evaleur supérieure aux donnees
cliniques et anomalies de repos pour
prédire les événements

(Circulation. 2007:115:1769-1776.)



L’'IRM de stress peut étre utilisée pour la stratification du risque

Event-free Survival (%)

Event-free Survival (%)
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TABLE 4. Cumulative Event Rate During 3-Year Follow-Up
According to the Results of MRP and DSMR Testing

Cumulative Event Rate at Follow-Up

Intervals, %
Result of MR Stress Testing 1y 2y 3y
(Normal DSMR 1.2 2.6 3.9
Abnormal DSMR 7.3 10.3 18.8
(Normal MRP 0.7 0.7 23
Abnormal MRP 6.2 12.2 16.3
Normal DSMR and MRP "~ 08 08 __ 08
Abnormal DSMR and MRP 9.0 12.8 16.5

IRM stress permet d’identifier les patients a faible
risque a court et moyen terme

valeur pronostique similaire au SPECT et echo
dobutamine = 1% évenements/an

(Circulation. 2007;115:1769-1776.)



Dobutamine ou adenosine?

2 ——- Normal DSMR £ ~=- Abnormal DSMR
‘é‘ - —— Normal MR Perfusion E ° = Abnormal MR Perfusion
: stress normal £ stress anormal
g 04 § 1]
0=0.2 0=0.97

o ! 2 3 4 5 0 1 2 3 4 5
Time (years) Time (years)

les deux tests ont une valeur diagnostique et pronostique
superposable

(Circulation. 2007;115:1769-1776.)
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Assessvent of Myocardial Perlusbon in Coreuary Aclery Disease by Magnetie Besonance -
v Compurison With Pesdiron Emission Temugraphy and Corvnoary Angigruphy
J. Bchwittes, I Nanz, §. Kneifc!, K. Bertsehingar, M. Blch:. P. K. Krisel, B, Maricack, T. F.
Liischer and G B wom chinbl=ss

Coromfepiom 2001, 103; 22502235
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SPECT vs. FFR (patients multitronculaires)

FFR
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Normal Reversible Fixed
Perfusion defect

67 pts (201 territoires) 2- ou 3-vx disease

Conclusions Myocardial perfusion imaging with single-photon emission computed tomography has
poor concordance with FFR and tends to underestimate or overestimate the functional importance of
coronary stenosis seen at angiography in comparison with FFR in patients with multivessel disease.
These findings might have important consequences in using MPI to determine the optimal revasculariza-
tion strategy in patients with multivessel coronary disease. [J Am Coll Cardicl Intv 2010;3:307-14)

& 2010 by the American College of Cardiology Foundation

Melikian et al. JACC interv (2010) 3; 3:30/



Validation of Magnetic Resonance Myocardial Perfusion Imaging With
Fractional Flow Reserve [or the Detection of Significani Coronary Heart Disease

Stuart Watkins, Ross McGeoch, Jonathan Lyne, Tracey Steedman, Richard Good,
Mairi-Jean McLaughlin, Tony Cunningham, Vladimir Bezlyak, lan Pord, Llenry J.
Dargie and Keith G, Oldrovd
Clirculatian 2009;120;22007-2213; originally publishad online NMov 16, 2009;
DOL 101161/ CIRCULATIONATIA . 1D0Q BT2358

Circolation ‘s punlishex yy e American Heart Associztion. 7272 Greenville Avenoe, Dallas, TX
Ti514

Copyright @ 2009 Amcncan Hearl Association. All nghts roserved. Print 185N 0009-7322, Online

FFR <0.75
censitivity, % 90.9 (84.2-97.6)
Specificity, % 93.9 (88.9-98.6) QCA:62%
PPV, % 90.9 (84.3-97.9) ?
NPV, % 93.9 (88.9-968.9)
n=103

IRM adenosine, 0. mmol/kg Gd, SR-TFL, quantification (ratio pentes)

Coenclusion—MEMI'T can detect functionally sigmficant coronary heart discase with excellent sensitivity, specificity, and
positive and negative predictive values compared with FTR. (Circulation. 2009;120:2207-2213.)

Watkins et al Circulation 2009;120:2207



AD WHOLE-HEART QUANTITATIVE FIRST-PASS PERFUSION IMAGING WITH A STACK-OF SPIRALS
: 'I'HJ-‘I.IHL"I'H'IH:\'
Yuog Yumg', Kiwe Clen', Fraderick H. Epstein 7, Creig B Meyer"”, Chrisipher M, Eramer™", s Micheel Salemu™
"Hiomedical Enginesring, Universiry of Virelode, Charfomesulile, VA, Uvired Srates, *Radiotopy, Oniversivy of Virginde, Chorlomerile, ¥4, Unired Stares, odive,
Lldveesity aof Viegenia, Charlenesville, VA Unied Srares

acquisition 3D spiral - compress-sensing - moco
integrated AlIF and FERMI modelling for absolute whole heart

pixelwise perfusion quantification
(2.1mm2, 240ms temporal window)

Fermi: Flow (mLfg/min)
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Figure 3. Bull-eye segmental perfusion map
#0878-ISMRM 2014
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Conclusion

IRM de stress:

- performance diagnostique =2 SPECT + avantages IRM specifiques

- valeur pronostique et stratification du risque
- dobutamine = perfusion mais necessite formation et expérience
- valeur ajoutee d’'une analyse semi-quantitative voire quantitative

P.Croisille
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