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IRM CARDIAQUE

e Outil devenu indispensable dans la prise en charge des
patients porteurs de cardiopathies notamment

ischémiques

1 Fonctions VG VD, complications post SCA
2 Détection ischémie

3 Viabilité

4 MINOCA

* Limites : disponibilité, claustrophobie, boitier...
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_ PTP based on sex, age and nature of symptoms (Table 5) |

Table 5 Pre-test probabilities of obstructive coronary artery disease in 15 815 s!mptomatic patients according to
sex, and the nature of symptoms in a pooled analysis™ of contemporary data”®"?

~ Typied  Agpical  Nonanginal " Decreases likelihood | Increases likelihood )
Age

Men Women Men Women Men Women Men  Women * Normal exercise ECG* * Risk factors for CVD
30-39 39% o 4% 3% % % - Jo0 * No coronary calcium by CT (dyslipidaemia, diabetes,
- > : : (Agatston score = 0)° hypertension, smoking,
40-49 22% 10% 10% 6% 3% 2% 12% 3% family history of CVD)
50-59 32% 13% 17% 6% 1% 3% 20% 9% * Resting ECG changes
' (Q-wave or ST-segment/
60-69  44% 16% 26% 1% 2% 6% W% 4% Twave changes)
70+ 52% 27% 34% 19% 24% 10% 32% 12% | * LV dysfunction suggestive
of CAD
* Abnormal exercise ECG®

CAD = coronary artery disease; PTP = pre-test probability.

*In addition to the classic Diamond and Forrester classes*® patients with dyspnoea only or dyspnoea as the primary symptom are included. The regions shaded dark * Cﬂrnnar;.' calcium b‘:f CT:
denote the groups in which non-invasive testing is most beneficial (PTP =15%). The regions shaded light green denote the groups with PTPs of CAD between 5—15%. in I

testing for diagnosis may be considered after assessing the overall clinical likelihood based on the modifiers of FTPs presented in Figure 3.

( Clinical likelihood of CAD
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STEP I  Assess symptoms and perform clinical investigations Unstable angina? Follow ACS guidelines

Revascularizaton

STEP2  Consider comorbidities and quality of life futile Medical therapy*
Resting ECG, biochemistry, chest X-ray in selected .
STEP 3 sty ach i hy at rest® LVEF <50% See section 4
) . Cause of chest pain Treat as appropriate or
STEP4  Assess pre-test probability and clinical likelihood of CALF other than CAD? investigate other causes
Offer diagnostic testing
[ - J
8 Z Coronary CTA
- L Choice of the test based on dinical
STEPS E ﬁ likelihood, patient characteristics
28 and preference, availability, ~————g,  Testing for ischaemia
e as well as local expertise® (imaging testing preferred)

Very low Clinical likelihood of obstructive CAD Very high

STEP &  Choose appropriate therapy based on symptoms and event risk!

@ESC 2019
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Use of diagnostic imaging tests in the initial diagnostic management of symptomatic patients with suspected coronary
artery disease

Recommendations Class® Level®

Mon-invasive functional imaging for myocardial ischaemia® or coronary CTA is recommended as the initial test to diagnose

stomatic patients in whom obstructive CAD cannot be excluded by clinical assessment alone.*>-=>7378-80

Functional imaging for myocardial ischaemia is recommended if coronary CTA has shown CAD of uncertain functional sig-

nificance or is not diagnostic. ™"

Invasive coronary angiography is recommended as an alternative test to diagnose CAD in patients with a high clinical likeli-
hood, severe symptoms refractory to medical therapy or typical angina at a low level of exercise, and clinical evaluation
that indicates high event risk. Invasive functional assessment must be available and used to evaluate stenoses before revas-

cularization, unless very high grade (>90% diameter stenosis).” """

Invasive coronary angiography with the availability of invasive functional evaluation should be considered for confirmation

of the diagnosis of CAD in patients with an uncertain diagnosis on non-invasive testing.” '~

Coronary CTA should be considered as an alternative to invasive angiography if another non-invasive test is equivocal or

non-diagnostic. fla €

Coronary CTA is not recommended when extensive coronary calcification, irregular heart rate, significant obesity, inabil- c %
ity to cooperate with breath-hold commands, or any other conditions make obtaining good image guality unlikely. ﬁ
Coronary calcium detection by CT is not recommended to identify individuals with cbstructive CAD. c -

CAD = coronary artery disease; CT = computed tomography; CTA = computed tomography angiography.

*Class of recommendation.

“Level of evidence

“Stress echocardiography, stress cardiac magnetic resonance, single-photon emission CT, or positron emission tomography.

“Characteristics determining ability to exercise, likelihood of good image quality, expected radiation exposure, and risks or contraindications.
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A  All patients (angiographic cutoff 250% LMS; B All patients (angiographic cutoff 250% LMS,

270% for LAD, LCx, and RCA) LAD, LCx, and RCA)
1.0 — (MR 1.0
— SPECT
0-9- 0-9-
IRM de Stress
074 0-74
306‘ 064
§ 0s 05
. 04+ 0-47
* /52 patients il il
o . 0.2 CMR 0-89 (0-86-0.91) 0-24 CMR 0-84 (0-81-0-87)
. .74 (0-70-0- ECT 0-69 (0-65-0-
* Référence : Coronarographie i pongt
0 0

S [ T TSN, [, S FIR Tl [ T T T . T S T
0 0102 03 04 05 06 07 08 09 1.0 0 0102 03 04 05 06 07 08 09 1.0
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Métaanalyse
Tahx et Al Cardiovasc Imaging 2015
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Métaanalyses 1696 patients

IRM le plus spécifique et sensible pour le
diagnostic de coronaropathie

Danad et Al Eur Hear J 2017




Percentage of Patients without Event

Mo. at Risk

Cardiovascular- 449

MRI group

FFR group

100+

-l 100+ Cardiovascular-MRI group
80+ -
70+ FFR group/
604  2°7
504 947 ; . . :
Hazard ratio for major adverse cardiac event in the
404 924 cardiovascular-MRI group, 0.96 (95% Cl, 0.47-1.94)
304 gp- P=0.91
204 Dﬂl’ ! I I I
10+ 0 3 ] 9 12
0 . T T T T
0 3 b 9 12

461

Months since Randomization

433 423 413 340

442 431 424 338

MR-INFORM

918 patients avec angor typique

et FDR ou test d’effort positif

* |[RM de stress donne un taux moindre de revascularisation que la FFR avec
un taux d’evenements cardiaques similaires a 12 mois

* Seuil FFR

Nagel et Al NEJM 2019
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Populations particulieres

= CMR: Males vs Females: 0.89 vs 0.90; p=1.000
[— == SPECT: Males vs Females: 0.74 vs.0.67; p <0.0001

Ad4patients avec IMC > 40 kg/m?

Xl FEMALES
n=235
0.9 -
038 -
0.7 1,0 - Negative stress CMR
s
> 06- / - #*~ Positive stress CMR
2 ~ 2 05
% 0.5 o+ $
b3 [ = p log-rank < 0.0001
0.4 J §
0a ||/ .| 2 06-
: : ]
[ / $
0.2 | AUC 0.2 A AUC g
o — CMR 0.89 (0.85-0.92) — CMR 0.90 (0.85-0.95) © 04—
‘ == SPECT 0.74 (0.70-0.79) 0.1 - = SPECT 0.67 (0.58-0.75) 2
T oo | L e | 3
00 01 02 03 04 05 06 07 08 09 1.0 00 01 02 03 04 05 06 07 08 08 1.0 § 0,2
1- specificity 1- specificity ($)
0,0—

I | I 1 I I I I | 1 |

Time to MACE (in month
Femmes Hommes Femmes Hommes e MACE (nmionthe) |
Sensibilité 36 @ —
Spécificité 84 83 84 81 Kinnel M et Al JACC CV Img 2019 1t
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Associé aux seguences de rehaussement tardif

START

Q_

/

CAD?

Rest
Perfusion

-~Rcversib|¢"dy

CAD®

‘ \+’ /.

/

Stres
Perfusion

s

Algorithm According to the Severity of Coronary Stenosis

Table 2. Diagnostic Performance of the Interpretation

Sensitivity  Specificity Accuracy

Coronary Stenosis =70% or Left Main =50%

No CAD"

Matched™ defect

No CADY

Interpretation algorithm  89% (33/37)  87% (48/55)*  88% (81/92)*

Individual techniques
Perfusion (stress/rest)  84% (31/37)  58% (32/55)  68% (63/92)
Cine (rest) 49% (18/37)  73% (40/55)  63% (58/92)
DE-CMR 49% (18/37)  98% (54/55)  78% (72/92)
Klem et al, JACC 2006;47:1630-8 SEMINARRE o
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Agents vasodilatateurs

* Dypiridamole
e Adénosine

e Régadenoson +++ injection 400ug dose unique IVL 10sec puis rincage
séerum physiologique

« BPCO, asthme o] [ Gachaan1 | [ Gt
 BAV2et3 g Vo i THOThv"'"e;o mn | 10min

* TDR non contrdlés u = i

* Hypotension artérielle sl o) syt =
* SCA 1 b ;

e Obstruction intra VG e o)
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Préparation patient

e Patient informé ’

* Pas de bases xanthiques dans les 12h avant examen
* chocolat, café, thé avant I'examen

* ECG pré et post test

24 2 00

* Chariot d’urgence a proximité -
* Surveillance scopée, TA, contact avec la patient A

* Centre avec unité de soins intensifs cardiologie
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Valeur pronostiqgue de I'IRM de Stress

516 patients

Moins de 1% d’evenement a 2 ans si IRM de stress

négative
s @@ bl | 1
. i, oo
ey TN ey
At | ‘-“'.__
1 ST —
038 - e 08
& —— Normal DSMR 2 —— Normal MR Perfusion
g 06 - ===« Abnormal DSMR T 06 === Abnormal MR Perfusion
: :
7 @
‘S 0.4 § 04
[ @
0.2 02
P<0.001 P<0.001
00 T T T T 1 00 T T T T 1
[ 1 2 3 4 s 0 1 2 3 4 5
Time rs :
#at risk (years) o Time (years)
Normal DSMR 353 316 228 9% 2 0 Normal MR Perfusion 302 272 205 84 16 a
Abromal DSMR 108 ] 50 21 E o Abacemal MR Perfusion 159 123 73 & 7 a

Jahnke et al Circulation 2007

1024 patients
Sévérité ischémie corrélée avec les evenements CV

Event-free Survival

B
Primary Endpoint Secondary Endpoint
1.04 1.0
* P=ns
0.8 8 0.8
£
ne £ 0.6
L]
@
£
-
044 < 047
&
0.2 Log rank: 135 0.2 Log rank: &4
P-value < 0.001 P-value < 0,001
0.04 0.0
T T T T T T T T T T T T
0.00 1.00 2.00 3.00 4.00 5.00 0.00 1.00 2.00 3.00 4.00 5.00
Time (years) Time (years)

Vicenti et al

JACC Cardiovasc Imaging 2017

Ischemic Burden
Abaence of lschemia
Ischemia < 1.5 sagments
Ischemia = 1.5 sagments
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FIGURE 4 Diagnostic Performance of CMR Stress T1 Mapping (AT1) and Gadolinium
Contrast-Enhanced Stress Perfusion for Detecting Obstructive CAD

100

A _————
Perspectives f
Stress T1 mapping, evaluation delta T1
Absence d’augmentation du T1 sous stress of

T T T T T
0 20 40 60 80 100

100-Specificity
——— Stress T1-mapping AUC 0.97+0.02
Stress Perfusion

—— (Visual analysis) AUC 0.85£0.04

Sténose epicardique Camme e

Obstruction microvasculaire & _
6 - & Stress AT1>4.0%
ot Likely no
S e ”-EE:-" miaov;;eg;ad;‘;?t:ncc&m
Sans injection de gadolinium  %°
i T = i
g 3 Stress AT11.5-4.0%
@ Likely microvascular dysfunction
& 27
1 _----—-—;,::::: ---------------------------------------- Stress AT1<1.5%
::.:.;.,:.:: " Likely obstructive epicardial CAD
. Obs;;l'lctive Microvascular Non-Obstructive

Epicardial CAD Dysfunction Coronaries -
. FFR <0.8 FFR 20.8 FFR 20.8 E%E}t@é ITE 20
Liu et al JACC 2016 IMR 225U IMR <25U INTERVENTIONNELLE 23
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Fonction VG, cinétique

Volume Télé D, Télé S
FEVG FEVD

Masse

Epaisseur Myocardique

Cinétique




Thrombus

e Détection IRM
sensibilité 88% et spécificité 99%
Vs 23% et 96% en ETT

Srichai MB et al, AM Heart J 2006

T sensvie | spécicte

ETT 23 96

ETO 40 96

Echo de 61 99
contraste

et ) )3
Weinsaft et al JACC Img 2009 INTERVEN TTONNELLE
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Thrombus

* Incidence SCA ST+ 6,3%
e SCA ST + antérieur 12,2%
e SCA ST+ antérieur et FE < 50% 19,2%

Bulluck H et al J Cardiovasc Magn Reson 2018

* Facteurs favorisants : taille infarctus, obstruction microvasculaire,
absence d’angioplastie, territoire anterieur
Poss et al Circ cardiovasc imaging 2015
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No reflow 50-60% STEMI

* Absence de viabilité si persistant
* Valeur pronostique

60% STEMI
Augmente la taille de I'infarctus (+40%)
Remodelage VG

Risque rythmique, IC et MS

Bouleti et Al 2015 ACVD

T2W Edema

First Pass Perfusion

Early LGE (3')

Late LGE (10’)



VIABILITE

Analyse du réhaussement
tardif post gadolinium




Détection séquelle de petite taille LGE > 75% non viable
LGE < 25% viable

All Dysfunctional

Segments
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Wagner et al Lancet 2003
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INFARCT TRANSMURALITY

00000

Without infarction 1-25% . 26 - 50% ’ 51 -75% . > 75%

Without infarction 1-25% : 26 - 50% : 51 - 75% : > 75%

80% | | 60% | . | 40% | || 10% | | 1%

- Normal muscle Myocardial infarction

ARDIOLOGIE
INTERYENTIONNELLE
ae | ROYES

Mansur Souto et Al Arg Bras Cardiol 2017




Valeur pronostique du rehaussement tardif

Etude multicentrique n= 2349

Critere principal = déces CV et MI non fatal

o Critere secondaire = critéere composite déces
-y CV MI IC angor instable CABG

.....

P < 0.0001 LGE Abecat

0rs \......................’

g
.
Vinatining Primary Outcome Secondary Outcome

Survival

0%
.......................
0
000, - . . v v v v
0 s 10 15 2 » 0 £ 2

Follow-up Period (months)

Kwong et Al Circulation 2006

— Moderate Ischemla  —— Severe schemia

Kwong, R.Y. et al. J Am Coll Cardiol. 2019;74(14):1741-55.




Détection zone infarcie et zone grise periinfarctus
prédictrice d’'evenement rythmique

Roes et Al Circ Cardiovasc Imaging 2009

Figure 1. Assessment of the infarct gray zone: Short-axis contrast-enhanced MRI of a patient with a
previous MI. A, Endocardial (red) and epicardial (green) borders were outlined manually. Subsequently,
the maximum signal intensity (SI) within the infarct region was determined. B, The infarct core was
defined as myocardium with SI 250% of the maximum Sl (red area). C, The infarct gray zone was
defined as myocardium with S| 235% but with SI <560% of the maximum Sl (yellow area). Summation of
the infarct core and infarct gray zone yielded the total infarct size (red plus yellow area).

T1 Mapping Zone a risque evaluation ECV

Acute LGE-Imaging Acute ECV-Maps FU LGE-Imaging

O Mpyocardial area at risk (AAR)
Area above ECV of 33%

Border-zone
Area which is overestimated as infarct by acute LGE-imaging

O

Infarct size at follow-up
Area above ECV of 46%
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MINOCA

Infarctus du myocarde sans obstruction coronaire

Intérét diagnostic de I'IRM

Souffrance myocardique Ischémie myocardique
Spasmes
Tako Tsubo Embols coronaires
Myocardite Rupture de plaque

Cardiopathie amyloide CMH

ARDIOLOGIE
MTERVENTIOMNMNELLE
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Origine systémique : sepsis , EP.... Imagerie endocoronaire+++ Ozgwm 2023
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Clinical Presentation

Diagnostic Work-Up

Diagnosis

Working Diagnoses

Rise and/or fall of cardiac Exclude: MINOCA
troponin with one value * Missed obstruction (ischaemic reasons) (lschaemic reasons)
>80" percentile ULN - Myocardial injury (non-ischaemic reasons)
+

Ischaemic signs/symptoms
+
Non-obstructive CAD
{=50% lesion)

v
LV Functional Assessment (LV Angiogram, Echo)
A4 ¥
Consider clinical context Review CMR Imaging Intravascular Intracoronary
(clinical alternative overt angiography _ - - _ Imaging functional testing
diagnoses) findings (clinically Non ischaemic ischaemic (IVUS or OCT) § (Acetylcholine/Ergonovine)
overlooked pattern pattern
diagnoses)
ESC 2020
True MI Specific Non-MINOCA
» Sepsis * Dbstructive| |* Takotsubo | |+ Other cardio- | |- Mym:alditiﬁl « Unclassified || - Plaque « Coranary
* Pulmonary embolism CAD syndrome myopathies MINOCA rupture artery
* Cardiac contusion + SCAD - Plaque
» Aortic dissection erosion
« Other non-cardiac » Coronary
troponin rise emboli/ i ~
thrombus EMINAIRE
+ SCAD STONKTLLE 2023

CTROYES 0l & 02 AVRE




Recommendations for myocardial infarction with non-obstructive coronary arteries

Recommendations

In all patients with an initial working diagnosis of MINOCA, it is recommended to follow a diagnostic algorithm to differentiate true

MINOCA from alternative diagnoses.
I It is recommended to perform CMR in all MINOCA patients without an obvious underlying cause.”””

It is recommended to manage patients with an initial diagnosis of MIMOCA, and a final established underlying cause according to the

disease-specific guidelines.

Patients with a final diagnosis of MINOCA of unknown cause may be treated according to secondary prevention guidelines for athe-

rosclerotic disease.

CMR = cardiac magnetic resonance; MINOCA = myocardial infarction with non-obstructive coronary arteries.

*Class of recommendation.
BlLevel of evidence.

T2 Mapping Réhaussement
tardif
Infarctus Segmentaire (Edeme Augmenté Sous
(récent) endocardique
Myocardite +/-segmentaire (Edeme Augmenté Sous
(récent) épicardique
Intra mural
Tako Tsubo Hypokinesie (Edeme Augmenté Non
apicale

-
SEMINAIRE s
ARDIOLOGIE

INTERVENTIONNELLE
e TROYES

03

0l & 02 AVRE



50

40
14
=
o
<
e\i8 30
35
8=
c®
BE
g2 20
(o}
c
o
ks
=
10
0
Diagnosis
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CMR

33%
24%
18%
7%
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Figure 4. Cardiac magnetic resonance (CMR) imaging findings
in patients with myocardial infarction with nonobstructive
coronary arteries (MINOCA). Bar graph of published studies
showing the diagnostic significance of CMR imaging in MINOCA
patients. Data presented as percentage (%). AMI indicates
acute myocardial infarction; MC, Myocarditis; TTC, Tako-

tsubo cardiomyopathy; DCM, dilated cardiomyopathy; HCM,
hypertrophic cardiomyopathy; and NAD, diagnosis not available.

26%

NAD

415
1592

Pasupathy S et al Circulation 2015
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Séguences mapping

Sensitivity

* T1 pré gadolinium
e T2 évaluation cedeme intra myocardique
* T1 post gadolinium et ECV

@
°

T1 natif (millisecon

| =

5

|
juy L\

Volume extracellulaire (ECV)
' e



IRM cardiaque

* Maladie coronaire chronique : diagnostic et
suivi du coronarien, évaluation FEVG

e Viabilité
e SCA : Thrombus
* Minoca

SEMINMRE*

ARDI OLOGIE

INTERY NT[DNNELLE
‘IJbLlI]' 'n‘u
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