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MRIIs a complementary. means of
« Seeing » Inside the body.
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Steps of an MRI exam

S0 JUINUTES

CINE TAGGING MORPHO VALVES PERFUSION ENHANCEMENT ANGIOGRAPHY
IMAGING FLOW AT REST EARLY
FUNCTION AND LATE
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PALENL S PIOGIIBSIS GIOSElVirelatea to LV Inclion

Impact of LVEF on Postoperative Outcome

LVEF 260% = Excellent survival as compared to
reference population

\ﬂ\_’ 72+4%

T 5349%

100

32+12%
LVEF 260%

——  LVEF 50-60% p=0.0001
LVEF <50%
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6 8 10
Follow-up, years

Enriquez-Sarano et al. Circulation, 1994

Early detection and treatment belore. /irreversib/e adamage s mandatory.
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AT o - Normal
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4 R X LVEF :

v‘ 56 - 78 %
#i " = DAVA
R { "B 47 - 92 ml/m?
_ o3
| < ESVI ;
13 - 33 ml/m?
L\ Mass :
70 - 113 g/m?

» 3 Times more accurate & reliable compared with Angio & 2D Echo (Simpson formula)
s Correlated'with: 3D Echo (' +- 3%)



CMR LV function
eValuation




Apical end-systolic acquisition  Basal end-systolic acquisition
(Counterclockwise rotation) (Clockwisc rotation)

'Stuber ef al. Crrowlation 1999, 100:361-368

i 3 5 7 El 11 13 Framdfin




ISCEHEVIA




INCREASING
MY OCARDIAL ISCHAEMIC ST DEPRESSION

OXYGEMN
DEMAND

GLOBAL LY DYSFUNCTION

d () b utam | ne REGIONAL SYSTOLIC DYSFUNCTION

REGIONAL DIASTOLIC DYSFUNCTION

adenosine PERFUSION ABNORMALITY

HORMAL LV FUNCTION




_First pass

- Early

= Late
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Belore ORI SUrGeny.

Male 75 years, hypertension
Hystory. of stroke
Atypical chest pain

Treadmill test: not sustaines VT



CORO: LCX occlusion
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Post PTCA and DES










65 years-o/a-man

ASympiloemaric: Witiiout nistory. of CAD
MuUitiple: coronarny, sk Iactors.  alapetes;
aysliplaemia, nypertension

Peripheral vascular a/seases kKiowin
abaominal.aneviysimn With. claualcatio
Intermittens sinece 2000 ana lelt interial
carot/als Sternos/s
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CORONARY ANGIOGRAPHY ]










I ERARECINCIDECISION.

Tableau IV. Recommandations thérapeutiques
nord-ameéricaines sur les anomalies de connexion

proximale coronaire de I'adulte. SURGER Y //7 asymptomatlc pts,

Une revascularisation chirurgicale doit étre proposée
dans les cas suivants :

« Tronc commun ectopique avec trajet entre I'aorte et I'artére

pulmonaire (niveau de preuve B) L I M A T > L A D
* |schémie documentée due a une compression avec trajet entre

les gros troncs artériels ou intramural (niveau de preuve B)
e Coronaire droite ectopique avec trajet entre I'aorte et I'artére

pulmonaire et ischémie documentée (niveau de preuve B)
= Connexion de la coronaire gauche sur I'artére pulmonaire

RIMA---—--> RCA

Classe lla

Une revascularisation chirurgicale peut étre bénéfique en cas
d’hypoplasie vasculaire, de compression coronaire ou d'obstruction
documentée du flux coronaire, sans tenir compte de I'incapacité a
documenter une ischémie myocardique (niveau de preuve C).

Classe llb

Une revascularisation chirurgicale peut étre raisonnable chez
les patients avec anomalie de I'interventriculaire antérieure passant
entre 'aorte et I'artére pulmonaire (niveau de preuve C).




NOINRYVASIVENIAGIIGNII06AI/HES:
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Table 3. Diagnostic accuracy of noninvasive
modalities for detection of CAD

Imaging modality Sensitivity (3%) Specificity (%:)
CT angiography 9 93
otress echocardiography 79 a7
MPI-SPECT 86 74
MPI-PET 90
otress MR perfusion

Stress MR wall motion

MR coronary angiography

Exercise electrocardiogram




Improved detection of CAD by stress MR

with use of delayed enhancement

Imterprataticn Algarithm

.
e

Frr'amlnjmm
Risk Seore

Sensitivity

-cwsihley “Matched” defect

0.4 0.6
d g
CAD® Ml 1-Specificity

Journal of the American College of Cardiology Vol 47, No. 8, 2006
) 2006 by the American College of Cardiology Foundation 155N 0735-1007/06/832.00

Published by Elsevier Inc. deis10.1016/] jace.2005.10.074

Cardiac Imaging

Improved Detection of Corona

Artery Disease by Stress Perfusion

Cardiovascular Magnetic Resonance With

the Use of Delayed Enhancement Infarction Imaging

Igor Klem, MD,* John F. Heitner, MD,* Dipan J. Shah, MD,* Michael H. Sketch, Jr, MD,*
Victor Behar, MD,* Jonathan Weinsaft, MD,* Peter Cawley, MD,* Michele Parker, RN, IMS,*
Michael Elliott, MD,* Robert M. Judd, PHD,* Raymond J. Kim, MD*

Durbam, Noreh Carolina; and Stuttgart, Germany




Prognostic value of CMR

Normal CMR -2 MACE 1% per year

Abnormal CMR =2 MACE in 2,7% per year

Normal CMR : normal EF /vol: no LGE, no ischemia

MACE: all cause of death, aborted SCD, non-fatal Ml




Incremental value of normal adenosine perfusion CMR:

Long-term outcome

e 300 patients

 Followup5,5y

e The annual cardiac event rate was 1.3%

e 0.78% in the first 3 y
e 1.9% between the fourth and sixth yeatr.

Ends point: global mortality and MACE

lacuzio Civaia et al,
JACC ACC, March 2014
AM H J 2015




Event-free survival %

Adverse Cardiac Events

Distribution
Y/
‘—|_|_

Years after normal stress CMR

lacuzio Civaia et al,
JACC abstract book, March 2014
AM H J 2015




Adenosine stress MRI vs FFR

FFR <0.75

- A Sensibility 0,82
Specificity 0,94

AUC 0,92

CIRC 2009 JACC 2011
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Sensitivity, specificity and accuracy

In the detection of M|

P<0.0001

91%

Sensitivity Specificity Accuracy

B STANDARD

O SUB-SECOND

Patient example 1: Patient example 2:

nearly transmural MI subendocardial MI

STANDARD

Patient example 3:
partly transmural and
subendocardial MI

STANDARD

SUB-SECOND

STANDARD SUB-SECOND

SUB-SECOND

Comparison between breath-holding
and free-breething sequences

CIRCULATION 2007
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Unrecoqnizea ViItana progios)ss
nigher mortality. than. recognizea M1

P=0.0001

a and Gothen

Eveni-free Survival

LGE Present

T T
L] n »n

Follow-up Period (months)

LAGE Absent

o n

Follow-up Period {(months)

Circulation 2006

Histology

Lancet 2004

Centre Cardiothoracique de Monaco
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Reproducibility of infarct size measurement by CMR

Journal of the American College of Cardickgy
© 2006 by che American Colege of Candiclogy Foundition
Published by Elsevier Inc.

Reproducibility of Chronic and
Acute Infarct Size Measurement by

Delayed Enhancement-Magnetic Resonance Imaging

Holger Thiele, MD,* Mathias J. E. Kappl, MD,* Stetan Conradi, MD,t Joset Niebauer, MD, PHD,*
Rainer Hambrecht, MD,* Gerhard Schuler, MD*

Leipzig, Germany

JACC 2006
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K.C.Wu CIRC 1998




Relationship infarct size / advanced Heart Failure* |

GLE maps with mean valve of scare extension

Scar <= 10%

N5
9%

Scar >=50%

N 262

250
% N 545

52%

Scar 36-49%

Scar 11-35%

% of scared LV
circumference

% of AHF

Scar <=10%

N 7/95
7,3%

Scar 11-35%

©11,3%

N 77/150 N 89/262
51,3% 34%

Scar 36-49%
Scar >=50%

N= 235/1052 patients
=22.3%

* Advanced HF = chronic HF 1lI/IV, acute HF, & adv. HF ESC definitions
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Cine Imaging T2-Weighted Imaging First Pass Perfusion Early Gadolinium Late Gadolinium
[rest/stress) [rest/stress) Enhancement Enhancement
Contractile function Tissue edema Regional myocardial Microvascular inbegrity Myocardial
bload flaw necrosis/fibrosis

LV function/ Infarct age/ myocardial MVOfischemia Mo reflow) MVO Infarct size/viability
ischemia/viability salvage

| [ cne |[ T2 ][ Rest " |
‘ Survey | stack weighted ‘ perfusion Earty Gd Late Gd
\ Y { r




Tissue characterization

T1 maps: lateral fibrosis T2 maps: inferior edema
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Mr. 47, male

RE: smoeke, familiarity

[Fever
Chest pain and ECG typical for pericarditis

Treponin: 14 ng/ml
PCR: 25












Ms. 36 y, woman

Chest pain

Tropoe 6 ng/mi

normal ECHO and ECG









Ms. 36 y, woman

Delayed enhancement




Ms. 36 y, woman
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Blological.imarkers

Tropoenine .19

CPK peak: 749

CPK=MBI61.2

WBEC 7250 with normal fermula
CRP 6.5
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V1P ACE G PIITAIAPEILae]aY

=

=0.005

Infaretsize (%)

=50 *50-150 150260 =260

Time to reperfusion (min)

p=0.003

Myocardial Saly age (%)

=0 ~50-150 ~150-360 - =2 =30-150 ~150:350

Time to reperfusion (min) Time to reperfusion (min)

JACC 2009









MICROVASCULAR OBSIROCTION.
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PTS AFTER REVASCULARIZED
AMI
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NIJVELDT ET AL. JACC 2008
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Figure 4. Event-free survival (clinical course without cardiovas-
cular death, reinfarction, congestive heart failure, or stroke) for
patients with and without MRI microvascular obstruction.
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Circulation 1998

EHJ 2005



Rejatienshpiniarct Size./ aavancea. Heart Fanure=s I

N = 221 PCI Acute

<10% 11-35%  36-49% >50%
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REY POINTS

ISchemic Vs. nen-ischemic diagnosis and
Prognosis

Chagas disease and sarcoldosis (detect
cardiac involvement)

Myocarditis (gold standard for diagnosing)
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Difierentiation. o neart ialure. relatea.to
DEMPana CAD

LE: patchy foci and
B |ongitudinal midwall

DCM

striae
LE: sub endo or =
transmural ' 28%
13%

J.A. McCrohon CIRC 2003



[elennancement pameriis
- Sparing the subendocardium
- NON cerenary. territory: distribution

R.G.Assomull
JACC 2006



DOES TPIOS/SHPIen/CLOUICOIIHIE 01
S lieh BIGVE 7

Pattern of patchy
midwall LGE In
Infero-lateral wall

Autopsy sample with
similar pattern of
fibrosis

R.G. Assomull
JACC 2006
HEART 2008
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400 600
Follow Up Duration (Days)

Adjusted for
age, LVEDYV,
LVESV,

LVEF, RVEF

‘ollow Up Duration (Days)

Follow Up Duration (Days)

R.G. Assomull
JACC 2006
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7 200 325 VOl ML) (2 575 00 \ 200 400 &00
55 45 35 VR (D, 15 5 Follow Up Duration {Days)
Number
At Risk
LGE <4.8% (9 6 13

LOE>48% L6 13 8

R.G. Assomull
JACC 2006



JRe Ry pertiopRic.CMP

REY POINTS

Differentiate. physiolegical from

patholegical hypertropny
Differentiate between familiall HEM ana

cardiac invoelvement of restrictive disease

like amy.
ldentity

PIdesIS ana Andersen-Fanry.

ots. at risk for SCD or VT (late

enhancement): prognosis !!
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ENIRGgoIdentification oiiHENV I patienis; Wit increased
SUSCepLpIVAGNEnlHcUl argarryinmia

Occurrence and Frequency of Arrhythmias in
Hypertrophic Cardiomyopathy in Relation to Delayed p=0.007 ——
Enhancement on Cardiovascular Magnetic Resonance M

A. Seleuk Adabag, MD, MS,* Barry J. Maron, MD,} Evan Appelbaum, MD,$§
Caitlin J. Harry, ALS§ Jacqueline L. Buros, BA,§ C chael Gibson, MD, MS+§
John R. Lesser, ,T Constance A. Hanna, RN, James E. Udelson, MD,||

Warren J. Manning, MD,$§ Martin S. Maron, MD|| )
[ IREV]]

1

Min m‘apﬂfi.f, Minnesota; and Boston, Massachusetts

o
§
E
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NSVT Couplets P¥Cs

Prevalence of Arthythmlas on 24-h Holter
ECG With Respect to DE In 177 HCM Patlents

DE = delayed enhancement; ECG = electrocardicgram; HCM = hypertrophic
cardiomyopathy; MSWT = nonsustained ventricular tachycardia; PYVC = prema-
ture ventricular contraction; SVT = supraventricular tachycardia.

(-G Cardlovascular Magnetic Resonance Image From a 36-Year-Old Hypertrophlc Cardlomyopathy Patlent
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Cumulstive sarvivil
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Kaplan-Meier Survival Corves:
Al-Capse Moriality

p-loa-rank = 0,00%

=LGE present = No LGE

L]
Dy s afier CHIR

Kaplan-Meier Survival Curvis:
Cardiac Mortality

plog-rank = 0013

= LGE presenit = No LGE

Tal ({1]
Days after CMR

Kaplan-Meier Survival Curves:
Sadden Cardiac Death

p-log-rank = (LO5T

=LGE presemt =Moo LGE

1
Days after CMR

JACC 2010



[he. restrictive CMP

REY POINTS

Endemyocardial disease
Constrictive pericarditis

/1o oyveriean

Cardiac invelvement In a/my/0/605s/5




= JHICKENNING OF VENTRICOLARWALLS
= ENLARGEMENTT OFATRIA
=~ NO'RV DILATATION:
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[helscremicivR

Abnermal function of normal leaflets in the
context of /mpairea ventiicular ftunction resulting
from ISchaemic or dilated cardiemyophaties...

..It represents the conseguence of LV_disease

EUrepean Association of Echecardiography



I VWorSens: the. pPrognos/s

Survival after Ml according to degree of MR

Circulation 2001
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lenting area. (
Tenting volume



Uniavouranléelcharactersticiior ViV

reRAlRIENURCHERAINR

Local LV remoaelling

- Interpapillary: muscle distance = 20 mm

- posterior paplllary-fibrosa distance = 40 mm

- |ateral wall moetion abnoermalities

Glopal LV remoaeling

- EDD = 65 mm, ESD =51 mm ( ESV. = 140 ml")
- systolic sphericity Index = 0.7




Rapiliaryamusclesimplication




Prognosis

Severe mitral valve disease IS characterized by,
progressive accumulation of interstitiall myocardial
fibresis (MEF) and Impairement ofi myecyie ulirastructure

Tihe amoeunt off MF and the degree off myocyte
degeneration are

Inversely related to both L\ systelic and
diastelic function




LGE ana alayinama

Takla 5. LGE and CVA in MVP Patisnts

LGE in
Papillary Mus<la CVA =00 Mom-CWA (0, 1) Tatal

Lising Fishar's sect tast, p = 0007 for papilany muscle LGE ard OA
CWA = comples vantnicular srmwihmia; other sbbreviations as in Tablks 1
aned 4,

JACC IMAGING 2008
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&

AOrtic root
measurements: oy
CMR and MSCT are
highly reproducible
and show.: close
agreement

:
s
:

Diameter Difference (mm)

Jacc 2011
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Myocardial Fibrosis - ce-MRI (35)

JACC 2010
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JpreYemenEana SuvalanersAVE

{exam 2 - exam 1)
w B

EF Difference %)
I'E n o

-
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C
£
E
£
x
E
E
L]

Myocardial fibrosis - Histopathology (%)

MAF = 200 and < 30

=0 1 2 =G
A

40

Time [months)
13
12
B
33

w

EF Difference ()
[exam 2 - exam 1)

Survival Probability

Myocardial fibrosis - ce-MRI (%)

MF > L.5% and <5.0%
P =002

==Group 1 =Group 2
n=17 n=22

JACC 2010
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CONGENITAIL




CHD represent 7 to 19 of 1000 live births

Suceess of pedriatic cardielegy and cardiac
SUIQEry. /Icreases numper: oraaults Wit CHD
(more than 2000 new: pts./year in France)

Management:
Multiaisciplinany: pediatric cardiolegist
cardiac surgeon
lmaging.piay.a itnaamental role

- limitatiens of TTE 2> CMR (noe X ray >
[epeat)

- alternative to cath lab




letralogy o Fallot
Pre Operatve siuay.




lelralegy eiEallel
Rost eperative fellew-=up:
- iming efisurgicalinten/ention

-Pulmonary regurgitation AT R
St W LR

‘:‘.T. A -11__ 30

-Re-intervention ¥ RS

. ’ ' T B

(pulmonary prosthesis) if ot

RVEDV > 160 ml/m?2 | it

RVESV > 80 ml/m? et

-Anatomy of pulmonary
branches

RE 63%




letralogyiolizallol

Ventricular fibrosis like a marker of adverse
clinical outcome

CIRC 2008
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CMR Is safe

Table 2 Complications related to no stress vs. stress CMR

All (n=27396) No stress (n=17136) Stress (n=10228)

Complications
None (n=26395) 98.6% (n=16893) 92.6% (n=9476)
Mild (n=994) 1.4% - 73% (n=745)
Severe (n=7) 0.0% (n=7)

Values are % (n).

No patient died for CMR

Bruder et al. Joumal of Cardiovascular Magnetic Resonance 2013, 15:9 -
. h Journal of Cardiovascular
http://www jcmr-online.com/content/15/1/9 Magnetic Resonance

RESEARCH Open Access

European cardiovascular magnetic resonance
(EuroCMR) registry — multi national results from
57 centers in 15 countries




Impact o CMR en patient management

N or quartiles

All 27781

Completely new diagnosis not 2354/27006

e o In 2/3, patient’s

Therapeutic consequences

Change in medication 6689/26743
Invasive procedure 4510/26778 I I l an aq e I I l e nt

Hospital discharge 2738/26771

changes after CMR

Impact on patient management (new 16677/27006
diagnosis and/or therapeutic consequence)

Values are % (n).

Bruder et al. Joumal of Cardiovascular Magnetic Resonance 2013, 15:9 -
] h Journal I of Cardiovascu lar
http://www.jemr-online.com/content/15/1/9 A Magnetic Resonance

RESEARCH Open Access

European cardiovascular magnetic resonance
(EuroCMR) registry — multi national results from
57 centers in 15 countries




Additional diagnestic preceadure
avoeldedrauertoresults ol CMR

Table 6 Additional diagnostic procedures avoided due to results of CMR
All (n=27025) Mo stress (n=16526) Stress (n=10113)

Invasive angiography % (n=6483) 11.6% (n=1921) 45% (n=4555)

Muclear (SPECT/PET) 6% (n=5574) 0.8% (n=1624) 39% (n=35946)
Coronary CT 8% (n=3182) 509 (n=976) 21.8% (n=2202)

Values are % (n).
PET Positron emission tomography.

In 45% cases invasive coronarography could be avoided

Role of CMR stress testing as a gatekeeper for invasive
angiography

European cardiovascular magnetic resonance
(EuroCMR) registry — multi national results from
57 centers in 15 countries




Impact o CMR en patient management
Rrclinicaleltine

Integrating CMR i clinical routine dees not
Increase the overall costs of patient care,
put reduces costs between 119% and 65%
IR MOSt cases




CARDIAC IMAGING MODALITIES
Selecting the best test !

What's the patient'ss DIAGNOSIS?
Likelinooad: ol having CAD

What's the patient's PROGNOSIS ?
RISK Of future CV events




CARDIAC IMAGING MODALITIES
Selecting the best test !

SPECT
PET
Stress Echo

Stress MR
Exercise ECG

[ E ClHOICE: Gepenas 6r e
olinical question arnang.
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MR and CONTRAST AGENTIS

Freguency ofiall adverse events ranges from
0.07 16 2.4 %
Allergic reactions frem 0.004 te 0.7 %

Breast feeding mothers and pregnant pts.
Chrenic severe renallinsurficiency

(GER < 30 ml/min/1.73mz2)
Nephroegenic systemic fiibresis (NSE)




Nephregenic systemic
fiRresIS (NSK)

Systemic filbresing diserder ; visible effects of the
skin, muscle hardening and or Weakness,

pPUrnIng, ILChINg Or SEVEre sharp pain In areas of
Invelvement

Male = female, children and elderly.
No definitive cure

Develops in 90% In the first 6: menths after the
ast exposure to Gd

Progressive disease and can be fulminant in 5%
of cases and can be fatal







Male 65 vy, acute chest pain, ECG ?, troponine < 0.5

BP 190-110




Male 65 vy, acute chest pain, ECG ?, troponine < 0.5

BP 190-110







CORONARY:




Coronany allely.a/Sease

ldentifying corenary. anemalies and
aneurysm

Determining coronary. artery patency
ldentifying pts. with multivessel disease

Advantages: no X ray ( children and young
ptS.) and ledinaté contrast agents
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