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Case Presentation

Amr E. | Abouelnour

Assistant lecturer of Cardiovascular MedidingssiutUniversity
SCMR Level Il certified Cardiovascular MRI practitioner

A O Ais a 51 year old male patient with heart
failure symptoms who was referred for
coronary angiography.

A LVEF was reported to be <30% on
echocardiography.
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What would you do next?

A. Try torevascularizéoy PCI
B. Send for CABG
C. Optimize medical treatment & F/U

D. Test for viable myocardium

Schinkel et al. 2007 4
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LV volumetric analysis

End diastolic volume (ml) 303.6 113-196 159.8
End systolic volume (ml) 221.2 29-74 116.4
Ejection fraction (%) 27.1 58-76 14.3
Stroke volume (ml/beat) 82.3 75-131 43.3
Stroke index (ml/beat/m?) 43.3 41-65

Cardiac output (I/min) 7.7 4.1
Cardiac index (I/min/m?2) 4.1

*Maceiraet al., 2006

Patient Normal /BSA (n%) Normal
reference reference*

62-97
14-36
28-41
41-65

Schinkel et al. 2007
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RV volumetric analysis

Patient Normal /BSA (n?) Normal
reference* reference*

End diastolic volume (ml) 2853 110-210 123.9 59-105
End systolic volume (ml) 145.6 25-85 76.7 13-42
Ejection fraction (%) 38.1 53-79 20.1 26-42
Stroke volume (ml/beat) 89.6 72-140 47.2 38-70
Stroke index (ml/beat/m2) 47.2 38-70

Cardiac output (I/min) 8.4 4.4

Cardiac index (I/min/m?2) 4.4

*Maceiraet al., 2006

Schinkel et al. 2007
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Points to address

A Evidencebase for viability assessment

A Overview of MRI strategies to assess
myocardial viability.

A Microvasculadamage (determinants,
temporal evolution, outcome).

So what evidence do we have?

Schinkel et al. 2007 12



CASS trigCoronary Artery Surgery Study)

/ Inclusiorg Clinical \ / Exclusioq Clinical \

Xc yos Prior CABG

CCS class Il or 1l angina Unstable/progressive angina
. CCS class > Il angina

+history of M NYHA Ill or IV

Welkdocumented MI < 3vks
before randomization

Other practical factors e.g.

\ / Qnguage barrierX S G O /
/I \ /I Exclusiog A”QiOQFaphicl\

nclusiorg Angiographic
XKTE2RAFYSGSNI a3GSy2ara 27

- LVEF by LV angiography|in
$erlous SPera?'e CAD 4 4 | RAO projection <0.35
OXTU/E: RAIFYS{QYL- =
of RCA, LAD, &Cx or Likely to need additional

2" . & % g procedures e.g. valve
)IFNFI)) R RAEYSGIN replacement or vent.

k / Qneurysmectomy /

EugendPassamaniM.D., et al. , and The CASS Principal Investigators and Their Associates Med 1985; 312:1665671

CASS&ial (Coronary Artery Surgery
Study)

p=li4
o —

Propontion Surviving
.

e Surgically Assigned
Jl oo Medically Assigned

Yoar

EugenePassamaniM.D., et al. , and The CASS Principal Investigators and Their Associategd Ned 1985; 312:1665671
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CASS trial
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When to test for viable myocardium?

Evidence in favor of viability assessme

Myocardial Viability Testing and Impact

of Revascularization on Prognosis in

Patients With Coronary Artery Disease and
Left Ventricular Dysfunction: A Meta-Analysis

Kevin C. Allman, MB, BS, FRACP, FACC,® Leslee J. Shaw, PrD,¥ Rory Hachamovitch, MD, FACC,t
James E. Udelson, MD, FACC3#

Cancord, Australia; Atlants, Georgra; and Borton, Massachusetts

J Am Coll Cardiol 2002;39(7): 1X51158.

Schinkel et al. 2007 15



Evidence in favor of viability assessme

A Metanalysisof 24 viability studies (MEDLINE
search).

A 3,088 patients (2,228 men), ejection fraction
32+ 8%, followed for 25 10 months.

A Thallium perfusion imaging, FERET, and
Dobutaminestress echocardiography.

Evidence in favor of viability assessme

20 P <.0001
[ " B8 Revascularization

16 M Medica

15

10 !
B80% =
7.7 an
reduction Al 6.2

DEATH RATE (%/YR)

3.2

0
VIABLE NONVIABLE

Allman KC, Shaw IHachamovitchR,UdelsonJE. Myocardial viability testing and impact of
revascularization on prognosis in patients with coronary artery disease and left ventricular
dysfunction: a metaanalysis. J Arf@ollCardiol2002;39(7): 115% 1158.
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JACC Journals

From: Myocardial viability testing and impact of revascularization on prognosis in patients with coronary
artery disease and left ventricular dysfunction: a meta-analysis

J Am Coll Cardiol. 2002;39(7):1151-1158. doi:10.1016/S0735-1097(02)01726-6

- 70.6% 23.0% “ 4% '“%
=47 f 1
r‘“ﬂ » Meeas ) .
p‘lﬂ"! x "0
ne0.0001 100 .-om

Death rate (%A1
s

Viable Nonwviable  Viable Non-viable

Rovasc.  Medical Revasc.
Viabie Non-Viable Rovascularized Modical Therapy

Figure Legend:

(a) Death rates for patients with and without myocardial viability treated by revascularization or medical therapy. Thereis 79.6%
reduction in mortality for patients with viability treated by revascularization (p < 0.0001). In patients without myocardial viability,
there was no significant difference in mortality with revascularization versus medical therapy. (b) Same data as (a) with comparisons
based on treatment strategy in patients with and without viability. Annual mortality was lower in revascularized patients when
viability was present versus absent (3.2% vs. 7.7%, p < 0.0001). Annual mortality was significantly higher in medically treated
patients when viability was present versus absent (16% vs. 6.2%, p = 0.001). Revasc. = revascularization.

Date of download: 5/10/2016 Copyright © The American College of Cardiology. All rights reserved

F-18-Fluorodeoxyglucose Positron Emission
Tomography Imaging-Assisted Management of
Patients With Severe Left Ventricular Dysfunction
and Suspected Coronary Disease

A Randomized, Controlled Trial (PARR-2)

Rob S. B. Beanlands, MD, FRCPC, FACC,* Graham Nichol, MD, FRCPC, 1+

Ella Huszti, MSC,9 Dennis Humen, MD, FRCPC, FACP, FACC,t Normand Racine, MD, FRCPC #
Michael Freeman, MD, FACC, FRCPC,# Karen Y. Gulenchyn, MD, FRCPC,)

Linda Garrard, BSc, RN,* Robert deKemp, PHD,* Ann Guo, MENG,*

Terrence D, Ruddy, MD, FRCPC, FACC,* Francois Benard, MD, FRCPC,*

André Lamy, MD, MHSC,|| Robert M. Iwanochko, MD, FRCPC, FACC,§ and the PARR-2
Investigatorst$

Ottawa, London, Toronto, and Hamilton, Ontario, Canada; Montréal, Sherbrooke, and Québec City,

Quebec, Canada; and Seattle, Washington

A9C X opi>T MNE 2dz2002YSY
myocardial infarction, or recurrent hospital stay for
cardiac cause, within 1 year.

Schinkel et al. 2007 17



@ JACC Journals

From: F-18-Fluorodeoxyglucose Positron Emission Tomography Imaging-Assisted Management of Patients
With Severe Left Ventricular Dysfunction and Suspected Coronary Disease: A Randomized, Controlled
Trial (PARR-2)

J Am Coll Cardiol. 2007;50(20):2002-2012. doi:10.1016/j jacc.2007.09.006
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Figure Legend: -t Wete e wam

Flow Diagram of Recruitment, Randomization, Dropouts, Noncardiac Death, and Events at 1 Year*
*Two patients had cardiac transplant before any other cardiac event and were censored at the time of transplantation. PET =
positron emission tomography.

Date of download: 5/10/2016 Copyright © The American College of Cardiology. All rights reserved

JACC Journals

From: F-18-Fluorodeoxyglucose Positron Emission Tomography Imaging-Assisted Management of Patients
With Severe Left Ventricular Dysfunction and Suspected Coronary Disease: A Randomized, Controlled
Trial (PARR-2)

J Am Coll Cardiol. 2007;50(20):2002-2012. doi:10.1016/j.jacc.2007.09.006
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Figure Legend: Darys
Survival Curves (on the Basis of Time to First Occurring Outcome of the Composite Event)

Mantel-Haenszel (log-rank) test for differences between 2 survival curves; chi-square = 2.1, hazard ratio = 0.78, 95% CI 0.58 to 1.1, p
=0.15. PET = positron emission tomography.

can College of Cardiol

y. All rights reserve
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From: F-18-Fluorodeoxyglucose Positron Emission Tomography Imaging-Assisted Management of Patients
With Severe Left Ventricular Dysfunction and Suspected Coronary Disease: A Randomized, Controlled
Trial (PARR-2)

J Am Coll Cardiol. 2007;50(20):2002-2012. doi:10.1016/j jacc.2007.09.006
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Figure Legend:

Comye
Survival Curves (on the Basis of Timeto Cardiac Death) for All Subjects

Mantel-Haenszel (log-rank) test for differences between 2 survival curves; chi-square = 1.3, hazard ratio = 0.72,95% Cl 0.4 to 1.3,p =

0.25. PET = positron emission tomography.

Date of download: 5 Copyright © The American College of Cardiology. All rights reserved

JACC Journals

From: F-18-Fluorodeoxyglucose Positron Emission Tomography Imaging-Assisted Management of Patients
With Severe Left Ventricular Dysfunction and Suspected Coronary Disease: A Randomized, Controlled
Trial (PARR-2)

J Am Coll Cardiol. 2007;50(20):2002-2012. doi:10.1016/j.jacc.2007.09.006
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Figure Legend: Doy
Survival Curves (on the Basis of Time to First Occurring Outcome Out of the Composite Event)

The positron emission tomography adherence group versus standard care arm. Mantel-Haenszel (log-rank) Test for differences

between 2 survival curves; adjusted hazard ratio = 0.62, 95% CI 0.42 to 0.93, p = 0.019.

Copyright © The American College of Cardiology. Al rights reservec
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From: F-18-Fluorodeoxyglucose Positron Emission Tomography Imaging-Assisted Management of Patients
With Severe Left Ventricular Dysfunction and Suspected Coronary Disease: A Randomized, Controlled
Trial (PARR-2)

J Am Coll Cardiol. 2007;50(20):2002-2012. doi:10.1016/j.jacc.2007.09.006
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Figure Legend: :
Dwps
Survival Curves (on the Basis of Time to Cardiac Death) for Patients Without Recent Angiography
Mantel-Haenszel (log-rank) test for differences between 2 survival curves; chi-square = 4.5, hazard ratio = 0.4, 95% Cl 0.17 to 0.96, p
=0.035. PET = positron emission tomography.

Date of download: 5/1( Copyright © The American College of Cardiology. All rights reserved

The Heart Failur&kevascularisation
Trial (HEART)

rolled

Conservativ

9

: I

No Revascularization | No angiography Angiography but
revascularization n=5 n=6 denied revascularization
n=64 n=16%
Deaths: 24 Deaths: | Deaths: § Deaths: 7% Angiography and
Lossto FU: | Loss to FU: 0 Loss to FU: 0 Loss to FU: 0 offered revascularization
n=47

. '

‘ Patient refused Angioplasty | CABG ‘

n=2 n=15

1 l l

Deaths: | Deaths: 4 Deaths: 9
Lossto FU: 0 Lossto FU: 0 Lossto FU: |

Cleland et al. European Journal of Heart Failure (2011) 12227
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The Heart Failur&kevascularisation
Trial (HEART)
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Professor of Medicine and Chief, Cardiovascular Imaging Section
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Duke Clinical Research Institute
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COURAGE Trial

Boden et al., NEnglJ Med 2007;356:1503

l 15,539 Patients underwent assessment

32,468 Were excluded
8677 Did not meet inclusion criteria
5155 Had undocumented ischemia
3961 Did not meet protocol for vessels
6554 Were excluded for logistic reasons
18,360 Had one or more exclusions
4513 Had undergone recent (<6 mo) revascu-
larization
ﬁ 4939 Had an Inadequate ejection fraction(EF<30%)
2987 Had a contraindication to PCI
2542 Had a serious coexisting iliness
1285 Had concomitant valvular disease
1203 Had class IV angina
1071 Had a fallure of medical therapy
ﬁ‘)“ Had left main coronary artery stenosis
>50%
722 Had only PCl restenosis (no new lesions)
528 Had complications after myocardial
infarction

Characteristic

Angiographic

Vessels with disease — no. (%)
1
2
3

Disease in grafty

Proximal LAD disease

Ejection fraction

COURAGjbaseline clinical &
angiographic characteristics

PCI Group Medical- Therapy
[N=1148) Group (N ~1138) P Value
0.72
161 (31) 143 (30)
446 [39) 439 (39)
341 (30) 355 (31)
77 (62) 85 (69) 0.36
360 (31) 417 37) 0.01
60.8211.2 60.9£10.3 0.86

Boden et al., NEnglJ Med 2007;356:150%.
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What are the guideline
recommendations?

Indications for revascularization in cardiomyopathy

2013 ACCF/AHA Guidelines for the Managemer
Heart Failure

Aecommendations _________________________________C0R _____LOE __ Relerencss

CABG of percutaneous intesvention i indcaled for 1 patients on GOMT with angina [
and sultabie coronery anmomy, especially significant left men stenceis or ieft main
equivalent

CABS tn improve sunvival is reasonatie = patients with mid to moderate LV systolc

and sgnificant multivessel CAD or proxemal LAD stenos's when viabie

miyocardaum s present

CABG or medcal therapy s reasonable to improve morbidy and mortaity for patents =
with severe LV dystunction (EF <35%|, HF and signicant CAD

10,1214 B4g

845850

309,85

= IV TEPIECEMENT 15 [ERS0TMEe 10f Parent: 652

and a predicted surgical mortality of no greater than 10%

Transcatheter aortic vaive replacement is reasonable for patients with criticsl aonic
stenosis who are deemed inoperable

CABG may be congidered in patents with ischemic heart disease, severe LV systolc
oysfunction, and operabie coronary anatomy whether or not viable myocardium |s

L_oresent -

Transcatheter mitral valve repair or mitral vaive surgery for functional mitral
insfficiency i of uncertain bensfit

Surgical reverse remodeling or LV aneurysmectomy may be consicersd in HFEF for ﬁ A58
specific indications, Including imtractable HF and ventncular amhythmias

CABG Indicates coronary anery bypass graft. CAD, coronary anery dsease; COR, Class of Recommendation, &, ejection fraction, GOMT,
guidelne-directed medical therapy, HF, heart faliwre; HF/EF, heart failure with recuced ejaction fraction; LAD, left anteror descending. LOE, Leval

Schinkel et al. 2007 26



Indications for
revascularization in
cardiomyopathy

ESC Guidelines for
the diagnosis and
treatment of acute
and chronic heart

failure 2012
CARG = porssary snwy e grafy BF « qurrion Swnian W« Sewt Wow
o T
Recommendations farizations in patients with
. . chronic heart failure and systolic LV dysfunction
Indications for (ejection fraction <35%)
revascularization/CABG in =
cardiomyopathy sl s < RO
nd LM equivaient with prondmal

stencais of o LAD and LOx

2014 ESC/EACTS | S wommmeate

patients weh signiScant LAD arery
Guidelines on e e il
myocardial S Gt s

with 3 large LV ansuryem, i there s o

revascularization | gz s o |

tarmioory, b 0129
operative LVESY index < 70 mim*

PC1 may be conudered If snatcmy

Is sukable, i the presence of vable | o
myocardum, and wigery b not ’,
indicuind ===

Tam of ecommendition

MLt of evdnce

Hefurwstm.

CABG = coramary wrary bypas graftang LAD = wft srewror desceding (Ca =
Mt s fionc LM o bt maing LYESY =0 st ver e v eod-tpanaic wiboma PC) =
PO DA CONORATY THRrwas i SVR o Mrghinl yortr s reconmruction
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Non-imvasive stras magng (CMR, strem schocardograpdy, SPECT PET) may be considersd for the ssessment of myocardal
Wchaarmia and vy in patents weh HF and CAD (conmdered witable for coronary revascuarization) befors (e decivon on
revascularaton.
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So again, What would you do?

A. Try torevascularizéoy PCI
B. Send for CABG
C. Optimize medical treatment & F/U

D. Test for viable myocardium

Schinkel et al. 2007
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Which technique to test for
viable myocardium?

N --

FromTaegtmeyeH, DilsizianV: Imaging myocardial metabolism and ischemic memoryQilaPractCardiovas®led 5[Suppl2]:S42, 2008

Assessment of viability by PET imagin

.
3
Rb

Schinkel et al. 2007
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Small [016  Moderata[16-27.5  Large [27.547

Quantitative Scar Scores (Max=100%)

Absolute change in ejection fraction (EF) versus scar scores: small (0% to 16% of left ventricle [LV]), moderate (16% to 27.5% of
LV), and large (27.5% to 47% of LV); * p = 0.002, small versus large scar score.

Rob S.B Beanlands, Terrence D Ruddy, Robert A deKemp, Robert M Iwanochko, Geoffrey Coates, Michael Freeman, Claude
Nahmias, Paul Hendry, RobertJ Burns, Andre Lamy, Lynda Mickleborough, William Kostuk, Ernest Fallen, Graham Nichol

Positron emission tomography and recovery following revascularization (PARR-1): the importance of scar and the
development of a prediction rule for the degree of recovery of left ventricular function v

Journal of the American College of Cardiology, Volume 40, Issue 10, 2002, 1735i 1743

http://dx.doi.org/10.1016/S0735-1097(02)02489-0

PET as the gold standard for assessir|
myocardial viability

Mod gl 2006 Mar ASTIZ 108
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Comparison of different tests for
viable myocardium
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Comparison of different tests for
viable myocardium

Variability Techniques and Recovery of Function
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Factors influencing recovery after
revascularization

A Factors before revascularization:
I Extent of viable myocardium
I Transmuralityand extent of scar tissue
i Left ventricular remodeling
I Time interval between viability assessment and
revascularization
A Factors during revascularization:
i Completeness of revascularization
i Pertoperative ischemic events
A Factors after revascularization:
T Graft occlusion
T Ischemic events
T Time course of functional recovery of hibernating myocardium

Schinkekt al. Clinical relevance of hibernating myocardium in ischemic left ventricular dysfunction. Am J Med 2010:;883:978
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How do we assess viability by CMH

Cardiac MRI for viability assessment
technique

Blood Pool

Signal Intensity

First-Pass Early Imaging Late Imaging Time

J.Bogaertet al. (eds.), Clinical Cardiac MRI, Medical Radiology. Diagnostic Imaging, 203 DOI: 10.1007/174_20BhrBgf\Verlag
Berlin Heidelberg 2012
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Cardiac MR for viability assessment

scar
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J.Bogaertet al. (eds.), Clinical Cardiac MRI, Medical Radiology. Diagnostic Imaging, 203 DOI: 10.1007/174_20BhrB@fsVerlag
Berlin Heidelberg 2012

Cardiac MR for viability assessment

normal
I myocardium
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Tl or inversion time

J.Bogaertet al. (eds.), Clinical Cardiac MRI, Medical Radiology. Diagnostic Imaging, 203 DOI: 10.1007/174_20BhrBgf\Verlag
Berlin Heidelberg 2012
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Cardiac MR for viability assessment

STANDARD OFTIONAL

timeline of comprebensive MRI in myocardial viability assessment

J.Bogaertet al. (eds.), Clinical Cardiac MRI, Medical Radiology. Diagnostic Imaging, 203 DOI: 10.1007/174_20EhrB@f@¢Verlag
Berlin Heidelberg 2012

Left, Comparison of ex vivo MR images with TTC-stained slices in 1 animal at 3 days after
infarct.

Raymond J. Kim et al. Circulation. 1999;100:1992-2002

% Amorican
Heart

Asauciution Copyright © American Heart Association, Inc. All rights reserved.
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Top, Three short-axis views (apical, equatorial, and basal) of a PET viability study with
assessment of rest perfusion (NH3) and glucose metabolism (FDG).

equatorial

Christoph Klein et al. Circulation. 2002;105:162-167

Asauciution. Copyright © American Heart Association, Inc. All rights reserved.

Cardiac MRI for viability assessment
evidence
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Cardiac MR for viability assessment

78% 10% | | 2% |
- s —

0 1-50 51-75 > 78

Incidence of recovery

Transmurality of scar tissue

Klein CNekollaSG BengeFM, et al. Assessment of myocardial viability with contresthanced magnetic resonance imaging: comparison
with positron emission tomography. Circulation 2002;1054%62

Enadiastolic wall thickness

A, Horizontal long axis. B, Vertical long axis.
A

Anna S. John et al. Circulation. 2005;111:e24-e25

I Amorican
Heart
Assucintion.

Copyright © American Heart Association, Inc. All rights reserved.
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Cardiac MR for viability assessment

Relation of End-Diastolic Wall Thickness and the Residual
Rim of Viable Myocardium by Magnetic Resonance
Imaging to Myocardial Viability Assessed by Fluorine-18
Deoxyglucose Positron Emission Tomography

Harald Peter Kiihl, MD‘:I. Arno van der Weerdt, MD, Aernout Beek, MD, Frans Visser, MD, PhD, Peter
Hanrath, MD, Albert van Rossum, MD, PhD

Berlir

J.Bogaertet al. (eds.), Clinical Cardiac MRI, Medical Radiology. Diagnostic Imaging, 203 DOI: 10.1007/174_20BprB@@#\Verlag

Cardiac MRI for viability assessment

A Twentytwo patients with ischemic
cardiomyopathy (ejection fraction 3111%)
were investigated.

A In conclusion, unenhanced myocardial rim is
superior to EDWT for the prediction of
myocardial viability as determined by FHP&GT
and may be clinically useful for assessment of
myocardial viability in patients with ischemic
cardiomyopathy and regional wall thinning.

1 Heidelberg 2012
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Integrated use of MRI techniques may
Improve diagnostic accuracy

A In 2004 Kaandorpet al. proposed to start
with late Gdimaging to depictransmural
extent of myocardial scarring.

A In dysfunctional segments with intermediate
extent of scar (250%),dobutaminestress
MRI in a second step may be valuable to
assess contractile reserve.

Microvasculalocclusion is ominous!
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No-reflow independently predicts laaif functionalrecovery,
adverse ventricular remodeling and worse patient outcome

Ito et al. 1992 GEchg microbubblesnjected in LAD
Wu et al. 1998a MRI, EGE

Taylor et al. 2004 MRI, E' pass perfusion

Hombachet al. 2005 MRI, LGE

Baks et al. 2006 MRI, E pass perfusion

Funaroet al. 2009 GEcho

Nijveldtet al. 2008 MRI, Bt pass perfusion &GE

Ornet al. 2009 MRI, E pass perfusion

Weir et al. 2010 MRI, E pass perfusion & LGE

Lack of Myocardial Perfusion Immediately After
Successful Thrombolysis

A Predictor of Poor Recovery of Left Ventricular Function in
Anterior Myocardial Infarction
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Event-free survival (clinical course without cardiovascular death, reinfarction, congestive
heart failure, or stroke) for patients with and without MRI microvascular obstruction.
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Giessen, Gabriel P. Krestin, Patrick W. Serruys, Dirk J. Duncker, Pim J. de Feyter

Effects of Primary Angioplasty for Acute Myocardial Infarction on Early and Late Infarct Size and Left Ventricular Wall

Characteristics
Journal of the American College of Cardiology, Volume 47, Issue 1, 2006, 40i 44
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MRI, Btpass perfusion & LG
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From:Microvascular obstruction is a major determinant of infarct healing and subsequent left
ventricular remodelling following primary percutaneous coronary intervention

Eur Heart J. 2009;30(16):1978-1985. doi:10.1093/eurheartj/ehp219
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Mariapina Madonna, Francesco Fedele, Luciano Agati

The Extent of Microvascular Damage During Myocardial Contrast Echocardiography Is Superior to Other Known Indexes of
Post-Infarct Reperfusion in Predicting Left Ventricular Remodeling: Results of the Multicenter AMICI Study

Journal of the American College of Cardiology, Volume 51, Issue 5, 2008, 5521 559
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Figure Legend:
2-year probability of cumulative event-free survival in sustained as compared to reversible MD group.
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