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Case Presentation

Amr E. I. Abouelnour

Assistant lecturer of Cardiovascular MedicineτAssiutUniversity

SCMR Level III certified Cardiovascular MRI practitioner

ÅO A is a 51 year old male patient with heart 

failure symptoms who was referred for 

coronary angiography.

ÅLVEF was reported to be <30% on 

echocardiography.
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What would you do next?

A. Try to revascularizeby PCI

B. Send for CABG

C. Optimize medical treatment & F/U

D. Test for viable myocardium
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LV volumetric analysis

Patient Normal 
reference

/BSA (m2) Normal
reference*

End diastolic volume (ml) 303.6 113-196 159.8 62-97

End systolic volume (ml) 221.2 29-74 116.4 14-36

Ejection fraction (%) 27.1 58-76 14.3 28-41

Stroke volume (ml/beat) 82.3 75-131 43.3 41-65

Stroke index (ml/beat/m²) 43.3 41-65

Cardiac output (l/min) 7.7 4.1

Cardiac index (l/min/m²) 4.1

*Maceiraet al., 2006
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RV volumetric analysis

Patient Normal
reference*

/BSA (m2) Normal 
reference*

End diastolic volume (ml) 235.3 110-210 123.9 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 (l/min) 8.4 4.4

Cardiac index (l/min/m²) 4.4

*Maceiraet al., 2006
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Points to address

ÅEvidence-base for viability assessment.

ÅOverview of MRI strategies to assess 

myocardial viability.

ÅMicrovasculardamage (determinants, 

temporal evolution, outcome).

So what evidence do we have?
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CASS trial (Coronary Artery Surgery Study)

InclusionςClinical

Җср yrs

CCS class II or III angina

± history of MI

ExclusionςClinical

Prior CABG

Unstable/progressive angina

CCS class > II angina

NYHA III or IV

Well-documented MI < 3 wks
before randomization

Other practical factors e.g. 
language barriers ΧŜǘŎ

InclusionςAngiographic

Serious operable CAD 
όҗтл҈ ŘƛŀƳŜǘŜǊ ǎǘŜƴƻǎƛǎ 
of RCA, LAD, or LCx, or 
җрл҈ ŘƛŀƳŜǘŜǊ ǎǘŜƴƻǎƛǎ ƻŦ 
LM)

ExclusionςAngiographic

җтл҈ŘƛŀƳŜǘŜǊ ǎǘŜƴƻǎƛǎ ƻŦ [a

LVEF by LV angiography in 
RAO projection <0.35

Likely to need additional 
procedures e.g. valve 
replacement or vent. 
aneurysmectomy

Eugene Passamani, M.D., et al. , and The CASS Principal Investigators and Their Associates* N EnglJ Med 1985; 312:1665-1671

CASS trial (Coronary Artery Surgery 
Study)

Eugene Passamani, M.D., et al. , and The CASS Principal Investigators and Their Associates* N EnglJ Med 1985; 312:1665-1671
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CASS trial

Eugene Passamani, M.D., et al. , and The CASS Principal Investigators and Their Associates* N EnglJ Med 1985; 312:1665-1671

For patients with EF < 0.50 and >0.34

CASS trial

Eugene Passamani, M.D., et al. , and The CASS Principal Investigators and Their Associates* N EnglJ Med 1985; 312:1665-1671
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When to test for viable myocardium?

Evidence in favor of viability assessment

J Am Coll Cardiol 2002;39(7): 1151 ς1158.  
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Evidence in favor of viability assessment

ÅMetanalysisof 24 viability studies (MEDLINE 

search).

Å3,088 patients (2,228 men), ejection fraction 

32 ± 8%, followed for 25 ± 10 months.

ÅThallium perfusion imaging, FDG-PET, and 

Dobutaminestress echocardiography.

Evidence in favor of viability assessment

Allman KC, Shaw LJ, HachamovitchR, UdelsonJE. Myocardial viability testing and impact of 
revascularization on prognosis in patients with coronary artery disease and left ventricular 
dysfunction: a meta-analysis. J Am CollCardiol2002;39(7): 1151 ς1158. 
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Date of download: 5/10/2016 Copyright © The American College of Cardiology. All rights reserved.

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

(a) Death rates for patients with and without myocardial viability treated by revascularization or medical therapy. There is 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.

Figure Legend: 

Å9C Җ ор҈Τ мǊȅ ƻǳǘŎƻƳŜΥ ŎƻƳǇƻǎƛǘŜ ƻŦ ŎŀǊŘƛŀŎ ŘŜŀǘƘΣ 
myocardial infarction, or recurrent hospital stay for 
cardiac cause, within 1 year.
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Date of download: 5/10/2016 Copyright © The American College of Cardiology. All rights reserved.

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

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.

Figure Legend: 

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

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

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.

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

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

Survival Curves (on the Basis of Time to 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% CI 0.4 to 1.3, p = 

0.25. PET = positron emission tomography.

Figure Legend: 

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

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

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.

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

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

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% CI 0.17 to 0.96, p 

= 0.035. PET = positron emission tomography.

Figure Legend: 

The Heart Failure Revascularisation
Trial (HEART)

Cleland et al. European Journal of Heart Failure (2011) 13, 227-233
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The Heart Failure Revascularisation
Trial (HEART)

Cleland et al. European Journal of Heart Failure (2011) 13, 227-233

All-cause mortality at 5.1 yrs
medicanfollow-up

STITCH trialτsubstudy

Viability assessment (SPECT 
and/or low dose 

dobutamine
echocardiography)

Enrollment 
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/!.DҌ9CҖор҈ύ
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STITCH trial
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STITCH trial

N EnglJ Med 2011;364:1607-16.  

CABG 
better

Medical 
therapy 
better
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Sub-group analyses

N EnglJ Med 2011;364:1607-16.  

άtŀǘƘƻǇƘȅǎƛƻƭƻƎƛŎ ǘƘƛƴƪƛƴƎ ƛǎ ƴƻǘ ŜƴƻǳƎƘ 
ΦΦ 9ǾƛŘŜƴŎŜ ƛǎ ƴŜŜŘŜŘΗέ

Eric J. Velazquez, MD
Professor of Medicine and Chief, Cardiovascular Imaging Section
Director, Cardiac Diagnostic Unit and Echocardiography Laboratories
Duke Clinical Research Institute
PI of STICH trial
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COURAGE Trial

Boden et al., N EnglJ Med 2007;356:1503-
16.

(EF<30%)

COURAGEςbaseline clinical & 
angiographic characteristics

Boden et al., N EnglJ Med 2007;356:150316.



2/27/2017

Schinkel et al. 2007 25

COURAGEτoutcome

Boden et al., N EnglJ Med 2007;356:150316.

COURAGEςSubgroup analyses

Boden et al., N EnglJ Med 2007;356:150316.
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What are the guideline 
recommendations?

Indications for revascularization in cardiomyopathy

2013 ACCF/AHA Guidelines for the Management of 
Heart Failure 
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Indications for 
revascularization in 

cardiomyopathy

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

failure 2012 

Indications for 
revascularization/CABG in 

cardiomyopathy

2014 ESC/EACTS 
Guidelines on 

myocardial 
revascularization
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2016 ESC Guidelines for 
the diagnosis and 

treatment of acute and 
chronic heart failure 

So again, What would you do?

A. Try to revascularizeby PCI

B. Send for CABG

C. Optimize medical treatment & F/U

D. Test for viable myocardium
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Which technique to test for 
viable myocardium?

Assessment of viability by PET imaging

From TaegtmeyerH, DilsizianV: Imaging myocardial metabolism and ischemic memory. Nat ClinPractCardiovascMed 5[Suppl2]:S42, 2008.
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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,  Robert J 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 ᵕ

Journal of the American College of Cardiology, Volume 40, Issue 10, 2002, 1735ï1743

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

PET as the gold standard for assessing 
myocardial viability
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Comparison of different tests for 
viable myocardium

Comparison of different tests for 
viable myocardium

Schinkelet al. 2007
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Comparison of different tests for 
viable myocardium

Schinkelet al. 2007

Factors influencing recovery after 
revascularization

ÅFactors before revascularization:
ïExtent of viable myocardium
ïTransmuralityand extent of scar tissue
ïLeft ventricular remodeling
ïTime interval between viability assessment and 

revascularization

ÅFactors during revascularization:
ïCompleteness of revascularization
ïPeri-operative ischemic events

ÅFactors after revascularization:
ïGraft occlusion
ïIschemic events
ïTime course of functional recovery of hibernating myocardium

Schinkelet al. Clinical relevance of hibernating myocardium in ischemic left ventricular dysfunction. Am J Med 2010;123:978-86
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How do we assess viability by CMR?

Cardiac MRI for viability assessmentτ
technique 

J. Bogaertet al. (eds.), Clinical Cardiac MRI, Medical Radiology. Diagnostic Imaging, 203 DOI: 10.1007/174_2011_336, ÓSpringer-Verlag
Berlin Heidelberg 2012  
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Cardiac MRI for viability assessment

J. Bogaertet al. (eds.), Clinical Cardiac MRI, Medical Radiology. Diagnostic Imaging, 203 DOI: 10.1007/174_2011_336, ÓSpringer-Verlag
Berlin Heidelberg 2012  

Cardiac MRI for viability assessment

J. Bogaertet al. (eds.), Clinical Cardiac MRI, Medical Radiology. Diagnostic Imaging, 203 DOI: 10.1007/174_2011_336, ÓSpringer-Verlag
Berlin Heidelberg 2012  
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Cardiac MRI for viability assessment

J. Bogaertet al. (eds.), Clinical Cardiac MRI, Medical Radiology. Diagnostic Imaging, 203 DOI: 10.1007/174_2011_336, ÓSpringer-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

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). 

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

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

Cardiac MRI for viability assessmentτ
evidence

Raymond J. Kim, M.D., et al. N EnglJ Med 2000; 343:1445-1453
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Cardiac MRI for viability assessment

Klein C, NekollaSG, BengelFM, et al.Assessment of myocardial viability with contrast-enhanced magnetic resonance imaging: comparison 
with positron emission tomography. Circulation 2002;105:162ς7. 

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

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

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

End-diastolic wall thickness
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Cardiac MRI for viability assessment

Cardiac MRI for viability assessment

J. Bogaertet al. (eds.), Clinical Cardiac MRI, Medical Radiology. Diagnostic Imaging, 203 DOI: 10.1007/174_2011_336, ÓSpringer-Verlag
Berlin Heidelberg 2012  

ÅTwenty-two patients with ischemic 
cardiomyopathy (ejection fraction 31 ± 11%) 
were investigated. 

ÅIn conclusion, unenhanced myocardial rim is 
superior to EDWT for the prediction of 
myocardial viability as determined by FDG-PET 
and may be clinically useful for assessment of 
myocardial viability in patients with ischemic 
cardiomyopathy and regional wall thinning.
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Integrated use of MRI techniques may 
improve diagnostic accuracy

ÅIn 2004, Kaandorpet al. proposed to start 
with late Gdimaging to depict transmural
extent of myocardial scarring.

ÅIn dysfunctional segments with intermediate 
extent of scar (25-50%), dobutaminestress 
MRI in a second step may be valuable to 
assess contractile reserve.

Microvascularocclusion is ominous!
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No-reflow independently predicts lack of functional recovery, 
adverse ventricular remodeling and worse patient outcome 

Ito et al. 1992 C-Echo, microbubblesinjected in LAD

Wu et al. 1998a MRI, EGE

Taylor et al. 2004 MRI, 1st pass perfusion

Hombachet al. 2005 MRI, LGE

Baks et al. 2006 MRI, 1st pass perfusion

Funaroet al. 2009 C-Echo

Nijveldtet al. 2008 MRI, 1st pass perfusion &LGE

Ornet al. 2009 MRI, 1st pass perfusion

Weir et al. 2010 MRI, 1st pass perfusion & LGE

Ito et al., Circulation 1992;85:1699-1705)

Day after infarcton 4 weeks later
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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.

Katherine C. Wu et al. Circulation. 1998;97:765-772

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

MRI, EGE

Systolic thickening acutely and at 3-month follow-up. 

Andrew J. Taylor et al. Circulation. 2004;109:2080-2085

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

MRI, 1st pass perfusion
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Date of download:  2/19/2017
© The European Society of Cardiology 2005. All rights reserved. For Permissions, please e-mail: 

journals.permissions@oupjournals.org

From: Sequelae of acute myocardial infarction regarding cardiac structure and function and their 

prognostic significance as assessed by magnetic resonance imaging

Eur Heart J. 2005:549-557. doi:10.1093/eurheartj/ehi147

MRI, LGE

Date of download:  2/19/2017
© The European Society of Cardiology 2005. All rights reserved. For Permissions, please e-mail: 

journals.permissions@oupjournals.org

From: Sequelae of acute myocardial infarction regarding cardiac structure and function and their 

prognostic significance as assessed by magnetic resonance imaging

Eur Heart J. 2005:549-557. doi:10.1093/eurheartj/ehi147

MRI, LGE
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Timo Baks,  Robert-Jan van Geuns,  Elena Biagini,  Piotr Wielopolski,  Nico R. Mollet,  Filippo Cademartiri,  Willem J. van der 

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, 40ï44

http://dx.doi.org/10.1016/j.jacc.2005.09.008
MRI, 1st pass perfusion

Nijveldtet al., J Am CollCardiol2008;52:181ς9

MRI, 1st pass perfusion & LGE
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Nijveldtet al., J Am CollCardiol2008;52:181ς9

MRI, 1st pass perfusion & LGE

Date of download:  2/19/2017
Published on behalf of the European Society of Cardiology. All rights reserved. © The Author 2009. For 

permissions please email: journals.permissions@oxfordjournals.org

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

MRI, 1st pass perfusion
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Date of download:  2/19/2017
Published on behalf of the European Society of Cardiology. All rights reserved. © The Author 2009. For 

permissions please email: journals.permissions@oxfordjournals.org

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

MRI, 1st pass perfusion

Box plot displaying remodeling (ȹLVESVibetween baseline and 24 weeks) according to MO 

status: no MO; early MO only; and early and late MO. *P=0.001 for ñno MOòversus ñearly+late

MOògroups.

Robin A.P. Weir et al. Circ Cardiovasc Imaging. 2010;3:360-

367

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

MRI, 1st pass perfusion & LGE
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Leonarda Galiuto,  Barbara Garramone,  Antonio Scarà,  Antonio G. Rebuzzi,  Filippo Crea,  Giuseppe La Torre,  Stefania Funaro, 

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, 552ï559

http://dx.doi.org/10.1016/j.jacc.2007.09.051

Date of download:  2/19/2017
Published on behalf of the European Society of Cardiology. All rights reserved. © The Author 2011. For 

permissions please email: journals.permissions@oup.com

From: Determinants of microvascular damage recovery after acute myocardial infarction: results from 

the acute myocardial infarction contrast imaging (AMICI) multi -centre study

2-year probability of cumulative event-free survival in sustained as compared to reversible MD group.

Figure Legend:

Eur J Echocardiogr. 2011;12(4):306-312. doi:10.1093/ejechocard/jer009


