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Can Imaging Improve

Patient’s Outcome ?
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Myocardial Viability

dysfunctional myocardium subtended by diseased
coronary arteries with limited or absent scarring that
therefore has the potential for functional recovery
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Myocardial Viability and SurvivalHa-patients
with CA vere LV Dysfunction
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Myocardial Viability Testing-and Impact
Scularization T

Meta analysis of 3088 patients (DSE/SPECT/ PET)
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Revascularized Medical Therapy

Allman et al. JACC Vol. 39, No. 7, 2002
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NSSTICH

Coronary Artery Bypass Graft Surgery

in Patients with Ischemic Heart Failure

Eric J. Velazquez, MD
on behalf of the STICH Investigators
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— As Randomized
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@STICH Cardiovascular Mprtality
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STICH substudy

The NEW ENGLAND JOURNAL of MEDICINE
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K-M analysis of the probability of;death

Hazard ratio, 0.64 (95% Cl, 0.48-0.86)
P=0.003

P=0.21 after adjusting for baseline
variables
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Years since Randomization

No. at Risk

Without viability 114 85 80 63 36 16
With viability 487 409 371 294 188 102

N Engl J Med 2011;364:1617-25




K-M analysis of CV mortality
/

m  Without Viability (N=114)
—— With Viability (N=487)
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A Without Myocardial Viability B With Myocardial Viability
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Cardiac Imagigfor Viability —_

Echo
Nuclear test

Cardiac MR

Cardiac C
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

by SPECT or dobutamine echo

Myocardial Viability land Survival in Ischemic
Left Ventricular Dysfunction

Robert O. Bonow, M.D., Gerald Maurer, M.D., Kerry L. Lee, Ph.D,,
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Limitations of the STICH viability substudy
4_‘_‘ -
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Optional viability testing performed at clinician’s discretion

Only about one-half of eligible patients from the main trial

Significant differences in baseline characteristics between those with versus
those without viability testing.

JACC CV Imaging 2012;5:550-558
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Results might be different if

they used other imaging
modality like CMR !




Viability Imaging tests e
NucI Dobutamme/exerase stress
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WhICh test IS

preferred-?
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Delayed Enhancement CMR* —_

Physiological basis

Normal myocardium Acute infarction

Intact cell Ruptured cell Collagen matrix
membrane membrane
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CMR assessment of viability ; DE-CMR

1-25% DE Left é6E 50% 76-100% DE

Right: 51-75%
DE

Kim RJ et.al, J CABG s SN RELBH




CMR assessment of viability ; DE-CMR
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After CABG...
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After CABG...
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Advantages of F:MR e W T

patial resolution as compared with SPECT

42 year-old male with NSTEMI
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Advantages of CM - .
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Chung and Choi, AJR 2011
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© 2009 BY THE AMERICAN COLLEGE OF CARDIOLOGY FOUNDATION ISSN 1936-878X/09/536.00
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Extent of Left Ventricular Scar Predicts
Outcomes in Ischemic Cardiomyopathy Patients
With Significantly Reduced Systolic Function

A Delayed Hyperenhancement Cardiac Magnetic Resonance Study

Deborah H. Kwon, MD,* Carmel M. Halley, MD,* Thoma—
Victoria Zysek, DO,T Zoran B. Popovic, MD, PuD,* Randc
Paul Schoenhagen, MD,*# Randall C. Starling, MD, MPH,
Milind Y. Desai, MD*#

Cleveland, Obio

Segmental scar score
0 = absence of DHE
1 = DHE of 1% to 25% of LV segment
2 = DHE extending to 26% to 50%
3 = DHE extending to 51% to 75%
4 = DHE extending to 76% to 100%

Figure 1. Short-Axis Delayed Hyperenhancement Image, Loaded on TER
Custom VPT Software (Siemens Research), for Scar Analysis



- Mean scar %: 1st quartile
— = Mean scar %: 2nd quartile
Mean scar %: 3rd quartile
Mean scar %: 4th quartile
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(Death or Cardiac Transplantation)

log=rank statistic p=value = 0.03
0.6
0.0 0.5 1.0 1.5 2,0 2.5 3.0 3.5 4.0 4.5 5.0
Time in years
Number of patients at risk of events

1st Quartile 82 80 73 60 53 41 27
2nd Quartile 85 78 71 55 39 30 23
3rd Quartile 75 70 63 57 46 37 26
4th Quartile 84 82 75 67 60 42 24

automatically derived scar: >2SD above viable myocardium
Deborah H Kwon et al. JACC : c‘lasmsmmnmmmsn



- Total scar score: 1st quartile
— = Total scar score: 2nd quartile
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0.6 log-rank statistic p-value = 0.02

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

Time in years
Number of patients at risk of events

1st Quartile 81 79 73 72 54 43
2nd Quartile 81 72 71 67 37 28
3rd Quartile 85 80 63 70 49 34
4th Quartile 79 77 75 73 60 45

Total scar score . summed segmental scar scores/patient divided by 17
DeborahH Kwon et al. JACC : Caﬁar%%%’iﬂ@ POHOAR GENTER



Adenosine Stress Perfusion CMR
First pass perfusion CMR

Infarcted Myocardium

ormal Myocardium
Ischemic Myocardium

> 10 min

5 First}Pass perfusion time
Timeq4ntensity curve at ngrmal and pathologic myocardium after
administration of contrast media.

N
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Adenosine

COMMENTS

Includes

- Cardiac function, volumes, mass

- Valvular morphology, stenosis, regurgitation
- Pericardium

Optional
- Dark and bright blood tomographic imaging of heart & great vessels
- T2 weighted imaging (or T1 or T2 mapping) of acute injury

g 13 T _ ________ e e e
g 19; Performed in appropriate patients
v | Sontrast STRESS - Post Ml risk stratification
0 niee f; PEREUSION - Ischemia evaluation
15 min interval between stress/rest perfusion
ADDITIONAL - Velocity/Flow imaging for valvular disease and cardiac output
251 IMAGING - Whole heart coronary MRA (may be performed prior to contrast)

- Additional cine imaging

351' Performed in appropriate patients
tradt REST - o .
i‘;‘?gcﬂon - Improves specificity of stress perfusion imaging
: 334 PERFUSION - Quantification of myocardial blood flow reserve
. Typical Sequence
381 5 minute delay - 2D or 3D, Segmented (high resolution and high SNR)

Useful Additional Sequences

DELAYED - Single Shot (rapid, no breath hold required, resistant to arrhythmias)
ENHANCEMENT - Long inversion time (~600 ms)
(useful for thrombus detection and “no-reflow” regions in acute Ml)

45+ - Post contrast T1 mapping for ECV measurement and serial
v guantification




0 4 8
Gd-DTPA
0.1mmol/Kg

Adenosine
140pg/Kg
5-6min

Cine MRI Stress

perfusion

12 16

Gd-DTPA
0.1mmol/Kg

l

Flow Rest
Coronary Perfusion
MRA

20 24min

Delayed
enhancement
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Scanning protocol and Interpretation of CMR =

« Assessment of wall motion abnormality
« Adenosine Stress Perfusion image

* Viability image (visualization of dead
tissue)
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a. Interpretation Algorithm

b. Examples

START

AN

(072\D)

Perfusion

“Reversible” “Matched”
defect Wﬁct

Stress Rest
DE-CMR Perfusion Perfusion

Coronary
Angiography

Patient 3: Normal coronary arteries
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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?,
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MR-IMPACT—=% .
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——i8=center multivendor study
N=234
Comparison of Perfusion MR with SPECT and CAG
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Articles

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

John P Greenwood, Neil Maredia, John F Younger, Julia M Brown, Jane Nixon, Colin C Everett, Petra Bijsterveld, John P Ridgway,
Aleksandra Radjenovic, Catherine | Dickinson, Stephen G Ball, Sven Plein

Summary

Background In patients with suspected coronary heart disease, single-photon emission computed tomography Lancet 2012;379: 453-60
(SPECT) is the most widely used test for the assessment of myocardial ischaemia, but its diagnostic accuracy is published Online
reported to be variable and it exposes patients to ionising radiation. The aim of this study was to establish the December23 2011
diagnostic accuracy of a multiparametric cardiovascular magnetic resonance (CMR) protocol with x-ray coronary [6}%':61({’1';?613;’;?0'
angiography as the reference standard, and to compare CMR with SPECT, in patients with suspected coronary

. See Comment page 393
heart disease.
Multidisciplinary Cardiovascular

. . . . . . . . . Research Centre and Leeds
Methods In this prospective trial patients with suspected angina pectoris and at least one cardiovascular risk factor |nstitute of Genetics, Health
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A All patients (angiographic cutoff =50% LMS; B All patients (angiographic cutoff =50% LMS, 4

=70% for LAD, LCx, and RCA) LAD, LCx, and RCA) \\
— CMR . . =

— SPECT

CMR 0-89
SPECT0-74 (0
p=0-0001

Single vessel disease (angiographic cutoff 250% Two or three vessel disease (angiographic cutoff
LMS; =70% for LAD, LCx, and RCA) =50% LMS5; =70% for LAD, LCx, and RCA)

CMR 0-91

0

Lancet 204y 379 5880,



Flow-Independent Dark- | Delayed
Enh echnique (FIDDLE)

SCMR 2016 presented, from DCMRC
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Figure 3

309
T2-prep time

90‘; 180° 180° 180° 180°
(90° down)

W

number of refocusing pulses (example has 4)

d:  inter-pulse spacing
90°% tip-down pulse
180°: refocusing pulse 312
-80°: flip-back pulse

spoiler @radient

SAMSUNG MEDICAL CENTER




Flow-Independent Dark- d-Delayed
: &Mt technique (FIDDLE)

SCMR 2016 presented, from DCMRC
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Patient with Left
Circumflex infarct
involvingthe inferior
and lateral wall and the
inferior papillary
muscle

Figure 1(abstract Q6) DE-MRI (left), FIDDLE (center), and TTC (right) showing myocardial infarction of only the inferior paillary muscle (arrows)

Bottom: patient example of left circumflex coronary artery infarctio owng sub xcardial hyperenhancement and papillary infarctior

SCMR 2016 presented, from DCMRC
GBI  s/VSUNG MEDICAL CENTER
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Table 1(abstract O55) Diagnostic Performance in Canines.

Sensitivity Specificity Accuracy

Overall

FIDDLE 97% (95/98) 92% (35/38) 96% (130/136)
DE-CMR 81% (79/98) 95% (36/38) 85% (115/136)
p-value < 0.001 0.65 0.001

Subendocardial MI (transmurality < 25%)

FIDDLE 98% (44/45) 92% (35/38) 95% (79/83)
DE-CMR /1% (32/45) 95% (36/38) 82% (68/83)
p-value < 0.001 0.65 0.008
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CMR Is the only cardiac imaging to visualize
the viable and non-viable myocardium.
Resolution of CMR stress imaging and
viability imaging Is better than nuclear
iImaging.

CMR Is not a single image - interpretation of
CMR Is more Integrated and summation of
multiple imaging technique.

Viability imaging in CMR Is progressing.
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