Cardiac MRI and Ischaemic Heart Disease
Hong Kong Core Cardiology Certificate Course

Dr Ronnie HL Chan
FHKAM FHKCP MRCP(UK) MBChB

Associate Consultant
Pamela Youde Nethersole Eastern Hospital
Hong Kong

7/16/18

Applications of CMR

« Coronary heart disease
# Myocardial ischaemia
# Myocardial infarction
« Ventricular function
+ Non-ischaemic cardiomyopathy
« Valvular heart disease
« Cardiac Masses

« Pericardial disease

Ischemic Cardiomyopathy

« 3D capabilities

+ high spatial and temporal resolution

« high contrast resolution

+ reference standard for quantitative assessment
+ RV/LV volumes
+ Ejection Fraction

« regional function

Myocardial ischemia

« Stress myocardial perfusion imaging
« at rest and during adenosine vasodilator stress

« myocardial signal increase in well-perfused myocardium; the
increase is impaired in regions of myocardial ischemia

+ Delayed gadolinium enhancement

+« myocardial scar/ fibrosis

Cine Frame Enhancement Enhancement
(prior to Gadolinium)

(2 mins post Gad) (20 mins post Gad)

« Transmural delayed enhancement

+ No functional recovery even after revascularization
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Transmural Extent of Infarction

Figure 3.3 The likelihood of recovery of wall motion following revascularization s inversely related to the
transmural extent of ¥ delayed imaging, even in severely
hypokinetic, akinetic, or dyskinetic segments. From I Engl J Med 2000:343:1445-53, with permission.
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Comparing with SPECT

SPECT CMR HISTOLOGY
No infarct infarct infarct

A dog model of infarction
Superiority of CMR relative to SPECT in the detection of subendocardial infarction

HYPERENHANCEMENT PATTERNS
Ischemic

[ ——

B Trammurs lfarct

CAD-progress as a wavefront from subendocardium to the epicardium

Evidence based practice

Diagnostic value of stress perfusion CMR
Prognostic value of stress perfusion CMR

Potential use of stress perfusion CMR to guide
cardiovascular interventions

Role of CMR in stable CAD

« Clinical indications

+ Suspected CAD (low to intermediate risk)

« Guiding revascularisation

+ Viability study
+ CMR modalities available

« Dobutamine CMR

+ Perfusion CMR (extent of hypoperfusion)

« Late (extent of

CMR Ischaemia Protocol

Pilot

!

Perfusion - Scout

!

Perfusion - Stress

!

Ventricular function

I

Perfusion - Rest

I

Late Gadolinium Enhancement

What can CMR tell us?

. . Rest Stress Late Gadolinium
Cine function . N
perfusion  perfusion Imaging
Normal Normal Normal Normal Normal
Ischaemia Normal Normal Defect Normal
Stunned  Hypokinesia Normal Defect Normal
Hibernating Hypokinesia Defect Defect Normal
Infarction Thinned, Defect Defect Hyperenhancement
abnormal




What does CMR tell us?

BASAL MID APEX ‘

LGE

Hx of AMI, PCI to RCA in 2000 & 2008
Angina
LGE in the basal to mid inferior and infero-lateral segment

Can CMR affect patient outcomes?

CE-MARC

Ci and single-photon gl

for diagnosis of coronary heart disease (CE-MARC): a prospective trial.
Lancet. 2012 Feb 4;379(9814):453-60

+ Prospective, Single centre
+ CMR vs SPECT, randomised order
* n=752
» suspected angina
« at least one cardiovascular risk factor
+ Primary outcome

« Diagnostic accuracy of CMR

* X-ray y as the
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Perfusion defect extend beyond the area of infarct, to the basal to apical septum
-> septal ischaemia

Diagnostic performance of CMR

MR SPECT Angiography




Results

A All patients (angiographic cutoff 250% LMS;
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270% for LAD, LCx, and RCA)
107 MR
CMR SPECT | pvalue e
Sensitivity | 86.5% 66.5% | <0.0001 097
Specificity| 83.4% 82.6% 0.916 08+
074
2 06
2 05|
Conclusion: § I
« CMR's high diagnostic accuracy in CAD 04
+ CMR's superiority over SPECT 03
02 CMR0-89 (0-86-0-91)
&) SPECT 0.74 (0:70-078)
p<0:0001
T T T T
1peciicly
Superior diagnostic performance

MR-IMPACT II

Magnetic Imaging for Perfusion in Coronary artery disease Trial:
Perfusion-cardiac magnetic resonance vs. single-photon emission computed tomography for the detection
of coronary artery disease: a multi centre, trial.

Eur Heart J. 2013 Mar;34(10):775-81.

«  Multi-centre
« n=533, 33 centres (US, Europe)
«  Primary Endpoint
«  Non-inferiority of CMR vs SPECT
«  Secondary Endpoint

«  Safety profile of CMR

Results

Table3 Safety profile of the cardiac magnetic
resonance examination

Meta-analysis

Diagnostic performance of stress myocardial perfusion imaging for coronary artery disease: a systematic
review and meta-analysis.

Eur Radiol. 2012 Sep;22(9):1881-95

+ Medline and Embase

« CMR/ECHO/SPECT/PET for the diagnosis of
obstructive CAD

« 2970 CMR

Safey popuiation (patents received MR contrast st
medium)
CMR SPECT Serious adverse events* 6(12)
Aogins pectoris 102
Sensitivity 0.67 0.59 Prolonged hospll sty san
Specificity 0.61 0.72 Death 0
Adverse events (n 74 ptints) 1@
Requiing restment 2@y
. Angina pectoris 408
Conclusion: s e
+ CMR'’s high performance in detecting CAD Chest pain 306
+ CMR’s superior sensitivity to SPECT Injection site bruising. 102
. ) i 91.0177)
CMR’s inferior specificity to SPECT oty a9
Severe 00
Subject withdrawal due to adverse events 0©
drug-relted VCABG of
severe CAD during the sam hospaliaton
st TP PP PN TN Sensithity  Specificiy  Sensitivity Speciicity
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Prain 2008 (1) 3 o 4 7 080M07300m 044020070 < -
ker & 5 7 22 0901080096 0711052 0.6 - -
o 2010 37 4 4 17 0901077.097 0811058095 -
Pactach 2 4 10 5 16 0911079.097) 062[041.0.60 - -
Gonat 2010 0 3 14 0911076 098 1001077, 1.00 - -
o 3 o 3 's 0207008 0570 082 - —
Pron 2000 (2) 12 4 1 16 0920064 100) 080056, 0.04] — —
Prgrors 61 5 5 18 092108007 067 (040,083 - =
g 2004 1 3 12 omre o 07swes 099 . e
Mearie 2007 18 8 12 48 093[0ss 096) 088074 094 - .
Tokase 2004 71 4 s 22 093(0.85 08 085065, 096] - -
Chang 2007 3 5 3 ia osrosrvoo oremwss oea - —
oy 2003 15 35 11 123 osapy 07N o7 — >
Bomhari2000 274 89 30 431 0881083001 0.831079.0.86) - -
Po % o 7 17 088177008 074M082 0 < -
" 325 4 16 0801074007 0791058003 - -
Gater 2011 4 4 4 19 0921081098 083061.098) . .
Kavwaae 2004 31 1 2 e 091080099 Os4wTI. 1 - —
e 2007 147 21 6 54 0961092.099) 072[060.0.82 - -
Paz 2006 100 10 4 48 0981091090 083[071.097 < o
Cury 2 29 4 1 12 0971083 100 0751048093 < -
Kiumpp 2010 IR 1.00] 0.6710.60.0. < -
Ko 2008 3 & 10 42 0771062080 0881075 099) — —
Kitayaphong 2000 34 & '4 72 0891075 097) 0791050, 0.02 T. —
Nagel 2003 3 4 5 37 0meo75.096 090077, 097 Y “.
Ko 3000 3 7 4 48 0mei075.097 087076099 -
Summary estmetes overst® 0911088093 080(0.76.0.83) - -
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Overall sensitivity of CMR: 91% and specificity is 80%

Table 3 Measures of disgnostic performance for MRI, ECHO and SPECT, estmad using th bivarst random effects model

e

CMR is superior for the diagnosis of obstructive CAD compared to ECHO and SPECT.




Prognostic performance of CMR
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Meta-analysis

‘The prognostic value of normal stress cardiac magnetic resonance in patients with known or suspected coronary
artory disease: a meta-analysis.

Circ Cardiovasc Imaging. 2013 Jul:6(4):574-82.
« 1985-2012
« CMR to evaluate subjects with known or suspected CAD

«  providing primary data on clinical outcomes of nonfatal
Ml or cardiac death

« Mean follow-up of 25.3 months

« n=12,178

< (wn)wunm <

. Pooled estimates of

. NPV: 98.4% (97.4 - 99.1)

. Estimated event rate after negative test:1.61% (0.87 - 2.56)

Meta-analysis

imaging in patients with known or suspected coronary artery

disease: a systematic review and meta-analysis.

1 Am Coll Cardiol. 2013 Aug 27;62(9):826-38.

« PubMed, Cochrane CENTRAL, metaRegister of controlled trials
« to evaluate subjects with known or suspected CAD

« providing primary data on clinical outcomes of Ml or cardiovascular
death

* n=11,636

p<0.0001 @l Positive Stress CMR
[ Negative Stress CMR

p<0.0001 p<0.0005

Annualized event rate
°
2

Combined  Cardiovasular  Non-fatal
Outcome Death M

m AERs of Cardiovascular Outcomes for Stress CMR

Weighted mean annualized event rates (AER) for combined cardiovascular
outcome of cardiovascular death and nonfatal MI, cardiovascular death, and non-
fatal Mi comparing patients with positive stress CMR (solid bars) and patients with
@ negative stress CMR (open bars). Abbreviations as in Figure 2.

Postive Stress CMR _ Negative Sress CMR Odds Ratio Odds Ratio
Events  Tol  Events Total Weight M-H,Random, 95%Cl MeH, Random, 95% €1

141 Vasoditor Stress CHR
Bertaso 201 3w 2 m oam aspmam 1
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Lubbens 2012 ] o 1o Notestrate

o ] o 2 Notasimatie

P " 710 ea%  97[952430) —_
Voge-Ciousen 2000 ° s o 2 ot asimatie
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« A pooled estimate of odds ratio 6.47 (4.42;9.46)

« A negative CMR is associated with very low risk of
cardiovascular death and MI.
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Decision making

How to close the evidence gap?

MR-INFORM

Stress perfusion

to guide the

management of patients with stable coronary artery disease

« Revascularisation decisions based on invasive fractional flow reserve
(FFR) have shown improved event free survival (FAME, DEFER)

«  Prospective, multi-centre, randomised controlled non-inferiority,

outcome trial

« To compare the efficacy of two investigative strategies for the
n . d CA

of with

Target
Population
New Test Old Test
Cases detected Cases detected
Treatment Treatment
Patient outcomes Patient outcomes
« Inclusion criteria:
« Stable angina (Class II-ll)
« Either >= 2 risk DM, HT, hy FH) or +ve test

« Exclusion criteria:
« EF<30%
« CCSclass IV

« Previous CABG

« PCl within 6 months

« Contraindications to MRI

Randomization (1:1)
FFR INFORMED

« Invasive angiography in all
patients

« FFRin all arteries >2.5 mm with
a stenosis of 40-95%

« If FFR <0.8 revascularization
(PCI or CABG) recommended

« CTO regarded as positive

MR-INFORM

MR INFORMED
1.5T multivendor
Cine imaging
Adenosine stress/rest first pass
perfusion irna%ing using 0.075 mmol
Gadovist / kg body weight for first pass
« Late gadolinium enhancement after
top-up to 0.2 mmol/kg body weight
If transmural defect or subendocardial
defect >2 segments or in 2 adjacent
slices was found, angiography with
aim of revascularization recommended

Primary Endpoint

Composite endpoint of

 All cause mortality

» Nonfatal myocardial infarction (clinical
presentation of ACS AND Q-waves OR troponin
299t percentile)

» Re-revascularization of a vessel targeted at the
index revascularization procedure
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With Number of Subjects at Risk
r 1 Excluded (n=15705) LR e r———————
Assessed for ing inclusi
ligibilit Not meeting inclusion
elgl'SGZUy criteria (n=13928) 08
[_(n=16620) | Refused to participate (n=1584) z
Randomized (n = 918) Other reasons (n=193) ‘é' 06
o —— FFR
Allocated to FFR-INFORM (n=464) Allocated to MR-INFORM (n=454) ; 04 — MR
H
Received invasive angiography Received MR perfusion imaging @
(n=448) (n=446) 02
Did not have angiography Did not have MR-Perfusion study (n=8)
n=17, 00 *Censored
2 Lost to follow-up (n=14) Lost to follow-up (n=16) ‘ R - @ ° - =
0 0 180 270 30
Days to first event
Treatment FFR MRI
MACE Discussion
Events (n) 18 (3.9%) 15 (3.33%)
* Death 1 i & 1 « MR-perfusion imaging is non-inferior to a strategy with invasive
e s s angiography supparted by FFR curing FU of 1 year in guiding the
planned, death before CABG initial management of patients with stable angina and an
1 death after CABG) intermediate to high risk of CAD.
* Myocardial Infarction 8 8
* Re-revascularization 9 3 « Both strategies are safe and result in a low total event rate
Absolute Risk Difference [95% Cl] -0.56 [-2.98; 1.86]
Hazard ratio [95% CI] -0.852 [-0.43; 1.69]; p = 0.62
‘Suspected/stable coronary artery disease. Class® | Level® | Guideline
ch: s ECG test is | c (221
recommended, and, if positive or ambiguous, an imaging stress test
Case study
In subjects with intermediate pretest probability for suspected coronary |1 | A | [16]
artery disease and stable symptoms,stress MR, stress-echo, SPECT or
PET are recommended = RUCOTTAST

In patients with suspected stable coronary artery disease and 1 B ]

intermediate pretest probability of 15 % - 65 % and LVEF =50 %, stress M / 8

et kot 4

Anima testis the initial test lags ng mo er

85 oc M LVER .20 npeirs apdeut ppla g Good past health

An Imaging stress test is recommended in patients with resting ECG 1 B 1201

abnormalities, which prevent accurate interpretation of ECG changes
during stress.

Angina for 3 months
ECG: SR

Stress imaging for risk stratification is recommended in patients with a
non-conclusive exercise ECG

Risk stratification s based on clinical ntand the
results of the stress test nitially employed for making a diagnosis of
stable coronary artery disease

In patients with stable coronary disease after a significant change in
symptom level, risk str n using stress ECG (unless they cannot
exercise or display ECG changes which make the ECG non evaluable) or
imaging i permitis

1201

P
recommended

In patients with known stable coronary artery disease and a 1 B 1201
d imaging is for risk

stratification f the site and extent of ischemia would influence clinical Zoom: 412% Angle: 0
decision making

NOT FOR MEDICAL USAGE
-

1
4/7/14 9:49:45 pr
1201 ickness: 10.00 mm Location: -88.65 mm 1P Made In OsiriX
presence of recurrent or new symptoms once instability has been ruled ESC recommendations
out

An exercise ECG or stress imaging if appropriate is recommended in the
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NOT FOR MEDICAL USAGE
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Summary

Good evidence on diagnostic accuracy of CMR perfusion
Good evidence on prognostic accuracy of CMR perfusion

As a safe guiding tool for patients with stable angina and an
intermediate to high risk of CAD

Thank you




