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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

Transmural delayed enhancement

No functional recovery even after revascularization

LV
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Comparing with SPECT

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

• Haemodynamic relevance (severe/mild)

• Viability study

• CMR modalities available

• Dobutamine CMR

• Perfusion CMR (extent of hypoperfusion)

• Late gadolinium enhancement (extent of infarction)

CMR Ischaemia Protocol

Perfusion - Rest

Late Gadolinium Enhancement

Perfusion - Scout

Perfusion - Stress

Ventricular function

Pilot

What can CMR tell us?
Cine function Rest 

perfusion
Stress 

perfusion
Late Gadolinium 

Imaging

Normal Normal Normal Normal Normal

Ischaemia Normal Normal Defect Normal

Stunned Hypokinesia Normal Defect Normal

Hibernating Hypokinesia Defect Defect Normal

Infarction Thinned, 
abnormal Defect Defect Hyperenhancement
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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

Perfusion defect extend beyond the area of infarct, to the basal to apical septum
-> septal ischaemia

Can CMR affect patient outcomes?
Diagnostic performance of CMR

CE-MARC

• 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 coronary angiography as the reference standard

Cardiovascular magnetic resonance and single-photon emission computed tomography 
for diagnosis of coronary heart disease (CE-MARC): a prospective trial.
Lancet. 2012 Feb 4;379(9814):453-60
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Results

CMR SPECT p value
Sensitivity 86.5% 66.5% <0.0001
Specificity 83.4% 82.6% 0.916

1-specificity 

Conclusion:
• CMR’s high diagnostic accuracy in CAD
• CMR’s superiority over SPECT

Superior diagnostic performance 

MR-IMPACT II

• Multi-centre

• n=533, 33 centres (US, Europe)

• Primary Endpoint

• Non-inferiority of CMR vs SPECT

• Secondary Endpoint

• Safety profile of CMR

Magnetic Resonance Imaging for Myocardial Perfusion Assessment in Coronary artery disease Trial: 
Perfusion-cardiac magnetic resonance vs. single-photon emission computed tomography for the detection 
of coronary artery disease: a comparative multi centre, multivendor trial.
Eur Heart J. 2013 Mar;34(10):775-81.

Results

CMR SPECT
Sensitivity 0.67 0.59
Specificity 0.61 0.72

Conclusion:
• CMR’s high performance in detecting CAD
• CMR’s superior sensitivity to SPECT
• CMR’s inferior specificity to SPECT

Meta-analysis

• Medline and Embase

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

• 2,970 CMR

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

Overall sensitivity of CMR: 91% and specificity is 80% CMR is superior for the diagnosis of obstructive CAD compared to ECHO and SPECT.
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Prognostic performance of CMR

Meta-analysis

• 1985 - 2012

• CMR to evaluate subjects with known or suspected CAD

• providing primary data on clinical outcomes of nonfatal 
MI or cardiac death

• Mean follow-up of 25.3 months 

• n=12,178

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

Circ Cardiovasc Imaging. 2013 Jul;6(4):574-82. 

• Pooled estimates of

• NPV: 98.4% (97.4 - 99.1)

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

Meta-analysis

• PubMed, Cochrane CENTRAL, metaRegister of controlled trials

• to evaluate subjects with known or suspected CAD

• providing primary data on clinical outcomes of MI or cardiovascular 
death

• n=11,636

Prognostic value of stress cardiac magnetic resonance imaging in patients with known or suspected coronary artery 
disease: a systematic review and meta-analysis.

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

• 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?

Cases detected

Treatment

Patient outcomes

New Test

Cases detected

Treatment

Patient outcomes

Old Test

Target 
Population

MR-INFORM

• 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 
management of patients with suspected CAD

Stress perfusion cardiovascular magnetic resonance imaging to guide the
management of patients with stable coronary artery disease

• Inclusion criteria:

• Stable angina (Class II-III)

• Either >= 2 risk factors(smoking, DM, HT, hyperlipidaemia, FH) or +ve treadmill test

• Exclusion criteria:

• EF<30%

• CCS class IV

• Previous CABG

• PCI within 6 months

• Contraindications to MRI

MR-INFORM
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MACE Discussion

• MR-perfusion imaging is non-inferior to a strategy with invasive
angiography supported by FFR during FU of 1 year in guiding the
initial management of patients with stable angina and an
intermediate to high risk of CAD.

• Both strategies are safe and result in a low total event rate

ESC recommendations

M�48
Smoker
Good past health

Angina for 3 months
ECG: SR

Case study
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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


