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Clinical indications for 
cardiac magnetic resonance



Cardiac magnetic resonance 
sequences

T2-weighted sequence

First pass perfusion Post-contrast image
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CMR role in acute 
coronary syndromes

CMR has emerging role in the assessment and management of patients with proven or
suspected coronary artery disease.

• myocardial oedema

• scar formation

• myocardial perfusion with myocardial
motion and thickening at rest and stress
perfusion

• microvascular obstruction and
intramyocardial haemorrhage

Garg P et al. Nat Rev Cardiol 2016; 13:266-275.



CMR role in acute 
coronary syndromes

2023 ESC Guidelines for the management of acute coronary syndromes. 



CMR role in chronic 
coronary syndromes

2024 ESC Guidelines for the management of chronic coronary syndromes. 

FUNCTION

VIABILITY



CMR role in chronic 
coronary syndromes

2024 ESC Guidelines for the management of chronic coronary syndromes. 

BASAL

HYPEREMIC



CMR role in chronic 
coronary syndromes

2024 ESC Guidelines for the management of chronic coronary syndromes. 



LGE sequences

Kim RJ et al. Circulation 1999; 100:1992-2002.
Mahrholdt H et al.  Eur Heart J 2005; 26:1461-1474.  Wash-out Gadolinium accumulation



First pass perfusion

Myocardial first-pass perfusion evaluates the 
microvascular perfusion of the myocardium.



LGE sequences

ISCHEMIC 

Wu KC. Circ Cardiovasc Imaging 2017; 10:e005461. 

CMR LGE equals histological visualization of LV scar.

SUBENDOCARDIAL LGE TRANSMURAL LGE

Perazzolo Marra M, et al. Eur Heart J 2011; 32:284-293.



LGE sequences

ISCHEMIC 

Wu KC. Circ Cardiovasc Imaging 2017; 10:e005461. 

CMR LGE equals histological visualization of LV scar.

Halliday BP et al. Circulation 2017; 136:215-231.
Iles LM et al. Eur Heart J Cardiovasc Imaging 2015; 16:14-22.

NON ISCHEMIC 



Stress CMR

ISCHEMIC CASCADE 
CINE PERFUSION

LGE



Stress CMR: ischemia, 
viability and function

Patel AR, et al. JACC 2021; 78:1655-1668. 

COST-EFFECTIVE 
MODALITY

CMR can accurately:
• detect hemodynamically significant

CAD,
• assess microvascular function,
• predict myocardial viability,
• guide the need for revascularization,
• provide clinical risk stratification

safely and effectively.

It has shown superiority to SPECT
and equivalence to an FFR-guided
invasive angiographic approach to
patient evaluation.



Stress CMR – Essential 
dataset

PERFUSION

CINE

VIABILITY

ISCHEMIA

FUNCTION

LGE



Stress CMR

Physical exercise Wall motion perfusion

Pharmacological 
stress

Vasodilators
Adenosine
Dypyridamole
Regadenoson

Perfusion

Inotropes
Dobutamine

Wall motion



Stress CMR – Typical vasodilator 
stress CMR perfusion protocol

Patel AR, et al. JACC 2021; 78:1655-1668. 

STRESS REST



First pass perfusion –
Stress CMR

INDUCIBLE PERFUSION DEFECT:

• occurs first when contrast arrives in LV
myocardium

• persists beyond peak myocardial enhancement
and for several RR intervals

• is usually most prominent in the subendocardial
portion of the myocardium

• is present at stress but non at rest

• conforms to the distribution territory of
coronaries

STRESS

REST



Stress CMR – First pass 
perfusion

TRUE INDUCIBLE 
PERFUSION 

DEFECT

DARK RIM 
ARTIFACT



First pass perfusion and 
LGE sequences

Courtesy of Prof. Fabrizio Ricci, University of Chieti

MATCHED PERFUSION DEFECT (no inducible ischemia)



First pass perfusion and 
LGE sequences

Courtesy of Prof. Fabrizio Ricci, University of Chieti

UNMATCHED PERFUSION DEFECT (inducible ischemia)



Stress CMR – Visual 
assessment

VISUAL ASSESSMENT

The key diagnostic feature for identifying a
perfusion defect is the arrival and first
passage of the
contrast bolus through the LV myocardium.

Based on comparison between endocardium
vs epicardium, segments and slices to
identify relative hypoperfusion.

Artifacts may be less pronounced or absent
at rest compared with stress images due to
differences in hemodynamics and contrast
kinetics between stress and rest.

STRESS

REST



Stress CMR – Myocardial 
Perfusion Reserve Index (MPRI)

• 218 chest pain patients (mean age 59 ±12 years;
49.5% male) without epicardial CAD

• Median follow-up of 5.5 years

• Average MPRI of that cohort was 1.56 ± 0.33

• Females and a history of hyperlipidemia were
predictors of lower MPRI

• Patients with MPRI ≤ 1.47 had three-fold increased risk of
MACE compared with those with MPRI >1.47 (p = 0.001).

• MPRI was an independent predictor of MACE (p < 0.001).
Zhou W, et al. JACC Cardiovasc Imaging 2021;14:602-611.

A global MPRI ≥ 2.0 is considered 
normal. 



Clinical Case - 1

A 27-year-old psoriatic patient without known CV disease

Basal coronary diastolic 
velocity: 26/18 cm/sec

Hyperemic coronary diastolic 
velocity: 54/22 cm/sec

CFR: 2



Clinical Case - 1

STRESS REST REDUCED MPRI: 0.9

A 27-year-old psoriatic patient without known CV disease



Clinical Case - 1

A 27-year-old psoriatic patient without known CV disease
Biological therapy started 6 months before

CFR: 5

Basal coronary diastolic 
velocity: 22/17 cm/sec

Hyperemic coronary diastolic 
velocity: 107/63 cm/sec



Clinical Case - 1

A 27-year-old psoriatic patient without known CV disease
Biological therapy started 6 months before



Stress CMR – Quantitative 
perfusion assessment

Zorach et al. JCMR 2018; 20:14.

MYOCARDIAL BLOOD FLOW 
(nv > 2.25 ml/min/g)

Reduction of MBF in microvascular disease.

STRESS

REST



Stress CMR –
Myocardial perfusion quantification

NORMAL CORONARY PHYSIOLOGY

STRESS

REST

Kotecha T, et al. JACC Cardiovasc Imaging 2019; 12:1958-1969.



THREE-VESSEL CORONARY DISEASE

STRESS

REST

Kotecha T, et al. JACC Cardiovasc Imaging 2019; 12:1958-1969.

Stress CMR –
Myocardial perfusion quantification



CORONARY MICROVASCULAR DYSFUNCTION

STRESS

REST

Kotecha T, et al. JACC Cardiovasc Imaging 2019; 12:1958-1969.

Stress CMR –
Myocardial perfusion quantification



Stress CMR –
Coronary microvascular dysfunction assessment

Courtesy of Prof. Fabrizio Ricci, University of Chieti



Stress CMR –
Semi-quantitative & Quantitative assessment



Clinical Case - 2

• 55-year-old man
• CV risk factors
• Atypical chest pain



Clinical Case - 2

STRESS

REST

• 55-year-old man
• CV risk factors
• Atypical chest pain



Clinical Case - 2

• Normal LV systolic function
• Inducible ischemia in the LCx territory
• Myocardial infarction in the distal LCx

STRESS

REST

• 55-year-old man
• CV risk factors
• Atypical chest pain



Conclusions

• Stress CMR is a valuable non-invasive test imaging useful to assess
inducible ischemia in patients with moderate or high pre-test likelihood risk
of obstructive CAD, as well as microvascular dysfunction

• An integration of cine sequences, perfusion and LGE sequences are
mandatory

• Stress CMR demonstrated to be a cost-effective tool to guide appropriate
treatment

• Quantitative perfusion mapping is rapidly transitioning into clinical practice to
assess both epicardial CAD and microvascular dysfunction



Thanks for your attention




