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CMR syllabus on ACUTE ISCHEMIC HEART DISEASE 

1/ Acute coronary syndromes (ACS) 

Clinical application of CMR in the emergency department 

Indications 

Scanning protocol 

Differential diagnosis ACS (chest pain, troponin rise & normal coronary arteries) 

* Myocarditis 

* Takotsubo cardiomyopathy (see also chapter 3.4) 

* Myocardial infarction with spontaneous recanalisation/coronary embolus 

* Acute aortic syndromes (Aortic dissection/intramural haematoma/ penetrating atherosclerotic ulcer) 

* Pulmonary embolism 

T2 weighted CMR (sequences, scanning technique) 

Novel techniques for oedema (T2-mapping) 

Area at risk & salvaged area 

Peri-procedural injury 

Clinical & prognostic significance 
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Ricardo C. Cury et al. Circulation. 2008;118:837-844

Patients with acute chest pain, negative cardiac biomarkers, and no ECG changes indicative of acute ischemia
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Prognostic Value of Adenosine CMR Perfusion
in Patients with Chest pain, inconclusive ECG, negative troponin

Ingkanisorn, JACC 2006
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Tissue Characterisation

Function LGE

Myocardial oedemaCMR PROTOCOL:
• Cines
• T2-STIR / T2 mapping
• (Stress perfusion, if trop neg!!)
• LGE
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Case 1

40 yo Caucasian male

Acute chest pain

ECG: T-wave inversion V2-V6

TnI: 9.0 ug/L

Echo: normal
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Case 1: T2-STIR  and LGE

T2 weighted images

T1 weighted images@chiarabd



What is the likely diagnosis? 

1. Myocarditis 

2. Tako Tsubo

3. Embolic MI 

4. Normal 

5. I don’t know 
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Case 1: T2-STIR  and LGE

T2 weighted images

T1 weighted images
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LGE and Edema: Patterns of Recognition

Mahrholdt H et al , EHJ 2005; 26: 1461-74
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Case 1: T2-STIR and LGE ACUTE MYOCARDITIS

T2 weighted images

T1 weighted images
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Case 2

48 year old lady

Chest pain

No cardiac risk factors

Troponin T 536 ng/L (normal <14 ng/L)

CRP 10 mg/L (normal <10 mg/L)
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Transthoracic echocardiogram: normal

Case 2 - ECG
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Case 2- Angiogram
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Case 2- Long- and Short-Axis Cines
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Case 2- LGE Images 

1. Myocarditis 

2. Tako Tsubo

3. Embolic MI 

4. Normal 

5. I don’t know 
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Case 3

52 year-old male 

2 hours of chest pain 

No cardiac risk factors

Troponin T 1,438 ng/L (normal <14 ng/L)

CRP 36 mg/L (normal <10 mg/L)
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Case 3-ECG

Transthoracic echocardiogram: normal
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Case 3- Angiogram
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Cardiac MRI- cine images

No regional wall motion abnormalities
No pericardial effusion  
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Case 3- T2-STIR images

Mid-wall and epicardial 

myocardial oedema 

on T2-STIR imaging
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Case 3- LGE images
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Myocarditis- Lake Louise Criteria (2009) 

C Bucciarelli-Ducci

In the setting of CLINICALLY suspected myocarditis, at least 2 criteria: 

• Regional or global myocardial SI increase in the T2w images
• Increased global EGE* ratio myocardial/skeletal muscle in T1w images (≥2)
• At least 1 focal non-ischemic LGE in the IR-GRE T1-weighted images                 

Friedrich
JACC 2009

- Body coil 
- Surface coil normalisation
- Early gadolinium enhancement (EGE): at least 5min after contrast
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30

Myocarditis- Lake Louise Criteria (2018) 

C Bucciarelli-Ducci
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New 
diagnosis

25% 29%

No change 34% 12%

Clinical 
impact 
Overall 
(n=204)

No change Change in 
management

Post-CMR diagnosis

Pre-CMR 
diagnosis

Total sample 
n=204

Myocarditis MI TakoTsubo Other CM Normal 
CMR

Myocarditis 34 23 5 4 7

MI 10 6 8 6 1

TakoTsubo 1 5 3 0 2

Other CM 1 0 1 0 0

Uncertain 8 19 2 8 50

• 204 consecutive patients (mean age 55yrs & 51% males)

• “Early” (<2wks) CMR in 96 patients “Late” (>2weeks) in 108

• Overall diagnosis in 70% of patients with CMR

• Diagnostic value improved significantly when carried out early 
(within 2wks) – 82% vs 54% (p<0.001)

Dastidar D, …… Bucciarelli-Ducci C. JACC Imaging 2017

CMR in MINOCA: timing of CMR
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Tako-Tsubo Cardiomyopathy

Dastidar A, ….. Bucciarelli-Ducci C. Heart Fail Rev 2015 

Extensive 

Myocardial Edema

No 

myocardial scarring
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Clinical Characteristics and CMR Findings 
in Stress (Takotsubo) Cardiomyopathy

Eitel et al. JAMA. 2011;306(3):277-286.
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McAlindon E,….. Bucciarelli-Ducci C
Radiology 2015 

T2-STIR T2 mapping

Early gadACUT2E
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2/ Complications of acute myocardial infarction 

Intracardiac thrombus 

Pseudoaneurysm – contained myocardial rupture 

True aneurysm 

Ventricular septal defect 

Acute mitral regurgitation 

3/ No reflow phenomenon – microvascular obstruction (MVO) 

CMR techniques for MVO assessment 

Early vs persistent MVO 

Differentiation from thrombus 

Clinical validation & application 

Infarct/reperfusion haemorrhage 

4/ Peri-infarct zone

Definition 

Clinical & prognostic significance 
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Left Ventricular Thrombus
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Left Ventricular Thrombus

Early gad LGE
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LV pseudo-aneurysm
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Impending 
Cardiac Rupture

Post MI Ventricular Septal Defect
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ACUTE MR

Infarcted papillary muscles

Lateral wall infarction 

Bucciarelli-Ducci C

LGE imaging: 
Lateral infarction (LCx territory) 

Cine imaging
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Acute Myocardial Infarction

viable 
myocardium

myocite necrosis 
w/out microvascular 

damage

myocite necrosis
microvascular 

damage
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CMR techniques for MVO:

• Early gadolinium enhancement
• Late gadolinium enhancement
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Thrombus: 
• Does not change its size early vs late LGE
• Sits over the infarct (compare with cine and LGE)

MVO: 
• Gets smaller with time (contrast fills in)
• Sits within the infarct (compare with cine and LGE) 
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Infarction and MVO

MVO
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•Cardiovasc death
•Re-infarct
•HF
•stroke

Prognostic Value of MVO

Wu K, Circulation 1998
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Patient A Patient B

3 days 
after STEMI

Patient A Patient B

6 months
after STEMI
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Patient BPatient A

LGE Images

3 days after STEMI
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Kim RJ et al, Circulation 1999

Aletras AH et al, Circulation 2006Rochitte C et al, Circulation 1998

MICROVASCULAR DAMAGE

MYOCARDIAL NECROSIS

MYOCARDIUM AT RISK

Validation 
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• Disruption of capillary integrity during 
myocardial necrosis 

• Leakage of red blood cells into the 
interstitium during the reflow period

CMR:

selective shortening of T2 
relaxation times in hemorrhagic 

regions consistent with the 
paramagnetic effects of 

deoxyhemoglobin

Intramyocardial Hemorrhage

*** Haemorrhage:

hypointense in T2w
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Intramyocardial Hemorrhage

Van den Bos et al, Eur Heart J 2006 Basso C et al, AJC 07

Hemosiderin deposits
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Ganame, ......Bogaert, Eur Heart J 2009 @chiarabd



Unadjusted survival curves of the cumulative incidence of death, reinfarction, and new 

congestive heart failure during the first 6 months after infarction in patients with and without 

the presence of a hypointense core in T2-weighted imaging (A) and in pati...

Eitel I et al. Circ Cardiovasc Imaging 2011;4:354-362
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Inferior LV infarction in a 56-year-old man with proximal RCA occlusion 

Masci PG., ……… Bogaert et al. Circulation 2010;122:1405-1412

ACUTE 
RV infarction
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Schmidt Circulation 2007; 115: 2006
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2020 ESC NSTEACS
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