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Heart Anatomy
• 4 Chambers

• Right atrium
• Right Ventricle
• Left Atrium
• Left Ventricle

• 4 Valves
• Tricuspid valve
• Pulmonic valve
• Mitral valve
• Aortic valve

• Average heart beat 40-80 BPM
• 100.000 beats every day

• During exercise up to ~200 BPM

• Myocardial blood flow (MBF) at rest
• 1 mL/g/min

https://www.imaios.com/en/e-Courses/e-MRI/Cardiac-MRI



Heart Anatomy
• Right coronary artery

• supplies the right atrium and right 
ventricle

• Left main coronary artery
• branches into the circumflex artery and 

the left anterior descending artery
• The circumflex artery supplies blood to 

the left atrium, side and back of the left 
ventricle.

• The left anterior descending artery 
supplies the front and bottom of the left 
ventricle and the front of the septum



Imaging planes

Horisontal long axis

Short axis

Vertical long axis



MR: How to select the image plane



2 chamber view



3 chamber view



4 chamber view



Short axis



MR Contrast agent

• Gadolinium
• Toxic
• Chelated in cyclic structure

• Paramagnetic properties
• Interacts with water molecules
• Increases relaxation speed

• MR contrast
• Increased T1 signal (Signal Gain)
• Decreased T2* signal (Signal Loss)



MR Contrast Agent
• Linear effect until a certain point

• Correction for non-linearity needed
• Additional acquisition of T1 map

Hagberg et al. 2013, DOI: 10.1002/cmmi.1565



Cardiac MRI Examination



Cardiac MRI Examination

Coelho-Filho et al., 2013, DOI: 10.1148/radiol.12110918



T1 mapping
T1 Map

Range: [0-2 sec]



Myocardial Perfusion Imaging
• 3 short axis slices
• ~ 2 images per second
• Stress using Adenosine
• Rest



Myocardial Perfusion Imaging

Raw data Motion Corrected and filtered



Arterial Input Function (AIF)

Raw data

Motion Corrected and filtered



Tracer 
Kinetic 

Modelling

Robinson et al, 2019, Cardiac Magnetic Resonance (E Nagel and V Puntmann, Section Editors)



Tracer Kinetic Modelling

Mohy-ud-Din, 2014, SPIE DOI: 10.1117/12.2043947



Tracer Kinetic Modelling
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2 compartment model

Extraction in
myocardium is ~60%

Perfusion limited





Perfusion map
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Sectors on short axis



Healthy subject: Rest
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Healthy subject: Stress
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Healthy subject

Rest Stress
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Clinical cases



Cardiac MRI Examination

Coelho-Filho et al., 2013, DOI: 10.1148/radiol.12110918



Late enhancement
• Nulling of myocardium

• Assessment of myocardial scar 
formation

• Acquired 15-20 min after
gadolinium injection

• Result of regional differences 
in myocardial extracellular 
volume and different uptake 
and washout patterns within 
the extracellular space



Summary

• Non-invasive measurement of myocardial 
perfusion status
• Stress and resting conditions

• Gadolinium is used as tracer
• Increase the signal on T1 weighted images

• Fast imaging gated to heart frequency
• ~2 images pr second

• Tracer kinetic modelling to extract physiological 
parameters (MBF)
• Compartment modelling
• Model-free deconvolution


