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Coronary MRICoronary MRI

 Advantages
• No radiation
• No iodinated contrast media
• “Established” perfusion and viability

 Disadvantages (technical challenges)
• Motion

S i ti• Scanning times
• Spatial resolution



Increased resolution using 3Increased resolution using 3--T and T and 
contrast media usingcontrast media usingcontrast media usingcontrast media using

 High-field MR imaging
• 3-T MRI has higher CNR than 1.5-T MRIg

Prompona et al. Invest Radiol 2009;44:369-374



Decrease artifact:Decrease artifact:
respiratory motion correctionrespiratory motion correction

Bhat et al. MRM 2011;65:1269
Pang et al. SCMR 2012



Optimization of parameters using Optimization of parameters using 
high field MRhigh field MR

 ↓ Acquisition window is more effective than  spatial resolution.
 Double oblique whole-heart MRA is better. Double oblique whole heart MRA is better.
 3T: smaller voxel size than 1.5T

Gharib et al. MRI 2011;29:1125-1130



Regional wall motion abnormalitiesRegional wall motion abnormalitiesRegional wall motion abnormalitiesRegional wall motion abnormalities

 Myocardial tagging segmented k-space spoiled gradient 
echo pulse sequences with a spatial modulation of the magnetization echo pulse sequences with a spatial modulation of the magnetization 
(SPAMM) and complementary SPAMM (CSPAMM)

• SPAMM
• Usually fade in the early diastole (app 400-500 ms)

• CSPAMM• CSPAMM
• Improved tag persistence

U d b th t l  d di t l• Used both systole and diastole

• Disadvantages
• double acquisition time and scan time: 

misregistration



Regional wall motion abnormalitiesRegional wall motion abnormalitiesRegional wall motion abnormalitiesRegional wall motion abnormalities

 Myocardial tagging using EPI CSPAMM
• I  i iti• Image acquisition

in one-breath hold

Stuber et al. MAGMA 1999



Regional wall motion abnormalitiesRegional wall motion abnormalitiesRegional wall motion abnormalitiesRegional wall motion abnormalities

 New approaches
• I h t ti  t ki  th  th  t i• Inherent tissue tracking rather than tagging.

• Harmonic phase imaging (HARP)

• Strain-encoded (SENC) MR

• Displacement encoding with simulated echoes 
(DENSE)

• Encode tissue displacement (HARP and DENSE)p

• Directly encode strain (SENC)



Regional wall motion abnormalitiesRegional wall motion abnormalitiesRegional wall motion abnormalitiesRegional wall motion abnormalities

 SENC
• Direct encoding of regional strain of the heart into the acquired • Direct encoding of regional strain of the heart into the acquired 

image. 

• Measure the strain in the direction orthogonal to the image plane.

• In case of short-axis images, only the longitudinal compression of 
the myocardium from base to apex is measured. On the other 
hand  circumferential shortening of the myocardium can be hand, circumferential shortening of the myocardium can be 
measured in the long-axis views of the heart (such as the four-
chamber view).



Time

Decreased strain of RCA territory with wall thinningDecreased strain of RCA territory with wall thinning

MIIP in Nile University



Flow quantificationFlow quantificationFlow quantificationFlow quantification

 2D Velocity encoded cine (VENC) MR
• M t id l  d• Most widely used.

 Newer sequences of VENC MR
• Resolution of velocity vector in 3D

• Spatial coverage of 3D volumeSpatial coverage of 3D volume

• Temporally resolved throughout cardiac cycle

 Complete spatial and temporal resolution of velcoity

Higher SNR

Fl   f h  h   l• Flow patterns of the heart, great vessels.

• More accurate information of velocity.



PC images for x-,y-,and z-axis veloci
ty 

P tt f t flPatterns of aorta flow

Markl et al JMRI 2003Markl et al. JMRI 2003



Westenberg et al. Radiology 2008



Myocardial scar (DEMyocardial scar (DE MRI)MRI)Myocardial scar (DEMyocardial scar (DE--MRI)MRI)

 2D-IR spoiled gradient echo
 Real time acquisition without breath hold (IR Real-time acquisition without breath hold (IR-

SSFP)
Ad t   l  th   • Advantage : less than 30s scan
• For acutely ill, cannot hold one’s breath

A h h i• Arrhythmia
• Disadvantage

• Lower spatial resolution
• Less T1 weighting
• Reduced CNR: mildly decreased sensitivity and 

underestimation of transmural extent



Sievers et al. Circulation 2007



Myocardial scar (DEMyocardial scar (DE MRI)MRI)Myocardial scar (DEMyocardial scar (DE--MRI)MRI)

 Quantification of scar
• U i  t d d d i ti• Using standard deviation

• SI more than 2 (m.c) or more st-dev than normal

Attili et al. Int J CV Imaging 2010





Myocardial scar (DEMyocardial scar (DE MRI)MRI)Myocardial scar (DEMyocardial scar (DE--MRI)MRI)

 Quantification of scar
• F ll idth h lf i  d l• Full-width-half-maximum model

• Much less sensitive to variations in image acquisition 
tparameters

full width at half maximum (FWHM) criterion an initialfull-width at half-maximum (FWHM) criterion—an initial 
region is determined to grow to include all pixels with 
signal intensity (SI) >50% of a user selected point. 
The maximum signal intensity (MX) inside this initial 
region is then determined, and the final MI extent is g ,
defined as the area presenting with a signal intensity 
50% above the maximum of the initial region (MI = MX * 
0.5). 

Amado  et al. JACC 2004



Myocardial scar (DEMyocardial scar (DE MRI)MRI)Myocardial scar (DEMyocardial scar (DE--MRI)MRI)

 Quantification of scar
• F ll  t t d t h i  t  bt i  t  • Fully automated technique to obtain accurate 

assessment of the size of MI.

Hsu  et al. JMRI 2006



Vessel wall and plaque imaging (I)Vessel wall and plaque imaging (I)

 Vessel wall thickness 
: CAD and aging: CAD and aging

 Wall enhancement
 High intensity plaque High intensity plaque

24yr                              40yr                              59yr

Kim WY et al Circulation 2002;106:296 299

Scott et al. JMRM 2011

Kim, WY. et al. Circulation 2002;106:296-299



Vessel wall and plaque imaging (II)Vessel wall and plaque imaging (II)
Using Black blood technique

V l ll thi k  Vessel wall thickness 
 Wall enhancement:  enhancement in CAD segments

Hi h i t it l High intensity plaque

Yeon, SB. et al. J Am Coll Cardiol 2007;50:441-447

AMC case



Vessel wall and plaque imaging (III)Vessel wall and plaque imaging (III)

 Vessel wall thickness 
 Wall enhancement Wall enhancement
 High intensity plaque  positive remodeling, ultrasound attenuation, 

spotty calcification in the IVUS.

Kawasaki et al. J Am Coll Cardiol CV Imaging 2009



Vessel wall and plaque imaging (IV)Vessel wall and plaque imaging (IV)Vessel wall and plaque imaging (IV)Vessel wall and plaque imaging (IV)

 Phase sensitive BB- imaging using 3-T: better CNR

Khaled et al. MRM 2010;63:1021-1030



Molecular targeted MRIMolecular targeted MRI

 Targeted agents Targeted agents
• Specific plaque components
Fibrin in thrombi: EP-2104R
Macrophage: SPIO

Spuentrup, Botnar, et al. Eur Radiol 2009;18:1995



Specific contrast mediaSpecific contrast mediaSpecific contrast mediaSpecific contrast media

 Gadofluorine (Circ Imaging, 2009)
• GdF was uptaken RAM-11(macrophages) and CD-31GdF was uptaken RAM 11(macrophages) and CD 31 

(endothelial cells) 24 hour after administration.
• GdF accumulates in highly inflamed, lipid-rich cores. g y p



Plaque imaging using SPIOPlaque imaging using SPIOPlaque imaging using SPIOPlaque imaging using SPIO

 Decrease USPIO uptake after statin use (Tang, 
JACC 2009)JACC 2009)



ConclusionsConclusions

 Perspectives of MR coronary imaging
• Development of fast acquisitionp q
• Reducing motion
• Quantification methods
• Plaque imaging, molecular imaging, tissue charaterization


