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Dr Felix Keng

Current Role of Cardiac MRI

Ischemia & infarction detection

Coronary artery disease & flow reserve

Viability assessment

Congenital heart disease

Structural heart disease & cardiomyopathies

Risk stratification

Emergency room screening

Type of Infarctions



3/2/2011

2

Present modalities to assess 

myocardial viability

Echocardiography

Nuclear SPECT Imaging

PET

MultiSlice CT

Cardiac MR

Advantages and 

Disadvantages of Stress-Echo

Advantages:

Versatility

bedside-diagnosis 

Low costs

Disadvantages:

Sometimes poor image quality

limited sensitivity

Advantages and Disadvantages 

of  Thallium/Sestamibi SPECT

Advantages:

better reproducibility (than Stress-Echo)

higher sensitivity

Availability

Disadvantages:

poor spatial resolution

sometimes poor image quality

attenuation artifacts

Radiation

Advantages and 

disadvantages of PET

Advantages:

Relatively good sensitivity and specificity

Disadvantages:

Reduced availability

Costs

Radiation
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MRI can assess viability

Dobutamine stress 

MRI

Gadolinium late 

enhancement

Contrast enhanced MR infarct 

imaging

First described 1982
– Goldman MR, Pohost GM .  Quantification of experimental 

myocardial infarction using nuclear magnetic resonance imaging 

and paramagnetic ion contrast enhancement in excised canine 

hearts. Circulation. 1982; 66: 1012-6

Gd described 1984
– Weinmann HJ et al. Characteristics of gadolinium-DTPA complex: a 

potential NMR contrast agent.  Am J Roentgenol. 1984; 142: 619-

24.

Gd-DTPA infarct imaging 1984
– Wesbey GE, Higgins CB, Brasch RC et al.  Effect of gadolinium-

DTPA on the magnetic relaxation times of normal and infarcted 

myocardium. Radiology. 1984 ; 153: 165-9

Gd-DTPA

Paramagnetic metal with the most unpaired 

electrons, so the most efficient T1 relaxing agent

Chelated, small extracellular (extra-vascular) 

agent

GdT1, steady state signal, image bright

Concentrate in areas where there is free water, 

e.g. in areas of myocardial infarction where cell 

death is followed by free water accumulation

All the commercially available agents appear to 

behave the same in vivo

Gd-DTPA myocardial 

enhancement

3 Phases

First Pass: Perfusion

Early Phase (1-3min): Hypo-enhancement

Late Phase (5-20min): Delayed 

enhancement
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GD late enhancement

Amount of necrosis/fibrosis

Assessment of transmural extent of 

necrosis

Myocardial Viability

• Inversion pulse with TI to null the 

normal myocardium.

• Acquisition by segmented FLASH 

type sequence.

Typical Contrast-Enhanced Images Obtained by MRI in a Short-Axis View 

(Upper Panels) and a Long-Axis View (Lower Panels) in Three Patients. 

Hyperenhancement is present (arrows) in various coronary-perfusion 

territories — the left anterior descending coronary artery, the left circumflex 

artery, and the right coronary artery — with a range of transmural 

involvement.



3/2/2011

5

Delayed 

Hyperenhancement

Stress perfusion

Rest perfusion

MRI in Coronary Imaging

Current resolution of MRI
Spatial Resolution 0.7 X 0.7 mm

Temporal Resolution 100 - 200 ms

Possible to image coronaries along the entire 

length of the artery

Coronary wall imaging possible because of 

high spatial resolution, with fat saturation and 

blood flow suppression

Plaque imaging a real possibility
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In vivo cross-sectional Black Blood - MR images of lumen (A) and wall (B) of proximal LAD from normal subject 

(see arrow). Lumen image is obtained without fat saturation; wall image is obtained with fat saturation to better 

delineate coronary artery wall. Blood flow in coronary artery lumen is suppressed with velocity-selective inversion 

preparatory pulses. Images show normal circular lumen surrounded by uniform thin coronary wall. Average wall 

thickness of LAD measures 0.8 mm. B, Inset, Magnified view of LAD. Some imaging parameters were TR=2 RR 

intervals, TE=40 ms, 24x18-cm FOV, 3-mm slice thickness, 384x384 acquisition matrix, NSA 1, 32 echo train 

length, 125-kHz data sampling. LV indicates left ventricle; RV, right ventricle; RVOT, right ventricular outflow 

tract; and CW, chest wall.

In vivo cross-sectional BB-MR images of lumen (A) and wall (B) of RCA from 45-year-old male patient with ectatic 

atherosclerotic coronary arteries and thickened coronary wall. Lumen image is obtained without fat saturation; wall 

image is obtained with fat saturation to better delineate coronary artery wall. Blood flow in coronary artery lumen is 

suppressed with velocity-selective inversion preparatory pulses. Maximum wall thickness is 3.3 mm. BB-MR cross-

sectional lumen image reveals circular lumen and anterior plaque (arrow, A). Cross-sectional image of wall clearly 

reveals variably thick proximal RCA, with wall thinner around 6 o’clock position and thicker in other sectors (B). B, 

Inset, Magnified view of RCA.

Double-oblique MR view of RCA that allowed planning the subsequent coronary vessel wall scan perpendicular to 

RCA. Image was acquired with navigator-gated and -corrected 3D TFE-EPI technique.21 RV indicates right ventricle; 

LV, left ventricle; Ao, aorta; and PA, pulmonary artery.

Aneurysm & Thrombus 

Imaging
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Aneurysm & Thrombus

Accurate delineation of size of aneurysm / 

pseudoaneurysm and thickness of affected 

wall

Thrombus size <10 mm can be detected 

reliably, usually missed by TTE or TEE

Age of thrombus can be assessed

Type of thrombus, mural vs mobile etc can 

also be accurately assessed

Serial assessment for resolution after anti-

coagulation

Top, Transverse cardiac spin-

echo magnetic resonance image 

plane showing a left ventricular 

thrombus occupying the whole 

left ventricle of a patient with a 

previously sustained large 

anterior wall infarction. 

Aneurysmal formation of the 

anteroapical area can be 

observed. After surgical 

removal, the largest diameter of 

the thrombus measured 7 cm. 

Bottom, Schematic drawing of 

top image. LV indicates left 

ventricle; RV, right ventricle; and 

T, thrombus. 

Typical presentation of large apical thrombus 

on CE-MRI, short-axis view (left), vertical 

long-axis view (right). Thrombus visible as 

dark, intracavitary structure (dark arrow). 

Presence of an almost completely 

transmural scar in LV apex (white arrow). 

Thrombus was visible on CINE-MRI, not on 

TTE. B, Small apical thrombus not visible on 

CINE-MRI or TTE. Horizontal long-axis view 

(above), vertical long-axis view (below). 

CINE-MRI (Movie I, II) shows apical 

dyskinesia, but no thrombus. On CE-MRI, 

small apical thrombus is visible (black 

arrow). Presence of transmural scar in LV 

apex (white arrow). C, Small thrombus 

adjacent to anteroseptal wall. Small, black 

thrombus trapped in myocardial 

trabeculations is well visible on CE-MRI 

(arrow), but not visible on short-axis and 

vertical long-axis CINE-MRI (Movie III) or on 

TTE.
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Small septal thrombus (arrow) visible on CE-MRI. After 2 weeks of oral 

anticoagulation, no residual thrombus is visible (below). 

LV Aneurysm

Pericardial Disease

Pericardial Disease

Good assessment of pericardium for 

thickening, fibrosis, metastasis etc

Assessment of pericardial constriction
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Pericardial Thickening

Arrhythmogenic Right 

Ventricular 

Dysplasia/Cardiomyopathy

ARVD

Probably the most accurate non-invasive 

diagnosis of ARVD

Amount of fibro-fatty involvement can be 

accurately assessed Normal MRI scan. This T1-

weighted axial section 

demonstrates normal 

ventricular anatomy. LV 

indicates left ventricle; RA, 

right atrium.

MRI scan demonstrating 

thinning of the RV wall. 

This T1-weighted axial 

image demonstrates 

extreme thinning of the 

anterior RV free wall. On 

the cine loop, decreased 

systolic thickening was 

present in the RV free 

wall.

MRI scan demonstrating fatty 

infiltration of the RV wall. This 

T1-weighted axial image 

demonstrates fat deposition 

within the RV free wall (arrow). 

On the cine loop, decreased 

systolic thickening was present 

in this region. Note the normal 

distribution of fat in the AV 

groove and epicardium. Left 

ventricular hypertrophy is also 

present.
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Valvular Disease

Aortic Regurgitation

Congenital Heart Disease

A, Spin-echo image of a 

secundum ASD (arrow points 

into defect from left atrium) 

showing prescription of a 

modified short-axis view 

orthogonal to a line drawn 

across ASD opening in this four-

chamber view. Timing of slice 

through middle of the defect 

(marked by a cross, right) will be 

in early diastolic filling period. B, 

Modified short-axis spin-echo 

image centered in ASD, 

acquired with prescription in A, 

showing orientation of ASD 

plane (marked with a cross, 

right) in which cine images will 

be acquired. Two arrows in right 

atrium point to edges where the 

interatrial septum attaches at 

posterior wall and near aortic 

root anteriorly. Typical imaging 

parameters for both A and B: 

Field of view, 31 cm; y

resolution, 160; slice thickness, 

7.5 mm; echo time, 25 ms; and 

signal averages, 4. 
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Spin-echo (left) and cine (right) images of a secundum ASD obtained in the same 

plane in the four-chamber view, demonstrating overestimation of ASD size in spin-

echo images. Two white arrows in left atrium in spin-echo image point to the 

apparent edges of the defect, which are 22 mm apart. Two black arrows in cine 

frame point to base of diverging signal void created by ASD jet within bright right 

atrial blood pool. Width of jet where it emerges from orifice is only 8 mm. Defect 

may thus involve only part of thin septum at fossa ovalis, and true diameter is 

smaller than it appears in spin-echo image. 

HOCM

Summary

MRI with contrast enhancement is an 

excellent way of detection of myocardial 

viability. With improvement of technique 

and new body coils, it is envisioned to 

become the “gold standard” of viability 

determination

However, it is disadvantaged by the 

paucity of facilities and cost


