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IMPACT:
• Spin-echo diffusion weighted MRI enables the
acquisition of high resolution in vivo cardiac diffusion tensor
imaging data at three different cardiac phases in healthy
human volunteers.
• High resolution imaging allowed the visualization of
distinct populations of aggregate cardiomyocytes in the LV,
which were observed to orient more longitudinally during
contraction and more circumferentially during filling.
• Non-invasively measuring aggregate cardiomyocyte
mobility has the potential to provide a link between
microstructural remodeling and cardiac dysfunction in
patients with heart disease.
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INTRODUCTION
Myocardial micro-architecture
• Composed of Aggregate 

cardiomyocytes (myofibers)
• Orientation change transmurally from 

epicardium to endocardium in a 
helical manner. 

• Cardiomyocytes orientation and 
performance underlie cardiac 
deformation

REFERENCES
Heart Microstructure:
1. Axel et al. JCMRM 2014
2. Lombaert et al. IEEE TMI 2012
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INTRODUCTION

OBJECTIVE
To measure cardiomyocites
orientations and mobility in vivo using 
cardiac diffusion imaging (cDTI)
METHODS
• Three distinct cardiac phases

during contraction and filling in
healthy volunteers (n=9)

• Free-breathing
• High Resolution Spin-Echo EPI

sequence
• Second order gradient moment

compensation for diffusion encoding
• Helix Angle as a function of wall

depth.

RESULTS
• HAR:

Early Systole [75.2 ± 16°]  
Late Systole [97.5 ± 13.9°] 
Diastole [84.1 ± 16°]

• MD(MM2/S 10-3)/FA:
Early Systole – [1.8 ± 0.16; 0.37 ± 0.04]
Late Systole – [1.6 ± 0.08; 0.35 ± 0.02]
Diastole – [1.7 ±0.10; 0.36 ± 0.02]

DISCUSSION
For the first time, high resolution cDTI
data in vivo and free-breathing for three 
cardiac phases was reported (~7min per 
cardiac phase).

Results show an increase in range for 
both global and regional HA mobility:

During contraction cardiac myocytes 
orient more longitudinally
During filling cardiac myocytes orient 
more circumferentially. 

These observations can provide new 
clinical insight into LV deformation and 
function in healthy and diseased hearts.

Myocardial micro-architecture

• Cardiomyocyte organization and performance underlie cardiac 
deformation

• The in vivo mobility of these cells during contraction and filling remains 
poorly described. (3–6).

• Cardiac diffusion tensor imaging (cDTI) has emerged as an insightful 
method for determining the orientation of the heart’s microstructure in 
vivo.

• cDTI remains challenging in vivo due to cardiac motion
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METHODS
1. Diffusion Encoding Waveform

NAV

M1-2 Motion compensated diffusion 
encoding waveforms

90°(z)

EPI

180° (y)

• 3T scanner (Siemens, Prisma)
• Nine healthy volunteers
• Three Cardiac Phases (Early systole, late systole, diastasis)
• Free breathing
• ECG triggering (5-7 min per cardiac phase)

Imaging Parameters: Resolution [mm3] 1.5x1.5x8
TE [ms] 61
TR [ms] 4000

Bandwidth [Hz/px] 2250
Parallel Imaging Grappa 2

b-value 0, 350
Diffusion Direction 12

Matrix Size 128x128
Partial Fourier 6/8
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METHODS
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2. Trigger Delay (TD) Scout

Cardiac Phases:
i. Early systole

After the R-wave 
TD~100-150ms

ii. Late systole 
As close to peak contraction

TD~250-300ms
iii. During diastasis 

TD~700-800ms
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METHODS
3. Helix Angle Calculation

The angle between the local circumferential direction and the projection of the 
cardiomyocyte orientation onto the plane tangent to the epicardial surface.

NB DIR X DWI HELIX ANGLE
(HA)

CARDIOMYOCYTE
ORIENTATIONS

HA MAP

DEPTH MASK HA VS WALL DEPTH

E F

ENDO EPIMID
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The reported HAR agree well with ex vivo cDTI data on:
1. ex vivo rats hearts:

Early Systole: 111°
Peak Systole: 134°
Diastasis: 105°
111°, and 134°

Higher mobility at the epicardium  was also reported.

2. ex vivo/in vivo swine hearts:
Relaxed State: 87°- 89°
Contacted State: 107°- 109°

Minimal changes in HAR have been reported from in vivo swines.

3. in vivo healthy human LV:
Systole: 72°- 77°
Diastole; 54°- 56°

Data have also shown a steepening of HA during systole
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