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Context

Cardiac imaging on rodents on clinical scanners 

• Importance of research on rodents 
• Dedicated scanners not always available
• Importance of translational research for drug or medicine studies
• Problem of hardware limitations (gradient amplitude and slew-rate)
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New cine sequence
Compatible with resolutions needed in 

stress studies in mice (TR=8.6ms)1



3

...
phase 1 phase 2 phase 3

k y

kx

TR TR = time to acquire one segment 
(several k-space lines)

Cine acquisition



3

...
phase 1 phase 2 phase 3

k y

kx

TR TR = time to acquire one segment 
(several k-space lines)

Cine acquisition



3

...
phase 1 phase 2 phase 3

k y

kx

TR TR = time to acquire one segment 
(several k-space lines)

Cine acquisition



3

...
phase 1 phase 2 phase 3

k y

kx

TR TR = time to acquire one segment 
(several k-space lines)

Cine acquisition



3

...
phase 1 phase 2 phase 3

k y

kx

TR TR = time to acquire one segment 
(several k-space lines)

Cine acquisition



3

...
phase 1 phase 2 phase 3

k y

kx

TR TR = time to acquire one segment 
(several k-space lines)

Cine acquisition



3

...
phase 1 phase 2 phase 3

k y

kx

TR TR = time to acquire one segment 
(several k-space lines)

Cine acquisition



3

...

... ... ...

phase 1 phase 2 phase 3

k y

kx

TR TR = time to acquire one segment 
(several k-space lines)

Cine acquisition



3

phase 1 phase 2 phase 3

Robust function evaluation: 11 phases per cycle (Roussakis et al., JCMR 2004)
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The best we can do:  in-plane resolution 257 μm2, TR 13.5 ms

Best is not enough...

TR should be 
around 9 ms

1Wiesmann et al., Circ Res, 88(6):563-9, 2001

‣  10 times higher gradient strength 
‣ Modify sequence scheme

Cine acquisition
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Basic sequence (TR=13.5ms)

Interleaved cine (TR=6.8ms)

“Flickering” artifact due to combination of 
images with different artifacts (flow)

First results
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�ŝn�1

Image enhancement



Variational model

9

n: temporal indice
^: Fourier transform

0 10 20 30 40
600

800

1000

1200

Case 1: original After soft thresh.

J(s) =
�

n

�fn − sn�22 + λ
�

n
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Reference: 
Basic cine TR 13.5 ms - 2 averages

Interleaved cine:
 TR 27 ms - 2 repetitions (no average)

final TR = 13.5 ms

2 evaluation indices : 
Energy E

Noise reduction 10 log
Edenoised

Eoriginal

E =
����

∂

∂t
�I − Iref�2

���

Denoising evaluation
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Noise reduction (n=8):

14

J(s,A,ω,φ) =
�

n

�fn −A sin(ωk + φ)− sn�22 + λ
�

n

�ŝn�1n

Original IC 2.11±2.88 *1024 -

Soft threshold 
only

4.37±6.12 *1023 -6.0±2.2 dB

Complete 
model

1.24±1.58 *1023 -10.4±3.8 dB

E Noise reduction

Denoising evaluation
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• Interleaved cine

• Same total acquisition time as basic cine

• Data sampling at different time points (no slidding window)

• Denoising algorithm and temporal regularization

• Fast and non-iterative

• Works in image domain, still possible to use parallell imaging (SENSE or 
GRAPPA)

• Sequence available for cardiac assessment in mice

• Already used in 2 large studies (diabetes, infarction)
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Conclusions
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