
High time-resolved cardiac functional 
imaging with temporal regularization 
in mouse on a clinical 3T scanner

1University of Geneva - Faculty of medicine, Geneva, Switzerland
2Division of Cardiology - Department of Medicine, Geneva University Hospital – 

Foundation for medical researchers, Geneva, Switzerland
3Department of Radiology and Medical Informatics - University of Geneva, Geneva, Switzerland 
4Institute of Bioengineering - Ecole Polytechnique Fédérale de Lausanne, Lausanne, Switzerland

Delattre BMA1

Van De Ville D3,4

Braunersreuther V2

Pellieux C2

Hyacinthe J-N1

Lerch R2

Mach F2

Vallée J-P1

BASP Workshop - Villars 09.08.2011



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
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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
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‣  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

Case 1: original After soft thresh.

J(s) =
�

n

�fn − sn�22 + λ
�

n
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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

10 20 30

0
500
1000
1500
2000
2500

FT

10 20 30

0
500
1000
1500
2000
2500

soft 
thresh.

Case 1: original After soft thresh.

J(s) =
�

n

�fn − sn�22 + λ
�

n

�ŝn�1

Image enhancement



Variational model

9

n: temporal indice
^: Fourier transform

0 10 20 30 40
600

800

1000

1200

10 20 30

0
500
1000
1500
2000
2500

FT

0 10 20 30 40
600

800

1000

1200

FT-1

10 20 30

0
500
1000
1500
2000
2500

soft 
thresh.

Case 1: original After soft thresh.

J(s) =
�

n

�fn − sn�22 + λ
�

n
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�ŝn�1
n: temporal indice
^: Fourier transform

Image enhancement



Variational model

10

Case 2:
original

J(s) =
�

n

�fn − sn�22 + λ
�

n
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�ŝn�1n

Image enhancement



11

Variational model
n: temporal indice
^: Fourier transformJ(s,A,ω,φ) =

�

n

�fn −A sin(ωk + φ)− 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



Acknowledgments

Service of Radiology
Prof. Jean-Paul Vallée

Dr. Jean-Noël Hyacinthe

Medical Image Processing Lab
Prof. Dimitri Van De Ville

Service of Cardiology
Prof. François Mach

Dr. Vincent Braunersreuther
Dr. Fabrizzio Montecucco

Prof. René Lerch
Dr. Corinne Pellieux

20

Swiss National Science Foundation : 
grants PP00B3-116901 and PP00P2-123438

Center for Biomedical Imaging (CIBM) Geneva and Lausanne Universities, EPFL 
and the Leenaards and Louis-Jeantet foundations


