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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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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)

New cine sequence
Compatible with resolutions needed in
stress studies in mice (TR=8.6ms)'

2 1- Wiesmann et al. Circ. Res. 88 :563-569 (2001)
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Cine acquisition
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‘__’TR TR = time to acquire one segment
(several k-space lines)

Robust function evaluation: | | phases per cycle (Roussakis et al., JCMR 2004)
3
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Cine acquisition
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| | phases
Human TR should be Mouse
15 cm around 9 ms | cm
60 bpm 600 bpm

On dedicated scanner: in-plane resolution |17 um?,TR 8.4 ms’

The best we can do: in-plane resolution 257 um?,TR 3.5 ms

» 10 times higher gradient strength

Best is not enough... » Modify sequence scheme

'Wiesmann et al., Circ Res, 88(6):563-9, 2001 4
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Basic sequence (TR=13.5ms)

Interleaved cine (TR=6.8ms)



First results

Basic sequence (TR=13.5ms)




First results

Basic sequence (TR=13.5ms)

Interleaved cine (TR=6.8ms)

“Flickering” artifact due to combination of
images with different artifacts (flow)
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n: temporal indice
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2 fn(a, y) sin(wn + ¢)
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Image enhancement

- , . n: temporal indice
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Denoising evaluation

reference reference

Reference:
Basic cine TR 13.5 ms - 2 averages

Interleaved cine: original IC denoised IC

TR 27 ms - 2 repetitions (no average)
final TR = 13.5 ms

2 evaluation indices : P
Energy E L= Z ‘E
Edenozsed

Noise reduction 10 log




Denoising evaluation
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Denoising evaluation

original IC denoised IC

Z | fn = Asin(wn +¢) = salls + A D 13l

2.5 = original 1

denoised

ke = ° Noise reduction (n=8):
: e V E Noise reduction
% : 10 15 20 o 3 10 15
Original IC  |2.11+2.88 *10%* -

Soft threshold

437+6.12 ¥*10%| -6.0+2.2 dB
only

Complete

|.24+1.58 *]1023| -10.4+3.8dB
model
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Final result

Basic cine (TR=13.5 ms
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Final result
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Final result

Basic cine (TR=13.5 ms

Tool to achieve sufficient temporal resolution for mice imaging (< 9 ms)



Applications in cardiac research
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Applications in cardiac research

Multi-slices short axis cine to evaluate:

Cardiac function
Heart mass , | |

—_ Area

(LV +RV) _=y-Slce thickness- E [epi area -

a siices Diastole Systole
—(LV endo area + RV endo area)|

LSS

End-diastolic volume End-systolic volume
EDV ESV

Y is the specific gravity of the
myocardium,Y=1.055 g/cm? B EDV — ESV

EF
EDV




Diabetes - Cardiac hypertrophy

* Transgenic mice developing cardiac

hypertrophy (n=23)
* Wild type mice (n=4)
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'Yang, Circulation 109(9):1161, 2004

260

300

MRI - ex-vivo (mg)

N
o

o

N
o
]

-40

o i i i O o s i | Vi) i i
. e £
. . .
* * ‘e -
F
. 0.’
.
.., .
______ T R
60 100 140 180 220 260 300

mean(ex-vivo, MRI) (mg)

bias = 2.62 mg
.96 SD = 27.15 mg

|7

Yang et al.
obtained

.96 SD = |15 mg
on a dedicated
scanner (4.7T)



Diabetes - Cardiac hypertrophy

Systole

* Transgenic mice developing cardiac
hypertrophy (n=23)
* Wild type mice (n=4)

Diastole
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y = 0.829x + 25.1,R2 = 0.89 (n=27) bias = 2.62 mg

1.96 SD = 27.15 mg

'Yang, Circulation 109(9):1161,2004 |7



Diabetes - Cardiac hypertrophy

bar: 5mm
Systole
* Transgenic mice developing cardiac
hypertrophy (n=23)
* Wild type mice (n=4)
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Infarction - Function impairment

WT: Control mice C57/BL6 WT n=4 Evaluate effect of drug on infarct size
MI: C57/BL6 with complete ligation of LAD, 24h after and heart failure
surgery (n=3)
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WT: Control mice C57/BL6 WT n=4 Evaluate effect of drug on infarct size
MI: C57/BL6 with complete ligation of LAD, 24h after and heart failure
surgery (n=3)
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Infarction - Function impairment

WT: Control mice C57/BL6 WT n=4
MI: C57/BL6 with complete ligation of LAD, 24h after
surgery (n=3)

Basic cine (TR=13.5ms)
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: [—
60 -
l T BWT
— - MI
:1.40
20
0 .
LVESV LVEDV
Interleaved cine (TR=6.8ms)
80 *
[ I "
60 A 1
_ i BWT
= 40 - MI
710
) 1 1

ESV EDV

Evaluate effect of drug on infarct size
and heart failure
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0 ,
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-
20
0 e
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* p<0.05,
§ p<0.01,
+ p<0.001



Conclusions

® |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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