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Magnetic resonance temperature imaging of fat tissue for high intensity focused

ultrasound surgery of breast cancer
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Based on the temperature dependence of T, of methylene (CH,) or methyl (CH3) protons, we have
proposed a temperature imaging technique using multiple flip angle, multipoint Dixon acquisitions. This
technique can be combined with the water temperature imaging technique based on the proton resonance
frequency (PRF) shift. Feasibility of this technique was demonstrated with phantom experiments.
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Fig. 1 Typical spectra from a bovine fat sample at 11T.

Fig. 2 (a) Relationships between the 7)'s of methylene (CH,) and
methyl (CH3) signals in bovine fat samples in vitro. The means
and the range of standard deviations for ascending and
descending plots are shown with the original scatter plots. The
standard deviations for the room temperatures are also shown.
Temperature coefficients of these plots are in Table 1.

(b)Relationships between the 7,'s of methylene (CH,) and

methyl (CH,) signals in the same samples.



[ =Olive oil + cDCI3 + TMS
BOlive oil + TMS
BMayonaise

*| DBavine fat
CPorcine fat

“l

Corrolation coefficient
H
Correlation coeffickent
e
H

oz - | L.

cHy cHz cH3

Componaents. Compenents oHz Components. o

0 T
5™ T §
G s
fa i £
g H s0 1 3S
£” %’ g - i
E a0 H ) 2
g £ Fw Ea
g 0 |- H £ ez
n H 3 H
i a b £ 10 4 F i a
o - i Eo
i c|d £ 0 & ¢
» E
. CHZ  Components  CH3 O components  SH &0 Components. ! Gomponants

Fig. 3 T, properties in various samples. The T, values at 30 °C Fig. 4 Ty pr_op_erties in Vafiou_s samples. The meanings of the
(a), correlation coefficients between T; and temperature (b), | graphs are similar to those in Fig. 3.
temperature coefficients (c), and the temperature coefficients

relative to the 7 values shown in (a) are demonstrated.

Table 1 Temperature dependence of T of CH, and CH3 protons

CH, CH;
at 30 °C [ms] Temp coef Correlation coef at 30 °C [ms] Temp coef Correlation coef
[ms/°C] [%/°C] [ms/°C] [%/°C]
Olive oil + CDCj; + TMS 1366.5+18.5 33.9 £+1.06 248 +0.08 0.997+0.001 3160.6438.2 73.9+3.01 2.34+0.10 0.99740.002
Olive oil + TMS 663.2 10.06 1.52 0.980 955.6 22.52 2.36 0.932
Mayonaise 630.4 10.96 1.74 0.996 1053.0 27.15 2.58 0.992
Bovine fat 645.6 £ 18.9 11.6£0.42 1.79+0.07 0.991 £ 0.002 1045.0 +85.3 31.2+3.92 298+0.38 0.994 1 0.001
Porcine fat 637.6+17.2 107+053 1.69+0.08 0.984 +0.002 9904 +57.7 30.3+2.08 3.06+0.21 0.994+0.002
Table 2 Temperature dependence of T, of CH, and CH3 protons
CH, CH,
at 30 °C [ms] Temp coaf Carrelation coef at 30 °C [ms] Temp coef Correlation coef
[ms/°C] [%/°C] [ms/°C] [%/°C]
Olive oil + CDCI; + TMS  1039.5£21.0 244:0.95 234+0.09 0.998 £ 0.001 1937.9£26.7 44.2+1.97 228+0.10 0.995+0.003
Olive oil + TMS 202.8 9.74 4.80 0.997 3754 16.58 442 0.978
Mayonaise* 150.1 0.81 0.54 0.900 251.7 -0.47 -0.19 0.559
Bovine fat 2497+137 999+093 400£0.37 0.994+0.003 506.9+21.1 16.9+1.39 3.33+0.28 0.991+0.004
Porcine fat 2129+26.7 11.0+087 516+041 0.991 + 0.005 3945+815 223+145 566+037 0.981+0.002

*The data contains siginificant error induced by the susceptibility
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Fig. 5 Schematic diagram of the integrated water/fat temperature imaging technique. Fat temperature imaging is based on T, of
CH, and/or CH; obtained by multipoint Dixon and multiple flip angle acquisitions, while water temperature imaging is based on
the water proton resonance frequency change.
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Fig. 6 71, CH; estimation results with passive optimization for
TEy; = 1.00 ms (a) and TE, = 1.15 ms (b), for five different A
fizo(Ta) (Eq. [8]) settings. With active optimization for TE, =
1.00 ms (c) and TE, = 1.15 ms (d) the A fino(T.) was updated
for every 10°C temperature elevation from 22°C. The lines
show results without noise, the markers the mean results of 10
trials with noise and the error bars the deviation among these
trials.
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