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Fig.1 Experimental system for water heating Fig.2 Experimental system for microwave thermotherapy
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Fig.3 The specially designed device Fig.4 AOI in B-mode ultrasonic image of liver
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Table 1 B-mode ultrasonic image gray-scale of AOI in pig liver
RE/C KE/% BE/T KE/% RBE/T KE/ % BE/C KE/R
27.65 79.06 32.10 89.93 37.15 94.64 42.05 98.66
28.45 83.03 33.00 90.41 38.10 101.01 43.00 97.97
29.35 87.22 34.10 92.47 39.10 97.98 43.85 109.17
30.20 89.45 35.10 93.46 40.15 97.02 44.70 105.08
31.15 90.96 36.10 93.68 41.10 97.24 t - —
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Table 2 B-mode ultrasonic image gradient magnitude of AOI in pig liver

BE/C BB BE/C BE BE/T  BE BE/T B
32.10 148.18 36.10 129.89 40.15 134.64 44.70 112.78
33.00 159.78 37.15 148.12 41.10 142.36 45.65 97.60
34.10 151.24 38.10 141.27 42.05 141.56 46.60 111.03
35.10 136.95 39.10 131.65 43.85 133.36 — _—
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Table 3 B-mode ultrasonic image power spectral density of AOI in pig liver

BE/C  HBREEE BE/C  EEEE RE/C  DREEE | BE/C  DERBEER
34.10 67.41 37.15 64.05 40.15 70.40 43.00 80.78
35.10 68.35 38.10 65.37 41.10 81.05 43.85 84.62
36.10 68.63 39.10 69.15 42.05 84.70 44.70 84.36
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BESRKEREARBEAEMEMSEFS. Fig.5 Correlation curve of AOI in bovine liver

2.3.2 RBRASARTEAEHSH
—EEKRSHTTURB MRS EMHAREHEL, M KERERZENRYSE. HRERERNE
ACI RBAZRRKEES HYENREEE. MEIRERER/ N, RREES HEYERE, BRAR
HE/D AABFRABRATES. FHYERBERETFYEESEHE10%)HRR LA, HEER/DE
HERAHS. R4MBSABET —FFFAREMBNR/BAT BEBRHIREREMAYSE.
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Table 4 B-mode ultrasonic image density std.dev. of AOI in bovine liver
BEE/C HEFEERE | BE/C SHEFERE | BE/C HEGERE | BE/C FERERE
22.70 48.43 39.92 49.88 59.45 42.20 74.35 35.81

26.12 46.28 47.75 44.06 64.84 37.02 78.45 34.77
33.02 49.01 53.21 43.69 70.44 40.25 81.96 35.28

®s5 FEBETHIFBEBAKRTHOE
Table 5 B-mode ultrasonic image heterogeneity of AOI in bovine liver

HE/C FHaE BE/C FH5E #BE/C FHSE RE/C RESE
21.38 0.64 33.02 0.55 59.45 0.54 74.35 0.47
22.70 0.57 39.92 0.58 64.84 0.49 78.45 0.52

26.12 0.51 47.75 0.52 $70.44 0.52 - -

ML LB HEER R ES, TUED, EARRENTE, BEBEK AOI R irdE W=
FHOEREH TR IRETHEFREARMMBEHBREN MK, EERELTIBEASAEER
KD, BTN JRSEERAAE. LT EER, XERBRASREZLH SR E R HR
AB4H0.6.
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Experimental Study for Noninvasive Monitoring of Hyperthermia
Based on Ultrasonic Tissue Characterization of B-mode

REN Xin-ying, WU Shui-cai, ZENG Yi
(College of Life Sciences and Bioengineering, Beijing University of Technology, Beijing 100022)

Abstract: The purpose of this paper is to study a kind of new ultrasonic method for hyperthermia monitoring.
It is a noninvasive method based on ultrasonic tissue characterization of B-mode. The experiments were carried
out on in-vitro animal tissues that were heated by hot water and microwave coagulation, and a series of B-
mode ultrasonic images of liver were obtained over the temperature. Then the images were processed to ex-
tract some character parameters at different temperatures, and the temperature correlations of these ultrasonic
tissue character parameters were calculated. It has been found that some parameters varied in accordance with
the temperature changes in the heated tissues, and the average gray value in B-mode ultrasonic images of the
heated liver has linear relation with the temperature. Experiment results show that this noninvasive technique

is feasible.

Key words: hyperthermia; temperature monitoring; ultrasonic tissue characterization



