Hans Journal of Biomedicine Z2#JEE2#, 2021, 11(2), 31-39 Hans i
Published Online April 2021 in Hans. http://www.hanspub.org/journal/hjbm
https://doi.org/10.12677/hjbm.2021.112005

E T A B R SR FHERRFASATT TR
AR
B 48, ROET, T

R R EYIR SR TR, 1L F R
R RSB A B MY R SR BE B A R AR, T B AL
Email: 15033780355@163.com, ‘ndt@seu.edu.cn, ‘yaolinfangd7@163.com

Wehs H . 202143 H8H; FHHEM: 202143 H22H; &AH: 202144 H9H

R

EMRERITH, BITRREGHEARBAREEBEEFEENXR, &85 MENRYT B H A LR

BR—MEEFE. ASCRH T —FETHEE BELEES N T BT R ERUEB FE, X

BEARSh Y E IFBEAT 5 AT Bl (Radiofrequency Ablation, RFA)SEL - SERFiC B A B8 K Xt MR B H03E,
HE BET B IR R BB AT N R IR B 2 /5 BRI 2K PR iR P SR AR SR PR P I AHE S B 5 1R B3 1T

SWE. GRRY, EHMERIEIES, LBEEEBGNFESHREAHBSEERLS EENLREMR

P, WUE T Bt 7R A T R R R I R T AT .

KA

FEFE LIRSS, NEARH, R

Research on Noninvasive Temperature
Estimation Technology Based on Texture
Features of Ultrasound Images for RFA

Ming Chen?, Xingqun Zhao?*, Linfang Yao?2"

'School of Biological Science and Medical Engineering, Southeast University, Nanjing Jiangsu

2Department of Urology, Nanjing Drum Tower Hospital, The Affiliated Hospital of Nanjing University Medical
School, Nanjing Jiangsu

Email: 15033780355@163.com, ‘ndt@seu.edu.cn, ‘yaolinfangd7@163.com

Received: Mar. 8", 2021; accepted: Mar. 22", 2021; published: Apr. 9", 2021

SERER

SCEF|F: WREG, BONEE, PO, S TS G SRR RFA JRYT SR BRI D). BB, 2021, 11(2):
31-39. DOI: 10.12677/hjbm.2021.112005


http://www.hanspub.org/journal/hjbm
https://doi.org/10.12677/hjbm.2021.112005
https://doi.org/10.12677/hjbm.2021.112005
http://www.hanspub.org

Mren %

Abstract

In tumor hyperthermia, effect is directly related to temperature monitoring during the therapy.
Ultrasound can be used as one of the most important methods for noninvasive temperature mea-
surement of tissues in hyperthermia. In this study, a noninvasive temperature estimation method
for hyperthermia based on ultrasound image with wavelet transform and texture analysis was
proposed. Radiofrequency ablation (RFA) was performed on animal Kidneys in vitro, and ultra-
sound images and temperature data were collected in real time. With wavelet transform of sub-
traction images before and after ablation, texture features such as energy and hybrid entropy ex-
tracted from gray-level gradient co-occurrence matrix of the processed ultrasound images were
linear fitted with temperature. Results demonstrated that texture features hybrid entropy ob-
tained from images processed with proposed method had high linear correlation with tempera-
ture, and verified the feasibility of the proposed approach of temperature monitoring during RFA.
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i 96 T 2 — R F I EA i) 7 20K R 2L 2 i B iR B A R IR TSR TR T TG HETE
BTz b S T I PR IR G 97 o e b T T v 32 R S AR R (Radiofrequency Ablation, RFA). Fl VA il
(Microwave Ablation, MVA). it 7 & g 5 £ (High-Intensity Focused Ultrasound, HIFU)%5, [ % 5 AilFs A1)
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Empirical Mode Decomposition, BEMD) 5 FEHL#x#k(Random Forest, RE)FH 45 & IR 715, NIETHEFK
BT MR AR SR 737 R [15].
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Figure 1. Experiment scheme
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Figure 2. Ultrasound images before and after the ablation experiment. (a) Ultrasound image before ablation experiment; (b)
Ultrasound image after ablation experiment
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Figure 3. Correlation between texture features and temperature. (a) Correlation between hybrid entropy and temperature; (b)
Correlation between energy and temperature
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Figure 4. Correlation between gray value and temperature
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Figure 5. Correlation between texture feature and temperature in multiple sets of data
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Table 1. Comparison of temperature estimate by hybrid entropy and actual temperature value

= 1. RAEREGNES IR R

SRR E(C) ARSI BE(C) B®Z(C)
35.623 35.677 0.055
36.294 38.005 1711
38.272 37.443 0.829
40.367 40.560 0.193
41.295 40.607 0.688
43.691 44.688 0.997
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45.413 45.491 0.078
47.248 47.929 0.680
48.963 50.607 1.644
51.261 51.445 0.184
53.962 52.292 1.670
55.250 54.663 0.587
56.040 57.624 1.584
57.897 58.719 0.822
60.495 59.680 0.815
61.182 59.470 1.712
63.199 61.201 1.998
66.015 65.151 0.865
67.256 67.311 0.055
69.010 68.178 0.833
72.338 74.312 1.974
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Figure 6. Pseudo-color image of temperature distribution
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