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高强度聚焦超声损伤兔肝脏的剂量及二维超声实时监控 

肖子文 ，肖雁冰 ，刘丽萍 ，李发琪 ，王智彪 

(重庆医科大学生物医学工程系，重庆医科大学超声j二程研究所 ，重庆 400016) 

【摘 要】目的：探索高强度聚焦超声损伤兔肝脏的剂量和二维超声实时监控的可行性 方法：HIFU发射功率、工作频率、辐 

照深度恒定，以H1FU定点损伤40例兔肝脏，二维超声实时观察损伤靶区的回声及其随时间的变化．测_l }回卢变化的范围，解 

剖测量损伤靶区凝固性坏死区的大小，留取凝固性坏死组织标本行病理学检查 结果：HIFU体外辐照兔肝脏町在靶区形成 

凝固性坏死，能效因子为 9．22±1．57J／nm ，靶区的回声增强，凝 崮性坏死体积、最大剖面面积与二维超 测 的回声增强区 

体积 、面积呈线性关系 结论 ：HIFU损伤组织的剂量需大量的实验研究，■维超声可实时监控凝固性 坏死的出现，并 l1丁预测 

凝固性坏死体积大小 
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Dosage and real time monitoring using two——dimensional ultrasound in 

extraCOrpOreaI damaging rabbit I iver with high intensity focused ultrasound 

X，A0 Ziz~,en．et al 

(Department o2’Biomedical Engineering，Institute Ultrasound Engineering ，Chongqing Medical Unizel sit3 r) 

【Abstract】Objective：To investigate the dosage in damaging rabbit liver with high intensity focused ultrasound(HIFU)and the feasi— 

bility of real time monitoring with two dimensional ultramund．MetluMs：W ith fixed HIFU emis,sion power，working frequency，radi— 

ation depth，40 rabbit livers were damaged extracorporeally with a HIFU mode of intermittent fixed—sIx)t irradiation．Echo of target 

region was measured and its changes with time were observed．the extent of echo enhancing region were al )measured Coagulative 

necrosis in rabbit livers were measured after direction and pathological inspection were made．Results：Irradiation of extracorporea[ 

HIFU made a coagulative necrosis region in rabbit liver，energy efficiency factor(EEF)were 9．22±1．57 J／nml’，elevating echo of 

target region were observed ．necrotic volume and maximum scar of rabbit livers were related linearly with volume and maximum area 

of elevating echo region measured by two—dimensional uhramund．('~mclusi(m ：For specific tis,~ue，there are a great deal experiments 

to do to decide a common HIFU de,sage，two dimensional ultrasound can realize real time monitoring of target region necrosis，echoic 

change in target region can predict coagulative necrotic VO[unlc． 

【Key words]High intensity focused ultra~)und；Do．~age；Energy efficiency factor；Monitoring 

高强度聚焦超声(High Intensity Focused Ultra— 

sound，HIFU)技术可将低能量的超声波在组织内聚 

焦，通过焦点的高能量对组织细胞产生损伤，该技术 

已用于多种肿瘤和非肿瘤疾病的临床治疗l1。HIFU 

损伤组织的剂量和治疗中的疗效判断是 HIFU治疗 

技术的关键，本研究试图通过损伤兔肝脏的实验，探 

索 HIFU损伤组织的剂量学和实时监控的问题。 

作者介绍：肖子文(1969 )，男，副主任医师 

主要研究方向：高强度聚焦超声治疗、增强 

基金项目：本课题受国家杰出青年基金资助(30325027)，本单4．3-~省 

部共建国家重点实验室。 

l 材料和方法 

1．1 实验设备 

JC—l型 HIFU肿瘤治疗系统，该系统 j三要 由功率发q三 

器、治疗头、二维超声监控系统、机械运动控制系统、声耦合 

系统等组成 本实验使用的治疗头直 为 150mm．焦距为 

135mm，工作频率为 lMHz，声焦域火小为 2．3mm×2 4mm 

×26mm，焦域内平均声强为 4865W／cm ．声功率的洲定采 

用全吸收辐射压力法 循环脱气水含 量小 r 3ppm 

1．2 实验动物 

新西兰大白兔40只，雌雄不限，体厦2 07 J-0．35kg，由 

重庆医科大学实验动物中心提供，混合伽=J料喂养。 
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结 果 

图 I I HI’L损伤兔肝脏实时监控，左图为 HH"【辐 ．右图为I IIF~"辐照后 
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图 、示二维超声测量灰度变化体积与凝固性坏死体积的关系．1 示灰度变化最大面积与凝固性坏死最大面积的美系 
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