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Abstract: In recent years, cryogenic approaches for a targeted treatment on malignant tumor become more and more important in
both clinics and biomedical engineering area. To breakthrough the bottleneck of the traditional cryosurgery, this study combines
the nano technology and the cryogenic technology and proposes for the first time to develop a highly advanced therapy for a
minimally invasive treatment of tumor. Progresses have been made on its mechanism, experimental demonstrations as well as
development of medical equipment. Various evidences indicate that, the nano cryosurgical therapy is a new frontier worth of
particular attention in the nano medicine field. Since this new technical strategy has unique merits over the traditional cryosurgery
in regulating the growth direction and strength of ice ball, enabling a conformable tumor treatment, and enhancing image resolution
etc., it is expected that one may achieve much better treatment efficiency than an ordinary cryosurgery. The nano cryosurgery opens
new possibilities for developing highly targeted physical therapies on tumor. In this paper, following a brief review on the advance
of cryosurgery, the concept of nano cryosurgery and its generalized significance in future nano medicine are illustrated. The basic
feature, capability, and implementation of the nano cryosurgery are discussed. With the progresses in our laboratory as examples,
strategies to develop future nano cryosurgery are proposed. Future prospect of this new therapy is presented. Some fundamental and
practical issues are identified.
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Fig. 1 Iceballs (b) produced in phantom gel by 2
probes (a) during freezing/heating cycle using
combined cryosurgery and hyperthermia system
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Fig. 2 Formation of tumor blood vessel network
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Fig. 3 Cell damage curve under different
freezing and thawing rate
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Fig. 4 Schematic diagram for loading nano particle
solution for administrating a nano cryosurgery
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Fig. 5 Comparison between freezing temperature
responses of pork tissues with or
without injected nano—particles

32 BUKBEKHEARFERGE
MARRFIRTRZERBBFREEFZMHE
MR 38 5040 450 455 6 R BE R, 40 M A K R AR
—NBOER R, HA MR 52 40 I 25 B 40 e R B
FRAEESERPERMBHNREER, —~H =
R W4k BRI B A A, W bR R R 3 ARG
B B3 R (B 6), X 7RO 1 M BF 5T R E 8 B IE

P

5 >_D V/_\V/
2 4@»

]
WRAEE LS WA At

BHe6 HAEeSBEPAKKTELHNARERTEE

Fig. 6 Ice formation at cell level when
subjected to freezing
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Dark sphere: probe; Undertone circle: tumor



#2318 3 E (Reviews)

RS 2007% $25% S158 (RE2VH

{

X" R, ARRBEEHTIREN , ZEERARKE
AR B AS BB W, BT BT N 2 BOS HRIR

= kIR E AR BRI R B oL, T
BE B THKR GBR IR R 5 KR B R E Y
K, BSEA BB TR IR ET BT B 5 1 X 8] 7 (a) ), AT 7E
RIS TIAE T 5 LABEES (B 7(b)),

L mEAETR

8O A S
\ S
\

35
35 40 45 50 55 60 6.5
© ylem

© (a) EHET
(a) Single cryoprobe

(b) 3##7N
(b) Three cryoprobes

B8 HAESEAEEHARAEKIEATHAMN
LR KBk RE XY LR R
Fig. 8 Comparison of typical ice ball interfaces
formed in a conventional cryosurgery
and nano cryosurgery

W — 2 BB A B, T LA 2T 3 T %
R BURLTE PR KR AE K 7 ) B E BRI, B 8(a)
BT BARLYS TR IR AT A A 5 B 40K JBURL IR 3 vk Bk A
KI5 1 AR/ — e BL0Y T8 8 (b) I K2 Bk 17 3 4L
WIIGREET R FATE ST 9K BORLIG | ¥8 RIS B I R 1&
LLBEBCE R, AL, BT TR A
B 7 TS A R AR

LSk RIRDE, W] A5 BY AL AN B AR T
VN SE B b T M 2 R, PR O S k T A 4L (B

A 4 AEL(1,2,3,4) H R R R AR E BORLE

W B AR X FROREEREOL, BT ST S WL 3CAR[15),

BR BT AREAKBREOME, HR PR RIS

LAJ5 (s, TR BY T S 3 — 4 0 BEE T AL 9

R URIGTT

34 MR FFRERAEFLHBOBXR NS
BRBGEFARNREBRGH, &h 718

KM kR, 256, BARTHAE L AKRERSE

uuuuuu

B9 AL (REA)HN4AMEBEE(1,2,3,4)EHAER
PAREFNBFR(4HA1m,2ml,
3mland 4 ml) S M IEX RS HER
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Fig. 10 CT (a) and ultrasound (b) guided cryosurgery and the ice ball image detected by MRI (c)
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