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Nano Cryosurgical Therapy: New Frontier in Nano Medicine
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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. 7 Cross section of ice balls generated under
6 combined freezing by three probes
Fig. 6 Ice formation at cell level when Notes: Dash line: boundary of ice ball;

subjected to freezing Dark sphere: probe; Undertone circle: tumor
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Fig. 8 Comparison of typical ice ball interfaces
formed in a conventional cryosurgery
and nano cryosurgery
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Fig. 9 Thermal image for unsymmetrical freezing of
pork tissues injected with 1 ml, 2 ml, 3 ml and 4 ml
(from sign 1 to sign 4) aqueous suspension of
aluminum nano-particles in water, respectively
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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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Fig. 11 Design protocol and sample of a
freezing/heating equipment capable of performing
both cryosurgery and hyperthermia therapy
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Infrared image of phantom gel frozen by a
perpendicularly inserted freezing probe
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