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Cryosurgery of Lung with 2.4 mm Cryoprobe: An Experimental
in vivo Study of the Cryosurgery in Canine Model

Kwang Taik Kim, M.D.*, Bong Kyu Chung, M.D.**, Sung Ho Lee, M.D.*, Sung Min Park, M.D.**,
Jong Ho Cho, M.D.*, Ho Sung Son, M.D.*, Young Ho Fang, M.D.*, Kyung Sun, M.D.*

Background: The clinical application of cryosurgery for the management of lung cancer is limited because the
response of lung at low temperature is not well understood. The purpose of this study is to investigate the
response of the pulmonary tissue at extreme low temperature. Material and Method: After general anesthesia the
lungs of twelve Mongrel dogs were exposed through the fifth intercostal space. Cryosurgical probe (Galil Medical,
Israel) with diameter 2.4 mm were placed into the lung 20 mm deep and four thermosensors (T1—4) were
inserted at 5 mm intervals from the cryoprobe. The animals were divided into group A (n=8) and group B (n=4).
In group A the temperature of the cryoprobe was decreased to —120°C and maintained for 20 minutes. After 5
minutes of thawing this freezing cycle was repeated. In group B same freezing temperature was maintained for 40
minutes continuously without thawing. The lungs were removed for microscopic examination on 1 day after the
cryosurgery. In four dogs of the group A the lung was removed 7 days after the cryosurgery to examine the
delayed changes of the cryoinjured tissue. Result: In group A the temperatures of T1 and T2 were decreased to
41+11°C and 31+5°C respectively in first freezing cycle. During the second freezing period the temperatures of
the thermosensors were decreased lower than the temperature during the first freezing time: T1 —56.4+9.7°C, T2
—18.4+14.2°C, T3 18.5+9.4°C and T4 35.9+29°C. Comparing the temperature-distance graph of the first cycle
to that of the second cycle revealed the changes of temperature-distance relationship from curve to linear. In
group B the temperatures of thermosensors were decreased and maintained throughout the 40 minutes of freezing.
On light microscopy, hemorrhagic infarctions of diameter 18.6 +£6.4 mm were found in group A. The infarction size
was 143 mm in group B. No viable cell was found within the infarction area. Conclusion: The conductivity of
the lung is changed during the thawing period resulting further decrease in temperature of the lung tissue during
the second freezing cycle and expanding the area of cell destruction.

(Korean J Thorac Cardiovasc Surg 2006;39:520-526)
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Fig. 1. The cryoprobe and thermosensors were placed in the lung
through lateral thoracotomy. The cryoprobe and the thermosensors
were fixed in the plate. T1—4=Thermosensors; Arrow=Cryoprobe.
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Fig. 2. The temperature changes of group A. The temperatures of
the lung tissue in group A were prominently decrsased during the
second freezing cycle compared to the first cycle. Probe=Cry-
oprobe; T1—4=Thermosensors.
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Table 1. The statistical differences in temperatures between the first and second cycle of cryosurgery in group A {paired T-test)

95% confidence interval of the difference

Difference* Mean S.D. p value
Lower Upper
Cryoprobe 4.5022 . 5.04313 —.1619 9.1663 056
T1 43.3663 17.68276 21.4102 65.3223 .005
T2 41.1851 9.74197 32.1753 50.1950 .000
T3 15.7749 5.89760 10.3206 21.2293 .000
T4 2.6581 1.24282 1.5087 3.8075 .001

*Differences of the temperature between the first and the second freezing cycle. S.D.=Standard deviation.
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100 1 Temperature changes of group B
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Fig. 3. The temperature changes of group B. The temperature drop
in the first 5 minutes were maintained throughout the cryosurgery
in group B. Probe=Cryoprobe; T1-—4=Thermosensors.
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Fig. 4. The relationship between the mean temperatures of the tissue
and distance from the cryoprobe in group A. The morphology of the
graph in the first freezing cycle has changed from curve to finear in
the second freezing cycle.
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Table 2. Mean diameter of the hemorrhagic necrosis in group A

Diaraeter (cm)

Specimen Mean
D1 D2
1 2.1 2.4 2.25
2 1.4 1.7 1.55
3 1 22 1.6
4 1.4 1.8 1.6
5 1.2 1.8 1.5
6 1.9 22 2.05
7 2.1 23 22
8 2 22 2.1
Mean 1.86+0.64

D1=The shortest diameter of tie hemorrhaic necorsis; D2=The
longest diameter of the hemorrliagic necrosis.

Table 3. Mean diameter of the hemorrhagic necrosis in group B

Diameter (cm)

Specimen Mean
D1 D2
1 0.9 1.0 . 095
2 1.3 1.5 1.4
3 1.4 2.0 1.7
4 1.2 1.6 1.4
Mean 1.36+0.30

D1=The shortest diameter of tle hemorrhaic necorsis; D2=The
longest diameter of the hemorrlagic necrosis.
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Fig. 6. Cryoinjured lung tissue in group A (H&E stain, x100). (A) Relatively sharply demarcated border of hemorrhagic necorsis was

observed in the lung removed 24 hours after the cryosurgery. (B) Fibrous tissue was visible in the ‘issue removed 7

cryosurgery.
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