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Cryosurgery is one of treatments of cancer, such as carcinomas of the face, oral cavity, prostate,
breast, rectum and liver. But the method of cryosurgery seemed to be not vet completely established.
The most important problem in this procedure is to define the extent of the cryolesion. But the trial
with MRI and CT has not been reported. The purpose of this study is to investigate whethere the
image diagnosis such as Magnetic Resonance (MR) and CT is useful for the determination of the region
during and after cryosurgery.

The animal experiments were performed using 13 Wistar rats with inoculated Walker 256 cancer
on both sides of femoral regions subcutaneosly in the concentration of 1 million cells. After 7 days,
cryosurgery was done by contacting for 15 sec with the absorbent cotton ball dipped in liquid nitrogen
to the surface of right femoral tumor 3 to 6 times. The left side of tumor was intact. MRI was
performed with a 0.1 Tesla ASAHI MR Mark-] and CT images were obtained using GE 9800. From the
freezing to thawing, LF image (Low Flip Angle gradient echo image of Tr=100 msec, Te=18 msec, 60
degrees of flip angle) of MR and plain CT were taken every one minute. After thawing is over, SE
image of Tr=1500 msec, Te=90 msec, IR images of Tr=1200 msec, Td=400 msec, and plain and
contrast enhanced CT were carried out. Two and 7 days after cryosurgery, LF, SE and IR images of
MR and CT with and without contrast medium were obtained with corresponding pathological
examinations.

The frozen cryolesion was of no signal intensity on the LF MR image and hypodensity on plain
CT. Identification of cryolesion became possible during the cryosurgery. The cryolesion immediately
after thawing showed higher intensity on the SE and LF images and hypodensity on enhancd CT.
Therefore, the extent of cryosurgery can be diagnosed easily by these methods during and immediately
after cryosurgery. In the follow-up studies after cryosurgery, the histological changes such as necrosis
or tissue reaction were well represented by MRI and enhanced CT, but insufficiently by plain CT.

From these experimental results, it may be concluded that MRI and CT are useful for monitoring
the process of cryosurgery during and after the procedure.
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Fig. 1 The LF images of MR from the beginning of freezing to the end of

thawing. (a) Before cryosurgery, tumors (T) at bilateral thighs had relatively

higher intensity than surrounding normal tissues. (b) 1 min after freezing, the

cryolesion at right thigh showed no signal and surrounding areas appeared

higher signal intensity caused by low temperature. (c) 35min after freezing, high

signal area (arrow) was present in accordance with the region of thawing. (d)
55min after freezing, the higher intensity was still noted.
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2I/RT . MRORIERE, © DRI RLERS £ b Fig. 2 The relationship was shown between con-
UTESREL#20%HmL o, ¥ 7z, Cryosur- trast ratio of signal intensity on LF images and
gery B 1T BB 1 i S0 A6 J2 B o SR vk s A sk v v the time from freezing to thawing compared with
IER=E iR (Fig. 1b) %%, #305881213 the intact tumor using 4 rats. Immediately after

thawing, signal intensity was elevated for a while
due to low temperature.
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Fig. 3 The MR images immediately after thawing are shown. (a) S1gna] inten-
sity of tumor (T) was almost no change. But the surrounding muscle (arrow)
showed high signal on SE (1,500/90) and this area corresponded to the
cryolesion shown in Fig. 1b. (b) The right thigh showed low intensity (arrow

head) on the IR (1,200/400) image.
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Fig. 4 CT images from the beginning of freezing to the end of thawing were
shown. (a) plain CT before freezing (b) The cryolesion (F) at right thigh
appeared hypodensity area on the plain CT 1 min after freezing. (c) The freezed
area was not recognized on the plain CT imediately after thawing. (d) The
postcontrast CT image immediately after thawing showed that the cryolesion
had no contrast enhancement because of the destruction of the circulation
caused by cryosurgery.
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Fig. 5 Histological section of the rat’s thigh 2
days after the cryosurgery
1; coagulated necrosis, 2; necrotic cancer cells,
3; necrotic cancer cells and necrotic striated
muscle with inflammatory cells, 4 ; striated mus-
cle (Degeneration appeared near the granulation
tissue), arrow head; granulation tissue with
inflatnmatory cells

PO\, AR BEEE FR B D S E AL T B IS S R
xhi (Fig. 7d, Fig. 8d).
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Fig. 6 Histological section of the rat’s thigh 7
days after the cryosurgery
1; coagulated necrosis, 2 ; mainly necrotic stri-
ated muscle, 3 striated muscle (Degeneration
appeared near the granulation tissue), arrow
head; granulation tissue containing many
inflammatory cells
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Fig. 7
crosis (N) had high intensity on the SE (1,500/90) irnage. (b) The necrotic portion
showed isointensity on the IR (1,200/400) image. (c) The cryonecrosis (N) was
slightly low in density on the plain CT. But it is difficult to make a definite
border between the cryonecrosis and surrounding tissues. (d) The CI'YONecrosis
(N) was hypodensity and it was well delineated because the inner part of
inflammation appeared as a band-like high density on the postcontrast CT

image. N ; cryonecrosis, T ;
inflammatory tissue
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N

MRI and CT images 2 days after cryosurgery are shown. (a) The cryone-

tumor, C; coagulated necrosis, arrow head:
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Fig. 8 MRI and CT images 7 days after cryvosurgery are shown. (a) The cryone-
crosis (N) had low intensity and the intact tumor (T) showed a mass of high
intensity on the SE (1,500/90) images. (b) The necrotic area was not remarkable
on the IR (1,200/400) images. (c) The cryonecrosis (N) was not differentiated
from the surrounding tissue on the plain CT. (d) The CT image with contrast
medium showed that the cryonecrosis (N) was readily recognized as a hypoden-
sity area with surrounding inflammatory tissue of high density. arrow head;

inflammatory tissue
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