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During the Hyperthermla Treatment and the Tumor Blood F]low

Measured by Dynamic CT and '*Ogas-Positron Emission Tomography

Hedeyuki Hattori
Department of Radiology, Chiba University School of Medicine

Research Cord No. : 403 .9

Key Word : Dynamic CT, Positron emission Tomography,
Tumor blood flow, Hyperthermia

This study was designed to determine the correlation between the rise of tumor temperature
during hyperthermia treatment and the blood flow of the tumors measured by dynamic CT (DCT)
and "*Ogas-positron emission tomography.

In this report, we observed 20 patients with malignant tumors which underwent hyperthermia
treatment. In each case, the temperature of the tumor was monitored with a photofiber senser.
DCT’ s and *Ogas-positron emission tomographies were applied before the hyperthermia treat-
ment. During the DCT, the tumor blood flow of each tumor was estimated by analyzing the
time-dependent activity curve after a bolus injection. During the '*Ogas-positron emission tomo-
graphy, the tumor blood flow was estimated by the C*0,-steady-state method.

The value of the tumor blood flow estimated by DCT were proportional to those calculated by
the *Ogas-positron emission tomography. These values were inversely proportional to the rise of
the temperature of the tumors during hyperthermia treatment.

Our results imply that DCT as well as the *Ogas-positron emission tomography can be used for
the prediction of the tumor temperature rise during the hyperthermia treatment.
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Fig.1 (A} Change of the CTnumber of an artery and a tumor by Dynamic CT.

When the blood with CTnumber "z” flows into the tumor, the CTnumber of the tumor changes from "x” to "y”.
(B) The left square is the tumor model of volume 100m] with CTnumber "x”, and it shows the condition before the
blood with CTnumber "z” flows in. When the blood volume in the tumor is Hml, the CTnumber of the rest volume,
which is (100-H)ml, is set to be "q”. After the 4.3sec., the (4.3/60)Bml of the blood flows out and the {H—(4.3/60)B }
ml of the blood doesn’t flow out. In this case, we set that CTnumber of the blood which flows out is "p”and that of
the blood which doesn’t flow out is "a”. The right square is the tumor model of volume 100ml with CTnumber "y”,
and it shows the condition when the (4.3/60)Bml of the blood with CTnurnber "z” flows in.
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Fig. 2 ) CT image and change of the CTnumber of
the tumor by Dynamic CT.
B CT image and change of the CTnumber of the
aorta by Dvnamic CT. The maximum CTnumber of
the aorta {=z) was 240, and the maximum increase of
the CTnumber of the tumor during the 4.3 sec. (=y
x} was 14, The CTnumber of the aorta before con-
trast material flew in (=w) was about 40,
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Fig. 3 The blood flow image of ""Ogas -positron emis
sion tomography.
The tumor is in front of the aortic arch which shows red,
The tumor blood flow was measured as 70.3ml/ 100ml/min,
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Fig. 4 The correlation between the tumor blood flow
calculated by "“Ogas-positron emission tomography
(BiPjjand that estimated by Dhynamic CT{B(D).
B(F) was smaller, and about 0.8 times of B(D}). But the
line of the graph was straight passing quite close to
the original point, r=0.791
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Table 1 Heating regions by disease
Heating regions
Primany e Lymph node Bone Soft tissue Total

Larvuﬁml Ca 1 0 [1] : 1
Hypopharynx Ca 1 0 0 1
Tongue Ca 2 0 0 2
Lung Ca 4 2 2 8
Breast Ca 2 0 2 4
Rectal Ca o 0 1 1
Maliguant lymphoma 2 0 1 3

" 12 2 6 20
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dT/dt=1v*T/p C—Wh(p ,Co/p C) (T, —T4)

p: tissue density

C: tissue heat capacity

T: tissue temperature

t: time

W gradient operator

1: thermal conductivity

Wh: local blood flow rate

m: blood density

C,: blood heat capacity

T,: arterial blood temparature
T,: venous blood temparature

q: local volumetric heating rate
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Fig.5 Change of the temperature of a metastatic sternum tumor(lung Ca.)during regional hyperthermia treatment.
The orange ling{T4lindicates the temperature of the tumor. Heating stopped when it reached 38.1 C, and k was

calculated
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Fig.7 The correlation between the tumor blood flow
by Dynamic CT(B) and k. The line of the graph was
straight passing quite close to the original point. r=
0.873
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Fig.8 The correlation between the tumor blood flow
by '*Ogas-positron emission tomography(B) and k.
The line of the graph was straight passing quite close
to the original point. r=0.818
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