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Development of Automatic Water Temperature Controller
by Water-surface Cooling for Brain Hypothermia Treatment

Tomohiko Ursukl,” Takuya WakaTsuky,* Hidetoshi WakamaTsu®

Abstract To prevent secondary brain damage during brain hypothermia treatment, accurate control of the
temperature of the brain tissue is necessary in order to avoid various side effects. However, the procedure for con-
trolling brain temperature requires medical staffs with extensive clinical experience and specific knowledge of
the equipment, and is available only in a limited number of hospitals. The authors have therefore developed a
water-blanket temperature controller that automatically controls the brain temperature by water-surface cooling.
The controller itself is sufficiently efficient for the quick and accurate control of water temperature, which is ac-
complished by mixing warm and cool water of definite constant temperatures based on a suitable algorithm. Con-
troller performance has been verified to be sufficient, even under extreme conditions of large temperature
changes in water-blanket heating and cooling. The brain temperature was regulated using the controller in simu-
lation experiments where a mannequin was used instead of a patient. The mannequin had biothermal character-
istics of normal human metabolic heat production and blood circulation with their possible changes given in the
clinical simulation process, in which the brain temperature was more difficult to control than in the case of a nor-
mal adult. From the various experiments, it was demonstrated that the newly developed controller worked accu-
rately in simulated clinical situations and performs well in brain hypothermia control systems using a mannequin.
Thus, it is expected to be clinically useful for controllmg temperature during an actual brain hypothermia
treatment.

Keywords: Brain hypothermia treatment, Severely damaged brain tissue, Brain temperature, Surface cooling,
Automatic controller.
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Fig. 2 Overview of water-temperature controller in a blanket.
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Fig. A. 1 Structure of head, face and neck of the mannequin.
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Fig. A. 2 Structure of thorax of the mannequin.
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Fig. A. 3 Structure of abdomen of the mannequin.
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Fig. A. 4 Structure of limbs of the mannequin.
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Fig. A. 5 Circulation circuit of mannequin’s blood.
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Fig. A. 6 Control mechanism of heat production in the
mannequin.
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Table A. 1 Form and parameters of each tissue in the mannequin.

. Tissue in each Length Radius Volume Heat production | Blood perfusion
Part in body Form .
part (mm) (mm) (ml) (W) (ml/min)
Skin Hemisphere 104 200 0 39
Head Skull Hemisphere 101 830 0 0
Brain Hemisphere 86 1330 18.0 809
Surface Column 80 1220 04 64
Face : 100
Spine Column 50 790 0 0
Surface Column 60 720 0.5 13
Neck - 85
Spine Column 30 240 0 0
Skin Column 130 1,450 10 31
Thorax Muscle Column 300 124 8,840 ' 223
Heart & lung Column 30 5,700 0 4864 #
Skin Column 130 6,920 65 62
Abdomen Muscle Column 550 109 9,780 ’ 270
Viscera Column 80 10,820 50.0 2,797
i Surf: Column 45 4,330 49
Superior — 800 85—
limbs Core Column 34 5,840 151
L Surface Column 60 7,570 65
Inferior limbs 850 45 ————
Core Column 47 11,650 291
Whole body 78,230 874 4,364
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