Study on Control of Brain Temperature for Brain Hypothermia Treatment
Lu Gaohua , Student member, Hidetoshi Wakamatsu , member

The brain hypothermia treatment is an attractive therapy for the neurologist because of its neuroprotection in
hypoxic-ischemic encephalopathy patients. The present paper deals with the possibility of controlling the brain
and other viscera in different temperatures from the viewpoint of system control. It is theoretically attempted to
realize the special brain hypothermia treatment to cool only the head but to warm the body by using the simple
apparatus such as the cooling cap, muffler and warming blanket. For this purpose, a biothermal system
concerning the temperature difference between the brain and the other thoracico-abdominal viscus is
synthesized from the biothermal model of hypothermic patient. The output controllability and the asymptotic
stability of the system are examined on the basis of its structure. Then, the maximum temperature difference to
be realized is shown dependent on the temperature range of the apparatus and also on the maximum gain
determined from the coefficient matrices A, B and C of the biothermal system. Its theoretical analysis shows the
realization of difference of about 2.5 , if there is absolutely no constraint of the temperatures of the cooling cap,
muffler and blanket. It is, however, physically unavailable. Those are shown by simulation example of the
optimal brain temperature regulation using a standard adult database. It is thus concluded that the surface
cooling and warming apparatus do no make it possible to realize the special brain hypothermia treatment,
because the brain temperature cannot be cooled lower than those of other viscera in an appropriate temperature
environment. This study shows that the ever-proposed good method of clinical treatment is in principle
impossible in the actual brain hypothermia treatment.
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Fig.2. Diagram of biothermal system, where - and < represent convective and conductive heat flow,
respectively. represents heat loss from the lung owing to the mechanical respiration. The warm fluid is
circulated in the blanket to regulate the body temperature in the special brain hypothermia treatment. Blood flow
into the lung compartment is equal to the total blood flow into the other compartments. Compartments in the
same segment are brought together into the same dotted line square.
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Table 1. Parameters for the biothermal model of patient®.

Segments  Compartments L? r@ 1O r® ¢ w? q" T(0)*
(No.) (No.) [mm] [mm] [Wim/ ] [kg/m?] [Ikgl 1 [x 10°1/s] [W/m?] [1
Head Brain (10) 86 0.49" 1080 3850 10.13 13400 37.10

) Core (11) 101 1.167 1500 1591 0 0 35.47
Shell (12) 104 0.34 986 3180 3.18 237 35.21

Face Core (21) 98 68 0.42 1258 2351 0.20 250 36.57
(2) Shell (22) 98 78 0.34 900 2652 2.36 123 35.53
Neck Core (31) 84 55 0.42 1118 3464 0.47 601 36.41
(3) Shell (32) 84 57 0.34 974 3112 3.60 221 34.66
Superior Core (41) 1609 34 0.42 1139 3278 0.43 549 35.36
limbs (4) Shell (42) 1609 42 0.34 907 2703 0.27 134 33.36
Thorax Lungs (50) 306 77 0.28" 550 3718 14.32° 600(5.23W* ®) 36.65
5) Core (51) 306 123 0.42 1143 3247 0.42 539 36.48
Shell (52) 306 129 0.34 944 2932 0.63 181 33.91

Heart (6) Heart (60) 3550 7.19W*® 36.65
Abdomen Viscera (70) 552 79 0.53" 1000 3697 4.31 4100 37.00
@ Core (71) 552 109 0.42 1123 3421 0.46 589 36.29
Shell (72) 552 126 0.34 874 2472 0.15 89 33.51

Inferior Core (81) 169 48 0.42 1142 3252 0.42 540 35.92
limbs (8) Shell (82) 169 55 0.34 918 2770 0.30 147 33.47

t: Time [s]. T: Lumped temperature of compartment [ ]. T Heart and blood temperature [ ]. T Temperature of adjacent
compartment [ ].T,,: Temperature of cooling apparatus [ ]. S: Outer surface area [m*]. V: Volume of compartment [m®]. k: Conductive
heat transfer rate between adjacent compartments [W/ ]. kg Interface thermal contact conductance between body and cooling
apparatus, k,=20.0 [W/m?*/ ]. L: Length of segment [m]. r: Outer radius of compartment [m]. |: Thermal conductance [W/m/ ]. r:
Density [kg/m®], r,=1069 [kg/m°]”. c: Heat capacitance [J/kg/ ], ¢,=3650 [J/kg/ ]7. w: Blood perfusion rate [m®blood/s/m°tissue]. ¢
Metabolic heat production [W/m®]. m,,..: Mass of heart, m,,,=0.322 [kg]®. *: Initial temperature® [ ]. ¥: Head in a hemispherical form.
$: Blood perfusion rate of lungs, on the assumption that the pulmonary circulation is equivalent to systemic circulation in value.

&: Heat loss from the lungs owing to the respiratory regulation. #: Total metabolic heat production in heart.

brain
lungs viscera heart
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