Biothermal Model of Patient and Automatic Control System of Brain Temperature
for Brain Hypothermia Treatment
Hidetoshi Wakamatsu , member, Lu Gaohua , Student member

Various surface-cooling apparatus such as the cooling cap, muffler and blankets have been commonly used for
the cooling of the brain to provide hypothermic neuro-protection for patients of hypoxic-ischemic encephalopathy.
The present paper is aimed at the brain temperature regulation from the viewpoint of automatic system control,
in order to help clinicians decide an optimal temperature of the cooling fluid provided for these three types of
apparatus. At first, a biothermal model characterized by dynamic ambient temperatures is constructed for adult
patient, especially on account of the clinical practice of hypothermia and anesthesia in the brain hypothermia
treatment. Secondly, the model is represented by the state equation as a lumped parameter linear dynamic
system. The biothermal model is justified from their various responses corresponding to clinical phenomena and
treatment. Finally, the optimal regulator is tentatively designed to give clinicians some suggestions on the
optimal temperature regulation of the patient’s brain. It suggests the patient’s brain temperature could be
optimally controlled to follow-up the temperature process prescribed by the clinicians. This study benefits us a
great clinical possibility for the automatic hypothermia treatment.
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Fig. 1. Diagram of biothermal system of patient.
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Table 1. Parameters for the biothermal model of patient.

Segments L(w) r(lO) |(9) r(lﬁJ C(lo) W(w) (10) T(O)*
?No.) Compartments [mm] wim/ 1 [kg/m’l  [Ikg/ 1 [x 10°Us] [ve/ma] [ ]
Head® Brain 86 0.49%9 1080 3850 10.13 13400 37.10

) Core 101 1.16%9 1500 1591 0 0 35.47

Shell 104 0.34 986 3180 3.18 237 35.21
Face Core 98 68 0.42 1258 2351 0.20 250 36.57
(2) Shell 98 78 0.34 900 2652 2.36 123 35.53
Neck Core 84 55 0.42 1118 3464 0.47 601 36.41
(3) Shell 84 57 0.34 974 3112 3.60 221 34.66

Superior Core 1609 34 0.42 1139 3278 0.43 549 35.36

limbs (4) Shell 1609 42 0.34 907 2703 0.27 134 33.36
Thorax Lungs 306 77 0.28 550 3718 14.32° 600(5.23W¥) 36.65

®) Core 306 123 0.42 1143 3247 0.42 539 36.48
Shell 306 129 0.34 944 2932 0.63 181 33.91
Heart (6) 3550 7.19W* 36.65
Viscera 552 79 0.53 1000 3697 4.31 4100 37.00

Abdomen
@ Core 552 109 0.42 1123 3421 0.46 589 36.29
Shell 552 126 0.34 874 2472 0.15 89 33.51
Inferior Core 169 48 0.42 1142 3252 0.42 540 35.92
limbs (8) Shell 169 55 0.34 918 2770 0.30 147 33.47

t: time [s]. T: lumped temperature of compartment [ ]. T,: 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/m? 1. k,: convective heat transfer rate from body to cooling apparatus. L: length of segment. r: outer radius
of compartment. | : thermal conductance [W/m/ ]. r: density [kg/m°], r,=1069 [kg/m®]“?. c: heat capacitance [J/kg/ ],

¢,=3650 [J/kg/ 1*. w: blood perfusion rate [m°blood/s/m®tissue]. g metabolic heat production [W/m®]. 1 ..V pearn=0.322 [kg]®.

*: initial temperature calculating from eq. (10) with k,=20.0 [W/m*/ ], a=1.5, T,,].,=[30 30 30]". ¥: 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.
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Fig. 2. Cooling dynamics of the model by various
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Fig. 3. Reference temperature course of brain

hypothermia.
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Fig. 5. Optimal regulator for the discretized
biothermal model of patient.
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using the biothermal model of patient.
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