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The perinatal hypoxic-ischemic encephalopathy is a fairly frequent problem which the
neonatologists have to cope with. Until recently there was not any method to remedy
this disease. At present the therapeutic mild hypothermia of the infant’s brain is more
and more frequently used [3, 5]. Such hypothermal therapy generally stops apoptosis of
neurons. However, to counteract the side effects of violent modifications of the tempera-
ture during the hypothermal therapy, the deep body temperature should be kept at the
constant and secure level.

In order to perform the treatment in a proper way a distribution of the temperature
inside the neonatal body (especially inside the brain) during the whole therapy has to be
known. Since it was already proved [5] that temperature level of 34-34.5oC is secure during
brain cooling, at the beginning of the therapy the deep body temperature is decreased to
that level. In the case of neonate suffering from the hypoxia his temperature is usually
decreasing spontaneously 0.5 K per hour, thus the deep body temperature at the certain
moment is appropriate to start therapy. If not, his temperature has to be reduced utilising
cooling helmet or other device. Next, during the therapy, the deep body temperature is
maintained at the constant level. Since the most vulnerable organ is the brain, the
temperature of the scalp is kept by cooling helmet at the lowered level equal to about 24oC.
Simultaneously, in order to maintain the deep body temperature at the secure level, the
skin of the rest of the neonatal body has to be heated by the radiant warmer. The therapy
is carried out for 72 hours and then the deep body temperature is gradually increased
to the normal level (about 37oC). It is very important to guarantee that temperature
augments not faster than 0.5 K per hour, what entails many enormous difficulties.

In this work the attempt is made to develop a numerical thermal model within the neonatal
body cable of controlling the brain cooling process. The main aim of the analysis was to
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find the proper parameters of the process. The simplified geometric model of newborn’s
body, consisting of the number of compartments [1, 3], was built using Design Modeler. As
the shape of the head an ellipsoid was used. The forms of neck and trunk were simplified
to elliptic cylinders. The limbs were modeled as cylinders. Inside the head the scalp,
scull and brain were separated. The brain was surrounded by the brain cerebrospinal
fluid. The remaining part of the head was modeled as a space occupied by the air. The
neck consisted of the spine, muscle and skin. The spine was lengthened to the torso.
Interior of the trunk was divided into lungs and viscera, which were surrounded by bone
and skin. Limbs were split into three tissues: bone, muscle and skin. The neighbouring
compartments exchange heat by conduction through tissues but also interact with each
other through flowing blood. To simulate the natural heat transfer processes through the
human tissues the Pennes bioheat equation [4] was implemented into Ansys Fluent [2],
using UDF (User Defined Function) capability.

To retrieve the parameter values of the neonatal thermal model the inverse thermal anal-
ysis is carried out. The objective function ∆ consists of the sum of squares of deviations
between temperature T predicted by the mathematical model and temperature T ∗ mea-
sured at the selected places on the infant’s skin and that :

∆ = (T ∗ − T )T σ−2
T (T ∗ − T ) (1)

where σ2
T is the temperature measurements covariance matrix. Minimization of the ob-

jective function (1) is carried out making use the sensitivity coefficients determined nu-
merically. The final values of parameters controlling the neonatal brain cooling process
are extremely valuable from technical and scientific point of view.
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