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In vitro study on simulation of selective cooling through intracarotid

infusion in the model of the Circle of Willis

CHEN Jun-yuan', MU Li-zhong', HE Ying’, TANG Yuan-liang' (1. Department of Modern Me-
chanics, University of Science and Technology of China, Hefei230027, China; 2. School of Energy and Power

Engineering, Dalian University of Technology, Dalian 116023, China)

Abstract; Objective To evaluate the influence of Circle of Willis on intravascular hypothermia. Methods A pa-
tient-specific model of the Circle of Willis was constructed based on the CT images and the in vitro perfusion ex-
periment with cold water for 20 C was performed. The water was injected from right intracarotid artery (ICA) to
the area of middle cerebral artery (MCA) at the flow rate of 30 mL/min and made the cooling period last 15 min.
The cooling and rewarming characteristics in the phantom and fluid around MCA were investigated using thermo-
couples arranged at 27 and 1 spatial locations. The areas distributed with cold water were further visualized using
the dyed solution. Results The cold water from right ICA was mainly distributed to right anterior cerebral artery
(ACA), MCA, and posterior communicating artery (PCoA), while only a little part of the water could possibly
pass through anterior communicating artery (ACoA) to the left ACA. The nearer the locations to the area with
cold water, the faster cooling down and also faster temperature recovery rate would be obtained. Moreover, the
phantom temperature distributions were asymmetric around MCA due to the complicated bifurcation structures in
this area. Conclusions This physical model is useful for investigating the influence of vasculature on endovascu-
lar hypothermia and applicable in designing patient-specific hypothermia therapy.

Key words: Intravascular hypothermia; Circle of Willis; Image-based modeling; In vitro simulation; Temperature

mapping
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Fig.1 Flow chart for constructing the patient-specific model of the
Circle of Willis



BRIBIR,%. RshBk Willis 3RS 53K IB A SMERIFT 53
CHEN Jun-yuan, et al. In vitro study on simulation of selective cooling through intracarotid
infusion in the model of the Circle of Willis 315

©

BTN SIIK A0 A izl ik
A B Rk

TG Rk | A

B Rk

B2 Willis BRRSMER  (a) Willis FHMOMEE SHLE, (b) Willis FRi5E IR, () Willis FRAYA ] il 4 2 7
Fig.2 In vitro model of the Circle of Willis (a) Model of the Circle of Willis made of Wood’ s metal, (b) In vitro vascular silicone model,

(¢) Vessel names for the Circle of Willis
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Fig.3 Schematic diagram of the experimental setup
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Tab.1 Comparison of thermal physical properties
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Fig.4 The influence area of cold water when the cold water was
injected from different directions (a) From L. ICA, (b) From
R. ICA, (c¢) From L. ICA with higher viscosity, (d) From R. ICA with
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Fig.5 Locations of thermocouples in the phantom

(a) Front view, (b) Top view
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Fig. 6 Temperature variations in different locations during intraca-
rotid infusion (a) Temperatures of fluid flow and the around phantom,

(b) Temperatures of vessels in locations close to MCA and ICA
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