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Measurement and analysis of temperature characteristics and thermal physics of
blood cell, blood flow and blood vessel using microfluidic platform

Kazuya, Tatsumi
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Point of origin and the formation process of the thrombus, thrombus

formation time, and the reaction constant of fibrin reaction was measured using microfluidic device,
micro-capillary, and cuvette for human blood to evaluate the effects of flow and temperature on
vinous thrombus formation. We showed that in the case of low flow rate observed in vein, the fibrin
fibers grow from the platelets attached to the channel wall from which the thrombus starts to form.
The pattern of the fibrin fibers showed a correlation with the mass concentration pattern diffused
and convected from the platelet, the results from which we showed that the flow and concentration of
the coagulation factors affects the thrombus formation. Further, the relationship between the
temperature and the thrombus formation time and the fibrin concentration showed that the thrombus
formation time increases as the temperature increase or decrease from the range of 37-40C due to the
decrease of the reaction coefficient.
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@) Microchannel and the schematic of fibrin
fiber formation at the channel wall
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Figure 1.  Measurement apparatus ()
Microchannel measurement visualizes the fibrin
fiber pattern by applying fluorescence labeling,
and detects the clot formation by measuring the
flow rate. (b) Micro-glass capillary measures the
change in flow rate of the blood flow in the
capillary driven under constant pressure. (c)
Cuvette-type system detects the fibrin clot
formation and measures the fibrin concentration
by measuring the transmitted light intensity.
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Figure 2. Visualization of the platelet adhered to
the bottom wall of the microchannel at different
elapse time. ((a) t=10min, (b) t=12min).
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Figure 3. Time distributions of the activation
degree of the platelets fluorescent intensity, I, and
the area size of the fibrin network A.
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Figure 4. Visualization of the fibrin network
in the developed stage which is formed (a) in the
microchannel (in flow) and (b) in the well (in
stationary fluid).
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Fig. 5 (a)-top The distributions of fibrin fibers
formed from each platelet (the platelet is located
at the coordinate origin). (b)-bottom The area of
mass diffusion with the released source at the
coordinate origin measured by the particle
motions in water and blood flows.
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(b) Temperature effects on thrombus formation
Figure 6. Results of microchannel and glass
capillary  measurements. (a) Relationship
between the time distributions for the
fluorescence intensity of fibrin fibers and flow
rate. (b) Effects of temperature T on coagulation
time te.
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Figure 7. Effects of temperature T on coagulation
time tc in the cases of cuvette measurement.
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Figure 8. Measurement results using the cuvette
system to obtain the reaction coefficient of the
thrombus (fibrin clot) formation and the effects
of temperature. (a) shows the temperature effects
on coefficient B of Eq. (3). (b) is the Arrhenius
plot to the temperature for reaction coefficient k.
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