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Development of Photon Propagation Model in Blood and Application to a Non-invasive and

Continuous Monitoring in Extracorporeal Circulation Therapies
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Abstract: To establish non-invasive and continuous diagnosis of blood in extracorporeal circulation therapies, photon
propagation model through the blood have been developed. The newly developed photon-cell interactive Monte Carlo
(pciMC) simulation describes the interaction of photons with 3D biconcave red blood cells (RBCs). The scattering is
solved by micro-scopical RBC boundary condition based on geometric optics. By using pciMC we have modeled the
RBCs inside the extracorporeal circuit would be oriented by the blood flow. In the experiment, the scattering of light by
flowing blood at the He-Ne laser was significantly affected by the shear rate. The pciMC model could duplicate the
changes in the photon propagation due to moving RBCs with various orientations. The resulting RBC’s orientation that
best simulated the experimental results was with their long axis perpendicular to the direction of blood flow. The finally
developed model accurately predicted the hematocrit within 1% error rate.
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2-1 photon-cell interactive Monte Carlo (pciMC) simulation
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Fig.1 photon-cell interactive Monte Carlo simulation.
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Fig.2 Light scattering and absorption in pciMC simulation.
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Fig.3 Experimental condition.
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Fig.4 Red blood cells orientation model.
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Fig.5 Changes in light scattering in the extracorporeal circuit.
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Fig.6 Error between experiment and simulation.
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Fig.7 Phase function in pciMC simulation.
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Fig.8 Orientation ratio with respect to the shear rate.
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Fig.9 Red blood cell aggregation.
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