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Analytical modeling and optimization of herringbone micro-fluidic
chip for capture of circulating tumor cells

WANG Min-jiao, WANG Zhi-hua, DENG Yu-liang, SHI Qi-hui(Institute for Systems Biomedicine,
Key Laboratory of Systems Biomedicine ( Ministry of Education), Shanghai Jiao Tong University, Shanghai
200240, China)

Abstract: Objective To realize the high-efficient capture of circulating tumor cells (CTCs) in the blood of tumor
patients by analytic modeling and optimization on the herringbone micro-fluidic chip. Methods By simulating the
fluid flow within the herringbone chip with Fluent 15.0 and calculating the capture efficiency with MATLAB to un-
derstand how geometric parameters (the herringbone groove width, spacing between herringbone grooves, her-
ringbone groove height and channel height) , flow rates and flow directions (forward flow, reverse flow) affected
the cell-surface contact for capture of the CTCs, the capture efficiency was predicted and then validated by exper-
iments. Results The herringbone micro-fluidic chip could achieve the optimal capture rate when the herringbone
groove width, spacing between herringbone grooves, herringbone groove height and channel height were 75,
125, 70 and 30 ym, respectively, at a flow rate of 1 mL/h with forward direction. Conclusions In this study, cell
capture in different micro-fluidic chips is simulated by the method of computational fluid dynamics. The statistic
model of capture efficiency is established by MATLAB and optimized to quickly screen a group of physical param-
eters for high-efficient cell capture. These optimized micro-fluid chip parameters are validated by experiment,
which can realize the high-efficient capture of CTCs.
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Fig.1 Schematic illustration of the herringbone micro-fluidic chip
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Fig.2 Top-view of the herringbone micro-fluidic chip under
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Fig.3 Simulated streamline diagram of the pathlines in the micro-

fluidic chip (a) Straight channel, (b) Herringbone channel
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Tab.1 Percentages of CS and CP with different geometrical parameters ( herringbone groove width/ spacing between herringbone grooves/

herringbone groove height/ channel height) and inlet flow rates (forward flow)
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vk b CS/% CP/ % CS/ % CP/% CS/% CP/ % CS/ % CP/ %
1 — — 96 9.75 98 6.88 99 4.93
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Fig.6 Capture efficiencies in the herringbone chips with physical

parameters selected by computation modeling
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