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Abstract


The manipulation of blood within in vitro environments presents a persistent challenge, due to the highly reactive nature of blood, and its multifaceted response to material contact, changes in environmental conditions, and stimulation during handling. Microfluidic Lab-on-Chip systems offer the promise of robust point-of-care diagnostic tools and sophisticated research platforms. The capacity for precise control of environmental and experimental conditions afforded by microfluidic technologies presents unique opportunities that are particularly relevant to research and clinical applications requiring the controlled manipulation of blood. A critical bottleneck impeding the translation of existing Lab-on-Chip technology from laboratory bench to the clinic is the ability to reliably handle relatively small blood samples without negatively impacting blood composition or function. This review explores design considerations critical to the development of microfluidic systems intended for use with whole blood from an engineering perspective. Material hemocompatibility is briefly explored, encompassing common microfluidic device materials, as well as surface modification strategies intended to improve hemocompatibility. Operational hemocompatibility, including shear-induced effects, temperature dependence, and gas interactions are explored, microfluidic sample preparation methodologies are introduced, as well as current techniques for on-chip manipulation of the whole blood. Finally, methods of assessing hemocompatibility are briefly introduced, with an emphasis on primary hemostasis and platelet function.
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