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Red blood cell (RBC) membrane deformability is an important bio-marker for the detec-
tion of diseases such as malaria. Malarial infection causes an increase in the rigidity of the
infected RBCs and, deformability-sensitive cell separation devices can prove important
for disease diagnosis.

Deterministic lateral displacement (DLD) is a microfluidic device popular for size-based
bio-particle separation [1]. DLD consists of micro-obstacles in a microfluidic channel.
DLD separation principle relies solely on particle-obstacle collisions, with larger particles
‘bumped’ by the obstacles on an inclined trajectory to the average fluid flow, eventually
leading to size-based separation. The DLD principle works well for rigid particles, however
behaviour of deformable, non-spherical particles such as RBCs is not well understood.

Previous deformability-based RBC separation attempts in DLD devices have relied on the
fact that deformed RBCs appear smaller in cross section [2]. This necessitates limiting the
microfluidic device depth to restrict RBC rotation. The pitfall of such shallow microfluidic
devices is increased fluidic resistance, which significantly decreases the throughput.

Figure 1: RBC forces in DLD

We change DLD obstacle geometry and induce hydrodynamic
lift forces without restricting the device depth. Using simu-
lations and experiments, we test the dynamics of both ‘soft’
and ‘rigid’ RBCs in our DLD devices. Significant hydrody-
namic lift is generated as the RBCs interact with the modi-
fied obstacles. This lift varies depending on RBC membrane
deformability. Thus, in addition to particle-obstacle colli-
sions, hydrodynamic lift is shown to alter the RBC trajecto-
ries based on their membrane stiffness.
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