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Red Blood Cell (RBC) Deformability LN

— Highly deformable cell

 Important to deliver oxgen to the tissues throughout the body

« Reduced deformability associated with health problems (eg.
anemia, diabetes)
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Studies on human RBC deformability \

Existing studies

« Major focus - Effect of shear flow alone
» RBC filtration, laser diffraction ellipsometry, rheoscopy, etc.

« Use of straight channels
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RBCs under Extensional Flows \

Extensionally-domained flows often found in the
human circulatory system

— A change in the cross-sectional area
— Bifurcations Blood flow in
m_i__&_:_jovessels

— Stenosis — major problem

in cardiovascular deseases
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RBC deformability is important.
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Shear stress & Extensional stress \

Both shear and
extensional flow study

Shear flow study Extensional flow study

Shear flow
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Low aspect ratio
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Objectives \

Investigation of the RBC deformation in the
both extensional and shear stress dominated
flows in a low-aspect ratio hyperbolic
microchannel

« Fabrication of Microchannel with Hyperbolic contraction

« RBCs deformability measurement — Defomation Index
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Microchannel

Dimensions

Depth = 14 um

Hyperbolic curve
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Experimental set-up

Main components

microscope

Computer

camera

Experimental parameters

Hank's Balanced Salt
Solution (HBSS)

eI S e containing 2% Hct of
Human RBCs

Human RBCs size ~ 8 um

Flow rate 0.5ul/min

Frame rate 7500 frames/s
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Captured videos to static images \

Three separate images and a combined view.
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Image Analysis

Image filtering by Imagel

Background “Medium”

“Otsu thresholding”

Parameters: ‘Area
Circularity MSPS 2012



Deformation Index (DI) \

Definition of DI
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RBC Deformation Measurement \

Flow direction

RBCs flowing near the
centerline (y=0).

Q= 0.5ul/min
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x axis at the microchannel (um)

Average of DIs of all
ROIs along the
centerline.

Highly deformation in
contraction region.
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RBC Deformation
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RBC Deformation by Flow Rates
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DI increases with an increase of flow rate (Q).
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Conclusions \

RBC Deformation under the extensional and
shear flows

> Higher deformation in contraction region.

» DI increases substantially with the flow rate, at the
contraction region.

» Qualitative analysis indicates stronger deformation in
both extensional and shear flows than extensional or
shear flow alone.
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