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Impacts on erythrocytes by peristaltic extracorporeal circulation:

Spectroscopic evaluation of shear stressf

Risa Shibata™, Shota Kato™*, Kazuhiko Nakadate™**, and Yasutomo Nomura™

The treatment for severely ill patient with COVID-19 is a burden to hospital

management.

When a centrifugal blood pump is replaced with a peristaltic pump in an

extracorporeal membrane oxygenation (ECMO) used for respiration failure, the cost would

be effectively decreased because the peristaltic pump can be used for long periods without

the need to replace expensive parts. Blood in the peristaltic pump flows with moving the

roller which compresses fluid within the tube.
cells undergo the morphological change and finally hemolysis.
processes, the appropriate occlusion must be kept during the treatment.

Under inappropriate occlusion, red blood
To avoid such unfavorable
In this review, we

examined the literatures on mechanisms of the changes in morphology dependent on the

occlusion and pursued the clue of early change of the morphology.
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Fig.1 Typical blood pumps in ECMO. (A) Centrifugal
pump. Blood flows due to the rotating impeller. (B)

Peristaltic pump in which rollers compress blood in the
tube under the appropriate occlusion.
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Fig.2 Rheological model for bloodstream. (A)

Geometry of the model where blood flows in the
(B) Velocity distribution in the

direction of an arrow.
transverse plane.
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Fig. 3 Band 3 clustering model in erythrocyte
membrane and antibodies. (A) normal conditions. (B)

senescence.
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Fig. 4 Morphological changes in erythrocytes exposed
to shear stress
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Fig. 5 Stomatocyte-discocyte-echinocyte shape

Discocyte

transformation and classification. Red illustrations
denote predicted shapes!® and monochrome pictures
denote our experimental observations by SEM

imaging.
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Fig. 6 Optical evaluation system of erythrocyte
(A) Block
diagram of the whole system. (B) Structure in the

morphology dependent on shear rate.

optical probe site. (C) Transverse section shape of the
probe, by which shear rate can be calculated.
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system with peristaltic pump under appropriate

Instead of centrifugal pump, the

occlusion would be helpful to effective manage of
hospital.
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