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Study on the optimal control of cardiomyocytes beating in chronic hemodialysis
treatment
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In this study, we were the first in the world to use a mathematical model
based on electrophysiology to closely examine the relationship between fluctuations in plasma K+
concentration (KP) during hemodialysis treatment and cardiomyocyte contractility. First, we found
that a decrease in KP led to an extension of the depolarization phase in ventricular myocytes due to

the reduced rate of potassium efflux through the Kr channel, temporarily enhancing contractile
force. Next, an excessive decrease in KP increased the transport of K+ and Na+ through the Funny
channels in sinoatrial node cells, disrupting automaticity and causing a significant drop in the
membrane potential of ventricular myocytes, leading to contractile failure. Avoiding excessive
reductions in KP during treatment contributed to the maintenance of cardiomyocyte contractility. Our
findings strongly suggest the need to optimize or finely control the K+ concentration in the
dialysis solution based on pre-dialysis KP levels.
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