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Simulation Study of Cardiovascular Response to Hemodialysis
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ABSTRACT

The object of this study is to develop a model of the cardiovascular system capable of simulating the short-term

transient and steady-state hemodynamic responses such as hypotention and disequilibrium syndrome during

hemodialysis or hemofiltration. The model consists of a closed loop 12 lumped-parameter representation of the

cardiovascular circulation connected to set-point models of the arterial and cardiopulmonary baroreflexes and 3

compartmental body fluid and solute kinetic model. The hemodialysis model ineludes the dynamics of sodium, urea,

and potassium in the intracellular and extracellular pools, fluid balance equations for the intracellular, interstitial, and

plasma volumes. We have presented the results of many different simulations performed by changing a few model

parameters with respect to their basal values.
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Hemodialysis, Lumped parameter model, Body fluid and solute kinetic model

2.1 AIEHA 25 (12 compartmental model)
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Figure 2. Circuit diagram of the hemodynamic system.
Lv, Left ventricle; a, arterial; up, upper body; kid, kidney;



sp, splanchnic; 11, 1 ower limbs; ab, abdominal vena cavea;
inf , inferior vena cava; sup, superior vena cava; rv, right
ventriele; p, pulmonary; pa, pulmonary artery; pv,
pulmonary wvein; ro, right ventricular outflow; lo, lefi

ventricular outfl ow; th, thoracic; bia
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Figure 2. Diagrammatic representation of the reflex
model. C8, carotid sinus; CP, cardiopulmonary; ANS,
sinoatrial; sigma,

summation. See text for definitions of pressure (P)

Redstance

autonomic nervous system; SA,
symbols. The interaction between ecardiopulmonary and
arterial baroreflex (indicated by dotted line) only affects
the maxmum sensitivity of the arterial heart rate

baroreflex.
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Figure 3. The
description of body fluid exchange and solute kinetics are
represented. The dotted lines show the 2 compartment
model for the kinetics of the genetic solute s (s is either

compartment models used for the

urea, potassium, or sodium). The solid lines indicate the 3
compartment model of body fluid exchange. Ms,ic and
Ms,ex are the solute masses in the extracellular and
intracellular spaces; Ks and [beta]s Ks are the mass
transfer coefficients of solute s between the intracellular
and extracellular compartments; Vie, Vis, and Vpl are the
intracellular, interstitial, and plasma volumes; Vex, the
sum of Vis and Vpl, is the extracellular volume; Qinf and
QF are the infusion rate of the replacement fluid and the
ultrafiltration rate; Cs,inf1s the concentration of solute s in
the replacement fluid; Js is the rate of solute removal
across the dialyzer; Rv is the fluid reabsorption rate at the
venular capillaries; Fa is the fluid filtration rate at the
arterial capillaries; and Kf is the osmotic ultrafiltration

coefficient at the cellular membrane.
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Figure 4. Time courses of extracellular sodium

concentratration with hypernatric (a), neutral (b) and
{¢) dialysate
hemodialyIs treatment and 1 hour for observation. Blood

hyponatrie during 4 hour standard
volume profile (d) during 4 hour standard hemodialyls
treatment and 6 hour for observation (straight line :
hypernatrie dialysate, dashed : sodium balance neutral,

dotted line : hyponatric dial ysate, UF rate is 500mL/hr).
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Figure 5. Time courses of heart rate changes by
baroreflex system during 4 hour hemodialys treatment and
dhours for observation with different sodium dialysate
concentration. (a : hyponatric dialysate, b : neutral

dialysate , ¢ : hypernatric dialysate)

Figure 6. Time courses of left ventricular systolic
compliance changes (a), kidney resistance changes (b) and
kidney ZPFV changes (¢) by baroreflex during 4 hour
hemodialys treatment and dhours for observation with
different sodium dialysate concentration (straight line :
hyponatric dialysate, dashed line : neutral dialysate ,
dotted line : hypernatric dialysate).
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