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=Abstract=

Estimation of Urea and Vitamin B,, Concentrations in the Body using Two

Compartment Model

—Comparative Studies in the Case of Hemodialysis and Hemcdiafiltration—

Ho-Nam Chang, Han-Chul Park®

Removal of urea and vitamin B, was simulated using two pool models with
closed loop dialysis, open loop dialysis, and hemodiafiltrations with predilution and
postdilulion. It was found that urea removal was limited by dialyzer clearance,
however B,, removal was limited both by the resistance between ECF and ICF and
by dialyzer clearance. Open loop dialysis was better than closed loop dialysis in
terms of dialysate requirement and removal efficiency. Residual renal function plays
an important role in removing vitamin B, Dialysis frequency more than twice/wide
does not have great effect on removal efficiency, but has the effect of reducing the
difference between maximum and minimum concentrations during dialysis period.
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Table 1. Typical Transport Parameters for Urea and Vitamin Bi: in Artificial Kidney System.

General Parameters

Body weight=67Kg, Vi=15{, V=25, V=200, V,=40/
to=1 day, V1*=0.375, V:*=0,625 V,*=5 00

Simulation Parameters for Urea and Vitamin Bj

Parameters ‘ Urea } Vitamin Bis
Molecular Weight ‘ 60 l 1355
o 7ﬁorma1 Cl, C: I Vlang% o 7} . 6821;242 pg/dl® o
Uremic Cy, Cs 90mg % j 1277-+745 pg/dl
G [ 7.46g/day ‘ 5,86 10¢ pg/day
K 1 704.4 1/day | 43.2 1/day'®
Ka+Op=0, Cy=0 246.8 7/day | 47.95 I/day
K, [ 0.0 Z/day ) ]A 0.00 I/day
K4Op=50ml/min [ 257.2 I/day | 108.1 t/day
Ci*, Co¥t=0 ] 6. 00 ‘ 2.00
G* ] 0.62 ! 0.21
K* 4 17. 61 } 1.08
Ka* ( 6.17 [ 1.19
K. * | 0.075 | 0.072
Ka* Op=50ml/min [ 6.43 )M 2.70
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Fig 2. Urea and vitamin B concentrations during on- and off-dialysis
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Table 2. Urea and Vitamin Bi: Concentrations in Various Modes -

\M"de i W
Urea Bz Urea B Urea B Urea Bis
Time . ICF ECF ICF ECF ICF ECF ICF ECF ICF ECF ICF ECF ICF ECF ICF ECF
0.00; 6.00 6,000 2,00 2.00 6.00 6.00 2,00 2,000 6.00 6,000 2.00 2000 6 006. 00% 2,00 2.00
0.22 2.51 2.15 1.91 1.23 2,15 1.72 1.91 1.21 2.52 2.09 1.82 0.84 2.07 1.64 1.78 0.70
23.4g"v 107ng 25.7g 110ng 23.5g 163ng 26.1g { 186ng
4,02, 7.11 7.08 2.50 2.42 6.72 6.70 2.49 2.41 7.09 7.06 2,29 2.22 6.65 6. 62; 2.21 2. 14
4,22 3.13 2.68 2.37 1.56 2.62 2,10} 2.36 1.53, 3.18 2.65 2.00 0,990 2.511 “'93 1.69 0,80
26. 3g 121ng 27.2¢g 124ng 26.1g 171lng 27.4g 183ng
(95.17%)* (55.58%) (101.3%) (57.05%) (94.9 96)' (81.4296)‘ (102,57?&)‘(90,93?6)
7.0 6.456.42] 2.70 2.¢2| 5.925.89 2.68 2.60 6.47 6.45 2.31 2.23 581 5.78 2.17 2.10
7.22 2.86 2. 44 2.56 1.68 2.331.87 2.54 1.64] 2.92 2.43 2,11 1.00 2.21 1.76. 1.95 0.79
23.9¢g 131ng 24, 0g 133ng 23.8¢g 172ng 24.0g | 18ing
11.02 7.44 7.41 3.07 3.00 6.89 6.8 3.05 2.97 7.47 7.45 2.54 2.46] 6.78 6. 75? 2.352.28
11,22 3.27 2.79 2.911.92 2.68 2.15 2.88 1.87] 3.352.78 2.31 1,10 2.56 2. OS& 2.11 0.85
27.5g 150ng 27. 8g 152ng 27.5g 190ng 27.9¢ 1 200ng
(98.42%) (68.50%) (99.20%) (69.97%) (98.24%) (88.25%) (99. 39%‘)‘ (93.61%)
14,02 6.58 6.55 3.17 3.09 5.98 5.95 3.13 3.06] 6.63 6.60] 2.48 2.41 5.85 5.82 2.27 2.19

2)

(solute generation ratex7 days)

_Total solute removal during two dialysis periods %100

Table 8. Dependency of Vitamin By, and Urea Removal on Residual Renal Function

GFR =

GFR=

5.00

GFR =1

0.00

ﬂ 1. 00®
\Mode I v (Ka*=0)? (Ko*=0)
\ Urea Bia Urea Biz Urea Bis Urea By,
Time\ | ICF ECF | ICF ECF | ICF ECF | ICF ECF |ICF ECF |ICF ECF | ICF ECF ICF ECF
0.00/ 6.00 6.00|2.00 2.00|6.00 600|200 200|600 600|200 2.00|6.00 600200 2 00
0.22 2,14 1.711.90 1.192.06 1.63|1.78 0.696.06 6.10|2.04 1.86 | 585 575201 1.72
25. 6g 109ng 26. 1g 184ng |
4.0206.16 6.1212.24 2.13|6.09 6.05| 2.01 1.90 | 6.51 6.45|1.75 1.51|4.12 4.04 ﬂ,17 0.91
.22 2.40 1,92 ]2.13 1.3¢[2.30 1.83|1.80 0.71 | 6.53 6.46 | 1.73 1.49 | 4.08 4.00 1.5 0,89
24, 8g 108ng 25, 1g 166ng
(96.51) (52, 90) (98. 05) (85.32) }
7.02 5.34 5.30|2.28 2.165.25 5.21|1.88 1.77|6.71 6.64 | 1.60 1.38|3.74 3.66 0.94 0,72
7.220 211 1.6812.16 1.37|2.01 1.59| 1.69 0.67|6.72 6.65|1.60 1.38|3.72 3.64 0.84 0.63
21.6g 1ling 21.7g 156ng :
11020 6.13 6.10 | 2.44 2.32{6.05 6.01|1.95 1.84|6.85 6.78|1.50 1.29 | 3.57 3.50 0.84 0,63
11,220 2.40 1.92 231 1.46{2.29 1.81|1.75 0.60|6.85 6.78|1.49 1.29|3.57 3.50 0.83 0.63
24.7g 119ng 24, 9g 162ng |
(88.66) (56.07) (89.24) (77.52)
14,020 5.33 5.30 | 2.43 2.31]5.23 5.20|1.85 1.7416.90 6.83|1.45 1.25|3.54 3.47i0.81 0.61

1) GFR : given in ml/min. can be converted to 1/day by multiplication of 1.44

2) No dialysis
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Table 4. Dxalysls Frequency vs. Removal Efficiency?
‘\MOde 1 dlalYSIS/chk 2 dlalysm/wcek 3 dialysis/week
Urea Urea Urea 12
Time .| ICF ECF ICF ECF ICF ECF ICF ECF ICF ECF ICF ECF
0.00| 6.00 6,00 2.00 2,00 6.00 6. 00 2.00 2,00 6.00 6.00 2.00 2.00
0.22 2.14 1.71 1.90 1.19
0.32 1.36 1.08 1.81 1.04
0.62{ 0.49 0,37 1.52 0.80
2.02 4.03 4.00 1.96 1.84
2.22 1.64 1.30 1.96 1.17
3.92 5.31 5.28 2.11 2.00
4,02 3.60 3.57 1,92 1.81
4.22 1.34 1.06 1.90 1.10 1.48 1.18 1.83 1.15
7.02]  7.48 7.44 2.28 2.16 4.44 4. 41 2.07 1.96 4.56 4.53 2.04 1,99
37.7g 230ng 57. 2g 287ng 56. 8g 297ng
(72.19%) (57.09%) (109.539%) (69.72%) (108.77%) (72.15%)
7.22 1.83 1.46 1.94 1.22
7.32 1.15 0.91 1.87 1.08
7.62]  0.57 0.44 0.71 0.91
9.02 3.76 3.73 1.99 1.88
9. 22 1.54 1.22 1.89 1.19
10, 92 5.15 5.11 2.16 2.04
11.02 3.51 3.48 1.95 1.84
11.22 1.30 1.03 1.95 1.13 1.45 1.15 1.85 1.15
14.02| 7.54 7.50 2.41 2.28 4.41 4.38 2.10 1.99 4.53 4.50 2.06 1.95
45 8g 253ng 48.0g 283ng ‘ 48, 3g 292ng
(87.70%) (61.46%) (91.91%) (68.75%) (92.49%) (70.94%)
TDT 0. 6?day - 0. 62day 0. 62day
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Cy, Cs, Cy: solute conc. in intracellular, extracell-
ular, dialysis fluids(mg% or pg/dl)

G: solute generate rate(g/day or ng/day)

GFR: glomerular filtration rate(ml/min, l/day)

ICF, ECF: intracellular fluid, extracellular fluid.

K, K., Ki: mass transfer coeff., renal clearance,
clearance by dialysis(ml/min, [/day)

max, min: mazximum, minimum concentrations of
solute during one week

Qif, Qio: predilution, postdilution rate(ml/min)

Qs Qu, Qo QF: blood flow rate, dialysate flow

2 viebrl Brf Alvsz F4—

rate, dialyzer clearance(Qr=0),
wlrafiltration rate(mi/min)
R:

RRF: residual renal function

recycle ratio

to: time, day

TDT: total dialysis time, day

V1, Vs, Vo, Vi intracellular, extracellular, dialysis,
total volume(l)

*. dimensionless variables
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