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Effect of Ultrafiltration on the Clearance of Artificial Kidney Dialyzers

Ho-Nam Chang, Jin-Kon Kim, Han-Chul Park*

Solute transfer in artificial kidney dialyzers was analyzed using Kedem-Katcha-

Isky’s description on membrane transport. Mass transfer coefficient, Ky was ded-

uced from the diffusive clearance of commercial hemodialyzers.

It can be seen

that K, increases with the increase of blood flow rate, which means that there is

substantial resistance in the blood phase for solute transport. Total clearance was

estimated with the Werynski’s formula. The increase in total clearance due to ult-

rafiltration was most significant for middle molecules like vitamin B,,, however

that for smaller molecules such as urea and creatinine was minimal.
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4 —



—il g 4

dialysate

=
pre)
a8

membrane

Fig. 2. Mass Transfer Resistances of Solute
Transport

earance Q.7} 132.1 ml/minol=m (11)4 e} A Cuof/Coi
=0, 3395 (5)4] o] 4 %:0. 2642(Cz:=0) whebA (6)
46} A 27k Ak oW L=19cmojw Ko (14)4
ey K=13.57( ok 9 Ulurafiltra:
tione] ¢& A% Keve ot g A7bA adlel o8
ARRch F 2% 264 B A Y blooddl 4 me-
mbrane7-x &) A ukx 8 R,, membranew 2] & 2=
R, membranee] 4 dialysatez} 24 alex3 Ru;9

el Raol o <psh 2A ek

Ad "Ry R+ Ry (14)

R,¥ blood floow ratest soluted] diffusivitye] =k
Als = R, membranew?] soluted] effective diff-
usivity, membrane thicknessel] z4] 5= Rs¥ blood
o] 4 o} o] dialysate?] flowel soluted] diffusivity

=
o darg el ol & FALR A7 Ve

'r, 1 Lo -

LKt W o1 (13)

1 s .

Rda D;ﬁ* “1-02 (1(:))

R~ an
m@ D.

o714 D;% membrane ¢ soluted] effective diff-
usivityeleh, Ry Ra= flow rated Se|md o] Fx

A Frretelst g A ofsl e F Algro] memb-

ranedi <l @A el & Aolw,

2-2. Ultrafiltration0] U&= 2
v‘i,%iﬂ zerozb ofy) A (AY &l 223 )
2 zAEA A4 Eake] shdhel. webA o A

qEARA E47 A Ultrafiltratione] Clearances| »] & & 93—

200 -
166 -
th” r~
e
s
~
//
QFSO K
1 1 »N
§ 50 129 ps] Jedel]
0~ Qbi

Fig. 3. Total Clearance as Functions of Diffusive
Clearance({).) and Ultrafiltration(Qz)

= Werynski¢] #4148 o}&3ke}. 3 total cleara-
nce Q.=

Q:=0c + O 1A~QQ;~) (18)
(18)4 el &35k=1 & ultrafiltration of Qp=081 7%
QcE Tt o] & olgdked QpE #F i total cle-
arance Q.8 AAE 7t sivh % FrHEE A AL

2

1 1
O (Qc —~§2;--) 100 (19)
3k

2% 32 (18)4ld] ]38 total clearanced A ALg}
ok 2e Faogrh & olwl soluted] Qb 50
ml/mino] & Qr=30ml/mino]= Q. =87 Sml/mine
2 ultrafiltratione iz ¢l 3}e] clearancert 75%1} 5
JbebAl mleb Zeiv ERbgke] Abe A Q.=150ml/
mine] =l total clearancel= 162 5o]w -3} 8 3% 4to]
Z7VehAl or =k, whebA] ultrafiltratione] o] & 57}
7} solute®] membranesi permeabilityz} 2 mid-

dle moleculed =% A2 41A & 471 9o}

3. Znt ¥ 1

2

E 1o #x Ak %4 bhollow fibere] w3l
datast Foid glvh. Fibere] w7, % A47 whz
o 2 blood flow rate?] 7-$- 9% Fee Fddld
2t fiber& g = =3 blood flow rates v}& <7}

ek,



—BE TGt B3k, 1M, 19824

Table 1. Commercial A.K. Dialyzers Used in the Analysis

Model Name KF-101 KF-111 I Toray-Filtryzer
o FYRLERTT | Gt PGy
Type ] hollow fiber ‘ hollow fiber y hollow fiber

ID. of a fiber —‘ 210#m ’ 2.34m l 2404m

Membrane thickness ‘ 324m ‘ 134m ‘ 404m

Effective length ' 145, 220, 275mm ’ 220mm . 190mm

Effective area 0.7,1.0, 1. 3m? ‘ 1. 2m? [ 1.15m?

Number of fibers | 7000 ‘ 8500 8000

Company [ Kuraray, Japan ’ Kuraray, Japan Toray, Japan

Table 2. Mass Transfer Rate for KF11, KF101 and Filtryzer

.Type BER| 5g9 ‘ 175 { 150 | 125 100 75
Qc 1 171.4 155.0 135.7 117.9 95 71.4
(Urea) 2 158.0 145.0 125.0 112.0 92.5 72.0
(M.W =60) 3 132. 1
Ka 1 23. 11 22.00 19.81 19. 28 15. 82 11.56
(Urea) 2 14,31 13,91 11.72 12.18 10, 84 9,83
3 13.57
Qc 1 | 149 138 125 109.3 90 70
(Creatinine) 2 132.0 128 1200 109 92.0 65.0
(M.W=113) 3 114. 1
Ky 1 15. 34 15. 06 14.65 13, 85 11,96 10. 26
(Creatinine) 2 9.36 9.98 10, 40 10. 97 10, 56 6.02
10,28
Qc 1 33.3 33.1 32,2 30,2 28.4 24,4
(B-12) 9 55. 8 55.5 55.0 53.0 51.0 43.0
(M. W=1355) 3 46.7
Ka 1 1.72 1.73 1.71 1.62 1.57 i 1.38
(B 12) 2 2.53 2.58 2.65 2.66 2.75 2. 44
3 2.95

BFR : blood flow rate(ml/min) Qq=500ml/min
Q. : clearance(ml/min) K, : mass transfer rate(cm?/min)
Type 1: KF11(L=22 cm), 2: KF101(L=27.5cm), 3: Filtryzer(L=19 cm)

Fa gl 53 KF119 A 97 o] g Age nd

3-1. U.F. 7} gl= 29| K2 AHM M :
Fa gk aslebede A+E asnrt FAADA
£ 20| = ultrafiltrations] ¢1& 7% KFl1, KF- F7F Az #@H%d d¥s Ach 2 “middle
101, filteryzerd] 7+ blood flow ratee]4#] cleara- molecule”ql wlEbul Bi8] 7%~ 100ml/min o} 4-¢] 7

ncesh o] 24 (13)4& o g3t AN Kaf) &e  Folt Ka®l Aolrk 2A] e shebd bloodel A
2o Fxgdeh axd A4 flow ratee] Aagel 8 FAAD] Faw QA A4 2S¢ 4 sk
deh Kool grol Abd ez gasha gt A »ed = dehl Buf) A4 Toray filteryzers] 20 A %A
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Table 3. Total Clearance with Ultrafiltration

Tpe\“gi‘ | 0 10 [ 20 30 10 50

| KFl 171.4 172.8 \ 174.3 | 175.7 177.1 178.6

Urea ‘ KF101 158. 0 160, 1 1622 164.3 166. 4 168. 5

| Filtryzer 132, 1 135.5 ’ 139,0 142.3 145. 7 144.1

| xF11 149. 0 151.6 154, 1 156. 7 159, 2 161. 8

Creatinine | KF101 132.0 135, 4 138. 8 142.2 145. 6 1490
i

| Filtryzer 14,1 118, 4 122.7 127.0 1313 | 1356

KF11 33.3 41.6 50.0 | 583 66.6 | 751

i i
Bis KF101 55.8 63.0 0.2 | 7.4 8.6 | 928
Filtryzer 46.7 se.4 | 64 68.0 75.5 82.8

Qub=200ml/min, Qq=500ml/min, Qr : (ml/min)

4 K7} & -2 Toray filtryzers} middle molecule
B A Ao Awks] aatdel AYde xmel Fa gleh
S, ZeobEyl 9 wekal Busl Kef) zeli bl-
oodi} dialysate side®] HF Aol x FA7F = 3A
al Bxlzold] 8 eI Age] Fad etz

T
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Expeko] & wlelul B9 A $- 50ml/ming] ultrafi-
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& 4 vk, Werynskioll 8stwd A& 9} o $3 2e]
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Qs : blocd flow rate, ml/min.

Qa : dialysate flow rate, ml/min.

K. : mass transfer coefficient, ¢cm?/min,

C, : solute concentration in blood, mg/cc

C, : solute concentration in dialysate, mg/cc

o : solute reflection coefficient

C,: average solute concentration in the membr-
ane

R : mass transfer resistance, min/cm?2

Q. : clearance, diffusive, ml/min

Q.. : total clearance, ml/min.

Qpr : total amount of ultrafiltration, ml/min,
SUBSCRIPTS

i:inlet

o : outlet

m : membrane

b : blood

d : dialysate
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