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THTRODUCTIOY AND AIM OF WORE

Patients with chronic renal failure requiring treatment
with the artificisl kidney usually require reduction of
their total body water in conjuncition wiih their dialysis.
Removal of this excess fluid during hemodialysis by ultra-
filtration,usually accomplished by negative pressure on
the dialysate compartment {Kobayashi et.al.,i1972; Ing
et.al.,1975),0ften causes arterial hypotension or muscle
cramps or both(Bergstrém et.al.,1976) in particular when
relatively large amounits of fluid have to be removed in
brief periocds of time,Bergstrdm and co-workers {1976)
obgserved by c¢hance that rapid ultrafiltration was much
better tolerated (without significant fall in blood
pressure ) wken performed without simultaneous dialysls,
i.8.when negative pressure was applied with the dialyeids
f1lnid bypassing the dialyzers They successfully introduced
a dialysie protocol of sequential ultrafiltration and
dialyslis : in thig way even large amounts of fluid {(e.g.

4 liters or more in one hour) could be removed without
discomfort to the patient and without a fall in blood
pressure, This was soon confirmed by other clinieal
investigations {Shaldon,i976;Ivanovich gt,al.,1977; Jones
et,al,,1977).

Rosenzweig and Rosansky(1983) studied a new form of
sequential hemodialysis ,modified sequential hemodialysis,

e T e e i e e S R b M i b eyt e

to see if it improved blood pressure stability as compared
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to standard dialysis technigques.They concluded that it is
superioi to regular hemodialysis with respect to blood
pressure maintenance and superior to standard seguential
hemodialysis with reapect to urea and creatinine c¢lear-
ance., Consequently,they claim that this new form of treat-
ment may prove to be the optimal method of hemodialysis
in the future,

The aim of this work is {0 evaluate this technigue of
hemodialysis compared to standard sequential hemodialysis

described earlier by Bergatrdm et.al., 1976.
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Tae pirpose of walntensnoco heosdialysis s o nalliasbs the
Tailure 2 the excretory and aydroelscirclyte fircvicns ol a dis-
eased kldney., Howsver,it is cvident thot the ariificlal xidnsy

canngshk cbvigte the failore of endicrine arng niztasolic fuanctiaons

of the zidnzy (Scribner sl.gl.,1360;Hegstromn ef.al.,1961),

Diglysis is acnievss by cliscontinucus cxchangs beltween paiient
piassza and a dialysis zoluation acruss a szinlpzraeable mombrane.
T'ne electrzlyte composition of the dialysate ls siziiar to an
ultratiltratsd of normal prasma.Thas,dirfus:-ble scliutes pass into
the dialiysls rluid,whnile blood proteias and foraed eledensys remain

in the glasia.increasing Lhe droswatic gressure between tas

biscd ard fhe dialysste removes sycass ozber and sodivm accuzuia-

The prirciples anderlying hesodizlysisc are Luz plysical and
ciemical lavwe Jovernlng mass traasfer across semiperresble mem-
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MASS TRAFITRR ACROCS STVIPERVTARLE ¥BNDTATES {Man & Jungers ,1979).

L'

Schematically,s hewcdiaiyzer is madce ol a scalpermeable moem-
orane ssparaling two compartments in which blood and dialysate

[low {Fig. 1 ).
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Fizure 1. Schematic diagram of a hemodislyzer,
Blood and diglysats flow rates are respective-
ly depicted as 5B and QD ,with indices i{inlet)
pr ofoutlet).Corresponding kloocd and dialysate
solute concentrations are Cpand Cp,with the same
indices,
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porlbed Frao ths bBlood o the diaiysate, or vice wersa, ger

.

ElC pragsure L

veen tiie blood snd dia-
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time unit. Hydroztia P
lysate cnd tae solute concvenltratiosns of eaca dotermine taze

+

dirgetion of soiute exclarnges. 3Jciute msss resoved Irci the

blood streom per time uaiti{dimay Do expressed as the difference

setween soliutes present In the iaflowing blooc and those
in zhe outtlowing bleod(HMicaaels, 1471

M= (Hp, % Cpad o= (9, x O, ) eranerenll])
hen ultrafiltration is low or ail,thke flow raze of out-

flowing klood is vory close to that of inflcwing.%Ei BIG

Al ray bz zssuped to oe equal, and equziion(llimay be

45

Hb
mplifled as follows:

T’I:':‘Il_n‘ {:Q' "‘CEO } oorlioooo.i.ttu..a{1ﬁ).
According to the sausic privciple, solute rass transierred

from bleocd to dizlysate ssr tike urii may be exoressed as

= I:'ai‘. w UDO‘J - I"'Q'Di x Cr-!-\-‘} rru't-i{gj

Trhe zelute mees(W)exsracted Trow the blood is necessari-

salie fime, and egquationil)enusls cguatiun(2) ((tchsels,1671).

93]

Mass trzasfer acroos a s=aiperoesble medabrane i3 based

vio two wecuanizms,2iffusion and uvitrafiltration.,Diffusion,

—— e g i oy —p — o ——

h

or conducticn traznsler,is passlve transfer of sclutes

across the wemdbrans;ior a given solute tae amount of difl-
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vgion densnds on tis surface area acd clienlcal nature of
shrane and o the concsatration zrzdisnt of the solute.

TTT dea o - - e Sy - - L T
Uitraed ltroation,or convecilon traasfer,is sliullansous trans-~

| PR, 3 - PP G E °
hrdeeonlic wvermoabiiitys of tiue nenmbrane

Letwecrn alood

n
wration gfaiient for olio irdividuoal soiuselal,,):(Mighasis,1971)
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niilence soluts

movenent by diffusicrn acress the diolysis meombrane(Hsndercon,

bhetween solitte molec-

Ular size and its rateo of transport;lisrpes sclutes diffise nore

giswly tlarn seall ozes,dolutes that ore protein-hound or pree
gext withis: the blcod cell,e.ge,caleiun, potassiwg,will not obey

tiie orderly relationshiz,out deopend on their binding cone

Ty or wlitrafiltraticvn casffigioeont is

of = givern menbraz,related to “ts 2. 1-
ar unlt tie(Man LJungers,19793).
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stants and/or celi membranc permesbilitbty tc deterwine their

o

rate oI resoval by aizslysis. Solatz clarie has alsoe Lcew

deicreine] oo L2 Lo curbonb ror fransporc across syntheflce
grd piologicel membrones,espscially for solutes above 500
daltors in size,For -hesePnid.le molecules",i,e.molecules

larger than the comnonly identified srewic toxins(larger

than 520 daltons but saallerv tharn protsiues),tie configuration

of fthe woiecule is alooe iMpurTact ita SGede.ondlning ile rale
D1 moveaenl wCoons bhe dlialyals wowbrvene (Eeodoerson, 1283,
Bguszion{3lindicates tooat transior elficiency is maximal

U‘.nd"._'!i t;;'.':: fU:I-\__._-._.-'JJ_ J'LJ-.. \ "'J‘_..-Lufl.n.;. 'LJ.].’].I:L IEC JLL f“LI‘S 519?9]

*holute corcerntiation Sraclent across Lthe membrane qust

e as high zs possible. In the case of sinsle-pass dialysis,

Chis is tae case when Dne dlaiyasnte is cevsiid of the miven
: r - . rs 3 ]
solute, The sountercuatioent dizlycate syzteciPi. 1),which

clated #ilih =cuive tursculeunce to wig wislyuwiie layels along
the mombranc,

FActive yeaurane suariace area aust e as largs a8 possikle,

Unperfused or c¢hauaulllag areas aay ve reduced by improving
dialyzer cecign and by usizng btwe ur nore dialyrners in para

res ucivirane, However,

[4n)
[y}

liel owr dialyzers withse wi. . surfag
these possibilitles enlball & nigh exlracorporeal wlood wvol-
ume.In this respect,;ioilow-Tiker dialyzers have the best
surface-to-volume ratis (Gotch st.al., 1372}
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b nigh as possisle. Thls coefficlient depeads on the
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resizTance o SoLlute ftranaslor zoit only of the nerbrane

itself but alsc of the blcod {ilm znd the dialysaie.

Mass transfer Desistance:

I order [or & solule nolecule to diffuse durlng extra-
corporeal hemodialysis{ECED) from well-wmixed plasma water
in the bicod path to wezll-mixed alalysis fluld,it must tra-
verse serially turee resislances to 1ts movement{Fig.2 ).
These are the resistances presentec by pooriy mixed plasma
water adjacent to the dialysis membrane(RB}, tiat oi ths
membrane itselI{EH} sind thaz Tor poorly wixed dialysis riuid
adjscent to tne membranc(i.){Lesnard et. 2l.,19560),0verail
transfer resistance,3,, is egual to the sum o Lie above
resimtances,or:

RD = EB+ RM+ ED .li.‘llllillli{q}

As permeavility is inversely relsted to resisiance,it results:

5 ..l . 1, 1,1
. 0 KB KM ﬁD

T e T e o e e = e o ) tmr M s e ek BB i 1o W e i

~R. may 2o reducec by cecreasing blood channel height. Lt
has Leen uvzcreased from ﬁOme in thie standard K3iil to 150Pm
newer disposable plate dialyzers and to iless tnan 100 pm in
the hollow-fizer xIcucy.
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reduced_by high dialysate flow ratess. This creates

in tag dialysale Stream,wnich incrceases washout
of the suaperficial dialysate layer.Dialysate {low ranges
from 500 to 1000 ml/win. in most parallel flow diayzers.

Dialysate ccampartment reoistance nay also be lowsred by im-
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guign, such s in"multipeint' Kiijl
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-For a given merbrans,Bumay be

proving support
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dialyzers!{Fdson
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cd vy diwinlishing wemb-

lr\

rane Lthicunogs. The Cuprophsn gedaorane was progressively red-
ucec from aboutiapm to 1w, oulb mecasnlical resistance of thae
aembrane uwreociudes furtaer progress, Newer membranes,suci

as polyacryionitrile(Firawood et. al. ,19728),polycarbonate,

My

agrd Amicen ¥¥-30 {(tenderson et. al. 1973} ,have become avai-

lablecithese menbranes are more pgermeabls tian Cupropnan for

i

aill molecules lested,espeacially for solutes with mcleculsr

.

weigkts over 300 daltons.Thus, they have lower mesmbrane resis-

tarnce to "miooale molacules!,

Regpectdive Infliezce of Hp,and HB o Soluze Transfer:

in
L;E‘,

The comparative coniributicon of eacih of the several resis-
tances differs with membrane format.The greater the degree to
which a #iven format and its resulting flow pattern causes

F

high sheer rates and "turbulent"flow over the membrane,the

greazer vne resulbant membrane'scrubbingTefiect that cccurs,
reducing tae thicuness of ting stagnant fluic films and res-
1

pectlve contributions Lo Ea.The larzer ths solutes, the grea-

ter the eflecl of EH sno bihe less the collesctive contribuations

14
b

3
T

azd R, { Henderacn , 1983 }. Dsta ZIron Babu  et.
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