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particularly, this invention relates to a nenbrane which selectively

r enovéesérgptibh- m cr o- gl obulin when blood is purified by henodial ysis. 10
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occur BAGKGBOUNMOE THRINVMEYDIONg henodi al ysis for bl ood purification. These
conplications include osteopathy, anem a and carpal tunnel syndrone.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The term "total protein permeability” herein means the quotient expressed in terms of percentage,

55 which quotient is obtained by dividing the mean protsin level in the dialysate by the total protsin level in the
blood before dialysis, when conducted under conditions of 200 mi/min. of blood flow and 500 m¥min. of
dialysate flow. The term "mean protein level in dialysate” means the average level of the total proteins in

the dialysate obtained after | and 4 hours from commencement of dialysis. The protein level in the blood is
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50 reduction rate is about 5 - 50 % DETAILED DESCRI PTI ON OF THE PREFERRED
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The hemodialysis membrane of the present invention has a very effective membrane structure for
removal of S2-microglobulin, from the viewpoint of both adsorption and permeations.

85 In cases where the membrane material has a chemical adsorption affinity for B2-microglobulin, the
amount of adsorbed B2-microglobulin is sharply increased when the pore radius is in the pore radius range
of this invention. The critical pore radius range to 82-microglobulin is about 4 nm. That Is, if the pore radius
is less than 4 nm, the effectiveness of the membrane for removal of g2-microglobulin is limited, but if the
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*If the pore radius is small, needless to.say, [err]-mcroglobulinis
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porti belowof the [err]- mcroglobulin perneates the nenbrane and accunul at es
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[err] TG{aPﬂJlHQLHP gbout 4 nm That is, if the pore radius is |less than
4 nm the ef ect |°v°gr(¥es f the menbrane for removal of [err]-m crogl obulin

is limted, but if the 3 EP 0 249 189 Bl pore radius is 4 nmor nore,

I Ngasi on and ent rapnent of [e@r] m crogl obulin in the nenbrane occur, so
that the reduction rate is inffeased. If th ore radius is 15 nmor nore,
\e’spem ally 20 nmor noreg [erh micr ogl obff iM% enoval is governed by
perneation and the per rreafr on 161/ ther proteins is also increased. This is
di sadvant ageous in view of the danger of causing hypoproteinema. 5 In
cases whered/olume PomesityVaKpe) s a synmetrical menbrane, the pore radius of the
di al ysis nenbrane of the present invention is determ ned based on the DSC
(Differential Scanning Cal oW es) net hod by neasuring the | owering of
freezing point due to thﬁ_c.ap.l_L_ar_y condend®0i on of the water in the pores
("Menbranes and Menbrane Processes” p 507, Plenum Press, New York, 1986).

| n*cases where the nenbr¥me- |Bréﬁrasym'retr| cal nenbrane, pore radi us can be
determ ned based on the pore theory by to conducting the water perneation

t est descrl bed in "Menbranes and Menbrane Processes", p 507, Plenum
Press, Vb?ew YRfKA JL%?&WJJ? R%%l Qggm{hbérzes t he phenorrenon that the
frg,ezumpow,;y t%) %’les nthe.po.re radius. In this

met hod,ppaft@peg,@@g‘;,@gf f fromthe i nner .and outer surfaces of a holl ow

fiber sl eamdu®BPore Water (g) :
In general, to provide practical permeability as a dialysis membrane, the membrane preferably has a
total volume porosity Vr of at least 35%. However, a membrane having a total volume porosity of more than
56 75% is disadvantageous because the strength of the membrane is low and it is likely to break under the
stresses exerted during manufacture or use.
A pors volume porosity of at least 25% is preferred becauss if gives sufficient effective adsorption area
for B2-microglobulin. If the total volume porosity Vy is in the preferred range of 35 to 75% and the Vp is less
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Clinical tests were conducted using the dialyzer for one month. The average of its total protein
40 permeability was 0.017% and the average protein loss in one dialysis was 1.5 g. The dialyzer was used
without any problem. The reduction rate of B2-microglobulin was 17% on the average, and the §2-
microglobulin level in the blood of the patient undergoing the dialysis was significantly reduced. Thus clear
clinical effect and improvement was established.

45 Comparative Example 1

A spinning solution similar to the spinning solution used in Example 1, but having a different
composition of 12 parts of isotactic polymethylmethacrylate, 52 parts of syndiotactic polymethyl-
methacrylate and 240 parts of dimethylsulfoxide was exiruded from an outer extruding hole of a spinneret

60 having an annular extrusion orifice to obtain hollow fibers while introducing dry nitrogen gas to the inner
sides of the fibers and blowing moist air at a temperature of 20° C to the outsides of the fibers. The fibers
were coagulated and desolvated in water at 26 C, and a module was prepared as in Example 1. The mean
pore radius was 16 nm, Vp was 35%, and Vy was 81%.

The thus obtained dialyzer was clinically tested. Although the reduction rate of 82-microglobulin was as

s5 high as 50%, the total protein permeability was 0.25% and the protein loss in one dialysis was as much as
23g. Sine hypoproteinemia was expected, the test was stopped.

Comparative Example 2
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The thus obtained dialyzer was clinically tested. Al though the reduction
rasse of[err]-mcroglobulin was as 55 high as 50% the total protein
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23g. Sine hypoproteinem a was expected, the test was stopped. Conparative
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1. A.membran_e for he[nodialysis which has a total protein permeability of 0.2 % or less, and has a B2-
microglobulin reduction rate of 5 % or more, wherein the pore radius of the pores in its active layer is 4
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- between the initial value of [err] and [err]value. The anount of
[err]-mcrogl obulin adsorbed in rane was cal cul ated by subtracting
t he amount of [err]-m crogl obul iérllﬁgerma ted into the dialysate fromthe
“amount renoved fromthe plasma. The results are 45 shown in Table 1. The
sanme procedure was repeated with different standard nenbranes: a
pol ynet hyl net hacryl ate ne ane (trade nape "B2-100". manufactured by Toray
| ndustries Inc.), an ethyl ene Vi nyl al clohol nbrgne (tfade nane "KF-201
-12C', manufactured by Kurgr , Ltd.), and a dellul gse acetate nenbrane
(trade nane "Duofl ux", many % J.lI’Edcb CDMedj cal )|, @and|the results
obt ai ned are shown in 50 T4b Il”.c n §e S eg tjhd the anount of
adsorbed [err]-m crogl obul ifngi qw1f the pofe rddius ifs 4 nmor |less. 55
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1. A membrane for hemodialysis which has a total protein permeability of 0.2 % or less, and has a 82-
microglobulin reduction rate of 5§ % or more, wherein the pore radius of the pores in its active layer is 4
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*10 5. The nenbrane of claim1l, wherein the [err]-mcroglobulin reduction
rate is about 15-50 % 6. The ] claim1l1, wherein the material
constituting the henodialysis nmenbrane i s selected fromthe group
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Patentanspriiche
40 1. Membran zur Himodialyse, die sine Gesamtpermeabilitiit flir Protein von 0,2% oder weniger aufweist
und einen Reduktionsgrad flr 8z2-Microglobulin von 5% oder mehr hat, wobei der Porenradius der
Poren in ihrer aktiven Schicht 4 nm bis 15 nm betrtigt, die Membran eine Gesamtvolumen-Pordsitit
von 35 bis 75% und eine Porenvolumen-Por8sitdt von 25% oder mehr aufweist, und worin der
Reduktionsgrad flir 82-Microglobulin etwa 5 bis 50% betrigt.
2. Membran nach Anspruch 1, worin der Porenradius 4 bis 10 nm betrégt.
3. Membran nach Anspruch 1, worin der Porenradius 5,5 bis 9,5 nm betriigt.
50 4. Membran nach Anspruch 1, worin der Redukiionsgrad flir 82-Microglobulin otwa 10 bis 50% betrégt.
5. Membran nach Anspruch 1, worin der Reduktionsgrad fiir 82-Microglobulin etwa 15 bis 50% betrigt.
6. Mombran nach Anspruch 1, worin das Material, das die Hémodlalyse-Membran bildet, aus der Gruppe

65 ausgewihlt ist, die aus Polymethylmethacrylat, Polyacrylonitril, Cellulose, Celluloseacetat, Polysulfon,
Polyvinylalkohol und sinem Copolymer von Vinylalkohol und Ethylen besteht.
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