1 DESCRIPTION BLOOD-PURIFYING COLUMN TECHNICAL FIELD 5[0001] The present
invention relates to a blood purification column. BACKGROUND ART [0002] Since the beginning of
use of hemodialysis for treatment of acute renal faildre, 10blood purification therapy, wherein
extracorporeal circulation of blood is carried out to directly remove unwanted substances and
causative substances of diseases, has been drawing attention. For example, in treatment of sepsis
and leukemia, a therapy wherein a blood purifigajiogipgiump filled with a polymyxin-immobilized fiber
(Patent Documents 1 and 2) as an adsorbent carrier is used to perform extracorporeal 15circulation of
blood to remove endotoxin from bloo@&bOthEpaliRHta&berp pirbtically used. In addition, in recent
years, attempts are being made to remove leukocytes, granulocytes, cytokines, LDL cholesterol and
the like in blood purification therapy to cure blood diseases, ulcerative colitis, rheumatic diseases,
hypercholesterolemia and the like. 20[0003] The amount of blood to be subjected to extracorporeal
circulation car B&'dbH 1y-the size of the blood purification column, that is, the blood capacity. On
the othgr han@(}ﬁifecuring safety of the patient, the amount of blood that can be removed from the
body af' once Is limited, and the blood capacity is therefore an 25important parameter that needs to be

appropriately selecteg),depending\Qndbe Refy:weiohiah e Rrugthaag.ihg like. Therefore, products

with various column sizes (Torayrnyxin (registered trademark); Toray Industries, Inc.), such as those
having 2 blogelcapamtieseiAmrL and 135 mL, are commercially available as columns for adsorption
of endotoxin, so that adult patients can select the blood capacity depending on the body weight and
pathological déffitilons. [0004] 5In a blood purification column having a pipe, that is, a blood flow tube,
in the central portion of the column, wherein blood flows in the direction vertical to the longitudinal

direction of the colufiAcStResa a2 ot vfan reritRenb afpsste sperd dadisig the blood

capacijty also jres reduction in the diameter of . . . .
P ig ‘tl;?o%lﬁ punr' ‘mat{:on Hlerapy, wlxere?n extracorporeal circulation of blood is carried out

to directly remove unwanted substances and causative substances of diseases, has
been drawing attention. For example, in treatment of sepsis and leukemia, a therapy
wherein a blood purification column filled with a polymyxin-immobilized fiber
(Patent Documents 1 and 2) as an adsorbent carrier is used to perform extracorporeal

15 circulation of blood to remove endotoxin from blood of the patient has been
practically used. In addition, in recent years, atternpts are being méde to remove
leukocytes, granulocytes, cytokines, L.DL, cholesterol and the like in blood
purification therapy to cure blood diseases, ulcerative colitis, rheumatic diseases,
hypercholesterolemia and the like.

20 [0003]

The amount of blood to be subjected to extracorporeal circulation can be

controlled by the size of the blood purification column, that is, the blood capacity.
On the other hand, for securing safety of the patient, the amount of blood that can be
removed from the body at once is limited, and the blood capacity is therefore an

25 important parameter that needs to be appropriately selected depending on the body
weight of the patient and the like.  Therefore, products with various column sizes

(Toraymyxin (registered trademark); Toray Industries, Inc.), such as those having



the blood flow tube. This is because, since reduction in the blood capacity also 10causes a decrease
in the flow rate of blood during extracorporeal circulation, the blood flow tube needs to be thinner in
order to keep the linear velocity of blood that flows ffom the blood flow tube within a certain range.
[0005] For filling an adsorbent carrier into a blood purification column having a pipe, 15that is, a blood
flow tube in the central portion of the column, wherein blood flows in the direction vertical to the

longitudinal digeefion.efdhr £olumme MmethpriuhereitAhaRBIAR iAe BRe Y Lef Ahadsprbent carrier
molded into a sheet-like shape is wound around the blood flow tube and the resultant is then inserted

into the columiddsrpdoimadelylusedn Howeved itipsrictdhah thdeopdrabivodtugnding a sheet-like
20adsorbent carrier (for example, knitted fabric) around the blood flow tube needs to be fully manually
carried out sitepcadieg addbedmdycarigi proreates ewadgiondifidne. machine and mechanical operation
in a clean room is often avoided in the field of medicine. PRIOR ART DOCUMENTS 25[Patent
Documents] [&R%’]][Patent Document 1] JP 1671925 B 3 [Patent Document 21 JP 2853452 B
SUMMARY OF THE INVENTION BROBLEMS TO BE SOLYED, BY THE INENTION 10007]
5However, no repor has Beer hadé at'Hion a élown izddtbrood pLjrlaﬁcatlon co umn’hawﬁeg a blood

capacity of 10 gk 471535 3¢ RN bR sitARbHUSeAQY Healmen Ofisbidben and e, ke who have only
200 to 800 mL of blood in the body. On the other hand, development of a blood purification column
that can be useskiardchiidiaadnas beanr stRngly € enaiadad: kivRadigicEMEe column for the
purpose of decreasing the blood capacity also requires reduction in the diameter of
the blood flow tube.  This is because, since reduction in the blood capacity also
10 causes a decrease in the flow rate of blood during extracorporeal circulation, the
blood flow tube needs to be thinner in order to keep the linear velocity of blood that
flows from the blood flow tube within a certain range.
[0005]
For filling an adsorbent carrier into a blood purification column having a pipe,
15 that is, a blood flow tube in the central portion of the column, wherein blood flows in
the direction vertical to the longitudinal direction of the column, a method wherein
an appropriate amount of an adsorbent carrier molded into a sheet-like shape is
wound around the blood flow tube and the resultant is then inserted into the column
is commonly used. However, it is said that the operation of winding a sheet-like
20 adsorbent carrier (for example, knitted fabric) around the blood flow tube needs to be
fully manually carried out since a wet adsorbent carrier promotes corrosion of the
machine and mechanical operation in a clean room is often avoided in the field of
medicine.
PRIOR ART DOCUMENTS
25 [Patent Documents]
[0006]

[Patent Document 1] JP 1671925 B



10[0008] The reason why a blood purification column having a blood capacity of 10 mL or less has
not been developed is that, in order to reduce the blood capacity of the blood purification column to 10
mL or less, it is thought, according to calculation, that the diameter of the blood flow tube needs to be
extremely small. This increases 15the risk of generation of a thrombus and the like in the blood flow
tube to cause clogging of the blood flow tube, and does not allow manual operation of winding an

adsorbent carrier arppfighingdelaadHow teibes wiigipare problematic. [0009] In view of this, the present
invention aims to provide a downsized blood 20purification column having a blood capacity of 10 mL or

less, which had/afbim R3kOF detyihgveii@diibod flow tube and allows manual winding of an
adsorbent carrier. MEANS FOR SOLVING THE PROBLEMS [0010] That is, the present
invention proVil&3heN fod @ gl K BdiomPHES BS¥driiRi Y (1) to (7) below. (1)A blood purification
column comprising: a cylindrical body; 4 a first header that closes one end of the cylindrical body
and has a first¥8d channel that communicates with the inside of the cylindrical body; a second

header.that closes thge other end of tgei]gé/ indrical o%yaﬁnd haas a secocpgkl):)(lﬁod I%Hg%?{)ei{ that
y

. . OWCVCE, NO ICDO CCHL 1N ade al O 4 dQWINSIZL . .
communicates with the' IReide Of the cylin rlcaIIBodey; AN adsoTbent carrier contained in the cylindrical

body;  a first.gnERIALR ROYI0GE PLARSISENFRRR! Sids SRl e cYlingrical ady, a second end

plate provided at the second-header-side end of the cylindrical body; and a cylindrical blood flow tube

that extends igdheeariralipaiianat the Lidcylindiisal badyore tue finst end@late tadhesecond end
plate, a plurality of openings being formed in the circumferential surface of the cylindrical blood flow

tube; whereintn the othephendndaykinpridobaffiobiorbpucdmationicates witiathenfisststdodichannel;
15the other end of the blood flow tube is closed:;
children has been strongly demanded by pediatricians.
10 [0008]
The reason why a blood purification column having a blood capacity of 10
mL or less has not been developed is that, in order to reduce the blood capacity of the
blood purification column to 10 mL or less, it is thought, according to calculation,
that the diameter of the blood flow tube needs to be extremely small. This increases
15 .the risk of generation of a thrombus and the like in the blood flow tube to cause
clogging of the blood flow tube, and does not allow manual operation of winding an
adsorbent carrier around the blood flow tube, which are problematic.
f0009]
In view of this, the present invention aims to provide a downsized blood
20 purification column having a blood capacity of 10 mL or less, which has a low risk of
clogging of the blood flow tube and allows manual winding of an adsorbent carrier.
MEANS FOR SOLVING THE PROGBLEMS
{0010}
That is, the present invention provides the blood purification column
25 according to (1) to (7) below.

(1) A blood purification column comprising:

a cylindrical body;



the first end plate is installed such that its outer circumferential surface closely contacts with the inner
circumferential surface of the cylindrical body; a gap is provided between the outer circumferential
surface of the second end plate and the inner circumferential surface of the cylindrical body; 20the
ratio of the outer diameter of the blood flow tube in the cross-section vertical to the longitudinal
direction, DI, to the inner diameter of the cylindrical body in the cross-section vertical to the longitudinal
direction, D2, is 0.3% @6 haRnahhe Readcara¢ity iRl {0iA0 Y HadyTha hleodmyrification column
according to (1), wherein the residence time is 250.9 to 10.0 minutes when the flow rate of inflowing
blood is 3 to Xhamtédinirat {Enikhmibloedvpithifieatisideolftanadtakdiabiodit) or (2), wherein the open
area ratio of the blood flow tube is 15 to 85%. 5 (4) The blood purification column according to (1) to
(3), wherein the ads8risearéaaadenshatcintss fabrider @) driettcodipliifiddrsty enfump according to

(4), wherein the knitted fabric is wound around the blpod flow tube. 5(6)The blood purification column
according to &f° %ﬂ(@if&mé}‘amﬁ@%?&%m&%dmwwfﬁﬁaslgearwﬁshodyz

y
antibiotic-immobilized fiber. {7)The bload purifigation column. according to (6), wherein the antibiotic is
polymy%(in. [0011] 14T} hate&‘% g%ﬁ{)c&ﬁ%%%%%ﬁaég érhrh?%gﬁgéfé?é%ggﬁl for children since, in spite of its
reduced blood capagity:qfhd RiktOpissRica IPMAKS iniass ikrluia Qﬂg@@ﬁﬁ%@@m@@gploocﬂ_ﬂow
tube, and the operation of winding an adsorbent carrier around the blood flow tube can be easily
carried out. EFFECTa @cohid EnkiNMER F1OMN S A2 econhBqamssiddrydiidncaylipieidse a safe
blood purification column having a reduced blood capacity of 10 mL or less wherein the risk of
occurrence ofbeidgyging in the blood flow tube and other portions is largely suppressed, which column
can be suitably used for treatment of children. Further, the present invention conveniently 20allows

manual operation of &S BlserBent e baiiHE b duthaierprd desdar of the
10 cylindrical body from the first end plate to the second end plate, a plurality of

openings being formed in the circumferential surface of the cylindrical blood flow

tube;
wherein:
one end of the blood flow tube communicates with the first blood channel;
15 the other end of the blood flow tube is closed;

the first end plate is installed such that its outer circumferential surface
closely contacts with the inner circumferential surface of the cylindrical body;

a gap is provided between the outer circumferential surface of the second end
plate and the inner circumferential surface of the cylindrical body;

20 the ratio of the outer diameter of the blood flow tube in the cross-section
vertical to the longitudinal direction, D1, to the inner diameter of the cylindrical body
in the cross-section vertical to the longitudinal direction, D2, is 0.35 to 0.50; and

the blood capacity is 6 to 10 mL.
2) The blood purification column according to (1), wherein the residence time is

25 0.9 to 10.0 minutes when the flow rate of inflowing blood is 3 to 10 mL/min.

(3)  The blood purification cﬁlumn according to (1) or (2), wherein the open area

ratio of the blood flow tube is 15 to 85%.



the downsized blood purification column. BRIEF DESCRIPTION OF THE DRAWINGS [0013] Fig. 1 is
a schematic diagram illustrating a cross-section of the blood 25purification column of the first
embodiment of the present invention, which cross- section is parallel to the longitudinal direction. Fig.
2 is a schematic diagram illustrating a state where an adsorbent carrier 6 which is a knitted fabric is
wound around the blood flow tube constituting the blood purification column of the first embodiment of

the present inggntionpBERbMdREA{OR GARR WG &Y TolitR INMEMIIRN 1034l bigferred

embodiments of the present invention are described below in detail by reference to the drawings, but
the present invanitofsis kdttithitédito these modes. The ratios in the drawings are not necessarily the
same as those in the description. [0015] The blood purification column of the present
invention is a Bibod pinifidatid purddentimncobmpristaotdaneyinthicalisery;the kaifiest fabedés that closes
one end of the cylindrical body and_has a first blood channel that communicates with the inside of the
cylindrical bod§Pvnd ax0uad dhe tleadifewdetdoses the other end of the cylindrical body and has a

15second blood channel, that,communpicates with the inside of the cylipdrical hody; an.adsorbent
carrier élontair?e in t%"é%?,.ﬁ&?@gt%&é} 0;n Cg? et enc |roci5 %)rgr\}?fd%l%fyéf tﬁé ??rét%jﬁéxgl éefirslit(% end of the
cylindrical body;.a.865006: 806k Rigte, REoyided alibe s&cand:headesl-gigls end of the cylindrical body;

and 20a cylindrical blood flow tube that extends in the central portion of the cylindrical body from the
first end plate(tp the $aednshe ptmiitaicn RblwElY RtoRENINGS Penptermed ihieosikgymferential

surface of the cylindrical blood flow tube; wherein: 25one end of the blood flow tube communicates

with the first fotidgixamnel;
[0011]

10 The blood purification column is especially useful for children sin;:e, in spite
of its reduced blood capacity of 10 mL or less, a thrombus is less likely to be
generated in the blood flow tube, and the operation of winding an adsorbent carrier
around the blood flow tube can be easily carried out.

EFFECT OF THE INVENTION

15 {0012}

The present invention can provide a safe blood purification column having a
reduced blood capacity of 10 ml. or less wherein the risk of occurrence of clogging in
the blood flow tube and other portions is largely suppressed, which column can be
suitably used for treatment of children. Further, the present invention conveniently

20 allows manual operation of winding an adsorbent carrier in the production process of
the downsized blood purification column.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013]

Fig. 1 is a schematic diagram illustrating a cross-section of the blood

25 purification column of the first embodiment of the present invention, which cross-
section is parallel to the longitudinal direction.

Fig. 2 is a schematic diagram illustrating a state where an adsorbent carrier



the other end of the blood flow tube is closed; the first end plate is installed such that its outer
circumferential surface 7 closely contacts with the inner circumferential surface of the cylindrical body;
a gap is provided between the outer circumferential 8urface of the second end plate and the inner
circumferential surface of the cylindrical body; the ratio of the outer diameter of the blood flow tube in
the cross-section 5vertical to the longitudinal direction, D1, to the inner diameter of the cylindrical body

in the cross-sqgtien Merticakia tes-dongitedinehdiraation HRZdH03auiR ArQianthihaligoscapacity is 6

to 10 mL. [0016] Since the blood purification column of the present invention has a blood 10capacity of
6 to 10 mL, it parifhesuiiablyised intteaimabbdibeeshidihBhe-dahitdnhengin. means a human individual
from birth to the age of about 6 years old having a body weight within the range of 3 to 10 kg, wherein
the amount ofIGIdNHIRE Béd tsARhiIN e CHnbd BEAOOMBISDIONL The "child" include the so-called
neonate, suckling and infant. 15[0017] Blood vessels in children are generally thin, and show large
variation amoffitiividuals. In some cases, treatment is carried out for children having blood vessels

which are much thinner than,those jn adults. Therefore,.in treatment of a.child using a plogd
purificrféon column, t & gv?/drg e§8 gflc%ly ﬁ)gé{éesl%lg%eél%gﬁlﬁ%?gsas_rg&?ﬁcgﬁﬁfi?%%?ggﬂs%@r‘ tion of the
physical load gp the ehild QRdhe.Qfes NARh eggﬁ%@n%nas%%ﬁlgatg{rﬁﬁ%élwl%ﬁéggr@gﬁég.od causes

problems suchas (i) stopping of blood in the column and loss of the pharmacological efrect of an
anticoagulant e eitigdomatadutatiopsoftherbiress s clnggingealthr L opehpwificaiaancolumn; and (ii)
elongation of the duration of the procedure, which 25increases the physical load on the child. When
the column is Y¥8d] the flow rate of blood removed from the body is preferably 1 mL/min. per kg body
weight of the child. That is, the flow rate of blood removed from the body of a child having a 8 body
weight within the ran§Bed?lgad nwikigatqsrerdvanpnos e PocRspiHIMe OO 8} 2 blonRapuidfisetianfrom the

body, b(%ood that flowed intq the blood purification column passes through the blood flow tube and then

flows into the SYSGBERTEAILE:
a cylindrical body;

a first header that closes one end of the cylindrical body and has a first blood
channel that communicates with the inside of the cylindrical body;
a second header that closes the other end of the cylindrical body and has a
15 second blood channel that communicates with the inside of the cylindrical body;
an adsorbent carrier contained in the cylindrical body;
a first end plate provided at the first-header-side end of the cylindrical body;
a second end plate provided at the second-header-side end of the cylindrical
body; and
20 a cylindrical blood flow tube that extends in the central portion of the
cylindrical body from the first end plate to the second end plate, a plurality of
openings being formed in the circumferential surface of the cylindrical blood flow
tube;
wherein:
25 one end éf the blood flow tube communicates with the first blood channel;
the other end of the blood flow tube is closed;

the first end plate is installed such that its outer circumferential surface



5In cases where the flow rate of the blood is too high, problems such as (i) activation of the blood due
to the shear stress caused in the column, which causes clogging of the adsorbent carrier; (ii)
insufficient contact time between the blood and the ddsorbent carrier, which prevents production of the
expected performance; and/or the like occurs. 10[0019] Because of these reasons, in cases where
the flow rate of blood removed from the body, that is, the flow rate of blood that flows into the blood

purification colysagly isoat Q- (i fantheititumreutisrsiaribedigrd.{erass Hyaugh the adsorbent

carrier, that is, the re5|dence time, is preferably 0.9 to 10.0 minutes. 1 5The "residence time" herein
means the time calculatedsanoeiditightavthenHlgiatien dibetafkrddsldentedinieht sdddad:hkAL/(vx100)
... Equation 1 AL: longitudinal length (mm) of the portion covered with the adsorbent carrier in the
blood flow tubdatomnd dltdraga sictemniasen)iol thdasotithewylubliod beder diameter (mm) of the
adsorbent carrier in the cross-section vertlcal to the lon g{ltudlnal direction v: flow rate of blood that

flows into the bIood R FRERISHRE RIRR LaactRi Ahc SK0826™ ubrHB BRSHHSeIFCHA is preferably
an agggegate 1mel@0 g’?qb ﬁﬁ doxfz tpgu%gg(r)% ?}? ers he in |e cIu knlttleg Jabrl%e oven
r S

f
fabrics and nonwoven s, and, In'view 6 |r’n?pllc Ity o’fetlllngr%y r%anualcgpera 15h, knted fabrics

are preferred ;{02 T Examples ot e, mateinkaline fbersdpslidopolylein gueh aispolyethylene

and polypropylene; polyesters such as polyethylene terephthalate and polybutylene terephthalate;
polysulfone polymershsugtboiscppiv(p-pherylenaEether sulfone); polyetherimide; polyimide; polyamide;

polyether, polyphenylene sulfide; polystyrene; and polyacrylonitrile polymers. In view of modifiability of
the surface of{@04éater-insoluble carrier by amidomethylation and the like, polystyrene is 10preferred.
[0022] Since the blood purification column of the present invention has a blood
10 capacity of 6 to 10 mL, it can be suitably used in treatment of a child. The “child”
herein means a human individual from birth to the age of about 6 years old having a
body weight within the range of 3 to 10 kg, wherein the amount of blood in the body
is within the range of 200 to 800 mL. The “child” include the so-called neonate,
suckling and infant.
15 [0017]
Blood vessels in children are generally thin, and show large variation among
individuals. In some cases, treatment is carried out for children having blood
vessels which are much thinner than those in adults. Therefore, in treatment of a
child using a blood purification column, the flow rate of blood needs to be
20 suppressed in sufficient consideration of the physical load on the child. On the
other hand, too much suppression of the flow rate of blood causes problems such as
(1) stopping of blood in the column and loss of the pharmacological effect of an
anticoagulant, leading to coagulation of the blood and clogging of the blood
purification column; and (ii) elongation of the duration of the procedure, which
25 increases the physical load on the child. When the column is used, the flow rate of

blood removed from the body is preferably 1 mi/min. per kg body weight of the

child. That is, the flow rate of blood removed from the body of a child having a



Examples of the structure of the fiber include single yarns composed of a single type of polymer; and
composite fibers such as those of the core/sheath type, sea/island type and side-by-side type. In
particular, multicore sea/island type 1 5composite flﬁers wherein the core is polypropylene, the sheath
is polystyrene, and the sea is polyethylene terephthalate; and sea/island type composite fibers wherein
the island is polypropylene and the sea is polystyrene; are preferred. Further, it is also preferred to

give strengthiang heatnesistanestethe fberdbyintadysingatroseslinksad sacture with formaldehyde
or paraformaldehyde or by coating the surface 20with another polymer. [0023] The incidence rate

of Gram-neg4{igésipfection in children is equivalent to that in adults, and a novel therapeutic method
for children needs to be provided, so that the above-described fiber is preferably an
antibiotic-immobilizetiffieermuné Popréfe hadly hlpodbabdloimeiotilidedlivet pwhBeelipthe antibiotic is
polymyxin. [0024] 10 BI or gscjymyxm B2), polymyxin DI and polymyxm El, and the polymyxin is

preferably pofHAHPa lPé%"SfﬂH%’é‘b‘éecm’@ AhEmBa S ML MEFOISARYSEN on the fiber

5include a method Wh rein polymyxin is rea styr havin reactve functional
group,qag chloroacetamidome i HPgro‘f}goﬁj:l% cb?oﬁ/o%%%e )élﬁléorggefﬁyla%% ?/i %ﬂ‘éne r[0026]

Examples of mqﬂ@@@bvcﬁéef@fglmfwmeegg addition mahaloacsiamidamethyl grgyp such as

chloroacetamidomethyl, include an active halogen group such as halomethyl, haloacetyl or
halogenated alkyldepbxidegrdpiDaHoRstigRuphisacyadie gteUphiiaisacy@nate group; and acid

anhydride group. [0027] The blood purification column I illustrated in Fig. 1 is composed of: 15a
cylindrical bodgsgrltatirstreadehB hiatetoses ohectonl of thecaylbotidoa thouyefca sebonthheader 4 that
closes the other end of the cylindrical body 2;
like occurs.
10 [0019]
Because of these reasons, in cases where the flow rate of blood removed from
the body, that is, the flow rate of blood that flows into the blood purification column,
is 3 to 10 mL/min., the time required for the blood to pass through the adsorbent
carrier, that is, the residence time, is preferably 0.9 to 10.0 minutes.
15 The “residence time” herein means the time calculated according to the
Equation 1 below.
Residence time t = (D2-D1)xAL/(vx100) ... Equation 1
AL: longitudinal length (mm) of the portion covered with the adsorbent
carrier in the blood flow tube
20 D1: outer diameter (mm) of the blood flow tube
D2: inner diameter (mm) of the adsorbent carrier in the cross-section
vertical to the longitudinal direction
v: flow rate of blood that flows into the blood purification column = 10
mL/min.
25 [0020]

The “adsorbent carrier” is preferably an aggregate of fibers. Examples of the

aggregate of fibers herein include knitted fabrics, woven fabrics and nonwoven



an adsorbent carrier 5 contained in the cylindrical body 2; a first end plate 6 provided at the
first-header-3-side end of the cylindrical 20body 2; a second end plate 7 provided at the
second-header-4-side end of the cylindrical body 2; And a blood flow tube 8 that extends from the first
end plate 6 to the second end plate 7. 25[0028] 11 cylindrical body 2. The first end plate 6 and the
second end plate 7 are provided at both end surfaces of the adsorbent carrier 5 in the longitudinal

direction. Therhiged, Haw IHhe-§ isfrigyidenad thglieemrahrationRiinecindugshadyag [0029] 5A
plurality of openings 11, through which blood flows, are formed in the circumferential surface of the
cylindrical blopatftewdtube 8, and one end of the blood flow tube 8 opens to the outside of the first end
plate 6 and communicates with the first blood channel 9. The other end of the blood flow tube 8 is
closed by a clS¥lablsection 12. 10[0030]  The first end plate 6 is installed such that its outer

circumferential surfage closely ¢cgntacts with (%h inner circumferential surface of the cylindrical body 2.
A filter 13 is installe 5?1“?@26%8 sﬁ?}%‘%ﬁ?ﬂ@ ¥ Fﬁﬁg%?ﬁ gf‘fg‘ﬂfé?é’]é’ SBfSGt flows into the

fows i the B T O R e e B SRR A KRB SAF e oy 2
such that a gap s foraed:petNveas. EK@F%HIF&Q Egido%gf@@{iah %%@geﬁﬂbﬁéﬁﬁ@&@@%nd plate 7 and
y

the inner circumferential surface of the cylindrical , which gap allows the blood to 20flow

therethrough. sifergappd#yebirrinidicaislswitbethe seadde blogdithapobishlen@emthamider surface of
the second end plate 7, a filter 15 is installed. When blood flows into the cylindrical body 2 from the
first blood chariestoraiw: dawbauyionsd!linpe iecoodofloemuter®difisbds Yrrbtgsunagsiurality of
openings 11 on the blood flow tube 8, and flows into the gap partion of the adsorbent carrier 5,
followed by 28fWiA A RURY SATaFH ‘&Béﬁ*’féfiﬁnﬂfitm’éa&%@ﬁ@%@s ftkecipelivsifgr®Sde. During this, the
subst%%ces to Ib&re” oved are removed by adsorption by the adsorption removal capacity of the
adsorbént carfier 5. Blood that has passed through the adsorbent 12

[0022]

Examples of the structure of the fiber include single yarns composed of a
single type of polymer; and composite fibers such as those of the core/sheath type,
sea/island type and side-by-side type. In particular, multicore sea/island type

15 composite fibers wherein the core is polypropylene, the sheath is polystyrene, and the
sea is polyethylene terephthalate; and sea/island type composite fibers wherein the
island is polypropylene and the sea is polystyrene; are preferred. Further, it is also
preferred to give strength and heat resistance to the fiber by introducing a cross-
linked structure with formaldehyde or paraformaldehyde or by coating the surface

20 with another polymer.

[0023]

The incidence rate of Gram-negative infection in children %s equivalent to that
in adults, and a novel therapeutic method for children needs to be provided, so that
the above-described fiber is preferably an antibiotic-immobilized fiber, more

25 preferably a polymyxin-immobilized fiber, wherein the antibiotic is polymyxin.
[0024]

Examples of the polymyxin include polymyxin A, polymyxin B (polymyxin



carrier 5 flows through the gap between the outer circumferential surface of the adsorbent carrier 5
and the inner circumferential surface of the cylindrical body 2, and flows out from the gap 14, followed
by passing through the filter 15 and reaching the sebbnd blood channel 10. 5[0032] The blood
purification column 1 illustrated in Fig. 1 is a column having the blood flow tube 8, wherein blood flows
in the cylindrical body 2 in the direction vertical to the longitudinal direction of the blood purification

column 1. Altgm@y’\@%ﬁpﬁppgg W%imp ihe W@ﬁ@éﬁg@g%@tﬁ@@b{pﬁ%@g@d blood channel

10, instead of flowing into 10the cylindrical body 2 from the first blood channel 9 as described above.
[0033] Therafisabhemtlgaryian Bconstituting the blood purification column 1 is a knitted fabric wound
around the blood flow tube 8 as illustrated in Fig. 2. [0034] 15The inner diameter of the cylindrical body
containing thd Y¥sdrbent carrier therein, D2, is preferably 15 to 25 mm, more preferably 15 to 20 mm,

for setting the blood capacity within an appropriate range. [0035] The outer, diameter of the blood flow
tube, DI, is preferab}é’g‘f@k@ ?#ﬁﬁ{ef@ﬁ? H}%hé}ig?)rl %@m#@%&%qw& PEapacity within
an appropriate range whi ressi j I om the above
reaso né, the rlgtcl%uc(% t%%%??ﬁ%%?ﬁai&g %)%I‘l%gg fgl%(% E%?ot%vflp iﬁﬁg %rﬁ mégt&%éégggg%lgﬁ a{/{C{rtical to the

longitudinal digegtieR. il iR iReRRgr diametrtobinidgexlindrisabbady i) the cross-section vertical to
the longitudinal direction, D2, that is, the value DI/D2, is preferably 0.40 to 0.47. [0037] 13 In the

blood purificatibiveakiamifdinetbyésedpisivergtion, the blood flow tube is required to have a "cylindrical”
shape. The term "cylindrical" herein means a hollow cylinder, that is, a round tube or a similar shape in
which the shaj@@¥flthe cross-section vertical to the longitudinal direction is elliptical or polygonal. The
5 shape of the cross-section vertical to the longitudinal direction of the blood flow tube is preferably a

true circle, but, in caS&8WHet& e drags ssTenmiaesl sFPB BoriditihR Widmeter of the true circle

havmgbiﬁhe sama(fot%re% as.the %%Ps-sectlon can BFO I[e%arded as t F}igli ]é:i(ﬁsgrlbed bove. The thickness

of the'blood fIGWEIBE (1)%%%66 e%rg%%lé:}bﬁ?fgrm,%ng, o}de(}')?all%t] th &f g‘fﬁg?/ be thinner than

the middle P05%%@&@9&%%&@1@94%BBFHQEE;W,%!%%&%%WQ%alogenated alkyl; epoxide group;
carboxyl group; isocyanate group; thioisocyanate group; and acid anhydride group.
[0027]
The blood purification column 1 illustrated in Fig. 1 is composed of:
15 a cylindrical body 2;
a first header 3 that closes one end of the cylindrical body 2;
a second header 4 that closes the other end of the cylindrical body 2;
an adsorbent carrier 5 contained in the cylindrical body 2;
a first end plate 6 provided at the first-header-3-side end of the cylindrical
20 body 2;
a second end plate 7 provided at the second-header-4-side end of the
cylindrical body 2; and
a blood flow tube 8 that extends from the first end plate 6 to the second end
plate 7.
25 [0028]
The first header 3 and the second header 4 have a first blood channel 9 and a

second blood channel 10, respectively, that communicate with the inside of the



[0038] In terms of the wall thickness of the cylindrical blood flow tube, in cases where the thickness
is small, the strength of the blood flow tube cannot be secured, while in cases where the thickness is
too large, clogging of the openings is likely to 150cch, so that the thickness is preferably 1 to 2 mm.
That is, in cases where the shape of the blood flow tube is cylindrical, the inner diameter is preferably
2 to 4 mm smaller than the DI described above, more preferably 3 mm smaller than the DI described

above. [0039] 20T ahansyof themRluralinefnpenings fReaedin the drsumigtepialsuface of the

blood flow tube is preferably circular, and a taper is more preferably provided around the circle. [0040]
The "cylindricabbioely aaffistiutinthéhel Didespurifieatan telmpiaidine! 2hpeekent iMteriiosdneans a
hollow cylinder, and the "cylindrical body" also includes a shape of a cylinder wherein the shape of the
hollow portiorfipvtiahsr 89s wewiidrd ve i skt @ dohgitudihal aiiadiical ibasligtical or polygonal. The
shape of the 14 hollow portion in the cross-section vertical to the longitudinal direction is preferably an
ellipse or polywﬂ%ﬂlat Is close to a true circle, more preferably a true circle. In cases where the shape

is elliptical or polygonal, the.diameter of the true circle having the same ar asé[he ross-section can
be reg;fcrded as the &ﬁ&%@:lf%gd%%g{/negs]ﬁé ﬁf&%r]ggslcglf%goeo %e}gﬁ%‘a]?icaé?bgla?e c}(relsﬁ}leot need to be

uniform, and, {or eXRIAIG. PQITRBGT HAKREANRNY 08 NHE (YRR UIRN. Al Srendidgla portion

may be narrow. As long as the shape of the hollow portion in the cross-section vertical to the

longitudinal difestiamisEipsadamatsunititiathe uteeshpRecay Evemhaddaciangyiae parallelepiped
or the like. 10[0041] Examples of the materials of the cylindrical body, blood flow tube, header and

the like constitutingltiod bleodeprifidatiort loalandnobtlthdlpreksBotvitventiandluskdeypotjesnzonate,
polyvinyl chloride, polyacrylonitrile, polyester, polyurethane, polystyrene, polyethylene, polypropylene
and polyvinyli%ﬁ’é’?ld@ride. 1 5Polypropylene is preferred. [0042] The blood purification column of
the present in tb n is required to have a blood capacity of 6 to 10 mL. The "blood capacity" herein
meanﬁhe voﬁf@eialculated according to the Equation 2 below. 20Blood capacity (mL) = (W1-W2) a

- Equation 2 WI: totglweigL (@81 15 Plpedh e s B SRl U Rlup spigal salne

closely contacts with the inner circumferential surface of the cylindrical body 2. A

filter 13 1s installed on the outside surface of the first end plate 6.  When blood

flows into the cylindrical body 2 from the first blood channel 9, the blood first passes
15 through the filter 13 and then flows into the blood flow tube 8.

[0031]

The second end plate 7 is installed in the cylindrical body 2 such that a gap 14
is formed between the outer circumferential surface of the second end plate 7 and the
inner circurnferential surface of the cylindrical body 2, which gap allows the blood to

20 flow therethrough. The gap 14 communicates with the second blood channel 10.
On the outer surface of the second end plate 7, a filter 15 is installed. When blood
flows into the cylindrical body 2 from the first blood channel 9, the blood that flowed
into the blood flow tube 8 passes through the plurality of openings 11 on the blood
flow tube 8, and flows into the gap portion of the adsorbent carrier 5, followed by

25 | flowing in the adsorbent carrier 5 in the direction to its circumference. During this,
the substances to be removed are removed by adsorption by the adsorption removal

capacity of the adsorbent carrier 5.  Blood that has passed through the adsorbent



W?2: total weight (g) of the blood purification column after removal of physiological saline contained
therein 25a:specific gravity (g/mL) of the physiological saline used For determination of W2, air was
sent into the blood purification column using a rolleBump at a flow rate of 10 mUmin. for 5 minutes to
discharge physiological 15 saline, and the blood purification column was then tapped, followed by
sending air at a flow rate of 10 mL/min. for 5 minutes and measuring the total weight of the blood

purification colymay K0R43L BrbhenAReR Ay eatalin aldhabiagi-fiovetuheisigieraplyels to 85%, more

preferably 35 to 65%, in order to suppress a pressure increase in the blood during extracorporeal
circulation. [0@44drbbe tapést areal rhtohinecancutheenaltial caltulatetiiacenidii-i0 theyEguation 3
10below. Open area ratio OR(%) = (TOA/SA)x100 ... Equation 3 TOA:total open area (mm?2) of the
plurality of openingevsAré&atnihe2apflithdgbried bywesethgiithichghdbedritemt canderahitie outer
surface of the blood flow tube 15[0045] The SA herein means the volume calculated according to the
Equation 4 belwespdrhingd shapsabidl ... Equation 4 AL:length (mm) of the portion covered with the
adsorbent Cabr[réﬁé 0in the longitudinal direction of the blood flow tube DI:outer diameter (mm) of the
blood flow tu AMPLES [0046]

The blood purification column 1 illustrated in Fig. | is a columm having the blood
flow tube 8, wherein blood flows in the cylindrical body 2 in the direction vertical to the
longitudinal direction of the blood purification column 1. Alternatively, the blood may
flow into the cylindrical body 2 from the second blood channel 10, instead of flowing into

10 the cylindrical body 2 from the first blood channel 9 as described above.

[0033]

The adsorbent carrier 5 constituting the blood purification column 1 is a
knitted fabric wound around the blood flow tube 8 as illustrated in Fig. 2.

[0034]

15 The inner diameter of the cylindrical body containing the adsorbent carrier
therein, D2, is preferably 15 to 25 mm, more preferably 15 to 20 mm, for setting the
blood capacity within an appropriate range.

[0035]

The outer diameter of the blood flow tube, D1, is preferably 6 to 10 mm,

20 more preferably 7 to 9 mm, for setting the blood capacity within an appropriate range
while suppressing clogging of the blood flow tube.

[0036]

From the above reasons, the ratio of the outer diameter of the blood flow tube
in the cross-section vertical to the longitudinal direction, D1, to the inner diameter of

25 the cylindrical body in the cross-section vertical to the longitudinal direction, D2, that
is, the value D1/D2, is preferably 0.40 to 0.47.

[0037]



The present invention is described below in detail by way of Examples, but 25the present invention is
not limited thereto. [0047] (Preparation of Adsorbent Carrier) 16  Multicore sealisland type
composite fibers (number of islands, 16; single yarr fineness, 2.6 deniers; tensile strength, 2.9 g/d;
elongation percentage, 50%; filament number, 42) were prepared by melt spinning using, as the island
component. 50 parts by weight of insoluble polypropylene (Prime Polypro (registered trademark)

J105WT, Prime PolymafG ol ithl Afioat diensearaaaRessitiA MbdHr enefiooRa by Mreight of
polystyrene (PSJ-Polystyrene 679, PS Japan Corporation) and 5 parts by weight of polypropylene

(Prime Polyprie Q\AdTioMeinzea Pojyimét@D. shage). After domblinginditawaieisnaatishular knit was
prepared (hereinafter referred to as polypropylene-reinforced polystyrene fiber). 10[0048] In a reaction
vessel, 120 ghsilsonephndaedhstifurdaasid abd 000 groflatisbipmizenwbiokeite shizpelofitit 0.3 g of
paraformaldehyde was added to the resulting mixture and melt at room temperature. While the

resulting mixtGFRSHERS BB s A e darg tadinpb Rt e iptigsioth Bebigthide WA added thereto

dividedly in 3 15times for 10 minutes, and the resujting mixture, was. stirred at room.temperature for 45
inuted to oL L R T B o o h s R R etyintion

agent, 10 g ofdhe palwprapyleneuginfareed polwsieneibaryas imﬁ%?ea@ggrgg%gg ficgdant was

stirred for 2 hours, to obtain a 20haloacetamidomethylated fiber. [005
haloacetamidginatiiviatesdibae oiained washy ashedwithsiB0 Mésobaitiohenr8neaadid80 mL of

distilled water. Thereafter, 10 g of 6 N sodium hydroxide solution was added thereto for neutralization.
Subsequentlygsthie 25hdécacbtdmidometiyiatba Kilbes whtghéurthed Washeteldéimes neghd 200 mL of
methanol andbghgrgi%?z%? a\gg?fgg ggaglﬁlgfggta}: ?n(\g;artnear}.f E}%Ot%:ilz]mgl? than the middle portion, or
10 the middle portion may be narrow.
[0038]
In terms of the wall thickness of the cylindrical blood flow tube, in cases
where the thickness is small, the strength of the blood flow tube cannot be secured,
while in cases where the thickness is too large, clogging of the openings is likely to
15 oceur, so that the thickness is preferably I to2mm. Thatis, in cases where the
shape of the blood flow tube is cylindrical, the inner diameter is preferably 2 to 4 mm
smaller than the D1 described above, more preferably 3 mm smaller than the D1
described above.
[6039]
20 The shape of the plurality of openings formed in the circumferential surface
of .the blood flow tube is preferably circular, and a taper is more preferably provided
around the circle.
[0040]
The “cylindrical body” constituting the blood purification column of the
25 present invention means a hollow cylinder, and the “cylindrical body™ also includes a

shape of a cylinder wherein the shape of the hollow portion in the cross-section

vertical to the longitudinal direction is elliptical or polygonal. The shape of the



The haloacetamidomethylated fiber after washing, 200 mg of polymyxin B sulfate and 130 mL of
distilled water were placed in a reaction vessel, and the resultant was stirred at room temperature for
30 minutes, followed by adding 9 g of 0.1 N aqueou]s‘Lsodium hydroxide solution thereto and stirring the
resultant for an 5additional hour. After completion of the stirring, the mixture in the reaction vessel was
neutralized with 1 N hydrochloric acid, and washing was performed 3 times with 130 mL of distilled

water, to obtajiy oRolyenBriEeRaRiized firi 10052 am dhecmhipinrdmalye iR Brpmobilized

fiber, its knitted fabric was 10prepared such that its longitudinal width was 47 mm. [0053] A
polypropylene:bigtigsBaw gubegd:hbaingdusotierteiamietty, (RdxgirSerublyanaredianieteriaf 5 mm and
length of 47 mm was prepared. On the circumferential surface of the blood flow tube 8, a plurality of
circular openiggfssvihertodimetiane 15 eblapianintarobigoThetbe shaotatercel dhretimgrinels R8henm2, and,
since 20 openings were formed, TOA was 464 mm2. [0054] The prepared knitted fabric was manually

wound around'hEBGiaicgirs hfrSrentisr Lint4ee BF treBRIRAANS {AbaB DR @bare-an dsorbent
[ 20The.windi i hat th ' f the ad ier, 5 3
R e T ST

. 8] .
(hereinafter referred to as a nt carri e ou fbent carrier 5-1

after the winding WhiF BVRS HOIMHCHEIRIS0 ARR S AS MIT {R5 2SI Asditin ip adsorbent

carrier 5-1, adsorbent carrier 5-2 and adsorbent carrier 5-3 were prepared such that the weight of the
adsorbent carielonasdibeand e of raspeliiveporbince Me viassAsksibhineaticaf adgerbent carriers 5-1 to

5-3, SAwas 18 11 81 mm2, and, as a result, the open area ratio OR was 39% in all cases. [0056]
(Preparation dfBivodifdidiication Solusanol) true circle, the outer shape may even be a
rectangular parallelepiped or the like.
10 [0041]

Examples of the materials of the cylindrical body, blood flow tube, header
and the like constituting the blood purification column of the present invention
include polycarbonate, polyvinyl chloride, polyacrylonitrile, polyester, polyurethane,
polystyrene, polyethylene, polypropylene and polyvinylidene fluoride.

i5 Polypropylene is preferred.
[0042]

The blood purification column of the present invention is required to have a -
blood capacity of 6 to 10 mL. The “blood capacity” herein means the volume
calculated according to the Equation 2 below.

20 Blood capacity (mL) = (W1-W2)+a ... Equation 2
W1: total weight (g) of the blood purification column filled with
physiological saline
W2: total weight (g) of the blood purification column after removal of
physiological saline contained therein
25 a:  specific gravity (g/mL) of the physiological saline used
For determination of W2, air was sent into the blood purification column using a

roller pump at a flow rate of 10 ml./min. for 5 minutes to discharge physiological



Two polypropylene cylindrical bodies 2 having an outer diameter of 25 mm, 5inner diameter (D2) of 20
mm and length of 50 mm were prepared. To both ends of the prepared adsorbent carrier 5-1, a
preliminarily prepared polypropylene first end plate@and second end plate 7 were attached, and the
resultant was inserted into the cylindrical body 2 and stored therein, followed by attaching each of a
polypropylene filter 13 and filter 15. Thereafter, a preliminarily prepared polypropylene header 3 10and
header 4 wergaachedie berugnesielbe exlinaiicakhady @ppad AbsanseIf ieakagaivas confirmed,
to complete a blood purification column (hereinafter referred to as blood purification column 1). A total -
of three bloodh figniestiail toOlminsid. feers piep@sacdanchsiesigndie thtalowd ghtrifchtidnoodlumns 1-1,
1-2 and 1-3, respectively. 15[0057] (Preparation of Blood Purification Column 2) The same
operations asbtedicabed e were carried out except that adsorbent carrier 5-2 was used instead of
adsorbent carrier 5-1, to complete blood purification columns (hereinafter referred to as blood
purification ¢ 2). A 20total of three blood purification columns 2 were prepared, and designated
blood purification colymns 2-1, 2-2 and 213, respegtively, [0058] (Pr tjio Blood Purification
Colum%ufs) The san%p%%%gﬁesa as eos%trll3 gebgogé?)ﬁ/oewv&ée{% & Fflefgr%%flgi{i{eopr%%tnﬂ%r%dsorbent carrier
5-3 was used,insteas ot adsgsbenh it SshpiResoMplals Rland-piuifigationicplumpsm ghereinafter
referred to as blood purification columns 3). A total of three blood purification columns 3 were
prepared, andgesignaied kieadatSnpurification columns 3-1, 3-2 and 3-3, respectively. [0059] Each of
the cylindrical body 2 and the blood flow tube 8 used for preparation of blood purification columns 1 to
3 had the sanhé0dize. Therefore, the ratio of the Souter diameter of the blood flow tube 8 in the
cross-section vertical to the longitudinal direction, DI, to the inner diameter of the cylindrical body in the
cross- section verticaPfo ERSIGHERERINATBRELHER VBIve #fEatibagsRidina 9 30/A8U8 10 i all cases.

10 below.
Open area ratio OR(%) = (TOA/SA)x100 ... Equation 3
TOA: total open area (mm?) of the plurality of openings
SA: area (mm?) of the portion covered with the adsorbent carrier on
the outer surface of the blood flow tube
15 [0045]

The SA herein means the volume calculated according to the Equation 4

below.
SA (mm?) = ALxD1xx ... Equation 4
AL: length (mm) of the portion covered with the adsorbent carrier
20 in the longitudinal direction of the blood flow tube
D1: outer diameter (mm) of the blood flow tube
- EXAMPLES
[0046]
The present invention is described below in detail by way of Examples, but
25 the present invention is not limited thereto.
[0047]

(Preparation of Adsorbent Carrier )



[0060] 10(Measurement of Blood Capacity) The blood capacity of each of the prepared blood
purification columns 1 to 3 was measured. The results are shown in Table 1. Since the weight of 1 mL
of the physiological saline used was 1.016 g, this valie was used as a (g/mL) [0061] 15[Table 1 Blood
purification column number Weight of adsorbent carrier [g] WI [g] W2 [g] WI-W2 [1] Blood capacity
[mL] Average

Multicore sea/island type composite fibers (number of islaﬁds, 16; single yarn
fineness, 2.6 deniers; tensile strength, 2.9 g/d; elongation percentage, 50%; filament
" number, 42} were prepared by melt spinning using, as the island component, 50 parts
by weight of insoluble polypropylene (Prime Polypro (registered trademark) JI0SWT,
5 Prime Polymer Co., Ltd.), and, as the sea component, a mixture of 45 parts by weight
of polystyrene (PSJ-Polystyrene 679, PS Japan Corporation) and 5 parts by weight of
polypropylene (Prime Polypro J105WT, Prime Polymer Co., Ltd.). After doubling
with two fibers, a tubular knit was prepared (hereinafter referred to as polypropylene-
reinforced polystyrene fiber).
10 {00487} -

In a reaction vessel, 120 g of concentrated sulfuric acid and 120 g of
nitrobenzene were mixed, and 0.3 g of paraformaldehyde was added to the resulting
mixture and melt at room temperature. While the resulting mixture was cooled in
an ice bath, 18 g of N-methylol-2-chloroacetamide was added thereto dividedly in 3

15 times for 10 minutes, and the resulting mixture was stirred at room temperature for
45 minutes, to prepare a haloacetamidomethylation agent.
[0049]

In the haloacetamidomethylation agent, 10 g of the polypropylene-reinforced

polystyrene fiber was immersed, and the resultant was stirred for 2 hours, to obtain a
20 haloacetamidomethylated fiber.
[0050]

The whole haioacetamidome_thylated fiber obtained was washed with 180 mL
of nitrobenzene and 180 mL of distilled water. Thereafter, 10 g of 6 N sodium
hydroxide solution was added thereto for neutralization. Subsequently, the

25 haloacetamidomethylated fiber was further washed 10 times with 200 mL of
methanol and then once with 2000 mL of warm water.

[0051]



blood capacity [mL] 1-1 3 89.18 79.11 10.07 9.91 10.0 1-2 3 89.11 78.83 10.28 10.1 1-3 3 88.95
78.78 10.17 10.0

10

15

20

25

17

The haloacetamidomethylated fiber after washing, 200 mg of polymyxin B
sulfate and 130 mL of distilled water were placed in a reaction vessel, and the
resultant was stirred at room temperature for 30 minutes, followed by adding 9 g of
0.1 N aqueous sodium hydroxide solution thereto and stirring the resultant for an
additional hour. After completion of the stirring, the mixture in the reaction vessel
was neutralized with 1 N hydrochloric acid, and washing was performed 3 times with
130 mlL of distilled water, to obtain a polymyxin B-immobilized fiber.

[0052]

From the obtained }Soiymyxin B;immobi}ized fiber, its knitted fabric was
prepared such that its longitudinal width was 47 mm.

[0053]

A polypropylene blood flow tube 8 having an outer diameter (D1) of 8 mm,
inner diameter of 5 mm and length of 47 mm was prepared. On the circumferential
surface of the blood {low tube 8, a plurality of circular openings were formed at
regular intervals. The area of cach opening was 23.2 mm?, and, since 20 openings
were formed, TOA was 464 mm”.

[0054]

The prepared knitted fabric was manually wound around the outer
circumferential surface of the blood flow tube 8, to prepare an adsorbent carrier 5.
The winding wa;s performed such that the weight of the adsorbent carrier 5 was ig
(hereinafter referred to as adsorbent carrier 5-1).  The outer diameter D3 of the
adsorbent carrier 5-1 after the winding, which was hollow cylinder-shaped, was 15
mm.

[0055]

In addition to adsorbent carrier 5-1, adsorbent carrier 5-2 and adsorbent

carrier 5-3 were prepared such that the weight of the adsorbent carrier was 4 g and 5

g, respectively.  Since AL was 47 mm in all of adsorbent carriers 5-1 to 5-3, SA was



2-1489.1081.59 7.517.39 7.2 2-2 4 89.27 82.36 6.91 6.80 2-34 89.02 81.447.58 7.46 3-1589.01
18

1181 mm?, and, as a result, the open area ratio OR was 39% in all cases.
[0056]
(Preparation of Blood Purification Column 1)
Two polypropylene cylindrical bodies 2 having an outer diameter of 25 mm,
5 inner diameter (D2) of 20 mm and length of 50 mm were prepared. To both ends of
the prepared adsorbent carrier 5-1, a preliminarily prepared polypropylene first end
plate 6 and second end plate 7 were attached, and the resultant was inserted into the
cylindrical body 2 and stored therein, followed by attaching each of a polypropylene
filter 13 and filter 15. Thereafter, a preliminarily prepared polypropylene header 3
10 and header 4 were attached to both ends of the cylindrical body 2, and absence of |
leakage was confirmed, to complete a blood purification column (hereinafter referred
to as blood purification column 1). A total of three blood purification columns 1
were prepared, and designated blood purification columns 1-1, 1-2 and 1-3,
respectively.
15 {0057]
(Preparation of Blood Purification Column 2)

The same operations as described above were carried out except that
adsorbent carrier 5-2 was used instead of adsorbent carrier 5-1, to complete blood
puriﬁcation‘h columns (hereinafter referred to as blood purification columns 2). A

20 total of three blood purification columns 2 were prepared, and designated blood
purification columns 2-1, 2-2 and 2-3, respectively.
[0058]
{(Preparation of Blood Purification Column 3)
The same operations as described above were carried out except that
25 adsorbent carrier 5-3 was used instead of adsorbent carrier 5-1, to complete blood
purification columns (hereinafter referred to as blood purification columns 3). A

total of three blood purification columns 3 were prepared, and designated blood



83.335.68 5.59 5.7 3-2 5 89.28 83.22 6.06 5.96 20 3-3588.93 83.26 5.67 5.58 [0062] (Evaluation
of Endotoxin Adsorption Capacity) By the same operations as described above, a total of three blood
purification 19

purification columns 3-1, 3-2 and 3-3, respectively,
[0059]

Each of the cylindrical body 2 and the blood flow tube 8 used for preparation
of blood purification columns 1 to 3 had the same size. Therefore, the ratio of the

5 outer diameter of the blood flow tube 8 in the cross-section vertical to the
longitudinal direction, D1, to the inner diameter of the cylindrical body in the cross-
section vertical to the longitudinal direction, D2, that is, the value D1/I32, was 0.40
in all cases.
[0060]
10 (Measurement of Blood Capacity)

The blood capacity of each of the prepared blood purification columns 1 to 3

was measured. The results are shown in Table 1.  Since the weight of 1 mL of the

physiological saline used was 1.016 g, this value was used as a (g/mL).
[0061]
15 [Table 1]

Blood Weight of Blood Average
purification adsorbent Wi W2 WI1-w2 . blood
. capacity .
column carrier [2] fg] [g] [mL] capacity
number [e] [mL]
-1 3 89.18 79.11 10.07 9.91
1-2 3 89.11 78.83 10.28 10.1 10.0
1-3 3 88.95 78.78 10.17 10.0
2-1 4 89.10 81.59 7.51 7.39
2-2 4 89.27 82.36 6.91 6.80 7.2
2-3 4 89.02 81.44 7.58 7.46
3-1 5 89.01 83.33 5.68 5.59
5.7
3-2 5 89.28 | 83.22 6.06 5.96




columns 2 were prepared, and the columns were designated blood purification column 2-4, 2-5 and
2-6. Each of these blood purification columns 2 was filled with physiological saline, and sterilized at
117C for 90 minutes. [0063] Endotoxin-containing s&tum was prepared in an amount of 150 mL such
that 10the endotoxin concentration was 10 ng/mL. [0064] A sterilized blood purification column 2-4
was connected to the blood line, and 500 mL. of physiological saline was sent into the blood
purifigation cplumn 2-4 at a flow rate ofgkQ0 mUmin gtoyyashithe igside of the lglggd purification column
2-4 15and the adsorbent carrier 5-2. Thereafter; 60 mL of thé endotoxin-containing setum was sent
into the blood purification column 2-4 filled with physiological saline, and the liquid inside the column
was discharged. The remaining 90 mL of endotoxin- containing serum was perfused at a flow ate of 10
mL/min. for 4 fopeeg. The temperature of the endotoxin-containing serum during the perfusion was kept
at 37C. 20[0065] The endotoxin-containing serum after perfusion was collected and 10-fold diluted
with distilled watetfationjetliodoTthenrdsisipg ail(hpacitps then subjected to heat treatment at 70C for
10 minutes, and the gel time was determined using a Toxinometer. The endotoxin concentration
(ng/mL, hereinafter ré¥efre SaBLePeEHHNDRS de¥etIvt Aoy aftrigerfubion Mepdderhedtied based on a

iminaril librati 5
prefimigartly pcrgl%fanrgsd 20\?\!&':%%[}8831%&{,\/ aid t&c[ggi?l?xlns were designated blood purification

column 2-4, 2-5 and 2-6. Each of these blood purification columns 2 was filled
with physiological saline, and sterilized at 117°C for 90 minutes.
[0063]
Endotoxin-containing serum was prepared in an amount of 150 mL such that
10 the endotoxin concentration was 10 ng/mL.
[0064]
A sterilized blood purification column 2-4 was connected to the blood line,
and 500 mL of physiological saline was sent into the blood purification column 2-4 at
a flow rate of 100 mL/min. to wash the inside of the blood purification column 2-4
15 and the adsorbent carrier 5-2. Thereafter, 60 mL of the endotoxin-containing serum
was sent into the blood purification column 2-4 filled with physiological saline, and
the liquid inside the column was discharged. The remaining 90 mL of endotoxin-
containing serum was perfused at a flow rate of 10 mL/min. for 4 hours. The
temperature of the endotoxin-containing serum during the perfusion was kept at 37°C,
20 [0065]
| The endotoxin-containing serum after perfusion was collected and 10-fold
diluted with distilled water for injection. The resulting dilution was then subjected
to heat treatment at 70°C for 10 minutes, and the gel time was determined using a
Toxinometer. The endotoxin concentration (ng/mL, hercinafter referred to as
25 sample concentration) after perfusion was determined based on a preliminarily

prepared calibration curve.



From the determined sample concentration, the endotoxin removal rate was calculated according to
the Equation 4 below. {(initial concentration - sample concentration) / initial concentration} x 100 5(%)
... Equation 4 The initial concentration was 10 ng/mElas described above. The results are shown in
Table 2. [0067] A sterilized blood purification column 2-5 and blood purification column 2-6 10were
evaluated similarly to the blood purification column 2-4 to calculate the endotoxin removal rate for each
column. The r@g are shown in Table 2. No increase in the pressure due to clogging occurred at all
during the perfusion for 4 hours in any of the blood purification columns 2-4 to 2-6. [0068] 15[Table 2]

Blood purification colesaf tdrmbetndataxiplesdavahtiatir i\ tBed8202:Ri80ed16v@0rate was

calculated according to the Equation 4 below.

{(initial concentration - sample concentration) / initial concentration} x 100

5 (%) ... Equation 4

The initial concentration was 10 ng/mL as described above. The results are shown
in Table 2.
[0067]

A sterilized blood purification column 2-5 and blood purification column 2-6

10 were evaluated similarly to the blood purification column 2-4 to calculate the

endotoxin removal rate for each column. The results are shown in Table 2. No
increase in the preésure due to clogging occurred at all during the perfusion for 4

hours in any of the blood purification columns 2-4 to 2-6.

[0068]
15 [Table 2]
BIOOd. Endotoxin
purification
removal rate
column %]
number :
2-4 82
2-5 80
2-6 80
[0069]

It is said that the endotoxin removal rate in blood purification therapy is
preferably not less than 60%. On the other hand, all of the blood puriﬁcation
columns 2-4 to 2-6 showed endotoxin removal rates of as high as not less than §0%.

20 From these results, it is clear that the blood purification column of the present

invention having a reduced blood capacity of not more than 10 ml. is a safe blood



[0069] It is said that the endotoxin removal rate in blood purification therapy is preferably not less
than 60%. On the other hand, all of the blood purification columns 2-4 to 2-6 showed endotoxin
removal rates of as high as not less than 80%. 20F&#n these results, it is clear that the blood
purification column of the present invention having a reduced blood capacity of not more than 10 mL is
a safe blood 22 purification column specialized in treatment of children, wherein there is no risk of
clogging of the, higeg AWl JHRG, INRHARIRI N ARl ORI IO AT hEPIES GBIV GRtion can be
used as a blood purification column in the field of medicine. DESCRIPTION OF SYMBOLS [0071] 1,
Blood purificagioggalusrmheboylimdricaibady; 3, First header; 4, Second 10 header; 5, Adsorbent
carrier; 6, First end plate; 7, Second end plate; 8, Blood flow tube; 9, First blood channel; 10, Second
blood channelNI2USPphigs;PP2 ICHSIhdISection; 13, Filter; 14, Gap; 15, Filter 23 CLAIMS 1.A blood
purification column comprising: a cylindrical body; 5a first header that closes one end of said
cylindrical bon(E’rﬁ)d has a first blood channel that communicates with the inside of said cylindrical

body; _a second hegder that closes the other end of sajd cylindrical body and has a second blood
channe that commuﬁﬁ:%?é?%ﬁﬁ%%‘ﬂ%]cfé%%%gﬁf%ﬁﬁﬁ%ﬁegfi fcé‘ﬂ%gﬁ‘ﬂﬂﬂt‘%ésﬁf‘re%ntained in

said cylindric%lgggéfi;c%%g first end plate provided at the first-header-side end of said cylindrical body;

DESCRIPTION OF SYMBOLS
[0071]
1, Blood purification column; 2, Cylindrical body; 3, First header; 4, Second
10 header; 5, Adsorbent carrier; 6, First end plate; 7, Second end plate; 8, Blood flow
tube; 9, First blood channel; 10, Second blood channel; 11, Openings; 12, Closing

section; 13, Filter; 14, Gap; 15, Filter



a second end plate provided at the second-header-side end of said cylindrical body; and a
cylindrical blood flow tube that extends in the central portion of said cylindrical body from said first end
plate to said second end plate, a plurality of 150peridgs being formed in the circumferential surface of
said cylindrical blood flow tube; wherein: one end of said blood flow tube communicates with said first
blood channel; the other end of said blood flow tube is closed; 20said first end plate is installed such
that its outer circumferential surface closely con Et}'il‘ﬁﬁi@ the inner circumferential surface of said
cylindrical body; a gap is provided between the outer circumferential surface of said second end
plate and the inner circumferential surface of said cylindrical body; the ratio of the outer diameter
of said blood flow tube in the cross-section 25vertical to the longitudinal direction, DI, to the inner
diameter of sdid cylirdhkaldedificathes: crdssrsectigiiyiigtcal to the longitudinal direction, D2, is 0.35 to
0.50; 24 the blood capacity is 6 to 10 mL. 2. The blood purification column according to claim 1,
wherein the residencectitialitcd. 8ady10.0 minutes when the flow rate of inflowing blood is 3 to 10
mL/min. 3. The bIoo%?urification column according to claim 1 or 2, wherein the open 5area ratio of

said bldod flow tube 345 Rsasiadhal ciasesmpe asLrfiaidion Syl brdiorahbrradiantideas 3, wherein

said adsorben carrier |§tacokn|tted, fat%nc. ﬂ%‘ tThe in?od uri I%B?él@oé]’i%%%% according to claim 4,

) X .communicates with the inside of sat e
wherein said Knitted fabric 1e wound around said biood fiow blood purification column

according to any one, o QAR AnWNESER SRS ALSAHRYNGANSHIRAOMBRSCIRI AR s
antibiotic-immobilized fiber. 7.The blood purification column according to claim 6, wherein said
antibiotic is pebgmyXitood channel that communicates with the inside of said cylindrical body;
an adsorbent carrier contained in said cylindrical body;
10 a first end plate provided at the first-header-side end of said cylindrical body;
a second end plate provided at the second-header-side end of said cylindrical
body; and |
a cylindrical blood flow tube that extends in the central portion of said
cylindrical body from said first end plate to said second end plate, a plurality of
15 openings being formed in the circumferential surface of said cylindrical blood flow
tube;
wherein:
one end of said blood flow tube communicates with said first blood channel;
the other end of said blood flow tube is closed;
20 said first end plate is installed such that its outer circumferential surface
closely contacts with the inner circumferential surface of said cylindrical body;
a gap is provided between the outer circumferential surface of said second end
plate and the inner circumferential surface of said cylindrical body;
the ratio of the outer diameter of said blood flow tube in the cross-section
25 vertical to the longitudinal direction, D1, to the inner diameter of said cylindrical
body in the cross-section vertical to the longitudinal direction, D2, is (.35 to 0.50;

and
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the blood capacity is 6 to 10 ml..
2. The blood purification column according to claim 1, wherein the residence
time is 0.9 to 10.0 minutes when the flow rate of inflowing blood is 3 to 10 mL/min.
3. The blood purification column according to claim 1 or 2, wherein the open
area ratio of said blood flow tube is 15 to 85%.
4. The blood purification column according to claims 1 to 3, wherein said
adsorbent carrier is a knitted fabric.
S. The blood purification column according to clair 4, wherein said knoitted
fabric is wound around said blood flow tube.
6. The blood purification column according to any one of ¢claims 1 to 5, wherein
said adsorbent carrier 1s composed of an antibiotic-immobilized fiber.

7. The blood purification column according to claim 6, wherein said antibiotic is

polymyxin.



