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Summary In order to improve the separation property in a plasma fractionator that was used in
Double-filtration plasmapheresis (DFPP), DF Thermo was newly introduced as one form of the
modified DFPP.

In the DF Thermo, membrane plasma fractionation was maintained at 42°C by a heater to avoid
increasing plasma viscosity induced by aggregation of the globulin fractions around 30°C in the
conventional DFPP treatment. Recirculation of the retentive plasma of the plasma fractionator to
the filtrated line of the plasma separator was introduced to accumulate pathogenic globulins related
to symptoms with no supplementation fluid like albumin solution.

An in vitro experimental study was carried out to clarify the effect of the temperature on
separative property among albumin and some kinds of globulins in a plasma fractionator, Evaflux
5A (Kuraray Medical Co., Ltd.).

With the decrease in the temperature, increasing transmembrane pressure (TMP) was observed
and a decrease the separative property due to increasing membrane fouling because of protein
plugging of the membrane.

In a clinical study, an ASO patient with non-hyperlipidemia received ten DF-Thermo treatments.
As a result, the levels of LDL-C, IgM and Fibrinogen and the patient’s blood and plasma viscosity
were significantly decreased, and the lower leg temperature of the patient improved fairly well
after the treatments. The warmer temperature of the legs was maintained for four months after
the start of the treatment. Rebound phenomena in several proteins, on the other hand, were
observed after the treatments. The DF Thermo therapy, therefore, is useful for ASO patients with
non-hyperlipidemia.

DF Thermo is effective for improving QOL of the patients with severe ASO who have had
difficulty in treatment with conventional therapies.

Key words : DF-Thermo, DFPP, non-hyperlipidemia, TMP
CHUAERE, MBRATESHESHEEEICBT 216

RISOIE, mIEIERE B T 2 8RIEE OFREZ
EWIREIRERE L C& e, £/, &ATE, CH

1. 3 C & IZ

OLHREEBITA7T 7 2 LY AEHRICBWT, BoB

B 2 0EfER 2 TS TH D, MBRES & MR
5y & R SEET 2 AR EERS, 7 o WK SF 0K
53 2 RN BT B MAERR S S g 72 & DfFEh Tz
HEBEIRICHE N T WS, Ihoid, TbEiiEES
WKHBWA—A 2EBET20PEOBME L 2, M

WoEMT 2 & CIME R LA ERICRE SHIRRL TE 72,

DL HEHRDT, 1978 F ikl o 1 BRI
@I EE s> EEAT#E: (DEFPP, double-filtration plasma-
pheresis) #FE LY, KEEHCAEEBRICBIT % H

FFRBENS DY A NV ABREFEEE LT HHEGIEAD
Hohb,

DFPP 3E#w & U CHEA T 2 MKREHF O Hl# I
X0, B3R DEH, BRI X7 DERZ EOH R
2FT 5500, MBS EIFOMRE L, BRETR
WEETNVT Iy, HDLZREFESNBERNICE ST
BERZME L DFTERTHIIRETHD, 5550
EBERED A SR s T b,

o DERERET L, BEEXHALSES

HAR7 7 =2 vy AEaHEE 2834 35 (2009) 211

NI | -El ectronic Library Service



Japanese Society for Apheresis

Btk & LT, DF % — <% (double-filtration plasma-
pheresis thermo-mode) ZSFE X, EKRICH S 1L
Twa,

4ElE DF % —EOEMED» 5, FAOHFAIZDWT
HERG %2 5 % 2 F DEHEIZOWTIHRRDS,

2. DFY—E&Z

1985 FF 1227 ) —7 5 F27 U=y 7 DEESE ST,
B SE 2R 2 2 L2 & D B EER M 2 L&
BEHRAEDLS, Y—FE T4V L —varwilia
RFICERIBL 2. ZOHEr, MEEKS 7 EER I,
Evaflux-4 A (Z7 7V AT 4 AVHED) HBER & R,
IROZHE & LT, OINEROREM, @7 V7 2
Y Du R4 <, HDL BIEAE W & v RER
wMEEND, Zho2BE 2 THFESNTZOMBDF
Y—Th b,

VIO, KEOBHMIZOWTHIZEYT 5, Ok
KD HEBIZ7 VT I VEBEOHWAKAREK
(Evaflux-5A: 27 7 v X7 4 7 )V 8E, Cascadeflo
EC50 W : JHALER X 7 14 A V48 2R T 5. @
B (Fi) W (MEREA) »TETHD, K2 X b
ThHs, OFEREBENCITESRZHAL, MEEKS
IR, SESEERERT S 2D BEERE I E
N3, OFFEMBOHMBERY AT L20HMICLY, M
RSN AEC T, BERELERTH 5,

2.1 [ (K1)

Kk, 6RO DFPP ORISR % ERE & 3 228,
WL DODHEESLSH S, BHE XD BN S 7z MK IE
MEESRERCE i, IMERES & MRS & 128 S
N5, Rz, 58S 7z MAERS 1 M AL 3 3 g 12
B, FWRXTIVTIy s 7a7) raEE BEsE

rizRplEND, bbb, STEH 69,000 BiED
TNT I UNEIZ, FOIEE A LD EZRIC
X o THBE & NMBREKS & EETE, BRNRSN5,
—H, STFE2~3EHFDLDL X, EMfLE2IZEA
SHEBTEZ WY, R ALV &SR,
X1 OKBETRTHEREFEANCHE LT 5.

2.2 MIFERHHEZREER (|FR) &

sk, LDL 7 7 = v ¥ AEEO MRS EER
¥, Evaflux 4 AW ZH E N T X, L»L,
Evaflux-4 A 2{#F L 72K, 3,000 m]l OIMAULE I
T15~20g D7 NVT I VEEENEELrINTEDY,
% DIEBITT VT I VEFIORMABLETH - 729,
ZDXSBEIREHL, TVT I D& BWEHRE
(SC) B E YV EWE (Evaflux-5A) BBFE S, &K
FRICOFNEHWE Z L&D, B (B B
L BELEWIREESERL 2,

2.3 ImIIOEA
FEEREENICIERS (P94 37 RY 2 —A
25ml) AT EICLD, FERERREDO
A7 RY) 2a—A1F180ml £ THEML., Zhi
£V, BENREBE (LDL % L) OMEA— A
HRL, BEEREKSEE I WD, EEREICE D
7% 5 MBS ESRAORE (Py) O EFZEE ]
2B EWHREL oz, DR, BERPTO
MMAERR S SRR 22 2 N DEFREYIE N v A U HRERH
Bedr 2 NE L, 4,000 ml B2 OEG R 7% 43 B 4 B
BERTAIBEE Lo, RAGRS I, H¥EERIEICL > T
RKEOT VT I U PBETLEHREEREL TWwEY,
2.4 MEEREOHE

DF ¥ —%3, HERERANOMERE % HIH T &
%, BE, IPXRSSERIZBTCEILND &

MR 2 7 (OP)

MRS S EE

AQEPy BERAL F@r)

FRIEl e SH I

1 [OIERAERR

212 HE7 7 = vy AEaist

28 % 35 (2009)

NI | -El ectronic Library Service



Japanese Society for Apheresis

30°CHI%. I £ THIEBMET L, W% N 2 MR,
FEBHEIT 2. — B IMEEREESHEIL 72 RE T,
BEFLIC X 2B E DO BRENE T T2 L HF 2 505,
AT, MBEREZAPCCHRELIMET 2 2 &LIC &
D, SESEEEEOREERS> Tn5,

3. MRS S ERDIREFE L IRE DR

3.1 BEOHSE

K, HEHE>OMED T X % &, MRS 5 HER
Evaflux-4 A % 30°C ¥ 42°Clc Z nZ iR EHIE L,
[El—E 5 DI % B CHESRIEEfTo 7 L 25,
A2°CoaB L DENSEERELR LI EHEL T
%,

¥7:, BF - 5451%, MDD EZ Evaflux-5
AZBWT, MROSHEREZERICTHERE L L 2 5,
FR260CL 40°CICMEENMRD 2 R BWT, FEE
R EERE (FAEERFE 150~200 ml/min) & & %
SESTEEREETIX, TP X7V 7 & > D SC BRI
Lo THEBICER LI ERE L2,

3.2 Evaflux-5A IZH T2 MPTIED in vitro E

B&

EE o1, MEEKS D EZR Evaflux-5 A OREERHME
WCRIETREOEE LS DT 372012 in vitro E
Buc CHRAEL 7. ERERITEMINEZBRTE S 1
7ob PREEMMBEFEA L, BEREFR, K2R T
WY & Ui, EIERANOMBEE% 20, 30, 40°CIC%E
b, IMAALEE DSBS ICRIZTTRE DR
iz oW THTENT:.,

FERIE, TRTORESRMATIZE W CIMRNEED
e &b TMP 3888 FR L7 (K3).

Qr = 20 mi/min

M % 40°CIThNigE L Tordsr iR fE %2175 £, TMP
OFHEEPBEBEICMZ 2 2 EBTE, —KOMEERD S
HigE T X D% < OMARMBEEAT 2 Tz,

F7z, MEOFRIZISCICH RS BETLI LN
B o7 (M4, TXTORBEFHFTICE WL
TIMEMFEE OB E & 312 SC R ¥ o ih W EIcE
FiL7:, CORBRBFEDSDLVSIBTETLRNY
RE (GESEEREORSE) 2EHKL, IhMERRIEE
FHET S Z ERE N,

—f%1z, Evaflux-5 A ZHFEHALEHE, NI E -
THERET7VZ7 Sy, HDLAR EIRXTE 22 FEIXL,
KiEMEa v AT o —iifiE (FH) HAZEESRE
{biE (ASO) % ¥ oimKE (B#) ¥E L sh 3% LDL,
T4 7N =ik, MEICHIET 2 0K
ohb, Flz, 205 OSEFESFRIGERD 2% S
T, BEERCOI > TLEELTWE I EPNEENS,

mmHg Evaﬂux-SAEFFl 4750m| 6690m| 7980mI
500 ® S =
@ 20°C
[ ]
400 | ¢ o
O 40°C
@
TMP 300 o
e}
200 . e
[ ] ® O ©
100 ) 8.0.0.
e®. 5 80
" " a 8 00 B
)
08 ‘ '
0 1 2 3 4 5 6 1 8
MmiFNES L

3 RERICHIARIBEIEINICH S BRI TMP O LR

© #5770k -+

@ Enmz

EEEE
_____ [ ] #
A
>
i
(20,30,40°CIZ% L) Qf = 25 mi/min
2 SEEREIRRE
HE7 7 x vy RS E 28535 (2009) 213

NI | -El ectronic Library Service



Japanese Society for Apheresis

ZDFITBWT, MBS %R L ToHEsEEERES
2DF ¥ —%id, 7LV7 3 ryo|INERFL, LDL,
747 = hERCER CHLEL, BENT S
LS TERERREEMEICO: > TR TS 3 A TEN
AR nz 5,

—%, FEREHEOAEENASN DL DIZ42CEE F
TTHY, A5°CULCIBET 274 7Y /=7 VH
BEMRZEBILIHEY 22 e83bhroT8BY, 7
47N = OMHIEOEE £ Y 2FEHKT 5720,
IHED FRIZ 42°CETET 2008 EYTH 5.

&5, /IS IE4INEE in vitro EERIZTC, DF W
—TOBERMFERE (Qr) % 20, 60, 80, 100,
140 ml/min E L& ¥, BEZ QricOWTHRE L
728, ZORRQ BEFVIEFET VT S D SCITH
Bah®d<d, Qr80ml/minicBWITF7 VT I v
L LDL OS5 BERRIFTH Y, +537x M 231T 2
ZEHmE L, ThMERRICMZ, Qr2®m< T
52 kD, MRS EERDFZERANTOBES
I DR 2 (BT 2 7- 0 L HEE L 12,

1.0
) o
sl oo 20°C
. @
g M x ®
SC o6 xS
A
0.4 - * PATSY
02 é o < A % A HDL
Lmfleem o LDL
10 0 15 30 45 60 75 | © 24FY/—=5>
0s-o®°% o o bﬁj =T
I X X x® A T-cho
SC o6 4 " BEXeE
A A A @ o X IgG
0.4 L S
o ¢ o 4 ﬂ * IgM
0.2 © X
8 i o TG
AT EE TR
0 1.5 3.0 4.5 6.0 7.5
0 1.5 3.0 45 6.0 7.5
migmEsg L
R4 RERICHT- SC NEL
214 HA7 7z Ly A%¥E

4. DF Y—EDEEEKRZHR

HERPIDORER 2 &Y, XK T OB
EHENT 5.

4.1 FEESILXFO—I/IVME (FH) &ETo

ERERZIR (BEA)

Mgix, FHEE 44 (BHE1HL, 36, Y
R 65.3112.5%) ThHY, HBEMBIX, ZMHE3HF
A E/1:8), BEL1IF AE/2E) OAX7rYa—L7T
DF % —%€ 21T L 72, MM E T 4,000 ml 1< HE
—L 7.

4.1.1 AREAMEOBERER

EERIBOBEREFEEXNS IRT, ~T b7y
b (Het) THEIEL 7zBR%EZEIE, LDL-C, IgM, 7«
7YV = rTEIETHY, —7, HDL-C, IgG,
TWVT 2y, TP TERETH- 72, — R RS FH
DBE, BEESHEEZRYT LDL ZBRENR E T %25,
AP IMAE A& 4,000 ml 12 T, LDLERFEZFK70%
BEEXBELTBY, +ORBRENAIRETH o7,

%
100 mean % S.D. n=12 (Hot## 1E)
80
% 60
$40
20
0
HDL-C LDL-C ZAZ TP IgG IgM Z47Y
=V J—HY
X5 AEIIROBEREE
scC
O sC=RmRE/tGRE | WLER 1000 mi
"0 rorr—= SLEBE 3000 ml

HDL LDL 7T TP IgG IgM 247V
% /=T

6 MIFRHDEEE (Evaflux-5A) @ SC DIREAIZEL

3 28% 35 (2009

NI | -El ectronic Library Service



Japanese Society for Apheresis

4.1.2 BEREMREDOERIZEL

AR 54> E 28 (Evaflux-5 A) @ SC O FEREHE
b2 6I1CRT. 7V 73O SCMHEIZEY %L 1.0
WL L, Evaflux- 5 A BERIC7Z VT 3 »EEIL T
WE I EWRENT, 7z, O SCEIFIMENIER
DOHERE (1,000ml 2> 5 3,000 ml N KEWET
BEBTF2b00, MBEAEI0mIFCBVTDY
0.9BELEWEERHERFL Tz, —7%, LDL ® SC

EERRY 7% < ¥ i<, RMWHIEZIRPSFY sl

4.1.3 AERIZOMFRENEIL
BEREROMAMEDOE LR 712/ d, MAREE
BT 1.09cP 225 0.93cP NMETFL, ZDZEE
X—14.2%THhHY, BhiL A0 —DWERRND
o3z,

4.2 PFAEMEERFE{LIE (ASO) BETOERRIME
ASOFERIZH LT, MHFDLDLRL7 4 7V / —
7 v OiEHEIRE B X OEROWE 2 B2 LDL 7

(cp) mean+S.D n=12
13 = P<0.01
I 12 ==
E 10+
0o 4 0.93
08 =1
+ I EEIT5s

L] %
7 AEMNEONFHMENEL

e Ntk il -2 B
R
S

B o ot i B
3
|

7 x Ly AEESEIT I N, 1990 FEREK» S & iE M
EEEDLREWASO K BWT S, MR (PE),
DFPP, LDLBER EDT 7 = v ¥ RABEEDEIRE
KA THE LT 2HEPBHAINE LS TE -
1010,

4.2.1 ASO BETOERMR (HRMH)®

&%, ASO L2is /- BAREEE 16 (65K,
Bk, FENEE 16 4, FEE D BHREREE K, non-
DM) TH 2%, A7 Y 2 —NViE, DF 94— %8
1 Bl BRI CEF 10 (8, MARALE R 4,000 ml
THATL 7=,

1 BEOBERIRICB VT, FTHREEZXSFCELARET
DIERVBE SN, ZOBEED AR 10 HOEE
KT 4 » ARER: E CRIAICRR L 72,

%7z, RESIMEMES L OFBEIREICOW T,
DF ¥ —®RICHET HEAB A 5Tz,

1 EOBEERDIIET —F DV /N7 > F 2K 8 IZiR
3. 1[E® DF % —%Z X > T LDL-C i2#780%, T-
cho 1% 60.0% & SFRICEREIN D25, WBEERY NV
YRBASH, ¥ 1BAMTIZIZEECERL. TP,
TNTEE 3 HBRIZIZEMECER L. —H, 7
47 =7, IgM, 1gG id 1 B E%E b RifEIC
BT, ROWBE2LPZTWE, 206D b
5, EYIRERMEBERE L ERERER (B
IgM) BET T 3@EHBELD 2 L Bbhiz. 1EOE
BEHOIMBREED Y N7 > FEK 9 RS, KRG
FIZLDIETT %28, 13125 HCREIRER L.

IS DFER»MS, DF b —EDOHITIC X Dl FE
DIFsE L, HEHARY O RK 10 B I RE1E

% ROAER
120
- FITE .
1007 &> °Tp
80 _ 24TV /=5

(=2
[«
|

0 20—
0 | | | | | 0 | | | 1 |
BE 3 5 7 B oA 3 5 7
ﬁ&ﬁ =] =] S| = ﬁ B H =]
Al # ® #®% # B OR OB % 8
( REEIE100&9 3 )
X8 1EDEBEEOMBET—ID) /NI
HAR7 7 « v AESHGE 28535 (2009) 215

NI | -El ectronic Library Service



Japanese Society for Apheresis

1‘;/?) ROAE
100
80
i}
ﬁ 60 —
BE FUEE 375 5!
Z 40—
it
= 20—
| | | | |
0 B A 3 5 7
#=x B H H
oo B OB &

( HRAMEI00&T D)
9 1[EIDEFEDMMIFRED) /N7 F

BOAWELLRENESHE L DL Ebh S, Zhic
L0, +oLRELBROMEIC X AHEBBEENE S
N, AEIMITHORE S ¥ ORENREICEST 5
DEEbhiz,

BB, RNEFNIEYERECENE 2R TEBRIZEL,
2 WP - THKR - M/ INER VR REEET- 5T
Wiz h3, DF — 038 L 5 5> T, BAIERILEMHEIE
EIZ Ao 72,

—7%, DE¥—=DjER L LT, 20717
SYURABEDLNDE I E, BRI E 5> TERRE
REAIGM bBRESINTLES ZEXET oI, B
WESTEERTOBRICE, ZORKCEETNNEXTDH S,

4.2.2 ZHERXRERPRAAZE

B & D3MT o 72 % R ER KRBT 9210 T, Y%
DRIFEN % <, HEIIE#E SR EE 72 JE 5 8 IE ASO
BE 49 FIERIZ, LDLEED LIEDF ¥V —E%
MIT L& 22, B 326, BRI 65.3%TH
> 7z, ¥§1Z Fontaine 5348 3 B LA _E O ERF] 28 T3,
%20 B, BRE11.4% L ZVERRER L. Bl
TEROFAEEIZ17.9% T, BHFE D PE B 3 EIfE
HAORERLFEARETH - 7. R THROFEEH
FAETIZ 16 BIF 13 PITTRORUIM % T E T &
S, 77 x by ABEEIZIEREIGE ASO B3 Xt
LT, BR» ORZEMOEIBELIZ EiEmO .

IS DRI DOWBTHYNE, LDL-C DERFEIC &
2 MIHEE DR, RIMIREFREDWE 5 E 372 DO#
P LBz 5N Twicss, BAETIZERREIERE O RIRFIR
BT 2HT &, IHEROREI L 2 RAWRETF 25T
TEZ s, MEMHERCET 2 MEREEHRT &,

BRI ORI R 3 2 MEFREXAIA T DO
HOMRF, BLUZOMEMRIFLEEZ ST
%,

5. & H V) IZ

HFLL DFPPOZEHEE L TMb -7 DF+—%
DWW, BIFRMERSB X FBICO DLW TR L, &5
IZ in vitro EBRC & 2 EAMEREOHFHE L IERBAIORK
BRI DWW TIRE L 7.

MATEEM 21Thb ks -7 ASO B#E X, KEBIERYT
Wi a2 T OB 55% L EWHERTH D, FICHEEE T
1 Z OYIET R 30% 1 AT T 5 L OGS
bHb, iz, MBI FEFEITL2.9%LHRL THE
TE2HOTIdV, AT R EE 2 FE = e MfE
ASO BEH D DF ¥+ — TR O FRICD W T,
MG 2 EM L RBESIEBRR L L T 28T b
HY, DFVY— CRBETEhITEE NEEHOD
QOL i3ekET 5.

S, EFIBOEME £ b2, FH « ASO FEHI~
D DF +—EDOBERMENR S SICEREIN S35,

COEFEERIEIZE2HLL, BIERBGOI R E
W&o T, SESEEEELS X SwE LT A AN D
%, Bz A—AHIORRE LR 22—V —HD T
— Y EBICHRF L0,

X ik

1) FRE=, &FEM, HEEE, . ZHREEEMES R
Hark, MRSk =4R, EPERE, B, 1984

2) Nose Y, Usami M, Malchesky PS, et al: Clinical
thermofiltration : Initial application. Artif Organs 9
(4):425-427, 1985

3 W E®E, NEHR— ZEEEE MRS, ENE
AR, 55 AR, AAERR, 3L, 1992, 374-381

4) RARE, AFARR, BEWHE, fif: DFPP X8 % 2nd 7
4N —DHMEBPEFOMRE. H7 72y A=§E20
(1): 105, 2001

5) KA, FERER, $HREW, M. EIRBMAER S 58
FROFBERBIZAMZTEEORE NTREHE 15(3):
1587-1590, 1986

6) REFRE, BXVEAH, FEAOF, M. mEEks SR
Evaflux-5 A DIEBREDORE. H7 7z v ¥y A<3E 13
(Suppl) : 74, 1995

7) S¥HFE, IO F, ERNGE, M. mEERK S SR
Evaflux-5 A OERS ST RIS THEEORE A7 7
VY ASEE 25(2) 1 153-158, 2006

8) /IPRIEEE, FRIARKSE, o BHE, fi: BV YV F 21—
2 ¥ (DF Thermo) I 81F % MRS SER (75
v 7 A5A) OEMEMERE L BRINFREOEF. HY 7 =
vy 25 25 (Suppl) @ 153, 2006

9) S¥HFE, IO E, RE#EN, fi: FH L _EEESE
BB ERE) OFEMARR BERMIDL7 7L ¥ X

216 HA7 7 c vy AZSHEE 288535 (2009)

NI | -El ectronic Library Service



Japanese Society for Apheresis

BEEOHESLE2C. HY 721 ¥ 2238 22(1) : 14) # FH, ANEE, AKEHHE, o EEAEEEIRBE(LE
44-50, 2003 (ASO) %2F T 2 MEENREEICH T 2 IMER Y ¥+ 2 v
10) THRIERE, AN £ 85, . FAZEEIIREECE I —va vk (DF 4 —%%) I X 2 HERR. Bhast 4
43 ILDL 77 = V¥ Ak BMSt&EE 4 601-606, 1995 (1) : 89-94, 2007
11) Pk = . RBEIRMEMTREZE T 2 LDL %&E. H7 15) &5l IO £, KB, fi: PAZEMEBIIREEIE
7z V¥ AEEE 15(3) @ 282-292, 1996 (ASO) kT 2MERV Y Farv—ya vk (DF ¥ —
12) HERILE, A A, EBOTA, i MEEREE OEIEMH E) ORE. B7 7 =¥ A£5E 24(1) ; 91-98, 2005
SEMFIRELE ICH T 5 LDL REFLOMS. Efes 16) Flgh=, AR, AAL &, i FEEARIUE T AN
35 1441-1446, 2002 ERBEILE IS 2 7 7 = L ¥ A58 D % M 3% B PR 5.
13) B F, SREE—, /NFEUIE, . BEERETEECE H7 7 x V¥ X458 25(1) : 42-51, 2006
7 % AN BRI LE (ASO) &#HER X § % DFPP 17) FEEHT . “EBEEM TRk & 2Bt BIRELE
MERV Y Farv—yva v OFMNEORE. A7 7 = BEGEYROBS. A7 72V Y A25E 25(1) : 57-62,
Lo 245k 23 (Suppl) @ 169, 2004 2006
HAR7 7 = vy Rt 28% 35 (2009) 217

NI | -El ectronic Library Service



