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A Highly Efficient Blood Purification Method (High Flow-Volume Large Size PMMA -
HDF : High Performance HDF)

Osamu Nishida, Tomoyuki Nakamura, Hiroki Tsubouchi, Nachide Kuriyama, Hiromi Kako, Michi
Yamada, Yoshitaka Hara and Tetsuya Tamura

Department of Intensive Care and Amnesthesia, Kainan Hospital

Summary We have reported that high flow dialysate and high volume filtrate hemodiafiltration
using a polymethyl methacrylate (PMMA) membrane (high flow-volume large size PMMA-HDF :
HP-HDF) may be useful in the treatment of critically ill patients. HP-HDF is a highly efficient
blood purification method to remove pathologic substances such as inflammatory cytokines from
blood, regardless of the presence of renal failure. It is well known that the PMMA membrane has
the ability to absorb low molecular proteins. The PMMA membrane hemodialyzer has a large
surface area of 2.1 mm? and large pore size. In HP-HDF, the blood flow rate is 150 ml/min, the
dialysate flow rate is 400 ml/min, and the filtration flow rate is 1,500 ml/h. HP-HDF is highly
efficient in all of the three major principles of blood purification : diffusion, filtration and absorp-
tion. It is also high in cost performance.

HP-HDF significantly decreased blood interleukin-6 (IL-6) and lactate levels in previously high
patients. In ARDS patients, the P/F ratio showed a marked rise as early as an hour after the
introduction of HP-HDF. In septic shock patients, the doses of catecholamine required to maintain
blood pressure were reduced substantially. We have found that if treatment with HP-HDF is
started before organ damage progresses, hypercytokinemia-induced pathophysiological conditions
can be treated more efficiently.
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non-renal indication OIMEEL TIx, KAOWE
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T &7z, high flow-volume large size PMMA-HDF
% BN SRR MR LB DWW TR B,
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2. YEBY - BB - WiEOSWE(L (high flow & high
volume & & UBEMNEIR)

g (=34 OxhEF, MRE Q) D 2HEE
B CENERE (Q) 2 LREI¥3CohTh
By 3, #RELTES> N3 Qs 13 200 ml/h EE MR
EThreFEL5E, Qo %400ml/h DI EHERL T
BIRIITEITS L2 %, EAEOZEEZ, KFAZETHZIE
PRI B B, TSR vin ¥ sk fEEY
bbb, [#] BRCEEL2ITOES, QD 1/30E
DEBEE Q) 2B20RMENEHELIESDT
W#ETH 2., BYVANVKI R EDBAED R WY H
W [HT] FRTIT2E, k) OEENHAEETH 2
2 [t FFICHASIRITEL BRELFERICK S,
— 7, PMMA B X, At 3ZELZ VD, 2.1
mm? DEEHAWS Z T, [#] HRT2.0L/hEBE
FTRQr B2 E0TE S, WEDBHALSRS
£, PMMA BV A v A4 > EDEDSTFEHORK
EFRIZENLTW S, REEOL W PMMA B 5
WENTHS., L, KEEE (2.1 mm?) O BK-
2.1P (HVv) 2HWTWw3, ZOROBEAZREZ, B
HEOCH (D) FAOPMMABLID b AEL, &1
KEZYEE CHEBIC L ABRELTRETH 5.

HAgEwBEL T, BHE{TbN T3 CHD, CHF,

CHDF it L ¢, [Qp D¥EIMc L, high flow!| #H
v, [Qr OBEIMCIX, high volume] W5 DH3—
BETH B, [Qo-Qe & b ITHMS ¥ ZHE I,
high flow-volume] &:EC#EKT 5. BAL DEITL T3
BRI mMEELE, high flow-volume TH 3. H
52 1%, PMMAE % v 7% CHDF % PMMA.-
CHDF EFEATW S, WADHA W T W AEIZRHE
B, ABEEDIBEBEDOANE T4 VT —LDRENT L
o, high flow-volume large size PMMA-HDF &
FEA TV S,

3. high flow-volume large size PMMA-HDF
(HP-HDF) OfEfTHEEFSE (M1, 2)

EEIZEABZENEE GEv TR-3000S) & @A
HROZEE (Vv TW-72P) HwTWw3, EMK
ZF ) —WRAF2 B TER T 5. FEITE&MEE
A, Qg 1 150 ml/min BT %, Qp i& 400 ml/min (24
L/h) #i#, Qf ZBAEFETL.5L/hET, MITH
R 1 ENI0EET, Fv5 ) —Wley O TH
%, WERSIE, INUEOESREERTI DS,
BEHTEBAEOBRAEEL AT IRMEbDZ2D 1.5L
DA Z R L CiTV, RIMEN B % F CERE T
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1 high flow-volume large size PMMA-HDF O flow diagram
- EABROEE (GEV TW-72P) W CHEEAZERL, EARENEE (L TR-3000S)
WEAL, ¥V —WAF2E2AWTENKREIER T 3. ENMEBLAEROBRABET1.5
L/h i OBRAETY, EEOEEKZWROMHRYR v 7% Bv CGROENCEE Y 5.,
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2 high flow-volume large size PMMA-HDF DT
FEHTEBEAAROBRAMBELET 1.5 L/h OBKEZRF L TiTY, EEOEBEBRKE (F 77 v Ng)
PRBOEBER Y 7 E2HAWCGRNENCERE (BEF) 752 L CHRERTY. BREXDR
{FTBIET, KANTVABRAFARTDILEDHRETH S,
Qs : 150 ml/min Bi#%, Qo - 400 ml/min (24 L/h) Hi%, Q. :1.5L/h i, MEITHEFRT X

W08 (Fr V- 1ley b4y THB.

WrDixlT2ILT, KoNFURETAFARLT
3ZEBHEBETH D, BRI, V7 7y FREHW
255, aR MERD:DEEERY) > 7V D WITERRE
VU NERBAT S Z B0, BERIITD
NTw5 CHDF L ZE% KT 5 L Qp 135 2 15,
Q, FHI50 15, Q XS BETHY, WL TR,
BEAESPRECDTI D REZYEE THREETD
%, 512, HEAED 2.115H0, TERIHENS
EBbns,

4. YA FHA > ORER

B3R d koI, AREEER 3 HEE 3 EHETL
72 Z2DIL-6 DEEFEECETL, FIENEWVIZED
BERERZE W EEBbNz, £, MEEtEoAD
HOTHEEICEEZEEL, Y IV RATOEEER
b % F X 729, I H . E>50pg/ml T, ¥y
21.0+13.4% (mean*SD) DA E % 1§ /- (p<
0.01, »=25). %7z, BREZNFIZ 12 KFRIE b Ffc L
Twb ZePERS NIz, BFHEkcly, REE
IT BRIEMEY A b A A VEEIBRENCER I B AL T
X, FEHRETFROBVERE2LZ VbR TWSY,
=¥ 59 4%, 1.0 mm? ® PMMA [ % F v» 72 CHDF
% 2 B¥%ET 5 double PMMA-CHDF %2173 2 & T
FDTHA N B A VEIFEINFRETH o 7z LHRE L T
%, Aa b, IL-6 5810,000 pg/ml % 2 7z fEHIC B

(pg/ml)
100
105
i
o 10%r <0.01
oy p<0.
B et
©Q (n=25)
= ) (mean = SD)
102
g AR
101 | 84.4+25.8%

FEATA 3EIFETTHR

3 high flow-volume large size PMMA-HDF 3 EfE4T(
& % IL-6 MERENZEAL
W3 AR 3 EMIT Lz 20 IL-6 DEIXEEICETL,
FEREWIE S BREZREE W LB, fECT 2kE
3 84.4+25.8% (mean+SD) ThH - 7z, MWl
bbb ricEER.

D BEIRERES LTz, BETESEIIAERLEL, BHE4E
Uk Sk IL-6 2 EEOEFC L TARE 3 E
DT LD, 96.9+4.3% (meantSD) DEEX)
Frmnl, 6fF13HE2RGL: (K4, 2ok
6 b, KiEE, FEHECENIY A N2 A4 VBRERE
2L, YA b4 vk EOBRERTF RN L xR
BADORIEDWFRIMENF L TR D 2 EFEZ SN
%,
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5. EIX o HLA-DR HROFEBDIEM

BBk o HLA-DR FUE DO FEIRDOEAL % —E D FER]
THNTz2, HLA-DR FUR D FEEBWET L T IzE
BTk, 12 BFEMEITE CHBER B HLA-DR HURDO %
Rysegsm, CD 14+/HLA-DR-ET Lz (B5)., &
M i%, immunoparalysis IKEE® 2> & D, WERNR N
HBAEEERRBL T3,

6. fE A & R
2T, KENZER LI L BbNsEGE 2 ORT

IL-6 10,000>pg/m
(2004411 B ~20064E6 A, n=16)

A 13/16(81.3%)

108

104 SEMEITIZLD
fILe FHRER
B 96.9+4.3%
Be iz 10° -

(pg/ml)

102 7

ANOVA p<0.0001
* p<0.05 vs. Bi{E

(mean %= SD)

10

s 1E 28 3m
Ml eme mee e

4 IL-6 MEERESEEMNICETS high flow-volume
large size PMMA-HDF 3 BIfE{TIC & 5 IL-6 HAUEE

(Fi: 72
BEECRWEL I RIL6 DREEE R, KEWEFET» S
EBEWZETUR, 3SEBETIE X 2BREX1E, 96.914.3%
(mean+SD) Thot, BEIMGEEL NS, ZNL5D
FEFID 16 B 13 L fdr U7z, i g cd s & Lok
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CD14+/HLA-DR* 40.6%
CD14+/HLA-DR~ 50.7%

T 5,

6.1 fEFIL (X6)

4%, B, 100%%FE# S5 T Pa0, 1% 51 mmHg
LIEMITH D, REDAT AT I 2 ETIEER
septic shock Th -7z, WEAOEBRIIEELL, L
ZIERBPWE S 5 - O IWCEEBCEE - fMimL,
DRI D RFEAS HIE+11,944 ml L KEDAFRIZD
b 59, 2[E0 HP-HDF OMEfT CE B 2 E X
MEE - BELEEOHENE S, BEROWEL -,

6.2 FEM2 (K7)

93 5%, . FiRiwc & % EE L septic shock DfE
#lizxt L, HP-HDF O T & 0 SR BRI B
FHEL, Yavrro bEk L. SEEML
L, L 28R AREIT> Twa, 1AMTICUR
EL .

7. BRIEREEIZH TS high flow-volume large size
PMMA- (C) HDF D3R NDI&RET

7.1 ARDS (Acute respiratory distress syn-
drome) (ZXt9 2R

ARDS iZxt L T, MEZBMETLEME L2132
NEFETLYERHRETLILT, REIHET 2
A REME M H 5. ARDS (291 O #ES TIE, P/F
ratio (Pa0,/F,0,) &, #IEOAREE 1 RFHEZE LD
ER LAZMBL, EATBRIACEOSNZE LR DT
(I 8).

7.2 septic shock IZXf3 2%hR

Catecholamine index (CAI) #%5 LAk @ septic

10 10
CDi4FITC

128 REITE®R

CD14*/HLA-DR* 51.9%
CD14*/HLA-DR~ 37.1%

5 high flow-volume large size PMMA-HDF FE{TRENEEk ) HLA-DR iR

FENEAL

HLA-DR IR OFENRIT LU TOIES T, 12 R fTHR THER Eo HLA-
DR PR O FEBH 8, CD 14*/HLA-DR- & T L7z, Z#lX, immunoparalysis
REED S D, WEXIR D ZAREM 2 REL T3,
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AERF AiE2EIMEITER
P/F ratio 51 Sk 43 H 4y P/F ratio 153
CAl 87 +11944ml CAl 40
BP 70/50mmHg BP 105/50mmHg
CVP 10 mmHg CVP 9mmHg
Lactate 72 mg/dl Lactate 15 mg/d|
BW 56.1 kg BW 64.6 kg
CRP 18.0 mg/di CRP 16.5 mg/dl
SOFA 17 SOFA 11

6 fEMFI1

EFE % septic shock, ARDS XL, ARiL% 2[EETL: & 25, PF ratio i
51205 153 FCHE L/, MEIISHEBEWE L, BRE2WBE L 2D CHEEBN
W - L, ABOARIK b 20b s T, E X EECIREHM CEH Lk
ENFSNER OIS L7,

P/F ratio: Pa0O,/F,0,, CAl: Catecholamine index, SOFA : Sequential Organ
Failure Assessment.

AZE30RFMHE#

AERF AZE6FHE &

W F +1123m QS am2miEm)

HP-HDF in-out+0 HP-HDF1[E

1@ E fjﬁﬁ'q:’ [5% albﬂ in-out=0 [5% alb]
P/F ratio 111 P/F ratio 392 P/F ratio 545
BP 100/55mmHg BP 106/61mmHg BP 100/58mmHg
CVP 10mmHg CVP 10mmHg CVP 7TmmHg
CAl 13 CAl 4 CAl 6
Lactate 38mg/d| Lactate 15mg/di Lactate 15mg/di
CRP 7.2 mg/di CRP 7.5mg/dI CRP 13.2mg/dl

7 EF2

fii#ic & 2 EE 72 septic shock DIEFNIZXF L, high flow-volume large size PMMA-HDF
(HP-HDF) %/EfTL7z. BIRCESRPNWEL, Ya v 75 b L 7z, 51 6 K,
S 30 BFfEE. C ORI, HP-HDF BEEEHL L, L 2WMEKAR 2T, MEZEHE
DIERBEED, FHREFZTPESIHRTH >, H1BETICUREL, P/F ratio:
P.0,/F,0,, CAIl: Catecholamine index.
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shock FEH] (29 ) 1D T, CAI % F¥IME Tk
L7z CAIP DR Z2HF Tz, REOZE AW LD CAIP
BETL, 2HHIRBREERETFLL, Ik, BE
BHEID#H 7 septic shock (2241 WR->THE 3 &,
CAIP IZBtA SRFRIZ L DV ERBRWCET LHA® Tz
(X 9). %7z, HEBBRERBHOEETH 2ARMEICD
WX, BIfED 20 mg/dl 2#E 2 T ERCHBET L
e 2%, AFEBIKRERIVERICETLE, Z
hi, lEREEOWE L2 b0 L Ebh:,

7.3 L2928

BIER 47 ¥ OFFF2IRREwst L, FREEEYE %
rET 5 B TR (PE) 217> TdH, —KH
BEIRLMELNR NI ENE L, LA KEHOIMM
HRRHEITS &, REBCED &7 TS TR
OEERFEOHMEITH BN X LITLIE
ThHb., £oT, NIHHBEEDOEZ T L LTI,
PE DX H®IZ FFP 2 v - BERFRREES
EOMIEEET, PTEES HPT 2 EDE%E R
SHATL, FFEEE LTk bz eimb L 7

P/F ratio
450 - « p<0.05 vs. WA ) C?LI‘P foy)u#(gig;uu)sepﬁc shock® 55 RIEH RO
400 T A
w50 ] * « 0o * p<0.05 vs. BARE
300 - * | ]
i * " — (mean = SD)
250—_ 02 |
200 + 7
4 - *
150 )
i 0.1
100 4 1 (mean =% SD) “
50 -_ (n=29) ]
7 0 - r T T T T \ 1
0 - r T T T T T 1 & ‘ @f& @%’ Q}%’ ‘ Q‘P‘&
A 3§ ¥ i B \ N ~ r\, L)
@& ggg@ éz@%’ g&%’ \Q?‘»Vs' ‘\‘lb%’ (&‘!ﬁ' P ,{2‘* & &
D © 9 FRIEFHAMD septic shock (Z%F9 % high flow-volume
8 ARDS IZX}9 % high flow-volume large size PMMA - large size PMMA-HDF O%h%E
HDF O CAIP IZEA IFFMZB IV EEETF L.
P/F ratio (P,O,/F,0,) 1, BA1KEELIVEEKCLR CAI: catecholamine index, CAIP : CAI/ mean blood pres-
R L7z, sure.
FOTRAVIUFITED
Bt 53.7% FRTEHT AR
3/12
36.2%
3/20 .
/ 25.7%
414
10 BIEFFRIES - FFBROETREE & FFEROHR
high flow-volume large size PMMA-HDF i & D, i“%‘ui,‘f&ﬁ“{i%h_{%hht 4/4 %
TEERTRERRCHE L 7z, ZEHLHEEZRD, BIZEFRETE -0, B - BEI
BEYBFTEENTB Y EBBEHTAESENTW OB bR 3
328 HART 7 =LV v AZESHEE 26535 (2007)

NI | -El ectronic Library Service



Japanese Society for Apheresis

(C) HDF 7z ¥ OIMEEALTITS L5 OSBRI iz
S TW3BY,

KB L 2HARL T 28R TR TH %59,
B 10 R TEMNZ, RBER, BEREHTDH - 7223,
BEEOFKEREE2RD D, BEELZFHE L
HP-HDF Bi#a L/ EBICTh 5. BEiRIIKEBFEHE IR
e, BRELARETH o708, FOBERESRT,
KRGS U R TR U 7z, BAERTO
CT E&TIX, FFETEICBENED Z 1% EFBHLA
BHEETD, 77Uy ryFTHLIERIEEIFRETH >
7258, B BECRARYSTESNTBYEREBEHAT
BESENLTVIO2b» %, HP-HDF 133 H T
L, PEER3H~4HWZ1IBOR—=XTIToz. TD
~—Z D PE T, 10 EOHIEBOFTHEHRER
BIFICES 28 S B OBE 2D 2 ESHEETH 5.
Z OERFITIX, 24 B D ICU AZHARF 7 5D PE
THEATWS,

8. &HRRE L BFTFTROMEEHRS

EFE2ERLHT, KERAOKREBIZLENT, 25
IREBH3E 2 I RIFICR I B BHR (RO TIX
% 212 S WEEREEIR & RAERFT DIRRE & DR S)
ERERLTE T, 2D kX, 51, W% RIE
BNz b & W7 Mg b ER R LS, —RRciThh 3 &
DR o TBET, 2 - BRI L SHICB I RE
BTHBEEZD,

B, EESMEAGIEET CENT 5. BL T,
EfR L TIE RIS HETT LR IT 7228, HP-HDF iz & D,
EHREBITRANICUE U U 2 e EES MR B %
Bz, BEESEEOR/MERAEER Y EEE T,
ICUAZROEEE A 37 XA 155 T, BIE
809% ® Stage 4, REJFEL¥IESI NI, ZOREATO
E G2 W X grade IV TH - 7245, HP-HDF % X
U LT 2EZMERECE D EERBREEL, AE
WHBEIWKZ, BEEERATIZTR, BILE’YD
Stage 2, EEI L HE SN, BICHEL Tz,
Lhl, BEAEEEZESICE/ALTEY, B&LR
grade V &7z - Tz, Open drainage °BIEET b
EELLD, 25REBEHEL T B9, HP-
HDF %17 Ly L7z, AMEEREEELT 3 &,
R I b E L RIZUSBHET 2R 2 120 74
PoDEEEENNETCHDL, 0D, EEEA D
TREERELRLI-AaT7 ER>TWwa, LaL,
HP-HDF %z £ O E#EMEEEFE LD, ¥4 b

H A4 > 7% ¥ @O humoral mediator 2357 ICRFE I i
2, BEOLEBREREIBE 2o Twil L, ERIK
WMANOEEVER, SHIREHRIFICRIzN 5 AJEEkE
BhHb, 0BG, BEEEAIT7REREEROEE R
KL 72wy, 202 ik, HP-HDFC & v, EER
RESFDORETIE R FAORIGICEDIERT 5 Z
EWTRETH D L EERL, BN TH S, HiRT,
AR U7z BERF 28 T3, BRER O & T BIERT
KThsZ EIFMEVR WS, HP-HDF I & v &
BHEE2ELZTIERIBBLELY, RUYYRYY
LOBIERROZMERZH- S8\, Zhoid, B
EE R a 7 R EE I R RS O o fReskEE
DFF R RENEENTVELOIEL 5 REH
ThY, BIRMBE TR, 20 L2
KBRS 2 LENDZ, £/, HERZET, &
ERRBIZ 1 0 S WA R AW T 2 & b ¥l 3 X
ZEZTAEELND B, OB T, RO
sepsis I L, HP-HDF 12 TEHE L /2%, £5RE
DRIFT &2 & Q¥ CHRIESBFMICE Y2 5
4 3 v 7 SENNEGEBI & 2 EENEE OREFH
b3, EERERIFENL TR, BFEMCL O
Lz, wFhiz¥ &, Zh sk, HP-HDF O
HEYEEBLHDTHY, TDEIRIEMPLIN S 3
ZERQZHIBWT, 2 - BRI D208 NDH 5.

9. # £

2000 #£ 12 Ronco 5™ 1%, 35ml/kg/h DL F @ &
W& T CHF JfTRES O fKarEEs3E £ L7z & Lancet
WERE L7, %7z, B U4, Honore 52 IZFEED
septic shock JEFIZXIRIC, B TREDRE %
non-renal indication THAT L7z & Z % 20 B4 11 4
TRBPIUEL, 20 11HF 9F 28 HEDEFL
T2 ERMEL Tw 3, 2001 F12id Cole™ & 23,
septic shock XL, 6 L/h OXKEEBE % FHV7z
SEEEI DM@ TIX, 1L/h OB EE~HEE I nore-
pinephrine #E T&E L L HMEL T 5, I T
¥, 2005 4EiZ Ratanarat' 5%3, Pulse high-volume
haemofiltration £FR3 % [6~8 KFfEl DK E P & 5|
X179 35ml/kg/h DEEZTTS CHF] 2k b
HTaAT7 L OPRETROWEHGRZRL TS,
A TIE, fEkR& vIEEE L e L7z CHF 28fThbh
TBY, EEBZFCHTZ2HRTH, KEEH#EZ L
WEERTIZE N ED SN TWw5, — 5T, baETI,
CHDF »SEEEHNCE A CThh, ENEINE QM
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TROBIEEIEMC X 2EAINTWBEY, Fiz,
BIEFFR I L Tk, BEREZERILT S22 LT

BIFRESE S TB D, FRHEEICH L T,

HEHSTFREO/NSWYENMI O »OEE%2 LT3
AREMELNE W EE Z oD, LELENS, 258K
FEME R GEEEE (systemic inflammatory response
syndrome ; SIRS) ZFLLTWEY A b A A DR
FEEZDE, BRERBIZENT: PMMA E%2Hw 3
DWEFTH 22718, BLAPTo>TwD LI, K
EENKE 2 PMMABEEHER ST 2 2 L TRERE
LT ENTES, ARORESAELTEED

PMMA-CHDF % 2 X5 THEIZ ¥ 25 A4 b H 57,

Ee, YA VA VBREA T L AR ENT
W3 UL, PMMA BIZV A oA YR d
L2 DESTFEAZRET 525, BLFRMO
FARYE B L CRERBEEYEOREDHFL Tvw 3,

HP-HDF &, X OREYE DBRENRIRETH D,
2 OMEITD, RILNWVERTRIEFREEZIND TE
D, WEIEBOSEHFELS R MK LETDH 5 & F
Zohnd? F£2i, ¥4 A A iz £ O humoral
mediator 23BH5 L T\ 2 iRETIX, R EESET
3 5 AR DR BRI B4R T & /- fEHI T, HP-HDF
DIRPEOEREE D REY LTEB D, EhmiEesic R
FEDNE K 5 LAETIZ, £72, fEXZ D mediator IZ & %
BEERz B B2 B 6 6, HEfTREIZ®EL
B EBFETHZ EEZONS, L2L, D
R0t Th 207 0FHAYEOREDIREME D F
22, JREARRRBIC bbb LERZELI B2 Y
BEETHY, BRrOMEZRDOKT TbH, CHDF/CHF
® HD cBAT L ERI T3, BEEIW Db ¥ BT
278> Tuniz?,

EEBEHK IR T b HP-HDF & cost perfor-
mance DEWAETH 5, BK-2.1P OEITRFER
RIMAETEEMNT (CHF) A~ # 10 5D 1 Offitg T
HbH, FUF)—RITENKILBEICT 2 410
HThbo, ¥ 77 v NEERRICAVIIGEIIHENT
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