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Summary Continuous Hemodiafiltration (CHDF) is recommended for hemodynamically unstable
patients with sepsis-induced acute renal failure in Surviving Sepsis Campaign Guideline (SSCG). On
the other hand, although essential to sepsis is hypercytokinemia, apheresis therapy as the anti-cytokine
therapy is not mentioned in SSCG. A recent paper reported that continuous hemodiafiltration using a
polymethylmethacrylate membrane hemofilter continuous venovenous hemodiafiltration (PMMA-
CVVHDF) was effective for removing cytokines and enabled a wide range of clinical efficacy through
cytokine modulation.

PMMA-CVVHDF has been reported to be effective for cytokine removal therapy. Furthermore, our
previous paper suggested that PMMA-CVVHDF was more effective than polyacrylonitrile membrane
hemofilter (PAN)-CVVHDF for the treatment of patients with septic shock based on the improve-
ments in many cytokines.

In the PMMA-CVVHDF group, the lactic acid value at 3 days after CVVHDF was significantly better
than the values before and 1 day after CVVHDF. In contrast, the lactic acid values obtained before and 1
and 3 days after treatment showed no significant improvements in the PAN-CVVHDF and non-
CVVHDF groups. And the outcome of the PMMA-CVVHDF group was significantly better than that of
the PAN-CVVHDF group or the non-CVVHDF group.

Key words : continuous hemodiafiltration using a polymethylmethacrylate membrane hemofilter
(PMMA-CHDF), septic shock, Surviving Sepsis Campaign Guideline, acute renal failure, acute kidney
injury, apheresis, cytokine

(SSCG) 2008 AR HIEL BERLTHBY, %L
D EHME @ Intensive care unit (ICU) TZ DA A K
TA VIR L TR R SN, KEICBWTHE S
DREREDEFR TSR EDOBRIIBEZE L LT3,

1. &3 U & (<

TI7LL Y AFECBILFA M AL Y EDAF
4 T—F RIS T 58RI, 1993 F£D Bellomo 5
I2& % TNF OFEZEY, 1995 40 Hirasawa 512
£ % CHDF 12 & 2 LB 25§ 2 IR %
EPHEINTWS, LENZIIZEE RS @I IHRE

2. Surviving Sepsis Campaign 1 KZ 1 >
(SSCG)

ENTVLIZHEDLLTHAMNICT 7 = L ¥ AFED
sepsis DIFFHEL L TEELTWEL LTV ZRVON
BRTHh5B. 72, KIITHB W T Continuous He-
modiafiltration Using a Polymethylmethacrylate
Membrane Hemofilter (PMMA-CHDF) % s & L
7277 = LY AMEOH D EE ST 5998,
DN TAFHED L ZAHIENIBWTREENT
WRWVOPERIRTH S, —7F, sepsis (ST LEES
4 P4 & LTix 2004 4E 12 2 7 2008 4FICEE
& N7z Surviving Sepsis Campaign ' 4 N5 4 ~

SSCG 2008 @ 38 H 1 I Management of severe
sepsis, II Supportive therapy of severe sepsis, III
Pediatric consideration in severe sepsis D KX < 3IH
BhAboTEYN, 772l ¥ AHEEIF I-D Renal
replacement (BUEEE) QOHEICERTHLEEZ D
Na. ZOFA T4 v OEIZBWTEREREIL,
- EIEMIME & 2B EE AT HBEDOBEEICBY
T, FEmmEREEE L MRET IZEMThsr (L
— N 2B) F7: - MATEIREENICARE % BB OKRE
NG Y AEBETVRT T 5 72 DI Fm B #

HAT? 7= Ly A7RMRE 314525 (2012) 133

NI | -El ectronic Library Service



Japanese Society for Apheresis

FEOFHZRET S (FL—F2D) LishTw
57, ZOXHREPEZBWTITDbRTWAHYA
MHAVEFEELTOT 72 LY APEHEIL SSCG I
BOTEERITED SNTORVONHEEICBT
LERTH 5.

3. BIMEEICEHL-aMBRLICEITS
771l AEE

SSCG #4 K94 YiZBWTikpidRo I & L MATH)
REDSANE R 2 ¥ 61213 CHDF S5 0 ke 19 B AUk
FHRLT0DE, LoT, BUMERD a v 7 REREK
MFED & 95 \AEBREYREAAL E R REBI 0 L Tl Frie
BB 2 MR FFARBRIE L D QHER L T 5
EEZLND. ICUNDAZBZELIZEZICBITS
AUEINERE OG- ER % 5 23 4 E 54 ik T
2 L7234 (Beginning and Ending Supportive Ther-
apy for the Kidney (BEST kidney) study) &% &
D 48% HMIMIENEY a3 v 7 DBEETH ) BT
AL MIMEDBEEIIFEFICHRNEEZEZLNDY, &
DREIZBT 5 AEEAREORNILTEIL 60.3% TH
D, WOFIZB VTS AR ES ICU AZH
BICRIZTRHEBEIBCTAUBEI &0 E Il RO N E
WERBEINTEDY, BUBAREITH T 5EEIIM
DTHERELEZOLNS.

B FE 12 B TR B AU & MR
BEL B L2 2HEGTFRORTORBEEIIRD
ENHWA, FRNEREREENOLESHVIEE
SRBAREOFREREIBVEHEShTVwEY, &
72, 2 ODORBBIEFIIEI BT 2L EEMTICBN
T b FHnERBIRE O BENTEIED O ORERLO X
TENTWLEWVIHIFERTHH LY,

2000 F 2B EBE A~ 2ITH L T Continuous
Hemofiltration (CHF) ®#+{b&% 35 ml/kg/hr Pl 1
W3 LERBRVPBIFTH D EOMERRENLY, 2
%O 2002 4E121E CHF o BB A S migfbi b iz
ROYEICREASE LRV ETImTIMESINY, &
EALE 2SR O I U TR I 2 A5 R 13 2008 41
bMEINTVBY, Thd 3 ODMNLIEBEEEDE
EHREBREECE IV TV VDY [BEEAR
& THo7z0ixt L, 2008 EIi2iE Risk, Injury,
Failure, Loss, End-stage kidney disease (RIFLE)
criteria % DB 1E criteria T&H 5 Acute Kidney In-
jury Network (AKIN) %5 Z &2 & - TEEW
W —Z&# & L C ¥ BE % Acute kidney injury

(AKD JEBIZ x5 & U= Hisk S mnrh & M4 &1L
LN REBRSWO TITb Nz, 2 ORERIE The Veter-
ans Affairs/National Institutes of Health (VA/NIH)
Acute Renal Failure Trial Network (ATN) study &
I TH Y, MEEbE & EORER MmN Z &8
RENRTWBY,

4. SSCG L BMFEREE L TDF 7 L AHEE

% ORBEBRIZEYA M4 Y IEHRS LT
WARZEERMDEOHmMEEINTEBD, “Cytokine
Theory of Disease” & LTEEREINTWEY, A -
FEAERERIIBWTYHA VAL VEYVT VI A LT
e UiEER T SHI B L T 5 i HRE RIS BV T
Ay, BIEREE LT A b4 YR EORTF
=7y PELIHEPAHETHLILIENV)IET
b, BUMFEMY 3 v 7 OFERIZEY A A4 VIl
EPELIBEbTWAEZ e D, FEES I cytokine-
adsorbing hemofilter CHDF (CAH-CHDF) @ RififiE
ERICHT 2AMEEZRL TSP,

5. BEFICE TR YA hHAOELELTD
PMMA-CHDF OFE#hi4

WOMEYE Y 3 v ZEBNIS L CORMBIgEL LT
PMX-DHP 12 PMMA-CHDF #% Jif7 L 72 17 ) % %
%12 PMMA-CHDF O#RHE 27072, BRHED
77 ¥ 1%, Multiplex suspension array system (Bio-
Plex™) 12X o CHIETREZ 17 FEOH A b h A~
DEAL SERBEOR R EHGEL 727,

ZDOMRE ORERIE, NRIEB DT The Acute
Physiology and Chronic Health Evaluation
(APACHE) II score® 251%92, 35 the sepsis-

related organ failure assessment (SOFA) score®

98+36 L BIEBIN L L, BERDELFEDN 765% Th
- 7z. PMMA-CHDF {7 1 H# I IL-18 (p=
0.0473), L4 (p=0.0206) (X 1), IL-7 (p=0.0061),
IL-12 (p=0.0049) (X2), IL-13 (»p=0.0150), IL-17
(p=0.0036) (X 3), IFNy (»=0.0308), TNF (p=
0.0208) (M4) HENENAEBIEKT L. 7, i
T3 HITIZE HITIL-6 (p=0.0498), GCSF (p=
00144), MCP (»p=00134) dHEELREKT %D/,
HNEOT7 7 2 LY ABEICHET AL RECR
72 B HIFARFIZB W Tid CHDF % CHF % W45 ¥ 5
BACH WA 9 A DOREFZRMIC X B RROENIZLLR 2
LEHLTWAETHAE. V1 M4 Y OBEEHMEIC

134 AAT 7 2L ¥ AZEHRE 31525 (2012)

NI | -El ectronic Library Service



Japanese Society for Apheresis

* p<0.05

1 IL-18 $ LV IL4 O PMMA-CHDF % D##

IL-7

IL-12

120 : 0 k
1004 nq ®
0. * 100+ *
¢ OF
60 - !
50

o e 1

™o
<>
i

B v T PMMA JE (& polyacrylonitrile membrane
hemofilter (PAN) i % polysulfone membrane
hemofilter (PS) P& IRTHOLPIZRIENTH S L
DOWEPRDOLND®, X 52T O PMMA B2 Hw
72 PMMA-CHDF (FHCEYE > 3 v Z3EFNIR LTl
JE EAERRREORIMEM b G S N TB 0%, I
MHE RS 2 2RO PR, HEICT L TR
PR TELLEZLND.

6. BEHBICHETZHTLODERHMDENICLD
BMAEDQBENRICET 2485

PMX-DHP % JitifT L 7= 88 5 @ sepsis i Z Xf & &

* p<0.05
2 IL-7 &V IL-12 ® PMMA-CHDF #D##

L T, PMX-DHP # @ CHDF Hifr © & &, f#H
hemofilter & #izxdi, MM ZLERIEO T IR L THER
Bz, e L83 Hlidep, FIE - FlFE
WS & 2 BARE OB LS 2 s L 72 %, ek
AEOWES R 2L L -MBE#RE LT PMX-
DHP % JifT L T\ 5%,

PMX-DHP #i47# PMMA-CHDF HifT5E (28 1),
PAN-CHDF Jif7# (26 #l) & X ¥ CHDF Kifr#t
(B4 B) O 3MIH T TIBEILELLZEZ A,
PMMA-CHDF #2SRiF iz R L7z (K5) (p=
0.0190). %72, PMMA-CHDF BEOAIZBWT 3 HEE
OMApFLREIE BT 2072 (X6). Sepsis

HA7 7 = L A¥aMiE 31525 (2012) 135

NI | -El ectronic Library Service



Japanese Society for Apheresis

* p<0.05

3 IL-13 XU IL-17 O PMMA-CHDF #O##%

TNF

* p<0.05
4 IF-y LT TNF O® PMMA-CHDF #0O#5

‘ ‘ ' . ' . * :p<0.05
14 L 29 & . , .
" i 20 - ® ® i
] 17.5 - * @ -
61 - 15 4 l i
n ~ | 12.5 - l .
] Non-CHDF 10 i
27 I 7.5 * l .
0 - 1 I
0 20 0 6 80 100 2.5 & +
K5 PMX-DHP %0 CHDF #3058 0 ‘
PMX-DHPET PMX-DHPE CHDF#1H# CHDF#3H%&
X6 PMMA-CHDF (& 5 MPIBEOEL
136 HAT 7 x Ly A%l 31%2%5 (2012)

NI -El ectronic Library

Service



Japanese Society for Apheresis

DHELBZBNCERITHED 1 oThHELEZLNS
M HFLERE 2 B E T 5 55 PMMA-CHDF %%
ROWEICHG LTS REEZENTIHBRETH S
LEZ oM.

acute kidney injury. Int J Artif Organs 30 : 281-292, 2007

12) Swing BM, Granath F, Schon S, et al: Continuous renal

replacement therapy is associated with less chronic renal
failure than intermittent hemodialysis after acute renal
failure. Intensive Care Med 33 : 773-780, 2007

13) Ronco C, Bellomo R, Homel P, et al:Effects of different

Z @ PMMA &% 5 7 A hemofilter % 72 in vi-
tro EREROBEBRT —F712BTH, 2KFHD
PMMA JE%* 5 72 % hemofilter ~DHEFIZ & - THIM
FENDEE 2#H & N Tw b N-arachidonoyleth-
anolamine (AEA), 2-arachidonoyl glycerol (2-AG)
DRENENEN57.7%, 652% IMETFTT22 L2
ALTW5ED,

doses in continuous veno-venous hemofiltration on out-
comes of acute renal failure: A prospective randomized
trial. Lancet 356 : 26~30, 2000

14) Bouman CS, Oudemans-Van Straaten HM, Tijssen JG, et

al: Effects of early high-volume continuous venovenous
hemofiltration on survival and recovery of renal function
in intensive care patients with acute renal failure: A
prospective, randomized trial. Crit Care Med 30:2205-
2211, 2002

15) Tolwani AJ, Campbell RC, Stofan BS, et al:Standard

X 73

versus high-dose CVVHDEF for ICU-related acute renal
failure. ] Am Soc Nephrol 19:1233-1238, 2008

16) Ronco C, Cruz D, Oudemans-van-Straaten HM, et al:

1) Bellomo R, Tipping P, Boyce N: Continuous veno-venous
hemofiltration with dialysis removes cytokines, from the
circulation of septic patients. Crit Care Med 21 : 522-526,

Dialysis dose in acute kidney injury : No time for therapeu-
tic nihilism—A critical appraisal of the Acute Renal
Failure Trial Network study. Crit Care 12 : 308, 2008

1993 17) Tracey K] : Physiology and immunology of the cholinergic

2) Hirasawa H, Sugai T, Ohtake Y, et al: Blood purification
for prevention and treatment of multiple organ failure.

anti-inflammatory pathway. J Clin Invest 117:289-296,
2007

World J Surg 20 : 482-486, 1996 18) “PEEZ  EREMUNLE/MUMELE Y a v 7 O4 HRREAE

3) Hirasawa H, Oda S, Matsuda K : Continuous hemodiafiltra-
tion of severe sepsis and septic shock. Contrib Nephrol
156 : 365-370, 2007

4) Nakada T, Oda S, Matsuda K, et al:Continuous hemo-
diafiltration with PMMA hemofilter in the treatment of
patients with septic shock. Mol Med 14 : 257-263, 2008

L& IR IR EN (CHDF) 12Xk A2 Z20%1#. H#
AZE4AEE 22:85-116, 2011

19) BRAHE—ER, ZRFFFEE, FHHRE, M Multiplex suspen-

sion array system {2 X A& A b A A4 VED» S ATZK
MEREFNC BT 5 PMMA-CHDF ORI RICE T 55, =
VR MY v IER A IERIFE S 150 134-138, 2011

5) Sakamoto Y, Mashiko K, Obata T, et al: Effectiveness of 20) Knaus WA, Zimmerman JE, Wagner DP, et al: APACHE :

continuous hemodiafiltration using polymethylmethacry-
late membrane hemofilter after polymyxin B-immobilized
fiber column therapy of septic shock. ASAIO Journal 54 :

Acute physiology and chronic health evaluation: A
physiological based classification system. Crit Care Med 9 :
571-579, 1981

129-132, 2008 21) Vincent JL, Moreno R, Takala J, et al : The SOFA (Sepsis-

6) Dellinger RP, Levy MM, Carlet JM, et al : Surviving Sepsis
Campaign : International guidelines for management of
severe sepsis and septic shock. Intensive Care Med 34 : 17—
60, 2008

related Organ Failure Assessment) score to describe
organ dysfunction/failure: On behalf of the Working
Group on Sepsis-Related Problems of the European Society
of Intensive Care Medicine. Int Care Med 22 : 707-710, 1996

7) WHEEN ) B - B D H W A Surviving Sepsis 22) Matsuda K, Hirasawa H, Oda S, et al: Current topics on

Campaign Guideline— i ML E O B D 7212, Sur-
viving Sepsis Campaign Guideline (SSCG) D#tHg, 3-8,

cytokine removal technologies. Ther Apher 5:306-314,
2001

EZOHWH (GI), EEEHRERSH, 2009, #Hi 23) Nakada T, Oda S, Matsuda K, et al:Continuous hemo-

8) Uchino S, Kellum JA, Bellomo R, et al:Beginning and
ending supportive therapy for the kidney (BEST Kidney)

diafiltration with PMMA hemofilter in the treatment of
patients with septic shock. Mol Med 14 : 257-263, 2008

investigators. JAMA 294 : 813-818, 2005 24) Sakamoto Y, Mashiko K, Matsumoto H, et al : Selection of

9) Liangos O, Wald R, O'Bell JW, et al:Epidemiology and
outcomes of acute renal failure in hospitalized patients : A
national survey. Clin ] Am Nephrol 1:43-51, 2006

acute blood purification therapy according to severity
score and blood lactic acid value in patients with septic
shock. Indian J Crit Care Med 14 :175-179, 2010

10) Uchino S: Choice of therapy and renal recovery. Crit Care 25) BRAHE—ER, e, /% #, M WERES e

Med 36 : S238-242, 2008
11) Uchino S, Bellomo R, Kellum JA, et al : Patient and kidney
survival by dialysis modality in critically ill patients with

HAT 7z L ¥ A%k

A N (AEA, 2AG) % o Bmie B K+ A 5 5 7= B e
Wy ZREFICHT 5 PMMA-CHDF OF BHEICE S %
KeET. ICU & CCU 33:S10-12, 2009

31%&2% (2012) 137

NI | -El ectronic Library Service



