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Apheresis Therapy for Patients with Hyperbilirubinemia
Shuji Matsubara

Sendai Tokushukai Hospital

Summary In Japan, apheresis has been widely applied to treat patients with hyperbilirubinemia,
despite reports so far that the outcome is somewhat equivocal. In this article, the pathogenesis and
pathophysiology of jaundice, and the clinical efficacy and limitation of apheresis were reviewed not
only from the use of literature but also the author’s personal experience. The introduction of
apheresis can be a reasonable approach, if it is aimed to adjust what has produced jaundice because
bilirubin per se has not been found to be definitely toxic as long as its blood level remains in the
clinical range. The amelioration of jaundice should be the secondary result either by the resolution
of fundamental etiology or by the restoration of morbidity. The author’s experience unfortunately
does not yet support such rationale of this modality. Furthermore, even if it is focused on the
efficiency of bilirubin removal, apheresis therapy (plasma exchange as well as plasma sorption)
does not seem to fulfill such aim in the second place. This is because bilirubin has a large pool in
the extra-vascular space, resulting in a rapid rebound in the blood level soon after treatment.
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EATLTHRET 22 EBHonTwa, Lizds-> T
HE YNV E AMEIEBMEFR, FBEZ O EEE S mor-
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Tl U 7R CTHEELIFAEIZN S, EYvEVidE
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THRAOGNDED Y, ZOHH AR 2HLED—D L
WZh, TATI1IaTFREYVLVEIANLT1IE
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IARDMERES (F) Ty, FEMN)TFYY, 735, PLVAHAVKRATZ 75 —¥) OEE
ETFLERDEFHE (succinate oxidase, NADH-oxidase, cytochrom C reductase &) OFHE

Wik #EE#E (glutamate dehydrogenase, isocitrate dehydrogenase &4 @ dehydrogenase) DFHE
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diacid) PIMEAEEFTE2EBL TL 5 Z e FEE L
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Ths. ZhsDOEEBNITRERMERESHUER
MEAKMRBEDERMEOREICH 50, *DH
Mt E S,
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B, BEEMEEPBERKE T3 2L TORZHETFOHE
X BFEREEDRITTH B, & s AU 2RI
BEECAEHT ILZWETETOI R PRI P
DIC T#tn3 % FDP ®PEME o Ericffikasn s
B TFERYED, X5 IIBREOLEEYA N AA
> e EOFRENMERT (comorbid factor) DOERZE,
BEOBELEN TR RSV,

4.3 FFRRE+&#
FERIRTANRC L 22MEE L, FERMEEH
% (PBC) ®EFRMHEAMKBEER (PSC) kD
BRIENHL, BEETIIILV AT o— L RETEL
ERIEHEBEIC XD ERCEREL, $EREEERE
B¥%, 77xVvyARINSOEECHEMLME
2hRE, b sl e T RREBOWERIL L L
WBTEL?, EYVNEMEOHRIT X {RELHEET
5,
RITIIBAEMEE I L TRE Z 30 2 ER TR
FARRAFEHE F v+ —Y (PTCD) »MiRi{Thh T X 7.
FRCMZ T/ EY VE %R T 2 B Clnse
RPN IO T7 72 Vv A 2RA I BREPBHREINTE
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WEVEBE EETL, LarbRBECEA £ > IZHEL
TTNT 2 ERET 2 MESIITIEIERL, &
WELLSTHREMIEIRBERETE LWL, Thold—
FleLTY ha— VB OBEAED THY, HD
WX Z DO protein-bound toxin®® TH % & HEH] X
nsd, bLIDLSBESFEFHRD comorbid fac-
tor £ L THEBICERED 2 WIZHEENCIERT 245
B7 7y AL 2BERLIERETH S, £/
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PEEREETHD, MPLZEWPMBRENERTH S
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5.1 IMSFETIRFLE

5.1.1 MFTM|MBEICLDEY VEBREEDOR

B

MR & 2 EBOBAE (R) 13, vIHIEE%
Co, IBEBEER2 CLE LK, R=C/C ki3,
T L MPBEEPERPICEIERORFOINTZ
DMEANFELE L MEHN EBEL Twd EIRET 5
& (single compartment theory), [MAFRIIZ X 5H
HARVE R BUToORICLIVERTE S, ¥4%b
5

R'=exp(—V/ Vo)

2L Voo umstE, Vo fERMmEE

Lix b, 1 i3 EEE R O BHF T 5 4 [ O
WEWMTOE VLV EVRBEOHB 2EBAE R XL
(% remaining) & L TRBE I EWCRZLDTH S,
MOEHFTHEINS L5, A—BETCRTHED
72 DRI EDE X 2 THBEENED 2 RT 2
ERLYEH, THIEFBEETRLULEIZEDOBRE
ROZ X BfEICHAND &, EIZ—E DS TRHEIIME
TLTWAZEeWbhs, ZOFRRAELTE, mEH
TN DT NT I DL (equilibriation) 2
XpZky, MPFEZHBCIVEYVVEVHEAEDIZEA
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NERELMERCRAT2:0FZz 605, EE
OMPNEE O 2 D Z L L KBEES R, WL
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a Pt AT. 36 &

% 30F  Hct 3048.0% (n=4)
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&« DA

= 1. . .
! 2 3 (liters)

PLASMA VOLUME EXCHANGED

1 1BOREBEICNT ZMBPTRICL 2BRAE IS
HI-EN) W E ABDRD OHERS & IRV HRR

Synthesis
)
Intravascular Extravascular
—— —
Blood Mass
Purification
«— <«
*HH
Catabolism
H2 MAMEEEICHSIT20EAN - A TOERNBENBHD
BEX

S: synthesis rate, FCR : fractional catabolism rate, TER :
transcapillary escape rate, RR : returning rate.

DPORFHZDIMENBEECEELBLIZL TV

EEzohb,

MED X > R X 2P e ) v e AfEDOR
A F 1% single compartment theory (X3 F T & V93,
SRR B R S AL TERT 35 2 L3 HERIX
h3, 22T, BBREDHD OMPEEONEEDZE
THREPFET 2 2 N TE S, T2bb MR
XY NEAMEOWPER (reduction efficiency,
RE) B30 &5 X THLEShE, IhEEB
I ANOWEBEEZETRMLGAET 2L, 4D LI xk
3, A—BECRERECI»»DST, EULEYD
BABIREIEIC—ETHD I EBNEFEN, ZDZ
XD EBOBVPER BUTOATRINE Z LT
BbH, TrbL

R=asexp(—V/Vy)
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REDUCTION EFFICIENCY OF PLASMA TREATMENT

RE = log Ci ; log Cf

Ci: conc. of solute before treatment
Cf: conc. of solute after treatment
V: plasma volume treated

®3 AEAIEOMPBEEL VEELAZ7 7L RCESM
PR LAY DR 2R reduction efficiency (RE) d
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__§"_§__

005F  (a=7)  (n=z16) (n=15)

o09fF —-

IN A CHOLANGITIS PATIENT

[ L i

| 2 3 (liters)
TOTAL PLASMA VOLUME EXCHANGED

4 10nEBEREICHT 2METRICLZTRBILICH
7= reduction efficiency {EDHFE

REDUCTION EFFICIENCY FOR BILIRUBIN
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Normalized % Reduction (%)
=
Total Bilirubin(n

0
Reduction effciencies of total bilirubin, total bile acids,
and endotoxin by plasma exchange
1-R
V/Vo
R :C/Co.(Co:pre value. C:post value)

Vo : estimated circulating plasma volume
V ! exchanged plasma volume

5 ey, $i8+E, endotoxin ) 1 BEIRMIFEE
bt DELER

Normalized % Reduction =

72720 o BEAKEED 1 L TOER
Lz 5,

T BRI ER o BEEEIDH 2 DT, M
Rz L RSN BADERERET 270121,
BREMCEROEM L D7) v 7 L iThid e s

W, 1ERIMEED D OFMERAPZE (normalized
% reduction) I 5 FTBRORXD I ERhb, ZL
THoNLBERTH LM, FHRERIMOZIELE

Ve T39%, MEWHEE25%Z LTy N ¥
VYTERYTHo, LEL D MR TI
plasma volume DE#ZITH &, VA E VIFFEH
LTHIHIBED 4 BIZE T2 2 8 TE S Z EAUR
I,

MAFLZEI MBI ORLUBEE L EDLTOYE % #
=ahz, LabEREDZADEELZWLEEIIE
100%ET 5D T, B FEVECERITIMD VL
7% 5 MBI LIEETY SR EOFIRIZH T2 2 i
TERW», R REZEAOEBEKE L EHT S
DT, RENIIEBRMTELIZ WIEEZ OREFIEH
WIERT 322 ENTIERS RN,

5.1.2 BEYIECIE ST 3 METHBROERRK

HIRRET

ZZTEBRE b Lz, BEVYNVE VMY S
MAFRZ L DOBERIBER L IBRIC OV TE LD TH
7z,

ER (K 6) IMEEERAE 59 ROBMET, 2 E
DREFM 2T T3, itk 18XV EFRL, R
L e ) MERATH, IMBENT, % U TR %
HAT L7208, BEHZEES FEEErLIc X WL
7o, MBEZBOHEEZ TIE E Y L 2 AEIZEEROZE
EE2RLTBD, BWEFHCEITCHIEHL S VITZN
DEDEZE->TLED., 20 &5 CHEFHETre-
bound 2355 RONBEFTIE T 7 = v ¥ A EEIL
|ET, —MIITFERFARD I LM%,

B4 7 ORERNZ 28 1% D F 1 TR M IH B FASHEE T,
IR KD EEEIC X 2By &S L U EO N
V- YVFEMERZI TS, HHEFBEZ Tend
stage liver disease & L THFEEREDHEIG & 75 - 12 ERF]
Ths., 10 » Aoz D EF69 Bl MR H %17 -
72, B P —2BonIHR2cLVTL
Tw3, ULHLUERRNCAS EE) LY SEOKHER I
Dl b5 HE8AD 22BN DD, B8
AW X EEREL 10mg/dI AT ETIETLTED,
—EHIRROEED X S UNR S NIEFTH - 7-,
EBUEFRLBOEE ) L E VIMEEFITIE, 20X
W—RTIRD 50, HIEEOREBOBRIEAFT
E2HDEEZ SNEGHRBIA/FTCE L LB b S,

ROFENZ 63 DT, MIBEREOFEMIT
»5, BEENHIMIC T 2 HHHEMNE CEREENB
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(B8). & 22aMHAeKandlTld, mExH
WX DETLZMEE Y L E > I1X LAY rebound
RO LB TH D,

X 9 IS A BRI N T 2 BEFMEZOBR
&, HRARe, HFARe&% L CDIC Z ESEafes
&7 LIDEBITH 2, MEENTCINZ TR % 5T
15 EHEIT L 72, BEFICR 2 LEE Y VE S ED
rebound IZTRZ B L T EHFAE L VBT
ik Bbiicd, OS2 IEBEY 3 FERHE
EARRHIMMC L DFTE L, BESETERICEEEY
WEVIMEREN S & 9 BAFTR2DBEOfIZ,
DIC 2 K W3 2 M RIEEPLETHSLI L%
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Coma grode

I

Imn

GOT (Iu/L)
1500
Plasma Exchange
122’
PT (%! PT = 13%
FDP (ug/mi) orc |FDP = 40ug/mi
Et{pg/mi) PLT =B82x10*
TBIME/d!) | 501000}
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54 & Fulminant Hepatitis (acute type)

10 BUERTRBNCHT 2 MERITRAE & € DERFER

L5 LRMEDHT: D OWHE, rebound DEEIC
L5 FHOFHZEV D LBREARETHL I EERL
. EVNVERMEN TS VNTOSHEBENAKE
<, BRITORERE O MAEAIAD & TIZEL IR +5
Iz rebound BET B LFE 2 5N b, T REHE
25t 5 72 O X MBEFHREB O L 5 L REFEc bz 5
MBRZBBRLBE» L DFEZ5NE, LLLEZNRICIEE
KEBOFEBMEL TNV T I VEFI2LEET S, ©
DVEVBREOARBREEFEL T 5561F, £2LT
EDED RERBELBIIRETH LD, FIHIIE

TARETH 2D PR EZEEE LK Lt Bbh 3,

52 WEAlICLBBEYILE S IEDAR

EVLEVRRHELERT VT, VREHE
AL TBVEA A REBIE I & 2 MBRE
plasma adsorption IZ & DERELTRETH 5. Lo L
T AT L 512 ORIRBMBRARBZ S Z &
BTERV, BEREORITZEMAMELT VT >
BREPERKRE L THEELRWIETHS, TR
HERFITOKE 2 O THI, FHHLUZEERNIX
AFVvryEm xRy rHEESEKE AV BR-601
anion exchange resin (120 g dry weight/cartridge)
ThHbH, KiEIVHEEE TH 50 CRESNRIIBEK
FHETHY, K11 wmwT I &< isotherm study TiE
WEEHNE )V E BB L TS R E
ALTWn3,

BEA7 7z ¥ A%

BILIRUBIN SORPTION BY BR-601
CHOLANGITIS PATIENT PLASMA
(37°C, 24HR)

100 x/m=0.095Cgq?-9¢
(r=0.982)

[o]

(DRY)
(mg)
(]

o

1 1 CQq
5 10 (mg%)

BILIRUBIN CONC.
AT EQUILIBRIUM

X 11 BR-601 ®FEMITF4 & H Lz isotherm BHER

BILIRUBIN SORBED/gm BR60OI RESIN

S TRERI OB 2 BB T 2 ke LTl
E*¥ removal rate 2 12 O Z & { BAIRERN- D ©
REETRET L LUTORERS, T42bb

Removal rate= Q: X (Cin— Cout)
727120, Q:ERMHBRE, Cn: BEBADDOEE,
Cou : BERHO DR
kb,

D& S L TIRER R ER I EERE CHRERH
BIRHTY 7Y 732 LMIBOITELITk5,

=+
i
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C out

REMOVAL RATE
= Qg x{Cin - C out)

—QF —>

SORBENT

Cin

M12 HEBEROEHZE

X103
Initial Conc of Total Bil 13mg%
Amount of BR60! = 120g d,w.
QF=20—30 ml/min

(mg/gy resin/min)

'l 1 ' L 'l

| 2 3 4 5 (liters)

BILIRUBIN VOLUME REMOVAL RATE BY BR601 RESIN

PLASMA VOLUME TREATED
(2/24/82 Pt. AT. 350)

X 14 MEFNIBETHI-E ) IE VREENEIL

TabbIMEECKEFEL TIEOMHBETEY v EY D
WHERIZIEML Tws I EBPERINT, £ 14
WREND X D2, MRIMAAIEE WG L THRER
BREYLVEY, EFEEYLEYEBETLTWS,
A 7 ADREMZ W LREEDOFH LB R ETT S
ZENTRBEN, TaRIRE DT I OICITEE L
WL, XVREEOH T LBLETHS EHEZ SN,
EHIEYNE OYIHIRENRZ S 3 ADEET
R ICIRBESE2HE L 2D OBM 15 TH 5, X
WWRENS Z LA BERR SO CEEIKESETDHD,
BRI WA 2.9mg/dl O BHE TR IFHTIZE A
EH T AOBEESHEEL TLE S DL, WIHIEE
49 mg/dl OEBH T 3RHETDH R BHIHIEE 10 mg/

462 HE7 7 vy A¥S

W
-
g r=0.633
NG {p<0.0I5)
< £
83 &~
=5
we O 5K
m 1= —

E »
zE <
o ~
S g
= QF=18.5%4.6mi/min
.’_J at | hour
[s4]

L,/ll 1 i
10 13 (mg%)

INLET CONCENTRATION OF BILIRUBIN

13 MmMEERERBIBETOAS LAOTHOEYIILE VB
B EBIEEDHE

005

Patient A
initial Conc. 49 mg%

BILIRUBIN REMOVAL RATE (mg/min/gr Resin)

001
0005}

Patlent B

inltlal Conc. IOmg%
Patient C
=z Initial Conc. 29 mg %
60 120 180 (min)
15 RA3EVNVECMPRED 3AER THI-BEMED
ERFHZ LD LER

dl D BEDORBHBRORELRE2IbEiboTWw3
ZEBWRENTWS, PYULEOBERLD, BEEATEY
VEYDHZAAORER2 FREIEL L%, BAS
HOMBBFEDO HEBINIETBREXREFEOONL I L
BRBEND, ZOEENZFERIZOWTIISHROM
FEFREHARFL 720,

BEFNC & 2 MPHEEORD AADBEREER LD
BHEI6TH3, 2D H20BEOMALNIELE
(diffusion in pores of particle) %, % OFHE I
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MECHANISMS OF SORBENT PARTICLE MASS TRANSFER

1. Diffusion through liquid film
2. Diffusion in pores of particle

3. Adsorption at interior surface

16 WERKFRE TOZYBEOREN A HZXLDIE
F[EX

MODE OF PLASMA SORPTION PROCEDURE

[}

A QF

- SORBENT —

RECIRCULATING MODE

SIMPLE MODE

X 17 MmEEREER TCOBBRENEAN—HF]

WELMHEBEOERD _RIRILFITZ2HIDOTHY, 3
DORER THNER TCOWE (adsorption at interior
surface) FHREFBHEOMHE (REAEOKEZ)
HELTWS, ChoDZRHFRHZONTHIR
IGRTIEAIETIE R, L L 1 OEEEDE liquid
film Z2Wo L TR FETOLREEDTRE I X
it calgeTch 5. A7 oARRELZEME LT
liquid film DEA 3 Z i KEEFIL TR L, WED
KL FANDOIBEE A LT 5 2 LD HARETE 3,

17 13 M4 FE R BB % /£ O single pass 2» & H D
FHAEEREIE recirculation circuit X 2 723HE&DEE
R REOMIMSEERLI DO TH S, MABFE
20 ml/min T% 180 ml/min OFEEREEK = b 5 I
VSRR L 10 50 200 ml/min SHJEETH 5,

Z DR TH %%, FEEOHETRESRMBS
single pass ZHS »IZEE T2 DD TR o 7229,
FOFEKEEL TR, #7LNICFIEL 7 resin 2051+
53 T7% < recirculation OZIRPHEN BRI A2 T LD
HELTLESD, DIVIEREOOH 7 LA
\Z channeling BWAEU T L E -k e ENFELON

5, BzeonlEVLVE VEEES X Uresin volume
XY 5 EEETEEORE, £ L TRREICHZ S
1% module DF AR EEEENARSREN S W EF 2
b,

PLERERIC L 25 E Y L E VIEDBESRICD
WTEDREDOE L VBN 2B I k> T&E, FEEHOD
BETIE, CYLVEYOREZOEROAFIIAEL T,
e o 4 > giEfs & LTV BR-601 IZEY L E Y
BRERED S ATRIEMETNELO TR B2,
e LTI & 512317 affinity 2 H - 72 resin OB
F% L CE#% module B & U circuit DREFHNE F
ns,

6. % & &

EEVLEVIIFEIZDOWT, FOREEY, YL

vy omthEhee, #, S SIERRECNTS7 7 =
VY ABEOBKNERE L ZORFICOVTARRT X
z. RBICAEICNT A7 7 2 vy AR IRERK S
DIREREX*HMETRETHD, BFIZZOHRC
IVELNDZHBDTHD I LD THFAL W,
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