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Perioperative and anesthetic management of cadaveric liver
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ANOVA: analysis of variance

ATP: adenosine triphosphate

BSA: body surface area

BSAI: body surface area index

CB: crystalloid flush with backward unclamping
ClI: confidence interval

CVP: central venous pressure

DRI: donor risk index

GWBWR: graft weight to body weight ratio
HAR: hepatic artery reperfusion

HBV: hepatitis B virus

HCV: hepatitis C virus

HCC: hepatocellular carcinoma

HX: hypoxanthine

ICU: intensive care unit

ITBL: ischemic type biliary lesion

LFS: large-for-size

MAP: mean arterial pressure

MELD: models for end stage liver disease

NFS: normal-for-size

NO: nitric oxide

OPTN: Organ Procurement and Transplantation Network
PB: portal blood flush with forward unclamping
PBC: primary biliary cirrhosis

PNF: primary non-function of graft

PRS: post-reperfusion syndrome

PSC: primary sclerosing cholangitis

PT: prothrombin time

PVR: portal vein reperfusion



S.E.M.: standard error of the mean

SFS: small-for-size

SLV: standard liver volume

STAR: Standard Transplant Analysis and Research
UNOS: United Network for Organ Sharing

UW: University of Wisconsin

WIT: warm ischemia time

XO: xanthine oxidase



1. Donor risk index (DRI, R —fapfE4)

BhEa T AOR BB IT DB IR EL 5258 2 bk 4 Te R+ DA
MBEHRESND, Bl T 1% (EAFHIR) ~D5 8% £ 3%, 2006 40, Bt i A= 17 3
M52 DM DRFE /3 HT LT, Feng HORFFEE FIZIEDIL, R — DB E M5
BRUCHWSND, [1] BEAKEIWZE | AFHIE N EL 2D E M5 L RREND,
DRINZEA T ORI IE AW THE L,

DRI = EXP ((0.154 if 40< donor age <50, 0.274 if 50< donor age <60, 0.424 if 60< donor age

<70, 0.501 if 70< donor age) + (0.079 if cause of death is anoxia) + (0.145 if cause of death

is cerebro-vascular accident) + (0.184 if cause of death is other) + (0.176 if race is African
American) + (0.126 if race is other) + (0.411 if donor after cardiac death) + (0.422 if partial
or split donor) + (0.066x(170 — height)+-10) + (0.105 if regional share) + (0.244 if national
share) + 0.010 x cold ischemia time),

2. Primary graft non-function (IR ERAE 7 EEHEEE)

BAEIE DO I ORERERN IS0 7 HUPNICHEBAEE JECH LT, HBHE
EIROTIER T MUK E T REZR A A B RE N 22 D SR IR (RF PRSP B AR & D ZEARAE 7R
) DI WG B 2 T A i R RE L E R LT, [2]

3. Primary graft dysfunction (FIEVEBAE A HEREAR42)

(1BAE% 2-7 HIZ AST > 2000 IU/L, (2)B4E7 H HiZ7 mhr e BEfHE (INR) 1.6 LA L,
(BFHH7 H BITHEULE Y 10mgldL L7a- 7= fEfl & E 7% LT, [3]

4. Post-reperfusion syndrome (FE-#EFTIEMERE)

FREGRLLAT O EIBIRED S (1) 30% LA EDOSEEENIRIE DAL T 23 (2) FREETED5 543 LA

PIZEEZY, 72> (3) 1 43I LA ERife DRI E L E R LT, [4]
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FHIE  AMFEOHRY

IMAERT AR X 1960 FE451CIZ U T Thomas Starzl {# -+ 23 K[E TR F o R— TR L

TLARE, KETZTTY 13 T2 25 T2 T3 Cd, [5] (Figure 1)
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*Data was obtained from OPTN
(http://optn.transplant.hrsa.gov/converge/latestData/r
ptData.asp)

Figure 1. SKEWN TOMIENTRAEEL D22 1%
B2 1990 FERICH A7 ARY T &3 550 2% f ) 7A o B % . University of
Wisconsin (UW) {rR{FIRDBAZE. [6,7] EARERNR SA /S AT [8] 0 F — Sy Z7{E[9] 72 &8 D
L0 T TR DOBIFE . 2004 42D MELD 227V 7 10-12IC L HHE F DR 2R 72
SBIEDBEANZRE T, FLWTRAEFROUGEDN LI TS, (Figure 2) 1990 FRET
X, FEBRPTFHELE 2O TETTBA TS . 4 Tl 3HFAEFARIL 70% 24, A n

7R BEIET R ED ARG FEREL TOMNZ ML T DHIZE->TND, [13]
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ZDIRIFTBARD FERE BEEDFESLIZHE Y, 2000 4F LU AR OB IE X RO L 23,
VIR DA PHEZ RS L . R THRAUGET 20 L0 ) R, BBLTETND,

PRI, AR AL O IFIRA RS DRI T 5L ) R FHOME 1| fth
DFHTEZE LSRRG OREEED, Al LHRAEE O MR O FHEIC LD 5 OFHE
7L [14] BAE R & MR D& T BAEE 1T/ BT 22 & TR G IR TEDRE DA,
(Z BBAEAR LT LR 0DV A A 7, W 7 ML PR R (2 K 20 o, O M R0
Bl B RER | S Z VR ORI L 1L, B IC B R RIRECTH 5, Sas Il Al o 20
FAZRD B R EUWERIZ A~ A X O BB ML BT ED 2 BRI, TRk
ENCEEREEZRIZLTCNDEEZ XL TWAN, BRMIZZORBENRIFR O EF
FEEITUND, RS B fe b BRUEE 0D e BRI, PR 5o 7 B T8 1 i R A
F OFRERTHD, [4] IR OIRE ML, SIREDO K G Tlis Rl TS
TBY., FRZ 7o 7 B . FRIRED BRI OIRNIZ 25ED D KBTI T 5, [15-
19] ZOMBAE A PIZHTEE LTI L IRIE T DMt I 7z £ TR D2 2T
B IR EL TN D, 2T IFBHE F DB LT RAFIE DS | e H Dfiids T 5 Lol
(CEIEEA DL BEREA ML & EORIRE 5T D130 D BIROIGRE bkl
ORI EIZ D, 20 PR b % O BRI 728 BRENRE D 28k 2 PR IR T FE i
REEEIES, [4,20] FANRD FFREVIL M (E A S| S 2370 L | HERG IHELEO72D,

RIS B - KA R Chd, FoSARRRIEIEME DSBS OIRNEIEER 3528 T,

BEMERIESOGE I ERIL B O T CBE DO EFRICRE P BE 525,

[21] U2L., PINRFEEVIAERRER O BRENRB-CFF GIK 7 I8 HOWTE, 2537 ZEas
RN TR, ZZTARMIULINO D BFICT —~ %420 | BIRAIBLE OB 7 D

FTHRBAERFZREL TWKIEZ2 ERICLIIFEZ T o7, T H2FE T, LD



Wi & LTl TR A FAR SO0 BR B RE O BRI . 2 L CRIRBHETIC DWW TOLE 2 — 1T
o7z, PARFEREVRAEGEREIT, B DB E O FIRR O RIAE D FE BV DK ELBI 5L T
HEBZONDTD BRI T — D bh S, B HEE ORN TR Z 15T
BERELIR O D ETIZ, ED IR EZ WD DN E DI LT, FBHETEGERE O 72 iR ]
LIRIRIZ DR CUKTeDIZIER ICEHE TH D, £ 2T, IR DSBAEICERL THD T
BB otz BUE Lo BEa T AOBEL I TLE 2 — LT, H3ETIE, MR
TEMERE CREZR T 5 K- L22 DI LB AR DY A X DENEHUE T D1
% BFEIFBHE CIERID TRIE L, A X DENND G- 25 IR - e e iSO R i 1%

BOMIREZAT T, HATETIE, FIIRFFEFEGICF 59 01+, M

&

<

RE T~
IRFFHEE R OIEBRENRE DAL 2 ZEL | ATENIRY) & 3% 2 SR T Br B B 3 35 L<[BI1E 3
DEVIFT LV RATGTZ, H5F T, MIIRFETVEERIC &b ARIEE XD TWDH
NGEFRRTORAE R D7 T 20 5 1EDE N LD PR O LM IELZ Do &
OFREDBHE 2 i L, REZRIEWVHP DR ZZ L LT, TN TONEIT, %7 tHAVERIR
WIFET, T RTOBEDORIRT —2ZWDANT, v A7 IRFOMEZE R 2 OKRERT-
(wATIRF M P % B 27K F8 % 5120100812, 20081115, 20110592) , F/=AEKSNTE
YE®HO 5] FIZBIL TiX, STM Permissions Guidelines 2012 (International Association of

Scientific, Technical & Medical Publishers) (Z/€~72,



2. 1. PR TN M OB SRR

PPN, AREEOTEAL ARSI PE O MERF 22 & A MAERF IS D DD SRR RE A R D |

FEH N HE MR TH D, FIBAETANIE, NSO ZEIZ LD E LBEREDIX T LIZAT

gz L B R SR B DS OITIgE BAE 2T Th D, BUETIT, BETHZROEL

WA FPREZS L 7R DB IR D — > & L TR A SRR S LT D, ATl

PR FBIAR O i D B 232 1 IR Rz 8 LT KREFIRIC LR 2 1250 T D,

PR FiriE, REGT T LT DL FNAL> TS,
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ZDHG | JREARE TA AR B A 2 L 7= B 8 D T i B 0 < & T BT T
1 (1-3)  BROVF KEMRO FIBEDSPINRFFREFE £ COMITH] (4-8) \ ZL THREAEE O
NS FRHEE RS AV CTHERE LR O DT T I (9-12) D 3B OAE R SIS, W LD BL S
ELWEBRBIEEOZ A, B0 FEICEBEICBERL TV DO T, RO FIEIC
TR TR ARTVL,

1. HifTH

BRRE DO IFIR IR S D I 23 HEWT S AU D FTA AT EPE5, FFlg~I130E 260 Mt
7 SPIRENEIEEN IR D 531 T DITEINR O DI KA 85, B3R X 50%- DD fTEIIRE
MARL VS TWD, [22] AFEIARO M fEix, PRI IC > TR S TR
V. "hepatic artery buffer response” EIEIEILTUNVA, [23]  RIIDRFIEIL S ISR HE( L A3 e
Zr. MR IEAME N L, R M EHEMBIERIC LR LIRBICH D, ZhafIRIETT
HERE LIRS, [24]  ZOHIE TP, MIARMGEZ M 95720 S JLEMEY - (Nitric
Oxide 72&") D3HFAEIR b BB R> 2 7 S — A2~ 5 i Sy, A5 PRI L 8 oD 4o i .
FTHEOIERICH 535, [25]  FFHSARIK IS K D8R BEARIK T, FIMRIE TTHESE 12 0D
HEF B TCHE L D i/ MRS L8\ N o L ZAUB O L 7 A T I VAT oD H i
DIRRNZ 722, BAIEH . ZHOOMIEIMATEE A T8I ZALBR L2230 | T8 PH O i A& ST
% HIBES D, Feth \HFRTER O AR, ITEIIR, IAE % T s Z RIBE . IR, FPIARODNEIZRS
U AIFHNIAE T 3%, ZORE R CHIBIZTF#IRI KOV FKEFIRD A L7285 TR,
FIERVEDS RV IRTRICZ2 > T,

2. MEATH

HEAFINTREL T T BRBAEE O ITIEAE T R EIRD O BIBEL TIRSMTERD TR L

TG A i I S Uik O AF DB S/ BB L IFEIREFIIRZ W& L TP IR
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fta T DETORIEITTITDND, BREEE T OUIERIL, IO Bt H A T RER) 5 1)
BrI-DZELTIThILD, 2 vat /WETIE, FREIREFEEZ o HBEL 705 JIF |
TN KREIRZPAZE, GIErL . BT N FREART LATIEZ B 3776 TH 5 (Figure
3A), T REARDTERPATEZ M EELTDFH T, RERMEERET Z £, FRIIITES, B
FEJF 28 DFERIT | AENMATEE 2343 (S22 WE BN, BB O BB & PES T2 | 1
BRAE PRIX N A AR 6D D MDA FIN CIXZ DR EEE o723, FRARERIR S A3 2
EDORESLR LN TR N — oy Z7IEOBE ALY | EERE BB DN R 3 | BAE
TIXRELIEEN eI/ o72, [8,9] LLELDLEA T, i LData=br—ay
INKREFERREHTLH D,

1989 FFZE Y /N —27 KD Andreas Tzakis HIZE o> THESZSN o E X — "y 7ikiE, v
N T aF IED RETLPGERZACITHEO P DA HZRR T 5515 L TERSNI,
[9] = ~iadWELEN, ITlEz T RFEIRDORIEEL . T RE RO S 5 W Tl
FEE DTz H 5 )75 (Figure 3B) . FRKERIROW A 32X va ) LT
(L2772 DITHA~ | EF — " Z{E Ty B CHE /o0 W& BRI 2N TE L SHICHr

BIRAED DI ORLR S HD, [26] WTNLIAELFI SN TOLFIM R THD,

EHMAIFFERE R TESBIRT Rk

BRRFiR

FEARE

A QR aFViE
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EAGFRER FHRRARR TS AT )RR

TR

B.EF¥—/\voiE

Figure 3. ITRAED E22FA71E (A) 2v_oiat il (B)EF— _yrik

% EOFHIT, kil z+5 B R L TOHBaaED, MTFlEZ B A ST RAFE DG IR H
L. $ A E ORTFERIR (b L<IXFRER) SR O T REIREVIE T HZE0bIED,
TRV G LIV E#R . B A 27Ty 2l +aRAERCITBAE A NIZETEL
Te RIEMEWE FEZ O BRO TS, PRI EICE D, FINROYIE 25 T 32 & ST
DY, MR A B A THITIIC AL,

3. T

BTN E, AP © LB AR S O PR B A E D, PIIRD T T 2B %
& MR8 L TR SR DS MR BB D AFBAE A ICIAG S D D127 %, ZOMEsE DHERE S,
RKEDWFETV—TT A NOFELEZGIERIL, L 52 < Dlfig FEEL 5 &# D
L. OWTIE, Bi A0 Oz IR e IR EEET 5, <HLLIE, IRE Tk
NDo FPBAE A (2B A LI PRI AR & AP IMEBR ZRE B L, ARIEL, Bt TRilREDD

13



U 5% G Tl an R A Be L FRRARZ 8> T T KE IR DI E OIRIG B ~&
TAT Do DM BI = U TR AR 2 B AV TE PR R D OB IR, D RE A I 375
(F20> ARG E OIS AR L B LVGOBEREIR N #RIR, 36 K OWRITA AT O @il s
(ZRED fifi i A 72 &N LR R O I 20 | BB OFEERE LS 25, ZAVLFETE
BREEEFEIND, [4] FRHERZIIITERZYE L. Ikifz iR L THREZYE 5, ULk

ISR TN O — IR AL TH D,
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2. 2. FFheAe i O R ARG — BAE= T 7 LD

AT CIIE A OB OB LX), B OBl ORI E SR Z L
HE | BBHER D3k 2 TR EZ T COSERF DN BRARL O <725, mtEREBAE i 240
ZHET D4 H OBIEM DTN O P TIL, B RO LD ETHY , Bha= T
T LTI TS, [27] ZOBEETE 2000 FEZE Y /R —2 K50 Ernesto Pretto, Jr.lZ 4
S>TIRBSNIZ, B FF LTI, TBER DD E 25D BFEIC T ERL T
%:1. FiRE LY (Preischemia) . 2. R 7-—# (RifRA74. Donor) , 3. ¥ i 44 (g PrA7
Hi . Preservation) . 4. IR 5 (Implantation) . 5. T 7 # (Reperfusion) , LA FIZ%
NENDAT =TT EITHRL TVL,

Pre-ischemia Ischemia Post-ischemia
----- el
Preischemia
¥ .
Donor wi| Preservation s Implantation
¥
Reperfusion

Figure 4. Diagram of the concept of “Transplant Continuum”. * [27] Pretto EA, Jr. Perioperative

management of the recipient of the extended criteria cadaveric donor liver (ECDL): a metabolic approach.

International anesthesiology clinics. 2006;44(4):79-96 L0tk %

AT — 1. HiE M (Pre-ischemia stage) &1, BIEDBERIL/RDRIDAT — V%, Bl
DGAH & 72 DRI Dlifan 72 B DS EF O LRI MERRIA - &L Tl Ilss 2 b OFln . A
L OBEDRIP . L BRI BREEAE FHIRE . TR 4 /L A D&Y RN, TR %
DMOMEIERFIEE DK R ENE END, [1,28] OV o7-HE N EFRF OB X, I
RO R M T DG UEDMEL T2 o> TODIED FFN O IMEER R OREFL R E A 20 <0
<L BRI ERER OB, HEZZ T 0T <R5HEEZILND,

AT —2. HifR(EH] (Donor stage) &I, lgas 2 (ILE DIHFE~BLIMFR TH D, TEpEsn

REMICEVIREZZ T DL, IO MR AR 2572012, REOVTaTIU RS

15



. B IMEERIIOZE LW ERAOE TS/, [29] Ll B IMAE ST & s iE
(CEDE, D ENEDIAD | BRI MK T2, SHICMSEBOMERIR TIZED, B
FERIRABIZIGEY , FLWMEEEB DB ZD, [30] IOV T ABERBEIREDE LWWAERIZED,

RSP 2521 5, FEIORTMRAFH ORFEFRR AL O THRICKREREEL 52
HEEND, [30] MMESY T-L L ClE, LIS, =L — R D MR D
SPEEHIBATL . BRI ORI FTREZR T 7 /> v = U Bk (ATP) DF LB SSLER
DT % 7.5, [31]  FLERDOITREIZ I DM N O BT | fliflaZ i Lo Na*-H*
NN EY HAZ SRRSO E HSNDDS, £ D—T7 NarA A DN TE % 4
Tp, [32] [33] Na*-K*AR> 713, ATP Z M E LT 5728, il F Tl3ged 3, fRoviz
Ca?*-Na'’ R 7 DEEL T, Ca>* M4 OB NETE 35, [34] [35] ZHL7zBA 4
DT DS, FRETRE IR RU T HMEDIR R LT R h— 3 AFH B K OVEMEAGIZ D723
TV, e Ca? A A OMIANITHE X, T TeRarF—EaXthoF oty
— B (XO) 22577 7 —EBEEHEIL, ATP ORHED THY, XO DEE Thdh e
REV LT (HX) DRI E LA 975, [36] [37] OO I, BH#%ICIE
P FFEDO LR OL L1705, [38,39]  F-MFMIEND T Va—7 R0 VA TFF 728D
Pl b E O BELED § 2, [40-42]  ZHLT-AFHIIERN D28 biX, oo I i A3 @i %

Bt T AMEIRR, 2 L TR AIS N RIS B S5 E TR

27— 3. ligantrfrifl  (Preservation stage) M EISIVERAFR O HITIFIRIZE S0, 1
MG E D, WmENZLOIFIEN ORI E LR T U R L S =S
DT HATEIES T 2 HAL, SR B ARIXZ ORI R & A28 372, 20— J5, i
e LLAN o fiia (FF SRR e . PN BRI <027 /X — i) 13, 2O IR H 4% 1T 5,

[36,43] (Figure 5) Z<DWFFET, WESMIADFEEORREEAS itk OB F OiRE L FHET
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FTHIEDRINTND, [44-46] FEFIZLEWD, ITIIRZED X2 AL TWDHIHH DM
B3 ZEMEL . I ARG 7 L7 LRI N D 22 U ME SR NICZE 32 8018725,
[45,46] (Figure 5, 6) ZIHDT7 L7 1L, MU NMEER OIETRDFEFT/25, EI2ZOHFALIT
%, 2 E MERDFHEI I, RIEEDE MBI ERNEME A Z<EAET D, MEMIZE
T Dl ER OIRAFRERNIL, I R IR OFEIAIC Lo T D, BUERD LHEHS TS
UW R CIE, BRI CI, 12 B £ COlRSMREN iR THD, [6,47] L
MU TFF LTI 54 B BE I 31T Dlifias DFEFE LD | SRAFWIFIIREE L

AT BERAIIZIE— %I 10— 12 R LL T 2SIMSERHE COFF AR &S TUVD,

Figure 5. ML AF-REGTIC LD TIPS S /oD, TG (H: hepatocyte) IZAZIRL . 7L 7 &2k
9%, FAJR A& PN R (E: endothelial cell) &2 S —Hifa(K: Kupffer cell)idfEi/ NLHIEIZ725, €D
RO, I R 2RISR A T X012 70D, FRREET R . 7 Sl AR & 2R SEME B A PE AR
e tH9%, Abbreviations hepatocytes (H), Ito cells (1), Kupffer cells (K), sinusoidal endothelial cells (E)

*[43] Lemasters JJ, Thurman RG. Reperfusion injury after liver preservation for transplantation. Annu Rev
Pharmacol Toxicol. 1997;37:327-38

Figure 6. (/£) 1EF T, CF) A i AR EETRIZ KD BEE 7 FORTEZ UW SRAFHE T 18 Rl PR A7
TBAEL PN L7 AT oD 7B - AR, M8 NI (E) &7 3 —Hiha (K) 13256 L Tid»&L
12722 CND, THIED 25, FFHIE (P) DI OB 13- EV L2725 TWD, KERT LT (B) A3, JEiH (IR

17



WRHD 228X | B2 oTND, 2O %, MRS+ MERAERIT CE T, BRI &S
D M H35e< . ”no flow phenomenon”&725, *[48] Maddrey, W.C., E.R. Schiff, and M.F. Sorrell.,
Transplantation of the liver. 2001, Philadelphia: Lippincott Williams & Wilkins. p.251-273.

27 —4, FMERS (Implantation stage) (3. ffkas 2 B AR R SOE H L, % ¢
HFER IR % OFIIRD M E G & DRI O IR Th 2, s IR MmN OIR 2 (B HEE OR
IR CHMES VTV, MR B D SRS DT . TR /LF —HE DKL, HX R
XO DEEMT5—J57, ATP LCHUER LB SO 2, T/ MEBR NIZIE, /MRS
FALER, EOMOIES FARHEREM 3T F0 , FFETE% |2 HERE TR ERELPEOY, H 50 078
B EDIRK L0 D, 2O ST ERRE FIL, IRE M A B S i e EL
KT MD, FRIEMEDE S, (KIRD D IRIE DO RAFIE AT IMEBR NICEREL <
B, RS OFE LD T, HDWTIMEILDJRINIC25, B D7 Ty a0,
FREETRZ 12 UA5 IR 250 BB INH] T-2130 Wit OB i O T OBGEIT, BiFER Thc
bRVREVRFTIETHD, ZORIZHOWTE, HEE THLEGT 2, Ty M V2 EB)RT
I3 BRI LAY, 36°CAE 38°C DTl TR EEAMEL NE & PR % Dl 13 72<
RHEVOIIMED DD, [49] ZAUTRIRICEY | s OREHPME T LT272d B2 bbb, £
D— 7, FHEVRIF ORI EE L m O EE AR E 12D 7o VO E b D, ZhUE,
O BRER R (S0 | BB PN o ML A8 BRBTAS N 30U IMIE B ORETR S U L . FINR AT HE bR
BRI D O 2 ETH)— ISR FER N FIREIZ /R D720 &F 2 Hivd, [60,51] ZHb D
WEDOHFENE | IR TP IE, R 2 MRV g iR 2RI HER L TRV A IR B
PRV B AT I ISR IR 2+ oIBR8 LV IR F N LB L 70 D, PR T
HID7 Ty = OVETRIE, EREISRRTRAFROBRETZT T 2O O IR LM
IMBBROFETELBIHAHY | Z0 8H E5FHE CRELMRFTT 2, BB ML, REFIZH

HIERANDY | BRI B AZ IR R 60 43 ANASFFA RO B Z LS TV D,
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A7 —5. FHETH (Reperfusion stage) 3. FANRD BA AU EESR DS EE AT IS <4,

TR R DRE ML T 9%, Tl RETR LI A O MR I A DR ER IZE

E

TN ERE T D, ZONFIED S OUR R ITARIR , B D ERE D KR OERE
D M E LRV B % B . PINRAR AL IE 7 0D i BE TR IR BR AN R D RN 70D, ZOTEEBR R4
EHREFIEGRE SOV, B OE BRI Cho bR EE TS, ZOLICBH A 1345
AT — VT kA TR EE T DI | H AT — VU TR O R E 2D 7Kz D LN T
TR, IRRIC KO S RE R B 2R D2 812 D7 3D, R REZ2 RS 1A OF
FED D72 BB DAEAFREZER TEDLIEND, BEDALERD LH, 0T
(TERE O DRPDEE Z DI, 4% OB ERICHEERE AL 26 LI

Sho,
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AT LA AR DB A AR B3 5 2 Dtk

B OHERIER~D B L INETT NV a WA Y

A XD DR E
3.1 K&
AR CIL, i ChamCindols, BAE R 28BS ORNIZEBIE 35282l kLT,

Bl OREPAAE T D, s DY A ARG G 1Z, SeZ o0l igas o4y, o i
Tilp L EICIFFICEE T —~ D — D2 ThDH, FRHIAERFBHTIL, BEFRZEATHD
R 1R AL E 5 B ST DDICM B TIRDO RESEFRL DO B AEE O
IR HNDI AR RESORFIEA GIRT 20 ERHLIEND, ZDOEFEHEN DL
WS TET, [52,53] HRARE OAGHFEZIT 72720 VNSO IFIR T, IFEIIR ML AR E <
TN R RS REARN 22 Za DI/ D Bl iE e (small-for-size syndrome) 73, it K7zl Cid
W KA JEWERE (large-for-size syndrome) 73, Bl o B i & D T 1 I K& IR 8
Zh 2%, [5455] DT BSEATBAETIZ, BIER OV A XD TRICEGZ LT
INETHEO N RENTE TR, ZDO—RKEL T, A X RO E 2 E &1k
TOMERIEEDFE RSN TORNZERR, ZOLTED B/ OB AEE O P4 Ic 5
ZDRCBTIIFIC 0 A0 L7212  PERDIFERH I THEDMEZ Aou o & Lo T [ a3
Fonbd, KEFmEAE (body surface area, BSA) IZREIZHL AR RIEN O BEICEAS
UL R AR OHEE IC RV EIEE STV D, [56]  E/-IFlEo RfgE Lt RAHRAL .

INOFREZRIERE THDT2D | R BAE T A XN 2[R E T2 DIZ L HNEN T
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W5, FRICHRB S OISO B FE 2 HEE T D 4O FEEEEL T, standard liver volume (SLV)
MELHBALTIY, SLV IZELFDIHIZ BSA ZEICFHRIND,
SLV(mL) = 706.2 x BSA(m?)+ 2.4 [53]

ZZTC Box L, R E S O BSA ObE -T2 BSAI SV ETLWRIE A&
ZL7o, [67] LLai BSAI % W ZAF5E Tlk, BSAI<0.6 & TY BSAI>1.4 M FEHE T A F3I1C
RTINS B ENHDLEORERE ST, [57] A ElL, BSAI OBAE T AR5
I B 72 5 B e L E T 27200 | FRERIHHT L WEE B TFIE CThDINEET L2 ff
AL BOSEAFRARIZ 31T DT O LB FEZ T D2 A MRETLTZ,
3.2 Hik
2005 4E755 2010 4RI, KE TH DO 2 CTOMIE LA OB AEE (32,072 JEH]) %
WEFExt Gl L, % R E LT o7, BFE I, KE O United Network of Organ
Sharing (UNOS)JEW/ABIE#1 TV % Organ Procurement and Transplant Network database
(STAR database)Zffi i L7z, Z0DF —&_X—ZTlL, BEOMH AFRIZHONUHHI RS
TW%, 18 ikl T OJERF] (3,009 JEF), A KIFRAE (1,301 FEB), 43 FIE 43 T R A
(2,343 JEB), Zlggs DOBAES [FIRF I AT S T2 IE B (4,521 JEB)IFPRIMN LT, SHIZ BSA 51
H DO BEREWN KA TODIER] (1,122 JEB) HERIN L7, Hef&rIIZ 24,509 JiE B
ZRRETLT2, BSANIZLL FOHIE TR,

BSAIi = K —D A EfE (BSA-donor) <+ il X% # HifE (BSA-recipient)
RO RARAL LT, M R AR OB EZE AL, TR e R 2%
B ITEZUZEFIL, UNOS D2 lra—R a2 HILRELZ, BHEDORMELZLLT O

Table. LIcFEH 5,

Table 1. Baseline Characteristics of Donors and Recipients from STAR database (2005-2010)
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Variables N# Mean + S.E.M.

Recipient - -
Demographic - -

Age 24,505 53.7 + 0.1

Body surface area 24,505 197 <+ 0.00

Ethnicity 24,505 -
White-Nonhispanic 17,668 721 %
White-Hispanic 3,186 130 %
African American 2,279 93 %

Liver diagnosis 24,505 -
Hepatitis C 7,352 300 %
Hepatitis B 711 29 %
Alcoholic 4,141 169 %
Biliary cirrhosis 1,838 75 %

Laboratory values at transplant - -

Albumin 24,500 30 £ 00

Creatinine 24,451 14 + 00

PT-INR 24,503 19 + 00

Sodium 24,503 1360 + 0.0

Total bilirubin 23,424 84 + 01

MELD score 24,451 214 + 0.1

Donor - -
Demographic - -

Donor age 24,505 419 + 0.1

Body surface area 24,505 192 + 0.00

Ethnicity 24,505 -
White-Nonhispanic 16,345 66.7 %
White-Hispanic 3,210 131 %
African American 4,190 171 %

Donor quality - -

Donor risk index{ 24,505 1.70 + 0.00

Donor Cause of Death
Anoxia 4,656 190 %
Cerebro-Vascular Accident 10,366 423 %

Warm ischemia time 24,505 480 + 0.1

Donor steatosis: Macro Fat (%)

Moderate (30-60%) 223 091 %
Severe (>60%) 34 014 %
Donor steatosis: Micro Fat (%)
Moderate (30-60%) 323 132 %
Severe (>60%) 137 056 %
Cold Ischemia Time 23,314 7.1 + 0.0
Donor-Recipient Size Mismatch
Body Surface Area Index (BSAI) 24,505 0.99 <+ 0.00

Data are means = S.E.M. tNumber of patients with data available, 1 Donor risk index without height ( [58]
Fukazawa K, Yamada Y, Nishida S, Hibi T, Arheart KL, Pretto EA Jr. Determination of the safe range of
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graft size mismatch using body surface area index in deceased liver transplantation. Transpl Int. 2013 Jul;
26(7):724-33)

FP LRI AN —RET VAT, B O 3 FAAFRIT T D2 i
B WS O GRFERELT, YA ARG OEL T EH O EE BT
RO 3FEALFREMH LT, RIZ BAHA O 3 FAEFRITET DA X RE S D2
o fRINEET VERWTIIT L., 2E By 7 A LBINY—FET VT, Blih o 3
EALFRITBEOOHL 5 RFBELO BSAI LTz, £Dtk, A7 I Figlkiks
ANT, B R B LYRBAEE OV AXREE NG A DB D 3 FAEFRA~DIERIE

A FHAIL 7=, BSAI 28 0.46 75 1.52 O#iPH CTEY A7 tea i H LT,

ZOREREL L, B BAE A (SFS)Z BSAI<0.78. IEH AE A (NFS)% 0.78<BSAI<1.24,
LKA (LFS)Z BSAI>1.24 LiE#LTZ, 20 3 FERITO, BAlH i O EFRDLEGHHE
DI Z 1A MBI TR LTz, B OGS OHEIX UNOS Dl —Rafi L7z,
UNOS i3, BREHHEEER EOIRINE L T, JFFEIEBAE A aER 2, MAeiE, HIE R A O
JEEZ DML TOND, ZOBFZETIZZ O A A LT, 7 v —7 B0 BE O Kb
% Table. 2 (ZFE 5,

Table. 2 Baseline characteristics of donors and recipients among three size mismatch groups.

P value
SFS SFS NFS
SFS NFS LFS VS. Vs. VS.
NFS LFS LFS
Recipient
Age 535 + 0.2 538 + 0.1 530 + 03 0505 0.373 0.022
Laboratory values at transplant
Creatinine (mg/dL) 15 £+ 00 1.4 + 01 1.3 + 00 <0.001 <0.001 0.123
PT-INR 19 + 00 19 + 00 20 + 00 0525 0706 0.131
Sodium (mEg/L) 1360 + 01 1360 + 00 1360 + 01 0982 0.739 0.520
Total bilirubin (mg/dL) 88 + 03 83 + 01 95 + 03 0151 0.200 0.001
MELD score 221 + 02 212 + 01 222 + 03 0001 0984 0.002
Donor
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Age 387 + 04 422 + 0.1 419 + 04 <0001 <0.001 0.772
Donor risk index{ 153 + 001 151 + 000 152 =+ 001 0247 0924 0.615
Cause of death

Anoxia 200 % 188 % 201 % 0.380 0.997  0.437
CVA 447 % 421 % 422 % 0.071  0.311  1.000
Warm ischemia time (min) 411 + 11 419 + 03 419 + 12 0734 0897 0.998
Cold ischemia time (hr) 73 = 01 71 + 0.0 71 + 01 0295 0284 0.796
Macro-Steatosis

Mild (<30%) 254 % 304 % 347 % <0.001 <0.001 0.001
Moderate (30-60%) 06 % 09 % 14 % 0.380 0.032 0.100
Severe (>60%) 02 % 01 % 03 % 0976 0.686 0.421

Data are means + S.E.M. 1 Donor risk index without height. ([58] Fukazawa K, Yamada Y, Nishida S, Hibi
T, Arheart KL, Pretto EA Jr. Determination of the safe range of graft size mismatch using body surface area
index in deceased liver transplantation. Transpl Int. 2013 Jul; 26(7):724-33)

3.3 R

IEET V% WSR2 Figure. 7 1I2%EH 72, 2D 77T x #iflid BSAIfE. y Bl X
F D 3 AEAELFRITH T HIERY A2 a2 R LTS, YA AR A LIRS A D
3 AL TR, D BIOMRBH IX, PHRBBNIEEARLTND, Z0
fERITIMEETT VA2 WTZIERIEET VD3 P ARXRE S ORI O T2 IET R
ERARDDI, Fiill ChDHIEETRLTND, EZORERID, A BB O T#%I105%

LN DD, B DA X723 BSAI 728 0.78 UL F D/ 4l & BSAI 728 1.24 UL |

i

DR THD, WT BT AZXREEDME KT DI O T, B/ DEFRDEL

7B EERL TN,

- Hazard Risk
95% Cl

»
s

Hazard risk
g

1.04

e

Small-for-size Large-for-size
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Figure 7. Body surface area index and hazard risk of graft failure. N = 24, 509. Blurred area represents 95%
confidence intervals of hazard related to each BSAi value. Hazard for 3 year graft survival is significantly
increased (both upper and lower 95% confidence interval becomes above 1.000) if BSAi is below 0.78 or
over 1.24. ([58] Fukazawa K, Yamada Y, Nishida S, Hibi T, Arheart KL, Pretto EA Jr. Determination of the
safe range of graft size mismatch using body surface area index in deceased liver transplantation. Transpl
Int. 2013 Jul; 26(7):724-33)

ZOREREB LI JEGIZ 3 FECDT 3 FETHRA~DEEL LT, (Figure 8) 34FET1%
WA AR (n=1,713) 71.2%, YA RXE AR (n=21,399) 74.2%, 18 KBAE

# (n=1,393) 71.1%THY, iV BI OB KB BED 3FETHRITT AL EHEITH T
BUAED T2, CBDBAEFHE vs. B X0 G RAE 7, p<0.001, Jt8 RAEAE FHE vs. T

B AE A RE, p<0.001)
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Figure 8. Cumulative effect of size mismatch on 3-year graft survival in newly defined three size mismatch
groups. Graft survival was analyzed by the Kaplan—-Meier Survival Model with Generalized Wilcoxon
analysis. N = 1,713 in small-for size, N = 21, 399 in normal-for-size, and N = 1393 in LFS. Three-year graft
survivals were 71.2% in small-for-size, 74.2% and 71.1% in LFS group (small-for size vs. normal-for-size
P <0.001 and LFS vs. normal-for-size P < 0.001). Abbreviations: LFS, large-for-size; NFS, normal-for-size;
and SFS, small-for-size. ([58] Fukazawa K, Yamada Y, Nishida S, Hibi T, Arheart KL, Pretto EA Jr.
Determination of the safe range of graft size mismatch using body surface area index in deceased liver
transplantation. Transpl Int. 2013 Jul; 26(7):724-33)

ZOFETRIZ DG IHEZMRFIL T2, (Table 3) /D BAE 7 BECIL, JFRMER A T HE6E
BOMBE N B EoT, GRDBAEAHE 1.3% vs. A RGBS HE 0.8%, p =

0.036). SHICBIEAHERERN EOBEL AT -7, (DB 4.3% vs. AR
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AR T RE 3.0%, p = 0.007). FAH £ ARSE OB 1T, i@/ B BECA B ICE ST,
GV EE 2.7% vs. VARXEABH A EE 1.4% vs. KB EE 1.2%, @08
MR HE vs. AR AR #E: p<0.001, W/ DBHEH#E vs. KB A #E:p=0.002).
B SOSIE, B/ AR B TR SN A B AT Do T, GO BAE Bt
1.3% vs. FARXESBHEFHE0.9%) FRAEO ML BB FECTABICEN-T,

B BRI EE 10.5% vs. A XS BAR A #E 8.3%, p<0.0001) —J7 i RFEAE F #E T
1T, B B RE R O AL AR E OB |13 A B AL RS eh o T, IR G
OBEIX, AREZETIH D oTeb OO KB T BE TR o7, (A XA B R
0.9% vs. IWARBAEAHE 1.3%) FRAEOME LR KB #E TR BICE T, (A

RSN RE 8.3% vs. IBAHAEFEE 10.0%, p=0.046)

Table 3. Cumulative effect of size mismatch on the incidences of post-transplant complications in newly

defined three size mismatch groups.

SFS NFS LFS Overall

N. Time of Occurrence (Days)? 1.713 21.399 1.393 24.505
PNF - 23 (1.3%) 169 (0.8%) 9 (0.6%) 201 (0.8%)
Primary Graft Failure (A.) 30 [1-1070] 62 (*4’;3%) 520 (3.0%) 38 (3.3%) 620 (3.1%)
Vascular Thrombosis (B.) 26 [1-1070] 4795%.*7%) 310 (1.4%) 17 (1.2%) 374 (1.5%)
Biliary Complication (C.) 180 [2-1054] 23 (1.3%) 201 (0.9%) 13 (0.9%) 237 (1.0%)
Acute Rejection (D.) 203 [1-1064] 22 (1.3%) 194 (0.9%) 18 (1.3%) 234 (1.0%)
Infection (E.) 195 [4-1070] 13 (0.8%) 128 (0.6%) 10 (0.7%) 151 (0.6%)
Total (A+B+C+D+E) 167 (9.7%) 1,353 (6.3%) 96 (6.9%) 1,616 (6.6%)
Retransplantation - 179 (10.5%) 1,786 (8.3%) 139 (10.0%) 2,104 (8.5%)
Kok ok Kok kA k

The incidence of post-transplant primary nonfunction (PNF), primary graft dysfunction, vascular thrombosis,
biliary complications, acute rejection, and infection as well as retransplantation of those three groups were
analyzed by Pearson chi-square (¥?) test with post hoc Tukey test. *Compared to NFS: P = 0.036, **
Compared to NFS: P =0.007, ***Compared to NFS: P <0.001, LFS: P =0.002, **** Compared to NFS: P
<0.001, ***** Compared to NFS: P = 0.046, 1 data were shown in median value with range. Abbreviations:

LFS, large-for-size; NFS, normal-for-size; and SFS, small-for-size.
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3.4 B

BRI R SRR RS L T A Ll 2 it OV A X DR B b2, B O
BREDN, WIEHEE OAEHTE E N 727200 T TR S 23201 %0 SHIZHTELARSC PR
DY AZXDENIY G Z N EEZ T DML, MR ERAED—RIZ72 5, DA A EBREL,
PR hiEE DO PR ML 6 LT EL A/ NS UOAT AU INMILAE #8725 H I B BRELY RE N2 &
IZEVELZ o TLD, [69-61] A +743 7l Fa M 3 1 FFEE VR I L » TBREICREFE S T\
ITNEREE DR E 2L | R VER AR A BERE AN O Al 5 D HRHE SO DB 2 1)
D2, [62-64] SHIZE DR EITRTIES MR (20 L O, FFR AR B REfE E 2 0F 8L 7
BAEL 72T 1ULBEIZ RS, [65,66] SHIZFANRO R 73, FFFIIRSR 0 6/ 4 PN R A
e b =B FINR, ATENIR AR PR FR 2 5| X 27, [67] 2/ b BAE f e it 4
B Tzsd AR AR Tl IR 7Z20FI T, 25% 8L b IRIIT AL RiE72 & CTReE D
HORTIETIL 40% LA L BAulgigs iRt DI RE AL 803, lfadsfe B O AT
LI TS, [68,69] AT RAE T, 3D CT scan Z ML, IFOERFEZ M2 <FHmL
729 % T, SLV (40-50%) <> GWRBW (0.8-1.0%) 72 & D {72 fig k& 2> C, GIBRARZ D
THEY, TN EEIFBAED BN KR E A5 LTV, [64] —J7 . SENTRAE T3, Bl
ORI & e/ NRICT D720 | Z<IZBEFINTH D, LIcis> TBALIRALE O Tl
BRENE T DRI NEEA L7202 | 722 A AR & OFERE DO BHFER R AT KT
0%, LNUAERDHEH FHITFIEIL, SRERREREBRZREL TWDT2w | A AN
Bz TR FORENNEE TH o7, A BIOMIETIE, Fer NBERLIZYAXRES
DFFIELLTD BSAI D4 RETT 572012, INEET V% VT BSAI 23l D

FRIRA PRI 52 D B A LT,
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A EIOWIFEDOFER | BT T %I B % 5 2 DA XK G O#iHZ | 8/ BhE e s
BEZBH DIZIE, 78% LI EOBRE Fr A X3 | 18 KA T EEREA BA <12, 124% LI F
DA P A XN EETHDEDRE Ra T, WD BAE R OEFRIZEAL TiE, A AT AH
DEE D 60% LA EORBAE A YA KIZ A~ IMSERTRBARD T 3 REWR T — &2 LB LT 5
ZElT%, ZHUE ARITREAEIZ He A~ IMSERNTREAE DS | Iante il D3 kR < 72 0F 7 5 0m
REFIOTNHIER (B T F L-A7 — 1) BMFEDEED i A B) CRaE A2 T
LT (Bl FF L-AT —22) | Bid R O om &L, (BliaFF -7 —
3) | I E TR OBSREAE R D32 T D EORRENRNZENE 2 DND, LTZR->T, &4
LR OEFEN  ARIFBRE LD RENDIL, BICHEH > TWDHENR D, SHICEHEZ O
R DAL IR, BSAT THUE L7/ DA A e L it KRB AR A HE TR EITIELS 2> Tk
D, ZNHH GRS E BT 5, MO G IHEEZ D&, /DB BECIL, JFFsMH
Bohid e A~ 2. MARCHTEIAR O MARE . SOITITEBAEOBE A BIZE <725 T
7o

R FE T, AEAFRDBAE 200 H LRI BIA L B BIIIE, 3 FRA(FR
X DB R BEE R CIZ 72> TV e, A RIOMFSER S ClE, AR EIZ LA PRI
%245 200 H ZAIZFRAEL TRY, i@ KRB A ISR A RIS W, 200 Az
X COBIR AFERPEHIANTNDEE Z DIV, ZORERITIARNLICL WM& —
LT, [64] RMEAEHE I KRB A EBRIEICZ WERLL T, A XD REWHK
RIZIFRENIIE D2 <& FALTODRTREMED BV | [70] M L PR i P 5 A 521 <09V AT RE
PEIREDNE 2 HD,

ZOWFGEIIE TS TR A b 5D, Bl x X, RIFBE OB DB iX, B DlE]
OB EN D IR SR O & OFE (MR ZEARSE P ITRENR OO PAZE) 22 E B2 & BHERE
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bEZEZLNDD, SEEH L. STAR 7 =2 _X—RIZZ DI MEHITE FAL TRV, &
Te RO RFIEZE B Tl K, KT & ORIREBRIORIE TH LI LML, 1
FIZ2AMRITIREE H ENDEHE SIS /3T A—%— (body mass index (BMI), body surface
area (BSA), ideal body weight) (3522452175, D4 BSA 1T IEMEIZHAEAEE O AT
DIEFEEARPAL 2R D I REME DS B %, AARITRBAE Tl B T2 T W T Pl o 14
FEOHEE R ELBERENTETCND, [7T1] 1IZhh b5 T BSAI 1Xf#iH CRATFH T,
RO ARFE DM 3 2 REREI AR O TUND, IMSERF R L7 B2 28 2 Hind,

BSAI X8 {7 D@ e | FF IR A AR G A BUE T 2 RWIEIE CTHHI LN, ZOW
TIRSHIZ, BSAT OFEMRAY72IE FAIC LDV A XA A E DT 2 81E, B o i
DAELFHFEER BT A IHEZRSLIZ0, BB ETOREW ICU MifEAL T2
LIZORIBDHEZZHND, SOIZHBAEHRZO T 2N TEIUL, ZOBMER & ftho
BAERHE G (TR LN TE DI D, ZHUTBAL R DR RBIZR 3BT D7RD3D | 5>

DEFREHIBICHE BN DL TSNS,
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FHATE  MIEATBAEIC BT D TR IE RIE~ D 5K+ D [F]
TE M O A R IKF DI BR BN RE[RIE (2 5- 2. D 5 8 D figetlr

BT REZRGBRZZE X, TR T ISR AE 23 9 % P 55 O B R 70 %7 5- (Rl -
ThHY, FBEE OAIHEDOIMICE 59252 . B OV CIIHBHEE 7% %2 K&<
BALSEDHRERD, FFRETHIRATZIDIT, HRERICBIT I RREE OJFK L T3
SOMFINE 2 HIVTEY, BIZ LT 226 DORAFR O T I EO IR EARE ., %
SRS O | IR IR AN 3D 28 LD MR R B D 2L L OVR
FEARDFE AL | DRI F1 WD . 2 U THIBAE A O M) L BRI 2R &35 1T 5
N5, LTRGBS I BR R BN 5 X DI AE O T 1%~ DR BIL, RIZIC
RIS TRV, £ 2T, B Jiliak TO LAY Z < DIER 2 1% 5 HAVICIH AL . AT

TEMRREDBASE | 75K, FRETLER O REEDOL(L, T, OMERE TR 2T IEL T,

4.2 FHik

NATIRF DX 7Y LR O E B R ORKREF 0B 1997 475 2008 4D
(AT IMSERF A 1024 JEFI 2 6 B TR E 4T T2, FERBHEODIER] (207 JEH).
H/ N O BT (24 SEG]). ZMEER O FIRFREAE (NG, D, Bl L B3 SEH]) . N

U/ BAE (B AEBT), AERITFREAEDIER] (20 LEF) BRI L2,

PR AE T
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T RTOMNBEI, IMFEERE T, 22> ABO MK AIE & ORG24 U=, g &
WA, 1 RAEE O FIREEAE R O 5N KERIRVIG . 2. FIRY) & & FREEDR . 3.
HTFENIRMI & DIETTT o7z,

FHETUE RO BAEE ICH 59 DR F T A, 2L TE ALK R aire7 e v
ST EAT o T, ZAERIRIF 3 HTITIL, SR F OMNIMEZ A 5728 | RSB 54T
Dif R BT, BREVIEMGRAE T 592/ 14 BRI EZE AL THRETLTZ, BRER
FEMBEREOTEER BN RE D [EI1E K OITBAE F O T 12 ~ D B2 AT 570 BE 2 R
SERRED A ML > C REIT 1T 7, FETOERRERIL, Aggarwal D JEFRIZHEL | BT
LIRS EIBIRED D (1) 30% LA _E DL REOAR T 23 (2) BRETRS 5 73 LANICi
Z0. o ()1 ArEILL BRI HMRMIES EFL . ZAUTRE Y DIE G2 B RETRE R RE LS
BT, [4] ZHER] DL Tl AT i OBAE R L7 RO % 5 L7205 58 &K 1
DFEICL D BEYERT 2720 T a oo T —ik& Wiz, iy 7hE L Tk
ABISH TS PSmatch2 2 L 1 5K+ CHIE I ED Do T i # OB ARRT O
Tubrr e, T NIY A R OBAER OIREE MR, D7 m~ T — A
EEtE LT, [712] 7uXo v T4 Aa7 - IZLbE &R DO~y TF 7121, Nearest
Neighboring K OME T EE Wz, 70T —Aa 7 kIc kD, 5K 12 e
LI=D6 | AR FERHY T O T 18 ~ D5 B A7 AT 9570 1 EERTR AR F DA 4721, 60
A WO R HHEM SR DOBEE 7T~ A —iE R T a7 ot VT L
oo Fio PEBRENREDAE i (ML, TDFRIRE) 13, 1 0 BXITE F IRFFCak LA L7,
HTENAIRY) & 1% OFEER BN RE D EE 1T AFEIIRAER B L O D% 30 /O M =DM
FORERT Uz, FHER O Eb 1 A 5% . ARETTAT, FRET & O AT B IR

il ATEIAREE DR D3RPV T, v oAy h=—REZ AW T R & iR LT,
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fi#AT 1213 GraphPad Prism version 5 (GraphPad Software, San Diego, USA), PASW (IBM,
Chicago, USA). Intercooled STATA version 11(STATA, Texus, USA)ZfE FHL 7=, FBE D

B4 Table. 4 IZEL D5,

Table. 4 Study Population

Variables Units Non-PRS group PRS group p value
Recipient (N) 489 226
Body surface area (m?) 149 =+ 0.03 143 + 0.02 0.113
Percentages of Male (%) 62 54 0.337
Age at transplant ) 540 + 1.3 522 + 1.0 0.324
MELD 208 + 08 223 = 07 0.271
Diagnosis
HCC (%) 26.6 33.6
HBV (%) 101 6.8
HCV (%) 46.8 58.2
Alcoholic (%) 22.8 17.8
PBC, PSC (%) 0.0 0.0
Autoimmune (%) 1.3 34
Cryptogenic (%) 1.3 0.0
Liver function
PT (sec) 182 + 05 183 + 0.3 0.921
Creatinine (mg/dL) 1.1 + 01 12 + 01 0.488
Total bilirubin (mg/dL) 72 + 08 75 + 04 0.678
Sodium (mEg/L) 137 + 05 138 + 0.3 0.767
Platelet (x108 cells/mL) 98 + 64 115 + 6.4 0.331
Donor
Body surface area (m?) 144 = 0.03 142 = 0.02 0.062
BSA index 0098 = 0.01 099 = 001 0.593
Percentages of Male (%) 48 37 0.134
Age at transplant ) 432 + 20 465 + 1.3 0.486
Cause of death
CVA (%) 6.3 11.6 0.663
Anoxia (%) 7.6 0.7 0.160
Transplant
Cold ischemia time (min) 4170 + 97 4120 + 4.2 0.602
Warm ischemia time (min) 406 + 0.9 392 + 05 0.219
Donor risk index’ 1.82 + 0.04 182 + 0.03 0.100

Data are means + S.E.M. T Donor risk index without height'?, Abbreviations: BSA: body surface area, BSA
index: ratio of body surface area (=BSAponor/BSArecipient), CVP: central venous pressure, HBV, hepatitis
B virus, HCV: hepatitis C virus, HCC: hepatocellular carcinoma, MELD: models for end stage liver disease;
PBC: primary biliary cirrhosis, PRS: post-reperfusion syndrome, PSC: primary sclerosing cholangitis, PT:
prothrombin time. ([73] Fukazawa K, Yamada Y, Gologorsky E, Arheart KL, Pretto EA Jr. Hemodynamic
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recovery following postreperfusion syndrome in liver transplantation. J Cardiothorac Vasc Anesth. 2014
Aug; 28(4):1006-14)

4.3 HER

X7V LIRS 31T DA O BREVRIE R OB 1L 31.6% THY . FHHETE
BRI DT RFEIL 0.3% CTh-o7c, BREFUEMREDfEIRIA &L T, LR F it ORI,
g s 472 k25 D A (4~ X b 0.004, p=0.007) . donor risk index DRI (4~ Xkt 0.038,

p=0.014) . FHEFL T HFLERARIE (4> Xtk -0.002, p=0.021) Z [FIE L7-, (Table 5)

Table 5 Independent predictors of risk for PRS identified by multivariate linear regression model

Univariable Analysis Multivariable Analysis

Variable Co-efficient (95%CI) P Co-efficient (95% CI) P
Recipient
Demography
Percentages of Male (%) 0.004 ( -0.019 to 0.026 ) 0.739
Age at transplant (y) 0.001 ( 0.000 to 0.003 ) 0.120
MELD 0.001 ( -0.001 to 0.004 ) 0.183
Liver function test
PT (sec) 0.004 ( 0.000 to 0.007 ) 0.041 0.001 ( -0.001 to 0.003 0.404
Fibrinogen (mg/dL) 0.000 ( 0.000 to 0.000 ) 0.697
Creatinine (mg/dL) 0.009 ( -0.006 to 0.024 ) 0.258
Total bilirubin (mg/dL) 0.001 ( -0.001 to 0.003 ) 0.230
Sodium (mEq/L) -0.003 ( -0.006 to 0.000 ) 0.039 -0.002 ( -0.004 to 0.000 0.085
Platelet (x10° cells/mL) 0.000 ( 0.000 to 0.000 ) 0.969
Donor
Demography
BSA index 0.128 ( 0.048 to 0.208 ) 0.002 0.050 ( -0.009 to 0.108 0.095
Percentages of Male (%) 0.008 ( -0.013 to 0.030 ) 0.462
Age at transplant (y) 0.001 ( 0.000 to 0.001 ) 0.019 0.001 ( 0.000 to 0.002 0.007*
Cause of death
Cerebro-vascular accident 0.036 ( -0.019 to 0.091 ) 0.201
Anoxia -0.496 ( -1.278 to 0.287 ) 0.214
Transplant
Cold ischemia time (min) -0.004 ( -0.049 to 0.041 ) 0.858
Warm ischemia time (min) 0.001 ( -0.001 to 0.002 ) 0.478
Donor risk index’ 0.030 ( 0.001 to 0.059 ) 0.044 0.038 ( 0.008 to 0.069 0.014*q
Hemodynamics
CVP at reperfusion (mmHg) -0.002 ( -0.003 to -0.001 ) 0.006 -0.002 ( -0.004 to 0.000 0.021*
Metabolic data at reperfusion
pH before reperfusion -0.274 ( -0.487 to -0.062 ) 0.012 -0.114( -0.286 to 0.058 0.192
Calcium (mmol/L) -0.035 ( -0.092 to 0.022 ) 0.223
Body temprature (°C) -0.004 ( -0.056 to 0.047 ) 0.866

TDonor risk index without height'?, 1 Multivariable analysis without DRI to avoid multi-collinerlity,
Abbreviations: BSA, body surface area, BSA index, ratio of body surface area (=BSAponor/BSArecipienT)

[57], CVP, central venous pressure, MELD, models for end stage liver disease; PT, prothrombin time. ([73]
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Figure 9. Hemodynamic changes after portal vein reperfusion. Phasel: Change in mean arterial blood
pressure was significantly larger in PRS group (% decrease in MAP = 16.4 £ 0.8 vs. 34.0 £ 1.0%, p<0.001)
without significant difference in CVP (13.1 £ 0.7 vs. 11.7 £ 0.4 mmHg, p= 0.08). Significant differences in
pattern of hemodynamic changes were seen within first 15 minutes following PVR. MAP recovery after
initial hypotension was rapid in both groups. Phase2: The time to HAR was characterized by a gradual but
steady decline in MAP. Phase3: Immediately following HAR, MAP recovery was sustained in both groups.
There was no difference in CVP at any time interval and no differences in the total of vasopressor agents
used. A band of gray shaded area represents time from PV reperfusion to HAR. Error bar shows the standard
error of mean % MAP. Abbreviations: CVP, central venous pressure; HAR, hepatic artery reperfusion; MAP,
mean arterial pressure; PRS, post-reperfusion syndrome; PVR, portal vein reperfusion. ([73] Fukazawa K,
Yamada Y, Gologorsky E, Arheart KL, Pretto EA Jr. Hemodynamic recovery following postreperfusion
syndrome in liver transplantation. J Cardiothorac Vasc Anesth. 2014 Aug; 28(4):1006-14)
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Figure 10. Effect of donor risk index on hemodynamic recovery after hepatic artery reperfusion. Panel A,
Significant negative correlation between donor risk index and slope of hemodynamic recovery following
hepatic artery reperfusion by linear regression model (p=0.014, slope of hemodynamic recovery
(%MAP/min) = -0.0009 x Donor Risk Index + 0.0023). Panel B, Technique used for calculation of slope of
hemodynamic recovery. Minute-to-minute MAP values were collected and expressed as relative MAP
change (%MAP change) between HAR and 30 minutes after HAR. Abbreviations: HAR, hepatic artery
reperfusion; MAP, mean arterial pressure; PVR, portal vein reperfusion; PNF, primary non-function. ([73]
Fukazawa K, Yamada Y, Gologorsky E, Arheart KL, Pretto EA Jr. Hemodynamic recovery following post-
reperfusion syndrome in liver transplantation. J Cardiothorac Vasc Anesth. 2014 Aug; 28(4):1006-14)

FHETIEEREDO ST REL /2 ST HE T, S B Z LIS H B3RO A &2 L=, F&
FlofE H&IZERIT RN/ -7, (Table 6)

Table. 6 Usage of vasopressors in non-PRS vs. PRS groups during three recovery phases following

reperfusion
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Bolus Reperfusion-5min 5min-HAR HAR-240 min
non-PRS PRS p value non-PRS PRS p value non-PRS PRS p value
MB (%) 37% 32% NS
Calcium (mg) 289 + 81 317 + 74 NS 376 +117 264 + 55 NS 560 + 155 335+ 83 0.010*
Ephedrine (mg) 0404 0302 NS 0.2£0.2 0.1+0.1 NS 03+03 0.2+0.2 NS
Epinephrine (mcg) 52+4.0 34.6+17.1 NS 214.6 +150.3 275+24.7 NS 54.5+37.7 49.2+0.4 NS
Phenylephrine  (mcg) 59+5.9 10.1+4.6 NS 91+9.1 73+73 NS 2727 1.6+1.6 NS
Infusion Reperfusion-5min 5min-HAR HAR-240 min
non-PRS PRS p value non-PRS PRS p value non-PRS PRS p value
Dopamine (mcg) 314 + 84 505 + 103 NS 5638 + 1349 8288 + 1495 NS 19474 + 4234 26266 + 4819 NS
23.5% 32.4% 39.4% 51.0% 43.2% 51.0%
Epinephrine  (mcg) 147+ 93 104 £ 59 NS 2488 + 1599 1777 +1025 NS 6034 + 3769 8025z 3482 NS
7.8% 6.8% 12.1% 9.1% 10.8% 14.8%
Overall 33.3% 35.1% NS 45.5% 49.1% NS 40.5% 44.3% NS

Data are means + S.E.M. Percentages in MB row represent the frequency of MB use in both cohorts HAR:

hepatic artery reperfusion, MB: methylene blue, PRS: post-reperfusion syndrome. NS: statistically not

significant. ([73] Fukazawa K, Yamada Y, Gologorsky E, Arheart KL, Pretto EA Jr. Hemodynamic recovery

following post-reperfusion syndrome in liver transplantation. J Cardiothorac Vasc Anesth. 2014 Aug;

28(4):1006-14)
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Figure 11. One-year graft survival, rate of rejection-free graft survival, and post-transplant liver enzymes.

No difference was noted in 1 year graft survival, freedom from acute rejection within 60 days after transplant

and liver enzymes between both groups. ([73] Fukazawa K, Yamada Y, Gologorsky E, Arheart KL, Pretto

EA Jr. Hemodynamic recovery following post-reperfusion syndrome in liver transplantation. J Cardiothorac

Vasc Anesth. 2014 Aug; 28(4):1006-14)
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4.4 £
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RN DBRH THY , B Sb R R A DGR BRI T D, 18 53R i AR I
PEOTEBREMLOB L 100% LT DM ELHDIEL | R Ol M REFUE R T Z -
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2K 18-30mL/100gram F2/% | SUHIZIEA LA LR ORTAM DS § 52805,
FRERIZAED MEAR FO—RHEBZ BN TWD, FEERREE OB —%2 AW ETh,
RA-53 757 DR~ DRI AL 3 FRETRAEERE D — K LG i T AL TnD, 4 BIORF RS
Bl ZNHOBFFERE RICIROB DO T D, — 7 FHEEEREO R Z o7 B S 257 o
T REC M ARARE F5 AT D HRL R IR EE LSRR 3B B2 221378 o T ZAUE, HO DR AIRIE B

RPE DHTAM OFIEE L CTh EVBURR R TRV L0, A DR DRTA M IIFRETIC

37



R ED — I E S 2O, Z<DREF (B DR 1-72E) O E IR ET
BZoTLDEBZBND, A %IE TTRBAE Tt i o 817> OB AT A D FEFR O [F]
B, BTAM O ZBE T EOBIE 2L OB N HIF S NG, FRETIEGEREN B A
TRICEN RSN 2722813, BETEGR CERSNOMWEERLE (5 2LIAIC 1
SyTEIFHE S5, FEVERTO RN ED D 30% LA EO MR ) A3, Ml L ORE ML~
JVTCOBFRETIEGEREE D ESRL TORWRTEEERH S, £HEE Aggarwal OEFRIZL
% [ Wk FI-RE A e RE O BEFE 1, TR AT O MLE 2 EHEFR T DI RELSE A SN DA,
Pre-emeptive 72 57 JEH| Offi HIZ LD B 63 2 s, 7>2T Aggarwal 573, 1987 4%
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IR, Fox (X ERUEMEREE Aggarwal O EFICIESE FHEFIHE 5 UNICiRZD
1 538 BRFET 2 30% LA LMK FEER LT, FERZ IO IR A I U7 E AN
FETTIE RIS & DT, RIS TERAE 7 JERERE (primary graft non-function: PNF) D2k
121, >K[E United Network for Organ Sharing (UNOS) @ €% F) A L7z, JEFH.Im FRr ]
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D F DISINEZ R T D7D | BN TII BRI BT LT, —HEM O Fhig
TIX, AR OBARER AF RO % 5/ L7209 571 R+ OMEIC LD B A PEbr
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EFCH G T DR LLTRIEL, i OBMERTO 7 rhr e K, Na, X OB

Fi R OIRRE MR D7 m s 2T — BRA TR LTz, 2 BRI O A R DB F=R130

TI AT —ER T v ar Y iR M LT, IR OS2 AR~ 5720 | iy

% 30 HONFBAE R OBfER AR A/ LTz, — 5 MIEIEE R Z DI AL, 7

T AN —ER AT T ST EERE LT,

fi#HTI21T GraphPad Prism version 5

(GraphPad Software, %> ¢ K[E), SPSS(SPSS, * 7= k[E). Intercooled STATA

version 11.0(STATA, 72N, KENZMHEH L, BEOREZ Table. 7 I2FEE0H 5,

Table 7. Comparison of Background Variables between “Crystalloid flush with backward unclamping (CB)”

and “Portal blood flush with forward unclamping (PF)” Groups

Variables CB PF p value
Recipient
Age 542 + 06 (313) 531 + 09 (165) 0.323
Female (%) 107 (34%) (313) 54 (33%) (164) 0.892
BSA 152 + 0.02 (313) 156 + 0.02 (165) 0.133
MELD score 219 + 04 (293) 211 + 06 (160) 0.242
Cause of end stage liver disease
HBV 35 (11%) (313) 18 (11%) (165) 0.988
HCV 172 (55%) (313) 79 (48%) (165) 0.124
Alcoholic 72 (23%) (313) 41 (25%) (165) 0.710
PBC, PSC 3 (1%) (313) 0 (0%) (165) 0.305
Autoimmune 9 (3%) (313) 10 (6%) (165) 0.137
Cryptogenic 6 (2%) (313) 0 (0%) (165) 0.103
Pre-transplant laboratory values
PT (sec) 181 + 0.3 (308) 186 + 04 (161) 0.310
Fibrinogen (mg/dL) 1940 + 85 (310) 1827 + 99 (102) 0.400
Creatinine (mg/dL) 12 + 00 (311) 14 + 01 (163) 0.221
Total bilirubin (mg/dL) 76 = 05 (311) 81 + 09 (160) 0.613
Sodium (MEg/L) 1362 + 03 (311) 137 + 1 (163) 0.545
Platelet (x103cells/mL) 1039 + 52 (310) 957 + 49 (163) 0.311
Donor
Age 416 + 10 (313) 418 + 14 (165) 0.905
BSA 148 + 0.01 (313) 151 + 0.02 (165) 0.329
Cold ischemia time (min) 430 + 5 (311) 422 + 7.0 (165) 0.381
Warm ischemia time (min) 39 + 0 (310) 38 + 10 (164) 0.271
Donor risk index{ 1.80 + 0.02 (293) 178 + 0.03 (158) 0.519
Maximum Sodium (mEg/L) 1553 + 15 (313) 1514 + 22 (165) 0.189
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Cause of death-Anoxia 85 (28.8%) (296) 48 (31.5%) (153) 0.503

Cause of death-CVA 281 (9.5%) (296) 14 (9.2%) (153) 0.915
National share 138 (46.6%) (296) 67 (43.8%) (153) 0.569
BSAI 1.00 + 001 (313) 099 + 0.02 (165) 0.528

Data are means = S.E.M or percentages (%). 1Donor risk index without height!2, Abbreviations: AST:
aspartate aminotransferase; ALT: alanine transaminase; BSA: body surface area; BSA index: ratio of body
surface area (=BSAponor/BSArecipient)[76]; CB: Crystalloid flush with backward unclamping, HBV,
hepatitis B virus; HCV: hepatitis C virus; MELD: models for end stage liver disease; PB: Portal blood flush
with forward unclamping, PBC: primary biliary cirrhosis; PRS: post-reperfusion syndrome; PSC: primary

sclerosing cholangitis; and PT: prothrombin time.
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(A) Crystalloid Flush with Backward Unclamping (CB) (B) Portal Blood Flush with Forward Unclamping (PF)
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Figure 12 (A) “Crystalloid flush with backward unclamping (CB)” Sequence (B) “Portal blood flush with
forward unclamping (PF)” Sequence ([77] Fukazawa K, Nishida S, Hibi T, Pretto EA Jr. Crystalloid flush
with backward unclamping may decrease post-reperfusion cardiac arrest and improve short-term graft
function when compared to portal blood flush with forward unclamping during liver transplantation. Clin
Transplant. 2013 Jul-Aug; 27(4):492-502)
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8)

Table 8. Comparisons of Outcome Variables between “Crystalloid flush with backward unclamping (CB)”

and “Portal blood flush with forward unclamping (PF)” Groups

Outcome Variables CB PF p value

PRS or Cardiac arrest
PRS (% incidence) 105 (33.6%) (313) 69 (41.8%) (165) 0.074
Cardiac arrest 2 (0.6%) (313) 8 (4.9%) (165) 0.002 =
Transfusions
Before reperfusion

pRBC (units) 105 + 07 (313) 105 =+ 1.0 (165) 0.974
FFP (units) 160 + 0.9 (313) 186 + 14 (165) 0.105
Platelets (units) 156 + 1.0 (313) 137 + 14 (165) 0.254
After reperfusion
pRBC (units) 08 + 0.2 (313) 42 + 11 (165) <0.001 =
FFP (units) 11 + 02 (313) 38 = 10 (165) <0.001 =
Platelets (units) 14 + 03 (313) 20 += 05 (165) 0.316
Vasopressors
Before reperfusion
Epinephrine (mg) 107 + 7.0 (313) 79 + 31 (165) 0.784
Ephedrine (mg) 39 + 05 (313) 30 + 06 (165) 0.254
Phenylephrine (mg) 685 + 119 (313) 741 + 159 (165) 0.784
Within 5min after reperfusion
Epinephrine (mg) 16 + 04 (313) 30 £ 10 (165) 0.143
Ephedrine (mg) 02 + 01 (313) 00 + 0.0 (165) 0.105
Phenylephrine (mg) 29 + 15 (313) 31 £ 19 (165) 0.937
Until hepatic artery reperfusion
Epinephrine (mg) 105 + 47 (313) 151 + 79 (165) 0.586
Ephedrine (mg) 1.7 = 09 (313) 07 += 02 (165) 0.429
Phenylephrine (mg) 107 + 26 (313) 144 + 438 (165) 0.469
Until the end of the case
Epinephrine (mg) 119 + 5.2 (313) 150.3 + 921 (165) 0.039 =
Ephedrine (mg) 13 = 05 (313) 06 + 04 (165) 0.360
Phenylephrine (mg) 285 + 6.9 (313) 397 + 192 (165) 0.507
Postoperative Graft Function
Primary graft dysfunction 0.6% (313) 4.2% (165) 0.006 =

Data are means = S.E.M. or percentages (%). T Donor risk index without height'?, Abbreviations: AST:
aspartate aminotransferase; ALT: alanine transaminase; BSA: body surface area; BSA index: ratio of body
surface area (=BSAponor/BSArecipient)[76]; CB: Crystalloid flush with backward unclamping, HBV,
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hepatitis B virus; HCV: hepatitis C virus; MELD: models for end stage liver disease; PB: Portal blood flush
with forward unclamping, PBC: primary biliary cirrhosis; PRS: post-reperfusion syndrome; PSC: primary
sclerosing cholangitis; and PT: prothrombin time. ([77] Fukazawa K, Nishida S, Hibi T, Pretto EA Jr.
Crystalloid flush with backward unclamping may decrease post-reperfusion cardiac arrest and improve
short-term graft function when compared to portal blood flush with forward unclamping during liver
transplantation. Clin Transplant. 2013 Jul-Aug; 27(4):492-502)

Bt o 30 BAERRI, EIRT Ty a1k FHERIEO T NG B @S-z, (BER
7T I RER K 97.8% . MINRILTY T v = B 7 & i iE  91.5%, p=0.001). Bl i D
30 HUWNOBBARIL, SEIR T 7y =& FREmRIED T )n (24K~ 72, (Figure
13A WWEIK T Ty 2 % ITHERE 1.3%, PRI T T = - JiiJ7ETE  4.4%, p=0.036).
Btk O RERE SR X, MBI T Ty =2 1% HFHETIED J (A& o 7=, (Figure
13B R EIR 7 Ty 2% T REWRIE 97.8% . MR 7 7> = w7 & FitlE 91.5%,
p=0.001). BAH % DLV UAEIL, SEEIRT T v = 14 T RETRIED F 3 BAAR ) -T2,
(FEIET T 2% ITREFIE 97.8% . MARILY Ty = - HiJ7iEtiE 91.5%, p=0.001).
SIS RIRNT OFER . BEIRT 7o = - H I HEREIL, PNF (FEXHERREE 0.01., 95% 1548
[R5 :0.000—0.795, p=0.039), FFHE i LM IE  (FEHERRE 0.134, 95% 15 HE R R :
0.027—0.664, p=0.014), L 30 HAEAFRAFEERREE 0.220, 95% {3 FHFR 5 :0.086 —
0.559, p=0.001)% A E D S L R LA -7, (Table 9) X512, oAl & 1 1 7 AR E 55
EOBEIX, A RBICMARIL T 7y = il & ES V—7"Crir-oTz, (Figure. 14 f2'E

W77 = 1% JTRETL I 1.8% . FANRILT 7w =Rl HiR{iiE 8.6%), p=0.031).

Table 9. Independent Risk Factors for PNF, Cardiac Arrest, and 30 day Graft Survival
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[PNF] Final model - Multivariable Analysis
Variable Type RR 95% C.I. 1 Sig. Dverall Sig.
Flush Technique Yes/No 0.010 (0.000-0.795)  dpmmm| 0.039
(ce) |
Reciplent |
Age at transplant (y) Continugus 0,921 ( 0.826-1.026) I 0.136
Ma (MEQ/L) - Preoperathve  Continuous 1541 ( 1.143-2.079 ) [— 0.005
|
Donor | <0.001
Donor age (y) Continuous 1134 | 1.002-1.282) F 0.046
Donor BSA [m?) Continuous 0.001 | 0.000-7.084 ) I 0123
Warm lschemila time (min)  Continuous 1268 ( 1.028-1.564 ) = 0.026
Cold lschemia time (min) ~ Continuous 1014 ( 0,998 1.032) ! 0.085
[ Cardiac Arrest ] Final Model - Multivariable Analysis
Variable Type RR 95% C.l. 3 1 3 3 Sig. Overall Sig.
Flush technique Yes/No 0134 | 0.027-0664)  dueem | 0.014
(c8} |
Recipient |
Serumn pH before reperfusion Continuous 0.001 | 0.000-2.822 ) I 0.087 <0.001
Donor |
Warm lschemla time (min) ~ Continuous  1.038 | 0.999-1.079 ) I 0.060
[ 30day Graft Survival | Final Model - Multivariable Analysis
Variable Type Hazard 95%ClL A RERE Sig. Owerall Sig.
Flush technique Yes/No 0.220 | 0086-0559)  wpm | 0001
(cB)} |
Reciplent |
PT(sec) -Preoperatie  Continuous  1.135 | 1.066-1.208 ) * <0001
0,001
Ma (mEq/L) -Preoperative  Continuous 1082 | 1.000-1171 ) - 0050
|
Donor |
Warmn tschemia time (min)  Continuous. 1036 | 1.017-1.056 ) L =0.001

Abbreviations: BSA: body surface area; CB: Crystalloid flush with backward unclamping, MELD: models
for end stage liver disease; Na: sodium, and PT: prothrombin time. ([77] Fukazawa K, Nishida S, Hibi T,
Pretto EA Jr. Crystalloid flush with backward unclamping may decrease post-reperfusion cardiac arrest and
improve short-term graft function when compared to portal blood flush with forward unclamping during
liver transplantation. Clin Transplant. 2013 Jul-Aug; 27(4):492-502)
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Figure 13 (A) Cumulative Graft Survivals and Hazards for Retransplantation between Crystalloid Flush
with Backward Unclamping (CB) and Portal Blood Flush with Forward Unclamping (PF) Shown in Figure
2A (Upper) are Kaplan—Meier estimates for the cumulative probabilities of graft survival between CB and
PF. 30 day graft survival was significantly higher in CB compared to PF group (CB 97.8% vs. PF 91.5%,
p=0.001). Note that there is significant decrease in graft survival immediate postoperative days in PF group.
Shown in Figure 2A (Lower) are Kaplan—Meier estimates for the cumulative hazards for retransplantation
between CB and PF. Hazard for retransplantation within 30 day was significantly lower in CB compared to
PF (CB 1.3% vs. PF 4.4%, p=0.036). Note that there is significant increase in hazard for retransplantation
immediate postoperative days in PF group. (B) Postoperative Recovery of Liver Enzymes Shown in Figure
2B are post-transplant recoveries of liver enzymes. *p<0.05, and **p<0.01. ([77] Fukazawa K, Nishida S,
Hibi T, Pretto EA Jr. Crystalloid flush with backward unclamping may decrease post-reperfusion cardiac
arrest and improve short-term graft function when compared to portal blood flush with forward unclamping
during liver transplantation. Clin Transplant. 2013 Jul-Aug; 27(4):492-502)
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Figure 14 Cumulative Incidence of ischemic type biliary lesion (ITBL) between Crystalloid Flush with
Backward Unclamping (CB) and Portal Blood Flush with Forward Unclamping (PF) Shown in Figure 3 are
Kaplan—Meier estimates for the cumulative probabilities of ITBL between CB and PF. Cumulative incidence
of ITBL was significantly higher in PF compared to CB group (CB 1.8% vs. PF 8.6%, p=0.031). ([77]
Fukazawa K, Nishida S, Hibi T, Pretto EA Jr. Crystalloid flush with backward unclamping may decrease
post-reperfusion cardiac arrest and improve short-term graft function when compared to portal blood flush
with forward unclamping during liver transplantation. Clin Transplant. 2013 Jul-Aug; 27(4):492-502)
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WEAZRERZE2 BINEL TS, b AR M ARE O RIELNO ZEbHY | £<
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IRATEIR [FIFRE T, 12 75 FRETiL A2 & T D,
AWFFETHI L 72 — 2D 7Ty 2 EOM T, BRI —B L C, B#ERE ME
IEDBEITREIRFZEDN DT, TS, dWEIRT Ty = B ITRERIEIN 7 T am 5k
LTCROBRAITHHZ LA ERL TWD, SHICTRET R L5 L7210 T2 ik R o%
FE T DT R MRSRE R OB I KRERBAE N7z, 7Ty an, B O T
RITFBA KT 3 28I, FREIZHIRIR Y, ZAUTBAE A OB IEL 7 ML P F AL
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Table 10. Comparisons of Two Reperfusion Methods
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Crystalloid flush with backward
unclamping (CB)

Portal blood flush with forward
unclamping (PF)

Amount of flush

Speed of flush

Source of flush

Temprature of solution

Viscosity

Change of Volume Status

Associated hemodynamic
change

Duration of procedure

Warming of organ

1000-2000mL (Unlimited)

250-400ml/min** (Use of high flow
tubing or applying high pressure may
damage portal endothelium.)

Normal saline or Lactate Ringer's

=4°C

Low (May cause hepatocyte
swelling?)

Increase volume (Small amount), Slow

None

10-15min

Gradual

250-500mL (Limitted by
hemodynamic status of recipient)

500-1200mL/min* (Affected by the
presence of collateral circulation, may
significantly reduce in hypovolemia)

Recipient blood

Recipient's body temp (May improve
hepatic microcirculation if applied for
sufficient time)

Various

Decrease volume (Large amount),
Abrupt

Yes (May require preemptive
fluid / transfusion management)

Immediate (about 30 sec)

Abrupt

*k Portal flow of patients with portal hypertension. **Diameter of 3mm, length of 110 cm, 1V tubing with
luer locks. ([77] Fukazawa K, Nishida S, Hibi T, Pretto EA Jr. Crystalloid flush with backward unclamping
may decrease post-reperfusion cardiac arrest and improve short-term graft function when compared to portal

blood flush with forward unclamping during liver transplantation. Clin Transplant. 2013 Jul-Aug; 27(4):492-

502)
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