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Abstract

Background: Liver transplantation is the final choice for end-stage liver disease and liver malig-
nancies. At present, liver transplantation technology has been significantly improved, but post-
transplant complications are still inevitable. The preservation of transplanted donors is the basis
of organ transplantation techniques and the quality of donor preservation is one of the most im-
portant factors affecting the outcome of liver transplantation. With the increasingly imbalance
between organ supply and demand, the increasing supply liver of marginalization, fatty degenera-
tion and more cardiac circulation death donor, we desperately need more effective, low-cost pre-
servation techniques to prolonged donor ischemia time. The development process of several clas-
sical preservation techniques, the advance of several new preservation solutions and the differ-
ences between several solutions are introduced in this study and which aims to explore more ap-
propriate preservation techniques to guide clinical practice and reduce resource waste. Methods:
PubMed, VIP, CNKI, Wanfang, Embase and Chongqing Medical University library databases were
utilized. Articles from 1960 to 2022 which contain the controduction of UWs, HTKs, Celsior solu-
tion, HTK-N solution, IGL-1 solution, Polysol solution, SCOT solution, and CZ-1 solution or com-
paring graft outcomes between two or more different perfusion/preservation solutions were in-
cluded. Results: There are 387 papers about UW solution, 95 papers about HTK solution, 46 pa-
pers about Celsior solution, 12 papers about HTK-N solution, 45 papers about IGL-1 solution, 8
papers about Polysol solution, 20 papers about SCOT solution, 2 papers about CZ-1 solution and
102 papers about HMP and 74 of them are comparative studies about multiple preservation tech-
niques. At present, HTK, UW and Celsior solutions are widely used in clinical, and the new solu-
tions are HTK-N, IGI-L, Polysol, SCOT, CZ-1, etc. The difference between them is small, but the
ischemia-reperfusion injury of the liver still remains. However, many of new solutions include
HTK-N, IGI-L, Polysol, SCOT, CZ-1, etc. had been researched. As the latest dynamic preservation
mode, HMP is also gradually applied in clinical practice. Conclusion: The HTKs, UWs and Celsior
solution that have been used in clinical practice are less different. As for the new solutions, IGL-I,
with the advantages of both UW fluid and Celsior, which can reduce the occurrence of hyperka-
lemia and calcium ion overload, have a better organ flushing effect, and better reduce ischemia
and reperfusion injury. Other solutions have gradually shown their advantages in animal expe-
riments and clinical trials. As the latest dynamic preservation mode, HMP can reduce the hepa-
tocyte and endothelial cell damage. However, the current theoretical effective preservation so-
lutions are still in the experimental stage with many uncertainties and thus require more inten-
sive exploration.
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1. 5|15

JFF R AL 2 4 A A PP e ST e () B 20k % . E AT AT RS AL B R CU 3 B K3 TE, (BRSO RGE
TIA T kG BFRS M AR TRAF BRI S0dE, W R ER/DRERE G IRI [1]. H HT PR S A H ORI VE A
AR IRORAE2], MUV G, FF R R R, B R IR S eTE T, ANER
18 0°C~4°C HIRPER LR I CRAF B S R A7 385

BERF A RATI T B G Y BRI SR (WBE T . I IEIE M . AR BT 107 2 78 20 PO B A j 43 ) A )
S P P I+ O PR A AR (D A JOE H R) BT DA LB A S 8 [3] 0 8 B A OR ATV A P A AL
S A VTR B AR TS SR 5, T EC M. UW M. Ross i+ Collins C2 i~ CZ-1 ¥~ i WMO-1
WA UMY (R, BN, 4 Celsior ¥, Polysol ¥~ SCOT ¥ %%[4].

2. T8
2.1 HIFRELRHE

FL7E 1962 4F, Kukral [5]55- 576 KR A H A8 FARIRREVE F T HE AT AR AE, LI B4 5 ORAT 2 /NI,
M JEAFS 1 20 Ko Wall [6]5F 1977 42 HAKIR CRAF R T N8I #848. 1987 4, UW WRIHEHS, il
PEARPRAF RS B E IR IRE 7], BRI EAMERE S ERb . MRS =N, 7 A R 2 5
& S BN AR S hn i, 1T L UW b 3 & B R S v A 2B R T 2, SR, Sl
Iy o T A b el R A BT K KRR T IR [8]. HSE, HAREN S BRI R SR R, S35
' /N BRI PR B ) R e R AR P R D RE BR[O Wb, v B i o v A OLRE 5 11 o I R A2 1
R, 7% LR PR RTEEAT FFIE PR R [10] . thAh, TER RS REAEAF T RS S BURT SRR R [11]. 5
I, UW RSS2 30 7 g ki, R R T BAAIBET 2 i kb i B AR T % .

20 tH20 70 A HTK W B8 E Wb T e e VRN Co A B TR RS A, B AT PR b T {47
O 4~8 /NBF. SR — PN ES IR EE . B B TR BT A SRR A G2 P A B AR [10] . TEBCR I
TRV P (5°C~35°C) B IR 4I M R i 25, 0 LA o AR I A 72 A 1) B v B A R T % A AR R [12]

VTR, HTK ZEIG AR F 15 AT UE S5 I 25 R DR AT« 1994 4F 1 IRAE TR A8 LABENL 7 20f UW 5
HTK AT, RO Sy M A T 46 o Th Re A 38 A A7 22 U7 T B A AR 46 SR [13]. 911K %
HEPEZE BT ELAF AT T UW W EE HTK RS K ICU (1 BER 8][10], XA A5 UW AT Ri K+
HTK A5, HFE RS MCHEZER, PWHRS KR RERIRERZRAKR, 14FE, 34,5
SRV R 2 R FUPE 10— DU U8 Bl HTK VLR AR LT 51 S5 e/ 4k TR o e A
FE M T REREAS S T UW WS HTK IR A, SR HTK RS o e & shlkii & 3 & E . 90 K HIE
FERAE HEF N & AR & T UW 5 HTK R & [14]. Coskun IR 7845 HoBF HTK R A 2%
AN UW Wirh, BEXGERSHE S IRI &4 Z[15]. Robbin [16]125 A M — 3 [al B w7036 . HTK 5 UW
TRAFAE RSP R T . RS MR R . Sk B IRF R AR ThRenG . AR
YT RER R ARG T TR ZE 5. SR, UW WRIRIE B A R A28 T HTK . 78 ) LB,
Richard [17]5 8 Fubb# 7 )LRHH R A HTK S UW 5 L R E D Thae . B MRl B 47
RN I AT Ja R BB SR AELE UW A% L. R EWEER . E &R AT BRER )
Wil HEH, Shaddick [18]5F7E — WU PAFIH Fidi th UW AN HTK WA A LR Sh R 22 41, (R 75 22
B R FUAR I BEATLIG RS 25 5K AIE

1994 4FEHF K H Celsior Wi, AU —Fl. 55T UW FI HTK SRR s, B m v A (Y
B, ATE RGO, BRTC ST FF B BRIRAE[19]. IR, E R A R LR
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R RS, Aefi AU RN IK: & 8 10 SR B I H IR A2 B R s R R, o b
Piffi: F &R ER NSRS IR Y); MR T SRR, R RETE I kT
MY B, of o AT FEE[20]. BT HACRE B, o, KRBT R, Celsior W#IA N
R AE T ORAE IR HEA) -

MZ, HTK ¥ UW AT Celsior 2 18122 SR80S, 4 32 RO IR R, ALK FFF JU e e 1, 7 328
A RIRAFAE, PR TR ZER W B8 2 AR VAR, DARE KR AR ol of B R R0 o o, R dE LA ) B8
UFFERE, e BRI 9 o

2.2. BRI

2.2.1. HTK-N

Annika [21)2 82 H—FEg A9 HTK %9, A0 HTK-N. HEAEKIHELRRE D, HHREFEE
BEME DL R S TN FE T, BRI A B RS R A T . A AR R H AR WRRAEAR, N-&
Mk dH R o AR Z R, R AL AEYIREE IR E N . SATFIE, HTK-N BA R 7 E R
TER[22]. (BEATRIZH TR, B e T IR RIS, —DEiiErE. 29, BE 1HHIRR
SRR, BEWR HTK-N 5 HTK (RIEHHE SR A G R R DI RE AN I JFE AR BB PR IE & 2 1 S ) 43
i, XFARRAARORAE R AT 2 7T 5¢[23].

2.2.2. IGL-1 &

IGL-1 ¥ 1y [ B & O T A, e e UW MR Celsior (LA, 72846 Celsior ¥R )40 g Ah i 2
HRRST, 1GL-1 VAR B8 7 & AT UW MR, AT sl van B I A B8 i 3 K A, HL IGL-1 VA 27D,
AL 2B I E AR T UW . B AMPK R AKT #5258 2300 P 5 AL — Ak A B 1 9 5
4 i Dy Be 2R AL R A B SR L [24] . FRIKFE MY p-TOR/MTOR LUAE, BRARJGE R 1774,
RES 5 [ R I 0RO 20 B sl S G M R4 T 17 T R AL S 32 A R A5 495 . Fdh PEG35 g A 2 1k
JFF 44 ek K [25] o B P AR P A3 26 B 95 DR B B[Rl P 23 A7 B A5 7E 252 45 PR AR - AR AZAE IGL-1 ¥ Bt fi
LRI AR T AR BT IR A R O 25 31 . UW 2R3 (N = 155) 74 BRI i 7] (CIT) b - 8 /i, T
HERS N 54 £11.35 %, i IGL-1 4L H % (N = 97)1 CIT il 8 /Ny, “FHy4ER N 52 £125 % . BHEEH 1
K AST K PHREZER, BIEFESE 7K, Pidl ALT. AST FIHZL R/ P LS Hm X ER, WaRE
[ 1 4FAE A7 2 AL 26]

A CHRIRIE[12]: 20 BIFEE HTK R IGL-1 3, HTK IR A4 5 2 Bk (PGD) B K MRS W TE T
RE(PGNF)KAZ L IGL-1 Wi TR KR, RIGH 1 RAES 2 RIFFH5 AST 1 ALT 8 m . BT
IGL-1 MRS 1: 52 8 L RS R AV E HTK FIRAEY) HAT S 4 1 R AR R . — T/ RRUSE 346
[27]: #NFEMEAHER 353 IGL-1 nf ALRYFIE G52 IR1354% o RE 35 FRAR AT My A, 2R At 5 R g o i 4
1, IS8 P A B M GRS A A, o A AN A IO IO SR A P i ) AT T RE S (1 Tk
BH 77, FEA AR IR RS bR 2) .

£ IGL-1 ¥ 5 Celsior ¥ f¥1/NBRUHFE A LLECHT 7E T, #EH Celsior B IGL-1 Y58 24 /NN JE, 2Tk IRGH
F5 I P R AR A S (EDR) IS A 0% . ERI S B sk, EDR AL H—%LE(NO)NF. 4R1fT, A5
JEENRK R~ NO MR A AEF(COX) MR AT . Y285 NO i EA s Ik /D 7E Celsior 1 R4 HH B 2.
IGL-1 VAW Lt Celsior 343 T 54 F IR AR AERIEL 6T IRI MRS  FFA 5 AR, THRE IR , Ak N B0R /[ 28]

2.2.3. Polysol i#&
TN ANEIL 2 2 B ORI R G RS T, SR ZFEEEmR. A R MpUa L]
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PIHMEIR 254 R R TR K . PEG #1 7 FF4m i b i 4u i, e A TERFRAR S B AT AR GRAT VK B I 52 %
PEo EAC K i Na" R EE, ATy /b I PR 5 0 [F) b A p B . TRk NO =4, M &7 ks
YA B THGH B T RE AR R 1M S B IR D RE A AL, (R G Pz g, DA (i AT s
J i A A FREEVE 45 [29] . PEG BT TENEEE IR RS T B ek T HUEE I R G H s> 1/ N CPE A 1 A4
PICRER . IXFh PEG Bkl B 1 32 3l ik b i Sk MU . Polysol i H RTAXUR T sh s ie i L as e
RAE[30], 75 HTK LLEZ, Polysol ¥ 5 fF s (R dE I 1HE K ML A cist o AR S ER TN, [
JOK T P R A KR F-(VEGF) B iy, SEARIT IR AR, AIm$e s 130 M IR AE i 2= [31].

2.2.4.SCOT i

SCOT AT AR AME LA, 5 IGL-1 AH A PEG fE AR S - ShPREIESE, SCOT
WAERT B RSB AR T UW W, SR — 5 Rtk , SRR AR A AR J5 AR AR
IR, H AT H TR RAE[32] . — il St e Lh iR 1 37 fl(UW 41 21 4, SCOT 15 41 16
BFFRAE, FaTFITEBKE 30 8P ARG 58 1 RTE4A & I 2 1L-10, IL-6, ALT 1 AST, f&ifi: 5
UW #HEE, SCOT ¥ ]I/ R AEY IR 51 i) 4 S A PR 7R s, FRPRARHE VR J5 25 B AR J5 B DO e
PIRAEZR[33]. £ HTK. UW. IGL-1. SCOT PYFER I L, A ks, DM LE 3k s
TERRHAT) R MR L ThRE(PGNF). JHIEEW) & 1845 (NAS) R AEF R ICU AR i [8] b JE i
Z5, HIGL-1 ARIK, S5 Em[32]. HA CEikiE, 5 UW IRHAELL, fH SCOT 15 Wi fr
A7 AT PR D SRS AR IR AR [34]

225.CZ-1i%

KAF 1 S ERAF(CZ-1 W) 2 AE UW SR 7 [ LAtk o R a. H T K& ieir s, CZ-1 gtk
FEBNE 72 hy JHNE 24 hy OJIF 18 h, FFCRIIN AEYIE R MEGEA . —Ti CZ-1 5 UW I LR
W, RO R B RS, BT KA RO R 88 B AL AR BE T RE AP IS % . CZ-1 M
UW VAR DRAT R IE, AT, RS A & 2R, ERRMARTRJLREER R, 175
BT BT, KRR A AR, CZ-1 R EIBCR T UW ¥3[35] -

3. mWHR

IR 2 2L 38 HEVE (HMP) 2 F T3 4 B IEAN I IR RS M YD 1) 2 B SR SR, & — P A U B A28 B IR
715, BRI A SR A SAVE -, FEEBE AT IR A G EA[36]. & ZEAHE EALIKIR
PLAHEE(HMP) 8 B AL 38 HEVE (NMP)FIH I X 380EEVE (NRP) . NMP 2309 s2 56 iz F e iz 177 54,
e B PR E E Z I (COR), KA A1) % 18 Mg W 3 I #4210 1E 3 BOEH IR, e tpe AR
PR Bk A S AT AR 2R 45 093 6 % A2 [37] .« Phiilip [38]4 I 78 5 (GIE ] T HMP 733K 5l 2 G A2 i R AH 5%
DCD B2 R4 RS A 75 FE A AT e 52 B R i B 3 R D k. ZEMENE R P A b, HMP Jd i sb
RAESIL SEACGRT PR S R A5 5 A R T R A7 RO AP AR Th RESE 4, T4 B P 52 41
W/ SCERIRIE[39], 7E HMP ARAEAIEEE T, — B XUIAEE 0% AMPK-eNOS 415812 41 i
A NO B AT AT AR, B gnMast T BRI S A A ek D A i 2H 200 S A5 ML) SO A e 5k
MFFEER . WREB RN RAARI N FEER, b6 i FR R, TR A S & 98 i 4 g
BR ¥R 7% [40] -

4. #hig

FEE AT R DT S, SHIMERLRAFE I SR N, S TIRRF) HTK . UW A1 Celsior i
Z IR ZEFERN, B IGL-1 A BT . AR R I Bh ) S 56 AN I AR 36 2 AR B 5 . HMP

DOI: 10.12677/acm.2022.12101399 9686 I IR 2= =23t e


https://doi.org/10.12677/acm.2022.12101399

WwREE, FH

VENBEhARAF T30 RESRE /s w405, (2 HATELS B 0a bR Ak Tl B, 74
VP2 AHENE, EARBENIRR . BT TR RGFEAR T EIRAMIRR, DR MIARAEER . 5 IRI
FAMRIFRAER LR, S IEA 2,

B
e TR TR DK R R 2 X i AR SD RS R . ARSIk F S SRR B AR T
P
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CZ-1s CZ-1 solution KAE 1 SR
ICU Intensive care unit HIERE
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AMPK Adenosine-monophosphate-dependent protein kinase FATHE R MR 0 1 B 1
AKT Protein kinase B HEWEE B
PEG Polyethylene glycols B H
HMP Hypothermic machine perfusion IR B LA
NMP Normothermic machine perfusion A AN LA
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CIT Cold ischemia time VA LN (7]
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NAS Non nonanastomotic stenosis JHIE W) & A
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mTOR Mammalian target of rapamycin HELA SR N Z R
P-TOR Phosphorylation of target proteins BRI SR A
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DCD Donor of circulating death TEFRFET A4
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VEGF Vascular endothelial growth factor I PR A KPR T
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