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Progress of and prospects for split liver transplantation
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Abstract: Right now, liver transplantation is still the only effective treatment for end-stage liver disease. However, the existing
number of liver transplantation donors cannot meet the needs of a large number of patients who need a liver transplant. Current
advances in surgical techniques and medical equipment and anti-rejection drugs have maximized the donor pool, including living-
related liver transplantation, ABO-incompatible liver transplantation, cardiac death donor liver transplantation, and split liver
transplantation. In recent years, split liver transplantation has become a hot topic in the field of liver transplantation. This form
of liver transplantation can divide the liver of a donor into two parts and transplant them into two recipients who need a liver
transplant, thus increasing the utilization of the liver. However, SLT is technically demanding, may result in increased perioperative
complications, and may convert one quality donor into two marginal donors. Therefore, evaluation of donor livers suitable for
splitting and careful screening of potential SLT recipients are necessary to further increase the number and safety of SLTs. Therefore,
a comprehensive understanding of the advantages and disadvantages of split liver transplantation is needed to better assess its value
in clinical practice. This article comprehensively analyzes the current advances in research on split liver transplantation at home and
abroad and it explore trends in the procedure’s use and development in clinical practice.

Keywords: split liver transplantation, living donor liver transplantation, deceased donor liver transplantation

1. B B U R R i s AT B — . 201 22804E/C, BismuthZ 4G
P T UK RS (1 5, A RN A TR A A e

Starzl T-19637E — 4434 I IHIE PR 8 )L & L 34T 14 FILHEAFRAS . SR, S8 9 A AR () 5 i 48 o L 2 1Y
BRES— RN A R T AR, B8RRI, L HEFFRUE, AN ARFR IR 1 BN 52 (3 A . 1988
4, Pichlmayr{& #ECouinaud F. M J\ Bt 43 BLig:, 4T 1 4

S — B g TR M, SEEL T — MRS R

SRE: 202381 {5 AN, 2024-1.10 NZHUAJLEM A RAZE . FERRAER N LT

A KT T . BT URAFTIO8R, 215 8 L)L
HIRE#/Corresponding author: 5Kf¥/Zhang Tong, E-mail: Az, SLTHYA 5 8 35 kb 35 (0 4 B TR R G,
zhjeff72@sina.com MI92 K FIZ0RALEY, [F4E, Bismuth K H[FFx} 44 &
ARGl TR BT T ERBEL/GENEETFR, WAZE

(52)



E % 27 FL A 2024921 5155 11:52-56
The New Perspectives Journal of Medicine. 2024; 1(1): 52-56.

www.npjmjournal.com

WA T IEH M Thas, (HEEREERAHNIET, E
HEFRBEATRD, XPEE B A &8I0 T B A
JiFo 200245, bR 4 PR B 45 22 N HEAT 1IN S
KB, FARIRF K. BT EFARPEHSR
IRk B U HE R 25 S PR, RS B U A AR S AR
FEZRFATRAE . BAE19904E, Broelschit K€ T —1 % T
301 5% g SRR 45 Rk, 2501 LB AR N6T%,
SN AT N20% s AR FCIAASLT 23 i 35 B N
Y FE 2. Feng NAE20064E (i Bon, RIE19984F
Z2002FEEREREZHRETILRA (SRTR) 1Y
B, 16200234 A B, SLTAERS R0 25 1 XU
BN T 52% 7. B E B4 B0 420004 F 20144 (77929
4 B BYE BoR, ST RS M M 1 2k (1 KU 38 i 17
60%" . JTAERBEAE B KD, B R QT RS A T HR 1S
R4 AEA S A7 %, AR ASLTIIL. 3RI54E
AR 25 EAE R 5 P4 (deceased donor liver
transplantation, DDLT) ZHAH Lb TG & 3 %5 =7

2. I
—e b ZHRR ORI S 4G
v SETCR IR 2 1 5 R 0 A
M A K25 5 N AR RS kAR L, B B AT R Al
56 AR RE, &FXFSLTHIE 1™k 1 e Bn ik,
RE2FR. MRz /= iiftE. 7o 7T
FARWR LS it 37 3538 & SLT, A B T 58 4t i R sk,
Al e AL HESLT I ECE RAEHE R

SLTI 72 28 1), X G H kB 5 i i
HIHERT . Battula®e NHEFERIHEE AR N : RN (<40
B . AREIER (>50kgfi<90 kg) . FEICUfERRRT <5
K ERREPREREIR . FIhaer &R E &6l (Rl
<2-3fFIEH) V. Liu &N sy B TR AR T
PUR At A <558 B iish 1354 . ICURIT
<5 do R I A PE<30%. 2 2 i Ik <50 U/L.
BEHB N AR R I <60 U/LAMLIFHA4<160 mmol /
Lo RGN CHIFFAEARR, (HIZX L FRHEH#R A R E]4F
WATE S S L P E B P I E Y, Bl KREHCT
SLT At b ik B e # 4R P 7EHRIG & 0% IR . Gao
2 NUIRIE T 164 LE L 1B B U RS A, b8k
H7% UL LB, BEYAZE KA R N100%.
FRLL R B B e B = R e A Skl e 1 BS RS RSAE T K3k
W, HEEFEFRME N LAER<S0%,; 2 FEE (KiE
GRWR TiE, MAZ#H GRWR>1.2%, JL#EZ# GRWR
N 2-4%) ; 3. BMI<26 kg/m®; 4.ICU/{E Rz <5 d;
5. sh S R SR E TR 2 6. AR i A2 4 Le il
<10%; 7.AST/ALT<3 f51E# LR, BHAR<2FIER L
fR; GGT<50 U/L; 8. MiE#8<160 mmol/L; 9.4k ML i [H]
<10 h™,

RS,
R, WnpE R

3. BB A

HRTEBS B 77 30 b R 2 DAL, FERBS BRI Eg
ESE . 19965 Rogiers XIE T 3R 4 H-# 48 it SR AU 42
B, REEMEARERN QRS TATEREETA
(90 FE 1A BE B R E A 2 L O e s o JE AT T 17340 i g ) A0

(53)

JES R B W, TEE DN S U Ry, FEA
BRI (R 45 55 o5 . FEARES B RETE VS 2B KA 451, BR
TRA JE BRI B I 55 R B R AR 2 B AEE R R 4 0E
AR SR A FE SR BB AT 5, fE UK I 26 1 R AT IS
BEE BT AR M T BB B, 7R R B B (1 YA B i [A]
A B, AR B I 2 K 4 A DL R LV B 1 O
FBR ST, TR ORES B AGE FH T 0 R 16 I 28 T it
&, JFHEEEFARIN EEAK, 1R R SR
fl 38 B PR AE ARSI, B, T LR sh A1 2 R e
%, BHETREBNMBE T OE N T AR T, B
T (RRIE 9 ) A VI SI2 7 o B% 2 5 SXTE AR i I RO0E K 52 3
B AT S, — D& 4360 % L3 16 2
fARSLT A0 JFALSLT [ B o BF 78, &5 SRR W SAE 52 3 1
MM S E LR EZR RN :74% vs. 5%, )L
H:59% vs. 86%) V. BIARANLEARBE B IEE A A I
I 0 L3 2

4. FFBORE S
4.1 18 IF ROE

FH T BT A2 A 3 ik B 1) e BB ARk I, IR 28 A
kX — R G N NS k. Nk EBENFEY &2
A . AT — 3T B A 0 I AR T BE R AR I A IR R
i, T BE S S RS M bl TS R A AR 4 A E TT R R
g, TEMIE IR

JHF Sl Rk i BRI g 2 AR A Bk A T fe . 30
Wk B2 75 R AL Sh KR I o AUk ST 3 ik A4 TR B ] fig 5
FARMFLAR, H232FABOMAI ARG A B ML A& AR
JEHERRMNA K. HRFERIZHMHZHE, RN
FEFEFt . IR A RE R B AT R . ORI A
PR B0 K LA T B ) HR A B 1D 2R6.9 K, R I K 22 4 iR 2
MARSEHFORBEE LRI, EARFEIVAE R TEES
e 08 7 O 2 T sl B A

REsh ks 2 i s RATERT sk &4, KRR S
SUERTEIBK AR AT 0%, AN TR B -2 K
AN TG R S B30 o 7 FL 25t ] BE 51 S AT sl ke 42 . T 3h
Jikpk 75 W] g S BB ML . HIE R RE A E R, HEL
SR (0 Az s 1) A RS JE 100 K0

A B B T2 A — /b DL R, AT e R IR
W e AN TR R O S kR
Tl 24 AT 3 BUAE B A= o (1 R P4 Il o 388 AT SR A AR
FE R F AR

Sk RAEARLG, 1T K A KA R, 1]
kv & B R SR “growth factor”  CEKET) A
FAREAR, —HMERE, U TS 5K, ARG
PR AR IR AR o T KR R 1) B 3mSR BN e =
Thn, sk EUE it . BEK Tk AR Y. 1]
RO A2 8 8 LT T 1RR k) & 4k, AT RER TR IR 52 2 1l
B ORI L FARE ARG TS, 258k ETR
LA A AL ML EE IR (PSV>125 em/s) @, 1k i
P T 2 FEAR RS AR DRI AL KL IS B 1 2B A7 5l i DL B A
HITE RO R s BRI 2, EEFR. A
BPLEEE T B TR T

JHF e FOCRH T R ok 2 2 A % g XU RS A A S AR T 7%



E 5 27 L A 2024921 51455 11:52-56
The New Perspectives Journal of Medicine. 2024; 1(1): 52-56.

www.npjmjournal.com

FHAE R RS T BN H L, AR A 5 2 /D 14 B
COL T BB EEE R, TR
Wyl e i 3 B S L AT 51 SRR E R, I
PR AR B K A NSRS AE RO B o JHF 0 ik I A 2 1l R

25| AL PER o
4.2, JHIEFH RAE

NS ARV & DB MR & FUB A, R BH I
FIRESE JFAORE . W) DE SR AE A Ty b,
Wi PR 3 B 3 O R BEL 1 B AR OG- B, IR T IRl R
WHEATIRE G AR (ERCP) HEASCHEE NBZ K51
OV, AEMy G FEE SR SORR BRI B A, G R TR
P 30 J A 78 e R A B 5 5 51 R . AE A 1
ESE AL T W) A TS mmbL b, FEAMSIE Py IR ]
KA G DHIES A, IARRIEZONIE R E K
o B ORETE RS, BT RN, miE
50%I1 % # 2 FEBAY E RFET-™.

JELRS A& HT RS AL I ACRE s KHR 2 W& I E R
LB TR R M O A ST A% A P JEF U BB 18T IS 14
i PR T BRI MRS MR KA AL . AR5 5]
TUE T LIRS (BB SR (SIS G A I 4T
KPR T MR FFEEIR UL, SRR I .
CWNEE B B F R G A . DRI LR

ST, (BECK BRI AT BE G B4 B S/ B B

(29)

4.3, INFZEEAE

INFLEEAE (Small-for-size Syndrome, SFSS) £ W, T
BE W N SR AR SER o RS A, B X N (I RS W 5 22 3 1k
ELL (GRWR) /NF0.8, B Y ST AR 2 Ltk
INF40%. H AN SE AR TR AE P AR /N IR e 2
5 12 30-35% 1) 32 35 bR T A4 B 520.6-0.8% I GRWR Y,
TERIMELDT 45 (1) 85 35 BT B A I 75 2 50 AR AR K L AT
SFSSIIN AR R I 2ok KRB K. mHA & il
Y\ 4R AL ) B B A R FEE 1 A o A T A 2% B G U I3
BIife A4, BaohRersg (BERR) Al ifn 55 H A e
o BHFFLRYISFSSEZ M. 3. SELEGFE (hHlN
74.1%. 67.9%F167.9%) HIESFSSHEF KELLHR (451
N83.5%. 79.7%M177.0%) AH24Y, HRISFSSHIAIT Al
IRFRE L AN IK LR TR KR 77, B ik 25 4L AR mr A
[ T# KR ) AR I lmmHg . 3 7] 38 i 37 o 3 B 2t D) 4
FERE T 70U, e ol A2 0 B0 T o i Jok 0 A 1 R A T 1
PO, ] 3E g B T R R B UL AT T A R A
Ko PRSFIRIT, WIAR AL )4 AP 1, B RG s (1 2
B R R G TT KBRS /K . WCIRE A P s A P i 7 R 97
VEIT . HR IR D BRI SFSS A I B E ik

5. %
5.1 WU

H T AR 4 I P (), 8 A B AT AR

(54)

#E T4t . BathlEE CaH T4
BN, AR ONTE RN B B R AT I R A B Sk 1
Wi o LA RETE AT DLAEARIR AR R 261 R kAT, X Alife
TE 2% B A A R RETE I B S RTAE CN FT RE . X &5/ T 1
AR R A 5 AR i, e R BIR R b ek 2 ¥4 S i B ]
GuillaumeF ANHi38 | 285 —GIMRIRALIREE A w4 e /4
MHIBEFER, WAL RIIBHE T — 448 JLER—
2388 A ZHD . RIEWAZH TG F WA,
TEH AR, 6 AR, WAZHEMAN, I FEE
FRIES, HEAFDIREIEN o B Z R T T — B e
AU TERTFL, 7E2018-20204F 2 82 HEAT 16 IR AL kg 7
I RES B U A, 25 SRR A BE V5 7,54 F 31 1A
RELEBHEYEREZFHT, HAMKRESE T FARE
A S E R, (205 T (g W sk my /], KT
PR AMRAF I )OO

5.2. JRIESIT A

ARG BT R e AT R AT ) #hoi 2 —, IF
HE S KA O R A R X — R .
BT ARG AR 2 Ho B T35 A AR AT, O e EE Tk
FARBEMS, WIEHAG kb PRI (B R 4
B o AEFASAE I I8 W) & I B 18 Sk 1 BOK Sh g vl LA
REUFAEG M F RO E M. 2 HiEEsEEA
AT EAEEZ SN, — T2 FRN L. I
BHEFARWH &R K, EIFF RN fERHE b, H
FEE R B3 T AR P AT A7 R DA B I i 5 1 50 1 o IR A
AT HE H IO DA AR A R i . = 2 I e B AT B S B
TR B SE K, R 40 ) S LR ) S K, 5 A o
VR . T E T R KRS T — 19 A I s e U+ R B
AR HEEAR, BB T L 12empIRE 10 BUH
O, HERTERELG h, BT RIS E16 h, FFHbkY) & e 42
min, [TEBKVIE S [E34 min, 348149 min,
JHAE WA I ()45 min. {RE I ] 984 min, H& T ARG
FUREEE, LA, HArtg s s RO AT i 5 5
R R 4R 1S, Dokmak7E2019-20214E3564% T 645 5% & 4T
IERE AT RS, 2B T, 3FIARRL, 16 e B
AT, RE RN AT, AT AR [E] 9405
(390-450) min. iz sk il EH425 (250-600) mL. H
Bz et W EE T ER UL, F A4 B
T HER LT (8] 43 ) 9438 (360-575) minfA35 (30-40)
min. FIEATHINS1 (40-67) min. HA7BEVS (8-32)
mon J&i, AT BB, MR

N B R 2 F e P+ B, — R
BIEAK, FEAEAHRT 245, M ABER, FNFEFT
RN, BRSBTS IEESE. B mHEEa®E
B RS i ik i 5K B AR AE A3, AT BABIT LR T ER ik BH W R i
TEYA I . R B AT RS R BOR H il BLH Tk e 324
et B RES, 455 BERt ). {H2 H T2 R T H i
A, RS % EENBE P07 2R, ERRyr
A LAE L WA g 2 R R, AT AR,
DFARE ], X — ARG F A G 5 TR — R B
Ko

g BT, B R SR AR T R A it 1) 5



E 3 3 F A 2024521 51655 1:52-56
The New Perspectives Journal of Medicine. 2024; 1(1): 52-56.

www.npjmjournal.com

GV 1

EOCE T AR OB RRTSE T, 324 7L

AP KB RIE . BE RO R BT R PPAG . BB S
AR EIZR . BE2 35 ULES . OPOZLZ K1l 5 1F 2 5
Wi SLT ) T ) B 22 A 3%

Gk

T A EE B A AR 2 i R

i .

fEHTTBkA I To.

RPN

T-E Starzl, T-L Marchioro, K-A Porter, ef al. Homotransplantation
of the liver. Transplantation, 1967;5:Suppl:790-803.

Bismuth H, Houssin D. Reduced-sized orthotopic liver graft in
hepatic transplantation in children. Surgery. 1984;95:367-370.
Pichlmayr R, Ringe B, Gubernatis G, et al. Transplantation
of a donor liver to 2 recipients (splitting transplantation) —
A new method in the further development of segmental liver
transplantation. Langenbecks Arch Chir. 1988;373:127-130. (in
German)

Busuttil RW, Goss JA. Split liver transplantation. Ann Surg.
1999;229:313-321.

Strong RW. 1998 Distinguished Academician Lecture: hepatic
resection — A Western perspective. Ann Acad Med Singap.
1999;28:330-335.

Broelsch CE, Emond JC, Whitington PF, e al. Application of
reduced-size liver transplants as split grafts, auxiliary orthotopic
grafts, and living related segmental transplants. Ann Surg.
1990;212:368-75; discussion 375-377.

Feng S, Goodrich NP, Bragg-Gresham JL, ez al. Characteristics
associated with liver graft failure: The concept of a donor risk
index. Am J Transplant. 2006;6:783-790.

Collett D, Friend PJ, Watson CJ. Factors Associated With Short-
and Long-term Liver Graft Survival in the United Kingdom:
Development of a UK Donor Liver Index. Transplantation.
2017;101:786-792.

Gavriilidis P, Tobias A, Sutcliffe RP, e al. Survival following
right lobe split graft, living- and deceased-donor liver
transplantation in adult patients: a systematic review and
network meta-analysis. Transpl Int. 2018;31:1071-1082.
McDiarmid SV, Anand R, Martz K, et al. A multivariate analysis
of pre-, peri-, and post-transplant factors affecting outcome after
pediatric liver transplantation. Ann Surg. 2011;254:145-154.
Battula NR, Platto M, Anbarasan R, et al. Intention to Split
Policy: A Successful Strategy in a Combined Pediatric and
Adult Liver Transplant Center. Ann Surg. 2017;265:1009-
1015.

Liu H, Li R, FuJ, ef al. Technical Skills Required in Split Liver
Transplantation. Ann Transplant. 2016;21:408-415.

Gao W, Song Z, Ma N, et al. Application of pediatric donors
in split liver transplantation: Is there an age limit? Am J
Transplant. 2020;20(3):817-824.

HARE RS RE S AR TR A, FREZSINR
For M. BRI L ZI0R. TS
FAREHE T E, 2020;9:429-434.

Rogiers X, Malago M, Gawad K, et al. In situ splitting of
cadaveric livers. The ultimate expansion of a limited donor
pool. Ann Surg. 1996 Sep;224:331-339; discussion 339-341.
Chan KM, Wang YC, Wu TH, et al. Encouraging Split Liver
Transplantation for Two Adult Recipients to Mitigate the High
Incidence of Wait-list Mortality in The Setting of Extreme

(55)

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Shortage of Deceased Donors. J Clin Med. 2019;8:2095.

Lee WC, Chan KM, Chou HS, et al. Feasibility of split liver
transplantation for 2 adults in the model of end-stage liver
disease era. Ann Surg. 2013;258:306-311.

Vagefi PA, Parekh J, Ascher NL, ez al. Outcomes with split liver
transplantation in 106 recipients: the University of California,
San Francisco, experience from 1993 to 2010. Arch Surg.
2011;146:1052-1059.

Kutluturk K, Sahin TT, Karakas S, et al. Early Hepatic Artery
Thrombosis After Pediatric Living Donor Liver Transplantation.
Transplant Proc. 2019;51:1162-1168.

Abbasoglu O, Levy MF, Vodapally MS, et al. Hepatic artery
stenosis after liver transplantation--incidence, presentation,
treatment, and long term outcome. Transplantation.
1997;63:250-255.

Singh AK, Nachiappan AC, Verma HA, et al. Postoperative
imaging in liver transplantation: what radiologists should know.
Radiographics. 2010;30:339-351.

Itri JN, Heller MT, Tublin ME. Hepatic transplantation:
postoperative complications. Abdom Imaging. 2013;38:1300-
1333.

Bhargava P, Vaidya S, Dick AA, et al. Imaging of orthotopic
liver transplantation: review. AJR Am J Roentgenol.
2011;196(3Suppl):WS15-25 Quiz S35-85.

Duffy JP, Hong JC, Farmer DG, et al. Vascular complications of
orthotopic liver transplantation: Experience in more than 4,200
patients. J Am Coll Surg. 2009;208:896-903; discussion 903-5.
Humar A, Ganesh S, Jorgensen D, ef al. Adult Living Donor
Versus Deceased Donor Liver Transplant (LDLT Versus DDLT)
at a Single Center: Time to Change Our Paradigm for Liver
Transplant. Ann Surg. 2019;270:444-451.

Baheti AD, Sanyal R, Heller MT, ef al. Surgical Techniques and
Imaging Complications of Liver Transplant. Radiol Clin North
Am. 2016;54:199-215.

Kaldas FM, Korayem IM, Russell TA, et al. Assessment
of Anastomotic Biliary Complications in Adult Patients
Undergoing High-Acuity Liver Transplant. JAMA Surg.
2019;154:431-439.

Sharma S, Gurakar A, Jabbour N. Biliary strictures following
liver transplantation: past, present and preventive strategies.
Liver Transpl. 2008;14:759-769.

Girometti R, Pancot M, Como G, et al. Imaging of liver
transplantation. Eur J Radiol. 2017;93:295-307.

Kiuchi T, Kasahara M, Uryuhara K, ef al. Impact of graft size
mismatching on graft prognosis in liver transplantation from
living donors. Transplantation. 1999;67:321-327.

Kaido T, Mori A, Ogura Y, et al. Lower limit of the graft-to-
recipient weight ratio can be safely reduced to 0.6% in adult-
to-adult living donor liver transplantation in combination with
portal pressure control. Transplant Proc. 2011;43:2391-2393.
Soejima Y, Shirabe K, Taketomi A, et al. Left lobe living donor
liver transplantation in adults. Am J Transplant. 2012;12:1877-
1885.

Toshima T, Yoshizumi T, Shimokawa M, et al. Feasibility of
All-in-One Venoplasty With a Venous Cuff Using an Opened
Round Ligament for the Right Lobe Graft in Living Donor
Liver Transplantation. Liver Transpl. 2019;25:171-175.
Uchiyama H, Yoshizumi T, Ikegami T, et al. Use of internal
jugular vein grafts in reconstructing multiple venous orifices of
right hepatic grafts without the middle hepatic vein trunk. Liver
Transpl. 2017;23:110-116.

Rossignol G, Muller X, Mohkam K, et al. Full left/full
right liver graft ex situ split during hypothermic oxygenated
perfusion. Pediatr Transplant. 2022;26:¢14284.

Rossignol G, Muller X, Hervieu V, et al. Liver transplantation



E 2R T A 202492 165 111:52-56

The New Perspectives Journal of Medicine. 2024; 1(1): 52-56.

www.npjmjournal.com

37.

38.

of partial grafts after ex situ splitting during hypothermic
oxygenated perfusion-The HOPE-Split pilot study. Liver
Transpl. 2022;28:1576-1587.

Suh KS, Hong SK, Lee S, et al. Pure laparoscopic living donor
liver transplantation: Dreams come true. Am J Transplant.
2022;22:260-265.

Dokmak S, Cauchy F, Aussilhou B, et al. Laparoscopic-assisted
liver transplantation: A realistic perspective. Am J Transplant.
2022;22:3069-3077.

(56)

5| HAS S / Article Citation:

EER, ki BEANBHmEREREE. E¥HUM.
2024;1(1):52-56. doi:10.5582/npjm.2023.01230

Junkai Ren, Tong Zhang. Progress of and prospects for split
liver transplantation. The New Perspectives Journal of Medicine.
2024;1(1):52-56. doi:10.5582/npjm.2023.01230



