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2] 28 I R R AR LR (R (WIT) , DABSUR A RS IT &E & AR 3, JCHJEIRIE If & AE . Z4%
ODWEFET- IR (eDCD) EFSERF A B E S Z 8 =R B0 A TR iR s e 454 3R )7, 7 — B
Tl BHEE GEE NS min) , B AR KIEIE IR K KB, TR DREEATa B A . T
WL BT R A7 7 W AR A7 19 DCD B R4 B RS RSO AN RN A, AR Sk, 3 TR 1 F R e B0 i A0 47
B @ g i, B R ANEE AR R RATH G . 53R ES A% L) 2 DBD TR A1 KN [
DCD 7 FH AT/ O IR BUR A o e # IR HEd: (NRP) Hr, SMBHE AT REAE 78 B AR SE T )5 FH
T IR 1 K 1 I, 3 ‘%%ﬁ%%Fm%am%@& PR YR S HE R R R T R, IR
FEAE AR IS PR LR o 3K — e R A (AT I A A B I 1 5 SR A I A Ak At S B s U
E%Eﬁzﬁ%%mﬁ%%,Mwﬁﬁ—ﬁﬁm%aﬁaﬁt BN i cDCD H (4 )1 JE 1 % hl s R 5
DBD AT . Ji4h, —SEFsEH AR & T 2R AR MBS N H , {55 NRP SHLEHE D (MP) DL
BRI A AP (D-HOPE) MBCAME A, YR R BARUR, NIFRB AR Rt T £
ATREME . BARIF 2 FH A NRP J& —Fp 3R IOE 23 i 248 B MR A7 i, (A BIF9E 3 I SE % R 19 16
PR AT, AT R %R AR GE T SE T AR ML, NRP R RE 7 b B i K B R AT RE S B UR E sE T, N
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Application of normothermic regional perfusion in controlled
donation after cardiac death liver transplant donors
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Abstract Currently, the main challenge faced by the global organ transplantation field is the shortage of donors.
Due to a severe imbalance between the demand for recipients and the number of standard donors,

surgeons have shifted their focus to donation after cardiac death (DCD). Compared to donation after
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brain death (DBD), DCD faces the major issue of experiencing a longer warm ischemia time (WIT),
leading to an increased rate of postoperative complications in patients, particularly biliary complications.
Controlled donation after cardiac death (cDCD) refers to a planned withdrawal of life-sustaining
treatments following the wishes of the patients or their families. After a period of "no contact" (usually
5 min), the patient is declared permanently deprived of cerebral circulation while rapid organ recovery is
performed. Since the transplantation of DCD donors preserved using conventional organ preservation
methods is not satisfactory, the advantages of the normothermic perfusion technique have become
increasingly evident during transplantation in recent years, garnering attention from surgeons and
scientists. Unlike living liver transplantation and DBD liver transplantation, removing the transplant
from a DCD donor is impossible before death is pronounced. However, during normothermic regional
perfusion (NRP), surgeons can block blood flow to the brain after death is declared and initiate warm
perfusion of the donor organ using extracorporeal membrane oxygenation. It restores the function of the
donor liver in the donor body, allowing the liver to produce bile and remove lactate. This process
provides valuable time to monitor and optimize the indicators of the donor's liver before it leaves the
donor and is transplanted. Several clinical studies have already demonstrated that using NRP as an in-situ
organ repair technique can yield transplantation outcomes for cDCD donor livers comparable to those of
DBD donors. Additionally, some researchers have developed various combinations of perfusion
techniques, including the use of NRP in conjunction with machine perfusion (MP) and dual hypothermic
oxygenated machine perfusion (D-HOPE), all of which have shown promising transplantation results,
offering more possibilities for liver transplant donor preservation. While many consider NRP a method
of obtaining more high-quality organs, some scholars have raised ethical concerns about this technique.
They argue that it violates the rules of donation after death and that the procedures involved in NRP
perfusion may lead to the patient's death. Therefore, ensuring that the patient's circulation and respiration
are irreversibly lost and that brain circulation is absent during NRP is particularly crucial. Given the
importance of NRP in the field of transplantation, the authors provide a summary of the application of
NRP techniques in cDCD.

Liver Transplantation; Tissue and Organ Procurement; Machine Perfusion; Extracorporeal Membrane Oxygenation;
Organ Preservation; Review
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JH- R AR S i IR 136 97 24 2R 3 i 14 d5c A &L
i, B A A sk 2 R RS AR Tz N Y 2
[f) @ 2z —M PR, 7E S8 T fE 4K (donation after
brain death, DBD) # &= A EWHEN T, MR E4
AN Bk A 0 BEBE TS fE K (donation after
circulatory death, DCD) ey KA R, i+ DCD
207 K R B IM B B (warm ischemic time,
WIT) , B4 Al 68 B & VP IE S D 68 . IF 2D B
PR 52458 2 LA R it ot P R o A1 LT, IR
PPAEBEY R REARARER . WIER T A DCD
Gy 043 (Maastricht 7028) « 1T, TIANIVIEDy “ A%
#EH A" DCD (uncontrolled DCD, uDCD), B 235
A 2 A 28 e O R A HL A 90 A D) i A T i 4R
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BRIy AT A OB 4R RE R A B9 IR T
(withdrawal of life-sustaining therapies, WLST) BJ} 5%
P WEFE T-HE4K  (controlled donation after circulatory
death, DCD) M, ¥ & J5 % # 1T (normothermic
regional perfusion, NRP) F N HTEH A DCD, &
— PRI BT, JF HAES S RUE R o
R[] 22 5 i O JHF R 60 G At JE 3 8% DR 4 8 v AT
hE AR g T A K WIT (9 JE 07 2 B AR A 4
ARSI, A NRP (9 30 37 e {4 it £ it 5 22 ]
RETE . %4 B EX) NRP & DCD AT B A b #1937 FH
(NRP $ R 22 i . WD H8 A5 . A OC I PR 45 SR %5 7
1) FEATIHGE RS,
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1 NRP#HAR

1989 4, NRPﬁ*fﬁﬁiﬁcﬁU\ AT 5 e
AR, T B T AL AR E Y. AT DCD AN [H]
i AR BURY NRP R AL FE - IR R I R R
(‘abdominal-normothermic regional perfusion, A-NRP) .
B (R R IBORE T 5 JF R V0 il Jas 70 8 1
[direct (hypothermic) procurement and perfusion of the
heart combined with abdominal-normothermic regional
perfusion, DPP with A-NRP]| 1 i i & & J5 &8 % &

( thoracoabdominal-normothermic ~ regional  perfusion ,

A-NRP
3

NR —> DPP with A-NRP

TA-NRP), REfE T AR ERAL 00 & B A" (E11).
A-NRP BT OR A FFIE B U R0 ik i 55 I 3B 2%
BT 4 A B b X AR e 22 7, TR T A5 AR
I3 T E b DX L R BE B Gl W AE A AL . A A AT
DATE B R A Ay SRR IR T Z R R AT (PO BESE |
KHEEE), WA IEE M T G 17; #8450 E 5K
DX A R A R A i SRR R W T R B bk R
kB B 2 A, TEE AR TS X B A B
P (B BROR . 98 f B 1) AT 46
WITE-1,

AR AB PR3 2o B Bk R B Bk S )
S L, DT I A I R B
TE AL 75 ELUBT e J e 3 2l kAR s i bk, LABR
T PR A B BT R

]

E1 NRPHIDEUKRERE

L G e T LR R
PR . TEAGER 2015 50 1 =2 i BEL BT e e 2 3l ok
T L S 4 A ) 8 B e PR T 3k, T LATE AN S
CWERITEOLT , 248 T VR RO T AR UL I

N

P I 32 2l Bkl B A Sk EILF&T‘PE%%HIKW
AR A SR AL SMIBER . A BELIRT B e S B Ik, £k
L i 326 0 e

EIEML R BB T BN A

Figure 1 Classification of NRP and its applications in organ transplantation in different sites

TE 283 “ JO4E fih ™ I ] i PR A STl A A
H;% /i—k % (extractorporeal membrane oxygenation N
ECMO) « 1 58 805 | A BE T8 DX 354 1B 3 fok A
bk, I B SMEIRHL, Fogarty Bk 4 & 4 il
XTSRRI, BTN E Sk L TR
TR B HRBR AR % [ Z b o AE Fogarty 3R 4% T 48 I
Jik Z B2 HUBGE RO IR R, ARG K,
IFAE X Lok 0 A8 A TR B (F2) 0 X
?%%%ﬂf%Fﬁ&%mwﬁw TR A B
TEE AT SE T AT i e, i R 2 3 bk A
%TT%%%%LMEE%,%%ﬁIﬁ%,E
ZINRP (&, fif2245) 1,

H T A %A B A O B S8 — 1 HE T
bR, AR BEAR AN RS A, B R R A D Y
b 2 4E 55 AU R AE 1.7~4 Limin Z [, i B 7E
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355~37.5 C Z [a], pH K 7.35~745, ML 4 &H H
>8~10 g/dL, ZL 4 B & B >209%!",  H: At A% A5 7 £
5 ¢ Peris SEN A9 0 i >2 Limin, i 20 Bk 4
B RE 2L R ) 4k £F 7E 60~65 mmHg (1 mmHg=
0.133 kPa) ; Fondevila 5" R F A4 %2 i 5 >1.7 L/min,
H A& F R 1 Pa0, Y Bl 8 100~150 mmHg , Ifil £1 2
HAMK T 7 o/dL. VRGO T 1a] 6] g% rh 3 A
% 20 000~50 000 TU, Jf i i S8 A 4 i ik S| A/ R
BAEW. RE) K& EBME DO 745 DCD ft
R E DR R LA R R (1) HLAE SR N
14~16 Y /min, 4E 45 3 Ik %8 73 1 >100 mmHg, i
Fp S W Ay B A AR AT R Y (2) A BN
mEFEEAY (20K, KT ERE. L1
MR Z ), 4EFF 04 JE >100 mmHg ,  H 0§ BK R
6~10 mmHg, R >100 mL/h, & 36.5~37.5 C ,
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I 6.7~11.0 mmol/L 5 (3) B INf £ TE 7K L fiff J5t | R ik
RAMGZEAL, BRI T AE RS S O s (4) 3 2l N
FHIE 28 ol PR M 2R A7 UBE S5 i A, TR A% B i
R e T R T O A I ) A AR e, 0k E RS AR PO
M TSN HE T 1~4 hfe i, H & BENRP A9 £f

4%

BLHE A
IfiL 4 I
k£t e
A
i
Y

S B ] K J5 X T A% M IS 109 B AR 9 ) B R R EE AR G
I RAE R KA TCIH BRg . R L R ILRITHA
oK V-A B, X DCD A B8 i 2% B TR A E
2~4 h, BEMEXHIRIR AR B AT B R .

Fogarty R4 T4

2y Ik

)
.......
7%

E2 NRPEEMHERZE
Figure 2 Schematic diagram of NRP pathway construction

2 HRRFREIR SRR

XF T eDCD T E IR 25 00 T A 350 4040 1 T L A4 (1%
T WA DL B 3 e 45 R o i A A R VT A RS A
Jo i AR T AN RR B AR 286 . TR e g
P 1 3 2 i R 2 O 1 BE A 0K T i A5 A 1
PIPP AR R T & o 0bAh, HETX T 6 ke 25 R
FEEPRE, De Carlis "IN B R FL 3k R <30% ,
ol £ 4 AL Tshak PE43 <2 T RE %2 A B8 WG 28 1 )5
S FOH T A7 P i e ) B 25, FR AR AR AEPOIA
Sk R A 8 5 A5 R 309%0~609% Bl FL A i1 Gk AL A4
LG S o0 6 b 2K I B AR 1 >609% 108 5
L P 265 XoF A IR

DCD 1A 5 8 28 Iy W R B4 il il = (1) BAASE 1k A=
iy S T TR it B0 R A U E] 5 (2) B AR AT F
ARWER B Z A — Be st [a] . [Ht DCD 4t {4 38 5 L
DBD H {4 25 [y B A Bsf ] (% A4 Bl ot o A e i XoF 44k 44
i E R B R R s RS R BT B
OB A NSO e 1 0B Wi = W 1 IS o
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ML FLIR HERR , pH (BN K, i 40 MO 45 5 M
T I A A AR 7R A B ATP R I, i 4% 20 i T B
Z RS R Y GRS | CE B )
(e BESE I, T PR A A A R, &
B ML B B (ischemia-reperfusion injury ,
IRD) . BEAE WIT (9 E 4, LR R i BLAS w] 3 19 45
B, BT BN R R T AR T B R AE L B
WIT i 43 30 min [ A 2 {3t 04 T AR B 40 o % A 17 2%
o NRP EZi of ATP i 72 £ 97 DCD it Jif, fg
5 By 40 L BE B IR MR A, 2> ATP B i )
P& v R B AR v B, (AR iR A i AE A%
82 BT IEH K, 5546, NRP AT LU 52 5 1
My AT DL AMEAE b R i AR
F i, F AR BAAREWS £E NRP 1 10 18] 1 8% A8 2 1
XF A% B AR AF AR ) AT O A0 Y PEAE O SR, X
R LR NS = = E N 2l RTING 71 I  N
H A 3 2238 1 75 NRP 9 18] 5 19 R 42 1l WA A 2 47
A TR B o e R T H A A A S R A g R
FLIR o e S /K 7 BAR S NRP 1] B H R 2
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Bz—, MEHRKVFSBMEARGRITL, IF
AT RE AZ (LA A5 TR B 7 28 4 R i B JE] Y
S o AN [A) B4 2R RO B T 9 b v 25 S
R, WA T SO0 7E NRP 4R . F542 1 h
J A HOG BE AT P De Carlis 2511 2L NRP 45
BT IV TS A R & S #5 A 1 (alanine transaminase,
ALT) <1 000 TU/L NFR#E, Savier 28278 JE 7 1 #2
PLALT 200 TU/L J %5 #E 3 Watson %550 A 4y 7 NRP
FEWITIAET L h M2 h B9 ALT (Y # TR . FLIR
i NRP 8 18] PFAG T E 5t i o) — 2 AE bR G .
LR T B A2 400 352U R 7K T FE R AT R R 4 /N i i O
W ARk, JF BB R A BT R BLEL IR K S 5 R
W1 R R SR RS A W D) fig BE IS (early allograft
dysfunction, EAD) % UIAHOC; SRMMT, A2 6k LA E]
GHEELW, KRR R R Y R
Caralt 55PNy JF A% 4 10 7E 7L R (8 1E % HL#E T S
Hoge 2 BN BN 1T, De Carlis S51"A S FL R /K F
i B NRP VE VE R E AT 2 TR . B X T NRP
FOAEEF O, 1, 2,0 3, 4 h B A, &im < .
Al BT AR R AR IS B0, DL OV T 4 b AT
JUE 3E A7 95 B 6 AL RV AN [A] X F X S 4 A
I FE A AR A — 2 22 5, (HX 2297 A5 7T fig
He T WIT L, DA X 42 52 NRP /) DCD JiF I i
TP FE 0 AR, LA B R R A5 B A %) SR A B AL

3 IsKRER

X F K A eDCD HEAR Y BFIIE, SRRHEE A= AT &
18 3 8 g b A2 (super-rapid recovery, SRR) J&
o U AR I PR A5 A, SRR 2 S AR O FE IR DL K
5min By “JCHEEMT W5, #EATRE AT IR T
AR, T Fl kA A IR R S B AT P v
Uk Je P M =Bl bk, A ] K AR T R K
370 8 DAGE B D 0 DK AR e R AT T . I R B
A K 2% (University of Wisconsin, UW) R 3174
J AT e e L K3 3k 3 Tk R D bk R e AT A0 o
PE. Boteon SEIX B¢ [H 370 9] 3 iF SRR £ 77 1Y
DCD JIF#% 46 9 0 3 47 53 #r . IS4 SRR I A7 3 2 it
R FE, AH & 27% 09 IEAE 4R O B b B A4 TR
A XA 045 . 2 A 2 BT 5S4 SRR 42 A Al NRP
BRI I R 25 R BEAT L8 . VHHEA RS A O 1Y i
PRAE5E D% 2012—2019 4 3 17 1Y <DCD JH-F8 41 19 45
RAEAT BB 43 B . A-NRP 78 2035 4 R 08 I &
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(OR=0.300, 95% CI=0.197~0.459, P<0.001) . &t ifi
P BH 3 5% (OR=0.112, 95% CI=0.042~0.299, P<
0.001) . B ¥ %K (HR=0371, 95% CI=0.267~
0.516, P<0.001) J5 i B A 481t 2% 2 % . Mufloz
SETE I 3 P ol B R ) < DCD SR HE AT T i RS
WFoE . A 22 62K F SRR, 23§ % I NRP. .1
EAD (SRR#H: 68.1%; NRP#: 25%, P<0.01) F
JHIE Jf & iF (SRR 41 : 22.7%; NRP4: 5%, P=
0.04) KARAFAE2ZE S o Bl P AR TE 5 0 & A Ak
fFE—E 2R, B2 L (P=0.09), —i
VU BE 2 SE 47 A9 51 1) DT B BAF 5% PR 95 451 NRP, 117 1)
SRR 1Y eDCD AR 94 A 53 7. W 4% & BLAE <DCD fit
BT 3% 48 AP 4 8 T )5 NRP AT DA /D R AH 38 I
KBAE BRI EE g RS R O kA
g% Viguera SEBNSE 447 41 DBD T 144 151 1 47
NRP 1 DCD 47 1B 23 B, A 4 32 1A 22 [ 1) 2k
LHE . A a g ¥ o2 5 . DBD 447
26 il E (6% ) TEAEBE WM FET:, 1M cDCD 4HA
3B E (2%) SET: (P=0.15), H M4 RJG#EH
YR EEGFERER LG HE L, HILnr iy
{8 HI NRP 45 AR B ¢DCD fig 8% F A 38 Jin 7% A A1k 44 2
[ 35 4 % % . 9% @ Oniscu ZUOFF 58 NRP 2 65 5
cDCD & 2% B WK 52 ek 35 RS R &5 SR A G . Ml &
L NRP (144 A8 0% 1 17 3 2 B oAl R 0 n 3 A% (P<
0.000 15 95% CI=2.20~4.29) ; %% NRP B AH 1Y j& &
A BEAEREE S, Rkl L, 5% M
PE WA IR, AE <DCD T A% 4 v 4 ] NRP A]
A E A HRIFRCE S AL R . S E S K
Watson 55 POHE A7 (1% — 31 [l it 14 AfF 5 2 B A b T
NRP # iFE, NRP (9 5 BB #5082 EAD . 30 d 4
WER. WA HRENEA, JoH & 3k bt
I A TE 5 A A Y 7 TR ISE Y o Rodriguez 551X}
Maastricht II1 7 DCD 4t {& o fiff F§ NRP & 75 ik 3] 5
DBD HE K A 24 Ay 4 400 A ep 3 25 SR kAT ST . R
117 ) fF # # (39 {5 NRP, 78 {4 DBD) #% 44 A #F
5%, NRPZH M BEIA IR B (NRP A : 524,
DBD 4 : 59.4 % ; P<0.005), 20 JIFIE 52 A 48 4% F
JH 9 7™ EE R BE AR AL, ELR rp i i i [R] JC 25 5 . NRP
F1 DBD Z [8] EAD il Jit & ¥ 1) fe B i 19 & 2F R 25 57
Jogeita# 5 . DBD 4 A 8 i) i 3 i B A2 FK
M, MBI ARIE KA RIC2%R (NRPA: 12%;
DBD 4 : 5%; P=0.104) . Kaplan-Meier fii & & 7~
NRPH B FH AL RTL, HESLGI¥E
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532 4

X (P=0.075) . F& E 0y KB A e X 19
DBD F1 DCD i # 4 F R i 47 1 BE PE o 55, R4
NRP 41 46 14 7 AIE 28 D7 5 2 0 WIT B H: %2 1k B 4
1o 1) 2 AR T A R T A 1 R A, IR AR SR 1
JF DR MK S AF B TJC 25 55 Ak, NRP ALY A 4L
TN MR B O R e, BT A 2 AR 1A A IS KA
815 NRP 4 " o & B IH OB - & & A4, o IR 4l
WA 2 ) 32 A & A e a1 R R

HAT, NRPHEARCHEENMGRINAT, BRI
NRAIAR) 2z, A FESTH N AT HRER ., #
CHT AR ECMO HT T i o0 X8 T2 fE 2, B
ECMO i &} 50~60 mL/ (kg-min) #EFTHEVE,
WEA] K (161 +77) min. 37 {5 1T A% 500 1 315 458
U ) B R AR o B b AT 338 2 NRP % X DCD
J5i 30 min B9 5 BFREAT 4 h AOME VRIS, & BRI O B D
pH {H . pCO,. FLIR /K ¥ K 9 B 2% 11 43 B & ol 3%
JHF B A0 W00 ey i 2 0 A Sk fif 21 25 /N A A A
1746 cDCD JF B4, ZERFUAE <100 mmHg, 0%
<100 ¥ /min, %840 HFE>05% , AR Ji H #3510 52
FI, SF BT 6 4~ A BRI JE ™ I R RE A AL
EPNEY 3 AN Y Y A i R -
5 UAE R 25 B VLM i &, iF — 25 iF NRP 75
B N &

DL b A S I PR WF 5¢ 34 3 B A-NRP 1) (i I 47 B)
F 7L MR <DCD T 7% ML o 1 15 48 sy BRPE o A B T
SRR, N H NRP BE % i 36 B A4 IR I & 0 L il il P
MHSE % . B MY 252k K EAD 9 & 2B, fifi cDCD JIF %
15 DBD B AH 35 A5 A T 9 B AR AR, IR 42 i
i fd F NRP i ¢DCD HEAR AR RN i ZR Al {4
PV

4  SHEHAMHMETERERS KA

HT L REREBEYR, 2B
O B BUTE I R R A NRP BE A 2 R BL A% 9
(' machine perfusion, MP ) B I A E AT I
LA RN 0 #EAT NRP S 864 MP, 35 K F & Y
“TCHE Ml B ] 3K 20 min, RO EE K (9 WIT {2 fff
i FH NRP J&5 B 2547 MP 88 & K F DCD F 848 1) %
F 5 G219 X KR 34 9 i £ 5% 22 NRP Al 5
MP ) DCD JiF # 4 i 47 [l Jii 4 BfF 5217, o 3 4
B EST, LR EEFE L4, 86
(44% ) ZARW B R E AR, 5 (28%)
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HRAEAD, 561 (28%) KA VEE il 1EF
PR 1504 A5, H Bt A E A ]
ST E, UL BRI 28 ) 20 min B9 0 HE A7
W], 3@ 5 NRP A 5062 MP 4K S5 DCD AT 3% A7)
JE Al AT Y o L RS B S — BE BE He AT AR
WO RV S IEAT T 1 B TRk M F RS A (ischemia-
free organ transplantation , IFOT) , 4§ [A) T W i NRP
k& MP 19 )5 AR E S HETE T AR IR DRAF A A TS
Y, I RIS 40 . IRAE 1 R i N
P27 VI N8 [ O 7 R b N v (A S R Y )
Ko HAERFNE M2 FE A5, IR Sy G 5l iE %%
AW, WA KA HE R RO LA R o 48 BRE TE
IERAE o A BTG BRI A G HLETE  (dual
hypothermic oxygenated machine perfusion , D-HOPE )
Bk & 19 A-NRP 7 ¢DCD JF 2 A8 H B9 f {5 . 7E <DCD
LA DBD 41, W45 M RHGE JF % AE Ak i BE TE
MAEER, BEVAHERLTNEESR . ERME
O B 300 (R A BE % 154 B NRP 1 D-HOPE % 45 i
P AE 5 22 ARk 1L 79 DCD AT JIE vh ™ 2 RS A 25 21
¢DCD fif 2 48 ' A-NRP J 13 D-HOPE nJ L 52 B3 {2
DBD T #% 1% 45 SR 1565 0 T AS [m) i) 8 7 7 =X
REE AT R 4P B RESCR , D80 AR S5 ™ H R 1Y
Kt BMEGNE, AT HABREE D 50, AR
KGR IS, NRP X TS 4 JIH 38 A OC I 4 4 7Y 2k
LRV IR

5 THlmlEE

& ERMM X RN 2ES, fEhmat
i SCAF G G0 T BEAT 46 A B IF R AL, BL & eDCD
THTEESRT R CToHEA BRI AN 7R
e [E] A5 R [ K5 A AT A UE I S E > 5 min B
FLAS W] 33 7 1y o0 o TR TR B0 0 2R A0 32 g 45
1M 72 K H) K 20 min®™ . 5 min () “ JCHEfil 7 B A] A]
AE 2 DLHERR B & 06 PR A2 0 T BEYT, (ROR 2 DL
FERF LT KA, 1 NRP A9 5 5 5 2 6 ¢ £ 3
Jik =5 B I B =, DA 2 A A RN B A 2R kAT
PR, H R 2 BE, a6 sh 1
P A2 I VG 26 T BE S T BRI PP AE TR A . A
L9 2 i 0 0 B 45 1 d5 v S B U, {EL R A i
MAFTEI AN — @ Ron AT, A — & #EWIFA
HUR 25 7E NRP i B2 i Dy e T DAUK A, i R LR
UK A JRBE B A7 f5Ie 2 ) Ao 2 A P 2 BH s m L3
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AR, SRR E A A JE AT AT S A R e LA 1093

0§ ) BE AN WP S AT A RER

NRP 114 9% HI 02 H A i 9 m) @8 2 — o
T BUAS A 458 T 2 0 — MR N DL R it
W, DT EMAESE R, HAEAREK
AN (PHHE . 2 900~5 800 35T 3 H ) i
4060370; KE: 2088 3I0; A 29003EC;
YelE . 3944 FE0), MIAERKA N AL AL E 1 i
o= EEmE sy, M2 T, NRPIEM A A
K BAEGT D7 E B S . BT M ZE, NRP
1N e N S | NG i i S DVAE S 27 2 X (E
DR R (B I RE L N K TR R A oK e N
AL DL R A b D s SR 7R RS A A R 44 R A
o HE A B S B 1 ARDY, JIF BB A S O & E
R

6 BHEERE

NRP 7€ ¢DCD JiF#% 4 rv i of B 5 if | 22 42 B f
F o TR R R RS2 AT SR AS B 1 in 22 ]
ANl () o) 8, I ELAG #F NRP 3 0] 58 45 DL & UL S
b QI S e A 11| 7= A o & BN S A o 1 K
AR 2R W AF VA T E AR A AR 1 5 A S A5 AR AR
# . B R NRP 5 SRR 7 8 # A A7 2 55 5 1t JC W 4k
255, {H NRP £ 08 /> I B Jm OF i R AR, T
HJ2 eDCD f 42 25 7 4 B 8] 1 WIT J5 7= 2 i) iR 38 -
RAERA R RN A AN, NRP ARG &
SN TR AR O BRI,
¢DCD 5 DBD M B AE SR JC I i 25 5+ . {HJ&, NRP
1 1) 45— WA b 4 A S RS A W) S5 VA R A AT
Tk — PR R . WA, UFEE R AL IR B B 58 ik
B NRP REU2 £ & 2% B A H R IF BB B AEAUR .

Hi, NRPHARIEE SN HE Rz, K
[ DCD At J1- 3¢ B 3t 72 R AL 4 i U 4 B o A 5 [ 4b
HA —wE 5. B FREAECIEHEHETREK
R[] ) W0 55 S i o 2 A5 AF AE Bk, (A5 {5 wIT
K, BT RUAE R 3 [ 52 DCD R P Sl 41 S Ak T o
e A i E AN H R DCD WIT A1 X 808, 55 H R
AL, Bk DCD T 78 3 A7 AT DL S — b
il R A BRI o 3T AR R B B | er 2% A RO ) 5 A L
JH 4 47 K8 G 2 R T T8 AS W BOAS B 28 e, 3R R
kS & A MMM T F R, DU T G b i
T Bt A B B, M2, NRPAE N —FhEEE A
B DR (AL A S S0 ) A D BT R R RLE TR BEOR , E R

© WA )3 of [ FF I F A EPTA

[ A b B AT ot — 2D IV AT 5, ARk Bt
Fr AT A

Aab R ALY FRAREEMNEFR

PE& TT#R 50 SRRE R T LA B R T4 L
KL EARATKELI LK EEZH AT AT
LR

5% Tk

[1] B, Bl HAEE, . 2 MR AT A R TS 0K S T 47

PRI, SRR A, 2014, 23(7):961-966. doi: 10.7659/j.
issn.1005-6947.2014.07.019.
Huang Y, Huang D, Weng JF, et al. Liver transplantation from
elderly donor: current research status and feasibility[J]. China
Journal of General Surgery, 2014, 23(7):961-966. doi: 10.7659/j.
issn.1005-6947.2014.07.019.

[2] Ravikumar R, Jassem W, Mergental H, et al. Liver transplantation
after ex vivo normothermic machine preservation: a phase 1 (first-
in-man) clinical trial[J]. Am J Transplant, 2016, 16(6):1779-1787.
doi: 10.1111/ajt.13708.

[3] ORI, Zel, BISR, 55 | R R R s IR AE A S I I I i T

JAERISE R I T [9]. 338 SRR A, 2006, 15(7):493-
496. doi: 10.3969/1.issn.1005-6947.2006.07.005.
Song SB, Yuan J, Xiu DR, et al. Analysis of factors affecting long-
term  biliary tract complications after orthotopic liver
transplantation[J]. China Journal of General Surgery, 2006, 15(7):
493-496. doi: 10.3969/].issn.1005-6947.2006.07.005.

[4] Thuong M, Ruiz A, Evrard P, et al. New classification of donation
after circulatory death donors definitions and terminology[J].
Transpl Int, 2016, 29(7):749~759. doi: 10.1111/tri.12776.

[5] Truog RD, Flescher A, Ladin K. Normothermic regional perfusion-
the next frontier in organ transplants? [J]. JAMA, 2023, 329(24):
2123-2124. doi: 10.1001/jama.2023.9294.

[6] Courtwright AM. Normothermic regional perfusion, causes, and the
dead donor rule[J]. Am J Bioeth, 2023, 23(2):46—47. doi: 10.1080/
15265161.2022.2159571.

[7] Sanchez-Fructuoso Al, Prats D, Torrente J, et al. Renal
transplantation from non-heart beating donors: a promising
alternative to enlarge the donor pool[J]. ] Am Soc Nephrol, 2000, 11
(2):350-358. doi: 10.1681/ASN.V112350.

[8] Manara A, Shemie SD, Large S, et al. Maintaining the permanence
principle for death during in situ normothermic regional perfusion
for donation after circulatory death organ recovery: a United

Kingdom and Canadian proposal[J]. Am J Transplant, 2020, 20(8):

http://www.zpwz.net


http://dx.doi.org/10.7659/j.issn.1005-6947.2014.07.019
http://dx.doi.org/10.7659/j.issn.1005-6947.2014.07.019
http://dx.doi.org/10.7659/j.issn.1005-6947.2014.07.019
http://dx.doi.org/10.7659/j.issn.1005-6947.2014.07.019
http://dx.doi.org/10.1111/ajt.13708
http://dx.doi.org/10.3969/j.issn.1005-6947.2006.07.005
http://dx.doi.org/10.3969/j.issn.1005-6947.2006.07.005
http://dx.doi.org/10.1111/tri.12776
http://dx.doi.org/10.1001/jama.2023.9294
http://dx.doi.org/10.1080/15265161.2022.2159571
http://dx.doi.org/10.1080/15265161.2022.2159571
http://dx.doi.org/10.1681/ASN.V112350

1094 H E

UGBS

\_\_

532 4

12

2017-2025. doi: 10.1111/ajt.15775.

[9] Rojas-Pefia A, Sall LE, Gravel MT, et al. Donation after circulatory
determination of death: the university of Michigan experience with
extracorporeal support[J]. Transplantation, 2014, 98(3): 328-334.
doi: 10.1097/TP.0000000000000070.

[10] Foss S, Nordheim E, Serensen DW, et al. First Scandinavian
protocol for controlled donation after circulatory death using
normothermic regional perfusion[J]. Transplant Direct, 2018, 4(7):
€366. doi: 10.1097/TXD.0000000000000802.

[11] Fondevila C, Hessheimer AJ, Ruiz A, et al. Liver transplant using
donors after unexpected cardiac death: novel preservation protocol
and acceptance criteria[J]. Am J Transplant, 2007, 7(7):1849-1855.
doi: 10.1111/5.1600-6143.2007.01846.x.

[12] Hessheimer AJ, Riquelme F, Fundora-Suarez Y, et al
Normothermic ~ perfusion and  outcomes  after  liver
transplantation[J]. Transplant Rev (Orlando), 2019, 33(4):200-208.
doi: 10.1016/.trre.2019.06.001.

[13] Oniscu GC, Randle LV, Muiesan P, et al. In situ normothermic
regional perfusion for controlled donation after circulatory death:
the United Kingdom experience[J]. Am J Transplant, 2014, 14(12):
2846-2854. doi: 10.1111/ajt.12927.

[14] Peris A, Lazzeri C, Bonizzoli M, et al. A metabolic approach during
normothermic regional perfusion in uncontrolled donors after
circulatory death-a pilot study[J]. Clin Transplant, 2018, 32(10):
¢13387. doi: 10.1111/ctr.13387.

[15] PRIGEHE, B0LhrR, B0, 45 . O IRSE T8 B IR AL E PP AE T 2 B

DIRELEA [J]. v AR E SR R 2 LT 2R R, 2020, 9(4):369-
373. doi: 10.3877/cma.j.issn.2095-3232.2020.04.017.
Chen XH, Lai RB, Zhong FY, et al. Assessment of cardiac death
donor and maintenance of organ function[J]. Chinese Journal of
Hepatic Surgery: Electronic Edition, 2020, 9(4): 369-373. doi:
10.3877/cma.j.issn.2095-3232.2020.04.017.

[16] Barbier L, Guillem T, Savier E, et al. Impact of the duration of
normothermic regional perfusion on the results of liver transplant
from controlled circulatory death donors: a retrospective,
multicentric study[J]. Clin Transplant, 2022, 36(2): e14536. doi:
10.1111/ctr.14536.

[17] AR BE 2 S B 2 b 22, Th I R Ph 2 2 B RS ML R 73 2%
PROMEE A T A RS TR AR A B O AP T e K
L2016 O[], HAERS AR ¢k HLF IR, 2016, 10(3):107-111.
doi: 10.3877/cma.j.issn.1674-3903.2016.03.003.

Organ Transplantation Branch of Chinese Medical Association,
Organ Transplantation Physicians Branch of Chinese Medical
Doctor Association. Expert consensus on the application of
extracorporeal membrane oxygenation in the protection of donor

organs after the death of China citizens (2016 edition)[J]. Chinese

© WA )3 of [ FF I F A EPTA

Journal of Transplantation: Electronic Edition, 2016, 10(3): 107-
111. doi: 10.3877/cma.j.issn.1674-3903.2016.03.003.

[18] Ember KJI, Hunt F, Jamieson LE, et al. Noninvasive detection of
ischemic vascular damage in a pig model of liver donation after
circulatory death[J]. Hepatology, 2021, 74(1): 428-443. doi:
10.1002/hep.31701.

[19] De Carlis L, De Carlis R, Lauterio A, et al. Sequential use of
normothermic regional perfusion and hypothermic machine
perfusion in donation after cardiac death liver transplantation with
extended warm ischemia time[J]. Transplantation, 2016, 100(10):
¢101-102. doi: 10.1097/TP.0000000000001419.

[20] FBI R, JEIRAE . OMESET- 8% B TRERAT REAEL[T]. Hh (3 Sl 5

I R 2% 3%, 2012, 19(5): 461-463. doi: 10.3969/j. issn. 1672~
5921.2009.04.014.
Zheng SS, Tu ZH. Liver transolantation from donor donation after
cardiac death[J]. Chinese Journal of Bases and Clinics in General
Surgery, 2012, 19(5): 461-463. doi: 10.3969/j. issn. 1672-
5921.2009.04.014.

[21] AT, JCSCHE, MR K, S5 VB 5 R i %) R B 20 M 9

Y 52 (3], b 5E AR B4 A, 2008, 17(8): 773-776. doi:
10.3969/j.issn.1005-6947.2008.08.010.
Song ZY, Yuan WY, Ye QF, et al. The impact of cold preservation
and warm ischemia on hepatocytes apoptosis in rats[J]. China
Journal of General Surgery, 2008, 17(8):773-776. doi: 10.3969/j.
issn.1005-6947.2008.08.010.

[22] Harvey PR, Iu S, McKeown CM, et al. Adenine nucleotide tissue
concentrations and liver allograft viability after cold preservation
and warm ischemia[J]. Transplantation, 1988, 45(6): 1016—1020.
doi: 10.1097/00007890—-198806000-00004.

[23] Hessheimer AJ, Billault C, Barrou B, et al. Hypothermic or
normothermic abdominal regional perfusion in high-risk donors
with extended warm ischemia times: impact on outcomes? [J].
Transpl Int, 2015, 28(6):700-707. doi: 10.1111/tri.12344.

[24] Net M, Valero R, Almenara R, et al. The effect of normothermic
recirculation is mediated by ischemic preconditioning in NHBD
liver transplantation[J]. Am J Transplant, 2005, 5(10): 2385-2392.
doi: 10.1111/j.1600-6143.2005.01052.x.

[25] Liu Q, Nassar A, Farias K, et al. Sanguineous normothermic
machine perfusion improves hemodynamics and biliary epithelial
regeneration in donation after cardiac death porcine livers[J]. Liver
Transpl, 2014, 20(8):987-999. doi: 10.1002/1t.23906.

[26] Hosgood ~ SA, Nicholson ML. Normothermic  kidney
preservation[J]. Curr Opin Organ Transplant, 2011, 16(2):169-173.
doi: 10.1097/mot.0b013e3283446a5d.

[27] Olivieri T, Magistri P, Guidetti C, et al. University of Modena

experience with liver grafts from donation after circulatory death:

http://www.zpwz.net


http://dx.doi.org/10.1111/ajt.15775
http://dx.doi.org/10.1097/TP.0000000000000070
http://dx.doi.org/10.1097/TXD.0000000000000802
http://dx.doi.org/10.1111/j.1600-6143.2007.01846.x
http://dx.doi.org/10.1016/j.trre.2019.06.001
http://dx.doi.org/10.1111/ajt.12927
http://dx.doi.org/10.1111/ctr.13387
http://dx.doi.org/10.3877/cma.j.issn.2095-3232.2020.04.017
http://dx.doi.org/10.3877/cma.j.issn.2095-3232.2020.04.017
http://dx.doi.org/10.3877/cma.j.issn.2095-3232.2020.04.017
http://dx.doi.org/10.1111/ctr.14536
http://dx.doi.org/10.1111/ctr.14536
http://dx.doi.org/10.3877/cma.j.issn.1674-3903.2016.03.003
http://dx.doi.org/10.3877/cma.j.issn.1674-3903.2016.03.003
http://dx.doi.org/10.1002/hep.31701
http://dx.doi.org/10.1002/hep.31701
http://dx.doi.org/10.1097/TP.0000000000001419
http://dx.doi.org/10.3969/j.issn.1672-5921.2009.04.014
http://dx.doi.org/10.3969/j.issn.1672-5921.2009.04.014
http://dx.doi.org/10.3969/j.issn.1672-5921.2009.04.014
http://dx.doi.org/10.3969/j.issn.1672-5921.2009.04.014
http://dx.doi.org/10.3969/j.issn.1005-6947.2008.08.010
http://dx.doi.org/10.3969/j.issn.1005-6947.2008.08.010
http://dx.doi.org/10.3969/j.issn.1005-6947.2008.08.010
http://dx.doi.org/10.3969/j.issn.1005-6947.2008.08.010
http://dx.doi.org/10.1097/00007890-198806000-00004
http://dx.doi.org/10.1111/tri.12344
http://dx.doi.org/10.1111/j.1600-6143.2005.01052.x
http://dx.doi.org/10.1002/lt.23906
http://dx.doi.org/10.1097/mot.0b013e3283446a5d

M

AR, SRR E A A JE AT AT S A R e LA 1095

what really matters in organ selection?[J]. Transplant Proc, 2019, 51
(9):2967-2970. doi: 10.1016/j.transproceed.2019.06.008.

[28] Ruiz P, Gastaca M, Bustamante FJ, et al. Favorable outcomes after
liver transplantation with normothermic regional perfusion from
donors after circulatory death: a single-center experience[J].
Transplantation, 2019,  103(5): 938-943. doi:  10.1097/
TP.0000000000002391.

[29] Savier E, Lim C, Rayar M, et al. Favorable outcomes of liver
transplantation from controlled circulatory death donors using
normothermic regional perfusion compared to brain death
donors[J]. Transplantation, 2020, 104(9):1943-1951. doi: 10.1097/
TP.0000000000003372.

[30] Watson CJE, Hunt F, Messer S, et al. In situ normothermic
perfusion of livers in controlled circulatory death donation may
prevent ischemic cholangiopathy and improve graft survival[J]. Am
J Transplant, 2019, 19(6):1745-1758. doi: 10.1111/ajt.15241.

[31] Caralt M, Bello I, Sandiumenge A, et al. "non-touch" vena Cava
technique as an improvement in combined lung and liver
procurement in controlled donation after circulatory death[J].
Transplant ~ Proc, 2019, 5I(1): 9-11. doi: 10.1016/].
transproceed.2018.02.216.

[32] 2N, BT, B AR, A . FEMCH R SR XA AT T AT

I B4 S VE TR D], SEFH# B A AT HL 7 24, 2020, 8(4):256-260.
doi: 10.3969/j.issn.2095-5332.2020.04.005.
Li P, Tan XY, Lei ZB, et al. The effect of in vivo local
normothermic perfusion in vivo on the repair of liver in donation
after cardiac death porcine livers[J]. Practical Journal of Organ
Transplantation: Electronic Version, 2020, 8(4): 256-260. doi:
10.3969/.issn.2095-5332.2020.04.005.

[33] Hessheimer AJ, Polak W, Antoine C, et al. Regulations and
procurement surgery in DCD liver transplantation: expert
consensus guidance from the international liver transplantation
society[J]. Transplantation, 2021, 105(5): 945-951. doi: 10.1097/
TP.0000000000003729.

[34] Detry O, Meurisse N, Honoré¢ P. Impact of donor age in donation
after circulatory death liver transplantation: is the cutoff "60" still
of relevance? [J]. Liver Transpl, 2018, 24(4): 562. doi: 10.1002/
1t.24951.

[35] Boteon APCS, Schlegel A, Kalisvaart M, et al. Retrieval practice or
overall donor and recipient risk: what impacts on outcomes after
donation after circulatory death liver transplantation in the United
Kingdom? [J]. Liver Transpl, 2019, 25(4): 545-558. doi: 10.1002/
1t.25410.

[36] Hessheimer AJ, de la Rosa G, Gastaca M, et al. Abdominal
normothermic regional perfusion in controlled donation after

circulatory determination of death liver transplantation: outcomes

© WA )3 of [ FF I F A EPTA

and risk factors for graft loss[J]. Am J Transplant, 2022, 22(4):
1169-1181. doi: 10.1111/ajt.16899.

[37] Mufioz DC, Pérez BS, Martinez MP, et al. Does normothermic
regional perfusion improve the results of donation after circulatory
death liver transplantation?[J]. Transplant Proc, 2020, 52(5): 1477~
1480. doi: 10.1016/j.transproceed.2020.01.088.

[38] Hessheimer AJ, Coll E, Torres F, et al. Normothermic regional
perfusion vs. super-rapid recovery in controlled donation after
circulatory death liver transplantation[J]. J Hepatol, 2019, 70(4):
658-665. doi: 10.1016/j.jhep.2018.12.013.

[39] Viguera L, Blasi A, Reverter E, et al. Liver transplant with
controlled donors after circulatory death with normothermic
regional perfusion and brain dead donors: a multicenter cohort
study of transfusion, one-year graft survival and mortality[J]. Int J
Surg, 2021, 96:106169. doi: 10.1016/j.ijsu.2021.106169.

[40] Oniscu GC, Mehew J, Butler AJ, et al. Improved organ utilization
and better transplant outcomes with in situ normothermic regional
perfusion in controlled donation after circulatory death[J].
Transplantation, 2023, 107(2): 438-448. doi: 10.1097/
tp.0000000000004280.

[41] Rodriguez RP, Perez BS, Daga JAP, et al. Outcome of liver
transplants using donors after cardiac death with normothermic
regional perfusion[J]. Transplant Proc, 2022, 54(1): 37-40. doi:
10.1016/j.transproceed.2021.10.007.

[42] Ding GY, Zhao Y, Wu W, et al. In situ normothermic regional
perfusion for liver donation from China category III (organ
donation after brain death followed by circulatory death): a single-
center cohort study[J]. Exp Clin Transplant, 2020, 18(1): 83-88.
doi: 10.6002/ect.2019.0200.

[43] BRI, 2208, VEHR- . ARSI A 70 O MEFE T 8% B FH #k o 9 17

FA. AR, 2013, 12(9):648-651. doi: 10.3760/cma.
j-issn.1673-9752.2013.09.003.
Huo F, Li P, Wang SP. Application of extracorporeal membrane
oxygenation on organ donation after cardiac death[J]. Chinese
Journal of Digestive Surgery, 2013, 12(9): 648-651. doi: 10.3760/
cma.j.issn.1673-9752.2013.09.003.

[44] BRAE, EARD%, J4E, 45 ESE T 8 BRIk IO 2845 S A5 0], b
25 ¥ 5 i K, 2013, 13(7): 852-854. doi: 10.11655/
zgywylc2013.07.008.

Chen H, Wang ZX, Zhou H, et al. Donation after cardiac death:
summary of 4 cases[J]. Chinese Remedies & Clinics 2013, 13(7):
852-854. doi: 10.11655/zgywylc2013.07.008.

[45] ZEAF, WILET, BRIHTT, 45 . O AE TR i T 1 AR (LT
AT R (1], S5 40 B B A L T 2458, 2020, 8(4):304-307. doi:
10.3969/j.1ssn.2095-5332.2020.04.019.

Cai ZP, Tan XY, Ouyang Q, et al. Research progress on protection

http://www.zpwz.net


http://dx.doi.org/10.1016/j.transproceed.2019.06.008
http://dx.doi.org/10.1097/TP.0000000000002391
http://dx.doi.org/10.1097/TP.0000000000002391
http://dx.doi.org/10.1097/TP.0000000000003372
http://dx.doi.org/10.1097/TP.0000000000003372
http://dx.doi.org/10.1111/ajt.15241
http://dx.doi.org/10.1016/j.transproceed.2018.02.216
http://dx.doi.org/10.1016/j.transproceed.2018.02.216
http://dx.doi.org/10.3969/j.issn.2095-5332.2020.04.005
http://dx.doi.org/10.3969/j.issn.2095-5332.2020.04.005
http://dx.doi.org/10.3969/j.issn.2095-5332.2020.04.005
http://dx.doi.org/10.1097/TP.0000000000003729
http://dx.doi.org/10.1097/TP.0000000000003729
http://dx.doi.org/10.1002/lt.24951
http://dx.doi.org/10.1002/lt.24951
http://dx.doi.org/10.1002/lt.25410
http://dx.doi.org/10.1002/lt.25410
http://dx.doi.org/10.1111/ajt.16899
http://dx.doi.org/10.1016/j.transproceed.2020.01.088
http://dx.doi.org/10.1016/j.jhep.2018.12.013
http://dx.doi.org/10.1016/j.ijsu.2021.106169
http://dx.doi.org/10.1097/tp.0000000000004280
http://dx.doi.org/10.1097/tp.0000000000004280
http://dx.doi.org/10.1016/j.transproceed.2021.10.007
http://dx.doi.org/10.1016/j.transproceed.2021.10.007
http://dx.doi.org/10.6002/ect.2019.0200
http://dx.doi.org/10.3760/cma.j.issn.1673-9752.2013.09.003
http://dx.doi.org/10.3760/cma.j.issn.1673-9752.2013.09.003
http://dx.doi.org/10.3760/cma.j.issn.1673-9752.2013.09.003
http://dx.doi.org/10.3760/cma.j.issn.1673-9752.2013.09.003
http://dx.doi.org/10.11655/zgywylc2013.07.008
http://dx.doi.org/10.11655/zgywylc2013.07.008
http://dx.doi.org/10.11655/zgywylc2013.07.008
http://dx.doi.org/10.3969/j.issn.2095-5332.2020.04.019
http://dx.doi.org/10.3969/j.issn.2095-5332.2020.04.019

1096 b EEESFRE H32%
of donor liver by local perfusion at room temperature in cardiac Transplantation, 2021, 105(11): 2385-2396. doi: 10.1097/
death donors[J]. Practical Journal of Organ Transplantation: TP.0000000000003595.

Electronic Version, 2020, 8(4):304-307. doi: 10.3969/j.issn.2095—
5332.2020.04.019.

[46] Muller X, Rossignol G, Damotte S, et al. Graft utilization after
normothermic regional perfusion in controlled donation after
circulatory death-a single-center perspective from France[J].
Transpl Int, 2021, 34(9):1656-1666. doi: 10.1111/tri.13987.

[47] Ghinolfi D, Dondossola D, Rreka E, et al. Sequential use of
normothermic regional and ex situ machine perfusion in donation
after circulatory death liver transplant[J]. Liver Transpl, 2021, 27
(3):385-402. doi: 10.1002/1t.25899.

[48] He XS, Guo ZY, Zhao Q, et al. The first case of ischemia-free
organ transplantation in humans: a proof of concept[J]. Am J
Transplant, 2018, 18(3):737-744. doi: 10.1111/ajt.14583.

[49] Patrono D, Zanierato M, Vergano M, et al. Normothermic regional
perfusion and hypothermic oxygenated machine perfusion for livers
donated after controlled circulatory death with prolonged warm
ischemia time: a matched comparison with livers from brain-dead
donors[J]. Transpl Int, 2022, 35:10390. doi: 10.3389/t1.2022.10390.

[50] De Carlis R, Schlegel A, Frassoni S, et al. How to preserve liver
grafts from circulatory death with long warm ischemia? A

retrospective Italian cohort study with normothermic regional

perfusion and

hypothermic oxygenated perfusion[J].

[51] Schlegel A, Muller X, Kalisvaart M, et al. Outcomes of DCD liver
transplantation using organs treated by hypothermic oxygenated
perfusion before implantation[J]. J Hepatol, 2019, 70(1): 50-57.
doi: 10.1016/j.jhep.2018.10.005.

[52] Ghinolfi D, Dondossola D, Rreka E, et al. Sequential use of
normothermic regional and ex situ machine perfusion in donation
after circulatory death liver transplant[J]. Liver Transpl, 2021, 27
(3):385-402. doi: 10.1002/1t.25899.

[53] Boteon YL, Hessheimer AJ, Briiggenwirth IMA, et al. The
economic impact of machine perfusion technology in liver
transplantation[J]. Artif Organs, 2022, 46(2):191-200. doi: 10.1111/
aor.14131.

(ALp#E RE)

AR5 AR ARUGE, B8R, SRaRTL, A5 R RO
FIEZE T T A% AR AL o i 167 (). v [ 358 AR 2 ks, 2023, 32(7):
1087-1096. doi: 10.7659/j.issn.1005-6947.2023.07.014

Cite this article as: Zou XL, Huang ZY, Shi W], et al. Application of
normothermic regional perfusion in controlled donation after cardiac
death liver transplant donors[J]. Chin J Gen Surg, 2023, 32(7): 1087-
1096. doi: 10.7659/j.issn.1005-6947.2023.07.014

[m] #EXF(PEFBIMBRE)EFTHETES

(hERESESMRE) BT A ARMIEIER ELR 3 (ITP5: ZGPTWKZZ) , BA Hf il i
P S E BN E IR A PR L S 3 . ARG S . 16 s Ll & A Aol i TR 5 ik e
o [y, BAEME RS,

I FATEAIOCHNEL, FFXSFATH TARR I LA (h

[ AR AR) AR S TR FA TR sh BIRBUNACTT 5 I BDRAZ 2 2%, A B RED

ffF I —4
KERART

© WA )3 of [ FF I F A EPTA

JREEE SRR 2 IR
WA e, G (hEEESNRE) b BRI

PG S A g R

http://www.zpwz.net


http://dx.doi.org/10.3969/j.issn.2095-5332.2020.04.019
http://dx.doi.org/10.3969/j.issn.2095-5332.2020.04.019
http://dx.doi.org/10.1111/tri.13987
http://dx.doi.org/10.1002/lt.25899
http://dx.doi.org/10.1111/ajt.14583
http://dx.doi.org/10.3389/ti.2022.10390
http://dx.doi.org/10.1097/TP.0000000000003595
http://dx.doi.org/10.1097/TP.0000000000003595
http://dx.doi.org/10.1016/j.jhep.2018.10.005
http://dx.doi.org/10.1002/lt.25899
http://dx.doi.org/10.1111/aor.14131
http://dx.doi.org/10.1111/aor.14131
https://dx.doi.org/10.7659/j.issn.1005-6947.2023.07.014
http://dx.doi.org/10.7659/j.issn.1005-6947.2023.07.014

	1     NRP技术
	2     供体肝脏状态的评估
	3     临床结果
	4     与其他机械灌注的联合应用
	5     面临问题
	6     总结与展望

