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Advances in organ preservation during kidney transplantation*

He Long, Zhang Yi-jian, Yang Hong-wei
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Abstract: Maintaining the vitality of the donor kidney during organ preservation is the prerequisite and the
fundamental guarantee for successful organ transplantation. At present, cold storage (CS) is still the preferred and the
most commonly used preservation method in the majority of organ transplant centers. With the increasing demand
for donors, more and more elderly and marginal donors have been used in clinical practice, which puts higher
demands on traditional organ preservation approaches. This review focuses on the latest progress in organ
preservation solutions and machine perfusion for kidney transplantation.
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1.1 Collins R

Collins T3 A7 W RE7E F A 1y 18 3 7 B0 1) {ER T i 47
LI RAF B JIE o 24 Bk = SRS SR, B I AT LA
WK > RN 5 O R EHE 1. BRI, Collins 77
WAL Ry BLAT e B B AR Sk 9k B, LA AL 4
I A V) o G R — Tl e T ) W e R ) R R R
W, PFEE R . 5K, 1E Collins PRA7 VY SE A
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) H S R T PR B M SRR
FUBRE 5 R AE B SR W R0, B F 22, 5 ALK E
WA — PR AE R A, T B2 —Fh 88 5 08 T
H P ST R G R (AR T 2 I R
AF 5% S UE 33X — (B 1% .
3.3 WERAMEE

SV R ATLBIE VR — R SR A D (AR A T
SRS RA BRI R 20~ 30 CaE P T
B TE R 5 T R AE W IR 5, (AR SR AR 8
BT B AR BRI R A A K. BT, X
FEARAAE T LI B B . —WAFFE R, 37 C .1 hiY)
I B T b 32 °C AH [R) 4R 252 1o [ 1 9 1 B A
BTN RN B TR RIS AR 3R B AT R SSBR AR
ZTA0 0 4 R RE ST R IR MUARTE E AR T Toll
FEZ ARG 5 r F I EREL  JFRRAR T B i i bs sk
PR 200 i B Tl R B P RT A0 A R -6 KR
S I PR 0 4 AR T AR 75 2 — 2D 5T
SR B 33 2 B R 03 P, O 2 B AL R 1 B 4
[OFEVAGE =N

4 ING

fEid LA UHAF L S B R DT A TARK
. LS NI, ERF T BT AR A T
GBI RATIT I o % B PR AT iR DR J7 58 109 32 22 J )
JE TE AR AT 1 18] d5e A PR B Ml 248 17 285 B 0% ), DU 7E 75
LN BRI B R B2 MR
Fgs B R T i 2D, 22D IR T R AR A%
T fi AR R A I [ Tt £ 1 PRS2 (EL X e 28 25 1
A7 IR ] B S PR 2 22 A B AR AR T3 %
BRAFE S TT A A V2 TAEEA . e m At
URNEN DRI S L e A U E N ER Y E R U R A
Y

2 £ X B

[1] PLOEG R J, GOOSSENS D, MCANULTY J F, et al. Successful
72-hour cold storage of dog kidneys with UW solution[J].



e, 55 BRAA B RAF I R

B3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Transplantation, 1988, 46(2): 191-196.
PLOEG R J. Kidney preservation with the UW and Euro-Collins
solutions. A preliminary report of a clinical comparison[J].
Transplantation, 1990, 49(2): 281-284.
ALSHAIBANI K, NIZAMUDDIN N, RAZA S, et al. University
of Wisconsin versus eurocollins solution for kidney preservation:
analysis of clinical outcome[J]. Transplant Proc, 1998, 30(7):
3681-3682.
TOJIMBARA T, WICOMB W N, GARCIA-KENNEDY R, et al.
Liver transplantation from non-heart beating donors in rats:
influence of viscosity and temperature of initial flushing solutions
on graft function[J]. Liver Transpl Surg, 1997, 3(1): 39-45.
GUBERNATIS G, PICHLMAYR R, LAMESCH P, et al. HTK-
solution (Bretschneider) for human liver transplantation. First
clinical experiences[J]. Langenbecks Arch Chir, 1990, 375(2):
66-70.
LINDELL S L, GANDOLPH D, SOUTHARD J H, et al
Comparison of PBS, HTK, and UW solutions for kidney
preservation[J]. Transplant Proc, 1991, 23(5): 2399-2401.
GROENEWOUD A F, THOROGOOD 1J. Current status of the
Eurotransplant randomized multicenter study comparing kidney
graft  preservation with  histidine-tryptophan-ketogluterate,
University of Wisconsin, and Euro-Collins solutions. The HTK
study group[J]. Transplant Proc, 1993, 25(1 PT 2): 1582-1585.
de BOER J, SMITS J M, de MEESTER J, et al. A randomized
multicenter study on kidney preservation comparing HTK with
UW([J]. Transplant Proc, 1999, 31(5): 2065-2066.
TRUSHKOV S, BICANS J, SHEVELEV YV, et al. Use of HTK
solution in kidney preservation[J]. Transplant Proc, 2003, 35(2):
766.
BELLAMY C A, NICELY B, MATTICE B J, et al. Comparative
analysis of clinical efficacy and cost between University of
Wisconsin solution and histidine-tryptophan-ketoglutarate[J].
Prog Transplant, 2008, 18(3): 166-171; quiz 172.
STEWART Z A, CAMERON A M, SINGER A L, et al. Histidine-
tryptophan-ketoglutarate (HTK) is associated with reduced graft
survival in deceased donor livers, especially those donated after
cardiac death[J]. Am J Transplant, 2009, 9(2): 286-293.
XUARTC, TR, JEKAR, 55 . BRI HC-A BRI BRI IR
R FHT]. P AEAMEI AR, 1982, 20(7): 438-439.
SUI M X, ZHANG L, YANG J H, et al. A new HC-A II solution
for kidney preservation: a multi-center randomized controlled
trial in China[J]. Ann Transplant, 2014, 19: 614-620.
ZHU Y H, ZHANG L, MIN Z L, et al. The thirty-six year
experience in kidney transplantation at Changzheng Hospital[J].
Clin Transpl, 2014: 77-81.
CANDINAS D, LARGIADER F, BINSWANGER U, et al. A
novel dextran 40-based preservation solution[J]. Transpl Int,
1996, 9(1): 32-37.
SCHLUMPF R, MOREL P, LOVERAS J J, et al. Dextran 40

successfully replaces the non-essential hydroxyethylstarch in the

[17]

[18]

[19]

(20]

(21]

[22]

[23]

[24]

(25]

[26]

[27]

(28]

[29]

[30]

University of Wisconsin solution for 72-hour simple cold storage
of the canine kidney[J]. Transplant Proc, 1991, 23(1 Pt 1):
657-659.

HAUET T, EUGENE M. A new approach in organ preservation:
potential role of new polymers[J]. Kidney Int, 2008, 74(8): 998-
1003.

THUILLIER R, RENARD C, ROGEL-GAILLARD C, et al.
Effect of polyethylene glycol-based preservation solutions on
graft injury in experimental kidney transplantation[J]. Br J Surg,
2011, 98(3): 368-378.

CODAS R, PETRUZZO P, MORELON E, et al. IGL-1 solution
in kidney transplantation: first multi-center study[J]. Clin
Transplant, 2009, 23(3): 337-342.

BESSEMS M, DOORSCHODT B M, van VLIET A K, et al.
Machine perfusion preservation of the non-heart-beating donor
rat livers using polysol, a new preservation
Transplant Proc, 2005, 37(1): 326-328.

MOODY B F, CALVERT J W. Emergent role of gasotransmitters

solution[J].

in ischemia-reperfusion injury[J]. Med Gas Res, 2011, 1(1): 3.
SCHREINEMACHERS M C J M, DOORSCHODT B M,
FLORQUIN S, et al. Improved preservation and
microcirculation with POLYSOL after transplantation in a
porcine kidney autotransplantation model[J]. Nephrol Dial
Transplant, 2009, 24(3): 816-824.

SCHREINEMACHERS M C J M, DOORSCHODT B M,
FLORQUIN S, et al. Comparison of preservation solutions for
washout of kidney grafts: an experimental study[J]. Transplant
Proc, 2009, 41(10): 4072-4079.

SCHREINEMACHERS M C J M, DOORSCHODT B M,
FLORQUIN S, et al. Improved renal function of warm
ischemically damaged kidneys using polysol[J]. Transplant Proc,
2009, 41(1): 32-35.

SCHREINEMACHERS M C J M, BEMELMAN F J, IDUM M,
et al. First clinical experience with polysol solution: pilot study
in living kidney transplantation[J]. Transplant Proc, 2013, 45(1):
38-45.

OHSAWA 1, ISHIKAWA M, TAKAHASHI K, et al. Hydrogen
acts as a therapeutic antioxidant by selectively reducing
cytotoxic oxygen radicals[J]. Nat Med, 2007, 13(6): 688-694.
ABE T, LI X K, YAZAWA K, et al. Hydrogen-rich University of
Wisconsin solution attenuates renal cold ischemia-reperfusion
injury[J]. Transplantation, 2012, 94(1): 14-21.

MOTTERLINI R, OTTERBEIN L E. The therapeutic potential
of carbon monoxide[J]. Nat Rev Drug Discov, 2010, 9(9):
728-743.

OZAKI K S, KIMURA S, MURASE N. Use of carbon
monoxide in minimizing

ischemia/reperfusion injury in

transplantation[J]. Transplant Rev (Orlando), 2012, 26(2):
125-139.
OZAKI K S, YOSHIDA J, UEKI S, et al. Carbon monoxide

inhibits apoptosis during cold storage and protects kidney grafts



EBREAE

4133 %

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

donated after cardiac death[J]. Transpl Int, 2012, 25(1): 107-117.
NAKAO A, FALEO G, SHIMIZU H, et al. Ex vivo carbon
monoxide prevents cytochrome P450 degradation and ischemia/
reperfusion injury of kidney grafts[J]. Kidney Int, 2008, 74(8):
1009-1016.

YOSHIDA J, OZAKI K S, NALESNIK M A, et al. Ex vivo
application of carbon monoxide in UW solution prevents
transplant-induced renal ischemia/reperfusion injury in pigs[J].
Am J Transplant, 2010, 10(4): 763-772.

GLADWIN M T, SCHECHTER A N. Nitric oxide therapy in
sickle cell disease[J]. Semin Hematol, 2001, 38(4): 333-342.
LUNDBERG J O, WEITZBERG E, GLADWIN M T. The
nitrate-nitrite-nitric ~ oxide pathway in physiology and
therapeutics[J]. Nat Rev Drug Discov, 2008, 7(2): 156-167.
SZABO C. Hydrogen sulphide and its therapeutic potential[J].
Nat Rev Drug Discov, 2007, 6(11): 917-935.

ELROD J W, CALVERT J W, MORRISON ]J, et al. Hydrogen
sulfide attenuates myocardial ischemia-reperfusion injury by
preservation of mitochondrial function[J]. Proc Natl Acad Sci U
S A, 2007, 104(39): 15560-15565.

LOBB I, DAVISON M, CARTER D, et al. Hydrogen sulfide
treatment mitigates renal allograft ischemia-reperfusion
injury during cold storage and improves early transplant
kidney function and survival renal
transplantation[J]. J Urol, 2015, 194(6): 1806-1815.

LOBB I, MOK A, LAN Z, et al. Supplemental hydrogen

following allogeneic

sulphide protects transplant kidney function and prolongs
recipient survival after prolonged cold ischaemia-reperfusion
injury by mitigating renal graft apoptosis and inflammation[J].
BJU Int, 2012, 110(11 Pt C): E1187-E1195.

TAHARA M, NAKAYAMA M, JIN M B, et al. A radical
scavenger, edaravone, protects canine kidneys from ischemia-
reperfusion injury after 72 hours of cold preservation and
autotransplantation[J]. Transplantation, 2005, 80(2): 213-221.
TRESKA V, KUNTSCHER V, MOLACEK J, et al. Can the
ischemia-reperfusion syndrome in transplanted kidneys procured
from non-heart-beating donors be influenced by adding selenium
into the reperfusion solution? An experimental study[J].
Transplant Proc, 2003, 35(4): 1584-1586.

TRESKA V, KUNTSCHER V, MOLACEK J, et al. Can
ischemia-reperfusion syndrome in transplanted kidneys procured
from non-heart-beating donors be influenced by adding selenium
into the reperfusion solution? An experimental study[J].
Transplant Proc, 2003, 35(8): 3125-3127.

SNOEIJS M G J, VAAHTERA L, de VRIES E E, et al. Addition

[43]

[44]

[45]

[46]

[47]

(48]

[49]

(50]

[51]

[52]

of a water-soluble propofol formulation to preservation solution
in experimental kidney transplantation[J]. Transplantation, 2011,
92(3): 296-302.

ZHANG X M, HE D Q, XU L H, et al. Protective effect of
tanshinone II A on rat kidneys
preservation[J]. Mol Med Rep, 2012, 5(2): 405-409.

MOERS C, SMITS ] M, MAATHUIS M H J, et al. Machine
perfusion or cold
transplantation[J]. N Engl J Med, 2009, 360(1): 7-19.

ZHONG Z B, LANJ N, YE S J, et al. Outcome improvement for

during  hypothermic

storage in deceased-donor kidney

hypothermic machine perfusion versus cold storage for kidneys
from cardiac death donors[J]. Artif Organs, 2017, 41(7): 647-653.
HOSGOOD S, HARPER S, KAY M, et al. Effects of arterial
pressure in an experimental isolated haemoperfused porcine
kidney preservation system[J]. Br J Surg, 2006, 93(7): 879-884.
HOSGOOD S A, BARLOW A D, YATES P J, et al. A pilot study
assessing the feasibility of a short period of normothermic
preservation in an experimental model of non heart beating
donor kidneys[J]. J Surg Res, 2011, 171(1): 283-290.

HARPER S, HOSGOOD S, KAY M, et al. Leucocyte depletion
improves renal function during reperfusion using an
experimental
system[J]. Br J Surg, 2006, 93(5): 623-629.

YANG B, HOSGOOD S A, HARPER S J F, et al. Leucocyte

isolated haemoperfused organ preservation

depletion improves renal function in porcine kidney
hemoreperfusion through reduction of myeloperoxidase + cells,
caspase-3, IL-1B, and tubular apoptosis[J]. J Surg Res, 2010,
164(2): e315-e324.

JOCHMANS I, AKHTAR M Z, NASRALLA D, et al. Past,
present, and future of dynamic kidney and liver preservation and
resuscitation[J]. Am J Transplant, 2016, 16(9): 2545-2555.
ADAMS T D, PATEL M, HOSGOOD S A, et al. Lowering
perfusate temperature from 37°C to 32°C diminishes function in
a porcine model of ex vivo kidney perfusion[J]. Transplant
Direct, 2017, 3(3): e140.

BHATTACHARIJEE R N, RUTHIRAKANTHAN A, SUN Q Z,
et al. Subnormothermic oxygenated perfusion optimally
preserves donor kidneys ex vivo[J]. Kidney Int Rep, 2019, 4(9):
1323-1333.

(GEFF Hif)

A5 AR e, sk 2, M. R R B R AT 5T
R[], E B EE2A AR, 2023, 33(18): 1-6.
Cite this article as: HE L, ZHANG Y J, YANG H W. Advances in

organ preservation during kidney transplantation[J]. China Journal
of Modern Medicine, 2023, 33(18): 1-6.



