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The Long-term Outcomes of Kidney Transplantation from Donation after
Circulatory Death during Brain Death Donor Evaluation in a Single Center in Korea
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Background: While the number of deceased donor donations has increased in Korea, the organ shortage remains a major limitation
for kidney transplantation. Donation after circulatory death (DCD) can be an option to expand the donor pool. In this study we
evaluated the short and long term survival of grafts and patients and assessed the risk factors for graft failure.

Methods: In a single center, from August 1997 to December 2013, 28 cases of recipients who received kidney transplantation
from DCD were enrolled. Information about donor and recipient factors, graft conditions, and transplant outcomes was collected
through review of medical records. We calculated overall graft and patient survival rates and the risk factors for graft failure accord-
ing to donor criteria and whether or not delayed graft function (DGF) occurred.

Results: There was no primary non-function, but DGF developed in 67.9% (19/28). Graft losses occurred in five patients during
a median follow-up period of 68.2 months (4~204). There was no significant difference in graft survival rates depending on the
donor criteria and the occurrence of DGF. In addition, there were no noteworthy risk factors for graft failure among donor age,
donor creatinine, extended criteria donor, recipient age, warm ischemic time, cold ischemic time, and DGF.

Conclusions: In this study, despite the high incidence of DGF, the long-term graft and patient survival in kidney transplantation
from DCD were acceptable. Therefore, DCD can be an alternative to expand the donor pool and to shorten the waiting time.
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Table 1. Basal characteristics of the patients

Characteristic DCD (total) (n=28)
Recipient

Age (yr) 448+9.3
Sex (male:female) 17:11
Underlying disease

Hypertension 24 (85.7)

Diabetes mellitus 4 (14.3)
Duration of dialysis (mo) 59.3+43.8
HLA-mismatching >3 24 (85.7)
PRA (%)

0~50 27 (96.4)

>50 1 (3.6)

Donor/graft factor

Age (yr) 40.9+16.5
Sex (male:female) 18:10
Underlying disease

Hypertension 10 (35.7)

Diabetes mellitus 0
Cause of death

Cerebrovascular accident 15 (53.6)

Trauma 9 (32.1)

Suicide or hypoxic brain damage 4 (14.3)
Cardiopulmonary resuscitation 6 (21.4)
Intensive care unit stay (day) 9.0+49
Donation other than kidney 4
Serum creatinine (mg/dL) 221+1.67
Warm ischemic time (min) 9.04+6.55
Cold ischemic time (min) 472.3+175.9

Follow-up duration 67.0 (4~206)

Data are presented as mean+SD, number (%), or median (range).
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fr o m > 41
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A]

1=

DCD-SCD (n=20) DCD-ECD (n=3) Pvalue
43.0+94 494+79 0.102
11:9 6:2 0.419
18 (90) 6 (75) 0.555
3 (15 1 (12.5) 1.000
65.71£47.6 43.4+20.1 0.530
16 (80) 8 (100) 0.295
1.000

19 (95) 8 (100)

1(5) 0
339+139 58.5+53 <0.001
14:6 4:4 0.400
4 (20) 6 (75) 0.011
0 0

0.576

11 (55) 4 (50)

7 (35) 2 (25)

2 (10) 2 (25)
4 (20) 2 (25) 1.000
94+50 8.1+5.1 0.562
3 1 1.000
2.35+£1.97 1.88+0.05 0.277
8.83+7.11 9.50£5.48 0.816
403.4£135.2 627.3+162.6 0.352
78.5 (47~200) 62.0 (4~70) 0.021

Abbreviations: DCD, donation after circulatory death; SCD, standard criteria donor; ECD, extended criteria donor; HLA, human leukocyte

antigen; PRA, panel-reactive antibody.
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Fig. 1. Overall survival. (A) Donation after circulatory death (DCD): overall graft survival. (B) DCD: overall patient survival.
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Table 2. Subgroup analysis according to donor criteria

DCD-SCD  DCD-ECD

Variable (n=20) (n=8) Pvalue
PNF 0 0
DGF 13 (65) 6 (75) 1.000
Time of HD during DGF 0.545
1~4 3 (23.08) 3 (50)
5~9 6 (45.15) 3 (50)
10~ 3 (23.08) 0

Sequential creatinine

level change (mo) 1.74£0.75 1.88+0.63  0.381

SCR 1~3 1.44+0.30 1.83+0.51 0.133
SCR 4~6 1.37£0.27 1.73£0.59  0.245
SCR 7~9 1.36 £0.31 1.73+£0.68  0.17
SCR 10~12 1.37£0.44 2771277  0.381
Last SCR

Graft survival (yr) 0.013
1 100 100
5 100 71.4
10 71.4 -

Patient survival (yr) 0.434
1 100 87.5
5 95.0 87.5
10 95.0 -

Data are presented as number (%), mean+SD, or percentage.
Abbreviations: DCD, donation after circulatory death; SCD, sta-
ndard criteria donor; ECD, extended criteria donor; PNF, primary
non-function; DGF, delayed graft function; HD, hemodialysis;
SCR, serum creatinine.
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Fig. 2. Survival according to donor criteria (standard criteria donor [SCD] vs. extended criteria donor [ECD]). (A) Donation after
circulatory death (DCD): graft survival according to donor criteria (SCD vs. ECD). (B) DCD: patient survival according to donor criteria

(SCD vs. ECD).
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Fig. 3. Survival according to delayed graft function (DGF) occurrence. (A) Graft survival according to DGF occurrence. (B) Patient

survival according to DGF occurrence.
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Table 3. Subgroup analysis according to presence of delayed graft
function

. DGF (+) DGF (—)
Variable (n=19) (n=9) Pvalue
Warm ischemic time (min)* 7.8+4.3 11.4£9.3 0.560

Cold ischemic time (min) 515.7+185.4 390.3+£128.0 0.084

Sequential creatinine level

change (mo) 200+0.74 1.31x£0.33 0.006
SCR 1~3 1.67£040 1.27+0.21 0.009
SCR 4~6 1.56+043 1.27+023 0.101
SCR 7~9 1.55£0.50 1.28+0.30 0.247
SCR 10~12 203+£1.88 1.22+0.35 0.145
Last SCR

Graft survival (yr) 0.638
1 100 100
5 88.9 100
10 59.3 75.0

Patient survival (yr) 0.317
1 947 100
5 89.2 100
10 89.2 100

Data are presented as mean+SD or percentage.
Abbreviations: DGF, delayed graft function; SCR, serum creatinine.
*Warm ischemic time, time between cardiac arrest and cold perfusion.
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B A oA 22 7]17H1997d 89 ~2013d 12¢€) < ]
AFA} 7]Z(donation after brain death, DBD)of| 2]3t A1A}lo]
Ao % 5669] o|w(Supplementary Table 1) o]& DCD<:
3} v)@s) W, A% DBDET} DCDZe] o] 47 A= o
A1, 5, 108 A=EL-0] ZH2F 97.1%, 91.0%, 77.1% oY 100%,
92.6%, 66.1%= C-015F Z}o]7} QITH(Fig. 4A). B} WES
oAM= 1, 5 108 HEEo] 2+ 97%, 94.2%, 89.6% T
96.4%, 92.7%, 92.7% 2. 9-©]3F 2}o]2 Ho]x| orofrh(Fig.
4B).

DBD% SCD2} ECDE t}i=0] DCD-SCD, DCD-ECD,
DBD-SCD, DBD-ECD:% 7+7he] o] Als AJ&8-S u] 3|
HH, PR0.169% SAA 2 o3 2po]& HolA] ¢t
T(Fig, 40), 32} Q2L 4] P0.1112 EAHOZ 9.9
3l z}o]E Holx] &kgkrh(Fig. 4D).

£3| DBD-SCD¥} DCD-SCDA-9] o] 4] AE&L 1,
5, 10¥ Ay&8-0] 7212} 96.8%, 91.6%, 77.5% o} 100%, 100%,
T1.4%%= FO)7t 2fo| & HolA] grghal, $A} AEE:
1, 5, 108 =80 7 97.2%, 95%, 91.2% oY 100%, 95%,
95%= {+olgt ZFo]7t ik
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4. MRAX 3 HI171500 25 Ago[AloflM o|AH EXo
A2l AN
DGE 45, &3 @417k SCD/ECD, Folh L], Fol7}
g4 Aot d 53], 202} Lol 7} o] A FH o] JgF
= HA=A B4 Beto), SAF SR ou] Ql= 2l
2 A= Esl¢tH(Table 4).

20141 B @A) WH ARAOR FAL S| Algro]4]
& H7lehe B 1 1447708 S8 g7] REA4
o1 {213 4RoIek. A elutelold FA (RN 3
BURRA) S W gl $hhe] AERS AR, 20131
qstalAsle) SE9193) w et 4 9 ave) @
oA (9) 1, 5, 10 A %—

71.7%, 51.9%, A=}2] 7
mACE =g

2000 K] 2012UW7}R] Lol A AlSE AlAfol2] 4
= HHA0) AA Aol 4o A DCDE| H]go] 2000|
f ZRbell= 10% wlgko]l o), 2010¢ Oliﬂlh 40%
o= A ekiTh. DBDO|A] o] Al A& HW S, 10
Aol A 242 78.1%, 60.7%%1 0w, $hAp HEEL] H9=
5, 1004 Z+z: 89.4%, 76.7%= TFQIE|Qtt. E3T
DCDoJ| A o] Al7%o| 4] AtE 4w EH, o] H FEEC
79 5,108 Z+ztol| A 76.8%, 59.8%= VFEREIL, 3Rt
RAEEY A$E 5 10604 86.5%, 71.7%At}. ©l&
2 AH(DCD) 9] Aup7} of& vete] DBDof|A] o] 4] Axt
of FAA| gkom, th& et DCDe} vl w3l e
%71 A3H(long-term outcome) 7} A UEGTH= A& o
Atk o] Hof A% DCDeo gk Aol A HalE o]
H 9 A AES HlolHE & Ate} Hawd] Hope
Aol AEE dlol8 7t =A yEkklth Gagandeep 5
11)& 2169 2] ] L7} uncontrolled) DCD2} 1,8144] 2]
2] 7}5(controlled) DCDof| thgh A& Aol Al o]4]

A zE0] 1, 5Ao A 22 93%, 84% L 95%, 83%, THA}
gzgol 1, 5ol A Z+z}F 85%, 72% 2 88%, 67%= X il
gk BF Qlrh

® rl‘i oo

=

T 2878 9] 2 F 19‘33(67.9%)01]*1 DGFE H itk olwf
DGEE: o] 4] 3 o] £Ajo] Wagh 492 geolstech
DBD 414Ho] o] | DGFe] W go] &84 o] 43
5 9] M oItk &elA gith DCDA = DGE
o A go] o] AT AER] FaFS HX Ao e &
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Fig. 4. Overall survival (donation after circulatory death [DCD] vs. donation after brain death [DBD]). (A) Overall graft survival. (B)
Overall patient survival. (C) Graft survival according to donor criteria (DCD-standard criteria donor [SCD] vs. DCD-extended criteria
donor [ECD] vs. DBD-SCD vs. DBD-ECD). (D) Patient survival according to donor criteria (DCD-SCD vs. DCD-ECD vs. DBD-SCD vs.
DBD-ECD).

Table 4. Risk factor analysis for graft failure (univariate analysis)

Faxtor HR 95% CI Prvalue
Donor age 1.084 0.972~1.208 0.146
Donor serum creatinine 0.984 0.432~2.242 0.970
SCD vs. ECD 0.002 0.000~63,968.685 0.484
Recipient age 0.942 0.839~1.056 0.305
Warm ischemic time 1.010 0.899~1.136 0.862
Cold ischemic time 1.004 0.997~1.011 0.315
DGF (reference=0) 2415 0.242~24.094 0.453

Abbreviations: HR, hazard ratio; CI, confidence interval; SCD, standard criteria donor; ECD, extended criteria donor; DGF, delayed graft
function.

ob®7] 93] Singh 5(12)2] A7 AW Ew, DCDolA 28}, 4170 DGE7} ISk DBD Algo] 4] Az} o]
DGFe] ¥ go] x5k DGF7L ¥Pgh DCD AlAbol4le] 4| A& go] o $oktta W ul 9o
A7} DGF7} hgat] oke DCD Algo] 49| Azpe} v DGF ¥M4S 1% ujof 4 SCDT} BCDZ o & e
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v d] H, ECDIo|A DGF7} 89 & 6%WH(75%) 0.2
SCD<to| A 2078 5 13738 (65%) Hr} &2 ZAitE H oot

o= Mallon $(13)9] ¢17Lojl 4] X318 DCDo]l A DGF 2
RE—A0% 1T} 58 SFolLh, ThE QATolA] BILE S0%~
75%2} w])<=3}cH(14).

2 @10 A DCD AlAFo]Ajof A SCD-#} ECDL o
5 DGF 2 Eo] £9Lou, 7] o] 4H AER(1Y)
9 7] oA AR ZH2E 100% o 100% 9@
100% of 714% A7) DCDo|l gt Aol 4 Lhebyt
olAlg AEZHTE EYTHIS).

Aol et dBAQl 712 A
ECDto | @ojF4] 3148 131 SCD Rck DGFo]A]
ER BRSPS 3
o Az

DGE 9o 13214l oiat Ounissi 5(16)9] ¢ 7o
o5t 71 WSl @ AT DCD 4417 DGE 24ye] 91l
23 maslgo, DOE7L o 4| Az gl Aol
Glom, B AE LT GeE 1 ATk SHATk16-18).
E5F th2 Qo) A= DGE WAlo] WHEA] o] A RS
of ogare i AL okl Ao BuETHII9).

£ @A5o 4] DGF WA} HlurAa 7h) o] AR 33
< wlmshel A 4o % 30 ) 15 DGR WA 2ol 4
Al 279 wao] o o1k, o]t DGR WA 3o
% 2o 4] ECDLolehe HolA] Bolak 291 5 7]et ok
2 291% ol4 KAl mxE e W Jefsiok &
2

o2 7ML w3k o 29lS meshA ekrjel,

o)

fr koo @

DGF fr-itof] wh2 o]4jd F419] ztol= $A A2 72

& HolA it
LA} ARG ofl9] 7= DGF A<t} v & vlal
sto] K, DGF Ao Aut 2ha} Apgro] & 2o s}
At I F 19 o4 & S8 sRHe A A%
ol A&sH 7Isstttrh o4 21 & 54 AL
2 Addst A= A&shd T A sk IS &
Hheof Apgo] o]25 o, ThE 1= o] 4] & 11710
Hgxde)7r Aske

RO A F 7
o4 F 4749 7 AL o5 S|4 DOFsF 2
A Aol 27 S1@aelo] Hlgleka wash] BE Ao
2 gz

N
b
nx
2
ofN
n
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Ounissi 5(16)2] A-tollA] High Pt P FAIZ>
DGF HHATtoll A= 1,3804£3484, DGF B0 A=
1,092 33650 o, 2 AoA = W@ AIZko] DGF
Ao A= 5157218545, DGF H|EAY ol A= 390.3+
1280508 Uepton o] P=00840 8 B4 o R
olakA] Isrek ol A Wal B AIzro] Aol At
u %] ghot DGF A1o) 9 AR 283510 eisk
& % 98 Aow A7 2 A4 A% DEDO
A WS EA S HaF 322.5+1176.55 08 DCDoJ| 4] ¢F
1503 A= o 2aw g, ol FHAY AR Q)
3l F71E ARIA EAk A 9 A e =]
S8 45 5 o AZ7A] ARte] B AR7] fiEel
Ao 2 M7= cH(Supplementary Table 1).

B Ao 238 FA| 7S A& | (cardiac arrest) 2
2E UE 2% 5 dBRe) A% AR Bolsar
2 2 Aol A AFEE LBANE Bhd 288N
ZHasystolic warm ischemic period) o] 3ltggtc}. Bradley &
(N2} Aol A AAeh= 23 AIZEY 7|8 wsto,
o] Lo A= A &38| 7Htotal warm ischemic peri-
o) KA AR AdRE  wE

(perfusion) A|Z} A|A7MA 2 B3, 2359 7|7Hwarm is-

A S
chemic period)2 &3} & X|(circulatory arrest)S 7| F O &
9% 7| 7Hwithdrawal period &-& A} 7| [FERHA, agonal
period 9} F-p5 28 F7|7EO R LRSI o= vls &
Maastricht classification II12] DCDoJ| A= A -9-%]#}2] 9]
A71e) Aol Weket 97t ol Rl FuolA Al
53 DCDE Aol Apolsiet.

DCD®] ¥H3X= Maastricht classificationo]] w2} &
T AT 2). o= We7te BEETIRE UHrol A,
2] 7hs2 class 1Iof sigstm, Q19)2Ql 2|25 FHs}
NS 710 492 arabl, P87} % das 1S
2 g Apat b, class I A4l0] AR A 02 o]
AR L 79, class V= HAMFE| o] 2EAfof A o 7]
Al A A7 AR B2 ERETh thEE v
Lol A= DCD Maastricht classification 110 3l =] +=
2 eeluete] DD 7|5aet the 7154 2olet
4 ol

22 yglof| 5] DCD+= Maastricht classificationof| 4] class
Vol =3tE o] Qlar, o] A A Al AAE 9=
AASA] A HEE kA Wt Y&717E2] AIRF A 0]
y3}512] oS 4= Qlth 42=7] de(systolic blood pressure)

T = Ho W oM(mean arterial pressure)2 7| &0 2 7|3

4

29 ok it

me oY g

2 (organ perfusion)7} £ 2 A3 A HS 2AT == Q)



o|F2o] o]y AFtoA 71 23] &A|7Hprolonged warm
ischemia time)o] DGF gt 9] £ QF 9&elx}ta}lar ghe
Ft}. Ounissi 5(16) 2] Ao A Bt 238G A|{H DGF
MR of| A= 41.9411.9, DGF B]EFA Foj A= 38.6+10.6
©2 WsgC) B Ao A DOF WAl ujag
719 HAAIZLY Aol 7844353} 114493%0] 9l
onj, @35|2 DGF H[¥gtol| A ot WITo| B ZS]le
P=0.5602. 2 SAACRE Fo4S Hol] Tt ol=

S dtollA Hargk 2| EAIZEE] Hot A He 2 A
Tol A ) et 23| EAEe] AAF] A glem, o] 2 <lsf
DGF A3} v Aol A SAA F-o/d& Ednket
3 Aol7k waelA] b Aem Az ol ¥ o
Toll A AolRt 5 E AT o] s 28 EAITe]7] HiE
of 157170l Z3tEl 9] Bf A0 BT K &
U= Aom oAAZI

2 B

AAAL 3 A7 71 %] ©fak Aol Aol A DGE WS
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o] AAsfloF T Ao =2 AZFET]
ARAL T A71715-2 ol A4 BoARt & ST 4=
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