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Selected	liver	grafts	from	donation	after	circulatory	
death	can	be	safely	used	for	retransplantation	
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ABSTRACT	
Background	 and	 aims:	 Due	 to	 the	 growing	 number	 of	 liver	 transplantations	 (LTs),	

there	 is	 an	 increasing	number	of	 patients	 requiring	 retransplantation	 (reLT).	There	 is	

little	data	on	the	use	of	grafts	from	extended	criteria	donors	(ECD),	especially	donation	

after	 circulatory	 death	 (DCD),	 for	 reLT.	 We	 aimed	 to	 assess	 the	 outcome	 of	 patients	

undergoing	reLT	using	a	DCD	graft	in	the	Netherlands	between	2001	and	2017.		

Material	and	methods:	Each	DCD-reLT	was	matched	with	two	DBD-reLT	cases,	based	

on	number	of	successive	reLT,	BAR-score,	interval	between	reLT	and	prior	LT	and	year	

of	reLT.	Primary	outcomes	were	patient	and	graft	survival,	calculated	via	Kaplan	Meier	

estimator.	Nineteen	DCD-reLT	were	compared	with	38	matched	DBD-reLTs.		

Results:	Donors	in	the	DCD-reLT	group	were	significantly	younger	(38	versus	54	years,	

p<0.001)	and	had	a	lower	BMI	(22	versus	25	kg/m2,	p=0.003).	Comparison	of	recipient	

demographics	 and	 ischemia	 times	 yielded	 no	 significant	 differences.	 Patient	 and	 graft	

survival	rates	were	comparable	between	the	two	groups.	Furthermore,	 the	occurrence	

of	non-anastomotic	strictures	within	the	first	year	after		reLT	did	not	differ	significantly	

between	the	two	groups	(26.3%	versus	10.5%,	p=0.143).		

Conclusions:	 reLT	with	DCD	 grafts	 does	 not	 result	 in	 inferior	 outcomes	 compared	 to	

DBD	 grafts	 in	 selected	 patients.	 Therefore,	 DCD	 liver	 grafts	 should	 not	 routinely	 be	

declined	for	patients	awaiting	reLT.	

	

	

	

	

	 	



	

INTRODUCTION	

Liver	 transplantation	(LT)	 is	 the	best	 treatment	option	 for	patients	suffering	 from	end	

stage	liver	disease.	To	expand	the	donor	pool	in	times	of	increasing	demand,	the	use	of	

grafts	from	extended	criteria	donors	(ECD)	has	increased	substantially,	of	which		grafts	

from	donation	after	circulatory	death	(DCD)	is	a	main	parameter.1	In	2018,	a	DCD	graft	

was	used	in	38%	and	9%	of	all	deceased	donor	LT	in	the	Netherlands	and	United	States	

of	 America,	 respectively.2,3	 In	 the	 United	 Kingdom,	 26%	 of	 deceased	 donor	 LT	 were	

executed	with	DCD	grafts	(between	01.04.2017	and	31.03.2018).4		

Liver	transplantation	with	DCD	grafts	(DCD-LT)	is	considered	to	be	inferior	compared	to	

DBD-LT,	due	 to	 the	 increased	 risk	of	 complications	 such	as	early	allograft	dysfunction	

(EAD)	 and	 biliary	 complications.5-8	 Among	 biliary	 complications,	 non-anastomotic	

strictures	 (NAS)	 are	 the	 most	 feared	 complications	 as	 they	 often	 require	 multiple	

interventions	 for	 biliary	 drainage,	 are	 largely	 irreversible	 and	 are	 known	 to	 have	 a	

negative	 impact	 on	 recipient	 and	graft	 survival.9	The	 incidence	of	NAS,	 also	known	as	

ischemic	 cholangiopathy	 (IC)	 or	 Ischemic	 Type	 Biliary	 Lesions	 (ITBL),	 after	 DCD-LT	

varies	between	3	and	39%.6		

Since	 the	 use	 of	 grafts	 from	marginal	 donors	 has	 increased,	 it	 is	 assumed	 that	 more	

recipients	 will	 suffer	 from	 a	 suboptimal	 graft.	 Furthermore,	 due	 to	 improvements	 in	

surgical	 techniques,	 post-operative	 care	 and	 immunosuppressive	 regimes,	 the	 short-

term	 survival	 after	 LT	 has	 improved	 significantly,10	 resulting	 in	 a	 larger	 population	

surviving	 long	 enough	 to	 develop	 late	 graft	 failure.	 A	 retransplantation	 of	 the	 liver	

(reLT)	is	currently	the	only	definitive	treatment	for	allograft	failure.	However,	it	is	well	

known	 that	 reLT	 is	 associated	 with	 inferior	 patient	 and	 graft	 survival	 compared	 to	

primary	LT.11,12		

Despite	 DCD	 liver	 grafts	 being	 widely	 accepted,	 transplant	 physicians	 and	 surgeons		

tend	 to	 avoid	 the	 use	 of	 DCD	 grafts	 for	 reLT.	 However,	 	 since	 in	 some	 countries	 the	

availability	 of	DBD	 grafts	 has	 decreased,13	 the	waiting	 time	 for	 an	 optimal,	 preferably	

DBD	liver	to	become	available	 for	a	reLT	candidate	could	be	too	 long	with	subsequent	

risk	of	deterioration	of	the	patient’s	condition,	making	him	or	her	ineligible	for	reLT.				

	



	
	

There	is	very	little	reported	on	the	use	of	DCD	grafts	for	patients	requiring	a	reLT.	Only	

one	study	has	assessed	the	outcomes	of	ten	patients	undergoing	reLT	using	DCD	grafts.14	

The	authors	concluded	that	the	use	of	DCD	graft	should	be	avoided	if	the	recipient	has	a	

moderate	 to	 high	Model	 for	 End-Stage	 Liver	 Disease	 (MELD)	 score.	 Unfortunately,	 no	

comparison	 was	 made	 with	 reLT	 using	 DBD	 grafts.	 Since	 DCD-LT	 is	 common	 in	 the	

Netherlands,	and	reLT	is	not	an	official	contra-indication	for	the	use	of	a	DCD	liver,	we	

aimed	to	compare	the	outcomes	of	reLT	with	DCD	grafts	in	the	Netherlands	with	that	of	

matched	DBD	cases.			

	

MATERIALS	&	METHODS	

In	this	multicenter	retrospective	study,	all	patients	who	underwent	a		re-LT	using	a	DCD	

liver	 graft	 (DCD-reLT)	 in	 one	 of	 the	 three	 liver	 transplant	 centers	 in	 the	 Netherlands	

from	 the	 beginning	 of	 the	 DCD-LT	 program	 in	 2001	 until	 January	 1st	 2017,	 were	

included.	 Pediatric	 LT	 (<18	 years),	 multi-organ	 transplantation	 and	 grafts	 preserved	

with	 machine	 perfusion	 were	 excluded.	 A	 matched	 control	 group	 of	 DBD	

retransplantations	 (DBD-reLT)	 was	 formed.	 For	 each	 DCD-reLT,	 two	 DBD-reLT	 were	

selected	based	on	the	following	matching	criteria	(in	order	of	 importance):	Transplant	

center,	 Balance	 of	 Risk	 score	 (BAR),15	 number	 of	 consecutive	 reLT,	 year	 of	 reLT	 and	

interval	between	prior	LT	and	reLT.	This	latter	matching	criterion	was	chosen	since	an	

early	reLT	(within	three	months),	 is	on	the	one	hand	technically	 less	challenging	 	than	

late	reLT	(easier	hepatectomy	with	less	adhesions),	but	on	the	other	hand	is	performed	

in	patients	who	may	be	sicker	pre-reLT	than	patients	undergoing	a	 late	reLT.16,17	Data	

on	 donor	 and	 organ	 procurement	 characteristics	 were	 obtained	 through	 the	

Eurotransplant	 Donordata	 database.	 Recipient	 data	 and	 data	 on	 follow-up	 were	

collected	 from	 prospective	 maintained	 databases	 and	 patients’	 electronic	 medical	

records.	The	study	has	been	approved	by	the	Institutional	Review	Board	of	the	Erasmus	

MC	University	Medical	Center	Rotterdam	(MEC-2019-0316).		

In	 all	 DCD	 organ	 procurements	 in	 the	 Netherlands,	 withdrawal	 of	 life	 support	 takes	

place	at	the	ICU	or	regular	ward.	After	circulatory	arrest	a	mandatory	no	touch	period	of	

five	minutes	is	carried	out	after	which	the	donor	is	transported	to	the	operating	theatre.	

As	described	in	the	National	Protocol	Post-mortem	Donor	Organ	Procurement,	a	super-



	

rapid	retrieval	technique	is	used	in	DCD	donors	to	minimize	the	donor	warm	ischemia	

time.	After	cannulation	of	aorta	and	inferior	vena	cava,	cold	perfusion	with	University	of	

Wisconsin	 (UW)	 solution	 is	 started.18	 Since	 pre-mortem	 administration	 of	 heparin	 is	

prohibited	by	 law,	heparin	 is	added	to	the	perfusion	solution.	The	standard	method	of	

implantation	 is	 with	 a	 piggyback	 caval	 vein	 anastomosis,	 an	 end-to-end	 arterial	 and	

portal	anastomosis,	and	a	duct-to-duct	biliary	anastomosis.		

The	total	donor	warm	ischemia	time	(dWIT)	was	defined	as	time	between	withdrawal	of	

life	 supporting	 treatment	and	start	of	 cold	perfusion.	The	definition	of	asystolic	donor	

warm	 ischemia	 time	was	 the	 time	between	 circulatory	 arrest	 and	 cold	 perfusion.	 The	

cold	 ischemia	 time	 (CIT)	 was	 defined	 as	 the	 period	 between	 the	 start	 of	 the	 cold	

perfusion	 in	 the	 donor	 and	 the	 removal	 of	 the	 liver	 from	 ice	 during	 the	 recipient	

procedure.	The	definition	of	recipient	warm	ischemia	time	(rWIT)	used	in	this	study	is	

the	interval	between	removal	of	the	liver	from	ice	and	graft	reperfusion	(i.e.	in	the	vast	

majority	portal	reperfusion).	

The	 primary	 outcome	measures	 of	 this	 study	were	 patient	 and	 graft	 survival.	 Patient	

survival	was	defined	as	time	between	reLT	and	death,	with	or	without	functioning	graft.	

Graft	 survival	 was	 calculated	 as	 time	 between	 the	 reLT	 and	 patient	 death	 (with	 or	

without	functioning	graft)	or	a	successive	retransplantation.	Secondary	outcomes	were	

incidence	of	bile	leakage	and	anastomotic	strictures	as	well	as	the	development	of	NAS	

within	the	 first	year	after	transplantation.	NAS	was	defined	as	any	stricture	of	 the	bile	

duct	 except	 those	 localized	 near	 the	 biliary	 anastomosis	 and	 in	 absence	 of	 an	 hepatic	

artery	thrombosis.		

Continuous	data	were	presented	as	median	and	interquartile	range	(IQR)	and	compared	

with	 the	 Mann-Whitney	 U	 test.	 Categorical	 variables	 were	 presented	 as	 number	 and	

percentages	 and	 compared	with	 the	 Pearson	 chi-square	 test	 or	 the	 Fisher’s	 exact	 test	

where	 appropriate.	 Survival	 analyses	 was	 conducted	 using	 the	 Kaplan	 Meier	 method	

and	 comparisons	were	made	with	 the	 log-rank	 test.	 All	 test	were	 two-sided	with	 a	 p-

value	below	0.05	considered	as	significant.	The	statistical	analyses	was	performed	using	

SPSS	version	24	(IBM,	Chicago,	Illinois,	United	States	of	America).		

	

	 	



	
	

RESULTS	

Between	 the	 start	 of	 the	 DCD-LT	 program	 in	 2001	 and	 January	 1st	 2017,	 19	 patients	

underwent	 a	 retransplantation	 	with	 a	 DCD	 liver.	 These	 cases	were	matched	with	 38	

DBD-reLT	cases.	Donor	and	 recipient	demographics	are	given	 in	Table	1.	There	was	a	

male	 predominance	 in	 both	 donor	 groups	 (DCD-reLT:	 52.6%,	 DBD-reLT:	 57.9%).	

Compared	 to	 DBD-reLT	 donors,	 DCD-reLT	 donors	 were	 significantly	 younger	 (38.0	

versus	53.5	years,	p	<	0.001)	and	had	a	lower	BMI	(22.0	versus	24.5	kg/m2,	p	=	0.003).	

Furthermore,	DCD	donors	had	more	often	died	from	trauma	whereas	DBD	donors	died	

more	 from	 cerebrovascular	 accidents.	 In	 DCD-reLT	 the	median	 asystolic	 donor	warm	

ischemia	time	was	15	minutes	(11-18	minutes)	whereas	the	total	dWIT	was	28	minutes	

(22	–	32	minutes).		

The	majority	of	 the	 recipients	was	male,	with	 a	median	age	of	51.0	 years	 (IQR,	48.0	 -	

58.0	years)	in	the	DCD-reLT	group	and	49.5	years	(IQR,	42.5	–	59.3	years)	in	the	DBD-

reLT	 group	 (p	 =	 0.72).	 The	 most	 common	 indication	 for	 reLT	 was	 (ischemic)	

cholangiopathy	(42%	in	the	DCD-reLT	group,	53%	in	the	DBD-reLT	group),	followed	by	

primary	non-function	and	recurrence	of	 the	primary	disease.	The	majority	of	 the	reLT	

were	 of	 the	 late	 type,	 being	 performed	 at	 least	 three	months	 after	 the	 prior	 LT.	 The	

median	laboratory	MELD	score	at	time	of	reLT	was	substantially	lower	in	the	DCD-reLT	

group	compared	to	the	DBD-reLT	group	(18	versus	26),	however	this	difference	was	not	

statistically	significant	(p	=	0.417).		

	 	



	

Table	1:	Donor	and	recipient	demographics	

	 Total	group		
N=57	

DCD-reLT	
N=19	

DBD-reLT	
N=38	

P-value	

Donor	 	 	 	 	
Male	 32	(56.1)	 10	(52.6)	 22	(57.9)	 0.71	
Age	(years)	 50.0		

(26.5-57.0)	
38.0		
(20.0-45.0)	

53.5		
(39.0-59.0)	

<0.001	

BMI	(kg/m2)	 24.0		
(22.0-26.0)	

22.0		
(19.0-24.0)	

24.5		
(22.0-28.0)	

0.003	

Cause	of	death	
Trauma	
CVA	
Anoxia	
Other	

	
36	(63.2%)	
11	(19.3%)	
9	(15.8%)	
1	(1.8%)	

	
7	(36.8%)	
6	(31.6%)	
5	(26.3%)	
1	(5.3%)	

	
29	(76.3%)	
5	(13.2%)	
4	(10.5)	
0	

0.03	

Last	γ-GT	(U/L)	 29.0	
(16.5-42.0)	

30.0		
(18.0-36.0)	

27.5		
(14.8-43.3)	

0.93	

Last	ALT	(U/L)	 26.0		
(14.0-45.0)	

23.0														
(15.0-46.0)	

27.5		(14.0-
44.8)	

0.83	

	Asystolic	dWIT	(minutes)†	 n/a	 15.0													
(11.0-18.0)	

n/a	 n/a	

Total	dWIT	(minutes)‡	 n/a	 28.0															
(22.3-31.8)	

n/a	 n/a	

Recipient	 	 	 	 	
Male	 33	(57.9)	 11	(57.9)	 22	(57.9)	 0.999	
Age	(years)	 51.0		

(44.0-59.0)	
51.0		
(48.0-58.0)	

49.5		
(42.5-59.3)	

0.72	

BMI	(kg/m2)		 22.8		
(20.7-26.5)	

22.5					
(21.3-26.5)	

23.3		
(19.7-26.8)	

0.87	

Laboratory	MELD	score	 22.5						
(10.0-28.3)	

17.5		
(10.3-24.0)	

25.5	
(10.0-29.0)	

0.42	

Indication	for	reLT	
PNF	
Vascular	(e.g.	HAT/PVT)	
Biliary	(e.g.	ITBL)	
Recurrent	primary	disease	
Other	

	
12	(21.1)	
6	(10.5)	
28	(49.1)	
7	(12.3)	
4	(7.0)	

	
3	(15.8)	
3	(15.8)	
8	(42.1)	
3	(15.8)	
2	(10.5)	

	
9	(23.7)	
3	(7.9)	
20	(52.6)	
4	(10.5)	
2	(5.3)	

0.70	

Number	of	reLT	
1	
2	
3	

	
47	(82.5)	
8	(14.0)	
2	(3.5)	

	
16	(84.2)	
2	(10.5)	
1	(5.3)	

	
31	(81.6)	
6	(15.8)	
1	(5.3)	

0.78	

Type	of		reLT	
Early	reLT	(<	3	months)	
Late	reLT		(>	3	months)	

	
18	(31.6)	
				39	(68.4)	

	
4	(21.1)	
15	(78.9)	

	
14	(36.8)	
24	(63.2)	

0.23	

Time	between	reLT	and	prior	
LT	(days)	

617		
(55-3549)	

775		
(239-3903)	

326		
(12-3158)	

0.41	

Graft	type	of	prior	LT	
DBD	graft		
DCD	graft	

	
42	(73.7)	
15	(26.3)	

	
13	(68.4)	
6	(31.6)	

	
29	(76.3)	
9	(23.7)	

0.52	



	
	

	

Data	are	shown	as	median	(IQR)	and	frequency	(proportion).	†:	Asystolic	dWIT	is	defined	

as	the	time	between	circulatory	arrest	and	start	of	cold	perfusion.	‡:	Total	dWIT	is	defined	

as	time	between	withdrawal	of	life	supporting	treatment	and	cold	perfusion.	ALT:	Alanine	

transaminase,	BMI:	Body	Mass	Index,	CVA:	Cerebrovascular	accident,	DBD:	Donation	after	

Brain	Death,	DCD:	Donation	after	Circulatory	Death,	dWIT:	donor	Warm	Ischemia	Time,		γ-

GT:	Gamma-glutamyltransferase,	LT:	liver	transplantation,	MELD:	Model	for	End	stage	

Liver	Disease,	reLT:	liver	retransplantation			

Table	2	 shows	operative	data	as	well	 as	data	on	 the	post-operative	outcomes.	Neither	

the	 cold	 ischemia	 time	 (CIT)	 nor	 the	 recipient	 warm	 ischemia	 time	 (rWIT)	 differed	

significantly	between	the	two	groups.	However,	a	trend	towards	significance	was	found	

in	 perioperative	 blood	 loss	 (4319	 milliliters	 in	 the	 DCD-reLT	 group	 versus	 2500	

milliliters	in	the	DBD-reLT	group,	p	=	0.07).	Patients	were	discharged	from	the	hospital	

after	a	median	of	25	days	in	the	DCD-reLT	group	and	20	days	in	the	DBD-reLT	group	(p	

=	0.37).		

	 	



	

Table	2:	Surgical	and	post-operative	demographics	

	 Total	group		
N=57	

DCD-reLT	
N=19	

DBD-reLT	
N=38	

P-value	

Operation	 	 	 	 	

rWIT	(minutes)	 39.0	
	(34.0-46.0)	

43.0		
(35.0-48.0)	

37.5		
(32.5-43.0)	

0.18	

CIT	(minutes)	 452		
(395-525)	

440	
(374-517)	

454	
	(400-528)	

0.59	

Blood	loss	(ml)†	 2800	
(2150-7000)	

4319	
(2675-8125)	

2500	
(1500-5875)	

0.07	

BAR	score	 12.0		
(7.3-17.0)	

11.0		
(8.0-18.0)	

12.0		
(7.0-17.0)	

0.86	

Post-operative	outcomes	 	 	 	 	

ICU	stay	(days)	 3.0		
(2.0-9.0)	

2.0	
(2.0-5.0)	

3.5	
(2.0-9.3)	

0.37	

Hospital	stay	(days)	 23.0		
(13.5-34.5)	

25.0		
(14.0-34.0)	

19.5		
(13.0-40.3)	

0.37	

Peak	ALT	within	1st	week	 1217		
(613-2499)	

1238		
(582-2522)	

1159		
(634-2461)	

0.82	

Bile	leak	 6	(10.5)	 2	(10.5)	 4	(10.5)	 0.999	

Anastomotic	strictures	 13	(22.8)	 4	(21.1)	 9	(23.7)	 0.999	

Non-anastomotic	
strictures‡	

9	(15.8)	 5	(26.3)	 4	(10.5)	 0.143	

Death	 14	(24.6)	 5	(26.3)	 9	(23.7)	 0.999	

Retransplantation	 4	(7.0)	 1	(5.3)	 3	(7.9)	 0.999	

	

Data	are	shown	as	median	(IQR)	and	frequency	(proportion).	†:	Proportion	of	missing	data	

for	this	variable	is	19.3%.	‡:	incidence	within	first	year	after	reLT.	ALT:	Alanine	

transaminase,	BAR:	Balance	of	risk,	CIT:	Cold	Ischemia	Time,	DBD:	Donation	after	Brain	

Death,	DCD:	Donation	after	Circulatory	Death,	ICU:	Intensive	Care	Unit,		LT:	liver	

transplantation,	MELD:	Model	for	End	stage	Liver	Disease,	reLT:	liver	retransplantation,	

rWIT:	recipient	Warm	Ischemia	Time			

	

	
	



	
	

Survival	rates	

The	median	follow-up	of	the	total	cohort	was	5.35	years	(IQR,	1.82-9.26	years).	The	30	

days,	 1-year,	 5-year	 and	 10-year	 recipient	 survival	 in	 the	 DCD-reLT	 group	 was	 95%,	

79%,	79%	and	79%	 respectively,	 compared	 to	 87%,	84%,	78%	and	78%	 in	 the	DBD-

reLT	 group	 (p	 =0.915,	 Figure	 1).	 The	 most	 common	 cause	 of	 death	 after	 reLT	 was	

infection	(Table	3).		

	

Figure	 1:	 Kaplan	Meier	 curve	 of	 patient	 survival	 after	 DCD-reLT	 and	DBD-reLT.	

Patient	 survival	 is	defined	as	death	 (with	or	without	 functioning	graft).	 	DBD-reLT:	 liver	

retransplantation	 with	 graft	 from	 donation	 after	 brain	 death.	 DCD-reLT:	 liver	

retransplantation	with	graft	from	donation	after	circulatory	death	
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Table	3:	Causes	of	death	

Patient	 Graft	type	 Interval	
between	
reLT	and	
death	
(days)	

Cause	of	death	

1.	 DCD-reLT	 1	 Myocardial	infarction	in	septic	patient	

2.	 DBD-reLT	 9	 Multiple	organ	failure	in	septic	patient	

3.	 DBD-reLT	 12	 Progressive	liver	failure,	probably	as	result	of	
hypoperfusion	

4.	 DBD-reLT	 13	 Multiple	organ	failure	in	patient	with	immune	
thrombocytopenic	purpura	(transmitted	from	
donor)	and	portal	vein	thrombosis	

5.	 DBD-reLT	 13	 Neurological	infaust	prognosis	after	intra-
operative	exsanguination	

6.	 DBD-reLT	 14	 Multiple	organ	failure	in	septic	patient	

7.	 DCD-reLT	 129	 Multiple	organ	failure	in	septic	patient	

8.	 DCD-reLT	 129	 Recurrent	giant	cell	hepatitis	

9.	 DBD-reLT	 174	 Critical	illness	neuropathy	

10.	 DCD-reLT	 205	 Pseudomonas	infection	in	patient	with	recurrent	
hepatitis	C	infection		

11.	 DBD-reLT	 1333	 Recurrent	peritonitis	due	to	multidrug	resistant	
bacteria.	Patient	wished	no	further	treatment	

12.	 DBD-reLT	 1405	 Pulmonary	hypertension	and	mesenterial	
thrombosis.	Patient	wished	no	further	treatment	

13.	 DBD-reLT	 3994	 Bacterial	peritonitis	in	cirrhotic	liver.	Patient	
wished	no	further	treatment	

14.	 DCD-reLT	 4941	 Recurrent	liver	cirrhosis,	decompensated	after	
surgery	for	hip	fracture	

	

The	30	days,	1-year,	5-year	and	10-year	graft	survival	was	95%,	79%,	79%	and	79%	for	

the	DCD-reLT	group	and	84%,	79%,	70%	and	70%	in	the	DBD-reLT	group	(p	=	0.603)	

(Figure	 2).	 Four	 patients	 needed	 a	 subsequent	 retransplantation:	 three	 	 because	 of	

biliary	 complications	 (one	 in	 the	DCD-reLT	 group	 and	 two	 in	 the	DBD-reLT	 group,	 of	

which	one	case	was	accompanied	by	recurrence	of	PSC)	and	one	patient	in	the	DBD-reLT	

group	due	to	an	early	hepatic	artery	thrombosis.		



	
	

	

Figure	 2:	 Kaplan	 Meier	 curve	 of	 graft	 survival	 after	 DCD-reLT	 and	 DBD-reLT.		

Graft	 survival	 is	 defined	 as	 death	 (with	 or	 without	 functioning	 graft)	 or	 consecutive	

retransplantation.	DBD-reLT:	liver	retransplantation	with	graft	from	donation	after	brain	

death.	DCD-reLT:	liver	retransplantation	with	graft	from	donation	after	circulatory	death	

Biliary	complications	

In	 total,	 10.5%	of	 the	 recipients	 in	 both	 groups	 had	 a	 bile	 leakage.	 Furthermore,	 four	

recipients	 in	 the	 DCD-reLT	 group	 (21.1%)	 and	 nine	 in	 the	 DBD-reLT	 group	 (23.7%)	

developed	an	anastomotic	stricture	(p	=	0.999).	The	proportion	of	recipients	developing	

NAS	 within	 the	 first	 year	 after	 reLT	 was	 substantially	 higher	 in	 the	 DCD-reLT	 group	

(26.3	 %	 versus	 10.5%),	 however	 this	 difference	 was	 not	 statistically	 significant	 (p	 =	

0.143).	The	median	time	interval	between	reLT	and	diagnosis	of	NAS	was	204	days	(IQR	

118	–	343	days).	
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DISCUSSION	

The	relative	shortage	of	available	liver	grafts	has	led	to	a	more	widespread	use	of	DCD	

grafts.	However,	the	outcomes	after	reLT	with	a	DCD	graft	have	rarely	been	reported	in	

literature.	This	 is	 the	 first	study	to	analyze	the	outcomes	after	DCD-reLT	and	compare	

these	with	outcomes	after	matched	DBD-reLT.	Our	results	suggest	that	reLT	with	a	DCD	

graft	 in	 selected	 recipients	 does	 not	 result	 in	 inferior	 outcome	 when	 compared	 to	

matched	DBD-reLTs.		

Our	survival	rates	after	DCD-reLT	are	substantially	higher	than	presented	in	a	previous	

study	 on	 DCD-reLT	 performed	 by	 Perry	 et	 al.	 in	 2011.14	 This	 could	 be	 due	 to	 the	

substantial	lower	MELD	score	in	our	population	(median	of	17.5	versus	a	median	of	27.0	

reported	by	Perry	et	al.).	Unfortunately,	it	is	unclear	whether	in	the	study	by	Perry	et	al.	

the	MELD	score	included	(non)	standard	exception	points.	Since	our	median	laboratory	

MELD	score	is	that	much	lower,	we	are	unable	to	refute	or	endorse	the	conclusion	from	

Perry	 et	 al.	 that	 the	 use	 of	 DCD	 grafts	 should	 be	 avoided	 in	 high	 MELD	 recipients	

awaiting	 reLT.	 However,	 a	 recent	 published	 study	 by	 Taylor	 et	 al.	 concluded	 that	

accepting	a	DCD	graft	has	a	survival	advantage	over	waiting	for	a	DBD	liver,	especially	in	

recipients	 with	 a	 high	 MELD	 score.19	 As	 this	 study	 only	 included	 first-transplant	

recipients,	it	is	doubtful	whether	the	conclusions	made	by	Taylor	and	colleagues	can	be	

extrapolated	to	the	field	of	 liver	retransplantation.	Based	on	our	results,	 it	 is	 indicated	

that	 at	 least	 in	 recipients	with	 a	 low-moderate	MELD	 score	 the	 use	 of	 a	 DCD	 graft	 is	

justifiable	for	reLT.		

The	significant	difference	 in	donor	age	between	the	DCD-reLT	and	DBD-reLT	group	 in	

this	 study	 is	 attributable	 to	 the	 strict	 upper	 age	 limit	 for	 DCD	 donors	 that	 was	

maintained	 in	 the	 Netherlands	 until	 recently	 and	 to	 the	 individual	 choice	 of	 the	

transplant	 surgeon	 or	 physician	 to	 accept	 only	 the	 best	 DCD	 livers	 (i.e.	 DCD	 grafts	

without	other	extended	criteria	and	relevant	comorbidities)	 for	 the	 indication	of	reLT.	

This	 latter	 is	probably	the	case	 in	most	transplant	programs	performing	DCD-reLT.	To	

assess	whether	the	excellent	survival	rates	in	the	DCD-reLT	group	could	be	attributed	to	

the	 relatively	 low	donor	 age	 in	 this	 group,	 donor	 age	was	 tested	 in	 an	univariate	 Cox	

Proportional-Hazards	regression	model	for	both	recipient	and	graft	survival,	yielding	no	

significant	result	(data	not	shown).	This	is	in	line	with	literature	that	age	alone	does	not	

impair	 survival	 outcomes	 after	 DCD-LT.20,21	 Since	 none	 of	 the	 matching	 variables	



	
	

differed	significantly	between	the	two	groups,	it	is	highly	unlikely	that	the	difference	in	

donor	age	is	the	result	of	incorrect	matching.		

The	 difference	 in	 donor	 cause	 of	 death	 and	 donor	 BMI	 between	 the	 two	 groups	 are	

probably	 the	result	of	 the	 lower	age	 in	 the	DCD-reLT	group;	younger	donors	die	more	

often	 from	 trauma,	 whereas	 older	 donors	 die	 predominantly	 from	 cerebrovascular	

accidents,	and	younger	donors	tend	to	have	a	lower	BMI.22-24	However,	the	lower	donor	

BMI	in	the	DCD-reLT	group	could	also	be	due	to	selection	by	transplant	physicians	and	

surgeons.	 Since	 there	 seems	 to	 be	 some	 association	 between	 BMI	 and	 degree	 of	

steatosis,	a	known	risk	factor	for	poor	outcome	after	LT,25,26	the	lower	BMI	in	the	DCD-

reLT	group	could	to	some	extent	have	influenced	the	outcome	in	this	group.		

When	compared	with	DBD	grafts,	liver	transplantation	with	DCD	grafts	are	generally	at	

higher	 risk	 of	 developing	 biliary	 complications	 post-transplantation,	 especially	NAS.	A	

similar	trend,	albeit	non-significant	can	be	seen	in	the	current	study.	It	is	expected	that	

with	an	increased	sample	size,	this	difference	would	have	become	statistically	significant	

between	 the	 DCD-reLT	 and	 DBD-reLT	 group.	 Surprisingly,	 the	 incidence	 of	 NAS	 after	

especially	DBD-reLT	in	the	current	study	is	higher	than	expected.	There	could	be	several	

explanations	for	this.	First,	the	high	NAS	incidence	in	the	DBD-cohort	could	be	the	result	

of	 the	matching.	Furthermore,	until	recently	the	donor	hepatectomy	time	(i.e.	 the	time	

between	the	start	of	cold	perfusion	in	the	donor	and	the	liver	being	stored	on	ice)	was	

relatively	 long	 in	 the	Netherlands.	Research	has	 shown	 that	 a	prolonged	hepatectomy	

time	is	a	risk	factor	for	the	development	of	NAS.27,28	Finally,	the	high	incidences	of	NAS	

in	this	reLT	cohort	could	also	imply	that	a	reLT,	independent	of	graft	type,		has	a	higher	

risk	of	developing	post-operative	NAS.	Unfortunately,	literature	on	this	topic	is	lacking.	

Lastly,	 it	 should	 be	 noted	 that	 of	 the	 nine	 patients	 who	 developed	 NAS,	 only	 three	

required	a	new	transplant,	indicating	that	NAS	in	this	group	of	patients	was	rather	mild	

and	could	be	treated	conservatively.			

With	 the	 renewed	 interest	 in	 the	use	of	DCD	grafts,	we	believe	 that	 the	 results	of	 our	

study	 are	 very	 relevant	 for	 further	 practice	 in	 these	 centers.	 With	 careful	 selection,	

recipient	and	graft	survival	after	DCD-reLT	appear	similar	to	the	survival	in	DBD-reLT.	

Therefore,	 grafts	 for	 reLT	should	not	be	 rejected	based	on	 the	DCD	status	alone	but	a	

careful	assessment	of	additional	donor	 factors	 is	needed	for	a	case-by-case	decision	to	

use	 these	 grafts.	 Furthermore,	making	 use	 of	 DCD	 donors	 for	 reLT	may	 facilitate	 the	



	

current	ethical	debate	regarding	reLT.	That	is,	if	transplant	surgeons	and	physicians	will	

accept	 DCD	 grafts	 for	 retransplantation,	 more	 DBD	 grafts	 will	 remain	 available	 for	

recipients	on	the	waiting	list	awaiting	their	first	transplant.	At	the	same	time,	expansion	

of	the	donor	pool	with	DCD	donors	will	result	in	more	expedited	reLT	for	those	in	need.	

Finally,	 with	 the	 emerging	 technologies	 in	 the	 field	 of	 machine	 perfusion,	 it	 can	 be	

anticipated	that	 the	quality	of	DCD	grafts	can	be	 improved,	resulting	 in	among	other	a		

decreased	incidence	of	ischemic	cholangiopathy.29-31	

One	strength	of	this	study	is	the	comparison	of	outcome	after	DCD-reLT	with	a	matched	

control	group	of	DBD-reLT	cases.	This	has	made	a	proper	comparison	of	the	two	groups	

possible,	 from	which	 it	can	be	concluded	that	survival	after	DCD-reLT	is	under	certain	

circumstances	 similar	 to	 that	 after	 DBD-reLT.	 This	 study	 also	 has	 several	 limitations.	

Firstly,	we	had	to	define	donor	warm	ischemia	time	as	time	between	withdrawal	of	life	

support	and	cold	perfusion.	We	were	unable	to	calculate	the	more	important	functional	

warm	ischemia	time	in	the	donor	since	data	on	hemodynamic	status	during	the	agonal	

phase	 is	 lacking	 or	 improperly	 recorded.	 Furthermore,	 the	 study	 had	 a	 retrospective	

design,	which	is	prone	to	bias	and	confounding.	Finally,	the	sample	size	of	this	study	is	

relatively	 small,	which	made	 detailed	 statistical	 analysis	 such	 as	multivariate	 analysis	

impossible.		

In	 conclusion,	 liver	 retransplantation	with	 a	 DCD	 graft	 can	 yield	 similar	 outcomes	 as	

liver	 retransplantation	 with	 donation	 after	 brain	 death.	 Therefore,	 DCD	 status	 itself	

should	 not	 preclude	 the	 use	 of	 such	 donors	 in	 patients	 awaiting	 retransplantation.	

However,	 careful	 selection	 of	 the	 offered	 DCD	 livers	 probably	 remains	 mandatory.	

Larger	studies	are	needed	are	needed	to	confirm	our	results.	

	

	 	



	
	

REFERENCES	

1. Nemes	B,	Gaman	G,	Polak	WG,	Gelley	F,	Hara	T,	Ono	S,	et	al.	Extended	criteria	
donors	 in	 liver	 transplantation	 Part	 I:	 reviewing	 the	 impact	 of	 determining	
factors.	Expert	Rev	Gastroenterol	Hepatol.	2016;10(7):827-39.	

2. Eurotransplant.	Statistics	Report	Library.		
http://statistics.eurotransplant.org/;	2018.	

3. Network	OPaT.	National	Data	-	Donors	Recovered	in	the	U.S.	by	Donor	Type.	
2018.	

4. Transplant	 NBa.	 Organ	 Donation	 and	 Transplantation	 -	 Activity	 Report	
2017/18.	 https://www.odt.nhs.uk/statistics-and-reports/annual-activity-
report/;	2018.	

5. den	Dulk	AC,	Sebib	Korkmaz	K,	de	Rooij	BJ,	Sutton	ME,	Braat	AE,	Inderson	A,	
et	 al.	 High	 peak	 alanine	 aminotransferase	 determines	 extra	 risk	 for	
nonanastomotic	 biliary	 strictures	 after	 liver	 transplantation	 with	 donation	
after	circulatory	death.	Transpl	Int.	2015;28(4):492-501.	

6. O'Neill	S,	Roebuck	A,	Khoo	E,	Wigmore	SJ,	Harrison	EM.	A	meta-analysis	and	
meta-regression	of	outcomes	including	biliary	complications	in	donation	after	
cardiac	death	liver	transplantation.	Transpl	Int.	2014;27(11):1159-74.	

7. de	Vera	ME,	Lopez-Solis	R,	Dvorchik	I,	Campos	S,	Morris	W,	Demetris	AJ,	et	al.	
Liver	 transplantation	 using	 donation	 after	 cardiac	 death	 donors:	 long-term	
follow-up	from	a	single	center.	Am	J	Transplant.	2009;9(4):773-81.	

8. Callaghan	CJ,	Charman	SC,	Muiesan	P,	Powell	 JJ,	Gimson	AE,	van	der	Meulen	
JH,	et	al.	Outcomes	of	transplantation	of	livers	from	donation	after	circulatory	
death	donors	in	the	UK:	a	cohort	study.	BMJ	Open.	2013;3(9):e003287.	

9. Verdonk	RC,	 Buis	 CI,	 van	 der	 Jagt	 EJ,	 Gouw	AS,	 Limburg	AJ,	 Slooff	MJ,	 et	 al.	
Nonanastomotic	 biliary	 strictures	 after	 liver	 transplantation,	 part	 2:	
Management,	outcome,	and	risk	factors	for	disease	progression.	Liver	Transpl.	
2007;13(5):725-32.	

10. Song	AT,	Avelino-Silva	VI,	Pecora	RA,	Pugliese	V,	D'Albuquerque	LA,	Abdala	E.	
Liver	 transplantation:	 fifty	 years	 of	 experience.	 World	 J	 Gastroenterol.	
2014;20(18):5363-74.	

11. Berumen	J,	Hemming	A.	Liver	Retransplantation:	How	Much	Is	Too	Much?	Clin	
Liver	Dis.	2017;21(2):435-47.	

12. Onaca	N,	 Levy	MF,	 Ueno	 T,	Martin	 AP,	 Sanchez	 EQ,	 Chinnakotla	 S,	 et	 al.	 An	
outcome	 comparison	 between	 primary	 liver	 transplantation	 and	
retransplantation	 based	 on	 the	 pretransplant	 MELD	 score.	 Transpl	 Int.	
2006;19(4):282-7.	

13. Domínguez-Gil	 B,	 Haase-Kromwijk	 B,	 Van	 Leiden	 H,	 Neuberger	 J,	 Coene	 L,	
Morel	 P,	 et	 al.	 Current	 situation	 of	 donation	 after	 circulatory	 death	 in	
European	countries.	Transplant	International.	2011;24(7):676-86.	

14. Perry	 DK,	 Willingham	 DL,	 Sibulesky	 L,	 Bulatao	 IG,	 Nguyen	 JH,	 Taner	 CB.	
Should	donation	after	cardiac	death	liver	grafts	be	used	for	retransplantation?	
Ann	Hepatol.	2011;10(4):482-5.	

15. Dutkowski	P,	Oberkofler	CE,	Slankamenac	K,	Puhan	MA,	Schadde	E,	Mullhaupt	
B,	 et	al.	Are	 there	better	guidelines	 for	allocation	 in	 liver	 transplantation?	A	
novel	 score	 targeting	 justice	 and	 utility	 in	 the	 model	 for	 end-stage	 liver	
disease	era.	Ann	Surg.	2011;254(5):745-53;	discussion	53.	



	

16. Moon	HH,	Kim	TS,	Song	S,	Shin	M,	Chung	YJ,	Lee	S,	et	al.	Early	Vs	Late	Liver	
Retransplantation:	 Different	 Characteristics	 and	 Prognostic	 Factors.	
Transplant	Proc.	2018;50(9):2668-74.	

17. Yoo	PS,	Umman	V,	Rodriguez-Davalos	MI,	Emre	SH.	Retransplantation	of	 the	
liver:	 review	 of	 current	 literature	 for	 decision	 making	 and	 technical	
considerations.	Transplant	Proc.	2013;45(3):854-9.	

18. Landelijk	 Overleg	 Uitname	 Teams	 (LORUT)	 oacotDTSNatDTFN.	 National	
Protocol	Post	Mortem	Donor	Organ	Procurement.	2018.	

19. Taylor	R,	Allen	E,	Richards	 JA,	Goh	MA,	Neuberger	 J,	Collett	D,	et	al.	Survival	
advantage	 for	 patients	 accepting	 the	 offer	 of	 a	 circulatory	 death	 liver	
transplant.	J	Hepatol.	2019.	

20. Detry	O,	Deroover	A,	Meurisse	N,	Hans	MF,	Delwaide	J,	Lauwick	S,	et	al.	Donor	
age	as	a	risk	factor	in	donation	after	circulatory	death	liver	transplantation	in	
a	controlled	withdrawal	protocol	programme.	Br	J	Surg.	2014;101(7):784-92.	

21. Schlegel	 A,	 Scalera	 I,	 Perera	 M,	 Kalisvaart	 M,	 Mergental	 H,	 Mirza	 DF,	 et	 al.	
Impact	of	donor	age	in	donation	after	circulatory	death	liver	transplantation:	
Is	the	cutoff	"60"	still	of	relevance?	Liver	Transpl.	2018;24(3):352-62.	

22. Darius	T,	Monbaliu	D,	Jochmans	I,	Meurisse	N,	Desschans	B,	Coosemans	W,	et	
al.	Septuagenarian	and	octogenarian	donors	provide	excellent	liver	grafts	for	
transplantation.	Transplant	Proc.	2012;44(9):2861-7.	

23. Singhal	AK,	Sheng	X,	Drakos	SG,	Stehlik	 J.	 Impact	of	donor	cause	of	death	on	
transplant	 outcomes:	 UNOS	 registry	 analysis.	 Transplant	 Proc.	
2009;41(9):3539-44.	

24. Rabelo	 AV,	 Bastante	 MD,	 Raya	 AM,	 Méndez	 CSM,	 Ramirez	 ARG,	 Suarez	 YF.	
Liver	 Transplantation	 Results	 by	 Donor	 Age.	 Transplantation	 Proceedings.	
2016;48(9):2994-6.	

25. Gaba	RC,	Knuttinen	MG,	Brodsky	TR,	Palestrant	S,	Omene	BO,	Owens	CA,	et	al.	
Hepatic	steatosis:	correlations	of	body	mass	index,	CT	fat	measurements,	and	
liver	density	with	biopsy	results.	Diagn	Interv	Radiol.	2012;18(3):282-7.	

26. Wu	C,	Lu	C,	Xu	C.	Short-term	and	long-term	outcomes	of	liver	transplantation	
using	 moderately	 and	 severely	 steatotic	 donor	 livers:	 A	 systematic	 review.	
Medicine	(Baltimore).	2018;97(35):e12026.	

27. Van	Reeven	M,	Van	Leeuwen	OB,	Fujiyoshi	M,	De	Kleine	RHJ,	De	Boer	MT,	De	
Jonge	 J,	 et	 al.	 Donor	 hepatectomy	 time	 in	 donation	 after	 circulatory	 death	
donors	is	an	independent	risk	factor	for	development	of	biliary	strictures	and	
early	graft	loss	after	transplantation.		ILTS	Annual	Congres.	Lisbon;	2018.	

28. Gilbo	 N,	 Fieuws	 S,	 Meurisse	 M,	 Pirenne	 J,	 Jochmans	 I,	 Monbaliu	 D.	 Donor	
hepatectomy	time	and	implantation	time	increase	the	risk	of	non-anastomotic	
biliary	strictures	and	allograft	dysfunction	after	 liver	transplantation.	 	ESOT.	
Copenhagen;	2019.	

29. Dutkowski	P,	Polak	WG,	Muiesan	P,	Schlegel	A,	Verhoeven	CJ,	Scalera	I,	et	al.	
First	 Comparison	 of	 Hypothermic	 Oxygenated	 PErfusion	 Versus	 Static	 Cold	
Storage	 of	 Human	 Donation	 After	 Cardiac	 Death	 Liver	 Transplants:	 An	
International-matched	 Case	 Analysis.	 Ann	 Surg.	 2015;262(5):764-70;	
discussion	70-1.	

30. van	 Rijn	 R,	 Karimian	N,	Matton	 APM,	 Burlage	 LC,	Westerkamp	AC,	 van	 den	
Berg	 AP,	 et	 al.	 Dual	 hypothermic	 oxygenated	 machine	 perfusion	 in	 liver	
transplants	donated	after	circulatory	death.	Br	J	Surg.	2017;104(7):907-17.	



	
	

31. Boteon	 YL,	 Boteon	 AP,	 Attard	 J,	Wallace	 L,	 Bhogal	 RH,	 Afford	 SC.	 Impact	 of	
machine	 perfusion	 of	 the	 liver	 on	 post-transplant	 biliary	 complications:	 A	
systematic	review.	World	J	Transplant.	2018;8(6):220-31.	

	
	 	



	

Part	II:	Transplantation	of	suboptimal	donor	livers:	
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