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Donor	blood	composition	is	a	risk	factor	for	biliary	
injury	during	donation	after	circulatory	death	liver	
transplantation	
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ABSTRACT	

Post-transplant	 cholangiopathy	 following	 ischemia-reperfusion	 injury	 (IRI)	 inhibits	

widespread	application	of	donation	after	 circulatory	death	 liver	 transplantation	 (DCD-

LT).	 Blood	 composition	 of	 the	 donor	 could	 influence	 graft	 flush-out	 and	 IRI.	 We	

hypothesized	 that	 platelets,	 leukocytes	 and	 hematocrit	 of	 the	 DCD	 donor	 influence	

biliary	injury	during	DCD-LT.		

The	association	of	hematocrit,	platelet	and	leukocyte	counts	with	bile	duct	histology	and	

bile	 composition	 during	 (pre)clinical	 normothermic	 machine	 perfusion	 (NMP)	 was	

assessed.	Secondly,	in	a	nationwide	retrospective	study,	all	DCD-LT	between	2010-2017	

were	 included	 to	 assess	 the	 role	 of	 blood	 composition	 in	 the	 development	 of	 non-

anastomotic	biliary	strictures	(NAS).		

High	 donor	 platelet	 counts	 (OR	 2.553,	 95%CI	 1.082-6.021,	 p=0.029)	 and	 low	 donor	

leukocyte	 counts	 (OR	 0.734	 95%CI	 0.581-0.927,	 p=0.009)	 were	 associated	 with	

increased	 bile	 duct	 injury	 of	 40	NMP	 livers,	 and	 donor	 platelet	 count	 associated	with	

biliary	 bicarbonate	 and	 pH.	 In	 a	 multivariate	 Cox	 Proportional-Hazards	 regression	

analysis	 including	 235	 DCD-LT,	 donor	 platelet	 count	 (HR	 1.047	 95%CI	 1.007-1.089,	

p=0.022)	 and	 hematocrit	 (HR	 1.044	 95%CI	 1.005-1.083,	 p=0.025)	 were	 significant	

independent	risk	factors	for	the	development	of	NAS.		

Donor	 platelets	 and	 leukocytes	 are	 associated	with	 biliary	 injury	 prior	 to	 and	 during	

NMP.	Additionally,	platelet	count	and	hematocrit	are	significant	independent	risk	factors	

for	the	development	of	NAS	after	DCD-LT.		

	 	



	

INTRODUCTION	

Liver	 transplantation	 is	 the	 preferred	 treatment	 for	 patients	 with	 end-stage	 liver	

disease.	The	imbalance	between	organ	availability	and	demand	has	led	to	the	increased	

use	 of	 donation	 after	 circulatory	 death	 (DCD)	 livers.	 The	 main	 limitation	 of	 the	

widespread	 use	 of	 DCD	 livers	 is	 the	 frequent	 development	 of	 post-transplant	

cholangiopathy	following	transplantation.	Post-transplant	cholangiopathy	is	a	spectrum	

of	 bile	 duct	 abnormalities,	 including	 non-anastomotic	 biliary	 strictures	 (NAS),	

intraductal	casts	and/or	intrahepatic	biloma	formation.1	NAS	is	observed	in	up	to	30%	

of	patients	that	receive	a	DCD	liver,	whereas	after	donation	after	brain	death	(DBD)	liver	

transplantation,	this	varies	between	3	and	13%.2-4	

Injury	of	peribiliary	glands	(PBG)	and	damage	to	 the	peribiliary	vascular	plexus	(PVP)		

have	been	 identified	as	risk	 factors	 for	 the	development	of	NAS.	Peribiliary	glands	are	

essential	 in	 the	 regeneration	 of	 biliary	 epithelium	 after	 severe	 bile	 duct	 injury,	 as	

encountered	during	transplantation.5	Recently,	we	observed	in	the	data	from	the	study	

by	Op	den	Dries	 et	 al.	 that	 all	 biopsies	 graded	with	>50%	deep	PBG	damage	 also	had	

severe	(>50%)	damage	to	the	PVP.	Therefore,	we	hypothesized	that	PBG	and	PVP	injury	

develop	parallel	during	the	donor	warm	ischemic	period	and	subsequent	cold	ischemia	

time	 prior	 to	 DCD	 liver	 transplantation.	 Accordingly,	 we	 hypothesized	 that	 if	 the	

pathophysiology	 of	 PVP	 injury	 could	 be	 clarified,	 subsequent	 potential	 solutions	 that	

decrease	PVP	injury	would	also	positively	affect	PBG	damage.	

Platelets	are	one	of	the	main	three	(cellular)	components	of	blood,	and	contain	several	

prohemostatic	 and	 proinflammatory	 mediators.6	 Several	 studies	 have	 shown	 an	

influence	of	platelets	on	ischemia-reperfusion	injury	in	ischemic	hearts,	lungs,	pancreata	

and	 livers.7-14	 In	 the	 early	 1990’s	 Cywes	 et	 al.	 have	 shown	 that	 the	 level	 of	 platelet	

adherence	 in	 donor	 livers	 grafts	 can	 predict	 the	 outcome	 of	 transplantation.15	 An	

increased	 level	 of	 platelet	 adherence	 was	 associated	 with	 inferior	 post-transplant	

outcomes,	 and	 up	 to	 one-third	 of	 donor	 livers	 demonstrated	moderate	 to	 high-grade	

platelet	adhesion,	suggesting	severe	endothelial	cell	damage.15	Additionally,	Cywes	et	al	

have	shown	that	addition	of	platelets	during	perfusion	of	rat	livers	aggravated	ischemia-

reperfusion	 injury.14	 At	 the	 beginning	 of	 this	 century,	 Sindram	 et	 al.	 have	 shown	 that	

platelets	induce	sinusoidal	endothelial	cell	apoptosis	of	the	cold	ischemic	rat	liver.16	This	

study	showed	that	pharmacological	prevention	of	platelet	adhesion	reduced	sinusoidal	



	
	

epithelial	 cell	 apoptosis.	 We	 hypothesize	 that	 donor	 platelets	 may	 influence	 biliary	

injury	 by	 adhesion	 to	 endothelial	 cells	 in	 the	 PVP	 during	 the	warm	 hypoxic/ischemic	

period	that	DCD	grafts	encounter,	subsequently	leading	to	increased	PVP	injury.			

In	addition	to	platelets,	we	hypothesized	that	also	red	blood	cells	could	influence	biliary	

injury.	Under	hypoxic	conditions,	erythrocytes	generate	reactive	oxygen	species	(ROS).17	

ROS	are	key	in	the	development	of	ischemia-reperfusion	injury.18	Moreover,	in	hypoxia,	

erythrocytes	induce	pro-inflammatory	endothelial	activation,	potentially	causing	injury	

to	the	PVP.19	The	 last	of	 the	three	cellular	components	of	blood,	 leukocytes,	could	also	

impact	 endothelial	 function,	 as	 in	 hypoxic	 conditions	 leukocytes	 are	 associated	 with	

endothelial	damage.20		

We	 aimed	 to	 study	 the	 potential	 association	 of	 platelet	 and	 leukocyte	 counts	 and	

hematocrit	on	biliary	 injury	 in	a	chronological	method.	First,	bile	duct	biopsies	of	DCD	

livers	prospectively	taken	prior	to	normothermic	machine	perfusion	(NMP)	were	used	

to	 asses	 biliary	 injury	 at	 baseline.	 Secondly,	 bile	 produced	 during	 normothermic	

machine	perfusion	 (NMP)	of	 the	same	DCD	 livers	was	studied.	Lastly,	we	performed	a	

nationwide	retrospective	study	 to	assess	 the	 influence	of	donor	platelet	and	 leukocyte	

counts	and	hematocrit	on	the	development	of	NAS	after	DCD-LT.		

	

METHODS	

Study	design	

The	 first	 part	 of	 this	 study	 is	 a	 prospective	 cohort	 study	 including	 all	 DCD	 livers	 that	

underwent	 preclinical	 and	 clinical	 NMP	 in	 the	 University	 Medical	 Center	 Groningen	

(2013-2019).	Extrahepatic	bile	duct	biopsies	prior	to	machine	perfusion	were	collected,	

fixed	 in	4%	 formalin,	and	subsequently	embedded	 in	paraffin.	Bile	duct	 slices	of	4	µm	

were	cut	and	stained	with	hematoxylin	&	eosin,	and	subsequently	examined	using	light	

microscopy.	The	bile	duct	injury	(BDI)	score	was	determined	in	a	blinded	fashion	by	two	

independent	researchers,	using	a	clinically	relevant	histological	grading	system.21,22	The	

BDI	score	was	based	on	a	scale	of	0	to	7	and	a	cut-off	score	of	4.75	was	used	to	define	

low	 and	 high	 BDI,	 as	 described	 previously.21	 Both	 preclinical	 and	 clinical	 NMP	

procedures	were	performed	with	 the	Liver	Assist	device	(Organ	Assist,	Groningen,	 the	



	

Netherlands),	with	protocols	and	outcomes	reported	elsewhere.21,23,24	Bile	was	collected	

from	 a	 8Fr	 biliary	 drain	 in	 the	 common	 bile	 duct.	 During	 NMP,	 bile	 samples	 were	

collected	every	30	minutes	under	mineral	oil	 to	determine	biliary	pH,	bicarbonate	and	

glucose	as	described	previously.21,23,24	

Subsequently,	 in	 a	 national	 retrospective	 cohort	 study	 all	 DCD	 liver	 transplantations	

between	 01-01-2010	 and	 01-01-2017	 were	 included.	 Exclusion	 criteria	 were	

retransplantation,	 pediatric	 liver	 transplantation	 (<18	 years)	 and	 the	 use	 of	

hypothermic	machine	perfusion.	Data	on	donor	and	organ	procurement	characteristics	

were	obtained	 through	the	Eurotransplant	Donordata	database.	Data	of	 recipients	and	

transplantation	 outcomes	 were	 obtained	 from	 the	 databases	 of	 participating	 centers,	

completed	with	missing	data	from	the	electronical	patients’	medical	records.	This	study	

was	 approved	 by	 the	 Medical	 Ethical	 Committee	 of	 the	 University	 Medical	 Center	

Groningen	(METC.2017/504).		

Definitions	

Donor	 hematocrit,	 leukocyte	 and	 platelet	 count	were	 defined	 as	 the	 last	 known	 value	

prior	 to	withdrawal	 of	 life-support.	Non-anastomotic	 strictures	 of	 the	 bile	 ducts	were	

defined	as	biliary	strictures	at	any	place	in	the	biliary	tree	except	for	the	anastomosis	in	

the	absence	of	hepatic	artery	thrombosis.	To	classify	for	NAS,	patients	were	required	to	

have	clinical	symptoms	of	cholestasis	with	subsequent	imaging	demonstrating	bile	duct	

strictures	 within	 two	 years	 after	 DCD	 liver	 transplantation.	 The	 total	 donor	 warm	

ischemia	time	was	defined	as	the	period	from	cardiac	arrest	up	to	the	initiation	of	cold	

flushing	in	the	donor.	The	agonal	phase	and	the	asystole	phase	comprised	of	the	period	

between	withdrawal	of	life-support	and	circulatory	arrest,	and	circulatory	arrest	to	cold	

perfusion,	respectively.	Cold	ischemia	time	was	defined	as	the	time	between	the	start	of	

cold	flush	and	the	moment	that	the	liver	is	taken	of	ice	for	implantation	in	the	recipient.	

Recipient	warm	ischemia	time	was	the	time	between	removal	of	the	liver	from	ice	until	

either	portal	or	arterial	reperfusion,	whichever	came	first.		

Donation	after	circulatory	death	procedure	

In	 the	Netherlands,	withdrawal	of	 life	support	 is	generally	performed	on	 the	 intensive	

care	 unit.	 Cannulation	 prior	 to	 circulatory	 arrest	 is	 not	 performed,	 and	 systemic	

heparinization	is	prohibited	by	Dutch	law.	After	a	mandatory	5-minutes	no	touch	period	



	
	

following	circulatory	arrest,	the	donor	is	transported	to	the	operating	theatre.	A	super-

rapid	 sterno-laparotomy	 followed	 by	 aortic-only	 perfusion	 with	 heparinized	 Belzer	

University	 of	 Wisconsin	 (UW)	 cold	 storage	 solution	 (Bridge	 to	 Life,	 London,	 UK)	 is	

performed.	 The	 common	 bile	 duct	 and	 intrahepatic	 biliary	 tree	 are	 flushed	 with	 low	

pressure	UW	solution.	After	hepatectomy,	the	liver	is	flushed	with	at	 least	500	ml	cold	

UW	preservation	solution	through	the	portal	vein	until	clear	effluent	is	observed.			

Statistical	analysis	

Continuous	 variables	 were	 presented	 as	 median	 and	 interquartile	 range	 (IQR),	 and	

difference	 between	 groups	 were	 tested	 using	 Mann-Whitney	 or	 Kruskal-Wallis	 test.	

Categorical	variables	were	presented	as	number	[percentage]	and	differences	between	

groups	were	tested	using	Pearson’s	chi-square	test	or	Fisher’s	exact	test.		

In	 the	 histological	 analysis,	 logistic	 regression	 models	 were	 used	 to	 evaluate	

independent	risk	factors	for	a	high	bile	duct	injury	score.	Variables	were	included	in	the	

multivariate	logistic	regression	analysis	if	univariate	analyses	yielded	a		p-value	<	0.20.	

ROC	curves	were	formed	to	identify	the	most	suitable	cut-off	values.		

	In	the	retrospective	cohort	study,	univariate	and	multivariate	Cox	Proportional-Hazards	

regression	 models	 were	 used	 to	 evaluate	 independent	 risk	 factors	 for	 NAS.	 Subjects	

without	 the	 event	 were	 censored	 at	 two	 years	 post	 transplantation.	 Variables	 were	

included	 in	 a	 multivariate	 Cox	 Proportional-Hazards	 regression	 analysis	 if	 univariate	

analyses	 yielded	 a	 	 p-value	 <	 0.20.	 	 The	 reported	 Hazard	 ratios	 (HR)	 for	 donor	

hematocrit,	 leukocyte	 and	 platelet	 count	 refer	 to	 an	 increase	 of	 1%,	 1x109/L	 and	

50x109/L,	 respectively.	 All	 tests	 had	 a	 two-sided	 design	 with	 a	 p-value	 below	 0.05	

considered	 as	 significant.	 All	 analyses	 were	 performed	 using	 SPSS	 version	 24	 (IBM,	

Chicago,	Illinois).	

	

RESULTS	

Histological	analysis	of	bile	duct	biopsies	from	DCD	livers	

Of	40	 consecutive	preclinical	 and	 clinical	NMP	procedures,	 39	bile	duct	biopsies	were	

obtained	 upon	 arrival	 in	 our	 center.	 In	 a	 multivariate	 logistic	 regression	 	 analysis	



	

including	donor	age	and	donor	cause	of	death,	donor	platelet	count	 (OR	2.553,	95%CI	

1.082-6.021,	p-value	=	0.032)	and	cold	ischemia	time	(OR	2.251,	95%	CI	1.192-4.251,	p	=	

0.012)	 were	 identified	 as	 independent	 risk	 factors	 for	 high	 BDI,	 whereas	 donor	

leukocyte	count	(OR	0.728,	95%CI	0.572-0.926,	p	=	0.010)	was	associated	with	low	BDI	

(Table	 1).	 Cut-off	 values	 of	 181	 x	 109/L	 for	 platelets	 and	 12.5	 x	 109/L	 for	 leukocytes	

were	identified	using	ROC	curves.	Livers	from	donors	with	platelets	below	181	x	109/L	

and	leukocytes	above	12.5	x	109/L	rarely	had	a	high	BDI,	whereas	the	combination	of	an	

increased	donor	platelet	count	with	low	leukocytes	often	resulted	in	a	high	BDI.		(Figure	

1).		

	

Figure	1:	Impact	of	donor	leukocyte	and	platelet	count	on	bile	duct	injury	score	of	

donation	after	circulatory	death	livers.	The	combination	of	a	platelet	count	below	181	

x	109/L	and	leukocyte	count	>12.5	x	109/L	appeared	to	be	protective	for	bile	duct	 injury.	

Green	circles	indicate	livers	with	a	low	BDI,	red	triangles	indicate	livers	with	a	high	BDI.			

	 	



	
	

Table	1:	Univariate	and	multivariate	logistic	regression	analysis	for	a	high	bile	

duct	injury	score.		

	 										Univariate	analysis	 											Multivariate	analysis	
Variable	 OR	 95%	CI	 P-value		 OR	 95%CI	 P-

value	
Donor	 	 	 	 	 	 	
	 Gender		
			Male	(ref)	
			Female	

	
ref	
0.437	

	
ref	
0.113-1.681	

0.549	
ref	
0.228	

	
	
	

	 	

	 Age	(years)	 1.041	 0.980-1.105	 0.191	 	 	 NS	
	 BMI	 1.065	 0.956-1.186	 0.253	 	 	 	
	 Cause	of	death	
			CVA	(ref)	
			Trauma	
			Anoxia	

	
ref	
0.060	
0.056	

	
ref	
0.006-0.574	
0.005-0.669	

	
ref	
0.015	
0.023	

	
	
	
	

	 NS	

	 Hematocrit	(%)	 1.009	 0.913-1.116	 0.857	 	 	 	
	 Leukocyte	count		
				(per	1x109/L)	

0.924		 0.823-1.036	 0.176	 0.734		 0.581-
0.927	

0.009	

	 Platelet	count		
				(per	50	x109/L)	

1.283	 0.932-1.766	 0.099	 2.553	 1.082-
6.021	

0.029	

	 Warm	ischemia	time	
			Agonal	phase	(min)	
			Aystolic	time	(min)	

1.009	
0.997	
1.086	

0.979-1.040	
0.963-1.031	
0.932-1.266	

0.565	
0.843	
0.292	

	 	 	

	 Cold	ischemia	time	
(hours)	

1.006	 1.000-1.011	 0.043	 1.675	 1.093-
2.566	

0.013	

	
Abbreviations:	BMI;	body	mass	index,	CVA;	cerebral	vascular	attack,	OR;	odds	ratio.		
NS	indicates	variable	was	removed	from	the	forward	LR	model.		
	

Bile	composition	

During	the	40	NMP	procedures,	 the	 livers	of	donors	with	a	platelet	count	below	181	x	

109/L	showed	higher	bicarbonate	levels	in	bile,	and	a	higher	bile	pH	compared	to	bile	of	

livers	with	a	platelet	count	above	181	x	109/L.	(Figure	2A-B).	Leukocyte	count	did	not	

significantly	associate	with	bicarbonate	secretion.	During	 the	 first	60	minutes	of	NMP,	

livers	with	a	leukocyte	count	>12.5	x	109/L	had	a	lower	bile	pH.		



	

	

Figure	2:	Composition	of	bile	during	NMP.	Platelet	 count	 significantly	 influences	

biliary	bicarbonate	levels	and	bile	pH.	*	indicates	a	significant	difference	between	the	

two	groups	at	that	time	point	(p	<	0.050).		

Retrospective	cohort	study:	baseline	characteristics	

A	total	of	252	DCD	 liver	 transplantations	were	performed	 in	 the	Netherlands	between	

01-01-2010	 and	01-01-2017.	After	 application	of	 the	 exclusion	 criteria,	 the	 remaining	

235	cases	were	included	in	this	study.	Baseline	characteristics	are	presented	in	Table	2.	

Actuarial	one-	and	two-year	graft	survival	rates	were	81%	and	75%,	and	90%	and	89%	

for	patient	survival	respectively.		

	 	



	
	

Table	2:	Baseline	characteristics	of	donor,	procurement	and	recipient,	and	

outcomes	after	transplantation.		

Variable	 Median	(IQR)	
N=235	

Donor	 	
Age	(yrs)	 48	(35-54)	
Gender	
Male	
Female	

	
140	(59%)	
95	(41%)	

Body	Mass	Index	 24	(22-26)	
Cause	of	death:	
Trauma	
Anoxia	
CVA	
Other	

	
57	(24%)	
69	(29%)	
90	(38%)	
19	(8%)	

ALT	peak	(u/L)	 48	(24-101)	
GGT	peak	(u/L)	 34	(20-68)	
Hematocrit	(%)	 34	(30-38)	
Platelet	count	(x109/L)	 182	(145-244)	
Leukocyte	count	(x109/L)	 12.5	(9.4-17.6)	
Procurement	 	
Donor	warm	ischemia	time	
-	Agonal	phase	(min)	
-	Asystolic	time	(min)	

	
15	(11-20)	
15	(13-18)	

Recipient	 	
Age	(yrs)	 55	(47-63)	
BMI	 26	(24-29)	
Gender	
															Male	
Female	

	
165	(70%)	
70	(30%)	

Lab	MELD	score	 15	(10-21)	
Transplantation	 	
Cold	ischemia	time	(min)	 423	(366-494)	
Second	warm	ischemia	time	(min)#	 33	(26-42)	
Outcomes	after	DCD-LT	 	
Actuarial	graft	survival	 	
1	year	 81%	
2	year	 75%	
Actuarial	patient	survival	 	
1	year	 90%	
2	year	 89%	
Primary	non-function	 3	(1%)	
Non-anastomotic	strictures	<	2	years	of	LT	 61	(26%)	
Hepatic	artery	thrombosis	 15	(6%)	
Intensive	care	unit	stay	(days)	 2	(1-4)	
Total	hospital	stay	(days)	 16	(13-26)	
AST	peak	(u/L)	 2019	(1105-4287)	
ALT	peak	(u/L)	 1502	(719-2767)	
	



	

Abbreviations:	ALT;	alanine	aminotransferase,	AST,	aspartane	aminotransferase,	CVA;	

cerebral	vascular	attack,	GGT;	gamma	glutamyltransferase,	LT;	liver	transplantation,	

MELD;	model	end-stage	liver	disease	#	the	time	frame	from	removal	of	the	liver	from	ice	

until	graft	reperfusion.	

Retrospective	cohort	study:	non-anastomotic	biliary	strictures	

Sixty-one	 (26%)	 patients	 developed	 NAS	 within	 two	 years	 of	 transplantation.	 The	

results	of	univariate	analysis	are	shown	in	Table	3.	In	the	multivariate	Cox	Proportional-

Hazard	regression	models,	donor	hematocrit	(HR	1.044,	95%	CI	1.005-1.083,	p	=	0.025)	

and	donor	platelet	count	(HR	1.047,	95%	CI	1.007-1.089,	p	=	0.022)	were	identified	as	

significant	independent	risk	factors	for	the	development	of	NAS	(Table	4).	Additionally,	

donor	 age	 and	 cold	 ischemia	 time	 were	 significant	 independent	 risk	 factors	 for	 NAS.	

Donor	leukocyte	count	did	not	seem	to	influence	rates	of	NAS	in	the	univariate	analysis	

(Table	3).	In	the	donor	population	over	40	years,	platelets	and	hematocrit	were	strong	

predictors	 of	NAS	after	DCD	 liver	 transplantation	 (HR	1.122,	 95%	CI	1.013-1.241,	 p	=	

0.027	 and	 HR	 1.050,	 95%	 CI	 1.009-1.093,	 p	 =	 0.017,	 respectively)	 whereas	 in	 the	

population	 below	40	 years,	 no	 influence	was	 observed	 of	 platelets	 and	 hematocrit	 on	

NAS	(HR	1.058,	95%	CI	0.881-1.270	p	=	0.574	and	HR	0.988,	95%	CI	0.911-1.071,	p	=	

0.764,	respectively).			

Table	3:	Univariate	Cox	Regression	analysis	for	the	development	of	non-
anastomotic	biliary	strictures	within	two	years	of	transplantation.		

Variable	 HR	 95%	CI	 P-value	
Donor	 	 	 	
	 Gender		

			Male	(ref)	
			Female	

	
	
0.957	

	
	
0.574-1.593	

	
	
0.864	

	 Age	(years)	 1.030	 1.008-1.051	 0.007	
	 BMI	 0.994	 0.913-1.082	 0.891	
	 Cause	of	death	

			CVA	(ref)	
			Trauma	
			Anoxia	
			Other	

	
	
0.664	
0.451	
1.398	

	
	
0.344-1.283	
0.225-0.907	
0.660-2.963	

	
	
0.223	
0.026	
0.382	

	 ALT	peak	(u/L)	 0.998	 0.996-1.001	 0.186	
	 Last	GGT	(u/L)	 1.000	 0.998-1.003	 0.866	
	 Hematocrit	(%)	 1.051	 1.013-1.090	 0.024	
	 Leukocyte	count	(x109/L)	 1.020	 0.980-1.062	 0.340	



	
	

	 Platelet	count	(per	50	x109/L)	 1.051	 1.013-1.090	 0.008	
Transplantation	 	 	 	
	 Warm	ischemia	time	

			Agonal	phase	(min)	
			Aystolic	time	(min)	

	
1.017	
1.004	

	
0.961-1.076	
0.987-1.022	

	
0.562	
0.650	

	 Cold	ischemia	time	(hours)	 1.274	 1.122-1.447	 <0.001	
Recipient	 	 	 	
	 Age	(years)	 0.994	 0.971-1.017	 0.585	
	 BMI		 0.993	 0.939-1.051	 0.820	
	 Lab-MELD	 0.980	 0.946-1.016	 0.269	
	 Warm	ischemia	time	(min)	 1.028	 1.010-1.047	 0.003	
	

Abbreviations:	ALT;	alanine	aminotransferase,	BMI;	body	mass	index,	CVA;	cerebral	

vascular	attack,	GGT;	gamma	glutamyltransferase,	MELD;	model	end-stage	liver	disease,		

	

Table	4:	Multivariate	Cox	Regression	analysis	for	the	development	of	non-
anastomotic	biliary	strictures	within	two	years	of	transplantation.		

Variable	 HR	 95%	CI	 P-value	
Donor	 	 	 	
	 Age	(years)	 1.031	 1.009-1.054	 0.006	
	 Cause	of	death	

			CVA	(ref)	
			Trauma	
			Anoxia	
			Other	

NS	 NS	 NS	

	 ALT	peak	(u/L)	 NS	 NS	 NS	
	 Hematocrit	(%)	 1.044	 1.005-1.083	 0.025	
	 Platelet	count	(per	50	x109/L)	 1.047	 1.007-1.089	 0.022	
	 Cold	ischemia	time	(hours)	 1.252	 1.098-1.427	 0.001	
Recipient	 	 	 	
	 Warm	ischemia	time	(min)	 1.031	 1.010-1.053	 0.004	
	

NS	indicates	variable	was	removed	from	the	forward	LR	model.	Abbreviations:	ALT;	

alanine	aminotransferase,	CVA;	cerebro	vascular	attack.		

	

	 	



	

DISCUSSION	

In	this	paper	we	present	data	suggesting	that	donor	platelets	influence	biliary	injury	in	

the	process	of	DCD	 liver	 transplantation.	 In	 addition	 to	platelets,	 also	 leukocyte	 count	

was	 inversely	 associated	 with	 biliary	 injury	 prior	 to	 graft	 reperfusion.	 Platelet	 count	

and,	 additionally,	 hematocrit	 were	 significant	 independent	 risk	 factors	 for	 the	

development	of	NAS	within	two	years	of	DCD	liver	transplantation.		

Following	 the	evidence	 that	biliary	complications	are	predicted	by	 the	severity	of	PBG	

and	 PVP	 injury,	 several	 studies	 have	 been	 performed	 on	 the	 role	 of	 PBGs	 in	 liver	

transplantation.25-28	 As	 NAS	 is	 hypothesized	 to	 be	 a	 result	 of	 reduced	 regenerative	

capacity	 from	 the	 PBGs	 after	 liver	 transplantation,	 regenerative	 medicine	 offers	 a	

potential	 treatment	 for	 NAS.25	 However,	 the	 pathophysiology	 of	 PVP	 injury	 in	 the	

development	of	NAS	has	hardly	been	studied,	whereas	integrity	of	the	PVP	is	most	likely	

required	to	perform	any	PBG	regenerative	treatment.		

To	 our	 knowledge,	 the	 involvement	 of	 platelets	 in	 ischemia-reperfusion	 injury	 of	 the	

biliary	tree	has	not	been	reported	before.	As	Cywes	et	al.	and	Sindram	et	al.	have	shown	

before,	platelets	play	an	important	role	in	ischemia-reperfusion	injury	of	liver	grafts.14-16	

Cywes	 et	 al	 have	 shown	 that	 activation	 of	 platelets	 increase	 the	 extent	 of	 reperfusion	

injury,	whereas	Sindram	et	al	observed	that	platelets	induce	sinusoidal	endothelial	cell	

apoptosis	 upon	 reperfusion.	 Interestingly,	 the	 current	 study	 suggests	 that	 platelets	

already	influence	biliary	injury	prior	to	graft	reperfusion.	One	potential	explanation	for	

this	 is	 that	 during	 the	 hypoxic/ischemic	 period	 that	 DCD	 grafts	 encounter,	 severe	

endothelial	dysfunction	occurs.		

Vascular	 endothelial	 dysfunction	 is	 a	 characteristic	 of	 human	 ageing,	 displayed	 by	

reduced	 nitric	 oxide	 bioavailability,	 shifts	 from	 predominantly	 vasodilator	 to	

vasoconstrictor	 prostanoid	 production,	 and	 lastly	 an	 increased	 endothelin-1	mediated	

vasoconstriction.29-31	 Especially	 this	 last	 characteristic	 offers	 a	 potential	

pathophysiological	explanation	for	the	 involvement	of	platelets	 in	biliary	 injury.	Under	

hypoxic	conditions,	platelets	increasingly	adhere	to	endothelial	cells.32	In	patients	with	

endothelial	 dysfunction,	 platelet-endothelium	 interaction	 leads	 to	 enhanced	 release	 of	

endothelin-1,	 initiating	 vasoconstriction.31	 Vasoconstriction	 during	 the	 agonal	 and	

asystolic	phase	would	 lead	 to	 insufficient	 flushing	of	 the	PVP.	To	study	 this,	we	 tested	



	
	

whether	the	potential	impact	of	platelets	on	NAS	was	different	among	the	younger	and	

the	 older	 donor	 population,	 as	 endothelial	 function	 decreases	 over	 age.	 We	 did	 not	

observe	 a	 significant	 influence	 of	 platelet	 count	 and	 hematocrit	 in	 DCD	 liver	

transplantation	with	donor	age	below	40	years.	 In	donors	above	40	years,	 there	was	a	

strong	 influence	 of	 platelets	 and	 hematocrit	 on	 NAS.	 Using	 a	 rat	 model.	 Tyagi	 and	

colleagues	have	described	 that	acute	simulated	hypoxia	results	 in	a	deceased	bleeding	

propensity	 and	 increased	 platelet	 activity.31	 In	 the	 same	 paper,	 inhibition	 of	 platelet	

calpain	 activity	 demonstrated	 reversal	 of	 hypoxia-induced	 platelet	 hyperreactivity	 31.	

These	 findings	 offer	 a	 potential	 for	 a	 therapeutic	 intervention,	 however,	 in	 many	

countries	administration	of	medication	that	is	not	intended	for	stabilizing	the	donor	but	

focusses	on	post-transplant	outcomes,	is	forbidden	by	law.	In	a	few	countries,	systemic	

heparinization	prior	to	withdrawal	of	life-support	is	allowed.	Gao	et	al.	have	shown	that	

heparin	 potentiates	 platelet	 activity33,	 and	 Hessheimer	 et	 al	 showed	 that	 heparin	

administration	to	porcine	liver	donors	improves	outcome	in	DCD	liver	transplantation.	
34	 It	would	provide	valuable	 information	 to	assess	 the	 influence	of	platelets	on	biliary	

injury,	prior	to	reperfusion,	as	well	in	the	countries	were	heparinization	is	allowed.		

Additionally,	 we	 observed	 that	 the	 donor	 leukocyte	 count	 was	 associated	 with	 the	

development	 of	 biliary	 injury	 prior	 to	 NMP.	 Large	 amounts	 of	 research	 have	 been	

performed	on	the	recipient’s	innate	immune	response	following	transplantation,	which	

constitutes	 a	 large	 proportion	 of	 ischemia-reperfusion	 injury.35,36	 Interestingly,	 now	

donor	leukocytes	seem	to	influence	the	ischemic	injury	of	the	biliary	tree	in	the	absence	

of	 recipient	 leukocytes,	 and	 high	 leukocyte	 counts	 seems	 to	 be	 protective	 for	 biliary	

injury.	However,	the	beneficial	effect	on	donor	leukocytes	disappeared	upon	reperfusion	

on	the	perfusion	device	as	well	as	 in	the	recipient.	Unfortunately,	donor	reports	 in	the	

Eurotransplant	 region	 only	 state	 the	 leukocyte	 count,	 and	 further	 information	 of	

leukocyte	differentiation	is	not	available.	A	recent	paper	by	Richards	et	al.	demonstrated	

that	 in	 older	 adults	 the	 peripheral	 vasodilation	 during	 systemic	 hypoxia	 is	 severely	

impaired	compared	to	younger	controls.37	Impaired	vasodilation	following	the	hypoxia	

and	ischemia	of	the	agonal	and	asystolic	period	could	lead	to	 less	thorough	flushing	of	

the	microcirculation	of	a	liver	graft.	Therefore,	to	explain	the	protective	effect	of	a	high	

leukocyte	 count	 on	 biliary	 injury	 prior	 to	 reperfusion,	 we	 hypothesize	 that	 a	 high	

leukocyte	 count	 could	 contribute	 to	 local	 vasodilation,	 and	 thereby	 more	 efficient	

flushing	of	the	PVP.	The	mechanism	of	impaired	vasodilation	in	older	people	could	also	



	

be	an	explanation	for	the	observation	that	the	influence	of	hematocrit	and	platelets	was	

only	 observed	 in	 the	 donor	 population	 >	 40	 years.	 An	 interesting	 way	 to	 test	 the	

hypothesis	 that	 impaired	hypoxic	vasodilation	plays	a	 role	 in	 the	development	of	PVP	

injury,	 would	 be	 to	 add	 a	 strong	 vasodilator	 to	 the	 flushing	 solution.	 Potentially,	 this	

could	also	lead	to	a	reduction	in	the	influence	of	platelets	and	hematocrit	on	NAS,	as	that	

was	mainly	observed	in	older	donors.			 		

Additionally,	we	observed	that	donor	hematocrit	was	associated	with	the	development	

of	NAS	after	DCD-LT.	Morariu	et	al.	have	shown	that	University	of	Wisconsin	(UW)	Cold	

Storage	solution	promotes	severe	hyperaggregation	of	red	blood	cells	(RBC’s)	compared	

to	RBC	 in	normal	blood.38	As	hematocrit	 increases,	 there	 is	progressive	aggregation	of	

RBC’s.39	The	maximum	observed	size	of	these	aggregates	is	4.332	µm2,	compared	to	137	

µm2	 in	 normal	 blood	 samples	 without	 UW.38	 The	 presence	 of	 these	 aggregates	 could	

result	 in	 inferior	microcirculation,	and	thereby	 leading	to	 injury	of	 the	PVP.	There	 is	a	

large	 size	 difference	 between	 these	 RBC	 aggregates	 and	 leukocytes,	 which	 have	 a	

diameter	 averaging	 between	 10	 µm	 and	 20µm.40	 Therefore	 we	 hypothesize	 that	

leukocytes	would	not	lead	to	microvascular	obstruction,	whereas	these	RBC	aggregates	

could.	 However,	 it	 remains	 unclear	why	 donor	 hematocrit	 influenced	 the	 rate	 of	 NAS	

after	 transplantation,	but	 that	 it	did	not	 seem	to	 influence	histological	bile	duct	 injury	

and	bile	production	during	NMP.	Another	hypothesis	for	the	involvement	of	hematocrit	

in	biliary	injury	is	that	during	hypoxic	conditions	erythrocytes	excrete	reactive	oxygen	

species	 (ROS).	 ROS	 cause	 severe	 injury	 following	 graft	 reperfusion	 in	 transplantation,	

which	would	 explain	 that	 the	 impact	 of	 hematocrit	 on	 biliary	 injury	 is	 only	 observed	

after	 transplantation.	 Consequently,	 a	 higher	 hematocrit	 would	 thereby	 lead	 to	 an	

increased	ROS	excretion.		

An	 interesting	 aspect	 of	 this	 study	 is	 that	 we	 suggested	 new	 factors	 involved	 in	 the	

pathophysiology	of	post-transplant	cholangiopathy.	We	do	believe	that	a	strong	point	of	

this	 work	 is	 that	 histology,	 bile	 analysis	 and	 a	 retrospective	 database	 analysis	 are	

combined	to	thoroughly	investigate	the	influence	of	donor	cellular	blood	composition	on	

biliary	injury	during	DCD	liver	transplantation.	Another	strong	aspect	is	the	prospective	

collection	 of	 biopsies	 and	 bile	 for	 other	 protocols.	 We	 are	 interested	 whether	 the	

involvement	of	platelets,	leukocytes	and	hematocrit	on	ischemia-reperfusion	injury	can	

also	be	found	in	transplantation	of	other	organs.	This	study	provides	a	rationale	for	the	



	
	

usage	of	normothermic	regional	perfusion	(NRP),	as	NRP	allows	for	rapid	restoration	of	

(microcirculatory)	blood	flow	following	the	donor	warm	ischemia	time.	A	 limitation	of	

this	 study	 is	 the	 retrospective	 character	 of	 the	 database	 study,	 and	 its	 limited	 size.	

Moreover,	the	numbers	in	the	histology	and	bile	composition	study	are	relatively	small.		

In	 conclusion,	 this	 study	 shows	 that	 the	 cellular	 blood	 composition	 of	 the	 donor	

influences	biliary	injury	during	DCD	liver	transplantation.	In	a	histological	analysis	prior	

to	reperfusion,	donor	leukocyte	and	platelet	count	were	associated	with	bile	duct	injury.	

Platelet	count	>	181	x109/L	also	had	a	negative	impact	on	biliary	epithelial	cell	function	

markers	during	NMP,	such	as	biliary	bicarbonate	secretion	and	bile	pH.	 In	accordance	

with	this,	donor	hematocrit	and	platelet	count	were	significant	independent	risk	factors	

for	the	development	of	NAS	after	DCD	liver	transplantation.		
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