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Abstract
Background: Early	 biliary	 complications	 (EBC)	 constitute	 a	 burden	 after	 pediatric	
liver transplantation frequently requiring immediate therapy. We aimed to assess 
the	impact	of	EBC	on	short-		and	long-	term	patient	and	graft	survival	as	well	as	post-	
transplant morbidity.
Methods: We analyzed 121 pediatric liver transplantations performed between 
1984	and	2019	at	 the	Medical	University	of	 Innsbruck	 for	 the	occurrence	of	early	
(<90	days)	biliary	complications	and	investigated	the	influence	of	EBC	on	patient	and	
graft survival.
Results: Early	biliary	complications	occurred	 in	30	 (24.8%)	out	of	the	121	pediatric	
liver	 transplant	 recipients.	 Patient	 survival	 at	 15	 years	 (89.2%	 vs.	 84.2%,	 p	 =	 .65)	
and	all-	cause	(82.5%	vs.	74.0%)	and	death-	censored	graft	survival	(82.5%	vs.	75.1%,	
p	=	.71)	at	10	years	were	similar	between	the	EBC	and	the	non-	EBC	group.	The	EBC	
group	had	a	significantly	longer	ICU	(25	vs.	16	days,	p	<	.001)	and	initial	hospital	stay	
(64	vs.	42	days,	p	=	.002).	Livers	of	patients	with	EBC	were	characterized	by	multiple	
bile	ducts	(33.3%	vs.	13.2%,	p	=	.027),	and	patients	with	EBC	had	a	higher	risk	to	de-
velop	late	biliary	complications	(OR	2.821	[95%	CI	1.049–	7.587],	p	=	.044)	and	bowel	
obstruction/perforation	(OR	4.388	[95%	CI	1.503–	12.812],	p	=	.007).
Conclusion: Early	biliary	complications	after	pediatric	liver	transplantation	is	frequent.	
The	occurrence	of	EBC	significantly	increased	post-	transplant	morbidity	without	af-
fecting	mortality.	Multiple	bile	ducts	were	the	only	risk	factor	for	the	development	of	
EBC	in	our	cohort.
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1  |  BACKGROUND/INTRODUC TION

Pediatric	liver	transplantation	(PLT)	in	the	Eurotransplant	(ET)	region	
has	evolved	with	the	introduction	of	split-	liver	and	living-	donor	liver	
transplantation in 1988 and 1991.1,2	 Annually,	 approximately	 200	
pediatric	liver	transplantations	are	performed	in	the	ET	region.	The	
10-	year	graft	survival	rate	ranges	between	63%	and	75%	and	there-
fore compares favorably to that of the adult population.3

Despite	the	good	overall	survival,	PLT	is	associated	with	sev-
eral	graft-	related	complications.4–	8	In	75%	of	liver	transplantations	
in	 the	 ET	 cohort,	 technical	 variant	 procedures	 including	 smaller	
vessels and surplus bile ducts are recorded.1 These variations are 
not	 only	 associated	 with	 an	 increased	 risk	 of	 early	 (<3	 months,	
EBCs),	 but	 also	 of	 late	 biliary	 complications	 (>3	 months,	 LBCs).	
The	 classification	 of	 early	 and	 late	 BCs	 is	 relevant	 since	 differ-
ent mechanisms are involved and complication management may 
differ.	Early	biliary	complications	are	often	directly	related	to	the	
surgical	 technique;	 LBCs,	 in	 contrast,	 are	most	 often	 caused	 by	
chronic inflammation.9–	12	Reports	on	the	overall	 incidence	of	BC	
range	from	10%	to	45%.9,13–	15	Untreated	BCs	lead	to	a	higher	risk	
of graft loss.5,16 These diverging data most likely suggest that dif-
ferent	definitions	are	used	to	characterize	BCs.	Previous	studies	
have	found	that	prolonged	cold	ischemic	time	(CIT),	hepatic	artery	
thrombosis	(HAT),	donor	age,	graft	quality,	ischemic	injury	of	the	
biliary	system,	and	duct-	to-	duct	reconstructions	as	risk	factors	for	
BCs.10,17–	19

This study aims to assess the impact of early biliary complica-
tions	on	short-		and	 long-	term	patient	and	graft	 survival	as	well	as	
post-	transplant	morbidity	following	PLT	in	our	cohort.

2  |  MATERIAL S AND METHODS

2.1  |  Study population

This study was approved by the local ethics committee of the 
Medical	 University	 of	 Innsbruck	 (AN20	 14-	0182	 338/4.8).	 We	
retrospectively	analyzed	all	146	PLTs	at	 the	Medical	University	of	
Innsbruck	between	November	1984	and	December	2019.	After	ex-
clusion	of	patients	with	missing	follow-	up	data	(n	=	21)	and	patients	
who	received	a	multivisceral	transplantation	(n	=	3),	121	PLTs	in	103	
recipients were included in the final analysis.

Donor	and	 recipient	characteristics	 (age,	 sex,	weight,	body	mass	
index	 (BMI),	blood	work,	blood	type,	cytomegalovirus	 (CMV)	status,	
surgical	data	(donor	type,	CIT,	anhepatic	time	(AN),	type	of	bile	duct	
reconstruction	and	details	of	the	post-	operative	course	(complications,	
reoperation,	hospital	stay,	intensive	care	unit	stay,	acute	rejections)))	
were	collected	from	medical	records.	All	patients	were	followed	until	

March	2020,	death	or	until	lost	to	follow-	up.	Median	follow-	up	time	of	
our	cohort	was	65.5	months	(SD:	23.3–	131	months).

2.2  |  Surgical procedure of pediatric liver 
transplantation

The	living-	donor	liver	transplant	program	at	the	Medical	University	
of Innsbruck has been established in 1997. The choice of techni-
cal	 approach	was	 chosen	based	on	 the	 indication,	 availability	of	 a	
living	donor,	surgical	conditions,	and	urgency.	 In	case	of	a	full-	size	
liver	 transplant,	 a	 bicaval	 technique	 with	 cava	 replacement	 was	
performed,	while	split-	liver	transplantations	(SLTs)	were	performed	
using	the	piggy	back	technique.	Graft	type,	underlying	disease,	and	
previous surgical interventions decided about the biliary recon-
structions.	 Whenever	 possible,	 a	 duct-	to-	duct	 anastomosis	 was	
performed.	 In	 patients	 with	 biliary	 atresia,	 pre-	existing	 bile	 duct	
conditions,	 or	 grafts	with	 short	 bile	 ducts,	 a	 hepaticojejunostomy	
with	a	Roux-	en-	Y	reconstruction	was	used.	In	case	of	multiple	bile	
ducts,	the	distance	between	both	orifices	determined	whether	they	
were anastomoses conjointly or separately.

The	 hepaticojejunostomy	 or	 duct-	to-	duct	 reconstruction	were	
performed with monofilament absorbable sutures in an interrupted 
fashion.	T-	tubes	and	stents	have	been	used	when	indicated.	The	he-
patic artery anastomosis was performed with interrupted sutures 
employing	microsurgical	principles.	Vascular	intrahepatic	flow	mon-
itoring during transplantation was routinely assessed by Doppler 
ultrasound	after	portal	vein,	arterial,	 and	bile	duct	anastomosis	as	
well as before and after abdominal closure. In case of large liver 
volume	 in	 relation	 to	 upper	 abdominal	 cavity	 capacity,	 the	 initial	
abdominal	 closure	was	 performed	 using	 a	Gore-	Tex	 patch	 for	 ab-
dominoplasty.	Subsequently,	 the	patch	was	gradually	 reduced	and	
eventually	removed	in	all	cases.	All	patients	underwent	close	post-	
operative monitoring with repeat laboratory testing and ultrasound 
every	6–	8	h	for	the	first	post-	transplantation	week	followed	by	two	
daily	examinations	during	the	second	week	and	daily	examinations	
until	discharge	from	hospital.	PLTs	were	categorized	into	living	and	
deceased	liver	transplants	as	well	as	split-	liver	transplantations	com-
prising	all	living-		and	deceased-	donor	split-	liver	transplantations.

2.3  |  Diagnosis of early biliary complications

Diagnostic	criteria	of	EBCs	were	based	on	repeated	analysis	of	col-
lected	abdominal	drain	fluid,	laboratory	values,	ultrasound	findings,	
and	 clinical	 symptoms.	 At	 our	 center,	 management	 of	 EBCs	 was	
preferably	 performed	 surgically,	 especially	 in	 case	 of	 a	 leakage	or	
stricture.

K E Y W O R D S
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2.4  |  Post- operative immunosuppressive 
regimes and antimicrobial therapy

Immunosuppression	 consisted	 of	 basiliximab	 for	 induction	 dur-
ing	 surgery	 and	 on	 post-	operative	 day	 4	 (12	 mg/m2	 BSA	 and	
max	20	mg;	 in	 select	 cases	 since	2003	and	 routinely	 since	2015).	
Methylprednisolone	(10	mg/kg,	max.	200	mg)	was	applied	only	peri-
operatively.	For	maintenance,	a	steroid-	free	regime	was	introduced	
at since 2000 and tacrolimus monotherapy was established as a rou-
tine.	 In	some	exceptions,	steroids	were	maintained	(2	mg/kg)	until	
post-	operative	day	6.	Mycophenolate	mofetil	was	 introduced	only	
in	case	of	rejection	during	the	first	year	after	transplantation	(10–	
40	mg/kg/d	in	two	single	dosages	per	day).	Prior	to	the	introduction	
of	 this	 protocol,	 immunosuppression	 consisted	of	Cyclosporine	A,	
azathioprine,	 or	mycophenolic	 acid	 together	with	 a	 steroid	 taper.	
Perioperative	 antibiotic	 prophylaxis	 consisted	 of	 piperacillin/tazo-
bactam	(150	mg/kg/d),	and	the	antiviral	prophylaxis	was	comprised	
of	intravenous	ganciclovir	(2	mg/kg/d)	followed	by	oral	valganciclo-
vir	 (15	mg/kg/d)	 for	 three	months	 post-	transplantation	 in	 case	of	
CMV	±	mismatch.

2.5  |  Primary and secondary end- points

Primary	 outcome	 parameters	 were	 patient	 as	 well	 as	 all-	cause	
(ACGS)	and	death-	censored	graft	survival	(DCGS).	Patients	that	died	
with	 functioning	 grafts	 were	 censored.	 Secondary	 end-	points	 in-
clude	the	median	initial	length	of	stay	at	the	intensive	care	unit	(ICU)	
and	at	the	hospital,	the	occurrence	of	early	hepatic	artery	and	early	
and	 late	portal	 vein	 complications,	bowel	obstruction/perforation,	
late	biliary	complications,	and	rejections.

2.6  |  Statistical analysis

Results	 are	 expressed	 as	 median	 and	 interquartile	 range	 (IQR)	 for	
continuous variables and counts and percentages for categorical vari-
ables.	For	continuous	variables,	Student's	t-	test	was	applied	for	nor-
mal	distribution,	and	Mann–	Whitney	U	test	and	Kruskal–	Wallis	test	
for	variables	with	non-	normal	distribution.	For	categorical	variables,	
a	chi-	square	test	was	performed.	Patient	and	graft	survival	were	es-
timated	using	the	Kaplan–	Meier	method,	and	the	log-	rank	test	was	

TA B L E  1 Donor	demographics	stratified	by	early	bile	duct	complications

Demographics All EBC No EBC p- Value

Number	(%) 121	(100) 30	(24.8) 91	(75.2)

Donor	age,	median	(IQR) 29	(12.5,	36) 29	(13,	36) 29	(12,	38) .796

Donor	BMI,	median	(IQR) 22.1	(18.4,	24.5) 22.3	(18.2,	24.7) 22.1	(18.1,	24.5) .877

Donor	male	(%) 59	(48.8) 14	(46.7) 43	(47.3) .674

Donor	CMV+	(%) 57	(47.1) 15	(50) 42	(46.2) .829

Donor	blood	type	(%) .039

A 40	(33.1) 7	(23.3) 33	(36.3)

AB 8	(8.6) 4	(13.3) 4	(4.4)

B 14	(11.6) 1	(3.3) 13	(14.3)

O 59	(48.7) 18	(60.1) 41	(45.1)

Donor	INR,	median	(IQR) 1.1	(1.0,	1.2) 1.1	(1.0,	1.1) 1.1	(1.0,	1.2) .793

Donor	pTT	(s),	median	(IQR) 31	(27,	34) 31	(27,	32.3) 32	(27,	35) .458

Donor	platelet	count	(g/L),	median	
(IQR)

226	(151.5,	300) 228	(170.5,	262) 222	(142,	326.5) .544

Donor	type	(%) .406

Living	donor 61	(50.4) 17	(56.7) 43	(47.3)

Deceased donor 60	(49.6) 13	(43.3) 48	(52.7)

Graft	type	(%) >.9

Whole liver 41	(33.9) 10	(33.3) 31	(34.1)

Split	Liver 80	(66.1) 20	(66.7) 60	(65.9)

CIT	(min),	median	(IQR) 200	(89.3,	510.8) 134	(88.3,	531) 238	(88.5,	492.8) .813

Anhepatic	time	(min),	median	(IQR) 54	(46,	63) 54	(47,	66.5) 54.5	(46,	63.5) .752

Bile	duct	management	(%) .576

Hepaticojejunostomy 101	(83.5) 24	(80) 77	(84.6)

Duct-	to-	duct	reconstruction 20	(16.5) 6	(20) 14	(15.4)

Abbreviations:	+,	positive;	BMI,	body	mass	index;	CIT,	cold	ischemia	time;	CMV,	cytomegaly	virus;	EBC,	early	biliary	complications;	INR,	international	
normalized	ratio;	IQR,	interquartile	range;	min,	minutes;	pTT,	partial	thromboplastin	time;	s,	seconds;	(Y),	yes.
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used	to	compare	unadjusted	survival	curves,	and	confidence	intervals	
were	 computed	using	MedCalc®	 (MedCalc	Software	Ltd,	Belgium).	
Cox	proportional	hazards	regression	adjusted	for	year	of	transplanta-
tion,	type	of	liver	graft,	and	previous	abdominal	surgery	was	used	to	

compare	graft	survival	of	the	EBC	and	non-	EBC	groups.	Proportional	
hazards	were	 visually	 inspected	with	 complementary	 log-	log	plots.	
Logistic	 regression	 was	 used	 to	 calculate	 the	 odds	 of	 rejection,	
bleeding/hematoma,	 early	 and	 late	 portal	 vein	 and	 hepatic	 artery	

TA B L E  2 Recipient	demographics	stratified	by	early	bile	duct	complications

Demographics All EBC No EBC p- Value

Recipient	age	(months),	median	(IQR) 34	(8,110) 33	(8,	87) 34	(8,	120) .692

<1	year	(%) 41	(33.9) 11	(36.7) 30	(33) .824

<5	years	(%) 71	(58.7) 18	(60) 53	(58.2) >.9

Recipient	male	(%) 66	(54.5) 17	(56.7) 49	(53.8) .835

Liver	disease	(%) .697

Mb	Wilson 11	(9.1) 2	(6.7) 9	(9.9)

Biliary	atresia 55	(45.5) 16	(53.3) 39	(42.9)

Alagille	syndrome 8	(6.6) 2	(6.7) 6	(6.6)

CFLD 9	(7.4) 2	(6.7) 7	(7.7)

Alpha-	1	antitrypsin	deficiency 7	(5.8) 2	(6.7) 5	(5.5)

Others 31	(25.5) 6	(19.9) 25	(27.4)

Recipient	weight	(kg),	median	(IQR) 12	(6.5,	25) 11.0	(6.7,	27) 12.7	(6.4,	25.5) .961

Recipient	weight	under	6	kg	(%) 21	(17.4) 5	(16.7) 16	(17.6) >.9

Kasai	procedure	(%) 42	(34.7) 11	(36.7) 31	(34.1) .827

Recipient	CMV+	(%) 37	(30.6) 7	(23.3) 30	(33) .365

CMV	mismatch	(Y,	%) 25	(20.7) 10	(33.3) 15	(16.5) .180

Recipient	blood	type	(%) >.9

A 45	(37.2) 11	(36.7) 34	(37.4)

AB 10	(8.3) 2	(6.7) 8	(8.8)

B 19	(15.7) 5	(16.7) 14	(15.4)

O 47	(38.8) 12	(40) 35	(38.5)

Recipient	initial	hospital	stay,	median	(days,	IQR) 46	(31,	68.5) 64	(42,	87) 42	(29,	59) .002

Recipient	initial	hospital	stay	>46	days	(%) 47	(38.8) 18	(60) 29	(31.9) .019

Recipient	initial	stay	Intensive	care	unit	(IQR) 18	(12.3,	23.8) 25	(18,	33) 16	(11,	21) .000

Year	of	Transplantation,	median	(IQR) 2009	(2003,	2016) 2010	(2003,	2017) 2008	(2002,	2015) .351

Transplantation	before	2010	(Y,	%) 63	(52.1) 14	(46.7) 49	(53.8) .533

Death 15	(12.4) 3	(10.0) 12	(13.2) .760

Graft	loss 26	(21.5) 5	(16.7) 21	(23.1) .533

Re-	transplantation	(%) 18	(14.9) 3	(10) 15	(16.5) .557

Rejection	(%) 30	(24.8) 9	(30) 21	(23.1) .625

Pre-	transplant	laboratory	parameter

Recipient	bilirubin	(mg/dl),	median	(IQR) 5.3	(3.0,	9.2) 6.3	(3.2,	11.5) 5.0	(2.9,	8.8) .359

Recipient	platelet	counts	(g/L),	median	(IQR) 92	(59,	144) 95	(57,	170) 92	(60,	133) .524

Recipient	GOT	(mg/dl),	median	(IQR) 441	(237,	938) 439.5	(308,	867) 444	(227,	954) .898

Recipient	GPT	(mg/dl),	median	(IQR) 313	(142,	592) 324	(182,	479) 307	(134,	617) .938

Recipient	GGT	(mg/dl),	median	(IQR) 55	(33,	91) 66	(33,	101) 52	(33,	84) .393

Recipient	Creatinine	(mg/dl),	median	(IQR) 0.44	(0.29,	0.72) 0.35	(0.22,	0.69) 0.45	(0.33,	0.77) .057

Recipient	pTT	(seconds),	median	(IQR) 40	(35,	52) 42	(38,	54) 40	(35,	52) .511

Note: Others:	Malignancy,	Intoxication,	Alpha-	1	antitrypsin	deficiency,	cholestatic	liver	disease	of	unknown	origin,	Crigler–	Najjar,	primary	sclerosing	
cholangitis,	polycystic	liver	and	kidney	disease,	PFIC	(Byler	Syndrome),	Walcott–	Rallison	syndrome,	biliary	cirrhosis.
Abbreviations:	+,	positive;	CFLD,	cystic	fibrosis	liver	disease;	CMV,	cytomegaly	virus;	GGT,	Gamma-	Glutamyl-	Transaminase;	GOT,	Glutamat-	
Oxalacetas-	Transamiane;	GPT,	Glutamat-	Pyrovat-	Transaminase;	IQR,	interquartile	range;	pTT,	partial	thromboplastin	time;	(Y),	yes.
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complications,	 bowel/obstruction/perforation,	 late	 biliary	 compli-
cations,	 and	 prolonged	 length	 of	 hospital	 stay	 (>median	 length)	 in	
patient	with	EBCs	compared	to	patients	without	EBCs.	Significance	
was classified as p	≤	.05	(two-	sided).	Confidence	intervals	(CI)	are	pre-
sented	on	a	95%	level.	Statistical	analyses	were	performed	using	IBM	
SPSS	Statistics	version	22	(IBM	Corporation,	USA).

3  |  RESULTS

3.1  |  Study population

We	performed	 121	PLTs	 in	 103	 recipients.	Of	 the	 121	PLTs,	 EBC	
occurred	in	24.8%	(n	=	30)	while	in	75.2%	(n	=	91)	no	EBC	was	de-
tected.	Early	BCs	consisted	of	biliary	 leakage	 (21	 [17.3%]),	anasto-
motic	 strictures	 (6	 [5.0%]),	 and	bile	 duct	 necrosis	 (3	 [2.5%]).	Most	
EBCs	 required	 surgical	 treatment	 (23	 of	 30	 [76.7%]),	while	 only	 a	
small	proportion	of	patients	could	be	treated	interventionally	(5	of	
30	[16.7%])	or	conservatively	(2	of	[6.6%]).

Compared	to	the	non-	EBC	group,	patients	with	EBCs	did	not	dif-
fer	with	respect	to	donor	age	(median	29	[IQR	12–	38.5]	vs.	29	[IQR	
2213–	36];	 p	 =	 .796),	 donor	 BMI	 (median	 22.1	 [IQR	 18.1–	24.5]	 vs.	
22.3	[IQR	18.2–	24.7];	p	=	.877),	donor	type	(living	donation:	47.3%	vs.	
56.7%;	deceased	donation:	52.7%	vs.	43.3%;	p	=	.406),	graft	type	(SLT:	
65.9%	vs.	66.7%	and	WLT:	34.1%	vs.	33.3%;	p	=	1.000),	cold	ischemic	
time	(median	238	[IQR	88.5–	492.8]	vs.	134	[IQR	88.3–	531];	p	=	.813),	
and	bile	duct	reconstruction	 (hepaticojejunostomy:	84.6%	vs.	80.0%	
and	duct-	to-	duct	 reconstruction:	 15.4%	vs.	 20.0%;	p	 =	 .576).	A	de-
tailed overview on donor characteristics can be found in Table 1.

Recipients	without	and	with	EBC	were	of	comparable	age	(median	
34	months	[IQR	8–	120]	vs.	33	[IQR	8–	87];	p	=	.692),	sex	(male:	53.8%	
vs.	56.7%;	p	=	.835),	weight	(median	12.7	kg	[IQR	6.4–	25.5]	vs.	11.0	
[IQR	6.7–	27];	p	 =	 .961),	 and	CMV	status	 (CMV+:	33.0%	vs.	23.3%;	
p	=	 .365).	Recipients	of	both	groups	had	similar	underlying	diseases	
(Table	2	(recipient	demographics);	p	=	.697),	numbers	of	previous	ab-
dominal	 surgery	 (34.1%	vs.	36.7%;	p	=	 .827),	and	 re-	transplantation	
rates	(16.5%	vs.	10.0%;	p	=	.557).	The	year	of	transplantation	did	not	
differ	 (median	 2008	 [IQR	 2002–	2015]	 vs.	 2010	 [IQR	 2003–	2017];	

F I G U R E  1 Patient	survival	in	patients	with	(1)	and	without	(0)	early	biliary	complications	(EBC).	With	a	10-	year	patient	survival	rate	of	
89.2%	in	the	EBC	group	and	84.2%	in	the	non-	EBC	group	and	(log	rank	p	=	.653),	comparable	patient	survival	was	seen	in	both	groups.	0,	
non-	EBC	group;	1,	EBC	group;	EBC,	early	biliary	complications
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p	=	.351)	between	both	groups.	A	detailed	overview	on	recipient	char-
acteristics is depicted in Table 2.

3.2  |  Impact of early biliary complications on 
patient and graft survival

Patient,	 death-	censored	 (DCGS)	 and	 all-	cause	 graft	 survival	
(ACGS)	were	similar	between	both	groups.	With	a	patient	survival	
of	96.7%,	89.2%,	89.2%,	89.2%,	and	89.2%	in	the	EBC	group	com-
pared	to	90.0%,	88.7%,	88.7%,	84.2%,	and	84.2%	in	the	non-	EBC	
group	at	90	days,	1,	5,	10,	and	15	years,	similar	excellent	survival	
was	 achieved	 (Figure	1;	 log	 rank	p	 =	 .653).	DCGS	at	 90	days,	 1,	
5,	and	10	years	was	90.0%,	82.5%,	82.5%,	and	82.5%	in	the	EBC	
group	and	84.5%,	81.9%,	80.3%,	and	74.0%	in	the	non-	EBC	group,	
respectively	 (Table	 3	 and	 Figure	 2;	 log	 rank	p	 =	 .628).	All-	cause	
graft	survival	at	the	corresponding	timepoints	was	90.0%,	86.4%	
82.5%,	 and	 82.5%	 in	 the	 EBC	 group	 and	 84.5%,	 84.5%,	 80.3%,	
and	74.0%	 in	 the	 non-	EBC	group.	After	 adjustments	 for	 year	 of	
transplantation,	 type	 of	 liver	 graft	 and	 previous	 abdominal	 sur-
gery	both	groups	demonstrated	comparable	graft	(Table	4;	DCGS:	
aHR	0.869	[95%	CI	0.341–	2.248];	p	=	.920;	ACGS:	aHR	0.786	[95%	
CI	 0.326–	2.338]	 p	 =	 .873)	 and	 patient	 survival	 aHR	 0.874	 [95%	
CI	 0.242–	3.152];	 p	 =	 .837).	 Causes	 of	 early	 graft	 loss	 (<90	 days	
post-	transplant)	were	early	hepatic	artery	thrombosis	(EBC	group	
n	=	1,	non-	EBC	group	n	=	9),	portal	vein	complications	(EBC	group	
n	=	5;	non-	EBC	group	n	=	7),	and	primary	non-	function	(EBC	group	
n	=	1;	non-	EBC	group	n	=	1).	Fibrosis	 (non-	EBC	group	n	=	3)	and	
cirrhosis	 (non-	EBC	 group	n	 =	 1)	were	 reasons	 for	 late	 graft	 loss	
(>90	days	post-	transplant).	In	the	non-	EBC	group,	12	patients	died	
(13.2%)	 and	 21	 (23.1%)	 lost	 their	 graft.	 In	 the	 EBC	 group,	 3	 pa-
tients	(10.0%)	died	and	5	(16.7%)	lost	their	graft.	Graft	failure	and	
death causes are listed in Table 5.

3.3  |  Secondary outcome parameters

Compared	to	non-	EBC	patients,	patients	with	EBCs	had	a	signifi-
cantly	 longer	 initial	 stay	 at	 the	 intensive	 care	unit	 (16	days	 [IQR	
11–	21]	vs.	25	days	[IQR	18–	33];	OR	3.5	[CI	1.382–	8.720];	p	=	.007),	
initial	hospital	stay	(42	days	[IQR	29–	59]	vs.	64	days	[IQR	42–	87],	
OR	3.4	 [CI	1.242–	9.140];	p	 =	 .013),	 and	a	higher	 rate	of	multiple	
bile	 ducts	 for	 anastomosis	 (13.2%	 vs.	 33.3%;	p	 =	 .027).	 Patients	
with	EBCs	had	a	4.4-	fold	increased	odds	of	bowel	obstruction/per-
foration	(8.8%	vs.	30.0%;	OR	4.388	[CI	1.503–	12.812];	p =	.007).	
Similar	rates	for	rejection	(23.1%	vs.	30.0%,	OR	1.414	[CI	0.559–	
3.575);	p	=	.468),	bleeding/hematoma	(17.6%	vs.	26.7%,	OR	1.705	
[IQR	0.644–	4.509);	p	=	.291),	as	well	as	early	portal	vein	(7.7%	vs.	
16.7%,	OR	2.351	[CI	0.684–	8.068);	p	=	.186)	and	early	hepatic	ar-
tery	 complications	 (11.0%	 vs.	 3.3%,	 OR	 1.345	 [CI	 0.037–	2.522);	
p	=	.206)	were	seen.	Results	are	summarized	in	Table	6	(secondary	
outcome	 parameters)	 and	 Table	 7	 (odds	 ratio	 for	 post-	operative	
complications).

3.4  |  Late biliary complications

Late	 biliary	 complications	 occurred	 in	 17.4%21	 of	 patients.	 Nine	
(30%)	of	the	30	patients	with	EBCs	developed	LBCs.	Our	data	dem-
onstrated	 a	 2.8-	fold	 increased	 odds	 of	 late	 biliary	 complications	
(13.2%	vs.	30.0%,	OR	2.821	[95%	CI	1.049–	7.587];	p	=	.044)	in	pa-
tients	with	EBCs	compared	to	those	without	EBCs.	In	57.1%	of	the	
patients	 (n	=	12),	 a	 radiologically	proven	stenosis	of	 the	hepatico-
jejunostomy	was	causal	for	LBC.	Three	patients	 (14.3%)	presented	
with	late	biliary	leakage	and	bilioma,	3	(14.3%)	with	cholangitis	and	
another	3	(14.3%)	with	idiopathic	cholestasis.	In	case	of	consistent	
size	and	missing	clinical	symptoms,	bile	leakages	were	managed	con-
servatively;	 otherwise,	 a	 percutaneous	 drainage	 was	 performed.	
Patients	with	high-	grade	stenosis	were	treated	surgically	by	revision	
of	the	hepaticojejunostomy	(n	=	3)	or	by	percutaneous	transhepatic	
drainage	(n	=	4).

4  |  DISCUSSION

The present study investigated the impact of early biliary complica-
tions in the setting of pediatric liver transplantation. Our data indi-
cate	that	recipients	with	EBCs	have	an	excellent	patient	survival	of	
89.2%	at	15	years	and	an	excellent	ACGS	of	75.4%	10	years	after	
transplantation.	Patients	with	EBCs	have	a	significantly	longer	ICU	

TA B L E  3 Patient,	death-	censored	and	all-	censored	liver	graft	
survival comparing recipients with and without early biliary 
complications	transplanted	between	1984	and	2020	at	the	Medical	
University	of	Innsbruck	(Austria)

Early biliary 
complications Yes No

Patient survival p	=	.653

90 day 96.7% 90.0%

1 year 89.2% 88.7%

5 year 89.2% 88.7%

10 year 89.2% 84.2%

15 year 89.2% 84.2%

All-	cause	graft	survival p = .628

90 day 90.0% 84.5%

1 year 82.5% 81.9%

5 year 82.5% 80.3%

10 year 82.5% 74.0%

15 year -	 71.3%

Death-	censored	graft	survival p = .710

90 day 90.0% 84.5%

1 year 82.5% 83.2%

5 year 82.5% 83.2%

10 year 82.5% 75.1%

15 year -	 72.4%
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F I G U R E  2 (A)	All-	cause	and	(B)	death-	censored	graft	survival	in	patients	with	(1)	and	without	(0)	early	biliary	complications	(EBC).	Similar	
all-	cause	(log	rank	p	=)	and	death-	censored	(log	rank	p	=)	graft	survival	was	seen	in	both	groups.	0,	non-	EBC	group;	1,	EBC	group;	EBC,	early	
biliary complications
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stay	and	overall	hospital	 stay	and	face	a	4.4-	fold	 increased	risk	of	
bowel	obstruction/perforation.	In	the	presence	of	EBCs,	a	2.8-	fold	
increased risk toward late biliary complications was observed.

The biliary complication rate has been previously addressed in 
small and large series.5,8,9,13,16,18,20–	22 The overall incidence of biliary 
complications after pediatric liver transplantation varies significantly 
between	these	reports	and	ranges	from	10%	to	45%.5,8,9,13,16,18,20–	22 
These	variations	may	partially	be	explained	by	the	inconsistent	use	
of	definitions	for	early	and	late	biliary	complications.	In	that	respect,	
the	 detection	 rate	may	 impact	 on	 the	 BC	 rate	 especially	 in	 cases	
with	mild	clinical	symptoms.	In	our	cohort,	EBCs	occurred	in	24.8%—	
which	 is	 higher	 compared	 to	 the	 single	 center	 results	 from	Hsiao	
et	al.	(n	=	9;	6.7%)	and	Anderson	et	al.	(n	=	11;	16.8%)	but	similar	to	

the	results	from	Karakayali	et	al.	(n	=	21;	28%)14 and Darwish et al. 
(n	=	27;	27%).23	The	 latter	examined	diagnostic	and	treatment	op-
tions for biliary strictures occurring early after transplantation.9,19,20 
Equivalent	 to	our	study,	both	authors	defined	EBC	as	biliary	com-
plication that occurs within the first 90 days after transplantation.

Feier	et	al.	reported	an	overall	BC	rate	of	14.5%	(n	=	71).	In	their	
study,	the	authors	provided	a	detailed	overview	of	the	different	bil-
iary	complication	types,	but	also	elaborated	on	diagnostic	steps	and	
treatment	approaches.	In	our	cohort,	the	frequent	use	of	Gore-	Tex® 
patches	for	abdominoplasty	(43%	of	cases),	especially	in	infants	of	
less	 than	5	 years,	may	 factor	 into	 the	detection	 rate	 since	 subse-
quent	surgeries	for	patch-	size	reduction	and	removal	offer	the	op-
portunity to inspect the bile duct anastomosis and detect clinically 
mild or silent fistulas.

Kling	et	al.	who	assessed	BC	 in	a	small	cohort	of	 living-	related	
liver	transplant	recipients	(n	=	48,	5-	year	patient	survival,	entire	co-
hort:	81%,	with	BC:	88%)	and	Feier	et	al.	(n	=	489,	5-	year	patient	sur-
vival,	with	BL:	87.2%	vs.	without	BL:	85%,	p	=	.72;	with	BS:	87.4%	vs.	
without	BS:	85.9%,	p	=	.56)	confirmed	that	EBCs	do	not	negatively	
influence	 patient	 or	 graft	 survival.	 Both	 studies,	 however,	 did	 not	
differentiate	between	early	and	late	BCs.5,21

An	 analysis	 by	 Hsiao	 et	 al.	 demonstrated	 that	 EBCs	 but	 not	
LBCs	 lead	 to	 impaired	patient	 survival	 in	 their	 single	 center	 study	
with	55.6%	in	the	EBC	group	dying	(p	=	.079).	This	finding	supports	
early	and	aggressive	surgical	treatment	of	BC	to	prevent	increased	
mortality.9,20	 In	 our	 cohort,	 EBCs	 were	 treated	 surgically	 in	 most	
instances	 (80%).	Solely	 in	cases	of	biliary	 leakages	without	clinical	

TA B L E  4 Adjusted	hazard	ratio	for	patient	death,	death-	
censored,	and	all-	cause	liver	graft	failure	and	patient	survival	
comparing recipients with and without early biliary complications

aHR* 95% CI p- Value

Liver	graft

DCGS 0.869 0.341–	2.248 .920

ACGS 0.786 0.326–	2.338 .873

Patient death 0.874 0.242–	3.152 .837

Abbreviations:	ACGS,	all-	cause	graft	survival;	aHR,	adjusted	hazard	
ratio;	CI,	confidence	interval;	DCGS,	death-	censored	graft	survival.
*Model	adjusted	for	year	of	transplantation,	type	of	liver	graft	and	
previous abdominal surgery.

TA B L E  5 Cause	of	late	and	early	graft	loss	and	death

Cause of graft loss (%) All (n = 121) EBC (n = 30) No EBC (n = 91)

Early	hepatic	artery	thrombosis 2	(1.7) None 2	(2.2)

Small-	for-	size	syndrome 1	(0.8) None 1	(1.1)

Primary	non-	function 3	(2.5) 1	(3.3) 2	(2.2)

Cirrhosis 1	(0.8) None 1	(1.1)

Fibrosis 2	(1.7) None 2	(2.2)

Portal vein thrombosis 3	(2.5) 1	(3.3) 2	(2.2)

Ischemic liver failure 2	(1.7) None 2	(2.2)

Rejection 2	(1.7) 1	(3.3) 1	(1.1)

Infection 1	(0.8) None 1	(1.1)

Patient death 5	(4.1) None 5	(5.5)

Unknown 4	(3.3) 2	(6.7) 2	(2.2)

Cause of death (%) All (n = 103) EBC (n = 27) No EBC (n = 76)

Cerebral	hypoxia 2	(1.9) None 2	(2.6)

MOF 4	(3.9) 1	(3.7) 3	(3.9)

Respiratory insufficiency 2	(1.9) None 2	(2.6)

Heart	failure 2	(1.9) None 2	(2.6)

Graft	failure 1	(1.0) None 1	(1.3)

Progressive malignancy 1	(1.0) None 1	(1.3)

Unknown 3	(2.9) 2	(7.4) 1	(1.3)

Abbreviations:	ACGS,	all-	cause	graft	survival;	EBC,	early	biliary	complications;	MOF,	multi-	organ	failure.
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signs	 of	 infection,	 the	 management	 was	 conservatively.	 Our	 data	
further	suggest	that	long-	term	graft	loss	was	rare	not	directly	asso-
ciated	with	EBC	(7.4%	vs.	16.4%	in	non-	EBC).

The	 incidence	 of	 biliary	 complications	 following	 living-	related	
liver	 transplantation	 (LLT)	 is	 reported	 to	 be	 around	 33%.21,24–	26 
Some	studies	describe	an	even	higher	incidence	of	BC	in	reduced	size	
deceased-	donor	liver	grafts,	deceased-	donor	split	grafts,	and	living-	
donor liver grafts.20,24,27 While a trend toward a higher incidence of 
EBC	 in	 living-	related	 liver	 transplantation	was	observed	 in	our	co-
hort	 (non-	EBC:	LLT	=	47.3%,	DDLT	=	52.7%	vs.	EBC:	LLT	=	56.7%,	
DDLT	=	43.3%;	p	=	.406),	our	data	did	not	reveal	higher	rates	of	EBC	
in	partial	grafts	compared	to	whole	grafts	(non-	EBC:	WLT	=	34.1%,	
SPL	=	95.9%	vs.	EBC	WLT	=	33.3%,	SLT	=	66.7%;	p	=	1.000).	This	is	

in	 line	with	data	 from	Laurence	et	al.	who	found	a	similar	BC	rate	
between	LLT	and	deceased-	donor	liver	transplantation	(DDLT).13	Yet	
again,	 the	 results	 from	 the	SPLIT	database	 suggest	 an	 association	
between	graft	 type	and	BC	rate	 (30	day:	7.5%	whole,	18.8%	split,	
16%	reduced,	17.5%	live-	donor).24

A	number	of	risk	factors	for	biliary	complications	have	been	de-
scribed;	however,	we	 feel	 that	 the	 interpretation	of	 statistical	 find-
ings and comparison of single factors should be handled with care 
due	to	varying	and	often	low	caseloads,	different	surgical	techniques,	
surgeons	 experience,	 and	 different	 demographics.	 In	 a	 number	 of	
studies,	no	differentiation	between	EBC	and	LBC	was	made.	As	the	
genesis	 of	 both	 differ	 widely,9,10,19 a discrimination between both 
entities	 seems	 important.	According	 to	 the	 literature,	 early	 hepatic	

TA B L E  6 Secondary	outcome	parameters	stratified	by	early	bile	duct	complications

Outcome parameters All (n = 121) EBC (n = 30) No EBC (n = 91) p- Value

Number	of	biliary	ducts	(%) .555

1 bile duct 99	(81.8) 20	(66.7) 79	(86.8)

2 bile ducts 19	(15.7) 9	(30.0) 10	(11.0)

3	bile	ducts 3	(2.5) 1	(3.3) 2	(2.2)

Multiple	vs.	single	bile	ducts	(%) 22	(18.2) 10	(33.3) 12	(13.2) .027

Stent/T-	tube	(%) 13	(10.7) 2	(6.7) 11	(12.1) .513

Late	biliary	complications	(%) 21	(17.4) 9	(30.0) 12	(13.2) .050

CMV	mismatch	(Y,	%) 25	(20.7) 10	(33.3) 15	(16.5) .180

Early	hepatic	artery	complication	(%) 10	(8.3) 1	(3.3) 9	(9.9) .632

Late	hepatic	artery	complications	(%) 11	(9.1) 1	(3.3) 10	(11.0) .400

Early	portal	vein	complications	(%) 12	(9.9) 5	(16.7) 7	(7.7) .361

Late	portal	vein	complications	(%) 19	(15.7) 3	(10.0) 16	(17.6) .521

Bowel	obstruction/bowel	perforation	post	Tx 17	(14.0) 9	(30.0) 8	(8.8) .020

Post-	operative	bleeding/hematoma	(%) 24	(19.8) 8	(26.7) 16	(17.6) .574

Type	of	early	biliary	complication	(%	of	all	transplantations)

Leakage 21	(17.3)

Stricture 6	(5.0)

Bile	duct	necrosis 3	(2.5)

Abbreviations:	CMV,	cytomegaly	virus;	EBC,	early	biliary	complication;	Tx,	transplantation;	Y,	year.

TA B L E  7 Odds	ratio	of	long-	term	complications,	length	of	initial	hospital	stay	and	post-	operative	complications	comparing	patients	with	
and	without	EBCs

Variable OR 95% CI p- Value

Bowel	obstruction/perforation 4.388 1.503–	12.812 .007

Rejection 1.414 0.559–	3.575 .468

Early	hepatic	artery	complications 1.345 0.037–	2.522 .206

Early	portal	vein	complications 2.351 0.684–	8.086 .186

Late	biliary	complications 2.821 1.049–	7.587 .044

Bleeding/hematoma 1.705 0.644–	4.509 .291

Initial	hospital	stay	length	>	median 3.369 1.242–	9.140 .013

Abbreviations:	CI,	confidence	interval;	OR,	odds	ratio.



10 of 11  |     BERCHTOLD ET aL.

artery	thrombosis	and	technical	errors,	especially	in	segmental	grafts	
with	multiple	bile	ducts,	are	key	drivers	of	EBC.18	Interestingly,	eHAT	
was	not	responsible	for	EBC	in	our	study.	Risk	factor	assessment	in	
this study reveals only the incidence of multiple bile ducts to be as-
sociated	with	an	increased	rate	of	EBCs.	In	contrast	to	our	findings,	
Salvalaggio	et	al.	demonstrated	a	significantly	 inferior	graft	survival	
in case of multiple bile ducts.18	Another	risk	factor	for	BC	was	revi-
sions	after	Kasai	procedures	as	shown	by	Hsiao	et	al.	In	their	study,	
the primary Kasai procedure did not correlate with the occurrence of 
BCs.9	Lüthold	et	al.	assessed	risk	factors	for	different	BC	in	a	cohort	of	
116	patients.	They	propose	that	excessively	long	operating	times	and	
HAT	are	responsible	for	biliary	leakages	and	that	the	type	of	bile	duct	
anastomosis correlates with the occurrence of biliary strictures.17 In 
contrast	to	other	reports,11,16,28	neither	duct-	to-	duct	nor	hepaticoje-
junostomy	were	associated	with	EBCs	in	our	patients.	In	addition	to	
the	aforementioned	factors,	donor	age,	blood	type	mismatch,	CMV	
infections,	 recipient	 age,	 HLA	 mismatch,	 and	 EBV	 infections	 have	
been associated with an increased number of biliary complications.5,9

A	 rare	 complication	 is	 the	 orphan	 duct	 syndrome	 or	 excluded	
segmental bile duct leakage that has been described after major liver 
resections and is classified as type D leakage after the classification 
of	Nagano	et	al.29 The leakage results from a bile duct which is sep-
arate from the main biliary tree but drains bile fluids of functioning 
liver	parenchyma	segment.	The	crux	of	this	complication	 is	the	di-
agnosis as patients often present with refractory biliary leakage or 
cholestasis	if	the	excluded	bile	duct	was	accidentally	ligated	during	
donor operation.5,27,30,31	 In	our	cohort,	we	detected	4	orphan	bile	
ducts.	 In	all	 cases,	 this	 finding	coincided	with	 in	a	bile	 leakage	 re-
quiring reoperation. The orphan ducts were only diagnosed during 
reoperation	and	an	additional	HJ	was	performed	in	all	four	cases.32 
Intraoperative	 cholangiography	during	 the	donor	operation	 in	 LLT	
has	been	described	to	prevent	overseeing	excluded	bile	ducts.27

In	 our	 experience,	 EBCs	 results	 in	 prolonged	 intensive	 care	 as	
well	as	prolonged	total	hospital	 stay	and	 increased	number	of	post-	
operative	bowel	obstruction/perforation.	In	patients	with	EBCs,	a	sig-
nificantly	higher	incidence	of	LBCs	was	seen.	EBCs	therefore	represent	
an increased burden for the patient and family as well as prolonged 
hospital	stay	with	higher	overall	costs.	The	association	between	EBCs	
and	increased	costs	has	previously	been	reported	by	Feier	et	al.,	Kling	
et	 al.,	 and	Englesbe	MJ.5,21,33	 In	our	 cohort,	 bowel	obstruction/per-
forations were significantly more frequent in patients with previous 
abdominal surgeries and/or with reoperations as necessary for most 
EBCs.	Multiple	 abdominal	 surgeries	 are	 a	 known	 risk	 factor	 for	 the	
development of adhesions and subsequent obstruction.34

This	study	has	several	limitations.	First,	we	analyzed	results	over	
a	period	of	thirty-	five	years.	Over	time,	surgical	techniques,	immu-
nosuppressive	protocols,	 organ	acceptance	and	utilization	 criteria,	
and recipient selection have changed profoundly and outcomes 
were not similar across the study period. Different surgical proce-
dures and our rather small annual case load complicate statistical 
evaluation and accuracy.

In	 summary,	 this	 study	demonstrates	 that	EBCs	 lead	 to	 a	pro-
longed	 ICU	and	 initial	 hospital	 stay	without	 compromising	patient	

or	graft	survival.	While	no	association	between	EBCs	and	vascular	
complications	was	seen,	significantly	more	bowel	obstructions/per-
forations	were	 recorded	 in	 recipients	with	EBCs.	The	presence	of	
multiple bile ducts was the only factor significantly associated with 
the	occurrence	of	EBCs.

5  |  CONCLUSION

The relatively high biliary complication rate illustrates the com-
plexity	and	vulnerability	of	bile	duct	anastomoses	in	pediatric	liver	
transplantation. Whereas a prolonged intensive care unit and hos-
pital	stay	in	patients	with	early	biliary	complications	was	recorded,	
this	had	no	negative	 influence	on	patient	and	graft	 survival.	EBCs	
correlated	with	a	higher	incidence	of	LBCs,	and	thus,	these	patients	
should be monitored closely in order to anticipate their occurrence.
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