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Introduction

Biliary complications are considered the technical ‘Achil-

les heel’ of liver transplantation because of their high fre-

quency, the need for long-term, repeated treatment and

the potential detrimental effects on graft and patient sur-

vival. In early reports, morbidity rates up to 50% and

related mortality rates up to 25–30% were reported [1–5].

Recent improvements in organ selection, preservation,

immunosuppression and standardization of the methods

of biliary reconstruction, however, have contributed to

dramatically reduce the incidence of this complications

[6–9]. Biliary reconstruction nevertheless remains the

most common site of postoperative complications in liver

transplantation. In this sense, it is critical to summarize

and validate recent studies addressing biliary complica-

tions in an effort to understand and reduce these compli-

cations.

Biliary stricture and leakage are common complica-

tions. Ischaemic-type biliary lesions, sphincter of Oddi

dysfunction, haemobilia and biliary obstruction by cystic

duct mucoceles, stones, sludge, or casts are also observed

[9]. These complications include a variety of contributing

factors, including the reconstruction technique, use of

biliary splintage, type of liver transplant procedure, organ

preservation, chronic rejection, hepatic arterial thrombosis

and other recipient and donor characteristics. Among

these, strictures related to anastomotic procedures
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Summary

Biliary reconstruction remains common in postoperative complications after

liver transplantation. A systematic search was conducted on the PubMed data-

base and 61 studies of retrospective or prospective institutional data were eligi-

ble for this review. The study comprised a total of 14 359 liver

transplantations. The overall incidence of biliary stricture was 13%; 12%

among deceased donor liver transplantation (DDLT) patients and 19% among

living donor liver transplantation (LDLT) recipients. The overall incidence of

biliary leakage was 8.2%, 7.8% among DDLT patients and 9.5% among LDLT

recipients. An endoscopic strategy is the first choice for biliary complications;

83% of patients with biliary stricture were treated by endoscopic modalities

with a success rate of 57% and 38% of patients with leakage were indicated for

endoscopic biliary drainage. T-tube placement was not performed in 82% of

duct-to-duct reconstruction. The incidence of biliary stricture was 10% with a

T-tube and 13% without a T-tube and the incidence of leakage was 5% with a

T-tube and 6% without a T-tube. A preceding bile leak and LDLT procedure

are accepted risk factors for anastomotic stricture. Biliary complications remain

common, which requires further investigation and the refinement of recon-

struction techniques and management strategies.
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coupled with leakage in association with the reconstruc-

tion technique are the most common and also the most

controversial in the recent literature.

Another topic in biliary complication after liver trans-

plantation is the management strategy. Although surgical

revision used to be the standard treatment [5,10,11], non-

operative management of biliary complications has

become the standard practice over the last two decades,

using endoscopic techniques as the preferred diagnostic

and therapeutic modalities and obviating the need for

surgery in a majority of patients [7,9,12,13].

Here we reviewed the literature focusing on biliary

complications related to biliary reconstruction to system-

atically describe the reported incidence. An additional

aim was to demonstrate the different treatment modalities

for biliary complications and their outcomes and to

update and summarize the associated risk factors for bili-

ary complications.

Materials and methods

Basically, the present study was conducted along with the

guideline proposed by Meta-analysis Of Observational

Studies in Epidemiology (MOOSE) group [14].

Search strategy

A systematic search was conducted on the PubMed data-

base, provided by the National Center for Biotechnology

Information, US National Library of Medicine, by one of

the authors (A.N.). The search terms were; ([biliary com-

plication] OR [biliary complications] AND [liver trans-

plantation]), ([biliary stricture] OR [biliary stenosis]

AND [liver transplantation]) and ([biliary leakage] AND

[liver transplantation]). References of the identified stud-

ies were also searched to identify further studies.

Inclusion and exclusion criteria

All studies published between 1990 and 2009, limited to

the English language and humans, were considered for

this review. We included only papers addressing biliary

complications after adult liver transplantation. Articles

dealing with transplant cases before 1990 were excluded

because of the advances in organ preservation, perioper-

ative management, immunosuppression and recipient

selection, which have had a great impact on the inci-

dence of biliary complications and survival after liver

transplantation. Papers of an undefined transplant per-

iod, an inclusion period outside the range of the above-

mentioned study periods, reporting biliary problems

without the discrimination of nonanastomotic origin

and reporting treatment outcome of biliary complica-

tions without background clarification or overall inci-

dence of biliary complications were excluded. Case

reports, review articles, or studies describing fewer than

30 transplants were also excluded from the study. Papers

describing nonanastomotic stricture, split-liver trans-

plant, pediatric population and adults and children

together without discrimination were also excluded from

the study.

The key variables included were as follows; number of

recipients receiving a liver transplantation, type of popu-

lation described [deceased donor whole liver transplanta-

tion (DDLT), living donor liver transplantation (LDLT),

or both], biliary reconstruction strategy, incidence and/or

day of detection of biliary stricture or biliary leakage,

documented treatment modalities and outcomes after

those treatment modalities, retransplantation rates and

assessment of possible risk factors. The identified variables

derived from the selected publications were entered into a

database for subsequent statistical analysis. Considering

the critical differences of the graft type and the surgical

technique, papers dealing with DDLT and those dealing

with LDLT were summarized and analysed separately and

in addition, comparison between DDLT and LDLT

groups was performed for each variable.

Definitions

Biliary stricture was defined as a segmental narrowing

around the biliary anastomosis or splintage tube insertion

demonstrated by endoscopic retrograde cholangiography,

percutaneous transhepatic cholangiography, or intraoper-

ative direct confirmation. Patients with nonanastomotic

strictures or ischaemic-type biliary lesions (documented

as secondary to hepatic artery thrombosis or stenosis, rep-

erfusion injury, recurrence of primary sclerosing cholangi-

tis, acute/chronic rejection, cytomegalovirus infection, or

ABO incompatible transplantation) were excluded from

the analysis.

Biliary leakage was diagnosed on the basis of a bile leak

through abdominal drains or a significant intra-abdomi-

nal collection of bile requiring ultrasound or radiological

guided puncture. Alternatively, the leakage was proven by

endoscopic retrograde cholangiography or X-ray cholangi-

ography via splinting tubes.

Statistical analysis

Continuous values are expressed as means ± standard

deviation. Statistical analysis was performed using spss

(Chicago, IL, USA) 15.0 for Windows. Categorical

variables were analysed by chi-square test or Fisher’s exact

test, as appropriate. Continuous variables were analysed

by Student’s t-test or the Mann–Whitney test, as
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appropriate. A P-value of <0.05 was considered statisti-

cally significant.

Results

After the systematic search, 61 studies were eligible for

review [15–75]. Figure 1 shows the number of excluded

studies with the reasons for the exclusion. Only studies

describing retrospective or prospective institutional data

with or without controls were found. Cross-references of

the identified studies did not reveal any further papers.

The studies included in this systematic review com-

prised 61 papers, including 41 DDLT populations and 21

LDLT populations (one paper included both DDLT and

LDLT population, which were analysed separately) and

14 359 liver transplantations, including 11 547 DDLT

patients and 2812 LDLT patients. All variables retrieved

from this review are summarized in Table 1.

Biliary reconstruction was performed in a duct-to-duct

(DD) manner in the majority of patients (88%) in both

DDLT and LDLT populations, whereas bilioenterostomy

[choledochojejunostomy (CJ) or hepaticojejunostomy

(HJ)] was more frequently adopted in LDLT patients

(31%) than in DDLT patients (8%, P < 0.0001).

Biliary stricture

Incidence

All 14 359 transplant patients were analysed for biliary

stricture in this systematic review, of which 1844 cases

were complicated with biliary stricture. The mean overall

incidence of biliary stricture was 12.8%. The onset of bili-

ary stricture ranged widely, from 7 days to 11 years after

transplantation.

The incidence of biliary stricture was 12% (1314/

11 547) among DDLT patients, whereas it was 19% (530/

2812) among LDLT recipients, a significantly higher rate

(P < 0.0001).

Management

The management of postliver transplant biliary strictures

was divided into three modalities: endoscopic retrograde

cholangiogram guided drainage (ERCD), percutaneous

transhepatic biliary drainage (PTBD) and surgical revision

including re-transplantation.

Pre-established strategies were clearly described in 1640

cases of 52 papers, 33 papers of DDLT and 19 papers of

LDLT. ERCD and balloon dilation with or without stent-

ing was the first choice of treatment for biliary stricture

in the majority of institutes, comprising 58% (32/52) in

this review and was indicated for 83% of patients (1367/

1640). The success rate of ERCD treatment was 57%

(776/1367). Mean attempted ERCD for cure was

3.5 ± 2.1 times.

On the other hand, 15% (8/52) and 4% (2/52) of insti-

tutes first adopted PTBD or surgical revision for treat-

ment of biliary stricture, respectively, and the remaining

19% (10/52) chose the modality case by case without any

pre-established policy. PTBD or surgical revision was cho-

sen as the first choice more frequently in LDLT (42%)

than in DDLT (3%) populations (P = 0.0007).

Finally, 98% cases of biliary stricture were salvaged by

either single or combined strategies described above and

19 cases (1%) required re-transplantation and 21 cases

(1%) were lost as a result of subsequent deterioration.

Biliary leakage

Incidence

A total of 55 papers, comprising 11 397 cases, docu-

mented postoperative biliary leakage. Of the 11 397 cases,

936 were complicated with biliary leakage. The mean inci-

dence of biliary leakage was 8.2%. The onset of biliary

leakage ranged from 1 day to 6 months after transplanta-

tion. The incidence was 7.8% (668/8585) among DDLT

patients and 9.5% (268/2812) among LDLT recipients.

The difference between the two groups was not signifi-

cant.

Management

The management of biliary leakage was described in 46

papers, 27 DDLT papers and 19 LDLT papers. The treat-

ment strategy was the same as that for stricture in every

institute. Among 551 leakages with a clearly described

treatment modality, ERCD, surgical revision, PTBD and

observation were applied for 38%, 28%, 10% and 34%

of the cases, respectively. No re-transplantation was
Figure 1 Search process and number of studies excluded with the

reasons for exclusion.
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required, but 13 cases (1%) were lost because of second-

ary sepsis.

T-tube and splinting of the biliary anastomosis

T-tube placement, which has been a source of major

debate in DD reconstruction in DDLT, was not per-

formed in the majority of recent DD reconstruction

cases [82% (5126/6235) of cases, 41% of institutes

never use T-tube or stent], based on studies reporting

better or not impaired outcome of biliary complications

of DD reconstruction without T-tube. Adding up cases

of studies clarifying DD reconstruction with or without

an indwelling T-tube [15–24,26,28–30,33,34,36–40,43,

44,47–50,52,54,55], the incidence of biliary stricture and

biliary leakage was 9.7% (108/1109) and 4.7% (52/

1109) with T-tube, whereas 12.5% (640/5126) and 6.3%

(258/4126) without a T-tube, respectively. Studies com-

paring the biliary complications after DD reconstruction

with and without a T-tube are summarized in Table 2.

On the other hand, many institutes prefer to place

splinting stents over DD reconstruction in LDLT (81%,

17/21).

Risk factors

Risk factors for the development of biliary stricture, bili-

ary leakage, or both were retrieved from those studies, in

Table 1. Variables retrieved

from this systematic review.Total DDLT LDLT

Papers included [15–75] 62 41 21

Transplantations 14 359 11 547 2812

Reconstruction

Papers of DD only 36 30 6

CJ/HJ included 25 11 14

Papers of CJ/HJ only 1 0 1

Cases with DD reconstruction 12 579 (88) 10 624 (92) 1955 (70)

Cases with CJ/HJ reconstruction 1785 (12) 923 (8) 862 (31)*

Biliary stricture

Papers included [15–75] 62 41 21

Transplantations 14 359 11 547 2812

Cases of biliary stricture 1844 (13) 1314 (12) 530 (19)†

Biliary leakage

Papers included [15–24,27–39,42–44,47–52,54–75] 55 34 21

Transplantations 11 397 8585 2812

Cases of biliary leakage 936 (8) 668 (8) 268 (10)

Management of biliary stricture

Papers included [14–28,30–33,35–37,39–41,

45–51,54–75]

52 33 19

Cases of stricture 1640 1110 530

Managed by ERCD 776 640 136

Managed by PTBD 600 410 190

Managed by Surgical revision 178 46 132

Re-transplantation 19 14 5

Mortality 21 12 9

Management of biliary leakage

Papers included [15–24,27,28,30–33,35–37, 39,

47–51,54–65,67–71,73–75]

46 27 19

Cases of leakage 551 283 268

Managed by ERCD 207 167 40

Managed by PTBD 53 13 40

Managed by Surgical revision 157 56 101

Re-transplantation 0 0 0

Mortality 13 10 3

Values shown are n (%) except where otherwise stated.

DDLT, deceased donor liver transplantation; LDLT, living donor liver transplantation; DD, duct-to-

duct anastomosis; CJ, choledochojejunostomy; HJ, hepaticojejunostomy; ERCD, endoscopic retro-

grade cholangiogram guided drainage; PTBD, percutaneous transhepatic biliary drainage.

P-values LDLT versus DDLT; *P < 0.0001, †P < 0.0001.
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Table 2. Prospective and retrospective studies comparing biliary complications after liver transplantation with duct-to-duct reconstruction with a

T-tube (T-tube) and without a T-tube (non T-tube).

Comparative studies:

Author (Ref. no)

Stricture Leakage Biliary complications/total

T-tube Non T-tube P-value T-tube Non T-tube P-value T-tube Non T-tube P-value

Cons for T-tube

Randall [18] 8/59 (14%) 7/51 (14%) ns 5/59 (8%)* 0 <0.005 13/59 (22%) 7/51 (14%) 0.01

Scatton [28]* 3/90 (3%) 6/90 (7%) ns 9/90 (10%) 2/90 (2%) ns 30/90 (33%) 14/90 (15%) <0.005

Amador [47]* 1/53 (2%) 3/54 (6%) ns 20/53 (38%) 3/54 (6%) ns 32/53 (60%) 6/54 (11%) 0.001

Wojcicki [54] 3/35 (9%) 2/49 (2%) ns 6/35 (17%) 2/49 (4%) ns 11/35 (31%) 4/49 (8%) 0.008

Equivocal results

Vougas [17]* 2/30 (7%) 6/30 (20%) ns 1/30 (3%) 0 ns 5/30 (10%) 6/30 (20%) ns

Kusano [39] 16/63 (25%) 7/52 (13%) ns 8/63 (14%) 4/52 (8%) ns 24/63 (38%) 11/52 (21%) ns

Pros for T-tube

Rabkin [22] 7/124 (6%) 10/44 (23%) <0.05 36/124 (29%) 1/44 (2%) ns 43/124 (35%) 11/44 (25%) ns

Nuno [21]* 1/50 (2%) 6/48 (13%) ns 3/50 (6%) 8/48 (17%) ns 5/50 (10%) 16/48 (33%) 0.01

Weiss [52]* 7/99 (7%) 8/95 (8%) ns 5/99 (5%) 9/95 (9%) ns 27/99 (27%) 50/95 (53%) 0.0005

ns, not statistically difference.

*Prospective randomized trials.

Table 3. Documented risk factors of biliary complications in deceased donor liver transplantation based on individual reports.

Risk factor Versus

Analysed

for

Number

of cases

(n)

Univariate

analysis

(P-value)

Multivariate

analysis

(P-value)

Ref.

no.

Recipient factor

Advanced recipient age Both 291 0.03 23

Preoperative bilirubin level, mg/dl; 19.3 (0.94–72.5) 6.2 (0.23–56.8) Both 241 0.003 <0.05 38

Preoperative PT-INR; 2.0 (1.0–10.0) 1.6 (1.0–10.0) Both 241 0.04 38

High MELD score, mean (SD); 25 (7) Low; 22 (6) Leakage 256 0.02 44

Advanced recipient age, mean (SD); 50 (20) Younger; 41 (11) Leakage 256 0.005 44

Graft factor

Female donor Male donor Stricture 531 0.02 0.01 40

Advanced donor age, mean (SD); 42 (16) Younger; 32 (18) Leakage 256 0.003 44

Macrovascular steatosis >25% <25% Both 117 0.002 50

Operative factor

DD reconstruction CJ reconstruction Both 502 0.008 0.008 20

DD reconstruction CJ reconstruction Leakage 256 0.02 44

Splintage over anastomosis; yes No Both 241 0.02 <0.05 38

Splintage over anastomosis; no Yes Stricture 256 0.04 0.07 44

Longer warm ischaemia time, mean (SD) min; 49 (23) Shorter; 42 (16) Leakage 256 0.03 0.04 44

Use of UW solution HTK solution Stricture 256 0.014 0.005 44

Pressurization of epoprostenol added UW solution UW solution Stricture 403 0.0001 53

Flushing of donor bile duct; no Yes Stricture 403 0.00001 53

Intraoperative FFP transfusion, Units; 12 (1–48) 10 (0–66) Both 241 0.03 38

Re-transplant First transplant Both 502 0.03 20

Transplant era; recent Previous Stricture 531 0.01 0.006 40

Postoperative factor

Proceeding bile leakage; yes No Stricture 256 0.0001 0.001 44

Preceding bile leakage; yes No Stricture 531 0.006 0.001 40

Chronic rejection Without chronic rejection Both 502 0.0006 0.001 20

Rejection episode; yes No Stricture 403 0.03 53

ICU stay, days; shorter 2 (2–7) Longer 4(2–8) Stricture 531 0.02 40

PT-INR, prothrombin time-international normalized ratio; MELD, model for end-stage liver disease; DD, duct-to-duct anastomosis; CJ, chol-

edochojejunostomy; HKT, histidine-tryptophan-ketoglutarate; UW, University of Wisconsin; FFP, fresh frozen plasma; ICU, intensive care unit.
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which a significant contributing factor was described.

These risk factors are categorized in Tables 3 and 4.

Discussion

Biliary reconstruction

The choice of biliary reconstruction is likely influenced by

multiple factors, such as underlying liver disease, graft

type (partial or whole size), size of donor and recipient

bile ducts and prior transplant or other biliary surgery.

DD reconstruction and CJ/HJ with a Roux-en-Y loop are

the two most fundamental biliary reconstruction meth-

ods. According to some early studies of DDLT, biliary

complications are more frequent after CJ reconstruction

than after DD reconstruction [5,16,76], whereas some

LDLT studies indicate that DD reconstruction is a signifi-

cant risk factor for developing biliary complications

[63,71,74].

In the present review, a DD reconstruction was the

procedure of choice in most institutions (73%) and in

most cases (92%) in DDLT populations, whereas many

institutes (71%) still adopted bilioenterostomy for consid-

erable number of cases (31%) in LDLT populations

(Table 1).

The benefits of DD reconstruction include preservation

of a physiological bilioenteric continuity and the sphinc-

ter of Oddi, less frequent colonization of the biliary tract,

shorter operative time, fewer anastomoses [5,77] and the

availability of endoscopic treatment as a salvage option if

biliary complications develop [7,13]. Roux-en-Y bilioent-

erostomy is currently used only under specific conditions,

such as gross disparity between the sizes of the ducts and

Table 4. Documented risk factors of biliary complications in living donor liver transplantation based on individual reports.

Risk factor Versus

Analysed

for

Number

of cases

(n)

Univariate

analysis

(P-value)

Multivariate

analysis

(P-value)

Ref.

no.

Recipient factor

High MELD score; high ‡ 35 low < 35 Both 41 0.04 0.032 60

Advanced recipient age Stricture 283 0.03 0.04 69

Graft factor

Advanced donor age; 50< £50 Stricture 130 0.003 0.003 67

Graft type; right left Both 259 0.02 63

Graft type; right lateral sector graft other types Stricture 83 0.006 73

Bile duct diameter, mean (SD) mm; 2.8 (0.7) 4.5 (2.1) Stricture 83 0.02 73

Bile duct diameter Stricture 283 0.003 0.02 69

Bile duct multiplicity Single Stricture 239 0.02 74

Operative factor Both

DD reconstruction for duct <4 mm Other reconstructions Both 259 0.02 63

DD reconstruction HJ reconstruction Stricture 310 0.0009 71

DD reconstruction HJ reconstruction Stricture 321 <0.01 62

HJ reconstruction DD reconstruction Leakage 321 <0.01 62

Reconstructions other than single DD anastomosis Single DD anastomosis Leakage 156 0.03 0.01 72

Conventional biliary anastomosis Microsurgical anastomosis Both 88 <0.05 70

Longer cold ischemia time, min Shorter Stricture 283 <0.001 0.001 69

Longer warm ischemia time, mean (range) min;

56 (37–76)

Shorter; 48 (30–76) Both 90 0.02 61

Use of UW solution HTK solution Stricture 283 0.001 69

Postoperative factor

Preceding bile leakage; yes no Stricture 80 0.0001 0.001 68

Preceding bile leakage; yes no Stricture 156 0.006 0.01 72

Preceding bile leakage; yes no Stricture 239 0.002 74

Preceding bile leakage; yes no Stricture 130 0.002 0.002 67

Preceding bile leakage; yes no Stricture 283 <0.001 0.001 69

Basiliximab-based immunosuppression; No yes Stricture 80 0.04 68

Basiliximab based immunosuppression; no yes Leakage 80 0.03 0.005 68

Higher serum creatinine at POD5 Leakage 156 0.05 72

CMV infection; yes no Both 321 <0.01 62

Hepatic artery thrombosis; yes no Stricture 239 0.002 74

Hepatic artery thrombosis; yes no Both 321 <0.01 62

MELD, model for end-stage liver disease; DD, duct-to-duct anastomosis; HJ, hepaticojejunostomy; HKT, histidine-tryptophan-ketoglutarate; UW,

University of Wisconsin; FFP, fresh frozen plasma; CMV, cytomegalovirus.
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diseased or unavailable ducts and for revision surgery in

DDLT [9,78–83]. It will be the same with LDLT popula-

tions in near future.

Biliary stricture

Anastomotic biliary strictures were among the most com-

mon complications of a liver transplant and in the early

days affected up to a third of patients with high mortality

[3–5,10]. Recent advances, however, have dramatically

decreased their incidence, which was 12.8% in the

present study. Although anastomotic biliary stricture

can present at any time after transplantation as noted in

the present study, the majority seem to present within

1 year with a mean interval of the time of presentation of

5–8 months after transplantation [5,12,33,37,84–86].

As pointed out in previous reports [42,55,87], the inci-

dence of biliary stricture is higher in LDLT than in

DDLT, which used to be explained by devascularization

of the bile duct at the hilar dissection of the graft, bile

leakage from cut surface, which causes fibrotic change

around the anastomosis and technically challenging biliary

reconstruction (e.g., small-size ducts, multiple ducts). In

this review, five LDLT studies [67–69,72,74] demonstrated

bile leakage as a significant risk factor for subsequent

stricture, whereas three studies [69,73,74] evaluated size

and multiplicity of bile duct as a risk factor. Actually, our

systematic review revealed a significantly higher incidence

of biliary stricture (19%) in LDLT.

Although we focused on anastomotic stricture in this

review and excluded cases of documented nonanastomotic

stricture to the greatest possible extent, a limitation of

this study was that still some nonanastomotic cases might

have been included. Anastomotic and nonanastomotic

stricture should strictly be analysed separately in future

articles concerning biliary complications after transplanta-

tion.

The management of anastomotic stricture has dramati-

cally improved over the last two decades. There has been

an exponential transition in the primary management of

anastomotic strictures from predominantly surgical man-

agement to primarily endoscopic treatment. Although a

percutaneous transhepatic approach still has a critical role

in cases with Roux-en-Y reconstructions [12,88], surgical

revision is now reserved for patients who have failed

those interventional treatments and retransplantation is

the final option when all others fail [7,9–13,25]. Indeed,

67% of DDLT institutes and 58% of all institutes have

adopted ERCD as the primary treatment for anastomotic

stricture with the overall success rate of 57% in this

review. The success rate of ERCD varied from 40% to

92% in our review, yet a recent aggressive endoscopic

approach has achieved an 80–90% success rate [89–92].

Recurrent anastomotic strictures after ERCD develop in

approximately 20% of patients and can still be effectively

treated by interventional dilation and/or stenting

[25,93,94]. A significantly high proportion of institutes

continue to utilize surgical revision or a percutaneous

approach as the primary option in LDLT in this review

(42%, P = 0.0007), which might be due in part to the

high rate of bilioenterostomy in LDLT and the reported

inferior success rate of ERCD for anastomotic stricture in

an LDLT population compared with that of a DDLT popu-

lation [68,86,95–97]. With the increase in DD reconstruc-

tion and technical refinement of ERCD in LDLT,

however, an endoscopic approach is the first choice in

the majority of institutes.

The major drawbacks of endoscopic dilation with

placement of one or more stents as the standard manage-

ment of anastomotic strictures are the need for multiple

procedures repeated over extended periods of time and

the risk of associated complications such as cholangitis

and pancreatitis [13,84–86] but these seem minimal when

compared with the risks of emergent revision surgery

[7,9,12,13,25,98].

Biliary leakage

Biliary leakage is the second most common complication

after transplantation. The incidence of biliary leakage was

8.2% in this study, without a statistical difference between

DDLT (7.8%) and LDLT (9.5%). There are three different

entities in biliary leakage: leakage from anastomotic site,

leakage from the cut surface of the partial graft and leak-

age after T-tube removal. Some of the studies in our

review clarified the leakage origin but others did not and

we strongly propose that future studies will discriminate

the types of leakage.

The majority of biliary leakages could be managed con-

servatively with indwelling abdominal drains, splinting

bile drains, or percutaneous radiology-guided drainage, as

34% of cases in the present study were cured without

aggressive treatment. When treatment for biliary leakage

is necessary, an endoscopic approach including sphincter-

ectomy and stenting or nasobiliary drainage emerged as

the preferred treatment option for every type of leakage,

restricting surgery to patients with frank peritonitis and/

or major leaks [7,27,99–102], as was the case with stric-

tures. In the present survey, endoscopic treatment was

applied to one half of the leakages requiring intervention.

Use of T-tube

There is ongoing debate regarding the use of a T-tube for

DD reconstruction in DDLT. T-tube drainage in DD

reconstruction in DDLT is traditionally performed for the
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following reasons; it provides easy access to the biliary

tree, lowers the pressure in the biliary system, aids in

monitoring the quality and output of bile and might

reduce the incidence of anastomotic stricture [9,103].

Some authors have demonstrated the advantages of an

indwelling T-tube [21,22,52], however, along with the

accumulation of retrospective and prospective papers

describing safe, efficacious, cost-effective, or at least a

not-impaired outcome without T-tube placement

(Table 2) and in other papers [104–106], a growing num-

ber of centres have abandoned T-tube in DD reconstruc-

tion, resulting in 41% of centres with a non-T-tube

policy and consequently 82% of DD reconstruction cases

in the present study were performed without a T-tube.

The major limitation of T-tube placement is biliary

leakage after its removal, which is reported to occur in

5–33% of cases [16,100–102,107–109]. The aggregate

calculation of the present study, however, revealed an

comparable incidence of biliary leakage (4.7% vs. 6.3%)

with and without a T-tube, while the incidence of biliary

stricture tended to be higher in the non-T-tube group

(9.7% vs. 12.5%). These findings seems to be consistent

with the most recent study of a well-conducted meta-

analysis of five randomized controlled studies

[17,21,28,47,52] by Riediger et al. [110]. They concluded

that biliary reconstruction with a T-tube prevents the

occurrence of biliary strictures and that may have the

potential to reduce long-term morbidity with respect to

late stricture, while there is no clear evidence in favour of

using a T-tube during DDLT in terms of overall biliary

complications.

In addition, according to some authors, biliary decom-

pression with a splinting tube may be more indicated in

DD reconstruction with a partial-liver graft transplant,

where it may reduce the risk of both cut surface and

anastomotic biliary leaks [9,87,96,111,112]. Actually, 81%

of centres in this review routinely utilized splinting tubes

in LDLT. The efficacy of this procedure has not yet been

validated in a prospective randomized study.

Risk factors

A variety of factors related to the recipient, graft, opera-

tive procedure and postoperative course are associated

with anastomotic biliary stricture and biliary leakage, as

summarized in Tables 3 and 4. Among the preoperative

recipient factors, advanced recipient age and recipients

with more impaired liver function seem to be at risk of

developing biliary complications [23,38,44,60,69].

Graft and operative risk factors should be discussed sepa-

rately for DDLT and LDLT because of the essential differ-

ences in the graft nature and operative procedures. LDLT

itself is a significant risk factor for biliary complications,

both according to the present study and previous literature

[42,55,87]. Some reports [69,73,74] demonstrated that a

small duct size and the presence of multiple duct orifices

are risk factors for the development of biliary complica-

tions. Other postulated factors such as the devascularization

of the bile duct at the hilar dissection of the graft might

contribute to a higher incidence in LDLT [113–115]. We

believe that these entities are interlinked and a large num-

ber of cases may be required to determine the statistical sig-

nificance. An indwelling T-tube is a matter of debate, as

discussed above [17,18,21,22,28,39,47,52,54] Other opera-

tive factors, including ischaemia-reperfusion injury with

prolonged warm/cold ischaemic time and difference in the

preservation methods/solutions had been reported as risk

factors [44,53,61,69], but according to recent reports, those

factors seem to be more associated with ischaemic-type,

nonanastomotic strictures than with anastomotic compli-

cations, which is preferred to be dealt as a distinct entity

[116–123]. At the same time, eliminating these factors

might contribute to reduce anastomotic strictures [124].

Among postoperative factors, biliary leakage has

emerged as one of the most important factors in the cau-

sation of the biliary stricture [40,44,67–69,72,74]. Other

documented factors, hepatic artery thrombosis

[62,74,125–127], ABO incompatibility [128,129], cyto-

megalovirus infection [62,130,131] and chronic/acute

rejection episodes [20,53,132,133] are reported to be

possible risk factors for biliary complications in historical

studies. Yet, these factors are relatively minimized in

contemporary series as viral prophylaxis has improved;

and events such as ABO incompatibility and hepatic

artery thrombosis are infrequent. Moreover, recent per-

ceptions are that these factors are strongly associated with

ischaemic-type, nonanastomotic strictures rather than

anastomotic complications [116,117,124].

Publication bias is an issue for all systematic reviews.

In general, this bias exists when studies report only

positive or substantial differences. It is possible that we

inadvertently omitted selecting studies containing valu-

able data. The language bias might have also affected

our conclusions because we limited this review to

reports published in the English language. Most impor-

tantly, considering our strategy combining observational

studies, heterogeneity of populations, study designs and

outcomes is the critical limitation of this study. Yet, we

believe that updating and summarizing recent published

observational studies might be of value for the future

management of biliary reconstruction and its complica-

tions.

This review revealed some problems that might have

interfered with the systematic analysis of biliary complica-

tions. First, although we excluded cases of nonanastomotic

biliary complications to the greatest possible extent, the
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present study might still include such cases to some

extent. Second, the type of leakage was not clarified in

some studies: from anastomotic site, after T-tube

removal, or from cut surface. Third, stricture or leakage

proved by cholangiography via a splinting tube may bias

the results when inclusively analysed with cases using a

no-tube strategy. Fourth, many centres did not describe

the follow-up program and treatment strategy for biliary

complications. Based on these revealed problems and in

order to permit reliable comparisons of studies on biliary

complications, we advocate guidelines for future studies

reporting on this topic (Fig. 2).

Conclusions

In conclusion anastomotic stricture and leakage contrib-

ute significantly to morbidity after liver transplantation;

but with advances in both operative and therapeutic

modalities, these complications have become better con-

trolled.

With the growing number of centres adopting DD bili-

ary reconstruction, endoscopic treatment has become the

standard strategy for biliary complications after transplan-

tation with satisfactory results.

(a)

(b)

Figure 2 Guidelines for future studies

reporting biliary stricture (a) and biliary

leakage (b). CJ, choledochojejunostomy;

DD, duct-to-duct anastomosis; HJ, hepati-

cojejunostomy; PSC, primary sclerosing

cholangitis; ERC, endoscopic retrograde

cholangiography; US, ultrasonography;

CT, computed tomography; MRC, mag-

netic resonance cholangiography; ERCD,

endoscopic retrograde cholangiogram

guided drainage; PTBD, percutaneous

transhepatic biliary drainage; MELD,

model for end-stage liver disease.
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This systematic review revealed that biliary complica-

tions remain a common source of morbidity, which

requires further technical refinement and established

management strategy.
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