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Abstract
Adult living donor liver transplant (LDLT) recipients have a higher incidence of biliary
complications than deceased donor liver transplant (DDLT) recipients. Our objective was to define
the intensity of intervention and time to resolution after diagnosis of biliary complications after
liver transplantation. We analyzed the management and resolution of post-transplant biliary
complications and investigated the comparative effectiveness of interventions in LDLT and DDLT
recipients. Analysis of biliary complications (leak or stricture) used a retrospective cohort of liver
transplant recipients at 8 centers between 1998–2006 (median follow-up was 4.7 years from
onset). Number, procedure types, and time to resolution were compared between LDLT and
DDLT recipients. Post-transplant biliary complications occurred among 47/189 [25%] DDLT
recipients and 141/356 [40%] of LDLT recipients. Biliary leaks comprised 38% (n=18) of post-
DDLT and 65% (n=91) of post-LDLT biliary complications. Median times to first biliary
complication were similar (DDLT vs. LDLT: leak: 11 vs. 14 days, p=0.6; stricture: 69 vs. 107
days, p=0.3, respectively). There were 1225 diagnostic and therapeutic procedures performed,
including re-operation and retransplant (mean: 6.5±5.4 per recipient; DDLT: 5.4±3.6 vs. LDLT:
6.8±5.8, p=0.5). The median number of months to resolution of a biliary complication (tube/stent/
drain-free) was not significantly different between DDLT and LDLT for leaks (DDLT: 2.3;
LDLT: 1.3; p=0.3) or strictures (DDLT: 4.9; LDLT: 2.3; p=0.6). Although the incidence of biliary
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complications after LDLT is higher than after DDLT, treatment requirements and time to
resolution after development of a biliary complication are similar in LDLT and DDLT recipients.

Keywords
outcomes; observational; living donation; deceased donation; liver

Introduction
The disparity between the numbers of available donor organs and potential liver transplant
recipients led to the development of adult to adult living donor liver transplantation (LDLT)
(1). As experience has accumulated, it has become evident that biliary complications
comprise a large proportion of post-transplant recipient morbidity (2,3). Several factors have
been identified that may contribute to biliary leak or stricture following LDLT, including
center volume, number of graft bile ducts, and type of anastomosis performed (4).
Furthermore, while endoscopic therapies can be successfully employed to treat the majority
of biliary problems in most recipients, LDLT recipients may have less favorable responses
(5).

LDLT recipients have a higher overall incidence of complications than deceased donor liver
transplant (DDLT) recipients. Despite a lower acuity of pre-transplant disease,
hospitalization requirements for medical and surgical complications are higher after LDLT
than after whole organ DDLT (6). Biliary complications contribute importantly to the excess
morbidity of this procedure. Although most biliary complications do not lead to graft loss or
patient death, detailed analyses of the management, course of treatment, and resolution of
biliary complications after LDLT and DDLT across multiple dedicated transplant programs
might contribute to understanding differences and similarities of biliary morbidity based on
allograft type. In this study, we report on the comparative effectiveness of management of
post-transplant biliary complications among LDLT and DDLT recipients who participated in
the Adult-to-Adult Living Donor Liver Transplantation Cohort Study (A2ALL).

Methods
Data Sources

Data for this study were derived from the retrospective cohort component of the A2ALL
study from 8 of the 9 A2ALL centers. Data were collected based on detailed chart reviews
and supplemented with data from the Scientific Registry of Transplant Recipients (SRTR)
obtained through a data use agreement. Seven hundred twenty-six transplant candidates who
had a potential living donor and had completed a history and physical examination between
January 1, 1998 and February 28, 2003 were eligible for inclusion in the study. A total of
545 recipients that received a transplant between May 1998 and May 2006 for non-
fulminant indications were included in the analysis (DDLT: 189; LDLT: 356). Recipients of
domino transplants were included in the DDLT group.

Information from the study database was supplemented by abstraction of additional data
(between September 2010 and May 2011) on the course of treatment for all 188 recipients
who experienced a biliary complication, as identified by the presence of a leak or stricture
recorded in the patient’s chart. A bile leak was defined as a persistent bilious drainage
beyond seven days after surgery identified by a radiological study or surgical exploration. A
biliary stricture was defined as a radiologically identified narrowing of the intrahepatic or
extrahepatic bile ducts occurring at any time after donation. Detailed serial data on specific
diagnostic and therapeutic interventions related to biliary complications were collected,
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including hospitalizations, antibiotic courses, CT scan or ultrasound (CTUS), endoscopic
retrograde cholangiopancreatography (ERCP), magnetic resonance
cholangiopancreatography (MRCP), percutaneous transhepatic cholangiography (PTC),
reoperation, and retransplantation.

The study was approved by the Institutional Review Boards and Privacy Boards of the
University of Michigan Data Coordinating Center and each of the transplant centers.

Statistical Methods
Study subjects were followed from the time of transplant to the earliest of retransplant,
death, or date of biliary complication chart review. Descriptive statistics are given as means
and standard deviations for continuous variables or as proportions for categorical variables.
T-tests were used to compare differences between DDLT and LDLT for continuous
characteristics. Chi-square tests were used to compare differences between DDLT and
LDLT for categorical characteristics. The number of procedures performed for DDLT and
LDLT recipients was compared using a t-test after a log transformation of the procedure
counts.

The distributions for the numbers of procedures performed per person overall and for each
procedure individually were compared graphically for DDLT and LDLT recipients using
boxplots. The percentage of outpatient procedures that were performed was examined. A
procedure was considered an outpatient procedure if there was no corresponding
hospitalization record that included the date of the procedure. We compared the percentage
of procedures performed as an outpatient for DDLT versus LDLT recipients with a logistic
regression model to adjust for a potential time trend. This model allowed us to examine the
association between type of transplant (DDLT vs. LDLT) and the probability of a procedure
being performed as outpatient while adjusting for year of transplant.

To study the time to resolution of the biliary complications, the time from placement of a
biliary tube, stent, or drain until the removal of all tubes, stents, and drains was examined
with survival models. Follow-up for this analysis started at the time of initial placement of a
tube, stent, or drain and continued until the earliest of: becoming tube, stents, and drain-free,
retransplant, death, or end of study. The earliest date where all tubes, stents, and drains had
been removed was considered the time of resolution (event). Follow-up was censored at
retransplant, death, and end of study. The time from onset to resolution of biliary
complications was examined using Kaplan-Meier survival curves by transplant type (DDLT
vs. LDLT) and by complication type (leak and/or stricture). Differences between DDLT and
LDLT recipients were compared for each type of complication using log-rank tests.
Potential factors associated with resolution were tested by fitting multivariable Cox
proportional hazards regression models stratified by complication type. Time dependent Cox
regression models were used to examine the effects of developing a biliary complication on
long term graft and patient outcomes. Each of the variables in Table 1 was tested in the
survival models, and the best subset selection method was used to look for a parsimonious
model.

The rates of procedures performed by month since transplant were compared for DDLT and
LDLT recipients. The rates were calculated as the number of procedures performed during
the month divided by the number of patients in the risk set during that month. To test factors
that might be associated with the number of procedures performed per unit time, negative
binomial regression models were fit to the data. Since the rate of procedures decreased
rapidly soon after transplant and changed very little after about two years post-transplant,
two separate models were fitted. The first model was fitted for the first two years after
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transplant and included a quadratic term for time. The second model was fitted for the time
beyond two years post-transplant and modeled time as a linear term.

All analyses were carried out using SAS 9.2 software (SAS Publishing; SAS Institute Inc.,
Cary, NC).

Results
Patient Characteristics and Nature of Biliary Complications

Of the 189 DDLT recipients, 47 patients (25%) suffered a biliary complication during the
follow-up period, and 141 of 356 LDLT recipients (40%) had a post-transplant biliary
complication. Baseline characteristics are shown in Table 1. LDLT recipients had
significantly lower Model for End-Stage Liver Disease (MELD) scores (p<0.0001), when
compared to the DDLT group. The number of biliary anastomoses was significantly higher
in the LDLT group (p<0.0001), as well as the proportion undergoing a complete Roux-en-Y
reconstruction (p<0.0001). While the cold ischemia time was shorter in the LDLT group
(p<0.0001), the duration of the recipient operation was significantly longer (p<0.0001).

Overall, a higher percentage of LDLT patients had a biliary complication (40% vs. 25%,
p<0.001) (Table 2). Among those with biliary complications, biliary leaks predominated in
the LDLT group (64.5% vs. 38.3% of biliary complications) (p=0.005). However, the
median time from transplant to onset of a biliary leak was not different in the two groups
(DDLT = 11 days, LDLT = 14 days, p=0.63). Conversely, biliary strictures were the
predominant form of biliary complication in the DDLT group (59.6% vs. 32.6%). Again, the
median time to onset was not significantly different (DDLT = 69 days, LDLT = 107 days,
p=0.34). Although the risk of any biliary complication was higher after LDLT, the risk of
stricture did not differ (14.8% after DDLT and 12.9% after LDLT, p=0.5). Five subjects had
a simultaneous biliary leak and stricture (DDLT: n=1; LDLT: n=4).

Procedures for biliary complications
Overall, a total of 1225 diagnostic and therapeutic procedures were performed for the
management of biliary complications. The proportion of procedures performed exclusively
for diagnostic purposes, without a therapeutic intervention, was similar in the DDLT and
LDLT groups (diagnostic only: n= 90 (34.9%) vs. n=368 (38.1%), respectively) (p=0.35).
The overall number of procedures performed per patient, including diagnostic imaging,
therapeutic intervention, reoperation, and retransplant, was 5.4±3.6 for DDLT recipients and
6.8±5.8 for LDLT recipients (p=0.53) (Figure 1). There were significantly more PTCs
performed per patient in the LDLT group (p=0.004) and significantly more ERCPs per
patient in the DDLT group (p<0.0001). Figure 2 shows that the proportion of diagnostic and
therapeutic procedures performed in an outpatient setting increased dramatically over time
(p<0.0001). Across the entire study period, the proportion of outpatient procedures was
significantly higher in the LDLT group (p=0.0002).

Probability of resolution following a biliary complication
The cumulative probability of biliary complication resolution (definitive removal of a
percutaneously or operatively placed tube, stent or drain, or retransplant) is shown in Figure
3. In this analysis, time to resolution was initialized on the day the biliary complication was
diagnosed and/or first treated. Within six months of diagnosis, the majority (79% of DDLT
and 92% of LDLT) of biliary leaks resolved and by 24 months all had resolved. Compared
to biliary leak, the probability of resolution of biliary strictures was lower for recipients of
both groups of transplants. Nevertheless, at 24 months following diagnosis, 95% of DDLT
and 94% of LDLT recipients with biliary strictures were tube, stent, and drain-free.
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The median time to tube, stent, and drain-free status after a biliary leak was one month
longer among DDLT recipients (2.3 months) than among LDLT recipients (1.3 months);
there was a 75% probability of resolution after 4.7 and 2.7 months for DDLT and LDLT
recipients, respectively (log rank p-value 0.29). After development of a biliary stricture, the
median time to tube, stent, and drain-free status was 4.9 months in the DDLT group
compared to 2.3 months in the LDLT group; there was a 75% probability of resolution after
6.6 months for DDLT recipients and 5.0 months for LDLT recipients (log rank p-value
0.61). Among LDLT recipients, the median time to biliary leak resolution was not
significantly different in those without (1.5 months) or with a Roux-en-Y anastomosis (1.2
months).

When tested with multivariable Cox models stratified by complication type (leak/stricture),
none of the factors, including LDLT (HR = 1.2, p=0.37) had a significant influence on the
time to being tube/stent/drain-free. Analyzing the LDLT exclusively, the overall number of
biliary complication cases per center influenced the time to being tube/stent/drain-free.
Experience with more than 15 biliary complications at a center was associated with a
significantly shorter time to resolution (HR=1.68, p=0.04).

The rate of biliary related procedures declined rapidly during the first 24 months post-
transplant and then remained relatively constant in both the DDLT and LDLT groups
(Figure 4). Rates never fell to 0, even 10 years following transplant. During the first 24
months, procedure rates for DDLT and LDLT recipients were similar while older recipient
age, higher recipient BMI, and recipient diagnosis of hepatitis C virus (HCV) were
associated with a higher rate of procedures in all patients (Table 3). Beyond 24 months from
the time of transplant, procedure rates for LDLT recipients were higher than for DDLT
recipients, but not to the point of reaching statistical significance by conventional standards
(p=0.06). The rate of procedures was significantly higher for recipients with at least one
Roux type biliary anastamosis or whose initial biliary complication was a stricture or
simultaneous leak and stricture, RR=2.97 (p=0.015) and RR=2.90 (p=0.019), respectively.

Association of biliary complications with subsequent graft failure and death
In the absence of a biliary complication, the risk of graft failure for LDLT recipients was not
significantly different from DDLT recipients (HR=1.26, p=0.25). Once a biliary
complication occurred, the risk of subsequent graft loss, adjusted for recipient age,
diagnosis, donor age, and packed red blood cell use, increased (DDLT: HR = 2.78, p=.0002;
LDLT: HR=1.41, p=0.06). Following a biliary complication, the rate of graft failure or death
among DDLT recipients was approximately twice that of LDLT recipients (graft failure
HR=1.98, p=0.04; mortality HR=1.99, p=0.05). However, after performing the analysis
excluding LDLT cut-surface leaks, the rate of graft failure or death was no longer
significantly different in LDLT and DDLT recipients (graft failure HR=1.75, p=0.096;
mortality HR=1.69, p=0.152). All patients in this cohort who developed a biliary leak were
at increased risk of developing a subsequent stricture (HR = 1.79, p=0.01).

Discussion
Biliary complications are the major cause of morbidity following LDLT (7). While these
complications can be intractable and potentially fatal, the incidence varies widely among
transplant centers (8,9). The overall incidence of biliary complications ranges from 5% to
40% and they are associated with aberrant donor anatomy and biliary ischemia (10,11). At
present, most biliary complications are diagnosed and treated using non-operative
techniques (8). Several studies have retrospectively analyzed long-term complete resolution
of biliary leak and/or stricture following therapeutic intervention (5,12,13,15). However, the
cumulative morbidity to the recipient in the form of total number of procedures (invasive
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and non-invasive) and the time from onset of the complication to resolution have not been
well documented. Most studies to date have evaluated clinical efficacy of a specific
procedure type and do not quantify all procedures required per patient as a result of a biliary
complication. In this study, we sought to document the pathway to resolution of biliary
complications and quantify the related procedures in LDLT and DDLT recipients.

Percutaneous strategies can be used to repeatedly dilate strictures, place and remove biliary
stents, perform sphincterotomies, and update ductal imaging. Unfortunately, the cumulative
morbidity to the recipient is generally not studied in a comparative timeline based on graft
type, using anatomic and clinical management details to provide a comparison of disability
and/or human cost. Shah and colleagues recently reported a series of 41 LDLT recipients
who had biliary complications (14). They noted that all but four patients with strictures were
managed with non-operative interventions and 96% were free of any biliary complication at
the time of publication. However, 13 of 19 patients with a bile leak required reoperation. A
similar study reported on outcomes of 1,062 recipients, including 106 LDLTs, of which 224
developed a biliary complication treated by ERCP (5). During the ten year study period,
over 700 ERCPs were performed with definitive success achieved in only 64%. Patients
who received an LDLT graft or had both a leak and stricture were less likely to respond to
endoscopic therapy. Finally, a recent review from Korea reports the success rate of
endoscopic treatment for biliary stricture post-LDLT ranges from 37% to 71% (15).

We believe that the current study is the first to quantify the cumulative morbidity of biliary
complications following LDLT in terms of diagnostic and therapeutic procedures performed
and the time to complication resolution. In the A2ALL cohort, the incidence of biliary
complications was higher in the LDLT group. However, the average number of procedures
performed per patient was similar for DDLT and LDLT recipients as well as the average
time from transplant to complication and the time from complication onset to resolution.
The majority of biliary complications in all recipients were resolved within six months.
However, two LDLT recipients had persistent unresolved biliary leak after 24 months of
treatment and one DDLT recipient had an unresolved stricture after two years.

In this cohort, the incidence of biliary complications was higher in the LDLT group. Biliary
stricture was the predominant manifestation of biliary complications in the DDLT group.
Conversely, among LDLT recipients, nearly two-thirds of these complications comprised a
combination of cut-surface bile leaks, which are a unique feature of the LDLT procedure, in
addition to anastomotic bile leaks. In DDLT as well as LDLT recipients, the occurrence of
biliary leaks was associated with a significantly increased risk of subsequent stricture.

It is not surprising that the majority of invasive and non-invasive procedures were performed
in the first two years post-transplant. In fact, this study revealed a learning curve of biliary
complication management as increased experience was directly associated with a shorter
time to resolution. While there is a marked decline in the monthly rate of procedures after 24
months, it is important to note that it is not zero. Several LDLT and DDLT patients
continued to require interventions for biliary complications up to 10 years after transplant.
As experience has accumulated over time, the rate of procedures performed to treat these
complications on an outpatient basis has dramatically increased for both LDLT and DDLT.

We have identified several factors associated with a significantly higher rate of procedures
in the first two years, including older recipient age, higher BMI, and a primary diagnosis of
HCV. However, donor source (DDLT vs. LDLT) was not significantly associated with
procedure rates in this model. The occurrence of a biliary complication per se was associated
with a higher risk of graft loss in both groups. This effect was greater in DDLT recipients
when all biliary complications are considered, but was not statistically significant when cut-
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edge leaks – which occur in LDLT but not whole-organ DDLT grafts – were excluded from
the analysis.

While these data were derived from eight large transplant centers across North America via
detailed chart review at each center, as well as the SRTR database, we acknowledge several
limitations. The current dataset is derived from a retrospective component of the A2ALL
study and is of moderate size. Over the 13 year study period, clinical practice patterns may
have changed with regard to how these difficult problems are treated. Furthermore, the
diagnostic/therapeutic approach to a specific problem, as well as surgical techniques
employed, may vary across centers. These differences may have influenced our results, but
they are difficult to study.

Biliary complications are a formidable problem in liver transplantation whose incidence is
higher following LDLT. However, once a complication has occurred, we have shown that
the number of required interventions and the time to complete resolution were similar in the
LDLT and DDLT recipients. These findings highlight the ongoing challenges of biliary
complications after liver transplantation regardless of donor source. Overall, these data
refute the common impression that biliary complications following LDLT are a more
protracted problem and less likely to resolve compared to DDLT.
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PTC percutaneous transhepatic cholangiography

SRTR Scientific Registry of Transplant Recipients
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Figure 1.
Number of procedures performed per patient to diagnose and/or treat biliary complications.
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Figure 2. Procedures performed as an outpatient by year
The actual values are calculated by calendar year, predicted percents are based on a logistic
regression model.
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Figure 3.
Probability of becoming tube/stent/drain-free after initial placement by type of biliary
complication and transplant type.
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Figure 4.
Rate of procedures by time since transplant.
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Table 1

Characteristics of recipients with biliary complications

DDLT (n=47)
mean ± SD or n (%)

LDLT (n=141)
mean ± SD or n (%)

p-value*

Recipient age at transplant (years) 49.4 ± 10.3 49.5 ± 10.0 0.950

Recipient Sex 0.666

 Male 30 (63.8) 85 (60.3)

 Female 17 (36.2) 56 (39.7)

Recipient Race 0.385

 White 39 (83.0) 124 (87.9)

 Non-White 8 (17.0) 17 (12.1)

Recipient BMI 27.1 ± 4.9 26.3 ± 5.5 0.373

Diagnosis (multiple diagnoses possible)

 Hepatitis C (HCV) 18 (38.3) 63 (44.7) 0.444

 Hepatocellular carcinoma (HCC) 10 (21.3) 20 (14.2) 0.250

 Alcohol 7 (14.9) 19 (13.5) 0.807

 Cholestatic liver disease 8 (17.0) 31 (22.0) 0.467

 Noncholestatic cirrhosis other than HCV/alcohol 14 (29.8) 33 (23.4) 0.382

 Other 7 (14.9) 13 (9.2) 0.794

MELD at Transplant 22.0 ± 9.5 15.4 ± 6.3 <0.0001

Donor age (years) 37.5 ± 13.4 37.1 ± 9.9 0.832

Donor Type N/A

 Donation after brain death 45 (95.7)

 Donation after cardiac death 2 (4.3)

Number of bile ducts from donor graft <0.0001

 Missing 6 (4.3)

 1 47 (100) 65 (46.1)

 2 56 (39.7)

 >2 14 (9.9)

Number of biliary anastomoses <0.0001

 Missing 12 (25.5)

 1 35 (74.5) 88 (62.4)

 2 45 (31.9)

 3 8 (5.7)

Biliary anastomosis type <0.0001

 Missing 12 (25.5)

 Not-All Roux 28 (59.6) 78 (55.3)

 All Roux 7 (14.9) 63 (44.7)

Cold ischemia time (minutes) 446.4 ± 167.7 93.7 ± 99.1 <0.0001

Duration of recipient operation (minutes) 386.0 ± 119.1 533.5 ± 129.9 <0.0001

Year of Transplant 0.076

 1998 – 1999 6 (12.8) 23 (16.3)

 2000 – 2001 19 (40.4) 76 (53.9)
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DDLT (n=47)
mean ± SD or n (%)

LDLT (n=141)
mean ± SD or n (%)

p-value*

 2001 – 2003 21 (44.7) 42 (29.8)

 2004 – 2006 1 (2.1)

*
p-values are from two sample t-tests for continuous characteristics and from chi-square tests for categorical characteristics
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Table 2

Type and time (days) from transplant to onset of initial biliary complication

Type of Biliary Complication
DDLT (n=189)

n (%)
LDLT (n=356)

n (%)*

No Complication 142 (75.1) 215 (60.4)

Complication Type 47 (24.9) 141 (39.6)

 Leak 18/47 (38.3) 91/141 (64.5)

 Stricture 28/47 (59.6) 46/141 (32.6)

 Both 1/47 (2.1) 4/141 (2.8)

Time to onset ** Median (Q1 – Q3) Median (Q1 – Q3)

 Leak 11 (3 – 39) 14 (6 – 24)

 Stricture 69 (32 – 217) 107 (55 – 278)

 Both 80 (80 – 80) 19 (18 – 42)

*
Chi-square test of proportions for each complication type among recipients with a biliary complication (DDLT vs. LDLT, p=0.0046).

**
Based on t-tests, there were no significant differences in mean time to onset for any of the complication types comparing DDLT and LDLT.
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Table 3

Models of rates of biliary complication procedures per month

Parameter* Estimate Risk Ratio p-value

Rates within the first two years post-transplant

Time Since Transplant (per month) −0.28 0.76 <.0001

Time Since Transplant (per month2) 0.01 1.01 <.0001

LDLT (ref. = DDLT) 0.19 1.21 0.147

Initial Biliary Complication = Stricture or Stricture + Leak (ref. = Leak only) 0.26 1.30 0.045

Recipient Age (per 10 year increase) 0.13 1.14 0.045

Recipient BMI (per unit increase) 0.02 1.02 0.013

Recipient Diagnosis of HCV 0.28 1.33 0.025

Rates beyond two years post-transplant

Time Since Transplant (per month) −0.02 0.98 0.024

LDLT (ref. = DDLT) 1.05 2.85 0.064

Initial Biliary Complication = Stricture or Stricture + Leak (ref. = Leak only) 1.07 2.90 0.019

At least 1 Roux Type Biliary Anastamosis (ref. = no Roux type) 1.09 2.97 0.015

*
Following variables were tested in the models, but were not statistically significant: recipient sex, race, MELD, medical condition at transplant,

encephalopathy, ascites, donor age, and number of arterial anastomoses.
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