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Background. Biliary complications occur in 6% to 34% of liver transplant recipients, for which endoscopic retrograde cholan-
giopancreatography has become widely accepted as the first-line therapy. We evaluated long-term outcome of biliary complica-
tions in patients liver transplanted between 2004 and 2014 at Karolinska University Hospital, Stockholm. Methods. Data were
retrospectively collected, radiological images were analyzed for type of biliary complication, and graft and patient survivals were
calculated. Results. In 110 (18.5%) of 596 transplantations, there were a total of 153 cases of biliary complications: 68 (44.4%)
anastomotic strictures, 43 (28.1%) nonanastomotic strictures, 24 (15.7%) bile leaks, 11 (7.2%) cases of stone- and/or sludge-
related problems, and 7 (4.6%) cases of mixed biliary complications. Treatment success rates for each complication were 90%,
73%, 100%, 82% and 80%, respectively. When the endoscopic approach was unsatisfactory or failed, percutaneous transhepatic
cholangiography or a combination of treatmentswas often successful (in 18 of 24 cases). No procedure-relatedmortality was observed.
Procedure-related complications were reported in 7.7% of endoscopic retrograde cholangiopancreatography and 3.8% of
percutaneous transhepatic cholangiography procedures. Patient survival rates, 1, 3, 5, and 10 years posttransplant in patients
with biliary complications were 92.7%, 80%, 74.7%, and 54.1%, respectively, compared with 92%, 86.6%, 83.7%, and 72.8%
in patients free from biliary complications (P < 0.01). Similarly, long-term graft survival was lower in the group experiencing biliary
complications (P < 0.0001). Conclusions. Endoscopic and percutaneous approaches for treating biliary complications are
safe and efficient and should be considered complementing techniques. Despite a high treatment success rate of biliary compli-
cations, their occurrence still has a significant negative impact on patient and graft long-term survivals.
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B iliary tract complications account for substantial mor-
bidity and has been reported to negatively influence the

graft and patient survival in patients undergoing liver trans-
plantation (LTx).1,2 Depending on diagnostic criteria, biliary
complications occur in 6% to 34% of all LTx, and most fre-
quently consist of biliary strictures, bile leaks (BLs), and bili-
ary stone disease.3-5 Biliary strictures are divided into groups
of anastomotic (occurring at the site of liver graft bile duct
anastomosis) and nonanastomotic (occurring elsewhere in
the biliary tree). Anastomotic strictures (AS) appear in 3%
to 14% of LTx patients, caused by improper surgical
technique, fibrotic healing, and/or ischemia, and can often be
successfully treated without influencing graft or patient sur-
vival.2,6 Nonanastomotic strictures (NAS) occurrence rates are
similiar (5%–15%), but of a more complex nature. The patho-
genesis is believed to be ischemic, immunological, or both.7

Traditionally, surgical revisionandpercutaneous transhepatic
cholangiography (PTC) have been the primary approaches to
manage biliary tract complications. However, the technique
of endoscopic retrograde cholangiopancreatography (ERCP)
has evolved rapidly, and has become the preferred option
over the last 15 to 20 years at a majority of transplantation
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departments, with PTC primarily reserved for the salvage of
ERCP failures.8-11

Previous studies evaluating biliary complications after
LTx are often limited to a certain type of complication,
and with a small study population. This study provides
one of the largest study populations to date, and was con-
ducted to determine the outcome of treatment with endo-
scopic and/or percutaneous transhepatic approaches in
patients with biliary complications after LTx. We evalu-
ated long-term graft and patient survival among patients
developing biliary complications compared with patients
who did not develop biliary complications during the
same period.
TABLE 1.

Demographic data including retransplanted patients

Baseline
characteristics

With
complications

Without
complications P Total

Transplants, n (%) 110 (18.5) 486 (81.5) 596 (100)
Sex: Male, n (%) 82 (20.8) 313 (79.2) <0.05a 395 (66.3)
Female, n (%) 28 (13.9) 173 (86.1) 201 (33.7)

Age (mean ± SD), y 50.7 ± 12.5 51.2 ± 12.3 0.37b

aχ2 (comparing number of men and women, with and without complications). bStudent t test. SD,
standard deviation.
MATERIALS AND METHODS

Patients

All adult patients (>18 years) undergoing LTx at the De-
partment of Transplantation Surgery, Karolinska University
Hospital Huddinge, between 2004 and 2014, were included
in the study. Patients who underwent acute retransplantation
or died within 2 weeks after transplantation were excluded.
Follow-up was until October 1, 2015. Biliary complications
were assessed by the review of radiological examinations,
patient journals, and our local transplant registry. Patients
were divided into groups depending on type of biliary com-
plications: (1) AS, (2) NAS, (3) BL, (4) biliary stones and/or
sludge (SS), (5) mixed complications (MC), followed by
ERCPor PTC intervention at least once. Bile leakwas always
considered as a primary complication, regardless of simulta-
neous complication of any other kind. The Regional Ethics
Committee in Stockholm, Sweden, approved the study
(dnr: 2016/777-31/4).

Methods

All endoscopic procedures were performed with a stan-
dard therapeutic duodenoscope by experienced endoscopists.
Used ERCP procedures included endoscopic sphincterotomy,
balloon dilatation, and biliary stent placement. Prophylactic
antibiotics were administered before the procedure. Balloon
dilatationwas performed using 4-, 6-, 8-, or 10-mmballoons.
Single or multiple plastic stents of 7 to 10 French or metal
stents of 10 mmwere used to treat BLs and strictures. Patients
treated with plastic stents had a planned follow-up every
3 months until stricture resolution. Patients treated with metal
stents had a planned removal of the stent 12 months later.
Sludge and/or stones were removed using a basket and/or a
standard retrieval balloon.

A percutaneous approach (PTC) was used when deemed
appropriate, in case of ERCP failure or to combine ERCP
examination (rendezvous procedure). The principal tech-
nique of percutaneous biliary drainage has previously been
described by Ring et al.12 Patients were treated with balloon
dilatation and/or catheter placement. Balloon dilatation
was performed using 4- to 7-mm balloons. Percutaneous
catheters (6-14 French) were inserted with a routine ex-
change planned every 3 months, until stricture resolution
and normalization of symptoms. Exchange of stents and/
or catheters was done in advance under acute circumstances
in case of fever, jaundice, cholangitis, dislocation, or leak
beside the catheter.
Evaluation of Treatment

Treatment success was defined as the timepoint when inter-
nal stents/PTC drainages could be removed, whereas main-
taining improved cholangiographic appearance with good
biliary drainage. A complication was considered recurrent
when the treatment success criteria were fulfilled, and the pa-
tient later again showed abnormal cholangiographic appear-
ance of the same or a new type, regardless the timeframe.
Patients with recurrent complications, followed by successful
endoscopic or transhepatic therapy, were considered to have
2 separate cases of successful treatment. Failure of treatment
was defined as abnormal cholangiographic appearance at
the end of treatment, or conversion from ERCP/PTC to a
surgical approach.

Statistical Analysis

Data are presented as means ± standard deviation (SD) or
median (interquartile range [IQR]). Student's t test orχ2 test
was performed to compare data between groups. When cal-
culating the median time to the development of a biliary
complication, recurrent complications were excluded.When
calculating treatment success rate, patients with ongoing
treatment, and patients dying of non–treatment-related
causes were excluded. Graft and patient survivals were ana-
lyzed using Kaplan-Meier methods. Mantel-Haenszel test
for equality of survival curves was performed. Calculations
were performed using MEDLOG release 2015-1 (Medlog
Systems, Crystal Bay, NV), Graphpad Prism version 6.0c
for OS X (GraphPad Software Inc., San Diego, CA), and
Microsoft Excel 2013 forWindows (Microsoft Corporation,
Redmond, WA). P values <0.05 were considered significant.

RESULTS

Study Population

During the study period, 622 adult transplantations were
performed at our clinic. Twenty-six transplantationswere ex-
cluded due to either death (n = 21) or acute retransplantation
(n = 5) within 2 weeks. Biliary complications were diagnosed
in 110 (18.5%) of 596 LTxs, in 585 patients. One patient
was included twice in the complication group after having a
retransplantation because of rejection and persisting biliary
complications, and again developed biliary complications
in the second liver. The demographic characteristics of the
patient group are shown in Table 1. There was a significant
difference between patients with and without biliary compli-
cations regarding sex; males had more frequently developed
biliary complications (P < 0.05). No difference was seen re-
garding age between the same groups. The indications for
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TABLE 2.

Indications for LTx in patients with biliary complications

Indications No. transplants %

Cholestatic diseasesa 25 22.7
Viral cirrhosisb 22 20
Viral cirrhosis and hepatocellular cancer 21 19.1
Alchoholic cirrhosis 12 10.9
Metabolic diseasesc 12 10.9
Cryptogenic cirrhosis 5 4.5
Retransplantation 4 3.6
Acute liver failure 2 1.8
Hepatocellular cancer 2 1.8
Budd Chiari syndrome 2 1.8
Otherd 3 2.7
Overall 110 100
a Including: primary sclerosing cholangitis and primary biliary cirrhosis. b Including: hepatitis B and C.
cIncluding: familial amyloid polyneuropathy and nonalchoholic steatohepatitis. dIncluding: polycystic liver
disease, ductal plate malformation and Caroli disease. LTx, liver transplantation.

TABLE 4.

Early postsurgical complications in liver transplanted patients
developing biliary complications (<30 days of operation,
categorized according to the Clavien-Dindo classification)

Grade No. patients %

None, I or II 67 60
IIIa 1 1
IIIb 27 25
IVa 8 7
IVb 7 6
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LTx in patients developing biliary complications are pre-
sented in Table 2.

Transplant Operation Characteristics

A choledochocholedochostomy (CC) was commonly made
over a T-tube during the earlier years of the study. Biliary leaks
occurred after T-tube placement in 9 (7.9%) of 113 trans-
plants, compared with 15 (3.1%) of 483 transplants with
other techniques (P < 0.02). Biliary complications overall oc-
curred after T-tube placement in 22 (19.4%) of 113 trans-
plants, compared with 88 (18.2%) of 483 transplants with
other techniques (P = 0.76). Median blood loss during surgery
differed for patients with or without biliary complications,
5750 mL (IQR, 2725–10000 mL) and 3200 mL (IQR,
1425–7000 mL), respectively (P < 0.001). Detailed characteris-
tics of the liver transplant operation for patients developing bil-
iary complications are presented in Table 3. According to the
Clavien-Dindo criteria for early postsurgical complications,13
TABLE 3.

Perioperative data in liver transplanted patients with biliary
complications

Type n (%)
Whole 100 (90.9)
Domino 4 (3.6)
Split 6 (5.5)
Right lobe 4
Left lobe 2

Type of reconstruction n (%)
CC 90 (81.2)
CJ 20 (18.8)

Relievement n (%)
CC T-tube 22 (24.4)
CC internal stent 18 (20)
CC none 50 (55.6)
CJ baby feeding catheter 20 (100)

Operating time (mean ± SD), min 509 ± 154
Cold ischemia time (mean ± SD), min 569 ± 156
Bleeding (median, IQR) mL 5750 (2725–10000)

CC, choledochocholedochostomy; CJ, choledochojejunostomy; IQR, interquartile range; SD, standard
deviation.
43 (39.1%) of 110patients that developed biliary complications
had early postsurgical complications placing them in a group of
IIIa or higher. This included all types of complications after
transplantation. Early postsurgical complications categorized
in groups II or lower were not considered relevant for this study
(Table 4).

Frequency of Biliary Complications

Primary type of biliary complication according to biliary
reconstruction type is summarized in Table 5. In addition to
110 primary biliary complications, we identified concurrent,
later developing, or recurrent biliary complications consisting
of: 16 cases of AS, 18 cases of NAS, 4 cases of SS, and 5 cases
of MC, the total number of cases of biliary complications
adding up to 153. The incidence of AS and NAS, including
strictures that occurred as secondary biliary complications,
but excluding recurrent biliary complications, were 65 (10.9%)
of 596 cases and 36 (6%) of 596 cases, respectively. The total
number of transplants developing any kind of biliary stric-
ture was 99 (16.6%) of 596 cases. The incidence of BL was
24 (4%) of 596. Median time from LTx to development of
AS,NAS, BL, SS, andMCwas 209 days (IQR, 56–615days),
331 days (IQR, 123–767 days), 34 days (IQR, 25–47 days),
434 days (IQR, 182–488 days), and 105 days (IQR, 40–
1190 days), respectively.

Treatment Results

In Table 6, data are presented on treatments used and
the results obtained. ERCP and/or PTC were successful in
47 (90.4%) of 52 AS cases, 24 (72.7%) of 33 NAS cases,
23 (100%) of 23 BL cases, 9 (81.8%) of 11 SS cases, and
4 (80%) of 5 MC cases, adjusting for patients who did
not finish treatment and patients with ongoing treatment.
In 3 patients with AS and 1 with MC where ERCP
TABLE 5.

Liver transplant patients with biliary complications according
to primary type of complication and reconstruction

Type of biliary complication, n (%) CC CJ Total

AS 44 (49) 8 (40) 52 (47)
NAS 16 (18) 9 (45) 25 (23)
Bile leakage 22 (24) 2 (10) 24 (22)
SS 6 (7) 1 (5) 7 (6)
MCa 2 (2) 0 2 (2)

Overall 90 (100) 20 (100) 110 (100)
aMC including patients with severe stricture formation involving several parts of the biliary tree and SS
complications. AS, anastomotic strictures; CC, choledochocholedochostomy; CJ, choledochojejunostomy;
MC, mixed complications; NAS, nonanastomotic strictures; SS, stones and/or sludge.



TABLE 6.

Treatment summary

ERCP PTC Both Total

Treated cases 111 13 29 153
Total number of treatment procedures 330a 65 205 600
Average number of treatment

procedures per case
3 5 7 4

Treatments per case and type of problem n (%) n (%) n (%) n (%)
AS
Cases 53 (100) 2 (100) 13 (100) 68 (100)
Treatment procedures 143 6 81 230
Average treatment procedures

per case
3 3 6 3

Treated 35 (66) 2 (100) 10 (76) 47 (69)
Ongoing treatment 7 (13) 0 0 7 (10)
Failed treatment 3 (6) 0 2 (15) 5 (7)
Did not finish treatment 8 (15) 0 1 (8) 9 (13)

NAS
Cases 25 8 10 43
Treatment procedures 119 45 74 238
Average treatment procedures

per case
5 6 7 6

Treated 15 (60) 4 (50) 5 (50) 24 (56)
Ongoing treatment 6 (24) 1 (12) 0 7 (16)
Failed treatment 3 (12) 3 (37) 3 (30) 9 (21)
Did not finish treatment 1 (4) 0 2 (20) 3 (7)

Otherb

Cases 33 3 6 42
Treatment procedures 89 14 57 160
Average treatment procedures

per case
3 5 10 4

Treated 31 (94) 1 (33) 4 (67) 36 (86)
Ongoing treatment 0 0 0 0
Failed treatment 1 (3) 2 (67) 1 (17) 3 (7)
Did not finish treatment 1 (3) 0 1 (17) 3 (7)

aFor patients with several concurrent complications, the different complications were treated during
the same treatment session, making the total number of ERCP procedures lower than all ERCP treat-
ment procedures in each group summarized up together. bIncluding: biliary leak, SS, and MC. AS,
anastomotic strictures; ERCP, endoscopic retrograde cholangiopancreatography; MC, mixed compli-
cations; NAS, nonanastomotic strictures; PTC, percutaneous transhepatic cholangiography; SS,
stones and/or sludge.

FIGURE 1. Long term graft survival in patients with or without biliary
complications after LTx, including retransplantations fulfilling the study
inclusion criteria of 2 weeks graft survival. LTx, liver transplantation.

FIGURE 2. Patient survival in patients developing biliary complica-
tions or not.
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treatment was unsuccessful to reach or pass the stricture,
PTC was used with success. A mixed approach of ERCP
and PTC treatment was successful in 7 cases of AS, 5 cases
of NAS, 1 case of BL and 2 cases of MC. Two patients with
AS, 4 patients with NAS, 2 patients with SS and 1 patient
with MC needed a retransplant, and 2 patients with com-
plete anastomotic stenosis was re-anastomosed surgically.
One AS patient with failed ERCP, and 1 NAS patient with
failed PTC, had spontaneous resolution of symptoms. In
3 patients with NAS, ERCP and/or PTC were not able to
reach the stricture, and decision was made to await further
treatment. All patients who did not finish treatment died
from non–treatment-related causes. The recurrence rate af-
ter successful AS and NAS treatment was 3/47 (6.4%) and
7/24 (29.2%) respectively.

Procedure-related Complications

There were no major procedure-related complications re-
ported in 418 ERCP and 182 PTC procedures. After ERCP,
7 patients developed moderate, and 7 patients mild pancrea-
titis, according to the Cotton criteria.14 In addition, 7 cases of
hemorrhage, 6 cases of cholangitis and 5 cases of sepsis were
reported, adding up to a complication rate of 7.7% in the
ERCP group. In the PTC group, complications were limited
to 6 cases of sepsis and 1 case of cholangitis, with a total com-
plication rate of 3.8%.

Graft and Patient Survivals

Graft survival was impaired in patients with biliary com-
plications compared with the graft survival in patients with-
out biliary complications (Figure 1). The 1-, 3-, 5-, and
10-year graft survival rates for patientswith biliary complica-
tions were 90%, 73.8%, 67.4% and 44%, respectively. The
corresponding graft survival rates for patients without com-
plications were 91.6%, 86.1%, 82.9%, and 71.8%, respec-
tively (P < 0.0001).

Figure 2 displays patient survival rate in 109 patients de-
veloping biliary complications, and a control group of
476 patients without biliary complications. The 1-, 3-, 5-,
and 10-year patient survivals for patients with biliary compli-
cations were 92.7%, 80%, 74.7%, and 54.1%, respectively.
The corresponding survival rates for patients without com-
plications were 92%, 86.6%, 83.7%, and 72.8%, respec-
tively (P < 0.01).
DISCUSSION

In our study, we show that the overall frequency of biliary
complications (18.5%) after LTx and the frequency of the
most common biliary complication, ASs (44.4%), are in the
ranges of previously reported complication rates of 6% to
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34% and 47%, respectively.3-5,15,16 Although the range of
BLs has been large historically, between 2% and 21%,8,15-20

such complications are becoming less frequent.21 Possible
etiologies for developing a BL include biliary ischemia, down-
stream obstruction, or leak caused by T-tube removal. The
use of T-tubes in CC anastomosis was considered standard
procedure in the past. Advantages included the possibilities
of direct measurement of bile output in the early postsurgical
period, easy access in the need of radiological examination,
and the ability to rapidly decompress the biliary tree if
needed.9 It was also believed to decrease AS formation. Dis-
advantages mainly include BL upon its removal and higher
overall complication rates.22 T-tubes are known to be one
of the major risk factors associated with BLs,9,21 which is
supported by the findings of increased rate of BLs in the
group with T-tubes (P < 0.02) in our study. Few patients after
the year of 2008 had a CC anastomosis with a T-tube,
reflecting the shift away from its use at our department.
Our low incidence of BLs (4%)may partly be due to our cur-
rent restrictive use of T-tubes. However, some studies chal-
lenge the current opinion against use of T-tubes in LTx,
reporting low rates of leak after removal and biliary compli-
cations overall.23,24

We know of no literature reviews concluding intraopera-
tive blood loss to be a significant risk factor for biliary com-
plications after LTx. However, our findings of increased
intraoperative blood loss in patients developing biliary
complications (P < 0.001) has been reported in a few other
studies.25,26 A recent study on a large cohort of liver
transplanted children did not see a correlation between in-
traoperative blood units transfused and the development
of biliary complications,27 suggesting adults might be more
sensitive to intraoperative blood loss and development of
such complications.

In the literature, the incidence of biliary strictures after LTx
ranges from 5% to 15%.2,15-17,28 In our study, the stricture
incidence (16.6%) seems to be high. However, when
subgrouping the incidence in relation to the model for end-
stage liver disease (MELD), our results are in line with those
described by Sundaram and colleagues,21 showing a signifi-
cantly higher biliary stricture incidence in the post-MELD
era (15.4% vs. 6.4%, P < 0.001). The increased use of ex-
tended criteria for donor livers, and the acceptance of organs
from marginal donors, has led to an increased rate of biliary
stricture formation.29 Other potential factors contributing to
the increased stricture incidence are the access to more ad-
vanced diagnostic methods, the tendency of more actively
treating borderline cases of biliary complications, and the
growing ERCP competence available. Additionally, we have
a relatively high proportion of patients transplanted for pri-
mary sclerosing cholangitis in our material. These patients
are known to develop more often biliary strictures in the
new liver.30

Anastomotic strictures are most of the times believed to be
the result of technical issues at the anastomosis which, when
combined with biliary ischemia, initiate a localized fibrotic
response. Other possible contributing factors are prolonged
ICU stay, sex mismatch transplants, and postoperative
BLs.6,31 The optimal endoscopic treatment of ASs have been
suggested to be a combination of large diameter balloon dila-
tation and prolonged biliary stenting over 12 months.32-34

Strictures often respondwell even to shorter treatment duration,
but recurrence rates have been reported to be higher.6,35,36

The recurrence rate of ASs in our study (6.4%) is lower
than the reported rate in a meta-analysis (9%).37 One fac-
tor contributing to our low stricture recurrence rate might
be the fact that all except 4 of the patients successfully
treated with ERCP received stent treatment. A treatment
approach using stents is known to lead to less recurrent
strictures, as opposed to dilatation treatment only.38 The
overall success rate for endoscopic and/or percutaneous
treatment of anastomotic (90.4%) and nonanastomotic
(72.8%) strictures is in the upper range of the results of
several other authors evaluating endoscopic and/or percu-
taneous treatments.2,6,15,18,32-36,39-44 The lower treatment
success rate (72.8%) and higher recurrence rate of NASs
(29.2%) suggest that it is, generally, a more challenging
complication to handle, and the optimal way approach
these strictures remains uncertain. We found NASs to be
the dominating primary complication type (45%) among
patients with a choledochojejunostomy. Seven of the 9 pa-
tients in this group were transplanted because of primary
sclerosing cholangitis. This may be 1 factor that contribute
to the lower treatment success rates among patients with
NASs. The high success rates in treating biliary leaks
(100%) and SS (81.8%) are in line with the results of other
studies .15,18,43,45

The PTC technique proved to be of important value in
patients where an endoscopic approach was unsatisfactory
or failed. Several patients also benefitted from rendezvous
procedures combining ERCP and PTC. However, a primary
PTC approach frequently requires more treatment proce-
dures until resolution of the biliary complication. Addition-
ally, the percutaneous drainage carry higher risk of infection
and bring discomfort to the patient, as compared to ERCP
stenting. We did find ERCP to have a doubled procedure-
related complication rate (7.7% vs. 3.8%). However, no
complication was severe. Our current regimen is that ERCP
is the first line of treatment for this patient group, with
complementing PTC therapy in case of ERCP failure.

Themale proportion of patients developing biliary compli-
cations was significantly larger than the female proportion,
comparing to the sex distribution in the group not developing
biliary complications. This tendency was reported in another
study, but the numbers were not significant.43 The propor-
tion of males have previously been reported to be dominant
among patients developing biliary complications.37

To our knowledge, this study is the first to show that, de-
spite a high success rate in treating biliary complications af-
ter LTx, both graft and patient survivals were significantly
impaired. This correlation has previously been reported
only in retransplanted patients,46 and other studies have re-
ported graft but not patient survival to be impaired in pa-
tients developing nonanastomotic biliary strictures.2,47 In
contrast to the present study, biliary strictures overall are
not known to affect graft and patient survival,2,6 and a re-
cent study found biliary complications to not affect graft
and patient survival in liver transplanted patients.43

In summary, we conclude that both endoscopic and percu-
taneous therapies are safe and efficient for treating biliary
complications after LTx, and that surgery should be saved as
a last resort. Our findings also indicate that by improvement
in prevention of biliary complications one could improve pa-
tient and graft survivals after LTx.
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