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L iver transplantation is a life-saving treatment method for end-stage liver disease and 
hepatocellular carcinoma (1–3). As cadaveric liver transplantation is limited, especially 
in Asian countries, or in situations where there is no time to wait for a suitable liver 

from a cadaver, living donor liver transplantation (LDLT) is an appropriate alternative meth-
od (4, 5). The first successful LDLT was performed by Strong et al. (6) in 1989, using segments 
2-3 of left lobe in a child with biliary atresia. In 1993, Ichida et al. (7) performed adult-to-
adult transplantation using the left lobe in a female with primary biliary cirrhosis. The first 
right lobe LDLT was performed by Tanaka et al. (8) in 1994. 

PURPOSE 
Biliary complications develop at a higher rate in living donor liver transplantation (LDLT) com-
pared with cadaveric liver transplantation. Almost all studies about biliary complications after 
LDLT were made with the right lobe. The aim of this study was to determine the frequency of 
biliary complications developing after adult left lobe LDLT and to evaluate the efficacy of the al-
gorithm followed in diagnosis and treatment, particularly percutaneous radiological treatment. 

METHODS
A total of 2185 LDLT operations performed in our center between May 2009 and Decem-
ber 2019 were retrospectively reviewed and patients receiving left lobe LDLT were analyzed 
regarding biliary complications and treatments. Biliary complications were treated via per-
cutaneous drainage under ultrasound (US) guidance, endoscopic retrograde cholangiopan-
creatography (ERCP), and percutaneous transhepatic cholangiography (PTC)/ percutaneous 
transhepatic biliary drainage (PTBD). Patient demographics, ERCP procedures before percuta-
neous treatment, and percutaneous treatment indications were analyzed. 

RESULTS
A total of 69 adult patients received left lobe LDLT. Biliary complications requiring endoscopic 
and/or percutaneous treatment developed in 28 patients (40%). Of these patients, 4 had bile 
leakage (14%), 20 had anastomosis stricture (72%), and 4 had both leakage and anastomosis 
stricture (14%). External drainage treatment under ultrasound guidance was sufficient for 2 of 
4 patients with bile leakage, and these cases were accepted as minor bile leakage (7%). Over-
all, 26 patients underwent ERCP; of these,  8 were referred for PTC/PTBD because the guide-
wire and/or balloon-stent could not pass the anastomosis stricture (n=7) and common bile 
duct cannulation could not be obtained because of duodenal diverticulum (n=1). Diagnostic 
PTC was performed in 10 patients, 8 were referred after inadequate/failed ERCP procedure 
and two were referred directly without ERCP. Anastomosis stricture was found in 7 patients 
and anastomosis stricture and bile leakage in 3. In 7 patients determined to have stricture, 
balloon dilatation was applied and then biliary drainage was performed. In 3 patients who 
had leakage and anastomosis stricture, balloon dilatation was applied for stricture; after dila-
tation, an IEBD catheter was placed through the leakage region in 2 patients, while a covered 
metallic stent passing through the leakage region was placed in one patient. 

CONCLUSION
Generally, ERCP is the first preferred method in biliary complications of LDLT; however, in 
cases where a response cannot be obtained by endoscopic treatment or require complex 
and/or aggressive treatment, percutaneous radiological treatment should be the treatment 
of choice before surgery in left lobe LDLT.
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Initially, because of the risks to the donor, 
left lobe transplantation was considered to 
be the only option in adult LDLT. However, 
as the left lobe grafts are thought to meet 
only 30%–50% of the metabolic needs 
of adult recipients, potentially leading to 
small-for-size syndrome, left lobe donation 
was limited (9). Although the current use of 
right lobe LDLT has resolved the problem 
of graft size in the recipient, it has caused 
an increase in the risks for donors. Recent 
studies have shown that left lobe LDLT have 
shifted the donor risks to the recipients (10).

In previous studies, biliary complications 
in the recipient patient group have ranged 
as 10%–15% in cadaveric liver transplan-
tation and 9%–37% in LDLT. Of the biliary 
complications that develop after LDLT, bile 
leakage constitutes 5%–19% and biliary 
stricture 4%–37% (11–14).

The management of biliary complica-
tions includes endoscopic, radiological and 
surgical procedures. Endoscopic methods 
are generally the first step in treatment, and 
success rates after LDLT have been reported 
as 60%–75% in anastomotic strictures and 
25%–33% in non-anastomotic strictures. 
Percutaneous radiological methods are the 
second step in treatment, with a reported 
success rate of 50%–75% (15). 

Almost all studies on biliary complica-
tions biliary complications following LDLT 
have been made with right lobe. The aim 
of the current study was to determine the 
frequency of biliary complications develop-
ing after adult left lobe LDLT and to evalu-
ate the efficacy of the algorithm followed 
in diagnosis and percutaneous radiological 
treatment. 

Methods
Approval for this retrospective study 

was granted by the Scientific Research and 
Publication Ethics Committee of Malatya 

Inonu University (decision no:2019/9-19). 
From May 2009 to December 2019, a total 
of 2185 LDLT operations were performed in 
the Liver Transplantation Institute of Inonu 
University. The parameters used in graft se-
lection were donor morbidity and mortali-
ty, residual liver volume and the size of the 
recipient liver; when the recipient standard 
liver volume was >30% of the graft volume 
(GV/SLV), left lobe grafts were preferred. In 
the scope of this study, a total of 69 adult 
patients who received left lobe graft trans-
plantation and developed biliary compli-
cations during the follow-up period were 
evaluated. 

Management of biliary complications
Patients developing biliary compli-

cations were treated by percutaneous 
drainage under ultrasound (US) guidance, 
endoscopic retrograde cholangiopan-
creatography (ERCP), and percutaneous 
transhepatic cholangiography (PTC)/ per-
cutaneous transhepatic biliary drainage 
(PTBD); patients who received percutane-
ous radiological treatment were the sub-
ject of this study. The patients were eval-
uated with respect to demographic data, 
transplantation indications, ERCP proce-
dures before percutaneous treatment, 
percutaneous treatment indications and 
treatment efficacy. The Clavien classifica-
tion system, modified in 2004, as the most 
widely used system, was used to evaluate 
the complications that developed follow-
ing surgery (16, 17) (Table 1). The patients 

evaluated in the scope of this study were 
those evaluated as Clavien grade III-IV, re-
quiring interventional treatment. 

In patients with abnormal liver function 
tests, or when biliary complications such as 
bile leakage or stricture were suspected in 
the presence of symptoms such as itching, 
jaundice, or fever, noninvasive methods 
such as (US), computed tomography (CT), 
magnetic resonance cholangiopancreatog-
raphy, or cholangiography from a feeding 
catheter were applied first. In patients de-
termined to have fluid collection within the 
abdomen on imaging methods, a sample 
was taken under US guidance. In patients 
diagnosed with bile leakage, percutaneous 
drainage was applied as the first treatment 
step. 

Patients with suspected stricture on im-
aging methods and patients who did not 
respond to percutaneous drainage treat-
ment were referred for ERCP. In case  com-
mon bile duct cannulation could not be 
achieved during the ERCP procedure or the 
guidewire could not pass through the nar-
row segment or in patients with continuing 
biliary problems despite stent placement, 
PTC/PTBD was applied as the second step 
treatment before surgery (Fig. 1). 

PTC/PTBD
Following antibiotic prophylaxis, PTC was 

applied under general anesthesia or seda-
tion, using diluted contrast material (Iohex-
ol, Omnipaque 300™, 647 mg iohexol/mL, 
GE Healthcare) targeting the peripheral bile 

Main points

• Although the right lobe is generally pre-
ferred for LDLT, left lobe could be used in 
cases where it is sufficient, with an intent to 
decrease donor complications.

• Biliary complications are frequent in left lobe 
LDLT, and percutaneous biliary interventions 
should be tried before surgical treatments 
when endoscopic procedures fail.

• Percutaneous biliary interventions in left 
lobe LDLT are effective and problem-solving 
methods.

Table 1. Modified Clavien Dindo classification

Degree Definitions

I Any deviation from the normal postoperative course without the need for pharma-
cological treatment or surgical, endoscopic, and radiological interventions. Allowed 
therapeutic regimens are: drugs such as antiemetics, antipyretics, analgesics, diuret-
ics and electrolytes and physiotherapy. This grade also includes wound infections 
opened at the bedside

II Requiring pharmacological treatment with drugs other than such allowed for grade I 
complications. Blood transfusions and total parenteral nutrition are also included

III Requiring surgical, endoscopic or radiological intervention

IIIa Intervention not under general anesthesia

IIIb Intervention under general anesthesia

IV Life-threatening complication (including CNS complications)* requiring IC/ICU-man-
agement

IVa Single organ dysfunction (including dialysis)

IVb Multiorgan dysfunction

V Death of a patient

CNS, central nervous system; IC, intermediate care; ICU, intensive care unit.
*Brain hemorrhage, ischemic stroke, subarachnoid bleeding, but excluding transient ischemic attacks.
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ducts with a 21 G Chiba needle (Boston Sci-
entific) or Micropuncture Access Set (Cook 
Medical) under US and fluoroscopy guid-

ance. Then the bile ducts were catheterized 
using the AccuStick™ Introducer System 
(Boston Scientific). The stricture and/or leak-

age level was negotiated with a 0.035-inch 
stiff-type hydrophilic guidewire (Boston 
Scientific) and various diagnostic catheters. 
When there was a stricture requiring dil-
atation, an introducer (Shunmei Medical) 
was placed and dilatation was applied 2 or 
3 times for at least 1 minute with balloon 
catheters of various dimensions (5 to 10 mm 
diameter) according to the size of bile duct. 
Then, an internal-external biliary drainage 
(IEBD) catheter (Flexima catheters, Boston 
Scientific) extending from the bile ducts 
to the common bile duct and duodenum 
passing the stricture or leakage region was 
placed and biliary drainage was achieved. 

If the PTC/PTBD procedure was not suc-
cessful (e.g., the bile ducts could not be 
filled with contrast material or could not 
be catheterized, the catheter could not 
be placed, sufficient drainage could not 
be obtained despite catheter placement), 
these patients were referred for surgical 
treatment as the final treatment step. In this 
study, surgical treatment was not required 
in any of the patients for biliary drainage.

Results 
A total of 69 adult patients received left 

lobe LDLT in our center between May 2009 
and December 2019. Of these patients, bil-
iary complications (Clavien grade III-IV) re-
quiring endoscopic and/or percutaneous 
treatment developed in 28 (40%).

Of these 28 patients: 4 had bile leakage 
(14%), 20 had anastomosis stricture (72%), 
and 4 had both leakage and anastomosis 
stricture (14%). External drainage treatment 
under US guidance was sufficient in 2 of 4 
patients with bile leakage, and these cases 
were accepted as minor bile leakage (7%). 

Overall, 26 patients underwent ERCP. Of 
these 26 patients, 8 were referred for PTC/
PTBD, due to failure to pass the guidewire 
and/or balloon-stent through the anasto-
mosis stricture (n=7) and failure to cannu-
late the common bile duct because of a du-
odenal diverticulum (n=1) (Fig. 2).

Diagnostic PTC was performed in 10 pa-
tients; eight patients were referred after 
inadequate/ failed ERCP procedure, while 
two patients were referred directly without 
ERCP (Table 2). Anastomosis stricture and 
associated intrahepatic bile duct dilatation 
was determined in 7 patients (70%) and 
anastomosis stricture and bile leakage in 3 
patients (30%). 

In 7 patients determined with only stric-
ture, balloon dilatation was applied by 

Figure 2. a, b. Cholangiogram of a 56-year-old 
female who underwent LDLT due to chronic liver 
disease shows duodenal diverticulum (arrow) 
that makes it difficult to cannulate the common 
bile duct with ERCP (a). An internal-external 
biliary drainage catheter was placed (b).

a b

Figure 1. Treatment algorithm of biliary complications after adult left lobe living donor liver transplantation 
(LDLT) in our center. US, ultrasound; CT, computed tomography; MRCP, magnetic resonance 
cholangiopancreatography; D-D, duct-to-duct anastomosis; H-J, hepaticojejunostomy; ERCP, endoscopic 
retrograde cholangiopancreatography; PTC/PTBD, percutaneous transhepatic cholangiography/
percutaneous biliary drainage.

Suspicion of biliary complication (e.g., itching, jaundice, fever, abnormal liver functional test)

Non-invasive imaging techniques (US, CT, MRCP, feeding-catheter cholangiography)

Bilioma cavity associated with bile leakage
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passing the narrow segment with various 
guidewires and catheter manipulations 
(Fig. 3) and then biliary drainage was per-
formed. For tight strictures, dilatation was 
performed 2 or 3 times for at least 1 minute. 
Minor strictures were negotiated at first tri-
al. In one case, following balloon dilatation, 
a 5  F diagnostic catheter was placed and 
the patient was referred to ERCP, where a 
stent was placed by aid of this diagnostic 
catheter (i.e., Rendezvous procedure). 

In 3 patients who had biliary leakage and 
anastomosis stricture, balloon dilatation 
was applied for stricture. After dilatation, an 
IEBD catheter was placed through the leak-
age region in 2 patients. For the remaining 

patient, a covered metallic stent was placed 
passing through the leakage region (Fig. 4).

Three patients showed regression of bile 
duct dilatation and/or bile leakage and a re-
turn to normal laboratory values after per-
cutaneous biliary drainage; a custom-made 
plastic biliary stent obtained from the IEBD 
catheter was placed in these patients (Fig. 
5) and they were followed with stent revi-
sions by ERCP as needed. 

In the patient with initially failed com-
mon bile duct cannulation because of du-
odenal diverticulum, in the follow-up with 
ERCP after percutaneous biliary drainage, 
the plastic biliary stent which was revised 
in the previous ERCP session was discov-

ered to be stuck over the anastomosis and 
the patient was referred to PTC. In the di-
agnostic PTC, the stent was observed to be 
within the diverticulum. Initial attempt to 
remove it with the aid of a snare failed, and 
it was eventually removed with the aid of a 
balloon by squeezing inside the introducer 
(Fig. 6). Biliary drainage was then achieved 
with the placement of an IEBD catheter.

None of the 10 patients required surgery 
for biliary complication after PTC/PTBD.

Discussion 
Liver transplantation, which is the only 

curative treatment for end-stage chronic 
liver disease, has become more widespread 
in recent years. While there is an increase in 
the number of end-stage liver disease pa-
tients who are candidates for organ trans-
plantation, cadaveric organ donation has 
not increased at the same rate to meet this 
need, and LDLT has come to prominence. 
Right lobe graft transplantation is preferred 
to meet the metabolic needs of adult recip-
ients, but this has increased morbidity and 
mortality in the donor group. In a study by 
Barr et al. (18), the mortality risk was re-
ported as 0.5% in donors undergoing right 
hepatectomy and as 0.1% in donors under-
going left hepatectomy. Left lobe LDLT has 
been gaining popularity in consideration 

Table 2. Results of 10 patients who underwent percutaneous treatment for biliary complications after left lobe LDLT

Patient no. Gender Age (years) Biliary complication ERCP before PTC PTC indication Treatment

1 F 26 L+S + Could not pass the narrow segment 
in ERCP

B-D, IEBD catheter

2 F 56 S + Could not cannulate the common bile 
duct because of diverticulum

B-D, IEBD catheter

3 F 27 S + Could not pass the narrow segment 
in ERCP

B-D, IEBD catheter, C-M stent

4 F 31 S + Could not pass the narrow segment 
in ERCP

B-D, R

5 M 69 S + Could not pass the narrow segment 
in ERCP

B-D, IEBD catheter, C-M stent

6 F 41 L+S + Could not pass the narrow segment 
in ERCP

B-D, IEBD catheter, C-M stent

7 F 65 S - IHBD dilatation and suspected anasto-
mosis stricture 

B-D, IEBD catheter

8 M 19 L+S + Could not pass the narrow segment 
in ERCP

B-D, covered metallic stent

9 M 64 S + Could not pass the narrow segment 
in ERCP

B-D, IEBD catheter

10 M 43 S - IHBD dilatation and suspected anasto-
mosis stricture

B-D, IEBD catheter

F, female; M, male; L, leakage; S, stricture; ERCP, endoscopic retrograde cholangiopancreatography; PTC, percutaneous transhepatic cholangiography; B-D, balloon dilatation; 
IEBD, internal-external biliary drainage; C-M, custom-made; R, rendezvous procedure; IHBD, intrahepatic bile duct.

Figure 3 a, b. Cholangiogram of a 31-year-old female who underwent LDLT due to cirrhosis and 
hepatocellular carcinoma shows anastomosis stricture and intrahepatic bile duct dilatation (a). 
Stricture disappeared after balloon dilatation (b).

a b

Percutaneous treatment of biliary complications after left lobe living donor liver transplantation • 549



of donor safety; however, the rate of biliary 
complications in left graft recipients has 
been reported as 47% which is greater com-
pared to right graft recipients (19). From a 
review of literature, no definitive diagnostic 
algorithm could be found for biliary com-
plications developing after left lobe LDLT in 
particular. The treatment planning for these 
types of patients in our center is made by 
a multidisciplinary council including an in-
terventional radiologist, gastroenterologist 
and transplant surgeons, and treatment is 
started with ERCP, which is the least inva-
sive method. Success rates of endoscopic 
treatment methods after cadaveric liver 
transplantation have been reported in the 
literature as 70%–100% in anastomosis 
strictures and 50%–75% in non-anasto-
motic strictures. However, in LDLT, these 
rates fall to 60%–75% and 25%–33%, re-
spectively (15). When ERCP is insufficient or 
unsuccessful, patients are referred for PTC/
PTBD as a second-line treatment before re-
sorting to surgery (15). The success rate of 
PTC/PTBD has been reported as 50%–75%, 
although the studies conducted have been 

mostly dealing with biliary complications 
following right lobe LDLT.

In this study, we evaluated the outcome 
of left lobe LDLT in particular; of the 28 pa-
tients who developed Clavien grade III–IV 
biliary complications, ERCP was applied to 
26, while 8 patients were referred for PTC/
PTBD following insufficient or unsuccessful 
treatment. Successful biliary drainage was 
achieved in all of these patients and surgical 
treatment was not required in any patient. 

In a study by Kulkarni et al. (20), 17 LDLT 
recipients (4 left lobe, 13 right lobe) with 
biliary complications were treated with 
PTC/PTBD and the rendezvous procedure, 
and the percutaneous treatment tech-
nique was successful in 70.6%. All left lobe 
receipients, 1 with hepatico-jejunostomy 
(H-J) and 3 with duct-to-duct anastomosis, 
were successfully treated with balloon dil-
atation and biliary drainage. Jegadeesan et 
al. (21) conducted a single-center study of 

Figure 5. Cholangiogram of a 61-year-old male 
who underwent LDLT due to hepatitis B virus 
and hepatocellular carcinoma shows custom-
made biliary stent, obtained from IEBD catheter.  

Figure 4. a–c. Cholangiogram of a 19-year-old male who underwent LDLT due to Wilson’s disease shows bile leakage (arrow) from cystic canal to cut surface (a). 
A covered metallic biliary stent was implanted to cover the cystic duct leakage area (b). Control cholangiogram shows the disappearance of leakage (c).

a b c

Figure 6. a–d. Cholangiogram of a 56-year-old female shows the distal part of plastic biliary stent in the 
diverticulum (a). Stent was removed with the aid of a balloon catheter percutaneously, by squeezing 
inside the introducer (b–d).

c

a

d

b
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81 LDLT recipients (3 left lobe, 78 right lobe) 
who developed biliary stricture. ERCP was 
applied to 75 of these patients, and 39 (2 
left, 37 right) were referred for PTC, because 
of ERCP failure in 33 and H-J anastomosis 
in 6. Overall, 29 patients were treated with 
a rendezvous procedure and 5 with exter-
nal biliary drainage catheter. Percutaneous 
treatment was not successful in 5 patients 
and technical success was reported as 87%. 
Finally, PTBD was performed in two left lobe 
recipients in total; one patient following 
failed ERCP and the other with continued 
bleeding precluding ERCP, with full techni-
cal success achieved in both cases. In our 
study, 69 adult left lobe LDLT patients were 
evaluated; out of 10 cases undergoing per-
cutaneous intervention for biliary compli-
cations (8 because of ERCP failure, 2 direct 
referral), technical success was achieved in 
all 10 (100%). 

Another important biliary complication 
seen after LDLT is bile leakage. The man-
agement of bile leakage is similar to that of 
biliary stricture and includes percutaneous 
drainage treatment. Cases not responding 
to percutaneous drainage are referred for 
ERCP. In a recent review by Akamatsu et 
al. (22), the incidence of bile leakage after 
LDLT was reported as 9.5%, and 34% of pa-
tients determined with bile leakage were 
followed up conservatively or with percu-
taneous drainage only, without any aggres-
sive treatment. In our study, fluid collection 
was determined on imaging methods in 
10 of the 69 patients applied with left lobe 
LDLT, sampling was performed for suspect-
ed bile leakage and a drainage catheter 
was placed. Minor bile leakage was diag-
nosed in 4 patients (5.7%) who responded 

to treatment without need for aggressive 
treatment methods. 

In patients who do not respond to per-
cutaneous drainage treatment, first-line 
treatment is ERCP. The aim of ERCP is both 
to lower bile duct pressure with external 
sphincterotomy and to prevent leakage 
with the placement of a stent that will pass 
the leakage region (23). When there is no 
response to endoscopic treatment, percu-
taneous treatment is recommended again 
before surgery. In a study by Jong et al. (24), 
63 patients who developed postoperative 
bile leakage underwent PTBD with 90.5% 
technical success and 69.8% clinical suc-
cess. In a study by Kulkarni et al. (20), 4 left 
lobe LDLT recipients, two with stricture and 
two with bile leakage, underwent percuta-
neous drainage. The two patients with leak-
age were successfully treated, one by drain-
age and glue embolization and the other 
by biliary drainage and external drainage. 
In our study, 3 patients had both stricture 
and leakage. In one patient, biliary drainage 
was obtained with IEBD catheter, two wide 
diameter plastic biliary stents (7F and 10F) 
were placed percutaneously to cover the 
leakage region, and an external drainage 
catheter was left proximal to the stent (Fig. 
7). In the second patient, the bile leakage 
was stopped with the IEBD catheter and the 
catheter was removed. Follow-up of both 
these patients was made with ERCP. In the 
third patient, a covered metallic stent was 
placed and the leakage disappeared.

The rendezvous technique, which was 
first defined in 1987, classically involves the 
use of two access routes as a combination 
of at least two of the surgical, endoscopic 
and percutaneous approaches to reach a 

point in the body. This technique is generally 
preferred when ERCP or PTBD alone are not 
sufficient in the treatment of hepatobiliary 
dysfunctions such as bile leakage, biliary 
stricture, bile duct damage, or stones (25). 
Two methods are generally preferred in the 
rendezvous procedure: the first involves an 
endoscopically placed guidewire caught 
with the aid of a snare by an interventional 
radiologist from a percutaneous entry route. 
In the other method, the guidewire placed 
with the percutaneous route is caught endo-
scopically with a snare (26). The rendezvous 
technique is used in biliary complications fol-
lowing LDLT. In our study, endoscopic biliary 
stent placement in a 5 F diagnostic catheter 
guide placed after balloon dilatation to the 
anastomotic stricture with the percutaneous 
route, was applied successfully. 

In our center, PTBD was applied to a to-
tal of 10 adult left lobe LDLT recipients, 8 of 
whom switching to percutaneous treatment 
after failed ERCP procedure. Of these pa-
tients, custom-made biliary stents obtained 
from the IEBD catheter were placed percuta-
neously in 3 patients. The stent revisions of 
these patients were made using endoscopic 
methods. In addition, in 2 patients where the 
drainage catheter was removed before stent 
placement, a need for biliary intervention 
developed again later and biliary drainage 
was achieved endoscopically in these pa-
tients. In other words, biliary complications 
which could not be treated endoscopically 
because the stricture could not be passed or 
cannulation could not be achieved, became 
treatable with the less invasive method of 
ERCP following percutaneous radiological 
treatment. If these patients had been re-
ferred for surgical treatment, the chance 
for endoscopic treatment would have been 
lost because bilio-enteric anastomosis (H-J) 
would have been applied. 

There were some limitations to this study, 
primarily that it was retrospective and the 
number of patients was low because of the 
low preference for left lobe LDLT in our cen-
ter compared with the right lobe. 

In conclusion, generally, ERCP is the first 
preferred method in biliary complications 
which develop after LDLT. In cases where 
a response cannot be obtained by endo-
scopic treatment or require complex and/or 
aggressive treatment, percutaneous radio-
logical treatment should be the treatment 
of choice before surgery in left lobe LDLT. 
Nevertheless, further studies with greater 
number of patients are needed to draw de-
finitive conclusions.

Figure 7. a, b. Cholangiogram of a 56-year-old 
female who underwent LDLT due to chronic liver 
failure associated with hepatitis B virus shows 
bile leakage from anastomosis to cut surface (a). 
Two wide diameter plastic biliary stents were 
placed percutaneously to cover the leakage 
region. An external drainage catheter was 
placed into the proximal part of the stents (b).

a b
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