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Abstract
Purpose Internal biliary stenting (IBS) was reported to decrease biliary complications after liver transplantation (LT) but data in
literature is scarce. The aim of the present study was to evaluate our experience with end-to-end choledoco-choledocostomy
during liver transplantation with special focus on the influence of IBS on patient and biliary outcomes.
Methods Between 2009 and 2013, 175 patients underwent deceased donor LTwith end-to-end choledoco-choledocostomy and
were included in the study. Supra-papillary silastic stent was inserted in 67 patients (38%) with small-size (< 5 mm) bile ducts
(recipient or donor). Endoscopic retrograde cholangiopancreatography (ERCP) was scheduled for IBS removal, 6 months after
LT. Operative outcomes and survival of patients who received internal stenting (IBS group) were compared with those of patients
who did not (no-IBS group). Risk factors for biliary anastomotic complications were identified.
Results Ten patients died (6%) and 104 (59%) experienced postoperative complications. Five-year patient and graft survival rates
were 77 and 74%, respectively. Biliary complications were recorded in 61 patients (35%) and were significantly decreased by
IBS insertion (p = 0.0003). Anastomotic fistulas occurred in 23 patients (13%) and stenoses in 44 patients (25%). On multivariate
analysis, high preoperative MELD scores (p = 0.02) and hepatic artery thrombosis (p < 0.0001) were predictors of fistula;
absence of IBS was associated with both fistula (p = 0.014) and stricture (p = 0.003) formation.
Conclusions IBS insertion during LT decreases anastomotic complication.
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Introduction

Biliary reconstruction during liver transplantation (LT) is usu-
ally performed by a duct to duct anastomosis and may be
viewed improperly as the easy step of a difficult operation
[1]. Complications arising from the biliary anastomosis (leak-
age, stricture) are usually considered as the technical Achilles

heel of LT; such complications are a significant source of
postoperative morbidity and mortality, induce a severe finan-
cial burden, and may eventually compromise outcomes [2–4].
Despite significant advances in surgical technique and recipi-
ent and donor selection, the incidence of anastomotic biliary
complications remains high, ranging from 10 to 50% in the
literature [5].

Stenting of the biliary anastomosis has been proposed to
preclude biliary complications after LT with contradictory re-
sults [1, 6–9]. Intraoperative T-tube placement has been advo-
cated to lower pressure in the biliary system, provide easy
postoperative radiological access to the biliary tree, and de-
crease anastomotic complications [3, 10–12]. Although the
debate is still open, a growing number of centers have aban-
doned T-tube placement along with accumulating evidence
pointing out at specific T-tube-induced morbidity and show-
ing safe, efficient, and cost-effective outcomes without T-tube
placement [13–18]. The use of internal biliary stenting (IBS)
has been reported as a safe alternative to T-tube placement in
LT [1, 6, 7]. The main advantage of IBS is the absence of
choledochotomy which is a major source of biliary leakage
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after T-tube placement [10, 19]. Although IBS is an interesting
option, several technical issues such as the nature of the ma-
terial (silastic, rubber), optimal stent positioning in the biliary
system (supra-papillary vs. trans-papillary), and delays in
stent removal require further refinement.

Since January 2009, an IBS insertion program was started
in our center in patients who underwent duct to duct biliary
anastomosis during LT. The aim of the present study was to
evaluate our experience with end-to-end choledoco-
choledocostomy during liver transplantation with special fo-
cus on the influence of IBS on patient and biliary outcomes.

Material and methods

Study population

From January 2009 to December 2013, 200 patients
underwent deceased donor LT in the department of
Hepatobiliary Surgery of the Centre Hospitalier Universitaire
Grenoble Alpes, France. Of them, 175 patients (88%), aged ≥
18 years, received a whole graft LT with duct-to duct biliary
reconstruction and were the subject of the present study.

Technical considerations

Grafts were recovered with the standard classic technique de-
scribed by Starlz et al. [20], and IGL-1 solution (Waters
Medical Systems) was used for organ preservation. A total
hepatectomy with caval preservation was performed in all
patients. The graft was flushed with 500 mL of 37 °C
Albumin solution immediately before portal reperfusion.
After the assessment of donor and recipient bile duct diame-
ters, biliary reconstruction was performed using a standard-
ized technique; duct-to-duct biliary reconstruction was per-
formed through an end-to-end choledoco-choledocostomy in
all patients. The connective tissue around the donor and recip-
ient bile ducts was thoroughly preserved to avoid periductal
devascularization. The posterior face of the biliary anastomo-
sis was made with a 6/0 polydiaxanone running suture, and
the anterior face with 6/0 polydiaxanone interrupted sutures.
As a general rule, internal biliary stents (IBS) were positioned
if at least one bile duct (graft or recipient) was measured <
5mm; the decision of stent insertion remained at the discretion
of the operative surgeon. The home-made stent was construct-
ed from a silastic tube (8 to 12 French) and was inserted after
construction of the posterior anastomotic suture. The stent
diameter was chosen as to mold the bile duct walls and the
length was tailored to bridge the whole common bile duct
from the papilla to the hilar bifurcation. Care was taken to
avoid transpapillary stent passage in order to prevent untimely
stent migration. Two small (2 mm) lateral holes were

performed at each end and the stent was positioned freely into
the bile duct with no suture fixation.

All patients underwent daily liver function tests during the
first week after surgery. Doppler ultrasonography was per-
formed immediately after LT, daily during the first 3 postop-
erative days (POD) and repeated on postoperative days 7 to
10. In the absence of bile leakage, the abdominal drain was
progressively mobilized starting POD 7 and was removed on
POD 10. Adverse events occurring during the postoperative
course that were thought to be stent related prompted imme-
diate stent removal. In the absence of spontaneous migration,
an ERCP procedure for stent removal was scheduled 6months
after LT; during the procedure, the stent was removed with an
endoscopic staple extractor. Sphincterotomy was systemati-
cally performed for stent removal in all patients.

Outpatient follow-up monitoring of liver function tests and
Doppler ultrasound was conducted monthly during the first
6 months, at 9 months, 1 year, and annually thereafter.

Definition and management of biliary complications

Biliary fistulas were defined according to the ISGLS classifi-
cation [21] as bilirubin concentration in the drain fluid at least
3 times the serum bilirubin concentration on or after postop-
erative day 3, or as the need for radiologic or operative inter-
vention resulting from biliary collections or bile peritonitis.
Grade A biliary fistulas caused no change in patient’s clinical
management; in these situations, prolongation of external
drainage was enough to assure cessation of the bile leakage.
Grade B fistulas required active therapeutic interventions
without laparotomy; radiological drainage and endoscopic ret-
rograde cholangiopancreatography (ERCP) manoeuvers were
performed to obtain leakage control and speed up fistula clo-
sure. Grade C leakages required reoperation: at the beginning
of the study period, an open approach was the rule but the use
of an initial laparoscopy approach increased recently. During
reoperation for biliary leakage, efforts were made to preserve
the biliary anastomosis: lavage and drainage, T tube drainage,
anastomosis reconstruction, etc. Dismantling of the anastomo-
sis with intubation and external drainage of the graft bile duct
were performed as a last resort in difficult situations.

Biliary stenosis was defined as narrowing of the biliary
anastomosis detected on specific imaging exams (MRI
cholangiography, ERCP). If other causes (rejection, viral
reactivation, etc.) could be overruled, persistent clinical
and/or biological cholestasis (increase > 2N of gamma-
glutamyl transferase and alkaline phosphatase levels)
was considered as anastomotic stenosis and managed ac-
cordingly. ERCP dilation and stenting were the first-line
treatment of anastomotic biliary strictures. Surgery includ-
ing re-laparotomy and construction of a biliary enteric
anastomosis was considered secondarily in case of failure.
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Anastomotic biliary complications were defined as biliary
fistula and stricture formation involving the site of biliary
anastomosis.

Postoperative medication

The induction of immunosuppression protocol was standard-
ized and included the combination of corticosteroids started
just before declamping and continued up to the 30th POD,
gradually decreasing doses of calcineurin inhibitors
(tacrolimus) started 8–12 h post-transplantation then adapted
to plasma levels, and mycophenolate mofetil that was added
on POD 3 for at least 6 months.

Antibiotic prophylaxis using piperacillin + tazobactam was
administered to all patients on a systematic basis; antibiotics
were started during LTand were pursued 48 h. In patients who
developed infectious complications, administration was ex-
tended for at least 10 days relying on perioperative bile culture
results and/or bacterial identification and antibiotic suscepti-
bility testing.

Ursodeoxycholic acid was not used for the prevention of
biliary complications.

Statistical analysis

Operative mortality and morbidity were defined as death or
complications occurring within 90 days after LT.
Postoperative complications were classified according to the
Clavien-Dindo’s classification [22]. Results are expressed as
median and first and third quartiles or counts and percent.
Survival curves were made using Kaplan-Meier’s method
and compared with the log-rank test. Survival was defined
as the time between LT and death. Patients lost to follow-up
for more than 1 year were contacted up to January 2016; when

patients could not be reached directly, family members or
general practitioners were contacted. Living patients were
censored at the date of the last available information (visit or
phone call). Marginal association between single variables
and functional outcome was assessed by a Wilcoxon rank-
sum test for quantitative variables and Fisher exact test for
categorical variables. Univariate and multivariate analyses
were performed to identify independent predictors of anasto-
motic biliary complications. All variables achieving statistical
significance at a 0.1 level in the univariate analysis were con-
sidered in a multiple logistic model. A backward variable
selection procedure with P value cut-off at 0.05 was used to
identify the set of independent predictors of each considered
variable.

Results

Patients

Among 175 patients included in the study, 144 (82%) were
men and median age was 57 years [51; 61]. Sixty seven pa-
tients (38%) received an IBS while biliary reconstruction
without stenting was performed in 108 patients. There was a
significantly lower incidence of hepatocellular carcinoma in
the IBS group (n = 18; 27% vs. n = 47; 44%, p = 0.036),
Table 1.

Intraoperative management

The median operative and cold ischemia times were 400 [335;
450] min and 397 [324; 480] min, respectively; there was no
significant difference between the IBS and no-IBS groups
(Table 2). The median IBS size was 10 French (range 8F–

Table 1 Characteristics of 175
patients who underwent liver
transplantation (LT) across the
study period with (n = 67) or
without (n = 108) IBS placement

LT

(n = 175)

N (%)

IBS

(n = 67)

N (%)

No IBS

(n = 108)

N (%)

p

Men 144 (82) 58 (87) 86 (80) 0.31

Age 57[20;61] 56 [49;60] 57[50;62] 0.17

Body mass index (kg/m2) (mean ± SD) 24[22;27] 24[22;27] 24[22;27] 0.60

Indication for LT

HCC 65 (37) 18 (27) 47 (44) 0.036

Hepatitis C 20 (11) 8 (12) 12 (11) 0.97

Hepatitis B 2 (1) 1 (1) 1 (1) 0.43

Alcohol 91 (52) 38 (57) 53 (49) 0.38

Cirrhosis 159 (91) 60 (87) 99 (92) 0.79

MELD score 17[11;23] 19[12;27] 16[10;22] 0.14

Donor age 57[43;68] 57[41;67] 58[45;71] 0.45

Donor gender (men) 106 (61) 44 (66) 62 (57) 0.31

IBS internal biliary stent
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12F). The median diameter of the recipient bile duct was 5[4;
7] mm in the IBS group and 6[5; 8] mm in patients who did
not receive stenting (p = 0.0008). Similarly, the median
diameter of the donor bile duct was smaller in the IBS group
(6[4; 7.25] vs. 6[5; 8] mm, p = 0.045) Table 2. Overlap
between bile duct size may induce bias in result
interpretation and can be explained by IBS insertion if only
one bile duct (donor, recipient) was < 5 mm and by non-
respect of this rule by the attending surgeon in 9 patients (5%).

Postoperative course

Ten patients died (6%) in the postoperative period. Death oc-
curred 15 days (range 1–86 days) after LTas a result of arterial
rupture (n = 3), severe sepsis (n = 5), mesenteric ischemia (n =
1), and stroke (n = 1). Operative complications were recorded
in 104 patients (59%) and were severe (Dindo-Clavien ≥ 3) in
83 patients (47%). There were no significant differences in
operative mortality and overall and severe morbidity between
patients with and without IBS Table 2.

Biliary complications

Overall biliary complications occurred in 65 patients (37%).
Biliary anastomotic complications occurred in 61 patients

(35%). Non-anastomotic biliary complications occurred in
10 patients (4 IBS, 6 no-IBS) and included bile cast syndrome
in 3 patients and ischemic cholangitis in 7 patients; the small
number did not allow statistical analysis.

The rate of anastomotic biliary complications was signifi-
cantly lower in patients who underwent internal biliary stenting
(n = 12; 18% vs. n = 49; 45%, p = 0.0003) Table 2. Back table
hepatic artery reconstruction was performed in 28 (16%) pa-
tients (11 patients IBS, 17 patients no-IBS) because of the pres-
ence of replaced right (n = 28) and/or left (n = 20) donor arter-
ies. Back table artery reconstruction did not influence the rate of
anastomotic biliary complications (p = 0.24), of biliary fistula
(p = 0.22), and of anastomotic stenosis (p = 0.49).

Anastomotic biliary fistulas occurred in 23 patients (13%).
According to the ISGLS classification, there were 1 grade A, 6
grade B, and 16 grade C bile leaks. Median delay in diagnosis
of biliary fistulas was 20 days [12; 35]. On univariate analysis,
factors predictive of biliary fistula included older age (p =
0.01), the absence of IBS (p = 0.037), hepatic artery thrombo-
sis (p = 0.007), increased preoperative MELD scores (p =
0.028), and donor bile duct size (p = 0.038) Table 3. There
was a trend for increased recipient bile duct size which did
not reach statistical significance (p = 0.07). In the multivariate
model including all these factors, the absence of IBS (p =
0.014), hepatic artery thrombosis (p = 0.0001), and high

Table 2 Operative characteristics
and outcomes of 175 patients who
underwent liver transplantation
(LT) across the study period with
(n = 67) or without (n = 108) IBS
placement

LT

(n = 175)

N (%)

IBS

(n = 67)

N (%)

No IBS

(n = 108)

N (%)

p

Operative time (min) 400[335;450] 395[335;440] 405[340;460] 0.53

Cold ischemia time (min) 397[324;480] 410[326;476] 390[324;482] 0.73

Recipient bile duct size (mm) 6[4;7.25] 5[4;7] 6[5;8] 0.0008

Donor bile duct size (mm) 6[5;8] 6[4;7.25] 6[5;8] 0.045

Back table artery reconstruction 28 (16) 11 (16) 17 (16) 1

Right donor artery 28 (16) 12 (18) 16 (15) 0,74

Left donor artery 20 (11) 4 (6) 16 (15) 0,12

Mortality 10 (6) 3 (4) 7 (6) 0.74

Morbidity 104 (59) 36 (54) 68 (63) 0.27

Severe morbidity 83 (47) 29 (43) 54 (50) 0.48

Hepatic artery thrombosis 11 (6) 3 (4) 8 (7) 0.53

Blood transfusion 125 (71) 49 (73) 76 (70) 0.28

Biliary complications 61 (35) 12 (18) 49 (45) 0.0003

Anastomotic biliary fistula 23 (13) 4 (6) 19 (18) 0.036

Anastomotic biliary stricture 44 (25) 8 (12) 36 (33) 0.002

Rejection 27 (15) 8 (12) 19 (17) 0.39

CMV infection 59 (34) 28 (42) 31 (29) 0.11

Reoperation 14 (8) 3 (5) 11 (10) 0.25

ICU stay (days) 7[5;11] 7[5;17] 7[5;10] 0.30

Hospital stay 16[12;24] 15[11;23] 18[12;26] 0.3

IBS internal biliary stent
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preoperative MELD scores (p = 0.02) were associated with
biliary fistula. Management of bile leaks required reoperation
in 12 patients. Reoperation included peritoneal lavage and
drainage (n = 7), T-tube biliary drainage (n = 2), external
bile-duct intubation (n = 3), redo choledoco-choledocal recon-
struction (n = 1), and biliary digestive reconstruction (n = 1).
Overall, management of biliary fistulas required 31 ERCP
procedures and insertion of 12 biliary stents.

Anastomotic biliary strictures occurred in 44 patients
(25%) after a median delay of 3.5 [1.85; 5.7] months. On
univariate analysis, the only predictive factor of biliary stric-
ture was the absence of IBS (p = 0.002), Table 4. There was a
trend for hepatic artery stenosis (p = 0.08) and perioperative
transfusion (0.076) but figures did not reach statistical signif-
icance. In the multivariate model including all these factors,
only the absence of IBS (p = 0.003) was associated with bili-
ary stricture. Overall, stricture management required 127
ERCP procedures and insertion of 94 biliary stents.

Failure to treat anastomotic biliary complications was di-
rectly related to death in 4 patients (2%) and led to graft loss in
7 patients (4%).

IBS management and IBS-related complications

Spontaneous IBS migration occurred in 10 patients (15%). In
4 of them, the IBS migrated into the duodenum with no sig-
nificant consequences. Intrahepatic IBS migration required
stent retrieval in 6 patients. Specific IBS-related complications
occurred in 2 (3%) patients (hemobilia n = 1, obstructive
cholangitis n = 1) and required emergency IBS ablation.
Eventually, ERCP IBS removal was undertaken in 60 (90%)
of the 67 patients after a median delay of 6 [5; 7] months.

A total of 103 patients (58%) underwent at least 1 ERCP
procedure after LT including 61 patients (91%) in the IBS
group and 42 patients (39%) in the no-IBS group

(p < 0.0001). However, the median number of post-LT
ERCP procedures/patient was significantly lower in the IBS
group when compared to the no-IBS group (median 1 [1; 3]
vs. 3.5 [2; 5]; p < 0.0001).

Survival

Median patient follow-up was 30 months [17; 47]. Kaplan-
Meier patient survival rates at 1, 3, and 5 years were 88, 82,
and 77%, respectively (Fig. 1). Patient survival was similar in
patients with and without IBS (p = 0.74) (Fig. 2).

Graft survival rates at 1, 3, and 5 years were 86, 80, and
74%, respectively (Fig. 1). Seven patients (4%) underwent re-
transplantation for VHC recurrence (n = 3), arterial

Table 4 Univariate prognostic factor analysis for anastomotic biliary
stenosis in 175 patients who underwent liver transplantation with duct to
duct biliary reconstruction

Stenosis
(n = 44)
N (%)

No stenosis
(n = 131)
N (%)

p

Age 55[49;61] 57[51;61] 0.16

Operative time (min) 418[340;465] 393[335;450] 0.29

Cold ischemia time (min) 383[330;471] 402[323;480] 0.59

MELD 17[10;23] 17[11;23] 0.81

Recipient bile duct size (mm) 6[5;7] 6[4;8] 0.85

Donor bile duct size (mm) 6[4;9] 6[5;8] 0.94

Hospital stay after LT (days) 19.5[13;23] 16[11;26] 0.25

IBS 8 (18) 59(45) 0.002

Gender (men) 33(75) 111(85) 0.17

Hepatic artery thrombosis 4 (9) 7 (5) 0.47

Rejection 7 (16) 20(15) 1

Hepatic artery stenosis 13 (30) 22(17) 0.08

Operative morbidity after LT 25(57) 79(60) 0.72

Transfusion 28 (64) 97 (74) 0.076

Anastomotic biliary fistula 6(14) 17(13) 1

IBS internal biliary stent

Table 3 Univariate prognostic factor analysis for anastomotic biliary
fistula in 175 patients who underwent liver transplantation with duct to
duct biliary reconstruction

Fistula
(n = 23)
N (%)

No bile leakage
(n = 152)
N (%)

p

Age 61[56;64] 56[50;61] 0.01

Operative time (min) 388[330;450] 400[340;453] 0.62

Cold ischemia time (min) 407[335;478] 395[324;480] 0.85

MELD 22[15;31] 16[10;23] 0.03

Recipient bile duct size (mm) 6.5[4.5;10.5] 6[4;7] 0.07

Donor bile duct size (mm) 7[5.5;10.5] 6[4;8] 0.038

IBS 4 (17) 63(41) 0.04

Gender (men) 17 (74) 127(84) 0.25

Hepatic artery thrombosis 5 (22) 6(4) 0.007

IBS internal biliary stent

Fig. 1 Kaplan-Meier overall (OS) and graft (GS) survival of 175 patients
who underwent liver transplantation (LT)
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thrombosis and ischemic cholangitis (n = 3), and chronic re-
jection (n = 1). IBS had no significant influence on graft sur-
vival (p = 0.91) (Fig. 3).

Discussion

The present study compared outcomes of patients who
underwent end-to-end bile duct anastomosis during LT, with
(n = 67) or without (n = 108) IBS placement over a 7-year
period. IBS were inserted preferentially in patients with
small-size (donor and/or recipient) bile ducts (< 5 mm) who
are at higher risk of developing biliary complications, at the
discretion of the operating surgeon; this selection criterion is
mirrored by the significant smaller size of both donor and
recipient bile ducts in the IBS group. The main study finding
was a significant decrease in anastomotic biliary complication
rates in patients who received IBS. Actually, multivariate anal-
ysis revealed that the absence of IBS was an independent
predictor of both anastomotic biliary fistula (p = 0.014) and
anastomotic stricture formation (p = 0.003). On the other
hand, IBS had no significant influence on operative morbidity
and mortality rates, long-term survival, and graft loss. This

can be explained by the fact that biliary complications al-
though time- and resource-consuming cause seldom patient
death or graft loss; in accordance with other publications [4,
9], failure to treat biliary complications was directly related to
death in 2% and graft loss in 4% of patients in the present
study.

Decreasing the incidence and severity of biliary complica-
tions is a major goal in liver transplantation. Studies focusing
on the topic have identified several risk factors of biliary com-
plications which can be related to the recipient (age [23], high
MELD score [2]), to the graft (donor gender [24] and age [2],
living vs. deceased [4], degree of steatosis [25]), to operative
factors (warm [2] and cold [26] ischemia times, bile duct size
[27], transfusion requirements [28], re-transplantation [29]),
and to postoperative factors (rejection [29], hepatic artery
thrombosis [30], CMV status [31] and the type of immuno-
suppression [32]). Of them, biliary stent placement targets
mainly patients in whom the biliary anastomosis is rendered
technically difficult by the small caliber of bile ducts [5].
Studies evaluating the influence of IBS on biliary outcomes
after LTare scarce in the literature and the results controversial
[1, 2, 6–9]. In accordance with the present finings, Barkun [7]
reported a significant decrease of biliary complication by
inserting an IBS in a group of 21 patients (4.8% biliary com-
plications) when compared to 30 recent controls (30% biliary
complications) and to a historical 224 patients control group
(32.6% biliary complications). Similarly, Johnson et al. [6]
compared 77 IBS patients with 18 T-tube controls and report-
ed lower biliary complications rates (18 vs. 38%, p = 0.05)
and shorter in-hospital stay (18.3 ± 1.9 vs. 30.1 ± 6. days,
p = 0.017) in the IBS group. In a recent study, Tranchart
et al. [1] reported 100% feasibility and good results of IBS
insertion in 20 patients with small-size (< 5 mm) graft bile
ducts. The promising results of this study motivated us to
choose a 5-mm bile duct diameter as cut-off for IBS insertion.
In contrast, the largest series to date comparing 221 IBS pa-
tients to 292 no-IBS patients failed to prove that IBS protects
against anastomotic biliary complications although there was
a statistical trend (p = 0.06) [9]. However, the inclusion in this
study [9] of patients with Roux-en-Y hepaticojejunostomy
and of patients who received split grafts as well as the absence
of a multivariate analysis may be confounding when analyz-
ing the results.

Concerns raised by IBS placement during LT include spe-
cific drain-related complications and the necessity to perform
systematic ERCP for drain removal [1]. In the literature, spon-
taneous IBS migration was reported in 5–43% of patients and
usually had no significant consequences [1, 6]. Severe IBS-
related complications were seldom described which is in con-
trast to the high drain-related morbidity rates recorded after T-
tube placement [4]. In the present study, IBS migration oc-
curred in 15% of patients while specific IBS complications
(bleeding, cholangitis) occurred in 3% of patients and were

Fig. 2 Kaplan-Meier overall survival curves of patients who underwent
liver transplantation (LT) with (n = 67) or without (n = 108) IBS
placement

Fig. 3 Kaplan-Meier graft survival curves of patients who underwent
liver transplantation (LT) with (n = 67) or without (n = 108) IBS
placement
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successfully managed by ERCP drain removal. One major
shortcoming of IBS placement is the need to perform ERCP
for stent removal [1, 9]; this was confirmed in the present
study as the number of patients who underwent at least one
post-LT ERCP procedure was significantly higher in the IBS
group. However, the number of post-LT ERCP procedures/
patient was significantly lower after IBS insertion. This is an
important finding as reducing the need for (potentially com-
plex) ERCP to treat anastomotic biliary complications may
balance the inconvenience of systematic (usually simple)
ERCP for drain removal. Recent development of resorbable
IBS may be a promising lead to alleviate such drawbacks in
the future [33].

The present study has several limitations. First, the study is
a retrospective analysis which reflects a single-center experi-
ence and the clinical biases therein. Nevertheless, the results
provide basic data for the planning and designing of a multi-
center randomized controlled trial (RCT) for the analysis of
the usefulness of IBS in liver transplantation. Actually, such a
RCT is currently ongoing in France [5]. Second, biliary com-
plication rates in the present study were quite high; the use of
extended criteria to define biliary complications resulted in the
inclusion of subclinical manifestations of fistula and strictures
which are usually underreported in the literature.

Conclusion

The placement of internal biliary removable stents in end-to-
end ductal anastomosis during liver transplantation is a simple
and safe way to decrease biliary anastomotic complications.
Specific IBS-related adverse events are seldom recorded and
when complications occur they are usually mild. IBS insertion
may decrease the number of complex endoscopic procedures/
pat ient af ter LT. Internal s tenting of end-to-end
choledococholedocostomy should be considered systemati-
cally during liver transplantation.
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