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Introduction

Iatrogenic bile duct injuries (BDI) are associated with increased 
morbidity, mortality, and financial burden. Most BDI is 
secondary to surgery, with laparoscopic cholecystectomy 
being the most frequently associated surgery.[1] In patients with 
minor BDI, such as peripheral bile duct leakages or non-severe 
bile duct strictures, endoscopic treatment has been shown to 
be effective.[2] In these cases, endoscopic treatment normally 
consists of  a biliary sphincterotomy alone or in combination 
with nasobiliary drainage or temporary biliary stenting. 
A small proportion of  patients will present with more severe 
iatrogenic BDI, such as major leaks, complete transection, or 
complete occlusion of  the bile duct. These injuries are referred 
to as complex bile duct injuries (CBDI).[3] Traditionally, 

reconstructive surgery is necessary to recreate biliary continuity 
in these patients, but in the past few years, a limited number 
of  patients have been successfully treated using endoscopy 
combined with a percutaneous approach.[3-8]

Pancreatic duct ruptures are most often secondary to an acute 
episode of pancreatitis or trauma.[9] These injuries are associated 
with the development of local complications such as pancreatic 
fluid collections (PFCs) and internal or external fistulas. 
Pancreatic duct ruptures can be either partial or complete. In the 
latter case, the patient is said to have disconnected pancreatic duct 
syndrome (DPDS). Endoscopic treatment has proven effective 
in patients with partial pancreatic duct rupture,[10] and there 
is increasing evidence that endoscopic treatment is a valuable 
alternative to surgery in selected patients with DPDS.[9,11-17]

This review article will focus on the endoscopic treatment 
possibilities for the two most severe biliary and pancreatic 
ductal injuries: CBDI and DPDS.

Complex Bile Duct Injuries

Bile duct injuries may be secondary to trauma but most 
often occurs after biliary surgeries, such as laparoscopic 
or open cholecystectomy, partial liver resection, or liver 
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transplantation.[1,6,7] A review of  1.6 million cholecystectomies 
in the 1990’s reported an incidence of  BDI of  0.5% after 
laparoscopic cholecystectomy.[1] The risk of  biliary injury is 
higher in patients undergoing laparoscopic cholecystectomy 
compared to open cholecystectomy. Possible risk factors for 
iatrogenic BDI include older age and male sex.[18] BDI can be 
either secondary to direct biliary injury or thermal injury or due 
to misplacement of  surgical clips.[19] When biliary injuries are 
recognized during surgery, which is the case in only 25-32.4% 
of  patients, immediate repair is preferable if  an experienced 
hepatobiliary surgeon is available.[20] If  not, after adequate 
drainage, patients should be transferred to an experienced 
multidisciplinary team.

Initial symptoms associated with BDI can be non-specific 
(vomiting, nausea, abdominal pain) and vary depending on 
the level and the severity of  the injury. Clinical presentation 
of  patients with CBDI may include obstructive jaundice, 
cholangitis, abnormal liver function tests, visualization 
of  bile in surgical drains, or the development of  bile 
collection (biloma) or of  bile peritonitis.[4,20] In patients with 
complete obstruction of  the bile duct, bilirubin will most often 
be elevated, as opposed to patients with severe bile leaks who 
can present with a normal bilirubin level.

Computed tomography (CT) scan or abdominal ultrasound 
examination can reveal either the presence of  fluid collection 
in patients with bile leak or dilate bile ducts in cases of  biliary 
obstruction. If  CBDI is suspected clinically, confirmation 
of  the diagnosis is done either by endoscopic retrograde 
cholangio-pancreatography (ERCP) [Figure 1], percutaneous 
transhepatic cholangiography (PTC) or by magnetic resonance 
cholangio-pancreatography (MRCP), which has become the key 
exam for therapeutic planning. These methods of  investigation 
can precisely indicate the level, type, and the extent of  BDI.

Classifi cation of iatrogenic bile duct injuries
Different classifications for BDI have been published, although no 
single classification has been universally accepted. The Bismuth 
classification has traditionally been used to assist surgeons in 
choosing the most appropriate method for biliary repair with 
open surgery. This classification is based on identification of  
the level of  the biliary tract where healthy biliary mucosa is 
available for a surgical anastomosis.[21] However, the Bismuth 
classification does not cover the whole spectrum of possible 
iatrogenic BDI. More detailed classification systems have since 
been developed such as Strasberg’s classification, Amsterdam 
Academic Medical Center’s classification [Table 1],[23] 
Neuhaus’ classification, Csendes’ classification, Stewart-Way’s 
classification, and the CUHK classification.[22-26]

Surgical and Percutaneous Treatment of 
Complex Bile Duct Injuries

Traditionally, CBDI have been treated by surgical 
reconstruction of  biliary continuity. Depending on the level 

and extension of  the BDI, a choledocho-choledochostomy 
bile duct reconstruction or a Roux-en-Y bilioenteric 
anastomosis is usually performed. In a few patients, especially 
if  an associated vascular injury is present, a partial liver 
resection may be necessary.[27] In rare cases of  end-stage liver 
disease secondary to CBDI, liver transplantation is sometimes 
required.[28]

Many factors can influence the success of surgical reconstruction 
for CBDI including the surgeon’s experience, the level and 
type of  biliary injury, and the presence of  local inflammation 
during surgery.[3] After surgery, as many as 25% of  patients 
develop symptomatic anastomotic complications that require 
further treatment (endoscopic, percutaneous, surgical). 
Surgical treatment for CBDI is also associated with significant 
morbidity and mortality.[29] This high rate of  immediate 
and late complications has justified the development of  
alternative treatments, mainly based on biliary decompression 
by the endoscopic route for leaks and endoscopic stenting 
for postoperative biliary stenosis. The role of  endoscopy in 
specialized referral centers for these indications is now widely 
accepted as well as the need for attempting or considering this 
less invasive treatment before any decision to redo surgery. 
However, the use of  a transpapillary endoscopic approach 
remains limited in major BDI where the continuity of  anatomy 
has been disrupted.

Figure 1: Post-operative complex bile duct injury. At endoscopic 
retrograde cholangio-pancreatography, a complete biliary stop is 
visualized at the level of the common bile duct. Injection of contrast 
medium through a percutaneous drain demonstrates exclusion of biliary 
segments and a biliary leak

Table 1: Amsterdam Academic Medical Center’s 
classifi cation

Type Criteria

A Cystic duct leaks or leakage from aberrant or peripheral 
hepatic radicles

B Major bile duct leaks with or without concomitant biliary strictures
C Bile duct strictures without bile leakage
D Complete transection of the duct with or without excision of 

some portion of the biliary tree
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In selected patients, percutaneous treatment of  iatrogenic 
BDI is an additional management option and has been 
associated with good long-term results.[30] In patients without 
biliary-enteric continuity, such as patients with complete 
transection of  the bile duct, definitive treatment using only 
a percutaneous approach is not possible. However, PTC can 
be useful to decompress the dilated proximal ducts initially in 
cases of  biliary obstruction or to limit bile flow into a biloma 
in patients with bile leaks.

Endoscopic Management of Complex 
Bile Duct Injuries

Combined endoscopic and percutaneous 
procedures for treatment of complex bile duct 
injuries
Non-surgical repair of  CBDI, including complete transection 
of  the bile duct, using a rendezvous procedure (combining an 
endoscopic and percutaneous approach) has been reported in 
a limited number of  case-reports or case-series.[3-8]

In 2000, we reported a combined percutaneous-endoscopic 
approach using a TIPSS-200 set (Cook) to successfully treat a 
patient who presented with excision of  the common hepatic 
duct after a cholecystectomy. Initial ERCP revealed complete 
obstruction at the level of  excision. Both the endoscopic 
and percutaneous procedures were performed under general 
anesthesia by experienced therapeutic endoscopists. The 
TIPSS-200 is normally used for the placement of  transjugular 
intrahepatic portosystemic shunts (TIPS). After a percutaneous 
cholangiogram had been done using a 6F needle and catheter, 
a 0.035-inch Amplatz Super Stiff  guidewire (Cook) was 
advanced to the level of  biliary transection. The 6F catheter 
was exchanged using the guidewire for a 5F catheter mounted 
in a 10F curved sheath (TIPSS-200 set, Cook). The guidewire 
was then exchanged for the needle of  the TIPSS-200 set. The 
metallic sheath has an angulated tip that allows for optimal 
orientation before doing a puncture. With the distal biliary 
stump distended endoscopically by a second endoscopist, 
the TIPSS-200 set was maneuvered until clear contact with 
the biliary stump was visualized fluoroscopically. The biliary 
stump was then punctured to recreate biliary continuity. 
An 8.5F Ring catheter was left in place for biliary drainage, 
and within a few days, the drainage catheter was exchanged 
for plastic stents by a standard rendezvous procedure. This 
successful technique was not associated with any short- or 
long-term complications.[8]

Our group has since successfully used this technique in four 
patients with symptomatic biliary exclusion secondary to biliary 
surgery or trauma (unpublished data). The main theoretical risk 
of  this technique is hemorrhage from the accidental puncture 
of  blood vessels in proximity to the common bile duct (CBD). 
This risk can be limited by identifying clear contact of  the 
needle with the biliary stump before doing the puncture and 

by aiming at the right side of  the biliary stump since the vessels 
follow the left wall of  the CBD. However, this complication 
has not occurred in our limited experience.

In a recent study by Donatelli et al., 21 patients with 
CBDI (including complete transection or stenosis) after 
hepatobiliary surgery were treated using a different type 
of  combined endoscopic and percutaneous approach. In 
this study, cholangiograms were performed by experienced 
therapeutic endoscopists, and the percutaneous approach was 
performed by interventional radiologists. After performing a 
biliary sphincterotomy, a 7F catheter mounted on a guidewire 
was advanced against the distal stump of  the CBD. Using 
a catheter, the distal stump was punctured, allowing the 
guidewire to advance into the subhepatic space. Using a 
percutaneous approach, the excluded intra-hepatic biliary 
ducts were punctured. A guidewire was then advanced directly 
into the subhepatic space in patients with biliary leaks, or after 
performing a puncture of  the proximal biliary stump in cases of  
complete biliary stop. Under fluoroscopic guidance, a Dormia 
basket was advanced either percutaneously or endoscopically 
into the subhepatic space to catch the opposite guidewire. This 
allowed the recreation of biliary continuity between the excluded 
proximal ducts and the distal bile duct. With the Dormia basket 
and the opposite guidewire pulled out, the remaining guidewire 
was used to dilate the tract to a maximum diameter of  8 mm 
and one or more biliary stents were left in place using a classic 
rendezvous technique. Biliary stents were exchanged routinely 
every 3 months for calibration of  biliary stenosis.[3]

In this study, patients were stented for a mean duration of  
14.5 months. The procedure was possible in 20. Five patients 
with isolated right and left biliary ducts required separate 
rendezvous procedures. An average of  seven combined 
procedures was necessary per patient. At long-term follow-up, 
14/20 patients had complete resolution of  their biliary 
complication. Twenty percent of  patients are still treated with 
biliary stents. This treatment approach was not associated with 
serious complications.[3]

In a study by Fiocca et al., 22 patients with complete transection 
of  the bile duct secondary to cholecystectomy were also treated 
with a combined endoscopic and percutaneous approach. 
While a guidewire was advanced endoscopically through the 
papilla into the subhepatic space, a percutaneous approach in 
the right intra-hepatic biliary ducts allowed the advancement 
of  a snare loop into the subhepatic space. The guidewire was 
caught by the snare loop and pulled through the percutaneous 
access. After dilation of  the tract, a drainage catheter was left 
in place for 1 or 2 weeks. With a rendezvous procedure, the 
drainage catheter was eventually exchanged for two 10F biliary 
stents with the proximal ends in the right hepatic ducts. The 
left hepatic ducts were also punctured percutaneously during 
a separate procedure with two additional 10F biliary plastic 
stents also left in place. The plastic biliary stents were left in 
place for a total of  12 months.[4]
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This combined treatment approach was possible in all patients. 
At long-term follow-up, 18 patients had a complete resolution 
of  the BDI, two patients still had plastic stents and three 
patients presented with biliary stones after removing biliary 
stents. This treatment approach was also considered safe, 
although one patient required angioembolization due to the 
development of  hemobilia after a left PTC.[4]

Other case-reports have also reported successful experiences in 
the restoration of biliary continuity in patients with CBDI using 
a combined approach, either using a biopsy forceps advanced 
through the papilla to grasp a guidewire in the subhepatic 
space,[5] or a snare loop advanced percutaneously into a biloma 
to catch a naso-biliary catheter already located in the biloma.[6] 
Finally, Nasr et al. have reported the successful treatment of  
two patients with CBDI after segmental hepatectomy using a 
rendezvous procedure.[7]

Endoscopic treatment of complex bile duct 
injuries using endoscopic ultrasound
Internal drainage of  excluded biliary ducts can also be 
performed using endoscopic ultrasound (EUS). This 
approach does not allow repermeabilization of  normal 
biliary continuity but rather the creation of  an alternative 
internal bilio-digestive drainage path. EUS-guided 
choledochoduodenostomy (CD) is a possible drainage 
method in patients with loss of  continuity at the level 
of  the distal CBD.[31] For patients with excluded left 
intrahepatic ducts, EUS-guided hepaticogastrostomy 
could also be considered.[32] In patients with isolated 
right intrahepatic duct obstruction, biliary drainage by 
EUS-guided hepaticoduodenostomy has also been shown 
to be feasible.[33] However, these techniques have not 
specifically been evaluated in patients with iatrogenic CBDI 
and may be more difficult in the absence of  BD dilatation. In 
patients having had surgical repair with further stenosis of  
an hepaticojejunal anastomosis, the EUS-guided approach 
might, however, have an advantage over PTC by allowing 
calibration of  the stricture and stent exchanges without the 
need for maintaining a percutaneous access.

In patients with bilomas secondary to CBDI, successful 
EUS-guided transmural drainage of  the bile collection has 
been described in a small series of  five patients, including one 
patient with a traumatic transection of  the bile duct.[34]

In a recent case-report presented in abstract form, 
Perez-Miranda et al. have reported the use of  magnets to 
recreate biliary continuity in a patient with a disconnected 
choledochocholedochostomy after liver transplantation. 
A EUS-guided CD with placement of  a self-expandable 
metallic stent (SEMS) had been performed 3 weeks earlier 
to provide internal biliary drainage. A proximal magnet was 
then advanced through the CD tract, and a distal magnet was 
advanced through a transpapillary SEMS, which resulted in the 
recreation of  biliary continuity after 10 days. This is the only 

reported case of  restoration of  biliary drainage using magnets 
after the creation of  a EUS-guided biliary drainage tract.[35]

Disconnected Pancreatic Duct 
Syndrome

Clinical and diagnostic aspects
Rupture of  the main pancreatic duct (MPD) is most often 
secondary to severe episodes of  acute pancreatitis but may 
also result from chronic pancreatitis, trauma, or malignancy, 
or be secondary to pancreatic or non-pancreatic surgery.[9,36,37]

Main pancreatic duct rupture can be either partial or complete, 
in which case the term DPDS is used. In DPDS, a segment of  
the pancreas upstream from the area of  complete rupture is 
isolated from the distal pancreas. The disconnected pancreatic 
gland upstream from the site of  rupture continues to secrete 
pancreatic secretions that cannot reach the duodenum through 
the distal MPD. This can result in the formation of  PFCs and 
internal or external pancreatic fistulas. Persistent PFCs or 
fistulas despite medical treatment should raise the suspicion of  
underlying DPDS.[17] Rupture occurs in the area of  the neck of  
the pancreas in 58% of  the cases, this region being potentially 
more susceptible to ischemia during severe episodes of  acute 
pancreatitis.[11]

Contrast-enhanced CT is often used as the initial imaging 
modality for evaluation of  severe acute pancreatitis and its 
complications.[38] Findings that evoke a diagnosis of  DPDS 
are the presence of  fluid collection along the expected course 
of  the MPD associated with visualization of  enhancing 
upstream pancreatic parenchyma.[25] If  a diagnosis of  DPDS 
is suspected on the basis of  CT imaging findings, evaluation 
of  pancreatic ductal anatomy by ERCP or secretin-enhanced 
MRCP is mandatory to confirm the diagnosis.

If  ERCP is performed, a cutoff  of  the MPD is observed 
with possible contrast medium extravasation at the site of  
ductal disconnection.[25] ERCP does not allow opacification 
of  the MPD upstream from the site of  disconnection. MPD 
obstruction secondary to obstructive calcifications or strictures 
may falsely suggest a diagnosis of  DPDS. ERCP has the 
disadvantage of  being invasive with a risk of  complications 
such as post-ERCP pancreatitis and infection of  pancreatic 
collections. For these reasons, it has been largely replaced by 
magnetic resonance imaging for diagnosis.

Secretin-stimulated MRCP (sMRCP) is now preferred as 
the initial diagnostic imaging modality and for therapeutic 
planning in patients with suspected DPDS. Intravenous 
administration of  secretin allows accurate outlining of  the 
pancreatic ductal anatomy. sMRCP is a safe and non-invasive 
test that allows visualization of  pancreatic parenchyma and 
can identify pancreatic duct disruption, fistulas, and associated 
fluid collections.[39-42]
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Surgical Treatment of Disconnected 
Pancreatic Duct Syndrome

A surgical approach has traditionally been considered as the 
preferred approach for patients with DPDS, at least in the 
last century. The surgical procedure normally consists of  
either a resection of  the isolated distal pancreatic segment or 
a reconnection of  the isolated pancreatic duct or pancreatic 
fistula to a Roux-en-Y small intestinal loop.[43] Different 
factors such as the size of  the isolated pancreatic segment and 
underlying pancreatic function can influence the choice of  the 
type of  surgical procedure.[44] However, surgical treatment of  
DPDS is often difficult due to the presence of  peripancreatic 
inflammation, adhesions, or collateral circulation secondary to 
segmental portal hypertension. Surgical treatment is associated 
with high morbidity and mortality rates.[45]

Endoscopic Treatment of Disconnected 
Pancreatic Duct Syndrome

Certain clinical consequences of  DPDS including PFCs, 
external fistulas, and recurrent pancreatic type pain due to 
the ductal hypertension are amenable to different endoscopic 
treatments, which are detailed in Figure 2.

Pancreatic fl uid collections
In patients with PFCs secondary to DPDS, the main goal of  
therapy is to drain the fluid collection that communicates with 
the proximal pancreatic duct. Endoscopic drainage of  the PFC 
is done by performing a cystenterostomy, which creates a path 
of  low resistance between the PFC and the GI lumen, and 
ensures drainage of  the pancreatic secretions produced from 
the isolated pancreatic gland. The site of  cystenterostomy is 
usually chosen by identifying, with the use of  predrainage 
abdominal imaging, an area where the PFC is in closest 
proximity to the adjacent digestive lumen.

The role of  ERCP in the endoscopic management of  patients 
with PFCs and DPDS is questionable. While the efficacy 
of  transpapillary drainage with stenting has been shown in 
partial MPD ruptures,[10] its role is more limited in DPDS.[16] 
Transpapillary stent placement to bridge the rupture site is 
most often not possible since there is complete disruption 
of  the MPD. In patients with an MPD stricture or stone 
distal to the disconnection site, transpapillary drainage 
with sphincterotomy and stenting may be useful to reduce 
ductal pressure in the distal segment of  the pancreas. If  
transpapillary drainage is performed in patients with DPDS 
and PFCs, combination with other endoscopic techniques is 
necessary.[13] Moreover, if  the proximal part of  the pancreas 
communicates with a collection, it is probable that transmural 
drainage would still be preferred to transpapillary drainage 
because in the former, persistence of  drainage is independent 
of  stent patency.

Transmural drainage of persistent pancreatic fl uid 
collections
Cystenterostomy without the use of  EUS is possible if  the PFC 
produces a bulge in the gastric or duodenal wall.[46] EUS-guided 
transmural drainage allows treatment of  fluid collections that 
are smaller or that are not in intimate contact with the gastric or 
duodenal wall and improves the safety of  the cystenterostomy 
by helping avoid blood vessels that can be located between the 
PFC and the GI lumen. Currently, transmural PFC drainages 
should always be EUS guided both for safety and efficacy.[15]

Depending on the location of  the PFC, a cystenterostomy can 
either be performed through the gastric wall or the duodenal 
wall. In rare cases, it can also be done from the fourth portion 
of  the duodenum. It is believed that drainage through the 
duodenum, possibly due to its thin wall, might create a 
long-term patent fistula, even after the removal or migration 
of  transmural stents.[47,48]

Figure 2: Proposed algorithm for endoscopic management of disconnected pancreatic duct syndrome
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The technique of  cystenterostomy can vary slightly 
from one center to another. Here, we describe our usual 
approach [Figure 3]. Once the fluid collection has been 
visualized, either endoscopically or with the use of  EUS, 
it is punctured with an electrosurgical needle followed 
by the advancement of  a 0.035-in guidewire into the 
collection. The puncture tract is then enlarged using a 
cystenterostome (Cystotome, Cook endoscopy). A second 
guidewire can be advanced into the cystenterostome sleeve if  
insertion of  more than one transmural stent or a nasocystic 
catheter is planned. The cystenterostome is then removed 
and with the guidewires still in place, transmural stents and/
or a nasocystic catheter are advanced into the collection. If  
more than one stent is inserted, the tract is also dilated using 
a dilation balloon.[46]

In 1995, we reported our center’s experience with the 
endoscopic management of  12 patients with DPDS and cyst 
formation. In nine patients, DPDS was secondary to an episode 
of  acute pancreatitis. All patients but one had an endoscopic 
sphincterotomy, seven patients had transpapillary drainage, 
and 9 out of  12 patients were treated by cystenterostomy with 
one or multiple transmural stents left in place for different 
durations (range of  1 day to 1 year). Cyst resolution and 
clinical recovery was observed in 11 patients and there were 
no recurrent fluid collections at long-term follow-up.[13]

In recent years, different groups have also reported good 
long-term results after transmural drainage of  PFCs in patients 
with DPDS. In one study of  22 patients successfully treated 

with permanent transmural stenting, there was no recurrence 
of  PFCs at long-term follow-up (median of  1026 days).[14]

In a recent retrospective study by Rana et al., 30 patients 
with DPDS underwent transmural drainage of  walled-off  
pancreatic necrosis. All patients had long-term placement 
of  two or three double pigtail transmural stents. After a 
mean follow-up of  20 months, one patient developed a 
recurrent symptomatic collection. Stent migration occurred 
in 16.6% of  patients, including in the patient with the 
recurrent collection.[49] In a study by Shrode et al., 33 patients 
with complete pancreatic duct disruption were treated by 
permanent transmural drainage. The resolution rate at 
12 months was 73%. This rate was not improved by the 
addition of  transpapillary stenting.[16]

Pelaez-Luna et al. have reported long-term outcomes in 
26 patients treated endoscopically (22 transmural drainages) 
for PFCs associated with DPDS. Short-term resolution or 
improvement of  the collection was observed in 61% of patients, 
seven patients went to surgery after failure of  endoscopic 
therapy. Development of  chronic pancreatitis and diabetes 
mellitus was also observed in 26% and 16%, respectively, of  
patients at follow-up.[11]

Duration of transmural stenting
When transmural stents are removed endoscopically, the risk 
of  PFC recurrence increases. In one study including 11 patients 
with DPDS and PFCs successfully treated with transmural 
drainage, the stents were removed after resolution of  the 

Figure 3: (a) A secretin-stimulated magnetic resonance cholangio-pancreatography showing a pancreatic fl uid collection associated with a complete 
pancreatic duct disruption. (b) Using endoscopic ultrasound guidance, the pancreatic fl uid collection (PFC) is punctured with an electrosurgical 
needle and a 0.035-inch guidewire is advanced into the collection. (c) The puncture tract is then enlarged using a cystenterostome. (d) After 
a second 0.035-inch guidewire has been advanced, the puncture tract is dilated using an 8 mm balloon dilator. (e) Using the guidewires, two 
double pigtail stents are advanced into the PFC to keep the fi stula tract open. (f) After removal of the endoscope, the two double pigtail stents 
are seen side-by-side
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collection. This strategy was associated with a recurrence of  
PFC in 45% of  patients.[15]

Although prolonged stenting is associated with better 
outcomes,[50] most data is derived from retrospective studies 
and the optimal duration of  transmural stenting is still 
debated. A randomized controlled trial was performed 
in our center to evaluate if  patients that previously had 
drainage of  PFCs were at higher risk of  recurrence if  the 
transmural stents had been retrieved. Twenty-eight patients 
were either assigned to a group where stents were retrieved 
after resolution of  the fluid collection or to a group where 
the stents were left in place. Higher recurrence rates were 
observed in patients that had their stents retrieved (5 patients 
vs. 0 patients, P = 0.013). Of  the five patients with recurrence, 
four had a DPDS.[51]

In patients with DPDS, prolonged transmural stenting seems 
particularly important, because drainage of  the pancreatic 
secretions from the excluded pancreatic segment requires a 
patent fistula tract. The usual approach in our center is to 
keep two transmural stents in place for long periods with 
elective stent replacement after 3-5 years. The stents are 
exchanged earlier if  the patient presents with a recurrent 
collection.[12]

Although many fear that long-term transmural stents may 
lead to complications such as recurrence of  PFC due to stent 
occlusion or infection of  fluid collections, this has not been 
demonstrated in recent studies with long follow-up.[14,49,51] 
Large cohort studies with longer follow-up periods may 
be necessary to clarify these concerns, although in our 
experience, we have never observed a recurrence due to stent 
occlusion.

Spontaneous migration of transmural stents occurs in 13.6-33% 
of  patients.[14,16,49,51] The exact rate of  stent migration is often 
unknown since most studies have not performed follow-up 
abdominal imaging in all patients. In a study by Arvanitakis 
et al., patients were prospectively followed with abdominal 
imaging and a third of  the patients had spontaneous 
migration of  transmural stents.[51] The risk of  migration 
was not influenced by the number or the diameter of  the 
stents. Interestingly, migration of  transmural stents was not 
associated with PFC recurrence. It is hypothesized that with 
PFC resolution, the walls of  the collection slowly join together 
which can lead to gradual stent migration.

Safety issues
Complications directly related to EUS-guided PFC drainage 
can occur in approximately 10% of  patients and include 
bleeding at the site of  cystenterostomy, pneumoperitoneum, 
and systemic infection.[46] Small-bowel obstruction secondary 
to migration of  transmural double pigtail stents has also 
been reported in two patients, with one patient requiring 
surgery.[14]

Persistent pancreatic fl uid collections despite 
transmural drainage
In certain patients with DPDS, unresolved PFCs might be 
due to the presence of  infected organized pancreatic necrosis. 
A more aggressive approach with endoscopic debridement 
of  the organized necrosis is required in these patients. After 
performing a balloon dilation of  the cystenterostomy tract, 
the endoscope is advanced into the collection and endoscopic 
debridement of  the necrotic material is performed under 
direct endoscopic control. Repeated endoscopic necrosectomy 
sessions are most often required. Transmural stents are also 
left in place to maintain a patent fistula.[12,52,53]

External percutaneous fi stulas secondary to 
disconnected pancreatic duct syndrome
Disconnected pancreatic duct syndrome can be associated 
with external percutaneous fistulas (EPFs), also known as 
pancreaticocutaneous fistulas. EPFs can occur after pancreatic 
surgery such as surgical necrosectomy,[54] after percutaneous 
drainage of  PFCs,[55] or following abdominal surgery in an area 
adjacent to the pancreas.[56] In patients undergoing surgical 
necrosectomy for infected necrosis, it is preferable to avoid 
leaving a percutaneous drain in place because of  the subsequent 
risk of  persistent EPFs. To limit the risk of  developing EPFs, 
endoscopic drainage is considered the preferred option for 
post-operative fluid collections.[12,53]

Conservative management for EPFs consists of  fasting, 
nutritional support, and administration of  somatostatin or 
its analogues to inhibit pancreatic secretions. This medical 
approach is associated with a reduction in fistula output, but 
closure rates of  EPFs vary from 44% to 85%.[57] Thus, efficacy is 
limited and additional treatment methods are often necessary.

In patients with persistent EPF despite conservative treatment, 
surgery is an option but is associated with elevated morbidity 
and mortality rates.[58] Surgical treatment consists of  initial 
drainage of  PFCs, followed by resection of  the isolated 
pancreatic gland or by the creation of  a low pressure path 
between the isolated pancreatic duct and the GI lumen.[59]

Endoscopic (and combined percutaneous) 
approach to external percutaneous fi stulas
The goal of  endoscopic or combined percutaneous and 
endoscopic treatment is to transform an external fistula into 
an internal fistula by creating a path of  lower resistance for 
pancreatic fluid drainage.

Transpapillary drainage with stenting for pancreaticocutaneous 
fistulas is often useful in the setting of  a partial MPD 
rupture,[60-64] but limited in a setting of  DPDS.

In patients with an EPF associated with a PFC upstream 
from the site of  MPD disconnection, drainage of  the PFC by 
EUS-guided cystenterostomy, as previously described, is the 
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treatment of  choice. Long-term placement of  one or more 
double pigtail transmural stents will keep the cystenterostomy 
tract open. This will create a long-term internal fistula that 
drains pancreatic fluid upstream from the site of  MPD 
disconnection and allows EPF closure. In six patients treated 
by this method, the EPF closure rate was 100%.[65]

Novel drainage technique for external 
percutaneous fi stulas without associated fl uid 
collections
Endoscopic management of  EPF without an associated PFC 
can be quite challenging. In a study by Arvanitakis et al.,[65] 
endoscopic or combined percutaneous and endoscopic 
treatment was performed in 16 patients with persistent EPF 
after previous unsuccessful conservative treatment. Ten of  
the 16 patients had DPDS. The goal of  these new drainage 
techniques was to create a pathway between the EPF tract and 
the duodenal or gastric cavity.

Mainly two techniques were described. The first one 
involved the transient filling of  the fistula tract at the level of  
disconnection, rendering the virtual cavity transiently visible 
for EUS-guided drainage performed by a second operator. This 
resulted in a reinternalization of  the fistula and closure of  the 
external path [Figure 4].

The other technique, still performed under fluoroscopic 
control, used a TIPSS set (TIPSS-200 set, Cook) inserted over 
a guidewire into the EPF tract and maneuvered to puncture 
the GI tract under endoscopic and fluoroscopic control, thus 

creating a transmural drainage path. Both endoscopic and 
percutaneous procedures were performed by experienced 
endoscopists.[65]

Irani et al. also used this combined procedure using a TIPSS-200 
set in 10 patients with DPDS and EPF, 70% of  patients were 
successfully treated after a mean follow-up of  25 months.[66]

Endoscopic ultrasound-guided treatment of 
external percutaneous fi stulas in the absence of 
fl uid collections
In patients with an EPF and the absence of  a PFC, 
EUS-guided transmural drainage of  the fistulous tract has 
also been described. This method can be an alternative to the 
previously described outside-in puncture technique, especially 
in patients with varices in the puncture tract or fistula tract at 
a distance from the upper GI tract. As previously described, 
if  a percutaneous catheter or a surgical drain is already placed 
in the fistulous tract with its distal end close to the GI lumen, 
injection of  water or contrast under EUS guidance can allow 
visualization of  a fluid collection.[65] EUS-guided transmural 
drainage of  this transient collection that communicates with 
the EPF is then possible.[65] EUS-guided transmural puncture 
of  the fistula without previous injection of  fluid to create a 
collection has also been described. The EUS-guided transmural 
puncture is performed by aiming the percutaneous catheter 
located in the fistula tract adjacent to the GI lumen[66] or by 
aiming at a dilated pancreatic duct.[64,67] Drainage is maintained 
by placement of  one or more transmural stents.

Figure 4: Internalization of an external pancreatic fi stula (EPF) in the absence of a fl uid collection. (a) Under fl uoroscopic guidance, a small 5F 
catheter is advanced in the fi stula tract. (b and c) A guidewire is advanced through the catheter and maneuvered further in the fi stula tract until 
it reaches the virtual cavity adjacent to the gastrointestinal lumen. (d) The catheter is advanced in the virtual cavity. The cavity is then transiently 
fi lled by injecting contrast through the catheter, which allows visualization of the cavity by endoscopic ultrasound (EUS). (e and f) An EUS-
guided puncture of the transiently fi lled cavity is performed. After advancing a 0.035-inch guidewire in the cavity, the tract is enlarged using a 
cystenterostome, and a transmural double pig tail stent is left in place
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Internal fi stulas
The most clinically problematic internal fistulas are those 
communicating with the pleura. These pancreaticopleural 
fistulas often require pleural drainage. Surgery is considered in 
patients who do not improve with conservative treatment.[68] In 
selected cases, internal fistulas could possibly be approached 
endoscopically as EPFs.

Pain secondary to ductal obstruction
Even in the absence of  fluid collections or fistulas, some 
patients with DPDS have abdominal pain or recurrent episodes 
of  pancreatitis secondary to the obstruction of  the MPD. 
In selected patients with a dilated pancreatic duct upstream 
from the area rupture, endoscopic drainage by EUS-guided 
pancreaticogastrostomy or pancreaticobulbostomy might be 
a valuable alternative to surgery.[12] This allows drainage of  
the pancreatic secretions from the isolated pancreatic gland 
and lowers ductal pressure which is thought to contribute 
to pancreatic pain. Transmural plastic stents are left in place 
to keep the fistula tract open. A few studies including small 
numbers of  patients with DPDS have shown that this technique 
is relatively safe and can be effective in relieving abdominal 
pain.[69,70] However, this is a challenging endoscopic procedure 
that is associated with an 8% rate of  technical failure, even in 
expert hands.[69]

Conclusion

Patients with CBDI or DPDS have severe duct injuries that 
most often require referral to a specialized center for optimal 
management. For both types of  injuries, surgical reconstruction 
was traditionally considered the optimal approach to treat 
these patients. However, as illustrated in this review, a growing 
number of  studies in the recent medical literature suggest 
that endoscopic treatment alone or in combination with a 
percutaneous approach can be effective and safe in selected 
patients. Due to the complexity of  these procedures and 
because of  the potential risk of  complications, these advanced 
techniques must be performed by experienced therapeutic 
endoscopists or interventional radiologists in the proper setting. 
Additional studies are still necessary to further clarify the exact 
role of  endoscopy in the management of  CBDI and DPDS.

 References

1. Flum DR, Cheadle A, Prela C, Dellinger EP, Chan L. Bile duct injury 
during cholecystectomy and survival in medicare benefi ciaries. JAMA 
2003;290:2168-73.

2. Weber A, Feussner H, Winkelmann F, Siewert JR, Schmid RM, Prinz C. 
Long-term outcome of endoscopic therapy in patients with bile duct 
injury aft er cholecystectomy. J Gastroenterol Hepatol 2009;24:762-9.

3. Donatelli G, Vergeau BM, Derhy S, Dumont JL, Tuszynski T, Dhumane P, 
et al. Combined endoscopic and radiologic approach for complex bile 
duct injuries (with video). Gastrointest Endosc 2014;79:855-64.

4. Fiocca  F, Salvatori  FM, Fanelli  F, Bruni  A, Ceci  V, Corona  M, et  al. 
Complete transection of the main bile duct: Minimally invasive treatment 
with an endoscopic-radiologic rendezvous. Gastrointest Endosc 
2011;74:1393-8.

5. Miller T, Singhal S, Neese P, Duddempudi S. Non-operative repair of 
a transected bile duct using an endoscopic-radiological rendezvous 
procedure. J Dig Dis 2013;14:509-11.

6. Aytekin  C, Boyvat  F, Yimaz  U, Harman  A, Haberal  M. Use of the 
rendezvous technique in the treatment of biliary anastomotic disruption 
in a liver transplant recipient. Liver Transpl 2006;12:1423-6.

7. Nasr  JY, Hashash  JG, Orons  P, Marsh  W, Slivka  A. Rendezvous 
procedure for the treatment of bile leaks and injury following segmental 
hepatectomy. Dig Liver Dis 2013;45:433-6.

8. Dumonceau JM, Baize M, Devière J. Endoscopic transhepatic repair of the 
common hepatic duct aft er excision during cholecystectomy. Gastrointest 
Endosc 2000;52:540-3.

9. Kozarek RA. Endoscopic therapy of complete and partial pancreatic duct 
disruptions. Gastrointest Endosc Clin N Am 1998;8:39-53.

10. Kozarek RA, Ball TJ, Patterson DJ, Freeny PC, Ryan JA, Traverso LW. 
Endoscopic transpapillary therapy for disrupted pancreatic duct and 
peripancreatic fl uid collections. Gastroenterology 1991;100:1362-70.

11. Pelaez-Luna M, Vege SS, Petersen BT, Chari ST, Clain JE, Levy MJ, et al. 
Disconnected pancreatic duct syndrome in severe acute pancreatitis: 
Clinical and imaging characteristics and outcomes in a cohort of 31 cases. 
Gastrointest Endosc 2008;68:91-7.

12. Devière J, Antaki F. Disconnected pancreatic tail syndrome: A plea for 
multidisciplinarity. Gastrointest Endosc 2008;67:680-2.

13. Devière J, Bueso H, Baize M, Azar C, Love J, Moreno E, et al. Complete 
disruption of the main pancreatic duct: Endoscopic management. 
Gastrointest Endosc 1995;42:445-51.

14. Varadarajulu  S, Wilcox  CM. Endoscopic placement of permanent 
indwelling transmural stents in disconnected pancreatic duct syndrome: 
Does benefi t outweigh the risks? Gastrointest Endosc 2011;74:1408-12.

15. Lawrence C, Howell DA, Stefan AM, Conklin DE, Lukens FJ, Martin RF, 
et al. Disconnected pancreatic tail syndrome: Potential for endoscopic 
therapy and results of long-term follow-up. Gastrointest Endosc 
2008;67:673-9.

16. Shrode CW, Macdonough P, Gaidhane M, Northup PG, Sauer B, Ku J, 
et al. Multimodality endoscopic treatment of pancreatic duct disruption 
with stenting and pseudocyst drainage: How effi  cacious is it? Dig Liver 
Dis 2013;45:129-33.

17. Varadarajulu  S, Rana  SS, Bhasin  DK. Endoscopic therapy for 
pancreatic duct leaks and disruptions. Gastrointest Endosc Clin N Am 
2013;23:863-92.

18. Waage A, Nilsson M. Iatrogenic bile duct injury: A population-based 
study of 152 776 cholecystectomies in the Swedish Inpatient Registry. 
Arch Surg 2006;141:1207-13.

19. Gentileschi  P, Di Paola  M, Catarci  M, Santoro  E, Montemurro  L, 
Carlini M, et al. Bile duct injuries during laparoscopic cholecystectomy: A 
1994-2001 audit on 13,718 operations in the area of Rome. Surg Endosc 
2004;18:232-6.

20. Lau  WY, Lai  EC, Lau  SH. Management of bile duct injury after 
laparoscopic cholecystectomy: A review. ANZ J Surg 2010;80:75-81.

21. Bismuth H. Postoperative strictures of the bile ducts. In: Blumgart LH, 
editor. Th e Biliary Tract V. New York, NY: Churchill-Livingstone; 1982. 
p. 209-18.

22. Strasberg  SM, Hertl  M, Soper  NJ. An analysis of the problem of 
biliary injury during laparoscopic cholecystectomy. J  Am Coll Surg 
1995;180:101-25.

23. Bergman  JJ, van den Brink  GR, Rauws  EA, de Wit  L, Obertop  H, 
Huibregtse  K, et  al. Treatment of bile duct lesions aft er laparoscopic 
cholecystectomy. Gut 1996;38:141-7.

24. Neuhaus  P, Schmidt  SC, Hintze  RE, Adler  A, Veltzke  W, Raakow  R, 
et al. Classifi cation and treatment of bile duct injuries aft er laparoscopic 
cholecystectomy. Chirurg 2000;71:166-73.

25. Tann  M, Maglinte  D, Howard  TJ, Sherman  S, Fogel  E, Madura  JA, 
et  al. Disconnected pancreatic duct syndrome: Imaging fi ndings and 
therapeutic implications in 26 surgically corrected patients. J Comput 
Assist Tomogr 2003;27:577-82.

26. Lau WY, Lai EC. Classifi cation of iatrogenic bile duct injury. Hepatobiliary 
Pancreat Dis Int 2007;6:459-63.



Bouchard and Devière: Endoscopic treatment of complex ductal injuries

11
Journal of Digestive Endoscopy
Vol 5 | Issue 1 | January-March 2014

27. Truant  S, Boleslawski  E, Lebuff e  G, Sergent  G, Pruvot  FR. Hepatic 
resection for post-cholecystectomy bile duct injuries: A literature review. 
HPB (Oxford) 2010;12:334-41.

28. Nordin  A, Halme  L, Mäkisalo H, Isoniemi  H, Höckerstedt K. 
Management and outcome of major bile duct injuries aft er laparoscopic 
cholecystectomy: From therapeutic endoscopy to liver transplantation. 
Liver Transpl 2002;8:1036-43.

29. Vitale GC, Tran TC, Davis BR, Vitale M, Vitale D, Larson G. Endoscopic 
management of postcholecystectomy bile duct strictures. J Am Coll Surg 
2008;206:918-23.

30. Misra  S, Melton  GB, Geschwind  JF, Venbrux  AC, Cameron  JL, 
Lillemoe  KD. Percutaneous management of bile duct strictures and 
injuries associated with laparoscopic cholecystectomy: A decade of 
experience. J Am Coll Surg 2004;198:218-26.

31. Itoi T, Yamao K, EUS 2008 Working Group. EUS 2008 Working Group 
document: Evaluation of EUS-guided choledochoduodenostomy (with 
video). Gastrointest Endosc 2009;69:S8-12.

32. Savides  TJ, Varadarajulu  S, Palazzo  L, EUS 2008 Working Group. 
EUS 2008 Working Group document: Evaluation of EUS-guided 
hepaticogastrostomy. Gastrointest Endosc 2009;69:S3-7.

33. Park SJ, Choi JH, Park do H, Choi JH, Lee SS, Seo DW, et al. Expanding 
indication: EUS-guided hepaticoduodenostomy for isolated right 
intrahepatic duct obstruction  (with video). Gastrointest Endosc 
2013;78:374-80.

34. Shami VM, Talreja JP, Mahajan A, Phillips MS, Yeaton P, Kahaleh M. 
EUS-guided drainage of bilomas: A new alternative? Gastrointest Endosc 
2008;67:136-40.

35. Perez-Miranda  M, Aleman  N, de la Serna Higuera  C, Gil-Simon  P, 
Perez-Saborido  B, Sanchez-Antolin  G. Magnetic compression 
anastomosis through EUS-guided choledochoduodenostomy to repair 
a disconnected bile duct in orthotopic liver transplantation. Gastrointest 
Endosc 2014;80:520-1.

36. Uomo G, Molino D, Visconti M, Ragozzino A, Manes G, Rabitti PG. 
Th e incidence of main pancreatic duct disruption in severe biliary 
pancreatitis. Am J Surg 1998;176:49-52.

37. Neoptolemos  JP, London  NJ, Carr-Locke  DL. Assessment of main 
pancreatic duct integrity by endoscopic retrograde pancreatography in 
patients with acute pancreatitis. Br J Surg 1993;80:94-9.

38. Balthazar EJ, Robinson DL, Megibow AJ, Ranson JH. Acute pancreatitis: 
Value of CT in establishing prognosis. Radiology 1990;174:331-6.

39. Matos C, Cappeliez O, Winant C, Coppens E, Devière J, Metens T. MR 
imaging of the pancreas: A pictorial tour. Radiographics 2002;22:e2.

40. Gillams AR, Kurzawinski T, Lees WR. Diagnosis of duct disruption and 
assessment of pancreatic leak with dynamic secretin-stimulated MR 
cholangiopancreatography. AJR Am J Roentgenol 2006;186:499-506.

41. Drake  LM, Anis  M, Lawrence  C. Accuracy of magnetic resonance 
cholangiopancreatography in identifying pancreatic duct disruption. 
J Clin Gastroenterol 2012;46:696-9.

42. Arvanitakis  M, Delhaye  M, De Maertelaere  V, Bali  M, Winant  C, 
Coppens  E, et  al. Computed tomography and magnetic resonance 
imaging in the assessment of acute pancreatitis. Gastroenterology 
2004;126:715-23.

43. Pearson EG, Scaife CL, Mulvihill SJ, Glasgow RE. Roux-en-Y drainage 
of a pancreatic fi stula for disconnected pancreatic duct syndrome aft er 
acute necrotizing pancreatitis. HPB (Oxford) 2012;14:26-31.

44. Howard TJ, Stonerock CE, Sarkar J, Lehman GA, Sherman S, Wiebke EA, 
et al. Contemporary treatment strategies for external pancreatic fi stulas. 
Surgery 1998;124:627-32.

45. Szentes MJ, Traverso LW, Kozarek RA, Freeny PC. Invasive treatment of 
pancreatic fl uid collections with surgical and nonsurgical methods. Am 
J Surg 1991;161:600-5.

46. Hookey LC, Debroux S, Delhaye M, Arvanitakis M, Le Moine O, Devière 
J. Endoscopic drainage of pancreatic-fl uid collections in 116 patients: 
A comparison of etiologies, drainage techniques, and outcomes. 
Gastrointest Endosc 2006;63:635-43.

47. Zhong N, Topazian M, Petersen BT, Baron TH, Chari ST, Gleeson FC, 
et  al. Endoscopic drainage of pancreatic fl uid collections into fourth 
portion of duodenum: A new approach to disconnected pancreatic duct 
syndrome. Endoscopy 2011;43 Suppl 2 UCTN: E45-6.

48. Cremer M, Deviere J, Engelholm L. Endoscopic management of cysts and 
pseudocysts in chronic pancreatitis: Long-term follow-up aft er 7 years 
of experience. Gastrointest Endosc 1989;35:1-9.

49. Rana SS, Bhasin DK, Rao C, Sharma R, Gupta R. Consequences of long 
term indwelling transmural stents in patients with walled off  pancreatic 
necrosis and disconnected pancreatic duct syndrome. Pancreatology 
2013;13:486-90.

50. Cahen D, Rauws E, Fockens P, Weverling G, Huibregtse K, Bruno M. 
Endoscopic drainage of pancreatic pseudocysts: Long-term outcome 
and procedural factors associated with safe and successful treatment. 
Endoscopy 2005;37:977-83.

51. Arvanitakis  M, Delhaye  M, Bali  MA, Matos  C, De Maertelaer  V, 
Le Moine O, et al. Pancreatic-fl uid collections: A randomized controlled 
trial regarding stent removal aft er endoscopic transmural drainage. 
Gastrointest Endosc 2007;65:609-19.

52. Voermans  RP, Veldkamp  MC, Rauws  EA, Bruno  MJ, Fockens  P. 
Endoscopic transmural debridement of symptomatic organized 
pancreatic necrosis (with videos). Gastrointest Endosc 2007;66:909-16.

53. Bakker  OJ, van Santvoort  HC, van Brunschot  S, Geskus  RB, 
Besselink  MG, Bollen  TL, et  al. Endoscopic transgastric vs surgical 
necrosectomy for infected necrotizing pancreatitis: A randomized trial. 
JAMA 2012;307:1053-61.

54. Tsiotos  GG, Smith  CD, Sarr  MG. Incidence and management of 
pancreatic and enteric fi stulas aft er surgical management of severe 
necrotizing pancreatitis. Arch Surg 1995;130:48-52.

55. Neff   R. Pancreatic pseudocysts and fl uid collections: Percutaneous 
approaches. Surg Clin North Am 2001;81:399-403, xii.

56. Chand B, Walsh RM, Ponsky J, Brody F. Pancreatic complications 
following laparoscopic splenectomy. Surg Endosc 2001;15:1273-1276.

57. Li-Ling  J, Irving  M. Somatostatin and octreotide in the prevention 
of postoperative pancreatic complications and the treatment of 
enterocutaneous pancreatic fi stulas: A systematic review of randomized 
controlled trials. Br J Surg 2001;88:190-9.

58. Ridgeway  MG, Stabile  BE. Surgical management and treatment of 
pancreatic fi stulas. Surg Clin North Am 1996;76:1159-73.

59. Lau ST, Simchuk EJ, Kozarek RA, Traverso LW. A pancreatic ductal leak 
should be sought to direct treatment in patients with acute pancreatitis. 
Am J Surg 2001;181:411-5.

60. Saeed ZA, Ramirez FC, Hepps KS. Endoscopic stent placement for internal 
and external pancreatic fi stulas. Gastroenterology 1993;105:1213-7.

61. Kozarek RA, Ball TJ, Patterson DJ, Raltz SL, Traverso LW, Ryan JA, et al. 
Transpapillary stenting for pancreaticocutaneous fi stulas. J Gastrointest 
Surg 1997;1:357-61.

62. Boerma  D, Rauws  EA, van Gulik  TM, Huibregtse  K, Obertop  H, 
Gouma DJ. Endoscopic stent placement for pancreaticocutaneous fi stula 
aft er surgical drainage of the pancreas. Br J Surg 2000;87:1506-9.

63. Costamagna G, Mutignani M, Ingrosso M, Vamvakousis V, Alevras P, 
Manta R, et al. Endoscopic treatment of postsurgical external pancreatic 
fi stulas. Endoscopy 2001;33:317-22.

64. Le Moine O, Matos C, Closset J, Devière J. Endoscopic management of 
pancreatic fi stula aft er pancreatic and other abdominal surgery. Best 
Pract Res Clin Gastroenterol 2004;18:957-75.

65. Arvanitakis M, Delhaye M, Bali MA, Matos C, Le Moine O, Devière J. 
Endoscopic treatment of external pancreatic fi stulas: When draining the 
main pancreatic duct is not enough. Am J Gastroenterol 2007;102:516-24.

66. Irani S, Gluck M, Ross A, Gan SI, Crane R, Brandabur JJ, et al. Resolving 
external pancreatic fi stulas in patients with disconnected pancreatic duct 
syndrome: Using rendezvous techniques to avoid surgery (with video). 
Gastrointest Endosc 2012;76:586-93.e1.

67. Will U, Fueldner F, Goldmann B, Mueller AK, Wanzar I, Meyer F. Successful 
transgastric pancreaticography and endoscopic ultrasound-guided 



Bouchard and Devière: Endoscopic treatment of complex ductal injuries

12
Journal of Digestive Endoscopy
Vol 5 | Issue 1 | January-March 2014

drainage of a disconnected pancreatic tail syndrome. Therap Adv 
Gastroenterol 2011;4:213-8.

68. Machado NO. Pancreaticopleural fi stula: Revisited. Diagn Th er Endosc 
2012;2012:815476.

69. Tessier G, Bories E, Arvanitakis M, Hittelet A, Pesenti C, Le Moine O, 
et al. EUS-guided pancreatogastrostomy and pancreatobulbostomy for the 
treatment of pain in patients with pancreatic ductal dilatation inaccessible 
for transpapillary endoscopic therapy. Gastrointest Endosc 2007;65:233-41.

How to cite this article: Bouchard S, Devie`re J. Endoscopic treatment 
for complex biliary and pancreatic duct injuries. J Dig Endosc 2014;5:2-12.
Source of Support: Nil, Confl ict of Interest: None declared.

70. François E, Kahaleh M, Giovannini M, Matos C, Devière J. EUS-guided 
pancreaticogastrostomy. Gastrointest Endosc 2002;56:128-33.


