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Abstract: Endoscopic management of benign pancreaticobiliary disorders encompasses a
range of procedures designed to address complications in gallstone disease, choledocholithi-
asis, and pancreatic disorders. Acute cholecystitis is typically treated with cholecystectomy
or percutaneous drainage (PT-GBD), but for high-risk or future surgical candidates, alter-
native decompression methods, such as endoscopic transpapillary gallbladder drainage
(ETP-GBD), and endoscopic ultrasound (EUS)-guided gallbladder drainage (EUS-GBD),
are effective. PT-GBD is associated with significant discomfort as well as variable adverse
event rates. EUS-GBD leverages lumen-apposing metal stents (LAMS) for direct access to
the gallbladder, providing the ability to treat an inflamed GB internally. Choledocholithi-
asis is primarily managed with ERCP, utilizing techniques to include balloon extraction,
mechanical lithotripsy, or advanced methods such as electrohydraulic or laser lithotripsy
in cases of complex stones. Altered anatomy from bariatric procedures like Roux-en-Y
gastric bypass may necessitate specialized approaches, including balloon-assisted ERCP
or EUS-directed transgastric ERCP (EDGE). Post-operative complications, including bile
leaks and strictures, are managed endoscopically using sphincterotomy and stenting. Post-
liver transplant anastomotic and non-anastomotic strictures often require repeated stent
placements or advanced techniques like magnetic compression anastomosis in refractory
cases. In chronic pancreatitis (CP), endoscopic approaches aim to relieve pain and address
structural complications like pancreatic duct (PD) strictures and calculi. ERCP with sphinc-
terotomy and stenting, along with extracorporeal shock wave lithotripsy (ESWL), achieves
effective ductal clearance for PD stones. When traditional approaches are insufficient, di-
rect visualization with peroral pancreatoscopy-assisted lithotripsy is utilized. EUS-guided
interventions, such as cystgastrostomy, pancreaticogastrostomy, and celiac plexus blockade,
offer alternative therapeutic options for pain management and drainage of peripancreatic
fluid collections. EUS plays a diagnostic and therapeutic role in CP, with procedures tailored
for high-risk patients or those with complex anatomy. As techniques evolve, endoscopic
management provides minimally invasive alternatives for patients with complex benign
pancreaticobiliary conditions, offering high clinical success and fewer complications.

Keywords: endoscopy; management; gallstones; cholecystitis; cholangitis; bile; leak;
strictures; pancreatitis; necrosis; transplant; stents; calculi

1. Introduction

Benign pancreaticobiliary disorders, which include a variety of gallbladder, bile duct,
and pancreatic conditions, are a significant source of morbidity worldwide. For instance,
gallstone disease and its complications, including cholecystitis, choledocholithiasis, and
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acute pancreatitis account for a million emergency visits, 625,000 hospital discharges, and
2000 deaths annually [1]. Traditionally, these conditions have been managed with surgical
interventions; however, many now benefit from endoscopic techniques that provide com-
parable outcomes with reduced invasiveness and faster recovery. Advances in endoscopic
retrograde cholangiopancreatography (ERCP), endoscopic ultrasound (EUS)-guided inter-
ventions, and stent technologies have broadened the therapeutic options available. These
innovations are instrumental in addressing challenges ranging from acute cholecystitis to
complications related to the bile duct and pancreatic duct. They are especially valuable
for patients with complex or altered anatomy, as well as for those who cannot undergo
surgery [2]. This narrative review provides an overview of the endoscopic procedures
available for managing benign pancreaticobiliary diseases. It places particular emphasis
on the endoscopic management of acute cholecystitis, bile duct disorders in patients with
both normal and variant anatomy, and complications associated with acute and chronic
pancreatitis. While it offers a broad perspective for general practitioners, the manuscript
also aims to serve as a focused resource for gastroenterologists and surgeons looking to
integrate advanced endoscopic techniques into their practice.

2. Methods

This narrative review examines the literature on benign pancreaticobiliary disorders
treated with endoscopic therapies. We conducted searches on PubMed and Google Scholar
to identify relevant articles using titles or keywords such as “Cholecystitis”, “Choledo-
cholithiasis”, “Post-hepatobiliary surgery complications”, “Bile leak”, “Biliary stricture”,
“post-liver transplant biliary strictures”, “Recurrent acute pancreatitis”, “Pancreatic fluid
collections”, and “Endoscopic ultrasound directed therapies”. Articles in languages other
than English or those lacking full text availability were excluded. Systematic reviews,
meta-analyses, and randomized controlled trials were prioritized for inclusion. Ultimately,
a total of 80 articles were included in the final review.

3. Discussion
3.1. Gallstone Disease

Gallstones are the commonest cause of emergency room presentation in patients with
abdominal pain. Asymptomatic gallstones do not need treatment. In symptomatic patients,
they can result in complications as a consequence of cystic or common bile duct blockage.

3.2. Acute Cholecystitis

Acute cholecystitis is caused by the obstruction of the cystic duct, leading to inflamma-
tion of the gallbladder (GB). The diagnosis is typically made with US or CT, which shows
pericholecystic fluid collection, wall thickening, or distension. Cholecystectomy remains
the standard of care. In cases where surgery is deemed high risk, decompression should be
considered to prevent complications such as perforation, gangrene, or fistulization into the
bowel. The most common technique for decompression is percutaneous drainage (PT-GBD),
along with antibiotic therapy. PT-GBD can be cumbersome to manage due to the presence
of an external drain and a drainage bag. The availability of procedural expertise and
recommendations from extensive studies led to the rise in the use of PT-GBD. Multicenter
studies have shown that PT-GBD is associated with higher post-procedure pain scores and
high adverse events at 30 days and 1 year [3-5]. The external catheter must remain in place
until the tract matures and becomes potentially longer. There are two endoscopic treatment
options available for the management of acute cholecystitis, specifically in patients with
high co-morbidities or deemed unfit for surgery. Decompression can be performed in one
of two ways: internal drainage can be performed by placing a transpapillary stent into the
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gallbladder; or lumen through ERCP or transmurally by placement of a metal stent from
the stomach or the duodenum.

3.3. Transpapillary Gallbladder Drainage (ETP-GBD)

The technique was first described by Kozarek in 1984 [6]. This involves the following;:
deep bile duct cannulation using ERCP techniques, visualization of the cystic duct by
cholangiography, the passage of a hydrophilic guidewire in the cystic duct to curl in the
gallbladder and insertion of a long 7 Fr double pigtail stent, leaving one pigtail in the
gallbladder and the other in the duodenum (refer to Figure 1). Endoscopic transpapillary
GB drainage is an effective procedure in patients with ascites, severe coagulopathy, and
inaccessible gallbladder with EUS. It can be technically challenging due to the tortuous
nature of the cyst duct and whether the cystic duct has inflammatory changes from the
extension of gallbladder inflammation. Cystic duct obstruction and the inability to identify
the cystic duct on cholangiography are additional challenges. Special designs of stents have
also been developed specifically for ETP-GBD. Glessing et al. described the use of a Johlin
pancreatic wedge stent compared to a standard pigtail [7]. Some case series have reported
the use of direct cholangioscopy to identify the cystic duct take-off and guide the placement
of a wire into the gallbladder. However, cannulating the cystic duct with ERCP can be
challenging, and there is a risk of perforation during attempts to pass the guidewire [8,9].
A sphincterotomy may be advanced deep into the bile duct and withdrawn slowly; the
tip may catch the cystic duct opening [10]. Transpapillary GB drainage is an important
option for patients with higher comorbidities. This technique can also lead to a potential
surgical option should the patient’s condition improve. The surgeon simply removes the
stent from the gallbladder at the time of cholecystectomy. In the series by Irani et al., most
transpapillary drainage cases proceeded to cholecystectomy. Patients with ascites have
difficulty with tract maturation. Some experts recommend performing a small-volume
paracentesis prior to the attempt. Significant ascites lead to inadequate apposition of
the GB to the luminal tract (EUS-GBD) or skin (PT-GBD) which could result in bile leak.
Hence, these patients should be considered for transpapillary drainage before attempts
at EUS-guided drainage. Kjaer et al. [11] showed that technical success improves with
experience, demonstrating an improvement from 50% to 89% after 4-5 years of adopting
the technique. An international multicenter study comparing transpapillary versus EUS
versus percutaneous (PCT) drainage found significantly lower technical and clinical success
rates in the ETP-GBD [12]. Reported adverse events of this technique include cystic duct
perforation, cholangitis, and sepsis, as well as the inherent risks of ERCP, such as post-
ERCP pancreatitis (PEP) and sphincterotomy-related bleeding (PSB). Refer to Table 1 for a
summary of outcomes associated with ETP-GBD.

Table 1. Selected studies on technical and clinical outcomes of transpapillary gallbladder drainage
(ETP-GBD).

. Technical Clinical Success Adverse Events Need for
Study No. of Patients o o o Recurrent
Success (%) (%) (%) . o
Intervention (%)

Oh et al. [12] 96 86.6 86 19.3 10.4

Higa et al. [13] 38 87.2 76.3 9.4 15.8

Siddiqui et al. [14] 124 87.9 79.8 7.3 114

Inoue et al. [15] 90 78.6 74.4 21.1 Not reported
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Figure 1. (A): CT scan demonstrating gallbladder wall thickening with pericholecystic fluid. The
patient was on anticoagulation at the time of presentation (Top). Arrow shows thickened gallbladder
wall with pericholecystic fluid. (B): ERCP with the placement of transpapillary double pigtail stent
for acute cholecystitis (Left). Arrows demonstrated the pigtail of the stent within the gallbladder
lumen. (C): Endoscopic view of transpapillary gallbladder stent placement (Right).

3.4. Endoscopic Ultrasound-Guided Gallbladder Drainage (EUS-GBD)

The second technique of gallbladder decompression includes the use of endoscopic
ultrasound (EUS). Initial attempts with EUS drainage included the use of a 19G needle
to puncture the gastric or duodenal wall to enter the gallbladder lumen. A guidewire is
then coiled within. The tract is then serially dilated with a graded dilation catheter or a
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dilating balloon. The procedure was initially performed using 7 Fr pigtail stents or biliary
fully covered metal stents. These were prone to migration. The technique has evolved
since the advent of lumen-apposing metal stents (LAMS). Refer to Figure 2. LAMS are
available in different sizes and are fully covered. A 10 mm x 10 mm LAMS is usually the
preferred size for gallbladder drainage. A LAMS is dumbbell-shaped, deployed under
EUS guidance, and the flanges hold the layers of the gallbladder wall and gastrointestinal
lumen in apposition, thereby preventing bile leak. The procedure involves the insertion
of a LAMS between the gallbladder and the stomach or duodenum [16]. EUS-GBD has
very high technical and clinical success rates ranging from 90% to 98% and 89 to 98.4% in
expert hands. Non-surgical candidates can be treated endoscopically with EUS-guided
gallbladder drainage. This method avoids the risk of PEP. Secondly, it provides access
to the gallbladder lumen for treatment of gallstones using lithotripsy. This technique is
technically not feasible in patients with ascites due to the risk of bile leak and inability to

form a fistulous tract.

Figure 2. (A): Deployment of distal flange (yellow arrow of the lumen-apposing metal stent into the
gallbladder lumen). (B): View of the lumen-apposing metal stent from the duodenum. (C): Balloon
dilation of the lumen-apposing metal stent to allow drainage of bile.
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The creation of a cholecystoduodenal or cholecystogastric fistula may affect future
candidacy for surgery. A multicenter international study [17] showed a shorter surgical
procedure, shorter length of stay, and shorter time to cholecystectomy when compared to
PT-GBD. The operative adverse events were similar between the PT-GBD and EUS-GBD
groups. However, the rate of open conversion was higher in the EUS-GBD but failed to
reach statistical significance [18] and reported three cases of failed robotic or laparoscopic
cholecystectomy due to the presence of adhesions and fistula. See Figure 3 for a suggested
algorithm for endoscopic management of acute cholecystitis.

Acute Cholecystitis in a non-operative

candidate
A4 y
v
- . Duodenal obstruction
Perforation suspected Ascites Gastric outlet obstruction
Future surgical candidate Large stone burden within gb
Unable to tolerate sedation Needs ERCP for other reasons Cystic duct obstruction from indwelling
metal stent.
Y
Y A
Percutaneous GBD Failure : Failure Ede it L
«—— | ERCP-TP Drainage | &———— placement
_____________ >

Selective cases

Figure 3. Suggested algorithm for endoscopic management of acute cholecystitis.

Compared to PCT, there is no inconvenience or discomfort in maintaining an external
drain. The LAMS will often allow complete stone clearance. Once the gallbladder is cleared,
exchanging the LAMS for plastic pigtail stents helps to maintain the cholecystointestinal
fistula and potentially reduce the risks of an indwelling LAMS. Percutaneous drainage
serves as a bridge to future cholecystectomy. However, in patients who were deemed fit for
surgery due to acute illnesses precluding surgical options, resulting in long-term external
GB drainage, conversion to internal EUS-GBD can be considered. A study by Law et al. [19]
suggests that internalization of PT-GBD catheters using EUS GBD and LAMS placement as
a conversion strategy is feasible and was performed successfully in seven patients without
adverse events. In transmural drainage with EUS-GBD, there is the risk of bile leak or
gallbladder perforation from stent misdeployment, bleeding, and occlusion of stents by
food material. However, adverse event rates are similar to percutaneous drains placed by
interventional Radiology. See Table 2 for procedural outcomes of EUS-GBD.
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Table 2. Technical success rates of endoscopic ultrasound-guided gallbladder drainage.
Need for
Study N  Technical Success %  Clinical Success %  Adverse Events % Recurrent
Interventions %
Tyberg et al. [20] 42 95.2 95.2 21.4 119
Irani et al. [3] 45 97.8 95.6 17.8 244
Teoh et al. [4] 39 97.4 92.3 12.8 2.6
Jang et al. [5] 30 96.7 96.7 6.7 -
Oh et al. [12] 76 99.3 99.3 7.1 3.9
Higa et al. [13] 40 97.5 95 17.9 17.9
Siddiqui et al. [14] 102 94.1 90.2 11.8 0
Inoue et al. [15] 90 96.7 88.9 12.2 -

3.5. Choledocholithiasis

Choledocholithiasis refers to the presence of stones within the extrahepatic biliary
system. It can be primary or secondary. Secondary stones originate within the gallbladder
and migrate into the CBD via the cystic duct. The diagnosis is based on abnormal bilirubin,
alkaline phosphatase, or GGT. The biochemical tests progressively increase with the dura-
tion and severity of biliary obstruction. Transabdominal US has a relatively poor sensitivity
(22-55%) for detecting CBD stones but a higher sensitivity for CBD dilation (77-87%) [21].
Helical CT has shown a sensitivity of 88% and specificity of 97%. MR has 85-92% sensitivity
and 93-97% specificity for choledocholithiasis detection. However, the sensitivity of MRCP
seems to diminish in the setting of small (<6 mm) stones, and sensitivity is reduced to
33-71% in this subset [22]. Intraoperative cholangiography [IOC] is performed in the set-
ting of cholecystectomy and can be successfully done in 88-100% of patients. A sensitivity
of 59-100% and specificity of 93-199% for choledocholithiasis has been reported. It requires
an additional 10-15 min during a laparoscopic cholecystectomy [23]. EUS is the most
sensitive test for the detection of choledocholithiasis, with a sensitivity greater than 95%
and 100% specificity [23,24].

3.6. Endoscopic Retrograde Cholangiopancreatography (ERCP)

The majority of patients with CBD stones are treated with biliary sphincterotomy
and an extraction balloon or a retrieval basket. This technique works for the majority of
stones smaller than 10 mm. With larger stones, dilation-assisted stone extraction can be
performed (DASE). The latter is the combination of two techniques: endoscopic papillary
large balloon dilation and a limited sphincterotomy. In some cases of large, irregularly
shaped, or boxcar stones, mechanical lithotripsy and cholangioscopy-guided techniques
such as electrohydraulic lithotripsy or laser lithotripsy can be performed (see Figure 4). A
meta-analysis concluded that biliary sphincterotomy plus balloon sphincteroplasty was
associated with fewer complications than biliary sphincterotomy alone [25]. Mechanical
lithotripsy involves the use of a cranking mechanism attached to a stone retrieval basket.
Single operator cholangioscopy with laser lithotripsy or EHL has been reported to have a
stone clearance of 88%, with some reports reaching 100% with repeated sessions. Because
of cost issues, many endoscopists employ DASE or mechanical lithotripsy prior to resorting
to SOC. However, in a network meta-analysis, SOC resulted in statistically significantly
higher rates of complete stone removal than mechanical lithotripsy. (RR of 1.5, p < 0.04).
EHL systems work through a bipolar probe and charge generator. The tip of the probe
generates a spark, leading to the expansion of surrounding fluid, creating an oscillating
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shock wave of pressure that fragments the stone [26]. LL works by focusing laser light
of a high-power density on the surface of a stone. The concentrated high power creates
a plasma composed of a gaseous collection of ions and free electrons that oscillates and

induces waves breaking the stone. EHL equipment is relatively inexpensive compared to
LL. However, the risk of perforation is higher in EHL than in LL [26].

Figure 4. (A): A large, impacted stone leading to multiple failed attempts with extraction balloon,
mechanical lithotripsy; stone was fragmented using a laser lithotripter (yellow arrow) and could be
removed with extraction balloon after fragmentation. (B): Shows the effect of laser lithotriptor on the
stone. A plastic double pigtail stent is placed in the bile duct to prevent cholangitis from impaction of
stone fragments.

In a systematic review and meta-analysis, LL had a higher rate of ductal clearance
(95%) than EHL (75.5%) and ESWL (89.3%). The post-procedure complication rates were
higher for patients treated with EHL (13%) compared to ESWL (8.4%) or LL (9.6%) [27].
Anecdotally, plastic biliary stent placement alone can fragment residual stones over time,
making subsequent stone extraction easier.

3.7. Altered Anatomy

Roux-en-Y gastric bypass (RYGB) is one of the most common bariatric procedures
worldwide. The altered anatomy requires traversing a significant length of the alimentary
and biliopancreatic limbs to reach the papilla. This led to the development of balloon-
assisted ERCP (BE-ERCP). The use of a single balloon or double balloon-assisted entero-
scope facilitates the ability to reach the papilla and perform biliary interventions. A
multicenter study of ERCPs performed using a short DBE in 39 RYGB patients noted an
82% success rate for reaching the papilla and a 90% cannulation rate. The complication rate
was 5%. However, BE ERCP can be challenging due to the following factors: the absence
of an elevator, using a forward viewing scope, and limited accessories. In failed cases, we
can resort to laparoscopic-assisted ERCP (LA ERCP). However, LA ERCP is associated
with longer hospital stays, an increase in costs, higher complications, and the need to
involve both surgery and interventional endoscopy teams. Endoscopic ultrasound-directed
transgastric ERCP (EDGE) was first described by Kedia et al. [28]. EDGE-ERCP uses a
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LAMS to create agastrogastrostomy or gastrojejunostomy connecting the gastric pouch
or the proximal jejunum to the excluded stomach. See Figure 5. This enables the usage
of a duodenoscope to perform the ERCP [29]. Based on a meta-analysis, the pooled rate
of technical success of EDGE in RYGB was similar to LA-ERCP and was superior to BE
ERCP. The most commonly reported adverse event is the failure of gastro-gastric fistula
closure, requiring the need for over-the-scope clips or endoscopic suturing. See Figure 6 for

a suggested algorithm in the management of choledocholithiasis in RYGB patients.

Figure 5. (A): Patient with RYGB gastric bypass, presents with choledocholithiasis, under-
goes EDGE procedure to enable ERCP through the excluded stomach. GG—gastrogastrostomy,
GJ—gastrojejunostomy. LAMS—Ilumen-apposing metal stent. (B): Shows the passage of duodeno-
scope through the LAMS into the descending duodenum to perform ERCP.

ERCP in RYGB patients

—

Undergoing Need repeat procedure
cholecystectomy Roux limb plus biliopancreatic limb >150 cm
v Yes ! No
LA- ERCP EDGE- ERCP BE - ERCP

Figure 6. Suggested algorithm for endoscopic management of choledocholithiasis in Roux-en-Y
gastric bypass patients.
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3.8. Post-Operative Complications

Bile leaks most commonly occur in the setting of severe acute cholecystitis and often
are associated with incomplete cholecystectomy. Likewise, loss of tissue planes from severe
cholecystitis or an intrahepatic gall bladder may result in inadvertent and unrecognized
laceration, transection, or clip placement on the common bile duct, the latter sometimes
presenting months or even years later with jaundice, elevated liver functions, or stone
formation proximal to the clip.

3.9. Bile Leak and Strictures

Bile leaks continue to be a persistent challenge following liver and biliary tract surg-
eries. Post cholecystectomy, bile leaks occur in 0.3-2.7% of patients, and post-hepatectomy
leaks range from 3-20%. The risk factors for the probability of a bile leak after surgery
include choledocholithiasis, gangrenous cholecystitis, or severe inflammation, which makes
the surgery complex. Cystic duct stump leakage occurs from misplaced or displaced clip-
ping, electrosurgical injury to the cystic duct, or from excessive traction. More commonly,
the impaction of a stone in the ampulla leads to dehiscence of the cystic duct stump. Ducts
of Luschka can also be severed, leading to a bile leak. The first line for management of
biliary leaks has been the endoscopic approach using ERCP. Sandha et al. classified post-
lap-cholecystectomy (LC) bile leak into low-grade and high-grade. Low-grade leaks are
identified after intrahepatic opacification, and high-grade leaks occur before intrahepatic
opacification. The study reported a 91% success rate with biliary sphincterotomy alone
with low-grade leaks and 100% in high-grade leaks when stents were used. High-grade
bile leaks occur due to a tear in the CBD wall or one of the biliary branches that form
the main hepatic confluence. A stent placement benefits this in two ways: to reduce the
transpapillary pressure and bypass the leak, thereby diverting bile flow into the duodenum.
Stent placement also prevents secondary stricture formation at the site of injury. The stents
are left in place for a minimum of 4 weeks. The success rate of endoscopic therapy remains
high. The treatment aims to reduce ampullary resistance, thereby facilitating transpapillary
bile flow and reducing leakage. During ERCP, there are options for sphincterotomy with
or without stent placement. Sphincterotomy alone could be considered in the presence
of choledocholithiasis, which causes a small leak. Sphincterotomy, in addition to plastic
or fully covered metal stents, can be considered for high-grade or complex leaks. The
use of multiple plastic stents or fully covered metal stents can be considered in refractory
leaks [30-33].

Bergman et al. classified bile duct injuries into four categories [34]: A—cystic duct
leak from aberrant or hepatic radicles (minor lesions), B—major bile duct leaks with or
without concomitant strictures, C—bile duct strictures without leakage, and D—Complete
transection of the duct with or without excision of a portion of the biliary tree. Post-
operative bile duct strictures occur in 0.2-0.5% of patients following LC [35]. They are often
due to direct surgical trauma from partial or complete transection by clipping or ligation
of the bile duct. The stricture can also occur due to an ischemic insult to the biliary tree
during dissection or cauterization [36]. The outcome of endotherapy depends on factors
such as early identification and referral. Only 10% of post-operative strictures are identified
within the first week after LC, and nearly 70% within the first six months [37]. Occasionally,
the diagnosis can be delayed for several years. Such patients present with cholangitis or
choledocholithiasis. The endoscopic approach remains the first line for the management of
post-operative strictures.

Endotherapy, albeit requiring multiple sessions, is often successful except in cer-
tain cases of complete transection of the bile duct. Plastic stents of 10-12 Fr place-
ment/replacement every 3—4 months, along with balloon dilation for a period of 12 months,
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are associated with the disappearance of stricture [38] Costamagna et al. showed that
multiple stent placement resulted in stricture resolution in 97% of cases, with a recurrence
rate of 9.4% after a mean follow-up of 11.2 years. Patients who received more than four
plastic stents had a reduced recurrence rate, supporting the need for an aggressive ap-
proach. A randomized controlled trial with 31 patients compared multiple plastic stents
(MPS) (>4) versus partially covered SEMS (PCSEMS) (8-10 mm) to treat post-surgery biliary
strictures showed a higher adverse event in the MPS group compared with PCSEMS [39].
See Figure 7 for a case of high-grade bile leak treated with multiple plastic stents. Biliary
patency was higher in the PCSEMS group. In LC patients, the biliary strictures are closer
to the hepatic hilum [40]; hence, placement of SEMS is technically challenging due to the
risk of side branch occlusion. The use of an FCSEMS for post-cholecystectomy bile duct
strictures is currently off-label [41]. A recently published study by [42] Jang et al. showed
that magnetic compression devices can be used for complete biliary obstruction post LC.
The recent advances in endoscopic treatment with stents for the treatment of major bile duct
injuries and strictures are at least as effective as surgical treatment. However, endoscopic
management and surgical therapies are complementary and should be considered on a
case-by-case basis based on complexity.

Figure 7. (A): High-grade bile leak noted at the common hepatic duct, treated with multiple plastic
stents draining different segments, diverting bile from the site of leak. (B): High-grade bile leak treated
with multiple double pigtail plastic stents (C): Endoscopic view of the transpapillary plastic stents.
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3.10. Post-Liver Transplant (LT) Biliary Strictures

Post-transplant biliary strictures are classified as anastomotic and non-anastomotic.
Most centers perform a biliary duct-to-duct anastomosis at the time of liver transplant, as
it allows access for future endoscopic interventions and retains the sphincter functions.
Anastomotic biliary strictures are known to be more common in living donor LT than
in deceased donor LT, with rates similar to a Roux-en Y choledochojejunostomy. Bile
leaks post LT occur in the first month and mostly at the anastomotic site [43]. Bile leaks
post LT are treated similarly to post-LC leaks. Plastic biliary stents (10-11.5 Fr), with or
without biliary sphincterotomy placed across the leak, have a success rate of 90-95% [44].
However, the stents are left in place for 6-8 weeks due to the delayed healing that occurs as
a consequence of immunosuppression [45,46].

In a systematic review of 200 patients by Kao et al., structures associated with LT
resolved after placement of multiple plastic stents at 12 months (94-100%), comparable
to resolution rates of 80-95% for SEMS left in place for 3 months or longer. However,
the overall migration rate was 16% in the SEMS group [47]. Plastic stent distal migration
occurs in 5-10% of cases in single stent placement compared to multiple stent placement.
The steps involved in the management of an anastomotic stricture start by traversing the
stricture with a guidewire. This maneuver is more challenging in post-operative strictures
than malignant strictures. The narrow and often angulated lumen is cannulated with hy-
drophilic guidewires measuring 0.021 or 0.018 inches with a straight or angled tip. Secondly,
dilation of the stricture using a hydrostatic balloon facilitates stent placement. Lastly, stent
placement keeps the stricture open for an extended period, leading to remodeling. The
majority of anastomotic strictures occur within the first year after liver transplantation. A
thin narrowing occurs in the area of biliary anastomosis, which becomes apparent after
the resolution of post-operative edema and inflammation. Biliary strictures occurring at or
greater than 5 mm proximal to the anastomosis are considered non-anastomotic (NAS) bil-
iary strictures caused by ischemia secondary to hepatic artery stenosis or thrombosis. This
stricture mostly occurs at the hilum but can also involve the intrahepatic ducts. Endoscopic
therapy is not as effective for NAS, with an estimated success rate of 40-82% [48,49]. Such
strictures often require repeated dilations and prolonged stenting [50]

Newer devices, such as magnetic compression anastomosis, are available in certain
centers to treat anastomotic strictures refractory to conventional procedures. Two tracts
are required to deliver the magnets above and below the strictures. This can lead to new
fistula formation and is similar to a surgical anastomosis [51]. After 6 weeks, the magnets
are removed, and an FCSEMS is placed for 6 months. This technique, however, lacks long-
term study data and clinical trials to support routine use. Refer to Table 3 for procedural
outcomes of anastomotic strictures treated with plastic stents.

Table 3. Outcomes in liver transplant anastomotic strictures using plastic stents.

N Technical Success Stricture Resolution  Stricture Recurrence Rate

Rerknimitr et al. [52] 43 100 100 0
J.Morelli et al. [53] 25 96 88 9
Alazmi et al. [54] 148 97 89 18
Pasha et al. [55] 25 100 72 22
Holt et al. [56] 53 92 64 3

G Morelli et al. [57] 38 100 89 15
Tabibian et al. [58] 69 100 94 3
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3.11. Benign Pancreatic Disorders

There are myriad benign pancreatic disorders for which EUS and ERCP are used, to
include defining the characteristics of pancreatic cysts and strictures to assure that they are
benign. Therapeutically these techniques have been integrated into endoscopic practice in
pancreaticobiliary referral centers. Although not an exhaustive list, the following are the
most common applications of endoscopic therapies currently used.

3.12. Recurrent Acute Pancreatitis

Recurrent acute pancreatitis (RAP) is defined as two or more episodes of acute pancre-
atitis (AP) with clinical and radiologic remission between episodes. The term idiopathic
RAP is used when the cause remains unidentified based on history, exam, biochemical tests,
and imaging. Common causes include biliary microlithiasis caused by rapid weight loss,
critical illness, and in organ transplant recipients. Stones < 3 mm that are not visible on
routine imaging impact at the ampulla of Vater leading to inflammation and fibrosis. This
results in ampullary stenosis thereby causing biliary pancreatitis. Historically, experts have
resorted to empiric cholecystectomy even if there is an insignificant stone burden or sludge.
ERCP with ES is an effective alternative treatment, as it allows crystals and small stones
to pass without causing pancreatic duct obstructions. Pancreatic divisum is the nonunion
of the ventral and dorsal ducts resulting in the majority of drainage occurring through
the minor papilla. This can be a cause of RAP. However, the decision to intervene should
be carefully assessed. Multiple observational studies have shown the benefit of minor
papillotomy or transpapillary dilation in reducing attacks of pancreatitis. The aim of this
therapy in symptomatic patients with pancreatic divisum is to relieve outflow obstruction
at the level of minor papilla. A randomized controlled clinical trial shows patients with
minor papilla stents had fewer episodes of pancreatitis and hospitalizations [59]. The cur-
rent practice is minor papilla sphincterotomy (miES) with stenting of the dorsal duct. This
practice remains to be validated by randomized studies. The SHARP trial is a randomized
controlled trial that will determine whether ERCP with minor papilla ES benefits patients
with idiopathic RAP and pancreas divisum [60].

3.13. Pancreatic Fluid Collection and Duct Leak

Pancreatic duct (PD) leaks occur in the setting of acute pancreatitis causing ductal
disruption. Low-grade leaks often are asymptomatic or can result in mild symptoms.
High-grade leaks are associated with peripancreatic fluid collections (PFC), abdominal
fluid collections such as pancreatic ascites, or high amylase pleural effusions. Endoscopic
therapy is warranted if large asymptomatic fluid collections persist despite conservative
management, as well as those that cause symptoms secondary to compression of contigu-
ous organs, sepsis, fistulization, or persistent pain. Pseudocysts are the most common
presentation of a PD leak. The acute collections tend to encapsulate after 4 weeks or more.
These collections persist in 30-50% of acute fluid collections. A mature collection can cause
gastric or duodenal outlet obstruction. Treatment entails the creation of a fistulous tract
between the PFC and the gastrointestinal lumen by the placement of stents. Drainage of
PFCs has historically been performed without EUS using a needle knife or cystotome to
access the cyst cavity, followed by dilation of the tract and placement of double pigtail
stents. A randomized prospective trial [61] showed higher technical success for EUS-
guided access (94% vs. 72%) and its utility in cases where there is a lack of bulging in the
gastric wall [62] performed a meta-analysis of randomized trials and prospective stud-
ies involving 229 patients and confirmed the higher technical success rate of pseudocyst
drainage. Since the development of lumen-apposing metal stents (LAMS) by Binmoeller in
2011 [63], their application has revolutionized the management of PFCs. Refer to Figure 8.
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The large diameter (10-20 mm) which ensures the apposition of two walls and delivery
of electrocautery to create a fistulous tract makes it an effective option for drainage of
various PFC including pseudocysts and walled-off necrosis (WON). A LAMS needs to
be removed in 4 weeks to minimize the risk of bleeding. In contrast, plastic stents can
be left indefinitely. Common practice is to replace the LAMS with pigtail stents before
the cavity collapses. It is hypothesized that the conformation of the intracavitary flange
of the Hot Axios with rigid spikes can lead to trauma of the back wall of the cavity as it
shrinks. The advent of another LAMS in 2016, the Spaxus stent which has rounded edges
and flanges that fold back, theoretically reduces this risk of bleeding. This prosthesis is not
available in the United States. A propensity-matched study showed that bleeding requiring
transfusion occurred more commonly in the Hot Axios group than in the Spaxus group.
(6.8% vs. 1.5%) [64]. The lumen of the LAMS is enlarged to allow the endoscope to perform
necrosectomy. A LAMS with a diameter of 15 or 20 mm is preferred for placement into
walled-off necroses. Repeat endoscopies are needed to debride the necrotic material within
the cavity. Accessories such as snares, forceps, and Roth nets have been traditionally used
for direct endoscopic necrosectomy [65]. A novel device known as EndoRotor (Microtech)
allows for non-thermal debridement, combining the functions of suction, irrigation, and

tissue dissection for symptomatic WON [66].

Figure 8. (A): Peripancreatic fluid collection treated with LAMS cystogastrostomy as well as ERCP
with transpapillary PD stent. Disrupted duct in the tail of the pancreas leading into the pseudo-
cyst cavity. (Green arrow—post cholecystectomy abdominal drain, blue arrow—extravasation of
contrast from the tail of PD into the cyst cavity, yellow arrow—Cystgastrostomy using LAMS).
(B): A tail leak and multiple side branches leaking on pancreatogram concerning disrupted duct (Blue
arrows—indicate leakage from multiple side branches).

3.14. Chronic Pancreatitis

Abdominal pain is the most common symptom experienced by patients with chronic
pancreatitis (CP). The causes of this pain are complex and often related to factors such
as strictures, gallstones, or fluid collections around the pancreas. The primary goal of
endotherapy is to manage pain and address complications associated with CP. Traditionally,
computed tomography (CT) and magnetic resonance imaging (MRI) have been used for
diagnosing CP, along with clinical evaluations. However, endoscopic ultrasound (EUS) is
increasingly utilized because it provides detailed structural information about pancreatic
tissue and helps evaluate ductal issues. Endoscopic management of chronic pancreatitis
involves decompressing the pancreatic duct by dilating strictures or performing lithotripsy
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to reduce the stone burden. Assessing both the stone burden and the location of the
calculi, whether they are intraductal or within the pancreatic tissue, can aid in selecting
the appropriate treatment approach. Endoscopic retrograde pancreatography (ERP) with
PD stenting may be offered for patients with pancreatic duct (PD) strictures. Removing
PD stones can alleviate pain in symptomatic patients and may potentially help to preserve
gland function in asymptomatic patients; however, the latter is not routinely recommended
due to insufficient clinical data. Patients with multifocal strictures or extensive parenchymal
calcifications may need to be referred for surgical management. Most patients with CP are
treated using an initial trial of endotherapy prior to referral for surgery. However, three
randomized trials from Europe showed greater improvement in pain in the early surgery
group compared to endoscopic management [67-69]. Despite the available evidence,
endotherapy remains the initial approach in most centers given its less invasive nature and
the perception of lower risk compared with surgery. It is a reasonable alternative to surgery
in candidates with significant comorbidities. An ideal candidate for endotherapy is those
with single dominant stricture or an obstructive calculus in the head.

3.15. Endoscopic Management of PD Calculi and Strictures

ERCP can be attempted to clear stones using an extraction balloon or stone basket.
The success of clearance depends on the size of the stone, the presence of strictures, and
the degree of impaction within the duct. A small pancreatic sphincterotomy is performed
to allow the removal of stones and to improve drainage. Various anatomical variations of
the main PD such as ansa pancreaticus or partial ansa loops can make passage of ERCP
accessories challenging. Extracorporeal shock wave lithotripsy (ESWL) is recommended
for stones larger than 5 mm to achieve fragmentation. ESWL can be used to fragment large
stones or those adjacent to a stricture, followed by ERCP to achieve ductal clearance. Refer
to Figure 9. ESWL monotherapy may provide pain relief for selected patients suffering
from painful chronic pancreatitis with main pancreatic duct (PD) obstruction [70]. A meta-
analysis of 22 studies found that complete ductal clearance was achieved in 70% of cases,
and pain relief was reported in 64%. Stone fragmentation occurred in 86% of the patients.
However, adverse events, including pancreatitis and cholangitis, were noted in 4% of the
cases [71].

ESWL is contraindicated for patients with coagulopathy or calcified blood vessels in
the path of the shock waves. An effective alternative treatment is peroral pancreatoscopy-
assisted electrohydrolithitripsy (POP EHL) or laser lithotripsy (LL). A study by Atwell et al.,
involving 46 patients with PD calculi, demonstrated complete ductal clearance in 70% of
participants [72]. Furthermore, a systematic review of 10 studies on POP with lithotripsy
indicated that the pooled technical success rate was 92%, with a fragmentation success rate
of 86% [73]. The potential advantages of POP-guided lithotripsy include direct visualization
and targeting of stones. Adverse events include PEP (7%), perforation, or hemorrhage
(3-4%) [74].

In cases with PD stricture, an EUS should be performed to exclude pancreatic ma-
lignancy. The views during EUS can be challenging due to the shadowing of calculi.
Additional imaging, such as pancreas protocol CT or MRCD, can also be performed. En-
doscopic treatment of PD strictures involves performing a pancreatic sphincterotomy and
dilation of the stricture using a balloon or a dilating catheter. One or more stents are
placed routinely and replaced every 4-6 months. Endotherapy should be performed every
12 months for stricture remodeling. Refractory strictures can be treated with multiple
plastic stents or FCSEMS [75,76]. Adverse events reported are worsening of pain, stent
migration, pancreatitis, or cholangitis. Pain is associated with the placement of larger stents
over 8 mm in diameter [77].
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Figure 9. (A): Extracorporeal shock wave lithotripsy, 5000 shock waves performed targeting the stone.
(B): Fragmentation of the radiopaque stone. (C): ERCP with stone retrieval. Arrow—fragmented stones.

Biliary strictures develop in 10-15% of patients with CP [78]. Similar to other strictures,
treatment with multiple plastic stents or SEMS should be considered. In a long-term follow-
up study, 62% of patients were stent-free after an FCSEMS after 5 years. However, severe
CP and a longer length of stricture are associated with stricture recurrence [79].

3.16. Role of EUS in the Management of CP

EUS is an important diagnostic and therapeutic tool in the management of CP. Peri-
pancreatic fluid collections occur in patients with CP. EUS-guided drainage is preferable
with or without concomitant transpapillary PD stent placement if an active ductal leak
can be bridged with the prosthesis. When drainage of the PD cannot be achieved by other
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methods, EUS-guided pancreaticogastrostomy can be performed in patients who are poor
candidates for surgery or with post-surgical anatomy [80]. Celiac plexus blockade can be
considered for pain management. The celiac ganglia are located anterolateral to the aorta,
with the right ganglion positioned 6 mm inferior and the left ganglion 9 mm inferior to
the origin of the celiac artery. It is important to note that the celiac ganglion may not be
visible as a distinct structure during EUS. Celiac plexus blockade involves the injection of a
local anesthetic and corticosteroids adjacent to and anterior to the lateral aspect of the aorta
under direct visualization. The most serious adverse event associated with this procedure
is the accidental injection into the spinal artery, which can lead to paraplegia. This risk
is primarily associated with classic or posterior approach block techniques performed
percutaneously [81]. Additionally, there is a risk of pneumothorax if there is a transverse
entry through the diaphragm, a situation that can occur with the posterior approach. It
is also worth noting that diarrhea has been reported as well as a mild decrease in mean
blood pressure.

4. Conclusions

Endoscopic management has become a cornerstone in treating benign pancreaticobil-
iary disorders, offering minimally invasive alternatives for patients who are poor surgical
candidates or present with complex anatomical challenges. Techniques such as ERCP,
ETP-GBD, EUS-GBD, and advanced lithotripsy methods allow for effective intervention
in conditions like acute cholecystitis, choledocholithiasis, chronic pancreatitis, and post-
operative bile duct strictures and bile leaks. Innovations in stent technology, including
lumen-apposing metal stents (LAMS) and fully covered self-expanding metal stents (FC-
SEMS), have improved technical success and clinical outcomes while minimizing risks.
Additionally, EUS plays a pivotal role in diagnostics and therapeutic interventions. The
minimally invasive nature of these endoscopic techniques provides patients with reduced
recovery times and lower complication rates compared to surgery. However, these ap-
proaches demand procedural expertise and individualized assessment. As technology
and techniques advance, endoscopic management continues to expand the range of safe,
effective treatment options which may include magnetic compression anastomoses, the
integration of artificial intelligence, and robotic-assisted endoscopy, further underscoring
its value as an essential therapeutic approach in benign pancreaticobiliary diseases.

Author Contributions: Conceptualization, A.V., RK. (Rajesh Krishnamoorthi), R K. (Richard Kozarek)
and S.I.; methodology, A.V., R K. (Rajesh Krishnamoorthi), R.K. (Richard Kozarek) and S.I.; software,
not applicable; validation, A.V., R.K. (Rajesh Krishnamoorthi), R.K. (Richard Kozarek) and S.I.; formal
analysis A.V.,, RK. (Rajesh Krishnamoorthi), R.K. (Richard Kozarek) and S.I.; investigation, A.V.,
R.K. (Rajesh Krishnamoorthi), R K. (Richard Kozarek) and S.I.; resources, A.V., R K. (Rajesh Krish-
namoorthi), R.K. (Richard Kozarek) and S.I.; data curation, A.V., R.K. (Rajesh Krishnamoorthi), R.K.
(Richard Kozarek) and S.I.; writing—original draft preparation, A.V. and R K. (Rajesh Krishnamoor-
thi); visualization, A.V., RK. (Rajesh Krishnamoorthi), R K. (Richard Kozarek) and S.I.; supervision,
R.K. (Rajesh Krishnamoorthi), R.K. (Richard Kozarek) and S.I.; project administration A.V. and R.K.
(Rajesh Krishnamoorthi); funding acquisition, not applicable. All authors have read and agreed to
the published version of the manuscript.

Funding: All authors have no financial disclosure or support to report. There were no external
sources of funding for this manuscript.

Institutional Review Board Statement: Not applicable.
Informed Consent statement: Not applicable.

Data Availability Statement: Not applicable.



J. Clin. Med. 2025, 14, 494 18 of 21

Acknowledgments: The authors would also like to thank Terri Davis Smith from the Center for
Digestive Health at Virginia Mason Franciscan Health (Seattle, WA, USA) for her assistance in the

coordination and submission of the manuscript.

Conflicts of Interest: The authors declare no conflicts of interest. No conflicts of interest exist for
all authors in this manuscript. All authors have no financial disclosure or support to report. This
manuscript has not been previously published and is not currently under consideration elsewhere
for publication.

References

1.

10.

11.

12.

13.

14.

15.

Unalp-Arida, A.; Ruhl, C.E. Burden of gallstone disease in the United States population: Prepandemic rates and trends. Worid J.
Gastrointest. Surg. 2024, 16, 1130-1148. [CrossRef] [PubMed]

ASGE Standards of Practice Committee; Pawa, S.; Marya, N.B.; Thiruvengadam, N.R.; Ngamruengphong, S.; Baron, T.H.; Bun
Teoh, A.Y.; Bent, C.K.; Abidi, W.; Alipour, O.; et al. American Society for Gastrointestinal Endoscopy guideline on the role
of therapeutic EUS in the management of biliary tract disorders: Summary and recommendations. Gastrointest. Endosc. 2024,
100, 967-979. [CrossRef] [PubMed]

Irani, S.; Ngamruengphong, S.; Teoh, A.; Will, U.; Nieto, J.; Dayyeh, B.K.A; Gan, S.I.; Larsen, M.; Yip, H.C.; Topazian, M.D.; et al.
Similar efficacies of endoscopic ultrasound gallbladder drainage with a lumen-apposing metal Stent versus percutaneous
transhepatic gallbladder drainage for acute cholecystitis. Clin. Gastroenterol. Hepatol. 2017, 15, 738-745. [CrossRef] [PubMed]
Teoh, A.Y.B.; Kitano, M.; Itoi, T.; Pérez-Miranda, M.; Ogura, T.; Chan, S.M.; Serna-Higuera, C.; Omoto, S.; Torres-Yuste, R.;
Tsuichiya, T.; et al. Endosonography-guided gallbladder drainage versus percutaneous cholecystostomy in very high-risk surgical
patients with acute cholecystitis: An international randomised multicentre controlled superiority trial (DRAC 1). Gut 2020,
69, 1085-1091. [CrossRef]

Jang, JJW.; Lee, S.S.; Song, T.].; Hyun, Y.S.; Park, D.H.; Seo, D.-W.; Lee, S.-K.; Kim, M.-H.; Yun, S.-C. Endoscopic ultrasound-guided
transmural and percutaneous transhepatic gallbladder drainage are comparable for acute cholecystitis. J. Dig. Endosc. 2013,
04, 140-142.

Kozarek, R.A. Selective cannulation of the cystic duct at time of ERCP. J. Clin. Gastroenterol. 1984, 6, 37-40.

Glessing, B.R.; Attam, R.; Amateau, S.K.; Tiewala, M.; Bakman, Y.; Nemat, H.; Freeman, M.L.; Arain, M.A. Novel use of long,
large-caliber, fenestrated stents for endoscopic transpapillary gallbladder stenting for therapy of symptomatic gallbladder disease.
Dig. Dis. Sci. 2015, 60, 3817-3822. [CrossRef]

Itoi, T.; Sofuni, A.; Itokawa, F.; Tsuchiya, T.; Kurihara, T.; Ishii, K.; Tsuji, S.; Ikeuchi, N.; Tsukamoto, S.; Takeuchi, M.; et al.
Endoscopic transpapillary gallbladder drainage in patients with acute cholecystitis in whom percutaneous transhepatic approach
is contraindicated or anatomically impossible (with video). Gastrointest. Endosc. 2008, 68, 455-460. [CrossRef]

Nakahara, K.; Michikawa, Y.; Morita, R.; Suetani, K.; Morita, N.; Sato, J.; Tsuji, K.; Ikeda, H.; Matsunaga, K.; Watanabe, T.; et al.
Endoscopic transpapillary gallbladder stenting using a newly designed plastic stent for acute cholecystitis. Endosc. Int. Open 2019,
7, E1105-E1114. [CrossRef]

Hasan, M.K.; Ttoi, T.; Varadarajulu, S. Endoscopic management of acute cholecystitis. Gastrointest. Endosc. Clin. N. Am. 2013,
23, 453-459. [CrossRef]

Kjaer, D.W.; Kruse, A.; Funch-Jensen, P. Endoscopic gallbladder drainage of patients with acute cholecystitis. Endoscopy 2007,
39, 304-308. [CrossRef] [PubMed]

Oh, D.; Song, T.J.; Cho, D.H.; Park, D.H.; Seo, D.-W.; Lee, SK.; Kim, M.-H.; Lee, S.S. EUS-guided cholecystostomy versus
endoscopic transpapillary cholecystostomy for acute cholecystitis in high-risk surgical patients. Gastrointest. Endosc. 2019,
89, 289-298. [CrossRef] [PubMed]

Higa, J.T; Sahar, N.; Kozarek, R.A.; La Selva, D.; Larsen, M.C.; Gan, S.-I.; Ross, A.S.; Irani, S.S. EUS-guided gallbladder drainage
with a lumen-apposing metal stent versus endoscopic transpapillary gallbladder drainage for the treatment of acute cholecystitis
(with videos). Gastrointest. Endosc. 2019, 90, 483-492. [CrossRef] [PubMed]

Siddiqui, A.; Kunda, R.; Tyberg, A.; Arain, M.A.; Noor, A.; Mumtaz, T.; Igbal, U.; Loren, D.E.; Kowalski, T.E.; Adler, D.G.; et al.
Three-way comparative study of endoscopic ultrasound-guided transmural gallbladder drainage using lumen-apposing metal
stents versus endoscopic transpapillary drainage versus percutaneous cholecystostomy for gallbladder drainage in high-risk
surgical patients with acute cholecystitis: Clinical outcomes and success in an International, Multicenter Study. Surg. Endosc.
2019, 33, 1260-1270. [PubMed]

Inoue, T.; Yoshida, M.; Suzuki, Y.; Kitano, R.; Urakabe, K.; Haneda, K.; Okumura, F.; Naitoh, I. Comparison of the long-term
outcomes of EUS-guided gallbladder drainage and endoscopic transpapillary gallbladder drainage for calculous cholecystitis in
poor surgical candidates: A multicenter propensity score-matched analysis. Gastrointest. Endosc. 2023, 98, 362-370. [CrossRef]


https://doi.org/10.4240/wjgs.v16.i4.1130
https://www.ncbi.nlm.nih.gov/pubmed/38690054
https://doi.org/10.1016/j.gie.2024.03.027
https://www.ncbi.nlm.nih.gov/pubmed/39078360
https://doi.org/10.1016/j.cgh.2016.12.021
https://www.ncbi.nlm.nih.gov/pubmed/28043931
https://doi.org/10.1136/gutjnl-2019-319996
https://doi.org/10.1007/s10620-015-3814-6
https://doi.org/10.1016/j.gie.2008.02.052
https://doi.org/10.1055/a-0747-5668
https://doi.org/10.1016/j.giec.2012.12.010
https://doi.org/10.1055/s-2007-966335
https://www.ncbi.nlm.nih.gov/pubmed/17427067
https://doi.org/10.1016/j.gie.2018.08.052
https://www.ncbi.nlm.nih.gov/pubmed/30213575
https://doi.org/10.1016/j.gie.2019.04.238
https://www.ncbi.nlm.nih.gov/pubmed/31054909
https://www.ncbi.nlm.nih.gov/pubmed/30209610
https://doi.org/10.1016/j.gie.2023.04.002

J. Clin. Med. 2025, 14, 494 19 of 21

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Irani, S.S.; Sharzehi, K.; Siddiqui, U.D. AGA Clinical Practice Update on Role of EUS-Guided Gallbladder Drainage in Acute
Cholecystitis: Commentary. Clin. Gastroenterol. Hepatol. 2023, 21, 1141-1147. [CrossRef]

Tyberg, A.; Duarte-Chavez, R.; Shahid, H.M.; Sarkar, A.; Simon, A.; Shah-Khan, S.M.; Gaidhane, M.; Mohammad, T.F.; Nosher,
J.; Wise, S.S.; et al. Endoscopic ultrasound-guided gallbladder drainage versus percutaneous drainage in patients with acute
cholecystitis undergoing elective cholecystectomy. Clin. Transl. Gastroenterol. 2023, 14, e00593. [CrossRef]

Bang, ].Y.; Arnoletti, ].P.; Wagner, A.; Varadarajulu, S. EUS-guided gallbladder drainage in acute cholecystitis: Long-term problems
with surgical approach. Gut 2024, 73, 395-397. [CrossRef]

Law, R.; Grimm, L.S.; Stavas, ].M.; Baron, T.H. Conversion of percutaneous cholecystostomy to internal transmural gallbladder
drainage using an endoscopic ultrasound-guided, lumen-apposing metal Stent. Clin. Gastroenterol. Hepatol. 2016, 14, 476-480.
[CrossRef]

Tyberg, A.; Saumoy, M.; Sequeiros, E.V.; Giovannini, M.; Artifon, E.; Teoh, A.; Nieto, J.; Desai, A.; Kumta, N.; Gaidhane, M.; et al.
EUS-guided versus percutaneous gallbladder drainage: Isn’t it time to convert? J. Clin. Gastroenterol. 2018, 52, 79-84. [CrossRef]
Gurusamy, K.S.; Giljaca, V.; Takwoingi, Y.; Higgie, D.; Poropat, G.; Stimac, D.; Davidson, B.R.; Cochrane Hepato-Biliary Group.
Ultrasound versus liver function tests for diagnosis of common bile duct stones. Cochrane Database Syst. Rev. 2015, 2015, CD011548.
[CrossRef] [PubMed]

Sonnenberg, A.; Enestvedt, B.K.; Bakis, G. Management of suspected choledocholithiasis: A decision analysis for choosing the
optimal imaging modality. Dig. Dis. Sci. 2016, 61, 603—-609. [CrossRef] [PubMed]

Luthra, A K.; Aggarwal, V.; Mishra, G.; Conway, J.; Evans, J.A. A prospective blinded study evaluating the role of endoscopic
ultrasound before endoscopic retrograde cholangiopancreatography in the setting of “positive” intraoperative cholangiogram
during cholecystectomy. Am. Surg. 2016, 82, 343-347. [CrossRef] [PubMed]

ASGE Standards of Practice Committee; Maple, ].T.; Ben-Menachem, T.; Anderson, M.A.; Appalaneni, V.; Banerjee, S.; Cash,
B.D.; Fisher, L.; Harrison, M.E.; Fanelli, R.D.; et al. The role of endoscopy in the evaluation of suspected choledocholithiasis.
Gastrointest. Endosc. 2010, 71, 1-9. [CrossRef]

Yang, X.-M.; Hu, B. Endoscopic sphincterotomy plus large-balloon dilation vs endoscopic sphincterotomy for choledocholithiasis:
A meta-analysis. World ]. Gastroenterol. 2013, 19, 9453-9460. [CrossRef]

ASGE Technology Committee; DiSario, J.; Chuttani, R.; Croffie, J.; Liu, J.; Mishkin, D.; Shah, R.; Somogyi, L.; Tierney, W.; Song,
LMWK et al. Biliary and pancreatic lithotripsy devices. VideoGIE 2018, 3, 329-338. [CrossRef]

Veld, ].V.; van Huijgevoort, N.C.M.; Boermeester, M.A.; Besselink, M.G.; van Delden, O.M.; Fockens, P.; van Hooft, ].E. A
systematic review of advanced endoscopy-assisted lithotripsy for retained biliary tract stones: Laser, electrohydraulic or
extracorporeal shock wave. Endoscopy 2018, 50, 896-909. [CrossRef]

Kedia, P; Sharaiha, R.Z.; Kumta, N.A.; Kahaleh, M. Internal EUS-directed transgastric ERCP (EDGE): Game over. Gastroenterology
2014, 147, 566-568. [CrossRef]

Dhindsa, B.S.; Dhaliwal, A.; Mohan, B.P.; Mashiana, H.S.; Girotra, M.; Singh, S.; Ohning, G.; Bhat, I.; Adler, D.G. EDGE in
Roux-en-Y gastric bypass: How does it compare to laparoscopy-assisted and balloon enteroscopy ERCP: A systematic review and
meta-analysis. Endosc. Int. Open 2020, 8, E163-E171. [CrossRef]

Adler, D.G.; Papachristou, G.I; Taylor, L.J.; McVay, T.; Birch, M.; Francis, G.; Zabolotsky, A.; Laique, S.N.; Hayat, U.; Zhan, T.; et al.
Clinical outcomes in patients with bile leaks treated via ERCP with regard to the timing of ERCP: A large multicenter study.
Gastrointest. Endosc. 2017, 85, 766—772. [CrossRef]

Wang, A.Y,; Ellen, K.; Berg, C.L.; Schmitt, T.M.; Kahaleh, M. Fully covered self-expandable metallic stents in the management of
complex biliary leaks: Preliminary data—A case series. Endoscopy 2009, 41, 781-786. [CrossRef] [PubMed]

Lalezari, D.; Singh, I; Reicher, S.; Eysselein, V.E. Evaluation of fully covered self-expanding metal stents in benign biliary strictures
and bile leaks. World ]. Gastrointest. Endosc. 2013, 5, 332-339. [CrossRef] [PubMed]

Ahmad, D.S,; Faulx, A. Management of postcholecystectomy biliary complications: A narrative review. Am. J. Gastroenterol. 2020,
115,1191-1198. [CrossRef] [PubMed]

Bergman, ].J.; Brink, G.R.v.D.; A Rauws, E.; de Wit, L.; Obertop, H.; Huibregtse, K.; Tytgat, G.N.; Gouma, D.J. Treatment of bile
duct lesions after laparoscopic cholecystectomy. Gut 1996, 38, 141-147. [CrossRef]

Vitale, G.C.; Tran, T.C.; Davis, B.R,; Vitale, M.; Vitale, D.; Larson, G. Endoscopic management of postcholecystectomy bile duct
strictures. J. Am. Coll. Surg. 2008, 206, 918-923, discussion 924-925. [CrossRef]

Huibregtse, K.; Katon, R.M.; Tytgat, G.N. Endoscopic treatment of postoperative biliary strictures. Endoscopy 1986, 18, 133-137.
[CrossRef]

Costamagna, G.; Shah, S.K.; Tringali, A. Current management of postoperative complications and benign biliary strictures.
Gastrointest. Endosc. Clin. N. Am. 2003, 13, 635-648. [CrossRef]

Costamagna, G.; Tringali, A.; Perri, V. Endotherapy of postcholecystectomy biliary strictures with multiple plastic stents: Long
term results in a large cohort of patients. Gastrointest. Endosc. 2020, 91, 81-89. [CrossRef]


https://doi.org/10.1016/j.cgh.2022.12.039
https://doi.org/10.14309/ctg.0000000000000593
https://doi.org/10.1136/gutjnl-2023-331245
https://doi.org/10.1016/j.cgh.2015.10.026
https://doi.org/10.1097/MCG.0000000000000786
https://doi.org/10.1002/14651858.CD011548
https://www.ncbi.nlm.nih.gov/pubmed/25719223
https://doi.org/10.1007/s10620-015-3882-7
https://www.ncbi.nlm.nih.gov/pubmed/26399621
https://doi.org/10.1177/000313481608200420
https://www.ncbi.nlm.nih.gov/pubmed/27097628
https://doi.org/10.1016/j.gie.2009.09.041
https://doi.org/10.3748/wjg.v19.i48.9453
https://doi.org/10.1016/j.gie.2006.10.002
https://doi.org/10.1055/a-0637-8806
https://doi.org/10.1053/j.gastro.2014.05.045
https://doi.org/10.1055/a-1067-4411
https://doi.org/10.1016/j.gie.2016.08.018
https://doi.org/10.1055/s-0029-1215050
https://www.ncbi.nlm.nih.gov/pubmed/19693751
https://doi.org/10.4253/wjge.v5.i7.332
https://www.ncbi.nlm.nih.gov/pubmed/23858377
https://doi.org/10.14309/ajg.0000000000000704
https://www.ncbi.nlm.nih.gov/pubmed/32483004
https://doi.org/10.1136/gut.38.1.141
https://doi.org/10.1016/j.jamcollsurg.2008.01.064
https://doi.org/10.1055/s-2007-1018353
https://doi.org/10.1016/S1052-5157(03)00103-X
https://doi.org/10.1016/j.gie.2019.05.042

J. Clin. Med. 2025, 14, 494 20 of 21

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.
49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Artifon, E.L.A.; Coelho, F; Frazao, M.; Marques, S.; Paione, ].B.; Takada, J.; Boaventura, P.; Rebello, C.; Otoch, J.P. A prospective
randomized study comparing partially covered metal stent versus plastic multistent in the endoscopic management of patients
with postoperative benign bile duct strictures: A follow-up above 5 years. Rev. Gastroenterol. Peru 2012, 32, 26-31.

Sicklick, J.K.; Camp, M.S.; Lillemoe, K.D.; Melton, G.B.; Yeo, C.J.; Campbell, K.A.; Talamini, M.A; Pitt, H.A.; Coleman, J.; Sauter,
P.A.; et al. Surgical management of bile duct injuries sustained during laparoscopic cholecystectomy: Perioperative results in 200
patients. Ann. Surg. 2005, 241, 786-792, discussion 793-795. [CrossRef]

Bill, ].G.; Mullady, D.K. Stenting for benign and malignant biliary strictures. Gastrointest. Endosc. Clin. N. Am. 2019, 29, 215-235.
[CrossRef] [PubMed]

Jang, S.I; Choi, Y.; Kim, J.; Cho, J.H.; Joo, SM.; Lee, K.H.; Chung, M.].; Lee, D.K. Magnetic compression anastomosis for
the treatment of complete biliary obstruction after cholecystectomy. Gastrointest. Endosc. 2024, 100, 1053-1060.e4. [CrossRef]
[PubMed]

Oh, D.-W.; Lee, SK,; Song, T.].; Park, D.H.; Lee, S.S.; Seo, D.-W.; Kim, M.-H. Endoscopic management of bile leakage after liver
transplantation. Gut Liver 2015, 9, 417-423. [CrossRef] [PubMed]

Morelli, J.; Mulcahy, H.E.; Willner, LR. Endoscopic treatment of post-liver transplantation biliary leaks with stent placement
across the leak site. Gastrointest Endosc. 2001, 54, 471-475. [CrossRef]

Londofio, M.-C.; Balderramo, D.; Cardenas, A. Management of biliary complications after orthotopic liver transplantation: The
role of endoscopy. World ]. Gastroenterol. 2008, 14, 493-497. [CrossRef]

Verdonk, R.C.; Buis, C.I,; Porte, R.J.; van der Jagt, E.J.; Limburg, A.].; Berg, A.P.v.D.; Slooff, M.].; Peeters, PM.; de Jong, K.P;
Kleibeuker, J.H.; et al. Anastomotic biliary strictures after liver transplantation: Causes and consequences. Liver Transpl. 2006,
12, 726-735. [CrossRef]

Kao, D.; Zepeda-Gomez, S.; Tandon, P.; Bain, V.G. Managing the post-liver transplantation anastomotic biliary stricture: Multiple
plastic versus metal stents: A systematic review. Gastrointest. Endosc. 2013, 77, 679-691. [CrossRef]

Ryu, C.H.; Lee, S.K. Biliary strictures after liver transplantation. Gut Liver 2011, 5, 133-142. [CrossRef]

Chang, ].H.; Lee, LS.; Choi, ]J.Y. Biliary stricture after adult rightlobe living-donor liver transplantation with duct-to-duct
anastomosis: Long-term outcome and its related factors after endoscopic treatment. Gut Liver 2010, 4, 226-233. [CrossRef]
Ashat, M.; Berei, ].; El-Abiad, R.; Khashab, M.A. Benign biliary strictures: A comprehensive review. Turk. J. Gastroenterol. 2024,
35, 513-522.

Jang, S.I; Cho, ].H.; Lee, D.K. Magnetic compression anastomosis for the treatment of post-transplant biliary stricture. Clin.
Endosc. 2020, 53, 266-275. [CrossRef] [PubMed]

Rerknimitr, R.; Sherman, S.; Fogel, E.L.; Kalayci, C.; Lumeng, L.; Chalasani, N.; Kwo, P; Lehman, G.A. Biliary tract complications
after orthotopic liver transplantation with choledochocholedochostomy anastomosis: Endoscopic findings and results of therapy.
Gastrointest. Endosc. 2002, 55, 224-231. [CrossRef] [PubMed]

Morelli, J.; Mulcahy, H.E.; Willner, I.R.; Cunningham, ].T.; Draganov, P. Long-term outcomes for patients with post-liver transplant
anastomotic biliary strictures treated by endoscopic stent placement. Gastrointest. Endosc. 2003, 58, 374-379. [CrossRef] [PubMed]
Alazmi, WM.; Fogel, E.L.; Watkins, J.L. Recurrence Rate of Anastomotic Biliary Strictures in Patients Who Have Had Previous
Successful Endo Scopic Therapy for Anastomotic Narrowing after Orthotopic Liver Trans Plantation. Endoscopy 2006, 38, 571-574.
[CrossRef]

Pasha, S.F,; Harrison, M.E.; Das, A. Endoscopic Treatment of Anasto Motic Biliary Strictures after Deceased Donor Liver
Transplantation. Gastrointest. Endosc. 2007, 66, 44-51. [CrossRef]

Holt, A.P; Thorburn, D.; Mirza, D.; Gunson, B.; Wong, T.; Haydon, G. A prospective study of standardized nonsurgical therapy in
the management of biliary anastomotic strictures complicating liver transplantation. Transplantation 2007, 84, 857-863. [CrossRef]
Morelli, G.; Fazel, A.; Judah, J.; Pan, ].].; Forsmark, C.; Draganov, P. Rapid-Sequence Endoscopic Manage Ment of Posttransplant
Anastomotic Biliary Strictures. Gastrointest. Endosc. 2008, 67, 879-885. [CrossRef]

Tabibian, ].H.; Asham, E.H.; Han, S.; Saab, S.; Tong, M.].; Goldstein, L.; Busuttil, R.W.; Durazo, F.A. Endoscopic treatment of
postorthotopic liver transplantation anastomotic biliary strictures with maximal stent therapy (with video). Gastrointest. Endosc.
2010, 71, 505-512. [CrossRef]

Lans, J.I; Geenen, J.E.; Johanson, ].F.; Hogan, W.]. Endoscopic therapy in patients with pancreas divisum and acute pancreatitis:
A prospective, randomized, controlled clinical trial. Gastrointest. Endosc. 1992, 38, 430—434. [CrossRef]

Coté, G.A.; Durkalski-Mauldin, V.L.; Serrano, J.; Klintworth, E.; Williams, A.W.; Cruz-Monserrate, Z.; Arain, M.; Buxbaum, J.L.;
Conwell, D.L,; Fogel, E.L.; et al. SpHincterotomy for Acute Recurrent Pancreatitis randomized trial: Rationale, methodology, and
potential implications. Pancreas 2019, 48, 1061-1067. [CrossRef]

Park, D.H.; Lee, S.S.; Moon, S.H.; Choi, S.Y.; Jung, S.W.; Seo, D.W.; Kim, M.H. Endoscopic ultrasound-guided versus conventional
transmural drainage for pancreatic pseudocysts: A prospective randomized trial. Endoscopy 2009, 41, 842-848. [CrossRef]
[PubMed]


https://doi.org/10.1097/01.sla.0000161029.27410.71
https://doi.org/10.1016/j.giec.2018.12.001
https://www.ncbi.nlm.nih.gov/pubmed/30846150
https://doi.org/10.1016/j.gie.2024.05.009
https://www.ncbi.nlm.nih.gov/pubmed/38762041
https://doi.org/10.5009/gnl14117
https://www.ncbi.nlm.nih.gov/pubmed/25717048
https://doi.org/10.1067/mge.2001.117762
https://doi.org/10.3748/wjg.14.493
https://doi.org/10.1002/lt.20714
https://doi.org/10.1016/j.gie.2013.01.015
https://doi.org/10.5009/gnl.2011.5.2.133
https://doi.org/10.5009/gnl.2010.4.2.226
https://doi.org/10.5946/ce.2020.095
https://www.ncbi.nlm.nih.gov/pubmed/32506893
https://doi.org/10.1067/mge.2002.120813
https://www.ncbi.nlm.nih.gov/pubmed/11818927
https://doi.org/10.1067/S0016-5107(03)00011-7
https://www.ncbi.nlm.nih.gov/pubmed/14528211
https://doi.org/10.1055/s-2006-925027
https://doi.org/10.1016/j.gie.2007.02.017
https://doi.org/10.1097/01.tp.0000282805.33658.ce
https://doi.org/10.1016/j.gie.2007.08.046
https://doi.org/10.1016/j.gie.2009.10.023
https://doi.org/10.1016/S0016-5107(92)70471-4
https://doi.org/10.1097/MPA.0000000000001370
https://doi.org/10.1055/s-0029-1215133
https://www.ncbi.nlm.nih.gov/pubmed/19798610

J. Clin. Med. 2025, 14, 494 21 of 21

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Panamonta, N.; Ngamruengphong, S.; Kijsirichareanchai, K.; Nugent, K.; Rakvit, A. Endoscopic ultrasound-guided versus
conventional transmural techniques have comparable treatment outcomes in draining pancreatic pseudocysts. Eur. J. Gastroenterol.
Hepatol. 2012, 24, 1355-1362. [CrossRef] [PubMed]

Binmoeller, K.E; Shah, J. A novel lumen-apposing stent for transluminal drainage of nonadherent extraintestinal fluid collections.
Endoscopy 2011, 43, 337-342. [CrossRef]

Mangiavillano, B.; Lakhtakia, S.; Samanta, J.; Auriemma, F.; Vargas-Madrigal, J.; Arcidiacono, P.G.; Barbera, C.; Ashhab, H.; Song,
TJ.; Pham, K.D.-K.; et al. Lumen-apposing metal stents for the treatment of pancreatic and peripancreatic fluid collections and
bleeding risk: A propensity matched study. Endoscopy 2024, 56, 249-257.

Rerknimitr, R. Endoscopic transmural necrosectomy: Timing, indications, and methods. Clin. Endosc. 2020, 53, 49-53. [CrossRef]
Mony, S.; Shrigiriwar, A.; Khashab, M.A. Direct endoscopic necrosectomy using the novel 5-mm powered endoscopic debridement
device: The larger winner? VideoGIE 2023, 8, 283-285. [CrossRef]

Dite, P.; Ruzicka, M.; Zboril, V.; Novotny, I. A prospective, randomized trial comparing endoscopic and surgical therapy for
chronic pancreatitis. Endoscopy 2003, 35, 553-558.

Cahen, D.L.; Gouma, D.J.; Laramée, P; Nio, Y.; Rauws, E.A.; Boermeester, M.A.; Busch, O.R.; Fockens, P.; Kuipers, E.J.; Pereira,
S.P; et al. Long-term outcomes of endoscopic vs surgical drainage of the pancreatic duct in patients with chronic pancreatitis.
Gastroenterology 2011, 141, 1690-1695. [CrossRef]

Issa, Y.; Kempeneers, M.A.; Bruno, M.].; Fockens, P; Poley, ] W.; Ali, U.A_; Bollen, T.L.; Busch, O.R.; Dejong, C.H.; van Duijvendijk,
P; et al. Effect of early surgery vs endoscopy-first approach on pain in patients with chronic pancreatitis: The ESCAPE randomized
clinical trial. JAMA 2020, 323, 237-247. [CrossRef]

Dumonceau, ].M.; Costamagna, G.; Tringali, A.; Vahedi, K.; Delhaye, M.; Hittelet, A.; Spera, G.; Giostra, E.; Mutignani, M.; De
Maertelaer, V. Treatment for painful calcified chronic pancreatitis: Extracorporeal shock wave lithotripsy versus endoscopic
treatment: A randomised controlled trial. Gut 2007, 56, 545-552. [CrossRef] [PubMed] [PubMed Central]

van Huijgevoort, N.C.M.; Veld, ].V.; Fockens, P.; Besselink, M.G.; Boermeester, M.A.; Arvanitakis, M.; van Hooft, J.E. Success of
extracorporeal shock wave lithotripsy and ERCP in symptomatic pancreatic duct stones: A systematic review and meta-analysis.
Endosc. Int. Open. 2020, 8, E1070-E1085. [CrossRef] [PubMed] [PubMed Central]

Attwell, A.R,; Brauer, B.C.; Chen, YK,; Yen, R.D.; Fukami, N.; Shah, R.J. Endoscopic retrograde cholangiopancreatography
with per oral pancreatoscopy for calcific chronic pancreatitis using endoscope and catheter-based pancreatoscopes: A 10-year
single-center experience. Pancreas 2014, 43, 268-274. [CrossRef] [PubMed]

McCarty, T.R.; Sobani, Z.; Rustagi, T. Per-oral pancreatoscopy with intraductal lithotripsy for difficult pancreatic duct stones: A
systematic review and meta-analysis. Endosc. Int. Open 2020, 8, E1460-E1470. [CrossRef]

Saghir, S.M.; Mashiana, H.S.; Mohan, B.P,; Dhindsa, B.S.; Dhaliwal, A.; Chandan, S.; Bhogal, N.; Bhat, L; Singh, S.; Adler, D.G.
Efficacy of pancreatoscopy for pancreatic duct stones: A systematic review and meta-analysis. World ]. Gastroenterol. 2020,
26, 5207-5219. [CrossRef]

Sharaiha, R.Z.; Novikov, A.; Weaver, K.; Marfatia, P.; Buscaglia, ].M.; DiMaio, C.J.; Diehl, D.; Gabr, M.M.; Gaidhane, M.; Siddiqui,
A.; et al. Fully covered self-expanding metal stents for refractory pancreatic duct strictures in symptomatic chronic pancreatitis,
US experience. Endosc. Int. Open 2019, 7, E1419-E1423. [CrossRef]

Shen, Y.; Liu, M.; Chen, M,; Li, Y.; Lu, Y.; Zou, X. Covered metal stent or multiple plastic stents for refractory pancreatic ductal
strictures in chronic pancreatitis: A systematic review. Pancreatology 2014, 14, 87-90. [CrossRef]

Oh, D.; Lee, ].H.; Song, T.J.; Park, D.H.; Lee, SK.; Kim, M.H.; Lee, S.S. Long-term outcomes of 6-mm diameter fully covered
self-expandable metal stents in benign refractory pancreatic ductal stricture. Dig. Endosc. 2018, 30, 508-515. [CrossRef]

Hu, B; Sun, B.; Cai, Q.; Wong Lau, ].Y,; Ma, S.; Itoi, T.; Moon, ].H.; Yasuda, I.; Zhang, X.; Wang, H.P; et al. Asia-Pacific consensus
guidelines for endoscopic management of benign biliary strictures. Gastrointest. Endosc. 2017, 86, 44-58. [CrossRef]

Lakhtakia, S.; Reddy, N.; Dolak, W.; Ponchon, T.; Bruno, M.].; Bourke, M.].; Neuhaus, H.; Roy, A.; Gonzélez-Huix Lladé, F.;
Kortan, P.P; et al. Long-term outcomes after temporary placement of a self-expanding fully covered metal stent for benign biliary
strictures secondary to chronic pancreatitis. Gastrointest. Endosc. 2020, 91, 361-369.e3. [CrossRef]

Krafft, M.R.; Nasr, ].Y. Anterograde endoscopic ultrasound-guided pancreatic duct drainage: A technical review. Dig. Dis. Sci.
2019, 64, 1770-1781. [CrossRef]

Wiersema, M.].; Wiersema, L.M. Endosonography-guided celiac plexus neurolysis. Gastrointest. Endosc. 1996, 44, 656-662.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1097/MEG.0b013e32835871eb
https://www.ncbi.nlm.nih.gov/pubmed/23114741
https://doi.org/10.1055/s-0030-1256127
https://doi.org/10.5946/ce.2019.131
https://doi.org/10.1016/j.vgie.2023.03.005
https://doi.org/10.1053/j.gastro.2011.07.049
https://doi.org/10.1001/jama.2019.20967
https://doi.org/10.1136/gut.2006.096883
https://www.ncbi.nlm.nih.gov/pubmed/17047101
https://pmc.ncbi.nlm.nih.gov/articles/PMC1856858
https://doi.org/10.1055/a-1171-1322
https://www.ncbi.nlm.nih.gov/pubmed/32743061
https://pmc.ncbi.nlm.nih.gov/articles/PMC7373664
https://doi.org/10.1097/MPA.0b013e3182965d81
https://www.ncbi.nlm.nih.gov/pubmed/24518507
https://doi.org/10.1055/a-1236-3187
https://doi.org/10.3748/wjg.v26.i34.5207
https://doi.org/10.1055/a-0858-2169
https://doi.org/10.1016/j.pan.2013.12.005
https://doi.org/10.1111/den.13041
https://doi.org/10.1016/j.gie.2017.02.031
https://doi.org/10.1016/j.gie.2019.08.037
https://doi.org/10.1007/s10620-019-05495-9
https://doi.org/10.1016/S0016-5107(96)70047-0
https://www.ncbi.nlm.nih.gov/pubmed/8979053

	Introduction 
	Methods 
	Discussion 
	Gallstone Disease 
	Acute Cholecystitis 
	Transpapillary Gallbladder Drainage (ETP-GBD) 
	Endoscopic Ultrasound-Guided Gallbladder Drainage (EUS-GBD) 
	Choledocholithiasis 
	Endoscopic Retrograde Cholangiopancreatography (ERCP) 
	Altered Anatomy 
	Post-Operative Complications 
	Bile Leak and Strictures 
	Post-Liver Transplant (LT) Biliary Strictures 
	Benign Pancreatic Disorders 
	Recurrent Acute Pancreatitis 
	Pancreatic Fluid Collection and Duct Leak 
	Chronic Pancreatitis 
	Endoscopic Management of PD Calculi and Strictures 
	Role of EUS in the Management of CP 

	Conclusions 
	References

