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Abstract

Malignant biliary obstruction (MBO) represents a critical clinical challenge characterized
by bile duct compromise leading to severe complications, including intractable jaundice,
recurrent cholangitis, biliary cirrhosis, and hepatic failure. Classification into distal MBO
(DMBO) and hilar MBO (HMBO) guides therapeutic decision-making, with the former
predominantly caused by pancreatic head adenocarcinoma and extrahepatic cholangio-
carcinoma, while perihilar cholangiocarcinoma represents the principal etiology of the
latter. The high morbidity and mortality associated with MBO necessitate prompt, ex-
pert intervention. While endoscopic retrograde cholangiopancreatography (ERCP) with
transpapillary biliary drainage (TBD) has traditionally served as the cornerstone of man-
agement for unresectable tumors, endoscopic ultrasound (EUS)-guided biliary drainage
has emerged as a compelling alternative, particularly when conventional ERCP proves
technically unsuccessful or anatomically unfeasible. This review comprehensively ex-
amines current endoscopic strategies for MBO, emphasizing the complementary roles of
ERCP and EUS-based techniques. Optimal outcomes require intervention by experienced
endoscopists at high-volume tertiary centers, with individualized treatment selection based
on anatomical considerations, tumor characteristics, patient factors, and local expertise.

Keywords: endoscopy; malignant biliary obstruction; endoscopic ultrasound; endoscopic
retrograde cholangiopancreatography; transpapillary biliary drainage

1. Introduction

Malignant biliary obstruction (MBO) constitutes a biliary pathology associated with
substantial morbidity and mortality [1,2]. The condition arises from bile duct blockage that
compromises normal bile flow, precipitating severe complications such as intractable jaun-
dice, cholangitis, biliary cirrhosis, and ultimately hepatic failure [3-5]. MBO is anatomically
classified as either distal (DMBO) or hilar (HMBO) based on the obstruction site, though
some patients present with multifocal involvement [6].

The majority of DMBO cases result from adenocarcinoma of the pancreatic head and
extrahepatic cholangiocarcinoma, with less common etiologies including gallbladder cancer,
ampullary neoplasms, lymphoma, and metastatic disease [7-9]. Perihilar cholangiocarci-
noma (Klatskin tumor), classified using the Bismuth—Corlette system, represents the pre-
dominant cause of HMBO. This classification system proves crucial for both interventional
planning and resectability assessment. Additional HMBO etiologies include gallbladder
carcinoma, hepatocellular carcinoma, lymphoma, and metastatic malignancies [10].

Diagnostics 2026, 16, 721

https:/ /doi.org/10.3390/diagnostics16050721


https://crossmark.crossref.org/dialog?doi=10.3390/diagnostics16050721&domain=pdf&date_stamp=2026-03-03
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/diagnostics
https://www.mdpi.com
https://orcid.org/0000-0001-8608-7386
https://doi.org/10.3390/diagnostics16050721

Diagnostics 2026, 16, 721

20f 18

A major clinical challenge lies in the late diagnosis of MBO, particularly for HMBO
patients classified as Bismuth—Corlette stage III-IV, who typically present at an inoperable
stage. Inoperable disease median survival ranges from 7 to 16 months [10,11], shifting
therapeutic goals toward palliation with emphasis on biliary decompression, infection
prevention, and optimization for systemic therapy.

Traditionally, transpapillary endoscopic biliary drainage (TBD) via ERCP has served
as the gold standard approach regardless of palliative status, offering the advantage of
achieving both decompression and tissue diagnosis in a single intervention [12,13]. It
is important to note that most EUS-guided biliary drainage procedures are performed
following failed ERCP attempts, and ERCP expertise remains more universally available
compared to interventional EUS expertise. Therefore, interventional EUS in MBO is an
adjunct to conventional ERCP rather than a replacement, only when ERCP is unsuccessful
or anatomically infeasible. Ongoing innovation continues to refine endoscopic strategies
and broaden their role in comprehensive MBO management.

This review provides a comprehensive overview of current therapeutic strategies for
malignant biliary obstruction and critically assesses novel interventions that may expand
future clinical options.

2. Transpapillary Biliary Drainage
2.1. TBD in Unresectable Distal Malignant Biliary Obstruction

Transpapillary biliary drainage with placement of a self-expanding metal stent (SEMS)
during ERCP is currently considered the gold-standard approach for decompression of
DMBO, achieving technical success rates of 87.5-95% [14]. Anatomical and technical
difficulties related to tumor characteristics constitute the most common causes of proce-
dural failure [6,15,16]. TBD demonstrates superiority over surgical bypass owing to lower
morbidity and mortality rates, despite higher recurrent biliary obstruction rates [17].

Compared to percutaneous transhepatic biliary drainage (PTBD), TBD offers sev-
eral advantages, including fewer complications, reduced need for subsequent procedures,
shorter hospitalization, and lower costs. Additionally, patients undergoing PTBD experi-
ence diminished quality of life and face risks of catheter dislodgement [12,14,18-20].

Stent selection remains a critical consideration in DMBO management. Following
the introduction of plastic stenting in the 1980s and subsequent emergence of SEMS in
the 1990s [21,22], multiple comparative studies have demonstrated SEMS superiority in
terms of patency duration, resulting in fewer recurrent obstruction episodes and reduced
need for reinterventions [23-25]. Despite higher initial costs, an SEMS achieves cost
equivalence with plastic stents at one year due to prolonged functional duration [26].
This cost-effectiveness was corroborated by Bor et al., who reported similar cumulative
treatment costs between groups, with plastic stents actually incurring higher costs in
patients surviving 2—4 months (2888€ vs. 2258€) [27]. However, the SEMS demonstrates
a higher incidence of post-ERCP pancreatitis, occurring approximately five times more
frequently than with plastic stents [28-31].

These advantages have led guidelines to recommend SEMS over plastic stents in
DMBO. The choice between uncovered SEMS (U-SEMS) and covered SEMS (C-SEMS),
which includes partially covered (PC-SEMS) and fully covered (FC-SEMS) variants, presents
a more nuanced decision. Each type carries distinct risks: U-SEMS face increased neoplastic
ingrowth through metal meshes, while C-SEMS demonstrate higher rates of stent migration,
tumor overgrowth, and sludge formation [32-34].

Numerous studies comparing C-SEMS with U-SEMS for DMBO have reported no clear
superiority regarding patency, safety, or patient survival [35-38]. However, a retrospective
cohort study published in September 2025 found FC-SEMS significantly prolonged stent
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patency (445 vs. 348 days, p = 0.02) without major differences in postoperative complica-
tions [39]. A 2018 meta-analysis of 11 randomized controlled trials comparing FC-SEMS,
PC-SEMS, and U-SEMS found a non-significant 32% reduction in both stent failure and
mortality in the C-SEMS group, with no differences in adverse event rates [32]. More
recent studies have shown a significantly longer time to recurrent biliary obstruction with
C-SEMS [40], whereas Vanella et al. reported a shorter time to recurrent biliary obstruction
with FC-SEMS compared with PC-SEMS [33].

A comprehensive systematic review and meta-analysis published in June 2025, com-
prising 21 studies and 5753 patients, revealed that C-SEMS demonstrated significantly
higher post-ERCP acute cholecystitis rates, substantially lower tumor ingrowth rates, and
markedly higher stent migration rates compared to alternatives. Notably, this study per-
formed the first sub-analysis based on gallbladder presence, with findings significant for
both groups [41]. Table 1 provides a comprehensive comparison of different stent types.

Table 1. Comparison of Stent Types for Malignant Distal Biliary Obstruction.

Stent Type Advantages Disadvantages Clinical Recommendations
Plastic Stents ° Eower cost | ° IS:horter pat§ncy ) Limited role; consider for
[22-26] . asy remova o . r.equent remt.erventlons temporary drainage or very
e  Lower pancreatitis risk e  Higher occlusion rates short life expectancy
. Tumor ingrowth
o  Longer patency vs. plastic s
Uncovered SEMS e Lower migration risk ° leﬁf:ult removal Suitable for unresectable DMBO;
[32-38] e Good tissue integration e Notideal for preferred for hilar obstruction
resectable disease
Prevents tumor ingrowth . Higher migration risk FC-SEMS preferred for
Covered SEMS (FC/PC) Easy removal (FC-SEMS) e Tumor overgrowth resectable/borderline resectable
[32-38] Longer patency in . Higher cholecystitis risk  disease; consider for
some studies . Sludge formation unresectable DMBO

2.2. TBD in Resectable Distal Malignant Biliary Obstruction

The American College of Gastroenterology (ACG) 2023 guidelines recommend against
preoperative TBD in most resectable DMBO cases. Notable exceptions include acute
cholangitis, severe pruritus, markedly elevated serum bilirubin, and patients undergoing
neoadjuvant therapy or experiencing anticipated surgical delays [12,14]. A meta-analysis
of 25 studies (3 RCTs and 22 retrospective studies) demonstrated that preoperative biliary
drainage was associated with significantly higher overall complications and a nearly 2-fold
increase in wound infections, without meaningful differences in mortality, pancreatic fistula,
or intra-abdominal abscess formation. Notably, this analysis did not stratify outcomes by
stent type [42].

A landmark multicenter RCT in NEJM by van der Gaag et al. (2010) demonstrated that
routine preoperative biliary drainage in patients with resectable pancreatic head cancer
nearly doubled the rate of serious complications compared to surgery alone (74% vs. 39%),
despite successful drainage in 94% of patients [43]. This trial established the evidence base
for current guidelines recommending against routine preoperative drainage in resectable
disease, reserving it for specific indications such as acute cholangitis, severe pruritus, or
patients requiring neoadjuvant therapy [43].

For borderline resectable tumors, ACG guidelines specifically recommend SEMS due
to significantly longer patency and reduced cholangitis events, minimizing interruptions
to neoadjuvant or palliative chemotherapy. Lower reintervention rates and reduced stent-
related hospitalizations contribute to improved general and disease-specific quality of life
compared with plastic stents [12,23,25,44]. For surgical DMBO candidates, FC-SEMS is
recommended over U-SEMS due to ease of removal prior to surgery. However, if U-SEMS
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placement occurs in potential pancreaticoduodenectomy candidates, the proximal end
should be positioned at least 1.5 cm below the biliary confluence to ensure adequate healthy
duct length for biliary-enteric anastomosis [45-47].

2.3. TBD in Unresectable Hilar Malignant Biliary Obstruction

Patients with HMBO typically present at an unresectable stage, precluding surgical
intervention in most cases. Specific surgical contraindications include severe medical
comorbidities, distant metastases, major vascular structure involvement not amenable
to reconstruction, bilateral segmental ductal involvement, unilateral segmental ductal
extension with contralateral vascular involvement, and inadequate future remnant liver
volume. Instead, palliative endoscopic TBD via ERCP and PTBD represent the most
commonly employed approaches [48,49].

The Bismuth—Corlette classification guides HMBO management. Type 1 and 2 obstruc-
tions are typically managed similarly to DMBO, utilizing endoscopic TBD [14]. However,
management of type 3 and 4 disease remains less clearly defined. Asian-Pacific consensus
and European Society of Gastrointestinal Endoscopy (ESGE) guidelines recommend PTBD
or combined PTBD-ERCP rather than endoscopic drainage alone for high-level stenosis
(Bismuth type III or IV), considering technical difficulties and complication risks [14,50].
ACG guidelines adopt a more individualized approach, suggesting that selection should be
based on disease characteristics, patient factors (comorbidities, life expectancy, anesthesia
tolerance), local expertise availability, and patient preferences [12].

Optimal drainage approach selection for HMBO requires careful consideration of
multiple factors, including technical feasibility, patient suitability, technique durability, and
complication rates [51]. Paik et al. demonstrated superior technical success for percuta-
neous SEMS compared with endoscopic SEMS (92.7% vs. 77.3%, p < 0.05) for high-grade
hilar cholangiocarcinoma, with similar complications, stent patency, and survival [52,53].

However, PTBD complications, including external catheter-related pain and discom-
fort, technical difficulties with ascites, liver metastases, or coagulopathy, non-dilated biliary
systems, and risks of tube dislodgement or peri-catheter leak have led to increasing pref-
erence for endoscopic palliation. Additionally, endoscopic TBD utilizes physiological
drainage pathways, offering greater convenience compared with PTBD.

For advanced HMBO, debate continues, with Asia-Pacific and ESGE guidelines fa-
voring PTBD, while ASGE guidelines suggest individualized decisions based on patient
preference, local expertise, and disease characteristics [14,49,53]. Importantly, these ap-
proaches should be viewed as complementary rather than competing modalities.

Drainage of at least 50% of liver volume represents a crucial target, as this threshold
significantly predicts drainage effectiveness, correlating with lower cholangitis risk and
longer patient survival in HMBO [54]. Achieving this typically requires bilateral stenting,
though debate persists regarding unilateral versus bilateral approaches. While unilateral
drainage offers technical simplicity and lower adverse event rates, guidelines recommend
multiple stent placement to achieve >50% liver volume drainage in advanced HMBO due
to incomplete drainage concerns [55-58].

Multiple stent placement presents greater technical challenges and may increase ad-
verse outcomes such as acute cholangitis. Risk mitigation strategies include pre-procedural
3D-CT/MRCP for detailed image analysis and performance by experienced endoscopists
at high-volume tertiary centers. A 2019 systematic review and meta-analysis of 9 studies
with 782 patients comparing unilateral versus bilateral stenting for inoperable high-grade
biliary strictures reported approximately 40% lower reintervention rates for bilateral stent-
ing, without differences in technical success, early complications, late complications, or
stent malfunction [57].
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Regarding stent type for hilar obstruction, guidelines favor U-SEMS due to superior
long-term drainage, reduced reintervention requirements, and preservation of cystic and
intrahepatic duct outflow. Plastic stents retain utility when initial decompression is re-
quired before definitive drainage planning [12]. A February 2025 systematic review and
meta-analysis of seven studies reported excellent technical and clinical success rates for
C-SEMS (>90% for both). Overall adverse events occurred in approximately one-sixth of
cases, predominantly cholangitis, pancreatitis, liver abscess, and cholecystitis. While stent
migration was relatively uncommon, recurrent biliary obstruction developed in nearly half
of patients at a median of 142 days, though reintervention was highly successful in over
90% of cases [58].

When performing bilateral stenting, the choice between side-by-side (SBS) and stent-
in-stent (SIS) techniques requires consideration. A 2022 meta-analysis found that while SIS
demonstrated more favorable technical success and early complication rates, SBS achieved
longer stent patency [59]. However, a more recent 2025 retrospective analysis of 62 HMBO
patients reported shorter stent patency in the SBS group compared with SIS (147 days vs.
252 days to recurrent biliary obstruction) [60].

2.4. TBD in Resectable Hilar Malignant Biliary Obstruction

Preoperative TBD is generally not recommended for resectable HMBO, with notable
exceptions including low future liver remnant (FLR) volume (<30%), cholangitis, intractable
pruritus, hyperbilirubinemia-induced malnutrition, hepatic or renal insufficiency, prior
to neoadjuvant therapy, and anticipated surgical delays [48]. In cases of inadequate FLR,
portal vein embolization and preoperative TBD are required to achieve remnant liver
hypertrophy and decrease hepatic insufficiency risk, respectively [61]. A 2017 meta-analysis
of retrospective studies found preoperative TBD associated with higher post-surgical
infectious complications without survival benefit (40% vs. 17%), potentially due to biliary
microbiome shifts promoting resistant bacteria [62].

No consensus exists regarding the optimal drainage technique for patients requiring
preoperative drainage. Two meta-analyses comparing endoscopic TBD and PTBD reported
lower cholangitis risk with PTBD, particularly in Bismuth III/IV disease. However, a ran-
domized controlled trial comparing these approaches was prematurely terminated due to
higher mortality in the PTBD group (41% vs. 11%, p = 0.03) [62-64]. Although some studies
favor nasobiliary drainage over endoscopic stenting and PTBD, its use is limited by pro-
longed hospitalization, the risk of inadvertent self-removal, and patient discomfort [65,66].

Bilirubin > 3 mg/dL following preoperative biliary drainage serves as a nega-
tive survival indicator. Furthermore, delaying surgery beyond 2 weeks after drainage
has been associated with bacterial translocation and tumor dissemination. Therefore,
surgery should proceed promptly after achieving target bilirubin levels, with prophylactic
antibiotics administered [67].

2.5. Endoscopic Ultrasound-Guided Biliary Drainage

Although ERCP has served as the mainstay for therapeutic MBO management, en-
doscopic ultrasound-guided biliary drainage (EUS-BD) has gained substantial popularity
over the past two decades due to its ability to bypass tumor invasion and avoid pancreatic
duct instrumentation.

A meta-analysis of six randomized controlled trials involving 570 patients compared
EUS-BD with ERCP, demonstrating comparable outcomes between the two approaches. No
significant differences were observed in stent patency duration, procedural efficiency, pa-
tient survival, technical or clinical success rates, or safety profile, including overall adverse
events and cholangitis. However, EUS-BD demonstrated significant clinical advantages,
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including approximately one day shorter hospital stays and substantially lower risks of
reintervention (nearly 40% reduction), post-procedural pancreatitis (85% reduction), and
tumor ingrowth/overgrowth (72% reduction) [68,69].

A more recent 2025 systematic review and meta-analysis comparing EUS-BD to ERCP
(339 vs. 331 patients) across eight studies confirmed these findings, demonstrating that EUS-
BD significantly reduced stent dysfunction risk by more than half, decreased post-procedure
pancreatitis by approximately 75%, and reduced tumor ingrowth or overgrowth by 73%.
Additionally, EUS-BD showed substantially lower adverse event risk compared with PTBD
(63% reduction) and reduced hospital stay by approximately one day compared with both
ERCP and PTBD [70]. Table 2 provides a comprehensive comparison of EUS-BD techniques.

Table 2. Comparison of EUS-Guided Biliary Drainage Techniques.

Technique Primary Indication = Technical Success Clinical Success Major Complications
Failed ERCP in e  Cholangitis (4%)
EUS-CDS DMBO; preferred o o e Bleeding (4%)
[71-83] EUS-BD approach 93.5-96% 88-96% e  Bile leak (4%)
for distal obstruction e  Stent dysfunction (2.7-55%)

. . e  Higher adverse events vs.
Failed ERCP in . . EUS-CDS (OR 2.01)
EUS-HGS HMBO; gastric outlet Similar to Similar to Infection (18.3%)
[84-88] obstruction; altered EUS-CDS EUS-CDS Abdominal o 12.1%
anatomy ominal pain (12.1%)
Bleeding (6.1%)
Failed ERCP (second o
EUS-RV attempt); benign 72-96% . *  10-34% adverse events
- . . 84-86% e  Worse outcomes in
[89] biliary disease with (expert hands) malienant disease
normal anatomy &
EUS-AG Failed ER.CP with o 14% adverse events
preservation of 92% Not reported oy .
[14,90] Pancreatitis (predominant)
normal anatomy
Failed ERCP in . e 10-13% adverse events
EUS-GBD DMBO; alternative to 9% dysfunction rate
EUS-CDS with 99.2-100% 85-89% 1
[91-94] tentially 1 Lower late morbidity vs.
potentia 1y -ower EUS-CDS (7.3% vs. 21.6%)
late morbidity

Abbreviations: EUS-CDS, endoscopic ultrasound-guided choledochoduodenostomy; EUS-HGS, endoscopic
ultrasound-guided hepaticogastrostomy; EUS-RV, endoscopic ultrasound-guided rendezvous; EUS-AG, en-
doscopic ultrasound-guided antegrade; EUS-GBD, endoscopic ultrasound-guided gallbladder drainage;
DMBO, distal malignant biliary obstruction; HMBO, hilar malignant biliary obstruction; ERCP, endoscopic
retrograde cholangiopancreatography.

2.6. Endoscopic Ultrasound-Guided Choledochoduodenostomy

EUS-guided choledochoduodenostomy (EUS-CDS) establishes a direct tract between
the duodenum and the common bile duct, thereby bypassing tumor-related biliary obstruc-
tion. While the procedure has existed for years, it has been substantially simplified by
lumen-apposing metal stents (LAMS) compared with plastic stents or SEMS. SEMS were
initially preferred over plastic stents due to higher peritonitis and occlusion risks with
plastic stents, resulting in cholangitis and repeat interventions. Furthermore, SEMS offered
increased drainage diameter and stent patency [71,72]. Following LAMS introduction,
multiple meta-analyses have compared these stent types. A 2021 meta-analysis including
31 studies and 820 patients who underwent EUS-CDS with either SEMS or LAMS demon-
strated comparable technical and clinical success rates and adverse event profiles, although
LAMS deployment was associated with shorter procedure times [72]. In contrast, a more
recent December 2024 meta-analysis including 6 RCTs and 583 patients concluded that
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EUS-CDS with LAMS demonstrated significantly higher technical success compared with
both EUS-CDS with SEMS (approximately 20% improvement) and ERCP (approximately
17% improvement) [73].

Multiple meta-analyses assessing EUS-CDS have reported high technical success rates
(93.5-96%) and clinical success rates (88-96%), with overall complication rates ranging from
5.2% to 20% [72,74-78]. The most common adverse events are cholangitis and cholecystitis,
while less frequent complications include, but are not limited to, peritonitis, bleeding, bil-
ioperitoneum, pneumoperitoneum, abdominal pain, stent migration, and double mucosal
puncture [79]. A meta-analysis reported that EUS-CDS was associated with a 14% overall
complication rate, including cholangitis, bleeding, bile leak, and perforation [80]. Despite
high success rates, understanding factors determining success is crucial. A 2025 retro-
spective analysis of 296 patients across 23 centers identified multivariate risk factors for
technical failure, including CBD diameter < 15 mm, duodenal stenosis, wired technique,
and low operator experience (<10 LAMS procedures) [81]. Another multivariate analysis
of two RCTs with 152 patients similarly found extrahepatic bile duct diameter < 15 mm
associated with higher stent misdeployment and technical failure risk [82].

Stent misdeployment represents an important complication requiring prompt man-
agement. Beunon et al. reported successful endoscopic rescue in 53% of patients using
guidewire-assisted FC-SEMS placement and in 22% through placement of a new LAMS.
Additional salvage strategies included ERCP, EUS-guided hepaticogastrostomy, and gall-
bladder drainage. Overall, endoscopic rescue was successful in 77% of cases and was
associated with fewer severe complications, although 12% of technical failures were still
accompanied by 30-day mortality [81].

EUS-CDS dysfunction, a long-term complication characterized by bilirubin rise or
cholangitis onset, leads to impaired biliary drainage requiring reintervention, with reported
rates ranging from 2.7 to 55% [71]. Vanella et al. identified duodenal invasion as an
independent predictor of LAMS dysfunction and proposed a five-type classification system
for stent dysfunction: stone impaction (33.3%), food impaction (18.5%), LAMS invasion
or compression on the duodenal side (11.1%), and other types [83]. Key management
strategies include coaxial double-pigtail stent insertion through the LAMS, balloon-assisted
stent lumen clearance, and downstream gastrointestinal obstruction treatment without
direct LAMS manipulation. Endoscopic reintervention effectively restores patency in most
cases, with percutaneous or surgical drainage reserved for refractory situations. New EUS-
CDS or PTBD placement may be feasible when needed. Additionally, the existing LAMS
may serve as an access route for guidewire advancement for antegrade SEMS deployment
or facilitating a rendezvous approach [71].

Given the high morbidity and mortality associated with stent dysfunction, preven-
tion strategies merit consideration. The two most reported approaches include routine
placement of either a coaxial double-pigtail stent or a covered SEMS within the LAMS.
The double-pigtail stent functions as a spacer, preventing opposite bile duct wall collapse
against the LAMS and subsequent lumen obstruction. A covered SEMS provides similar
protection while directing biliary flow toward the duodenal anastomosis side, encouraging
drainage alongside the LAMS rather than through its lumen, thereby minimizing clogging
and reflux [71].

2.7. Endoscopic Ultrasound-Guided Hepaticogastrostomy

EUS-guided hepaticogastrostomy (EUS-HGS) was first described by Giovannini et al.
in 2003 and represents a palliative biliary drainage technique for unresectable hilar obstruc-
tion in which EUS guidance is used to create a fistulous tract between the dilated left hep-
atic duct and the stomach [84,85]. EUS-HGS provides an important alternative for biliary
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drainage in malignant biliary obstruction when ERCP is unsuccessful or not feasible. Con-
traindications include significant ascites, hepatic masses precluding safe biliary access, and
intervening vascular structures, particularly in the setting of portal hypertension [85,86].

Current ESGE guidelines recommend EUS-CDS over EUS-HGS for DMBO manage-
ment due to lower adverse event rates [14,80]. EUS-guided hepaticogastrostomy (EUS-HGS)
may be preferred when duodenal access is not feasible, including scenarios of gastric outlet
obstruction or surgically altered anatomy, in which an intrahepatic EUS-HGS approach
serves as the optimal alternative [85].

A 2024 meta-analysis including nine non-randomized studies and two randomized
controlled trials, encompassing 537 patients undergoing either EUS-HGS or EUS-CDS,
assessed technical and clinical success, adverse events, and procedure duration. Technical
and clinical success rates were comparable between the two techniques, while adverse
events were significantly higher in the EUS-HGS group. Mean procedure times did not
differ significantly between approaches [87].

A study examining EUS-HGS long-term effects found a median overall survival
of 144 days post-procedure. Adverse events occurred during follow-up in 65 patients
(33%). Multivariate analysis revealed PC-SEMS use was associated with significantly
lower recurrent biliary obstruction risk, with approximately 50% reduction in hazard.
Additionally, patients with distal stenoses demonstrated better stent patency. Recurrent
biliary obstruction developed in 38 cases (19.1%), with tumor ingrowth causing 36.8% of
these. Other major adverse effects included abdominal pain (12.1%), infection (18.3%),
peritonitis (5.6%), bleeding (6.1%), cholangitis (4.5%), biloma (3.2%), and cholecystitis
(1.1%) [88]. This study notably represented the largest cohort examining EUS-HGS's longer-
term impact rather than early adverse event rates such as stent migration or bile leakage.

2.8. EUS-Guided Rendezvous

EUS-guided rendezvous (EUS-RV), also termed EUS-assisted bile duct access, repre-
sents a technically demanding rescue technique performed after failed ERCP. It provides an
alternative approach, allowing transpapillary stenting via ERCP over a guidewire placed
through prior EUS-guided intrahepatic or extrahepatic biliary access. Technical success
rates range between 72 and 96%, with a mean of 84-86% in expert hands. However, adverse
events occur in 10-34% of cases. Current ESGE guidance restricts its indication mainly
to benign biliary disease with normal anatomy after a second failed ERCP. A recent retro-
spective observational study found EUS-RV for malignant disease associated with worse
outcomes and higher adverse effects compared with benign pathology [89].

2.9. EUS-Guided Antegrade Drainage

EUS-guided antegrade drainage (EUS-AG) involves biliary access with guidewire
advancement through the stricture into the small bowel lumen, followed by antegrade
metal stent deployment through the papilla or anastomosis in altered anatomy. Though
technically difficult with high failure rates, this technique preserves normal anatomy. A
recent systematic review analyzing nine studies with a total of 210 patients found that
the procedure achieved technical success in 92% of cases, with complications occurring in
14% of patients, the most common being post-procedural pancreatitis [14,90].

2.10. EUS-Guided Gallbladder Drainage

EUS-guided gallbladder drainage (EUS-GBD), long utilized for cholecystitis treatment,
has recently gained popularity for biliary drainage when ERCP is contraindicated. Three
recent meta-analyses evaluating EUS-GBD’s role in DMBO reported clinical success rates
of 85-89%, adverse events in 10-13%, technical success of 99.2-100%, and dysfunction
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rates of 9% [91-93]. Most included studies were retrospective from expert tertiary centers,
potentially skewing results favorably toward EUS-GBD.

The multicenter GALLBLADEUS study compared EUS-guided choledochoduodenos-
tomy with EUS-guided gallbladder drainage in 37 and 41 patients, respectively. Clinical
and technical success were similar between the groups, but late complications beyond 24 h
were more frequent with EUS-CDS, occurring in 21.6 percent of patients versus 7.3 percent
with EUS-GBD [94].

3. Emerging Developments and Future Directions
3.1. EUS-Guided Gastroenterostomy Versus Surgical Gastrojejunostomy

The current gold standard treatment for gastric outlet obstruction (GOO) involves
either surgical gastroenterostomy or endoscopic stenting (ES). Surgery carries invasiveness
with high adverse event rates, while ES demonstrates high reintervention rates and stent pa-
tency limitations. EUS-guided gastroenterostomy (EUS-GE) has emerged as an alternative,
potentially providing longer stent patency without surgical invasiveness [95,96].

A systematic review and meta-analysis of 5 studies (507 patients), including 1 RCT
and 4 matched-control studies, reported that EUS-GE demonstrated nearly 3-fold higher
odds of clinical success compared to ES. The study concluded EUS-GE represents a rea-
sonable option for malignant GOO treatment with high success rates, particularly at
tertiary centers [95].

The ENDURO trial, a multicenter RCT published in The Lancet in December 2025,
compared endoscopic versus surgical gastroenterostomy for malignant GOO palliation
in 98 patients (48 endoscopic, 50 surgical). The endoscopic group demonstrated a shorter
time to solid oral intake (median 1 vs. 3 days). Both groups had comparable persistent
or recurrent obstructive symptoms requiring reintervention (5 vs. 6 patients). Overall
adverse events occurred in 28 (58%) endoscopic patients versus 32 (64%) surgical patients
(RR 0.91, 95% CI 0.66-1.25). Three fatal events occurred in the surgical group compared
with one in the endoscopic group [96]. These promising results in both clinical outcomes
and cost-effectiveness warrant additional randomized studies.

3.2. Artificial Intelligence in Predicting Stent Failure and Complications

Artificial intelligence (AI) use in gastroenterology has expanded rapidly in recent
years. For MBO, emerging studies have explored the Al-based model’s ability to predict
outcomes such as stent failure and complications, including cholangitis. Earlier and more
accurate high-risk scenario identification may support future targeted preventive strategies.

A retrospective study of 218 patients investigated how machine learning could inform
cholangitis risk factors post-ERCP stent implantation. Twenty-seven clinical variables
served as input for seven models subsequently trained and tested for classification predic-
tion. The Reinforcement Fine-Tuning (RFT) model achieved high success with reported
accuracies up to 0.86 and area under the receiver operator characteristic curve (AUROC)
up to 0.87 [97].

A comparative analysis of 285 patients published in 2025 compared logistic regression
and artificial neural network (ANN) models in predicting early mortality following stent
placement in MBO. The logistic regression model using CA19-9 and prior ERCP as key
predictors achieved moderate discriminative performance (AUC 0.727, accuracy 65%). In
contrast, the ANN model incorporating five clinical variables demonstrated superior overall
performance (AUC 0.813, accuracy 88.2%), with notably higher specificity (95.5% vs. 83.3%),
but marginally lower sensitivity (61.1% vs. 61.2%) [98].

A retrospective multicenter study examining Al’s ability to predict post-ERCP cholan-
gitis (PEC) in MBO patients selected radiofrequency ablation, white blood cell count,
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jaundice severity, and serum amylase as independent PEC risk factors. These were then
input into six machine learning models and tested on 395 patients. Among the six models,
XGBoost performed best on external patients with an AUC of 0.7270 [99].

These studies show promise that AI may eventually help predict complications
in high-risk patients, allowing early individualized treatment planning and hopefully
preventing these complications. Further development and testing with larger cohorts
remains necessary.

4. Conclusions

Malignant biliary obstruction requires timely expert intervention to prevent severe
morbidity and mortality [1-5]. The therapeutic landscape has evolved significantly, with
ERCP and EUS-guided approaches now serving as complementary modalities in the
management algorithm presented in Figure 1. While ERCP with SEMS placement remains
the gold standard for most cases [12—-14], the evidence now supports EUS-guided biliary
drainage as a valuable alternative offering reduced reintervention rates, lower pancreatitis
risk, and shorter hospitalizations [67-69].

The optimal therapeutic approach varies by anatomical location and clinical con-
text. For distal MBO, FC-SEMS demonstrates superior patency compared to U-SEMS
(445 vs. 348 days) [39], though migration risk remains a consideration [32-34,40,41]. In
hilar MBO, achieving > 50% liver volume drainage through bilateral stenting when feasible
is crucial for optimal outcomes [53], though technical complexity must be balanced against
complication risk [56-59]. EUS-guided techniques offer distinct advantages in specific
scenarios: EUS-CDS achieves 93.5-96% technical success for DMBO with lower tumor
ingrowth [71-77], EUS-GBD demonstrates lower late morbidity (7.3% vs. 21.6%) [93], and
EUS-HGS serves specific roles in HMBO and altered anatomy, though with higher adverse
events [84-87]. For concurrent malignant gastric outlet obstruction, EUS-GE provides faster
recovery, shorter hospitalization, and lower costs versus surgery [95,96].

These therapeutic strategies align with the current international consensus. Recent
European Society of Gastrointestinal Endoscopy (ESGE) guidelines on the diagnostic
work-up of biliary strictures emphasize the multimodal approach incorporating both
ERCP-based and EUS-guided sampling techniques tailored to stricture location and clinical
context [100]. Similarly, the World Endoscopy Organization (WEO) guidelines on ERCP
biliary cannulation and sphincterotomy techniques discuss optimized cannulation, alternate
access techniques for challenging cases, and strategies to prevent complications like post-
ERCP pancreatitis [101]. Together, these guidelines published within the last year reinforce
the diagnostic and therapeutic principles discussed in this review.

Optimal outcomes require high-volume tertiary centers with experienced endo-
scopists [12,14]. Treatment selection must be individualized based on tumor characteristics
(distal vs. hilar, resectable vs. unresectable), anatomical considerations, patient factors,
and local expertise, as outlined in Table 3 [12,47-49]. Future priorities include head-to-
head trials comparing EUS-BD with ERCP as first-line therapy, standardization of EUS-BD
techniques, validation of Al-based predictive models for complication risk [97-99], and
development of novel stent designs to improve patency and reduce dysfunction; key recent
studies informing these priorities are summarized in Table 4.
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Figure 1. Comprehensive Management Algorithm for Malignant Biliary Obstruction. Decision-
making flowchart for endoscopic intervention selection based on anatomical location, resectability
status, and technical feasibility.
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Table 3. Clinical Decision-Making Algorithm for Endoscopic Management of Malignant Biliary Obstruction.

Clinical Scenario

First-Line Approach

Second-Line/Rescue

Key Considerations

Unresectable DMBO
[12,14,23-25,32,33,39-41]

Resectable/Borderline
Resectable DMBO
[12,14,42-47]

Unresectable HMBO
(Bismuth I-1II) [12,14]

Unresectable HMBO
(Bismuth III-1V) [12,14,48-60]

Resectable HMBO [48,61-67]

ERCP with FC-SEMS
or U-SEMS

SEMS (FC-SEMS preferred)

ERCP with SEMS
(U-SEMS preferred)

Bilateral ERCP stenting
(>50% liver volume) or PTBD

Generally avoid drainage; If

EUS-CDS with LAMS

or EUS-GBD

Avoid preoperative drainage
except: cholangitis, high
bilirubin, neoadjuvant
therapy

EUS-HGS or PTBD

EUS-HGS or
Combined approach

Surgery within 2 weeks after

SEMS preferred; C-SEMS for
longer patency

FC-SEMS allows easy
removal; Place > 1.5 cm below
confluence

Similar to

DMBO management
High-volume center;
3D-CT/MRCP;

U-SEMS preferred
Indications: FLR < 30%,
cholangitis, high bilirubin,

needed: ERCP or PTBD target bilirubin .
neoadjuvant therapy
Lower reintervention,
Failed ERCP in DMBO EUS-CDS with LAMS PTBD pancreatitis; CBD > 15 mm
[68-73,80-83] or EUS-GBD better; EUS-GBD lower
late morbidity
. . Higher adverse events; Avoid
F; Slgj_gg]cp in HMBO EUS-HGS PTBD in ascites, portal hypertension;
’ PC-SEMS reduces RBO
. Faster recovery (1 vs. 3 days)
Gastric Outlet I . . . ’
Obstruction + MBO [96] EUS-GE with biliary drainage  Surgical gastrojejunostomy shorter stay (3 vs. 9 days),
lower cost
Abbreviations: DMBO, distal malignant biliary obstruction; HMBO, hilar malignant biliary obstruction; ERCP,
endoscopic retrograde cholangiopancreatography; SEMS, self-expanding metal stent; FC-SEMS, fully covered
SEMS; U-SEMS, uncovered SEMS; C-SEMS, covered SEMS; EUS-CDS, endoscopic ultrasound-guided chole-
dochoduodenostomy; EUS-GBD, endoscopic ultrasound-guided gallbladder drainage; EUS-HGS, endoscopic
ultrasound-guided hepaticogastrostomy; LAMS, lumen-apposing metal stent; PTBD, percutaneous transhepatic
biliary drainage; FLR, future liver remnant; EUS-GE, endoscopic ultrasound-guided gastroenterostomy; RBO,
recurrent biliary obstruction; CBD, common bile duct.
Table 4. A summary of the top five papers over the past two years regarding MBO.
. Number of e .
Authors, Year Title Type of Study Studies/Patients Key Findings
Postprocedural
cholecystitis following CSEMS showed higher
Lopimpisuth et al., covered self—expandab.le Systematic Review and 21 studies post-ERCP acute cholecystitis
2005 [41] metal stent placement in Meta-Analysis 5753 patients rates, lower tumor growth
patients with distal rates, and higher rates of
malignant stent migration
biliary obstruction
Efficacy and safety of High technical and clinical
covered self-expandable success rates of CSEMS
Systematic Review and 7 studies placement in MHBO. Adverse
Chung et al.,, 2025 [58]  metal stents for . ) ..
. . Meta-Analysis 194 patients events: cholangitis,
malignant hilar s .\
1 . cholecystitis, and pancreatitis
biliary obstruction o
were <10%.
. . EUS-BD performed better than
Efficacy of endpscopn: ERCP-BD and PTBD in
ultrasound-guided Systematic Review and 8 studies reducing stent dysfunction
Zafaretal, 2025[70]  biliary drainage of Meta-Analysis 670 patients postprocedural pancreatitis,

malignant
biliary obstruction

and tumor ingrowth
or overgrowth.
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Table 4. Cont.

Number of

Authors, Year Title Type of Study Studies/Patients Key Findings
EUS-CDS with LAMS had the
Primary drainage of highest technical and clinical
Lauri etal, 2024 [73]  distal malignant A comparative network 6 RCTs success rates and was
! biliary obstruction meta-analysis 583 patients significantly superior to ERCP
as the upfront technique for
dMBO treatment.

Endoscopic group
demonstrated shorter time to
Endoscopic versus solid oral intake (1 vs. 3 days).

surgical 98 patients Comparable reintervention
van de Pavert et al., gastroenterostomy for . P . rates (5 vs. 6 patients). Overall
. . Multicenter RCT (48 endoscopic, o .
2025 [96] palliation of malignant 50 surgical) adverse events 58% endoscopic
gastric outlet & vs. 64% surgical (RR 0.91,

obstruction (ENDURO) 95% CI 0.66—1.25). Three fatal
events in surgical group vs.
one in endoscopic group.

Author Contributions: Conceptualization: I.V,, B.I. and Z.K.; methodology: I.V. and Z K.; validation:
M.H. and B.I; data curation: 1.V, B.I. and Z.K,; writing: B.I,, LV. and Z.K.; writing—review and
editing, M.H. and Z.K,; supervision, M.H.; project administration: M.H. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: M.K. Hasan is a consultant for Boston Scientific, Olympus, and Microtech.
The remaining authors declare that the research was conducted in the absence of any commercial or
financial relationships that could be construed as a potential conflict of interest.

References

1.  Okamoto, T. Malignant biliary obstruction due to metastatic non-hepato-pancreato-biliary cancer. World |. Gastroenterol. 2022,
28,985-1008. [CrossRef]

2. Qiu, EM,; Yang, T.; Han, W. Comparison of Biliary Drainage Techniques for MBO: A Meta-Analysis. Pancreas 2025, 54, e796—e805.
[CrossRef] [PubMed]

3. Mikalsen, LM.; Breder, S.; Medhus, A.W.; Folseraas, T.; Aabakken, L.; Anonsen, K.V. ERCP for the initial management of malignant
biliary obstruction—Real world data on 596 procedures. Scand. J. Gastroenterol. 2024, 59, 369-377. [CrossRef] [PubMed]

4. Tsetis, D.; Krokidis, M.; Negru, D.; Prassopoulos, P. Malignant biliary obstruction: The current role of interventional radiology.
Ann. Gastroenterol. 2016, 29, 33-36. [PubMed]

5. Govil, D.; Pachisia, A.V. Ultrasound-guided bedside percutaneous transhepatic biliary drainage in critically ill: A friend indeed.
Indian |. Crit. Care Med. 2023, 27, 4-5. [CrossRef]

6. Binda, C.; Trebbi, M.; Coluccio, C.; Giuffrida, P; Perini, B.; Gibiino, G.; Fabbri, S.; Liverani, E.; Fabbri, C. Endoscopic management
of malignant biliary obstructions. Ann. Gastroenterol. 2024, 37, 291-302. [CrossRef]

7. Canakis, A.; Kahaleh, M. Endoscopic palliation of malignant biliary obstruction. World . Gastrointest. Endosc. 2022, 14, 581-596.
[CrossRef]

8.  Fernandez, Y.; Viesca, M.; Arvanitakis, M. Early diagnosis and management of malignant distal biliary obstruction: A review on
current recommendations and guidelines. Clin. Exp. Gastroenterol. 2019, 12, 415-432. [CrossRef]

9. Fugazza, A.; Fabbri, C.; Di Mitri, R.; Petrone, M.C.; Colombo, M.; Cugia, L.; Amato, A.; Forti, E.; Binda, C.; Maida, M.; et al.

EUS-guided choledochoduodenostomy for malignant distal biliary obstruction after failed ERCP: A retrospective nationwide
analysis. Gastrointest. Endosc. 2022, 95, 896-904.el. [CrossRef]

https:/ /doi.org/10.3390/diagnostics16050721


https://doi.org/10.3748/wjg.v28.i10.985
https://doi.org/10.1097/MPA.0000000000002504
https://www.ncbi.nlm.nih.gov/pubmed/40569708
https://doi.org/10.1080/00365521.2023.2282375
https://www.ncbi.nlm.nih.gov/pubmed/37994406
https://www.ncbi.nlm.nih.gov/pubmed/26752947
https://doi.org/10.5005/jp-journals-10071-24393
https://doi.org/10.20524/aog.2024.0883
https://doi.org/10.4253/wjge.v14.i10.581
https://doi.org/10.2147/CEG.S195714
https://doi.org/10.1016/j.gie.2021.12.032
https://doi.org/10.3390/diagnostics16050721

Diagnostics 2026, 16, 721 14 of 18

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Pietrzak, J.; Przybytkowski, A. Endoscopic Treatment of Malignant Hilar Biliary Obstruction. Cancers 2023, 15, 5819. [CrossRef]
Mosconi, C.; Renzulli, M.; Giampalma, E.; Galuppi, A.; Balacchi, C.; Brandi, G.; Ercolani, G.; Bianchi, G.; Golfieri, R. Unresectable
perihilar cholangiocarcinoma: Multimodal palliative treatment. Anticancer. Res. 2013, 33, 2747-2753. [PubMed]

Elmunzer, B.J.; Maranki, J.L.; Gémez, V.; Tavakkoli, A.; Sauer, B.G.; Limketkai, B.N.; Brennan, E.A.; Attridge, E.M.; Brigham, TJ.;
Wang, A.Y. ACG Clinical Guideline: Diagnosis and management of biliary strictures. Am. J. Gastroenterol. 2023, 118, 405-426.
[CrossRef] [PubMed]

van der Merwe, S.W.; van Wanrooij, R.L.]J.; Bronswijk, M.; Everett, S.; Lakhtakia, S.; Rimbas, M.; Hucl, T.; Kunda, R.; Badaoui, A,;
Law, R.; et al. Therapeutic endoscopic ultrasound: European Society of Gastrointestinal Endoscopy (ESGE) Guideline. Endoscopy
2022, 54, 185-205. [CrossRef] [PubMed]

Dumonceau, ].M.; Tringali, A.; Papanikolaou, 1.S.; Blero, D.; Mangiavillano, B.; Schmidt, A.; Vanbiervliet, G.; Costamagna, G.;
Deviere, J.; Garcia-Cano, J.; et al. Endoscopic biliary stenting: Indications, choice of stents, and results: European Society of
Gastrointestinal Endoscopy (ESGE) Clinical Guideline—Updated October 2017. Endoscopy 2018, 50, 910-930. [CrossRef]
Ekkelenkamp, V.E.; de Man, R.A; ter Borg, F.; Borg, P.; Bruno, M.].; Groenen, M.].M.; Hansen, B.E.; van Tilburg, A.].P.; Rauws,
E.AJ.; Koch, A.D. Prospective evaluation of ERCP performance: Results of a nationwide quality registry. Endoscopy 2015,
47,503-507. [CrossRef]

de Jong, M.].; van Delft, F,; van Geenen, E.J.; Bogte, A.; Verdonk, R.C.; Venneman, N.G.; Vrolijk, ].M.; Straathof, ] W.; Voermans, R.P;
Bijlsma, R.A.; et al. Endoscopic ultrasound-guided choledochoduodenostomy results in fewer complications than percutaneous
drainage following failed ERCP in malignant distal biliary obstruction. Endoscopy 2025, 57, 1004-1015. [CrossRef]

Alves de Lima, S.L.; Bustamante, FE.A.C.; Hourneaux de Moura, E.G.; Bernardo, W.M.; Artifon, E.L.; Chaves, D.M.; Franzini, T.A.;
Furuya Junior, C.K. Endoscopic palliative treatment vs surgical bypass in malignant low bile duct obstruction: A systematic
review and meta-analysis. Int. ]. Hepatobiliary Pancreat. Dis. 2015, 5, 35-45. [CrossRef]

Inamdar, S.; Slattery, E.; Bhalla, R.; Sejpal, D.V.; Trindade, A.]. Comparison of adverse events for endoscopic vs. percutaneous
biliary drainage in the treatment of malignant biliary tract obstruction in an inpatient national cohort. JAMA Oncol. 2016,
2,112-117. [CrossRef]

Deniz, S.; Ocal, O,; Wildgruber, M.; Umiitlii, M.; Puhr-Westerheide, D.; Fabritius, M.; Mansour, N.; Schulz, C.; Koliogiannis,
D.; Guba, M.; et al. Percutaneous transhepatic biliary drainage (PTBD) in patients with biliary leakage: Technical and clinical
outcomes. Medicine 2023, 102, e35213. [CrossRef]

Nennstiel, S.; Weber, A.; Frick, G.; Haller, B.; Meining, A.; Schmid, R.M.; Neu, B. Drainage-related complications in percutaneous
transhepatic biliary drainage: An analysis over 10 years. J. Clin. Gastroenterol. 2015, 49, 764-770. [CrossRef]

Park, C.H.; Park, SW.; Jung, ]. H.; Jung, E.S.; Kim, ].H.; Park, D.H. Comparative Efficacy of Various Stents for Palliation in Patients
with Malignant Extrahepatic Biliary Obstruction: A Systematic Review and Network Meta-Analysis. J. Pers. Med. 2021, 11, 86.
[CrossRef]

Walta, D.C.; Fausel, C.S.; Brant, B. Endoscopic biliary stents and obstructive jaundice. Am. . Surg. 1987, 153, 444-447. [CrossRef]
[PubMed]

Almadi, M.A; Barkun, A.; Martel, M. Plastic vs. self-expandable metal stents for palliation in malignant biliary obstruction: A
series of meta-analyses. Am. J. Gastroenterol. 2017, 112, 260-273. [CrossRef] [PubMed]

Isayama, H.; Hamada, T.; Yasuda, I; Itoi, T.; Ryozawa, S.; Nakai, Y.; Kogure, H.; Koike, K. TOKYO criteria 2014 for transpapillary
biliary stenting. Dig. Endosc. 2015, 27, 259-264. [CrossRef] [PubMed]

Sawas, T.; Al Halabi, S.; Parsi, M.A.; Vargo, ].]J. Self-expandable metal stents versus plastic stents for malignant biliary obstruction:
A meta-analysis. Gastrointest. Endosc. 2015, 82, 256-267. [CrossRef]

Walter, D.; van Boeckel, P.G.; Groenen, M.].; Weusten, B.L.; Witteman, B.J.; Tan, G.; Brink, M.A.; Nicolai, J.; Tan, A.C.; Alderliesten,
J.; et al. Cost efficacy of metal stents for palliation of extrahepatic bile duct obstruction in a randomized controlled trial.
Gastroenterology 2015, 149, 130-138. [CrossRef]

Bor, R.; Fabian, A.; Szfics, M.; Balint, A.; Rutka, M.; T6th, T.; Czako, L.; Farkas, K.; Buzas, N.; Milassin, A.; et al. Comparison of
therapeutic efficacy and treatment costs of self-expandable metal stents and plastic stents for management of malignant biliary
obstruction. BMC Gastroenterol. 2023, 23, 41. [CrossRef]

Tamura, T.; Ashida, R.; Kawaji, Y.; Itonaga, M.; Yamashita, Y.; Kitano, M. Self-expandable metal vs. plastic stents for preoperative
biliary drainage in patients receiving neoadjuvant chemotherapy. Clin. Endosc. 2025, 58, 817-825. [CrossRef]

Endo, Y.; Tanaka, M.; Kitago, M.; Yagi, H.; Abe, Y.; Hasegawa, Y.; Hori, S.; Nakano, Y.; Iwasaki, E.; Kitagawa, Y. Comparison
between plastic and metallic biliary stent placement for preoperative patients with pancreatic head cancer: A systematic review
and meta-analysis. Ann. Surg. Oncol. 2024, 31, 1319-1327. [CrossRef]

Coté, G.A.; Kumar, N.; Ansstas, M.; Edmundowicz, S.A.; Jonnalagadda, S.; Mullady, D.K.; Azar, R.R. Risk of post-ERCP
pancreatitis with placement of self-expandable metallic stents. Gastrointest. Endosc. 2010, 72, 748-754. [CrossRef]

https:/ /doi.org/10.3390/diagnostics16050721


https://doi.org/10.3390/cancers15245819
https://www.ncbi.nlm.nih.gov/pubmed/23749936
https://doi.org/10.14309/ajg.0000000000002190
https://www.ncbi.nlm.nih.gov/pubmed/36863037
https://doi.org/10.1055/a-1717-1391
https://www.ncbi.nlm.nih.gov/pubmed/34937098
https://doi.org/10.1055/a-0659-9864
https://doi.org/10.1055/s-0034-1391231
https://doi.org/10.1055/a-2580-1316
https://doi.org/10.5348/ijhpd-2015-32-CR-7
https://doi.org/10.1001/jamaoncol.2015.3670
https://doi.org/10.1097/MD.0000000000035213
https://doi.org/10.1097/MCG.0000000000000275
https://doi.org/10.3390/jpm11020086
https://doi.org/10.1016/0002-9610(87)90787-2
https://www.ncbi.nlm.nih.gov/pubmed/3578663
https://doi.org/10.1038/ajg.2016.512
https://www.ncbi.nlm.nih.gov/pubmed/27845340
https://doi.org/10.1111/den.12379
https://www.ncbi.nlm.nih.gov/pubmed/25209944
https://doi.org/10.1016/j.gie.2015.03.1980
https://doi.org/10.1053/j.gastro.2015.03.012
https://doi.org/10.1186/s12876-023-02668-9
https://doi.org/10.5946/ce.2025.045
https://doi.org/10.1245/s10434-023-14523-y
https://doi.org/10.1016/j.gie.2010.05.023
https://doi.org/10.3390/diagnostics16050721

Diagnostics 2026, 16, 721 15 of 18

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Tamura, T.; Yamai, T.; Uza, N.; Yamasaki, T.; Masuda, A.; Tomooka, F.; Maruyama, H.; Shigekawa, M.; Ogura, T.; Kuriyama, K,;
et al. Adverse events of self-expandable metal stent placement for malignant distal biliary obstruction: A large multicenter study.
Gastrointest. Endosc. 2024, 99, 61-72. [CrossRef]

Tringali, A.; Hassan, C.; Rota, M.; Rossi, M.; Mutignani, M.; Aabakken, L. Covered vs. uncovered self-expandable metal stents for
malignant distal biliary strictures: A systematic review and meta-analysis. Endoscopy 2018, 50, 631-641. [CrossRef] [PubMed]
Vanella, G.; Coluccio, C.; Cucchetti, A.; Leone, R.; Dell’anna, G.; Giuffrida, P.; Abbatiello, C.; Binda, C.; Fabbri, C.; Arcidiacono,
P.G. Fully covered versus partially covered self-expandable metal stents for palliation of distal malignant biliary obstruction: A
systematic review and meta-analysis. Gastrointest. Endosc. 2024, 99, 314-322.€19. [CrossRef] [PubMed]

Aryanti, C.; Mahayasa, LM.; Mulyawan, .M. A Bayesian network meta-analysis comparing biliary stent types’ outcome and
complications in unresectable malignant biliary obstructions. Asian Pac. ]. Cancer Prev. 2023, 24, 791-801. [CrossRef] [PubMed]
Lee, J.H.; Krishna, S.G.; Singh, A.; Ladha, H.S.; Slack, R.S.; Ramireddy, S.; Raju, G.S.; Davila, M.; Ross, W.A. Comparison of the
utility of covered metal stents versus uncovered metal stents in the management of malignant biliary strictures in 749 patients.
Gastrointest. Endosc. 2013, 78, 312-324. [CrossRef] [PubMed]

Isayama, H.; Komatsu, Y.; Tsujino, T.; Sasahira, N.; Hirano, K.; Toda, N.; Nakai, Y.; Yamamoto, N.; Tada, M.; Yoshida, H.; etal. A
prospective randomised study of “covered” versus “uncovered” diamond stents for the management of distal malignant biliary
obstruction. Gut 2004, 53, 729-734. [CrossRef]

Kitano, M.; Yamashita, Y.; Tanaka, K.; Konishi, H.; Yazumi, S.; Nakai, Y.; Nishiyama, O.; Uehara, H.; Mitoro, A.; Sanuki, T.; et al.
Covered self-expandable metal stents with an anti-migration system improve patency duration without increased complications
compared with uncovered stents for distal biliary obstruction caused by pancreatic carcinoma: A randomized multicenter trial.
Am. ]. Gastroenterol. 2013, 108, 1713-1722. [CrossRef]

Ghazi, R.; AbiMansour, J.P; Mahmoud, T.; Martin, J.A.; Law, RJ.; Levy, M.].; Abu Dayyeh, B.K.; Storm, A.C.; Petersen, B.T;
Chandrasekhara, V. Uncovered versus fully covered self-expandable metal stents for the management of distal malignant biliary
obstruction. Gastrointest. Endosc. 2023, 98, 577-584.e4. [CrossRef]

Zhang, D.; Luo, T,; Gao, F; Sun, Y.; Dai, Z.; Liu, J.; Gu, J.; Yang, Z. Comparison of fully covered versus uncovered self-expandable
metallic stents in treating inoperable malignant distal biliary obstruction: A retrospective study. Ther. Adv. Gastrointest. Endosc.
2025, 18, 26317745251376845. [CrossRef]

Yamashita, Y.; Tachikawa, A.; Shimokawa, T.; Yamazaki, H.; Itonaga, M.; Sakai, Y.; Sugiyama, H.; Nakai, Y.; Tanaka, K.; Isayama,
H.; et al. Covered versus uncovered metal stent for endoscopic drainage of a malignant distal biliary obstruction: Meta-analysis.
Dig. Endosc. 2022, 34, 938-951. [CrossRef]

Lopimpisuth, C.; Vedantam, S.; Danpanichkul, P.; Mahfouz, M.; Orr, J.; Javed, A.; Kumar, S.; Barkin, J.A.; Amin, S.; Bhalla, S.
Postprocedural cholecystitis following covered self-expandable metal stent placement in patients with distal malignant biliary
obstruction: A systematic review and meta-analysis. Gastrointest. Endosc. 2025, 103, 220-232.e7. [CrossRef] [PubMed]
Scheufele, F.; Schorn, S.; Demir, LE.; Sargut, M.; Tieftrunk, E.; Calavrezos, L.; Jager, C.; Friess, H.; Ceyhan, G.O. Preoperative
biliary stenting versus operation first in jaundiced patients due to malignant lesions in the pancreatic head: A meta-analysis of
current literature. Surgery 2017, 161, 939-950. [CrossRef] [PubMed]

van der Gaag, N.A.; Rauws, E.A.; van Eijck, C.H.; Bruno, M.].; van der Harst, E.; Kubben, EJ.; Gerritsen, ].J.; Greve, ] W.; Gerhards,
M.E; de Hingh, L.H.; et al. Preoperative biliary drainage for cancer of the head of the pancreas. N. Engl. ]. Med. 2010, 362, 129-137.
[CrossRef] [PubMed]

Jang, S.; Stevens, T.; Parsi, M.A.; Bhatt, A.; Kichler, A.; Vargo, ].J. Superiority of self-expandable metallic stents over plastic stents
in treatment of malignant distal biliary strictures. Clin. Gastroenterol. Hepatol. 2022, 20, e182-e195. [CrossRef]

Aadam, A.A,; Evans, D.B.; Khan, A.; Oh, Y.; Dua, K. Efficacy and safety of self-expandable metal stents for biliary decompression
in patients receiving neoadjuvant therapy for pancreatic cancer: A prospective study. Gastrointest. Endosc. 2012, 76, 67-75.
[CrossRef]

Siddiqui, A.A.; Mehendiratta, V.; Loren, D.; Kowalski, T.; Fang, J.; Hilden, K.; Adler, D.G. Self-expanding metal stents (SEMS)
for preoperative biliary decompression in patients with resectable and borderline-resectable pancreatic cancer: Outcomes in
241 patients. Dig. Dis. Sci. 2013, 58, 1744-1750. [CrossRef]

Ballard, D.D.; Rahman, S.; Ginnebaugh, B.; Khan, A.; Dua, K.S. Safety and efficacy of self-expanding metal stents for biliary
drainage in patients receiving neoadjuvant therapy for pancreatic cancer. Endosc. Int. Open 2018, 6, E714-E721. [CrossRef]
Mansour, ].C.; Aloia, T.A.; Crane, C.H.; Heimbach, ] K.; Nagino, M.; Vauthey, ].-N. Hilar cholangiocarcinoma: Expert consensus
statement. HPB 2015, 17, 691-699. [CrossRef]

Lee, T.H. Proper management of inoperable malignant hilar biliary obstruction. Int. J. Gastrointest. Interv. 2021, 10, 120-127.
[CrossRef]

Rerknimitr, R.; Angsuwatcharakon, P.; Ratanachu-Ek, T.; Khor, C.J.L.; Ponnudurai, R.; Moon, ].H.; Seo, D.W.; Pantongrag-Brown,
L.; Sangchan, A.; Pisespongsa, P; et al. Asia—Pacific consensus recommendations for endoscopic and interventional management
of hilar cholangiocarcinoma. J. Gastroenterol. Hepatol. 2013, 28, 593-607. [CrossRef]

https:/ /doi.org/10.3390/diagnostics16050721


https://doi.org/10.1016/j.gie.2023.08.004
https://doi.org/10.1055/s-0043-125062
https://www.ncbi.nlm.nih.gov/pubmed/29342491
https://doi.org/10.1016/j.gie.2023.10.023
https://www.ncbi.nlm.nih.gov/pubmed/37813199
https://doi.org/10.31557/APJCP.2023.24.3.791
https://www.ncbi.nlm.nih.gov/pubmed/36974530
https://doi.org/10.1016/j.gie.2013.02.032
https://www.ncbi.nlm.nih.gov/pubmed/23591331
https://doi.org/10.1136/gut.2003.018945
https://doi.org/10.1038/ajg.2013.305
https://doi.org/10.1016/j.gie.2023.05.047
https://doi.org/10.1177/26317745251376845
https://doi.org/10.1111/den.14260
https://doi.org/10.1016/j.gie.2025.06.044
https://www.ncbi.nlm.nih.gov/pubmed/40602730
https://doi.org/10.1016/j.surg.2016.11.001
https://www.ncbi.nlm.nih.gov/pubmed/28043693
https://doi.org/10.1056/NEJMoa0903230
https://www.ncbi.nlm.nih.gov/pubmed/20071702
https://doi.org/10.1016/j.cgh.2020.12.020
https://doi.org/10.1016/j.gie.2012.02.041
https://doi.org/10.1007/s10620-012-2482-z
https://doi.org/10.1055/a-0599-6190
https://doi.org/10.1111/hpb.12450
https://doi.org/10.18528/ijgii210035
https://doi.org/10.1111/jgh.12128
https://doi.org/10.3390/diagnostics16050721

Diagnostics 2026, 16, 721 16 of 18

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Dhar, J.; Gupta, P.; Samanta, J. The role of endoscopy in malignant hilar obstruction. Ann. Gastroenterol. 2023, 36, 347-359.
[CrossRef] [PubMed]

Paik, WH.; Park, Y.S.; Hwang, J.-H.; Lee, S.H.; Yoon, C.J.; Kang, S.-G.; Lee, ].K; Ryu, ] K; Kim, Y.-T.; Yoon, Y.B. Palliative treatment
with self-expandable metallic stents in patients with advanced type III or IV hilar cholangiocarcinoma: A percutaneous versus
endoscopic approach. Gastrointest. Endosc. 2009, 69, 55-62. [CrossRef] [PubMed]

Qumseya, B.J.; Jamil, L.H.; Elmunzer, B.J.; Riaz, A.; Ceppa, E.P; Thosani, N.C.; Buxbaum, J.L.; Storm, A.C.; Sawhney, M.S.; Pawa,
S.; et al. ASGE guideline on the role of endoscopy in the management of malignant hilar obstruction. Gastrointest. Endosc. 2021,
94,222-234. [CrossRef] [PubMed]

Vienne, A.; Hobeika, E.; Gouya, H.; Lapidus, N.; Fritsch, J.; Choury, A.D.; Chryssostalis, A.; Gaudric, M.; Pelletier, G.; Buffet,
C.; et al. Prediction of drainage effectiveness during endoscopic stenting of malignant hilar strictures: The role of liver volume
assessment. Gastrointest. Endosc. 2010, 72, 728-735. [CrossRef]

Lee, T.H.; Moon, ].H.; Choi, ].-H.; Lee, S.H.; Lee, Y.N.; Paik, WH.; Jang, D.K.; Cho, B.W,; Yang, ] K.; Hwangbo, Y.; et al. Prospective
comparison of endoscopic bilateral stent-in-stent versus stent-by-stent deployment for inoperable advanced malignant hilar
biliary stricture. Gastrointest. Endosc. 2019, 90, 222-230. [CrossRef]

De Palma, G.D.; Galloro, G.; Siciliano, S.; Iovino, P.; Catanzano, C. Unilateral versus bilateral endoscopic hepatic duct drainage in
patients with malignant hilar biliary obstruction: Results of a prospective, randomized, and controlled study. Gastrointest. Endosc.
2001, 53, 547-553. [CrossRef]

Ashat, M.; Arora, S.; Klair, J.S.; AChilds, C.; Murali, A.R.; Johlin, F.C. Bilateral vs. unilateral placement of metal stents for
inoperable high-grade hilar biliary strictures: A systemic review and meta-analysis. World |. Gastroenterol. 2019, 25, 5210-5219.
[CrossRef]

Chung, K.H,; Lee, K.J.; A Joseph, A.; Huang, R.; Li, A.; Hwang, ].H.; Yoon, S.B. Efficacy and safety of covered self-expandable
metal stents for malignant hilar biliary obstruction: Systematic review and meta-analysis. Gastrointest. Endosc. 2025, 101, 350-357.
[CrossRef]

Chen, L.; Gao, G.-M.; Li, D.-L.; Chen, Z.-K. Side-by-side versus stent-in-stent bilateral stenting for malignant hilar biliary
obstruction: A meta-analysis. Videosurgery Other Miniinvasive Tech. 2022, 17, 279-288. [CrossRef]

Imamura, S.; Watanabe, K.; Inoue, K,; Taira, T.; Shibuki, T.; Satake, T.; Yamaguchi, S.; Sasaki, M.; Imaoka, H.; Mitsunaga, S.; et al.
Side-by-side versus stent-in-stent technique for stent deployment during systemic chemotherapy in biliary tract cancer patients.
DEN Open 2025, 5, €70075. [CrossRef]

Wiggers, ].K.; Koerkamp, B.G.; Cieslak, K.P.; Doussot, A.; van Klaveren, D.; Allen, PJ.; Besselink, M.G.; Busch, O.R.; D’ANgelica,
M.L; DeMatteo, R.P; et al. Postoperative mortality after liver resection for perihilar cholangiocarcinoma. J. Am. Coll. Surg. 2016,
223, 321-331. [CrossRef] [PubMed]

Celotti, A.; Solaini, L.; Montori, G.; Coccolini, F.; Tognali, D.; Baiocchi, G. Preoperative biliary drainage in hilar cholangiocarcinoma:
Systematic review and meta-analysis. Eur. . Surg. Oncol. 2017, 43, 1628-1635. [CrossRef] [PubMed]

Hameed, A.; Pang, T.; Chiou, J.; Pleass, H.; Lam, V.; Hollands, M.; Johnston, E.; Richardson, A.; Yuen, L. Percutaneous vs.
endoscopic pre-operative biliary drainage in hilar cholangiocarcinoma. HPB 2016, 18, 400-410. [CrossRef]

Al Mahjoub, A.; Menahem, B.; Fohlen, A.; Dupont, B.; Alves, A.; Launoy, G.; Lubrano, J. Preoperative biliary drainage in patients
with resectable perihilar cholangiocarcinoma. J. Vasc. Interv. Radiol. 2017, 28, 576-582. [CrossRef] [PubMed]

Coelen, R].S.; Roos, E.; Wiggers, ] K.; Besselink, M.G.; IBuis, C.; Busch, O.R.C.; Dejong, C.H.C.; van Delden, O.M.; van Eijck, CH]J.;
Fockens, P; et al. Endoscopic versus percutaneous biliary drainage in patients with resectable perihilar cholangiocarcinoma.
Lancet Gastroenterol. Hepatol. 2018, 3, 681-690. [CrossRef]

Kawakami, H.; Kuwatani, M.; Onodera, M.; Haba, S.; Eto, K.; Ehira, N.; Yamato, H.; Kudo, T.; Tanaka, E.; Hirano, S.; et al.
Endoscopic nasobiliary drainage is the most suitable preoperative biliary drainage method. J. Gastroenterol. 2011, 46, 242-248.
[CrossRef]

Paik, W.H.; Loganathan, N.; Hwang, ].-H. Preoperative biliary drainage in hilar cholangiocarcinoma: When and how? World J.
Gastrointest. Endosc. 2014, 6, 68-73. [CrossRef]

Barbosa, E.C.; Santo, PA.D.E.; Baraldo, S.; Nau, A.L.; Meine, G.C. EUS- versus ERCP-guided biliary drainage for malignant
biliary obstruction. Gastrointest. Endosc. 2024, 100, 395-405.e8. [CrossRef]

Paik, W.H.; Lee, T.H.; Park, D.H.; Choi, ].-H.; Kim, S.-O; Jang, S.; Kim, D.U.; Shim, ].H.; Song, T.].; Lee, S.S.; et al. EUS-Guided
Biliary Drainage Versus ERCP for the Primary Palliation of Malignant Biliary Obstruction: A Multicenter Randomized Clinical
Trial. Am. ]. Gastroenterol. 2018, 113, 987-997. [CrossRef]

Zafar, Y.; Azam, H.; Bin Azhar, M.A_; Shaheen, F; Javaid, S.S.; Manzoor, L.; Masood, M.; Krishnamoorthi, R. Efficacy of endoscopic
ultrasound-guided biliary drainage of malignant biliary obstruction: A systematic review and meta-analysis of randomized
controlled trials. Clin. Endosc. 2025, 58, 533-543. [CrossRef] [PubMed] [PubMed Central]

Lambin, T.; Leblanc, S.; Napoléon, B. Advances in EUS-Guided Biliary Drainage for the Management of Pancreatic Cancer.
Cancers 2025, 17, 3428. [CrossRef]

https:/ /doi.org/10.3390/diagnostics16050721


https://doi.org/10.20524/aog.2023.0810
https://www.ncbi.nlm.nih.gov/pubmed/37395999
https://doi.org/10.1016/j.gie.2008.04.005
https://www.ncbi.nlm.nih.gov/pubmed/18657806
https://doi.org/10.1016/j.gie.2020.12.035
https://www.ncbi.nlm.nih.gov/pubmed/34023067
https://doi.org/10.1016/j.gie.2010.06.040
https://doi.org/10.1016/j.gie.2019.03.011
https://doi.org/10.1067/mge.2001.113381
https://doi.org/10.3748/wjg.v25.i34.5210
https://doi.org/10.1016/j.gie.2024.09.037
https://doi.org/10.5114/wiitm.2021.112477
https://doi.org/10.1002/deo2.70075
https://doi.org/10.1016/j.jamcollsurg.2016.03.035
https://www.ncbi.nlm.nih.gov/pubmed/27063572
https://doi.org/10.1016/j.ejso.2017.04.001
https://www.ncbi.nlm.nih.gov/pubmed/28477976
https://doi.org/10.1016/j.hpb.2016.03.002
https://doi.org/10.1016/j.jvir.2016.12.1218
https://www.ncbi.nlm.nih.gov/pubmed/28343588
https://doi.org/10.1016/S2468-1253(18)30234-6
https://doi.org/10.1007/s00535-010-0298-1
https://doi.org/10.4253/wjge.v6.i3.68
https://doi.org/10.1016/j.gie.2024.04.019
https://doi.org/10.1038/s41395-018-0122-8
https://doi.org/10.5946/ce.2024.183
https://www.ncbi.nlm.nih.gov/pubmed/40010703
https://pmc.ncbi.nlm.nih.gov/articles/12314615
https://doi.org/10.3390/cancers17213428
https://doi.org/10.3390/diagnostics16050721

Diagnostics 2026, 16, 721 17 of 18

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Amato, A.; Sinagra, E.; Celsa, C.; Enea, M.; Buda, A.; Vieceli, F,; Scaramella, L.; Belletrutti, P; Fugazza, A.; Camma, C.; et al. Efficacy
of Lumen-Apposing Metal Stents or Self-Expandable Metal Stents for Endoscopic Ultrasound-Guided Choledochoduodenostomy.
Endoscopy 2021, 53, 1037-1047. [CrossRef] [PubMed]

Lauri, G.; Archibugi, L.; Arcidiacono, P.G.; Repici, A.; Hassan, C.; Capurso, G.; Facciorusso, A. Primary drainage of distal
malignant biliary obstruction: A comparative network meta-analysis. Dig. Liver Dis. 2024, 56, 2004-2010. [CrossRef] [PubMed]
Uemura, R.S.; Khan, M.A; Otoch, ]J.P,; Kahaleh, M.; Montero, E.E,; Artifon, E.L. EUS-Guided Choledochoduodenostomy Versus
Hepaticogastrostomy. . Clin. Gastroenterol. 2018, 52, 123-130. [CrossRef] [PubMed]

Krishnamoorthi, R.; Dasari, C.S.; Chandrasekar, V.T.; Priyan, H.; Jayaraj, M.; Law, ].; Larsen, M.; Kozarek, R.; Ross, A.; Irani, S.
Effectiveness and Safety of EUS-Guided Choledochoduodenostomy Using Lumen-Apposing Metal Stents. Surg. Endosc. 2020,
34, 2866-2877. [CrossRef]

Li, J.S.; Tang, J.; Fang, J.; Li, Z.S.; Liu, F. Adverse Events in Endoscopic Ultrasound-Guided Choledochoduodenostomy with
Lumen-Apposing Metal Stents. |. Gastroenterol. Hepatol. 2024, 39, 1769-1779. [CrossRef]

Fugazza, A.; Khalaf, K.; Spadaccini, M.; Facciorusso, A.; Colombo, M.; Andreozzi, M.; Carrara, S.; Binda, C.; Fabbri, C.; Anderloni,
A.; et al. Outcomes Predictors in Endoscopic Ultrasound-Guided Choledochoduodenostomy with Lumen-Apposing Metal Stent.
Endosc. Int. Open 2024, 12, EA56-E462.

Khoury, T.; Sbeit, W.; Lisotti, A.; Napoléon, B.; Fumex, F.,; Marasco, G.; Eusebi, L.H.; Fusaroli, P.; Chan, S.M.; Shahin, A.; et al.
Endoscopic Ultrasound- versus ERCP-Guided Primary Drainage of Inoperable Malignant Distal Biliary Obstruction. Endoscopy
2024, 56, 955-963. [CrossRef]

Ogura, T.; Itoi, T. Technical Tips and Recent Development of Endoscopic Ultrasound-Guided Choledochoduodenostomy. DEN
Open 2021, 1, 8. [CrossRef]

Mohan, B.P,; Shakhatreh, M.; Garg, R.; Ponnada, S.; Navaneethan, U.; Adler, D.G. Efficacy and safety of endoscopic ultrasound-
guided choledochoduodenostomy. J. Clin. Gastroenterol. 2019, 53, 243-250. [CrossRef]

Beunon, C.; Debourdeau, A.; Schaefer, M.; Wallenhorst, T.; Perez-Cuadrado-Robles, E.; Belle, A.; Gonzalez, ].-M.; Duboc, M.C.;
Caillol, F; Toudic, H.-P.; et al. Technical failure of endoscopic ultrasound-guided choledochoduodenostomy. Endoscopy 2025,
57,990-1000. [CrossRef] [PubMed]

Chen, Y.-I; Long, C.; Sahai, A.V,; Napoleon, B.; Donatelli, G.; Kunda, R.; Martel, M.; Chan, S.M.; Arcidiacono, P.G.; Lam, E.; et al.
Stent misdeployment and factors associated with failure in endoscopic ultrasound-guided choledochoduodenostomy. Endoscopy
2025, 57, 330-338. [CrossRef] [PubMed]

Varnella, G.; Bronswijk, M.; Dell’Anna, G.; Voermans, R.P; Laleman, W.; Petrone, M.C.; van Malenstein, H.; Fockens, P;
Arcidiacono, P.G.; van der Merwe, S.; et al. Classification, risk factors, and management of lumen apposing metal stent
dysfunction. Dig. Endosc. 2023, 35, 377-388. [CrossRef] [PubMed]

Giovannini, M.; Moutardier, V.; Pesenti, C.; Bories, E.; Lelong, B.; Delpero, J. Endoscopic ultrasound-guided bilioduodenal
anastomosis. Endoscopy 2001, 33, 898-900. [CrossRef]

Mazza, S.; Masciangelo, G.; Mauro, A.; Scalvini, D.; Viera, F.T.; Bardone, M.; Veronese, L.; Rovedatti, L.; Agazzi, S.; Strada, E.; et al.
Endoscopic Ultrasound-Guided Hepaticogastrostomy in Malignant Biliary Obstruction. Diagnostics 2024, 14, 2644. [CrossRef]
van Wanrooij, R.L.; Bronswijk, M.; Kunda, R.; Everett, S.M.; Lakhtakia, S.; Rimbas, M.; Hucl, T.; Badaoui, A.; Law, R.; Arcidiacono,
P.G.; et al. Therapeutic Endoscopic Ultrasound: ESGE Technical Review. Endoscopy 2022, 54, 310-332. [CrossRef]

Rizgiansyah, C.Y.; Awatara, PI1.D.; Amar, N.; Lesmana, C.R.A.; Lesmana, S. Efficacy and safety of EUS hepaticogastrostomy
versus choledochoduodenostomy. [GH Open 2024, 8, €70037. [CrossRef]

Hedjoudje, A.; Pokossy Epée, J.; Perez-Cuadrado-Robles, E.; Alric, H.; Rivallin, P.; Vuitton, L.; Koch, S.; Prat, F. Long-term
outcomes of endoscopic ultrasound-guided hepaticogastrostomy. United Eur. Gastroenterol. |. 2024, 12, 1044-1055. [CrossRef]
Gornals, J.B.; Sumalla-Garcia, A.; Quintana, S.; Luna-Rodriguez, D.; Velasquez-Rodriguez, ].G.; Puigcerver-Mas, M.; Escuer-Turu,
J.; Maisterra, S.; Marin, M.; Munoa, V.; et al. Endoscopic ultrasound-guided biliary rendezvous after failed cannulation. Ann. Med.
2024, 56, 2416607. [CrossRef]

Iwashita, T.; Uemura, S.; Tezuka, R.; Senju, A.; Yasuda, I.; Shimizu, M. Current status of endoscopic ultrasound-guided antegrade
intervention. Dig. Endosc. 2023, 35, 264-274. [CrossRef]

Khoury, T.; Farraj, M.; Sbeit, W.; Fusaroli, P.; Barbara, G.; Binda, C.; Fabbri, C.; Basheer, M.; Leblanc, S.; Fumex, F.; et al.
EUS-Guided Gallbladder Drainage of Inoperable Malignant Distal Biliary Obstruction. Cancers 2025, 17, 1983. [CrossRef]
[PubMed]

Rizzo, G.E.; Crino, S.F,; Vanella, G.; Facciorusso, A.; Fusaroli, P.; Catena, E; Trieu, J.A.; Baron, T.H.; Anderloni, A.; Fabbri, C.;
et al. EUS-Guided Gallbladder Drainage as a Rescue in Distal Malignant Biliary Obstruction. Endosc. Ultrasound 2025, 14, 41-47.
[CrossRef] [PubMed]

Kamal, F; Khan, M.A.; Lee-Smith, W.; Sharma, S.; Acharya, A.; Farooq, U.; Aziz, M.; Kouanda, A.; Dai, S.-C.; Munroe, C.A; et al.
Efficacy and Safety of EUS-Guided Gallbladder Drainage for Rescue Treatment. Endosc. Ultrasound 2022, 12, 8-15. [CrossRef]
[PubMed]

https:/ /doi.org/10.3390/diagnostics16050721


https://doi.org/10.1055/a-1324-7919
https://www.ncbi.nlm.nih.gov/pubmed/33246343
https://doi.org/10.1016/j.dld.2024.08.053
https://www.ncbi.nlm.nih.gov/pubmed/39277511
https://doi.org/10.1097/MCG.0000000000000948
https://www.ncbi.nlm.nih.gov/pubmed/29095426
https://doi.org/10.1007/s00464-020-07484-w
https://doi.org/10.1111/jgh.16614
https://doi.org/10.1055/a-2340-0697
https://doi.org/10.1002/deo2.8
https://doi.org/10.1097/MCG.0000000000001167
https://doi.org/10.1055/a-2541-2973
https://www.ncbi.nlm.nih.gov/pubmed/39961367
https://doi.org/10.1055/a-2463-1601
https://www.ncbi.nlm.nih.gov/pubmed/39505002
https://doi.org/10.1111/den.14445
https://www.ncbi.nlm.nih.gov/pubmed/36177532
https://doi.org/10.1055/s-2001-17324
https://doi.org/10.3390/diagnostics14232644
https://doi.org/10.1055/a-1738-6780
https://doi.org/10.1002/jgh3.70037
https://doi.org/10.1002/ueg2.12552
https://doi.org/10.1080/07853890.2024.2416607
https://doi.org/10.1111/den.14393
https://doi.org/10.3390/cancers17121983
https://www.ncbi.nlm.nih.gov/pubmed/40563633
https://doi.org/10.1097/eus.0000000000000108
https://www.ncbi.nlm.nih.gov/pubmed/40385962
https://doi.org/10.4103/EUS-D-21-00206
https://www.ncbi.nlm.nih.gov/pubmed/36861505
https://doi.org/10.3390/diagnostics16050721

Diagnostics 2026, 16, 721 18 of 18

94.

95.

96.

97.

98.

99.

100.

101.

Debourdeau, A.; Daniel, J.; Caillo, L.; Assenat, E.; Bertrand, M.; Bardol, T.; Souche, ER.; Pouderoux, P.; Gerard, R.; Lorenzo,
D.; et al. Effectiveness of endoscopic ultrasound-guided choledochoduodenostomy vs. EUS-guided gallbladder drainage. Dig.
Endosc. 2025, 37, 103-114. [CrossRef]

Fernandes, M.V.; Milioli, N.J.; Antunes, V.; Correa, T.L.; Martins, O.C.; de Mesquita, C.F; Maida, M.; Baraldo, S. Endoscopic
Ultrasound-Guided Gastroenterostomy vs. Enteral Stenting for Malignant Gastric Outlet Obstruction: A Systematic Review and
Meta-analysis. Tech. Innov. Gastrointest. Endosc. 2025, 27, 250926. [CrossRef]

van de Pavert, Y.L.; Kastelijn, ].B.; Besselink, M.G.; Booij, D.C.; Boonstra, ].J.; Boot, J.; Bruno, M.].; Busch, O.R.; Daams, E; Derksen,
W.J.; et al. Endoscopic versus surgical gastroenterostomy for palliation of malignant gastric outlet obstruction (ENDURO). Lancet
Gastroenterol. Hepatol. 2025, 10, 1065-1074. [CrossRef]

Zhao, R.; Gu, L.; Ke, X,; Deng, X.; Li, D.; Ma, Z.; Wang, Q.; Zheng, H.; Yang, Y. Risk prediction of cholangitis after stent
implantation based on machine learning. Sci. Rep. 2024, 14, 13715. [CrossRef]

Ma, Y,; Qi, J.; Zhang, X.; Liu, K,; Liu, Y.; Yu, X,; Bu, Y.; Chen, B. Development and application of an early warning model for
predicting early mortality. Oncol. Lett. 2025, 29, 237. [CrossRef]

Jin, H.; Sun, X,; Fu, C,; Fan, C; Chen, J.; Zhang, Z.; Yang, Y.; Fan, X.; He, Y,; Yin, S.; et al. Machine learning-based prediction
model for post-ERCP cholangitis. Surg. Endosc. 2025, 39, 5107-5126. [CrossRef]

Facciorusso, A.; Crino, S.F.; Gkolfakis, P.; Spadaccini, M.; Arvanitakis, M.; Beyna, T.; Bronswijk, M.; Dhar, J.; Ellrichmann, M.;
Gincul, R;; et al. Diagnostic work-up of bile duct strictures: European Society of Gastrointestinal Endoscopy (ESGE) Guideline.
Endoscopy 2025, 57, 166-185, Erratum in Endoscopy, 2025, 57, C17. [CrossRef] [PubMed]

Crino, S.F; Aabakken, L.; Bapaye, A.; Chan, S.; Kida, M.; Law, R.; Maluf-Filho, F.; Mekaroonkamol, P.; de Moura, E.G.H.; Bestetti,
A.; et al. World Endoscopy Organization guidelines on endoscopic retrograde cholangiopancreatography biliary cannulation and
sphincterotomy techniques. Dig. Endosc. 2025, 37, 1029-1053. [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/10.3390/diagnostics16050721


https://doi.org/10.1111/den.14750
https://doi.org/10.1016/j.tige.2025.250926
https://doi.org/10.1016/S2468-1253(25)00209-2
https://doi.org/10.1038/s41598-024-64734-w
https://doi.org/10.3892/ol.2025.14983
https://doi.org/10.1007/s00464-025-11937-5
https://doi.org/10.1055/a-2481-7048
https://www.ncbi.nlm.nih.gov/pubmed/39689874
https://doi.org/10.1111/den.15060
https://www.ncbi.nlm.nih.gov/pubmed/40518920
https://doi.org/10.3390/diagnostics16050721

	Introduction 
	Transpapillary Biliary Drainage 
	TBD in Unresectable Distal Malignant Biliary Obstruction 
	TBD in Resectable Distal Malignant Biliary Obstruction 
	TBD in Unresectable Hilar Malignant Biliary Obstruction 
	TBD in Resectable Hilar Malignant Biliary Obstruction 
	Endoscopic Ultrasound-Guided Biliary Drainage 
	Endoscopic Ultrasound-Guided Choledochoduodenostomy 
	Endoscopic Ultrasound-Guided Hepaticogastrostomy 
	EUS-Guided Rendezvous 
	EUS-Guided Antegrade Drainage 
	EUS-Guided Gallbladder Drainage 

	Emerging Developments and Future Directions 
	EUS-Guided Gastroenterostomy Versus Surgical Gastrojejunostomy 
	Artificial Intelligence in Predicting Stent Failure and Complications 

	Conclusions 
	References

