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KEY POINTS

� Therapeutic endoscopic ultrasound (EUS) allows for access to biliary and pancreatic
ducts, the gallbladder, fluid collections, and adjacent luminal structures.

� EUS-guided rendezvous, antegrade stenting, and direct biliary drainage techniques can
be used when there is an inaccessible papilla or a previously failed endoscopic retrograde
cholangiopancreatography.

� EUS-guided gallbladder drainage provides internal drainage for patients with cholecystitis
who are high-risk surgical candidates.

� EUS-guided drainage remains the standard of care for symptomatic and infected pancre-
atic fluid collections and is often utilized concomitantly with percutaneous drainage and,
less commonly, surgical debridement.

� EUS-guided luminal anastomosis creation has allowed for transpapillary intervention in
patients with surgically altered gastrointestinal anatomy and for palliation of gastric outlet
obstruction.
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INTRODUCTION

Therapeutic endoscopic ultrasound (EUS) encompasses an expanding array of
procedures to manage a range of benign and malignant conditions of the pancrea-
ticobiliary and luminal gastrointestinal (GI) tract. Traditionally a diagnostic modality,
the advent of therapeutic channel, linear-array echoendoscopes with improved im-
age quality and Doppler capabilities, and dedicated tools and devices have allowed
for EUS-guided access to biliary and pancreatic ducts, the gallbladder, fluid collec-
tions, and adjacent luminal structures. In this review, we will cover 3 overarching
areas.

1. EUS-guided access and antegrade stenting
a. Rendezvous of pancreatic and biliary ducts (endoscopic ultrasound-guided

rendezvous technique [EUS-RV])
b. Antegrade stenting

2. Direct EUS-guided drainage
a. Bile duct drainage (endoscopic ultrasound-guided bile duct drainage either bile

duct or biliary [EUS-BD])
b. Pancreatic duct drainage (endoscopic ultrasound-guided pancreatic duct

drainage [EUS-PD])
c. Gallbladder drainage (endoscopic ultrasound-guided gallbladder drainage

[EUS-GBD])
d. Pancreatic fluid collection management (endoscopic ultrasound-guided

pancreatic fluid collection [EUS-PFC])
3. EUS-guided luminal anastomosis

a. Transgastric and transenteric luminal anastomosis creation (EUS-directed
transgastric ERCP [EDGE] and EUS-direct transenteric ERCP [EDEE])

b. Gastroenterostomy (endoscopic ultrasound-guided gastroenterostomy [EUS-
GE])

We will discuss our approach, including indications and contraindications, patient
preparation, procedural equipment, and technical steps. We will also cover adverse
events (AEs) and salvage procedures, clinical outcomes, and follow-up care.

GENERAL CONSIDERATIONS
Patient Preparation

Therapeutic EUS procedures require careful patient selection, planning, and knowl-
edge of salvage options given their relatively high rate of AEs. All procedures should
be performed by experienced endoscopists, in hospitals with surgical and interven-
tional radiology backup, and with fluoroscopy available.
Procedural decisions should be made in a multidisciplinary setting with hepatopan-

creatobiliary surgery and interventional radiology teams. Percutaneous alternatives to
an interventional EUS procedure should be considered when patients are unable to
tolerate sedation or have target organ (eg, gallbladder) perforation. While indications
vary by procedure and individual patient characteristics (Table 1), general contraindi-
cations to therapeutic EUS include an inability to tolerate sedation, significant and un-
correctable coagulopathy, large volume ascites, and intervening vasculature between
the EUS transducer and the target. As these procedures are considered high risk for
bleeding,1 we interrupt therapeutic anticoagulation and convert dual antiplatelet ther-
apy to aspirin monotherapy when possible. We provide a single dose of broad-
spectrum antibiotics for all patients undergoing therapeutic EUS procedures, similar
to surgical and interventional radiology practice.2,3
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Table 1
Indications and contraindications for therapeutic endoscopic ultrasound procedures

Procedure Indications Specific Contraindications

EUS-rendezvous and
antegrade drainage

Inaccessible papilla, failed cannulation Tumor infiltration at site of puncture, luminal obstruction,
and nondilated target ducts

EUS-PD Symptomatic pancreatic duct obstruction with inaccessible
papilla or failed cannulation

Luminal obstruction, nondilated main pancreatic duct

EUS-CDS Distal MBO with inaccessible papilla or failed cannulation Nondilated CBD, tumor infiltration at site of puncture, and
requirement to preserve native bilioenteric anatomy

EUS-HGS Distal MBO with inaccessible papilla or failed cannulation,
drainage of left hepatic system to complement ERCP for
hilar obstruction

Nondilated target bile duct, tumor infiltration at site of
puncture, and requirement to preserve native
bilioenteric anatomy

EUS-GBD Acute cholecystitis in high-surgical risk patients, internal
gallbladder drainage to enable removal of percutaneous
cholecystostomy tube, MBO with patent cystic duct if
ERCP and EUS-guided biliary drainage is not possible or
fails

Gallbladder perforation, biliary peritonitis, and
requirement to preserve native gallbladder anatomy

EUS-PFC Symptomatic or infected pancreatic fluid collections Untreated vascular pseudoaneurysm within the PFC

EUS-GE Malignant GOOwhen surgical resection of the tumor is not
planned, benign GOO while awaiting definitive therapy,
and afferent loop syndrome

Significant malignant ascites, diffuse peritoneal
carcinomatosis, and malignant infiltration of gastric wall

EDGE/EDEE Patients with biliary disease and prior RYGB, RYHJ,
pancreatoduodenectomy, or Billroth II gastrectomy

Patient preference to avoid reconnection of the gastric
pouch and excluded stomach

Abbreviations: CBD, common bile duct; CDS, choledochoduodenostomy; EDGE, EUS-directed transgastric ERCP; EDEE, EUS-direct transenteric ERCP; ERCP, endo-
scopic retrograde cholangiopancreatography; EUS, endoscopic ultrasound; GE, gastroenterostomy; GOO, gastric outlet obstruction; GBD, gallbladder drainage;
HGS, hepaticogastrostomy; MBO, malignant biliary obstruction; MPD, main pancreatic duct; PD, pancreatic drainage; PFC, pancreatic fluid collection; RYGB, Roux-
en-Y gastric bypass; RYHJ, Roux-en-Y hepaticojejunostomy.
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Equipment

EUSaccessgenerally involves (1) awire-guided techniquewith needlepuncture, guide-
wire passage, and tract dilation with self-expandingmetal stent (SEMS) or plastic stent
placement, (2) a wire-guided technique with an electrocautery-enhanced lumen
apposing metal stents (EC-LAMS),4,5 and (3) a direct or “freehand” technique6 with a
LAMS. We use 0.018 to 0.035 in guidewires, 19 or 22 G needles, normal saline with a
water-soluble contrast medium, and a range of dilation devices and stents (Table 2).
We prefer 0.025 or 0.035 in guidewires that have sufficient rigidity to streamline device
passage and are insulated from the electrical current generated by EC-LAMS or cysto-
tomes. Smaller caliber guidewires should be available in clinical scenarios when the
target structure is small (eg, intrahepatic bile duct, main pancreatic duct [MPD]).
ENDOSCOPIC ULTRASOUND-GUIDED RENDEZVOUS TECHNIQUE AND ENDOSCOPIC
ULTRASOUND-GUIDED ANTEGRADE STENTING

Endoscopic retrograde cholangiopancreatography (ERCP) remains the standard of
care for biliary and pancreatic duct drainage. EUS-RV or EUS-guided antegrade stent-
ing are alternative ways to allow for transpapillary biliary and pancreatic duct drainage.

Indications and Patient Selection

Indications for biliary EUS-RV and antegrade drainage include an inaccessible papilla
or failed biliary cannulation. We pursue transpapillary drainage for benign cases and
malignant cases with potential downstream surgery as this maintains the native anat-
omy of the biliary tree.7 For unresectable malignant cases with failed ERCP, we
instead consider EUS-guided choledochoduodenostomy (CDS), hepaticogastros-
tomy (HGS), or GBD.7 Indications for pancreatic EUS-RV, antegrade stenting, and
transmural drainage include symptomatic pancreatic duct obstruction after failed
ERCP or surgically altered anatomy preventing papillary access in patients who
have prohibitively high surgical risk.
Contraindications to biliary and pancreatic EUS-RV and antegrade drainage are

tumor infiltrations at the site of puncture and inadequately dilated target ducts. EUS-
guided pancreatic intervention is relatively contraindicated if there is a large pancreatic
duct stone causing complete MPD obstruction, as this is better managed with surgery
or shock wave lithotripsy.8 EUS-guided pancreatic duct interventions should be done
in expert centers given their technical complexity and associated morbidity.9

Approach

We perform biliary EUS-RV from the duodenal bulb in a long position to access the
mid-common bile duct (CBD) or the proximal stomach to access the left intrahepatic
duct.10 The selected approach is based on target duct dilation, endoscope stability,
feasibility of antegrade trajectory for guidewire passage, and the location of the lesion
(eg, distal CBD vs hilar). For EUS-guided antegrade drainage, we use a transgastric
approach to access the left hepatic duct system.

� Position the echoendoscope in the duodenal bulb or proximal stomach.
� Puncture the CBD or left hepatic duct system using a 19 or 22 G needle.
� When targeting the left hepatic ducts, puncture the duct at a depth of 2 to 3 cm
from the liver capsule so that the liver parenchyma may contain potential bile
leaks.11

� Aspirate bile to confirm adequate positioning and inject contrast to obtain a
cholangiogram.
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Table 2
Dilation devices and stents used for endoscopic ultrasound-guided procedures

Procedure Dilator Plastic Stents SEMS LAMS

EUS-PD 4–6 mm biliary balloon dilator
4–6 Fr rigid dilator
6–10 F cautery-tipped catheter

Straight plastic stents for antegrade drainage
or pancreaticogastrostomy

Caliber: 7, 8.5, or 10 Fr
Length: 5–10 cm
DPPS for ring drainage
Caliber: 7, 8.5, or 10 Fr
Length: 7–18 cm

— —

EUS-CDS 4–6 mm biliary balloon dilator
6–10 Fr cautery-tipped catheter

— FCSEMS or PCSEMS
Caliber: 8–10 mm
Length: 6 cm

Caliber: 6–10 mm
Length: 8–10 mm

EUS-HGS 4–6 mm biliary balloon dilator
6–10 Fr cautery-tipped catheter

Single-pigtail (if available)
Caliber: 8 Fr
Length: 20 cm

FCSEMS or PCSEMS
Caliber: 8–10 mm
Length: 8–10 cm

—

EUS-GBD — DPPS for coaxial placement through LAMS
Caliber: 7, 8.5, or 10 Fr
Length: 3–5 cm

— Caliber: 8–15 mm
Length: 8–10 mm

EUS-PFC 4–6 mm biliary balloon dilator
4–6 Fr rigid dilator
6–10 Fr cautery-tipped catheter

DPPS for primary drainage or coaxial
placement through LAMS

Caliber: 7, 8.5, or 10 Fr
Length: 3–7 cm

— Caliber: 15–20 mm
Length: 10 mm

EUS-GE — — — Caliber: 15–20 mm
Length: 10 mm

EDGE/EDEE — — — Caliber: 15–20 mm
Length: 10 mm

Abbreviations: CDS, choledochoduodenostomy; EDGE, EUS-directed transgastric ERCP; EDEE, EUS-direct transenteric ERCP; ERCP, endoscopic retrograde cholan-
giopancreatography; EUS, endoscopic ultrasound; GE, gastroenterostomy; GBD, gallbladder drainage; HGS, hepaticogastrostomy; PD, pancreatic drainage;
PFC, pancreatic fluid collection.
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� Advance the guidewire through the papilla/anastomosis and coil it within the
duodenum.

� If there is difficulty with guidewire manipulation, consider alternative guidewires
or catheter accessories.

� For biliary EUS-RV
� Withdraw the echoendoscope maintaining the rendezvous guidewire position.
� Advance a duodenoscope and attempt cannulation either alongside the
rendezvous guidewire where it exits the papilla/anastomosis, or grasp the tip
of the curled guidewire with a forceps biopsy and pull it through the entirety
of the working channel of the duodenoscope.

� Proceed with ERCP.
� For EUS-guided biliary antegrade drainage

� Dilate the hepaticogastrostomy tract over the guidewire using a 4 to 6 mm
biliary dilating balloon or a small caliber, cautery-tipped catheter (eg, 6–8 F).

� Dilate the hepaticogastrostomy tract and any biliary strictures with a 4 to 6 mm
balloon dilator to for ease of passage of the stent catheter.

� Once the stent is across the papilla/anastomosis and in ideal position, deploy
the stent of choice. SEMS choice between uncovered SEMS (UCSEMS),
partially covered SEMS (PCSEMS), and fully covered SEMS (FCSEMS) de-
pends upon the procedural indication.

For pancreatic interventions, we prefer EUS-RV over antegrade stenting and trans-
mural drainage as it allows for physiologic drainage of pancreatic fluid, an improved
ability to manage pancreatic stones and strictures using a retrograde approach, and
avoidance of thermal or mechanical dilation.12 We opt for transmural drainage if we
are unable to traverse a pancreatic duct obstruction. For all EUS-RV and antegrade
stenting procedures, we provide a single dose of a rectal nonsteroidal anti-
inflammatory medication.

� For all pancreaticduct interventions, the echoendoscope ispositioned in thegastric
body to visualize the MPD. Rarely, these procedures are carried out using a trans-
duodenal or transjejunal route.13 Ideally, the MPD diameter should be �4 mm.

� Puncture the MPD with a 19 or 22 G needle.
� Inject contrast to obtain a pancreaticogram.
� Advance a guidewire across the papilla/anastomosis and coil it within the small
bowel.

� If difficulty is encountered when advancing the guidewire into the small bowel,
dilate the pancreaticogastrostomy tract to 4 mm using balloon or rigid catheter
dilators to allow passage of a sphincterotome. A sphincterotome may enhance
the ability to manipulate the guidewire into position. Avoid cautery-enhanced
dilation to prevent thermal pancreatic injury, if possible.12,14

� For pancreatic EUS-RV:
own
F

� Proceed with echoendoscope removal and rendezvous technique as
described earlier.

� For pancreatic antegrade drainage and transmural drainage:
� Dilate the pancreaticogastrostomy tract to 4 mm with balloon or rigid catheter
dilators.

� Deploy straight plastic stents, with diameter choice determined by MPD diam-
eter, to cross the papilla/anastomosis into the small bowel for antegrade
drainage, or transmurally to create a pancreaticogastrostomy.

� If feasible, consider “ring drainage,” or creation of a gastropancreaticoenteros-
tomy, where a double plastic pigtail stent is used with the distal pigtail crossing
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the papilla/anastomosis in the small bowel in an antegrade manner, and the
proximal pigtail positioned in the stomach (Video 1). This configuration is
more secure and has a lower risk of stent migration and pancreatic leak.12,15
Salvage Procedures

Salvage for biliary antegrade drainage and, to a lesser extent, EUS-RV is needed if
there is misdeployment of the stent across the papilla/anastomosis or an inability to
traverse an obstruction, as this may lead to a bile leak. In such cases, we consider
EUS-guided hepaticogastrostomy (EUS-HGS) through the already existing tract or
percutaneous biliary drainage (PTBD).
Salvage procedures may be necessary for pancreatic drainage procedures if there

is distal migration of a plastic stent into the MPD after a pancreaticogastrostomy tract
has been created. When the wire remains in place in the MPD, we attempt to recapture
the stent by threading a snare over the wire. When this is not feasible, we monitor the
patient closely for the development of peripancreatic fluid collections and offer trans-
gastric drainage if the collections become infected or symptomatic.

Clinical Outcomes and Adverse Events

Biliary EUS-RV has reported technical success rates of 73% to 98% and AE rates of
3% to 23%.16 Data for EUS-antegrade drainage are scant, with limited cases series
reporting technical success rates of 57% to 81% and poorly described AE rates.17

AEs include pancreatitis, cholangitis, bleeding, perforation, and bile leak with biliary
peritonitis.16

Given the technical complexity and relatively low volume of pancreatic EUS inter-
ventions, evidence is limited to a small number of observational studies. In expert cen-
ters, success rates for pancreatic EUS-RV have been reported to be as low as 48%.
Antegrade and transmural drainage have relatively high success rates of 89% to
93%.15,18 Pancreatic EUS interventions are among the highest risk interventional
EUS procedures with approximate AE rates of 15%.19 AEs include pancreatitis,
infected peripancreatic fluid collections, and perforation.

Follow-up

Patient follow-up after EUS-RV and antegrade drainage procedures is similar to pa-
tient follow-up after biliary and pancreatic ERCP and is covered elsewhere in this
issue. For patients with transmural pancreatic drainage, we generally follow them clin-
ically and perform stent exchanges if needed, based on symptom recurrence with
radiographic or endoscopic evidence of stent dysfunction.

DIRECT ENDOSCOPIC ULTRASOUND-GUIDED DRAINAGE
Endoscopic Ultrasound-guided Biliary Drainage

EUS-BD has emerged as a useful second-line option for bile duct drainage after failed
ERCP and as a potential primary therapy for distal malignant bile duct obstruction
(MBO).20,21 EUS-BD is achieved primarily through EUS-CDS and EUS-HGS. The choice
of technique depends on provider preference, the nature of the pathology (benign vs
malignant), location (distal vs hilar), and potential for future surgical management.

Indications and patient selection
EUS-CDS is indicated for malignant or benign biliary obstruction after failed ERCP or
as primary therapy for distal MBO. EUS-HGS is indicated for malignant or benign
biliary obstruction after failed ERCP or as complementary therapy to ERCP and/or
PTBD for left bile duct dilation in hilar (Bismuth IIIb or IV) obstruction.8 EUS-BD is
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contraindicated when the target bile duct is insufficiently dilated or there is tumor infil-
tration at the site of puncture and avoided if the patient’s surgical team prefers to pre-
serve the native bilioenteric anatomy.

Approach
The echoendoscope is positioned in the duodenal bulb when performing CDS and in
the proximal stomach when performing HGS. Both procedures result in creation of a
bilioenteric anastomosis.
Most endoscopists primarily use a freehand approach with a smaller caliber EC-

LAMS (6, 8, or 10 mm) for CDS,22 though a wire-guided technique with FCSEMS
can be equally successful. The first puncture is critical, as it can lead to rapid biliary
decompression and make subsequent attempts challenging.

� Position the echoendoscope such that the distance between the duodenal bulb
and the CBD is 10 mm or less with a CBD diameter of �12 mm.21

� Deploy the distal flange of the EC-LAMS under fluoroscopic and sonographic
guidance.

� Retract the catheter to create apposition and deploy the proximal flange in the
echoendoscope channel before releasing the stent. Alternatively, the catheter
can be retracted until a black marking is seen endoscopically, after which the
proximal flange can be deployed.

� If bile duct space is small or collapses after puncture, there are 2 approaches.
One is to advance a guidewire toward the liver such that the proximal flange is
deployed at an oblique or perpendicular angle to the bile duct. Another option
is to adjust the endoscope while partially deploying the distal flange in a step-
wise manner.

� After EC-LAMS placement, we routinely place coaxial double pigtail stents as
there may be obstruction secondary to the distal flange abutting against the
wall of a now decompressed bile duct. Other experts, however, do not routinely
put in coaxial double pigtail plastic stents (DPPS). Both approaches are likely
acceptable if it is not clear whether plastic stent placement within an EC-
LAMS improves outcomes.23

For the wire-guided technique, we use 8 to 10 mm diameter FCSEMS or PCSEMS.
We favor FCSEMS that have antimigratory properties and that do not foreshorten dur-
ing deployment or a PCSEMS that has antimigratory distal flanges and a pull-back de-
livery catheter that does not require tract dilation.24,25

� After appropriate positioning, puncture the bile duct with a 19 or 22 G needle.
� Aspirate bile or inject contrast to confirm positioning.
� Advance the guidewire (toward the liver if possible) and retract the needle.
� If using an FCSEMS, dilate the tract with a 6 Fr cautery-tipped catheter followed
by a balloon dilator to 4 mm while applying traction on the guidewire.26 Then
deploy the FCSEMS over the guidewire.

� If using the PCSEMS with a pull-back delivery catheter, deploy without tract
dilation.

For HGS, we use a transgastric approach. If right-sided drainage is required and
there is a safe window from the duodenum, hepaticoduodenostomy using a similar
technique can also be considered.27 We use 8 to 10 mm diameter and 8 to 10 cm
length FCSEMS. If available, another consideration is a PCSEMS with an inner uncov-
ered part that does not obstruct bile duct branches and outer covered parts that may
reduce the risk of bile leak.28 We avoid DPPS as they are difficult to place and avoid
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UCSEMS due to a high risk of bile leak.29 We do not have experience with a previously
reported single pigtail stent designed for EUS-HGS.30

� As mentioned earlier for biliary EUS-guided antegrade drainage, identify the
dilated left hepatic bile ducts from the proximal stomach, puncture with a 19
or 22 G needle at a depth of 2 to 3 cm from the liver capsule, confirm positioning
using bile aspiration and a cholangiogram, and advance a guidewire deep into
the biliary system.

� Dilate the tract using 4 to 6 mm balloon dilator alone or with a cautery-tipped
catheter first followed by balloon dilation.

� Deploy the SEMS inside the working channel while applying tension on the de-
livery catheter and retracting the endoscope so 2 to 3 cm of the stent extends
into the gastric lumen, to reduce the risk of migration.31

Salvage procedures
For EUS-CDS, if the LAMS ismisdeployedwithout bile duct puncture, the luminal defect
canbeclosedwith clips, andCDScanbe reattempted. If thebile duct is puncturedwith a
guidewire in place, we attempt to place an FCSEMS through the LAMS. If there is no
guidewire in place, rapid decompression due to bile leakmake repeat CDS challenging.
In thesecases,weclose the luminal defect andattemptmanagementof thebileduct leak
with transpapillary drainage (using EUS-RV or antegrade drainage). When endoscopic
salvage fails, we close the luminal defect and refer the patient for emergent PTBD.
Salvage during EUS-HGS is required when the proximal end of the stent is malpo-

sitioned. If the proximal end is buried in the gastric wall, we adjust its position with
grasping forceps. If the proximal end is in the peritoneum with a guidewire in place,
we place a bridging FCSEMS. If there is no guidewire in place, we attempt to regain
access to the misdeployed stent with a second puncture through the gastric wall
with subsequent placement of a bridging FCSEMS. If these procedures fail, the patient
requires urgent decompression with PTBD for the management of iatrogenic bile leak
and consideration of surgical revision of the stent.

Clinical outcomes and adverse events
EUS-CDS has overall excellent success rates. Two recent high-quality randomized tri-
als have reported technical success and clinical success rates of greater than 90%
with LAMS and 3 day AE rates of 12% and 17%, respectively.20,21 Rates of stent
dysfunction (due to obstruction or migration) were 5% to 9%.20,21 Pooled outcomes
between LAMS and SEMS have been similar.32 While we typically use LAMS given
the fewer total steps, stent choice may be informed by endoscopist experience,
equipment availability, and cost.
EUS-CDS and HGS have similar technical success, clinical success, and AE rates in

a recent meta-analysis.33 As such, we make procedural decisions between these 2
options based on the indication and location of the obstruction. For hilar lesions, a
combination of ERCP, PTBD, and or EUS-HGS may be required. When left biliary sys-
tem drainage is needed, EUS-HGS is potentially advantageous over PTBD as it can be
completed in the same session as ERCP and has no external drain. Additionally, EUS-
BD may have lower AE rates compared to PTBD.34,35 For right-sided biliary drainage,
PTBD is preferred over EUS-guided drainage after ERCP fails given the technical
complexity of a hepaticoduodenostomy.

Follow-up
As most EUS-CDS and HGS are done for malignant indications, we typically leave
stents in place permanently. If there is LAMS occlusion after EUS-CDS due to food
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impaction that cannot be removed endoscopically or from compression against the
bile duct wall, we place double plastic pigtail stents.36 If there is stent migration
without bile leak and an intact fistulous tract, we remove the LAMS and place a new
SEMS or plastic stent through the fistulous tract.37 Options for obstructed EUS-
HGS stents include the placement of coaxial SEMS through the occluded stent or
radiofrequency ablation of the stent lumen.29 When EUS-HGS is done for benign indi-
cations, further biliary intervention, such as cholangioscopy and lithotripsy, can be
performed through a mature tract after 2 to 4 weeks. After management of the under-
lying benign biliary condition, FCSEMS can be removed or exchanged for DPPS every
6 months.

Endoscopic Ultrasound-guided Gallbladder Drainage

EUS-GBD has emerged as a valuable alternative percutaneous gallbladder drainage
(PT-GBD) and endoscopic transpapillary gallbladder drainage (ET-GBD) for patients
requiring nonsurgical gallbladder decompression. Though PT-GBD is more widely
available, it is limited by drain-associated discomfort, the requirement for tube
changes, and high rates of recurrent cholecystitis if the drain is removed.38 Transpa-
pillary drainage is similarly limited by lower clinical success rates and risk of pancre-
atitis.39 EUS-GBD, now done mainly with EC-LAMS,40 has been associated with
improved technical and clinical success, low risk of AE, the ability to perform peroral
therapeutic cholecystoscopy, and fewer reinterventions.41

Indications and patient selection
Indications for EUS-GBD include acute cholecystitis in patients with high surgical
risk,42 internal gallbladder drainage to enable the removal of percutaneous cholecys-
tostomy drains in patients who are not candidates for cholecystectomy,43 and malig-
nant biliary obstruction (MBO) where ERCP or EUS-BD is not possible and the cystic
duct is patent.44 Contraindications specific to EUS-GBD are gallbladder perforation
and biliary peritonitis.
ET-GBD should be considered when there is significant coagulopathy or antithrom-

botic medication use, large volume ascites, or another indication for ERCP such as
cholangitis or choledocholithiasis. An additional consideration is the future operative
candidacy of the patient. While cholecystectomy and fistula repair is feasible after
EUS-GBD,45 endoscopists and surgeons should discuss whether ET-GBD is
preferred in order to preserve the native gallbladder anatomy.

Approach
When feasible, we utilize transduodenal EUS-GBD using a direct technique (Video 2).6

� Position the echoendoscope so the distance between the duodenal bulb and
the gallbladder lumen is 10 mm or less. The duodenal bulb approach is asso-
ciated with a lower risk of stent obstruction and migration compared to a
transgastric approach.46,47 The transgastric approach may be more appro-
priate if there is duodenal obstruction, improved gallbladder apposition or
endoscope position from the antrum, and if future cholecystectomy is planned
as surgical access to the antrum may be more technically feasible than the
duodenal bulb.

� If peroral cholecystoscopy is anticipated, consider a larger caliber EC-LAMS
(15 mm).

� Preload the EC-LAMS with a guidewire, puncture the gallbladder, and coil the
guidewire in the gallbladder lumen.

� Deploy the proximal and then distal flanges as described earlier.
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� When a transgastric approach is used, there is substantial cholelithiasis, or
concern about LAMS migration or obstruction, consider coaxial placement of
two 7 Fr plastic double pigtail stents. This may reduce the risk of stent migration,
obstruction, and contralateral gallbladder wall injury.48,49

If we encounter difficult echoendoscope positioning, anatomic gallbladder abnor-
malities (eg, significant cholelithiasis or fibrosis), or an existing percutaneous tube,
we utilize a wire-guided technique.

� After appropriate positioning, puncture the gallbladder with a 19 or 22 G needle.
� Aspirate bile or inject contrast to confirm position.
� Coil a guidewire in the gallbladder and retract the needle.
� As mentioned earlier, deploy the EC-LAMS and coaxial double pigtail stents, if
needed.

Though EUS-GBD has been performed using conventional drainage (eg, needle
puncture, guidewire insertion, tract dilation, and placement of plastic or biliary
SEMS),50,51 we generally avoid this due to an increased risk of bile leakage, contralat-
eral wall injury, stent occlusion, and stent migration.52,53

Salvage procedures
If the stent is misdeployed and the gallbladder is intact,54 the duodenal or gastric
defect can be closed with through-the-scope or over-the-scope clips, or endoscope
suturing. In cases where the gallbladder is punctured and there is a guidewire in place,
we attempt endoscopic salvage by placing an FCSEMS through the LAMS.55 If there is
gallbladder puncture without a guidewire in place, we immediately close the duodenal
or gastric defect and refer the patient for emergent percutaneous or surgical gall-
bladder decompression.29

Clinical outcomes and adverse events
Recent meta-analyses on EUS-GBD have reported excellent technical and clinical
success of greater than 90% and greater than 80%, respectively.56–58 Pooled overall
(early and delayed) AE rates range from 12% to 34%41,59 an estimated 2% perforation
risk, 4% to 7% stent obstruction and recurrent cholecystitis, and 4% migration
risk.52,60 EUS-GBD has comparable technical and clinical success to PT-GBD and
lower AE rates, reintervention rates, and postprocedural pain scores.58,60 Compared
to ET-GBD, EUS-GBD has higher clinical and technical success rates, similar AE
rates, and lower reintervention rates.39,61

Follow-up
For patients with ongoing cholelithiasis after EUS-GBD for cholecystitis, we perform
peroral cholecystoscopy to achieve stone clearance as this may reduce the burden
of future gallstone disease. While there are data suggesting long-term LAMS patency
of greater than 80%,52 we generally remove the LAMS and maintain the fistulous tract
with plastic double pigtail stents.4,62 For patients with limited life expectancy,
advancedmalignancy or frailty, or who are unwilling to undergo additional procedures,
we leave the LAMS in place permanently.

Endoscopic Ultrasound-guided Pancreatic Fluid Collection Drainage

EUS-guided drainage is a first-line option for the management of symptomatic or
infected PFCs including pancreatic pseudocysts, walled-off necrosis (WON), and
postsurgical collections.63 The first case of PFC drainage done entirely through a ther-
apeutic channel echoendoscope was described in 1996.64 We make decisions
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regarding optimal PFC drainage based on size, location, amount of solid necrosis, and
presence of infection. ForWON, EUS-guided drainage can be supplemented by percu-
taneous drainage and surgical debridement.63

Indications and patient selection
EUS-guided drainage is indicated for infected or sterile symptomatic pseudocysts,
WON, and postsurgical collections. We generally wait 4 weeks after the onset of acute
pancreatitis as this approach is associated with improved in-hospital outcomes and
fewer invasive interventions.65,66 We always obtain cross-sectional imaging prior to
the procedure to delineate the amount of liquid versus solid necrotic material and to
identify the presence of pseudoaneurysms within the collection.67 As endoscopic
decompression of the fluid collection can induce pseudoaneurysm rupture and life-
threatening hemorrhage, we request percutaneous vascular intervention prior to pro-
ceeding with endoscopic drainage when pseudoaneurysms are present.68

Approach
We primarily use a direct technique for EC-LAMS as this involves fewer steps and al-
lows for immediate necrosectomy, if needed. If LAMS deployment is high risk due to a
small cavity size or adjacent vessels, we use a wire-guided technique with DPPS.
Meta-analyses and a randomized trial on WON management using LAMS versus
DPPS have suggested similar rates of clinical efficacy, AE rates, and number of
required procedures.69,70

Wire-guided technique:

� Position the echoendoscope in the stomach or duodenum to visualize the collec-
tion, puncture with a 19 G needle and coil a 0.035 guidewire in the collection.

� Advance a 6 to 8 mm balloon dilator over the guidewire and dilate the tract. If
there is resistance when advancing the balloon dilator, use rigid dilators or a
cautery-tipped catheter first.

� Place a second guidewire inside the collection, and place two 7Fr DPPS (one
over each wire).

� For pseudocysts and postsurgical collections, obtain cross-sectional imaging 4
to 6 weeks after stent insertion. If there is radiographic resolution of the collec-
tion, remove the DPPS.

� If DPPS are inserted for WON, wait 2 to 4 weeks for tract maturation before pro-
ceeding with further dilation to 15 mm and direct endoscopic necrosectomy with
a therapeutic channel gastroscope.

Direct drainage with LAMS (Fig. 1A–C)
� Position the echoendoscope in the stomach or duodenum and deploy the EC-
LAMS.

� If immediate necrosectomy is warranted, balloon-dilate the tract to 15 mm to
allow for the passage of a therapeutic channel gastroscope.

� When possible, remove the LAMS within 3 to 4 weeks. A longer dwell time is
associated with an increased risk of bleeding and buried stent.70

� If the LAMS needs to be in place for a longer period, such as when there is a dis-
rupted MPD or numerous necrosectomies anticipated, place a coaxial DPPS
(Fig. 1D). Placement of a DPPS through the LAMS may help maintain stent
patency, prevent migration due to anchoring, and reduce trauma to the wall of
the cavity and associated bleeding.71

� If there is MPD disruption, the fistulous tract may be kept patent after LAMS
removal by placing DPPS. This approach is associated with lower rates of PFC
recurrence.72
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Fig. 1. EUS-guided pancreatic walled off necrosis drainage. (A) A large necrotic pancreatic
collection is identified. (B) The distal flange of an electrocautery-enhanced lumen apposing
metal stent (EC-LAMS) is deployed inside the collection. (C) A forward viewing gastroscope is
used to enter the collection through the previously placed EC-LAMS to perform direct endo-
scopic necrosectomy with a snare. (D) A double-pigtail plastic stent is deployed with the
distal pigtail inside the collection and the proximal pigtail in the stomach. This may help
maintain EC-LAMS patency, prevent migration due to anchoring, and decrease bleeding
from the cavity wall due to trauma from the EC-LAMS flange.
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Salvage procedures
Stent misdeployment for PFC management usually involves either misdeployment of
the distal flange outside the PFC into the peritoneum or misdeployment of the proximal
flange and migration of the entire stent into the PFC. For distal flange misdeployment,
over-the-wire deployment of a new stent through the fistulous tract can be done with
LAMS, FCSEMS, or plastic stents.73 If the stent has migrated into the PFC, a new
LAMS can be placed through the fistulous tract while leaving the misdeployed stent
within the collection. Once the tract is mature, the misdeployed stent can be retrieved
from the PFC cavity.74

Clinical outcomes and adverse events
EUS-guided drainage of symptomatic pseudocysts has clinical success rates of
greater than 90% and recurrence rates of less than 10%.75,76 Endoscopic manage-
ment of WON in contemporary studies has clinical success rates greater than 80 to
90%.77,78 Data from randomized trials suggest shortened length of hospital stay
and lower rates of multiorgan failure and enterocutaneous fistula formation with endo-
scopic versus surgical management.79

AE rates for EUS-PFC drainage vary by technique and type of stent used. Common
AE for EUS-guided drainage of WON includes bleeding (10%–11%), infection (5%),
perforation (1%–5%), and pancreatic fistula development (3%–4%).78,79

Follow-up
We make decisions around the necessity and timing of necrosectomy based on
collection size, location, and percentage of necrotic tissue.80 Factors shown to be
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associated with the need for necrosectomy include collection size greater than
10 cm, more than 30% solid necrotic tissue, and extension into the paracolic
gutters.80

When necrosectomy is required, we use a combination of irrigation, suction,
through-the-scope devices such as snares and baskets. We continue to assess
patients clinically and radiographically and perform necrosectomy every 1 to 2 weeks
until resolution of the collection. In cases with massive necrosis burden, necrosectomy
can be performed multiple times per week.
Patients may require percutaneous drainage and surgical debridement in addition to

endoscopic therapy. We consider percutaneous drainage up front as part of a
combined approach for collections that extend into the pelvis or paracolic gutters.
For nonresolving collections, surgical approaches include either video-assisted retro-
peritoneal debridement or open necrosectomy.63

ENDOSCOPIC ULTRASOUND-GUIDED LUMINAL ANASTAMOSIS

Anastomoses can be created between adjacent parts of the GI lumen by placing an
EC-LAMS under EUS guidance. EUS-GE is used to treat gastric outlet obstruction
(GOO)81 and EDGE/EDEE is used to enable ERCP in patients with prior Roux-en-Y
gastric bypass (RYGB), Roux-en-Y hepaticojejunostomy (RYHJ), pancreaticoduode-
nectomy, or Billroth II gastrectomy surgery.82

Endoscopic Ultrasound-guided Gastroenterostomy

EUS-GE is performed by using an EC-LAMS to create an anastomosis between
the stomach and an adjacent loop of duodenum or jejunum. Over several days,
the fistulous tract matures into a secure anastomosis. EUS-GE has improved dura-
bility compared to luminal stenting and lower AE risks compared to surgical
gastrojejunostomy.83

Indications and patient selection
The primary indication for EUS-GE is malignant GOO, commonly due to gastric,
duodenal, ampullary, CBD, or pancreatic cancer.8 EUS-GE has been used for benign
GOO84 with the understanding that the LAMS should be removed once the cause of
the benign obstruction has been treated and for afferent loop syndrome as an alterna-
tive to surgery and PTBD.85

Relative contraindications are significant malignant ascites and diffuse peritoneal
carcinomatosis.8 EUS-GE in these settings may have limited benefit as treatment of
GOO can reveal additional downstream sites of obstruction.86 Another relative contra-
indication is diffuse malignant infiltration of the gastric wall. Puncturing through thick-
ened malignant tissue may require more cautery and carry a higher risk of bleeding.87

Finally, if patients have a life expectancy of 3 months or less, we consider enteral
stenting instead of EUS-GE given a lower AE risk and reasonable enteral stent patency
within the first 3 months.88

Approach
Prior to the procedure, we place patients on a clear liquid diet (for partial obstruction)
or nothing by mouth (for complete obstruction) for 2 to 3 days to minimize the amount
of solid food we encounter during the procedure. EUS-GE is now largely performed
using a wireless endoscopic simplified technique (WEST) and through balloon-
occluded gastrojejunostomy EUS-guided double-balloon-occluded gastroenteros-
tomy bypass (EPASS).89,90 With both techniques, it is critical to identify and
adequately dilate a loop of distal duodenum or jejunum such that it is 10 mm or less
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from the gastric wall. While several other techniques have been described, these have
largely fallen out of favor due to multiple additional steps and the associated potential
for stent misdeployment.91

WEST (Video 3)

� Advance a forward viewing endoscope or echoendoscope through the site of the
obstruction or at the proximal end of the obstruction if it is impassable.

� Pass a long guidewire and coil it within the jejunum.
� Pass a nasobiliary (7–10 F) tube down the working channel of the scope and over
the guidewire into the small bowel.

� Withdraw the endoscope or echoendoscope leaving the guidewire and nasobili-
ary drain in place. After scope removal, the guidewire can be removed.

� Inject normal saline with contrast and methylene blue (250–500 mL) through the
nasojejunal tube to distend the small bowel loop. Contrast enables for delineation
of small bowel anatomy. Methylene blue helps confirm correct LAMS placement
when reflux of blue fluid is seen after stent deployment.

� If passage of the nasojejunal tube past the obstruction is unsuccessful, the fluid
can be injected via a gastroscope proximal to the obstruction and allowed to
passively fill the small bowel loop.

� Advance an echoendoscope into position within the stomach to visualize the dis-
tended loops of small bowel.

� Identify an optimal target for EUS-GE creation. Scan the area for interposed
vascular structures.

� Give an intravenous bolus of glucagon (2–4 mg) to induce bowel paralysis prior to
cautery entry.

� While depressing the cautery pedal on the electrosurgical generator, advance
the EC-LAMS catheter across the gastric and small bowel well in a controlled
manner.

� Deploy the distal flange of an EC-LAMS (15 or 20 mm), advance a preloaded
guidewire into the jejunum, and then deploy the proximal flange using intrachan-
nel release technique as described earlier. While the flanges are often deployed
without a guidewire, the presence of a guidewire is critical to salvaging stent mis-
deployment, if necessary.

� After adequate positioning of the LAMS, dilation of the tract can be considered
using a balloon dilator to 15 or 20 mm for 15 and 20 mm diameter LAMS,
respectively.

Balloon-occluded gastrojejunostomy (EPASS)

� As mentioned earlier, advance a stiff guidewire past the obstruction and coil it
within the jejunum.

� The gastroscope or echoendoscope is then removed leaving the guidewire in
place.

� Advance the double-balloon occluding catheter past the obstruction, with the
balloons positioned proximal and distal to the target small bowel site.
Do
� The double-balloon occluding catheter originally used for EPASS is not avail-
able outside of Asia.90 In North American settings, a double-balloon device
was initially fashioned using vascular balloon catheters set 10 cm apart, which
could each be inflated up to 46 mm in diameter.92

� More recently, a through-the-scope double-balloon catheter has been devel-
oped (DUBX, Naja; Chess Medical, Montreal, Quebec, Canada) and approved
for use in the United States.93 This catheter has 2 balloons that can be inflated
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to 50 mm and are 12 cm apart. Additionally, it has a detachable working hub
that allows for the catheter to be exchanged through the endoscope working
channel and thus remain in place in the small bowel during removal of the for-
ward viewing gastroscope or echoendoscope. This catheter also contains an
infusion port that allows injection of fluid into the space between the 2
balloons.

� Inflate both balloons to 40 mm and then inject dilute contrast and methylene blue
to dilate the target loop of small bowel.

� Once the target loop is adequately dilated, deploy the EC-LAMSwith or without a
guidewire as described earlier.

Salvage procedures
Stent misdeployment is not uncommon for EUS-GE and has been reported to occur in
9% of cases,94 though these rates are likely decreasing with more widespread use of
the WEST and balloon-occluded GE techniques. Misdeployment is categorized as
type I (proximal flange in stomach, distal flange in peritoneum, no enterotomy), type
II (proximal flange in stomach, distal flange in peritoneum after enterotomy), type III
(proximal flange in peritoneum with gastrotomy, distal flange in small bowel), and
type IV (proximal flange in stomach, distal flange in colon).94 Type I misdeployment
can be managed by removing the LAMS and closing the gastrotomy with endoscopic
clips followed by reattempt of EUS-GE at a different site.
For type II and III misdeployment, the presence of a guidewire in the small bowel is

critical. If a guidewire is present, a new LAMS or SEMS can be used to bridge the
defect.95 If a guidewire is not present, a forward viewing gastroscope can be used
to enter the peritoneum through the proximal flange of the LAMS (in type II misde-
ployment) or the gastrotomy (in type III misdeployment) and identify the enterotomy
or misdeployed LAMS, respectively. A cannula and guidewire can then be advanced
into the small bowel to secure access, followed by SEMS deployment. This attemp-
ted rescue is technically demanding and may fail, resulting in a need for urgent sur-
gical rescue.
Type IV misdeployment is usually recognized late when patient either experiences

postprandial diarrhea or passes undigested food contents in their stool. This can be
managed with the removal of the LAMS and endoscopic closure of the gastric and
colonic defects after maturation of the fistulous tract.94

Clinical outcomes and adverse events
EUS-GE carries a high periprocedural AE rate of 11% to 12%,83,96 which includes
stent misdeployment and associated perforation, bleeding, aspiration of gastric con-
tents, and erosion of the small bowel wall from contact with the distal flange of the
LAMS. EUS-GE has higher clinical success rates and lower reintervention rate
compared to enteral stenting83 and a lower AE profile compared to surgical
gastrojejunostomy.83,96

Follow-up
Given the novelty of this technique, long-term data are only now emerging. Stent
dysfunction can occur due to food obstruction and tissue ingrowth. These events
can generally be managed endoscopically by removing the food, placement of a
new stent across the existing LAMS, or removing and replacing the LAMS.83 For ma-
lignant disease, we leave stents in place permanently and provide expectant manage-
ment. For benign disease, we follow patients for resolution of their benign GOO and
then remove the LAMS to induce spontaneous tract closure.
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Endoscopic Ultrasound-guided Transgastric and Transenteric Endoscopic
Retrograde Cholangiopancreatography

Patients with prior RYGB, RYHJ, pancreaticoduodenectomy, or Billroth II gastrectomy
with biliary disease have traditionally undergone laparoscopy-assisted ERCP (LA-
ERCP) or balloon enteroscopy-assisted ERCP (BA-ERCP). EDGE and EDEE offer
less invasive alternatives to LA-ERCP and have considerably higher success rates
than BA-ERCP.97

Indications and patient selection
EDGE and EDEE are indicated when ERCP is planned for patients with prior RYGB
and non-RYGB bypass (RYHJ, pancreatoduodenectomy, and Billroth II gastrectomy).
For patients with non-RYGB, we generally attempt BA-ERCP first given the relatively
shorter afferent limb (compared to RYGB). For patients with a gallbladder in place and
planned cholecystectomy, we opt for LA-ERCP as this can be done during the same
operation as a cholecystectomy.
EDGE is contraindicated if the patient wishes to avoid reconnecting the gastric

pouch and excluded stomach. It is relatively contraindicated if patients have had
sleeve gastrectomy prior to RYGB given the limited space in gastric remnant. If
there is future surgical intervention planned, options for biliary intervention should
be discussed with the surgical team prior to further altering the patient’s enteric
anatomy.

Approach
EDGE and EDEE involve creating an anastomosis either between the stomach and
excluded stomach or between the small bowel and adjacent small bowel limb,
respectively, using an EC-LAMS. A duodenoscope or forward-viewing scope can
then be passed through the anastomosis to perform conventional ERCP. As
with EUS-GE, adequate dilation of the target organ is critical to prevent stent mis-
deployment (Fig. 2).

� Position the echoendoscope in the native stomach, gastric pouch, or small bowel
and visualize the target lumen (excluded stomach or small bowel).

� Puncture the target lumen with a 19 G needle and instill dilute contrast with meth-
ylene blue until the target lumen is adequately distended, typically 250 to 500mL.
Though we generally use a direct puncture, other methods to distend the target
lumen have been described, including saline infusion through a nasobiliary drain,
balloon-enteroscope, or percutaneous drain.82

� Deploy an EC-LAMS as described earlier for EUS-GE with or without wire guid-
ance. A 20 or 15 mm diameter LAMS can be used, though the latter may have a
higher risk of intraprocedural migration.98

� If possible, delay transgastric or transenteric ERCP for at least 7 days to allow the
fistulous tract to mature.

� If same session ERCP is required for an emergent indication such as cholangitis,
dilate the LAMS to at least 15 mm and consider using clips or endoscopic sutur-
ing to anchor the stent in place prior to transmural intervention.99

Salvage procedures
In addition to the 4 types of misdeployments described earlier for EUS-GE, stent
dislodgement may occur during ERCP and result in a free perforation. Salvage tech-
niques for stent misdeployment and dislodgement are similar to those used for EUS-
GE as earlier.
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Fig. 2. Endoscopic ultrasound-directed transgastric ERCP (EDGE). (A) With an echoendo-
scope positioned in the gastric pouch of a patient with prior Roux-en-Y gastric bypass, a
19 G needle is used to puncture the excluded stomach. (B) The distal flange of an
electrocautery-enhanced lumen apposing metal stent (EC-LAMS) is deployed in the excluded
stomach. (C) An EC-LAMS (black arrow) with an anchoring double pigtail plastic stent is seen
connecting the gastric pouch to the excluded stomach. (D) A duodenoscope is used to access
the papilla through the EC-LAMS (black arrow) and excluded stomach to perform ERCP.
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Clinical outcomes and adverse events
Pooled outcomes from meta-analysis of EDGE and EDEE have reported technical
success rates of greater than 95%.97 AE rates are approximately 17% to 18% and
include stent dislodgement during subsequent ERCP, postprocedural abdominal
pain, bleeding, persistent fistula despite LAMS removal, and post-EDGE weight
gain.97 EDGE and EDEE have similar success rates and AE rates with shorter proced-
ure times compared to LA-ERCP, and higher success rates and AE rates compared to
BA-ERCP.97

Follow-up
After the biliary issue is resolved, we remove the LAMS. Despite removal, a large and
persistent fistula may lead to weight gain. Fistula persistence seems to be associated
a longer LAMS dwell time98 and can be managed endoscopically using through-the-
scope or over-the-scope clips, endoscopic suturing, or argon coagulation applied to
the tract.98
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CONSIDERATIONS FOR SALVAGE PROCEDURES

Salvage options for stent misdeployment are detailed earlier for each procedure. The
objective of all salvage procedures is to re-establish access to the ductal or luminal
target, if possible. When this is not possible, the goal is to secure closure of any de-
fects and attain access or drainage through percutaneous or surgical means. In the
vast majority of cases, we admit patients to hospital, administer broad-spectrum an-
tibiotics, manage pneumoperitoneum with needle decompression, if needed, and
request surgical and/or interventional radiology consultation as indicated.8

SUMMARY

Therapeutic EUS is an innovative and rapidly developing field that allows for internal
access to pancreaticobiliary and adjacent luminal structures. While these procedures
are demanding and require significant expertise, they can have excellent clinical out-
comes and provide valuable treatment options for patients.

SUPPLEMENTARY DATA

Supplementary data related to this article can be found online at https://doi.org/10.
1016/j.gtc.2024.08.016.
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