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Introduction

Endoscopic retrograde cholangiopancreatography (ERCP) 
is considered the first line intervention for pancreaticobiliary 
drainage for management of bile duct stones, benign 
and malignant biliary strictures (1-3), acute and chronic 
pancreatitis (4), pancreatic duct disruption (2), and numerous 
other disease processes. In cases when conventional ERCP 
is unsuccessful, it is recommended that a repeat ERCP 
should be performed by a more experienced endoscopist at a 
high-volume center (5). Although the expected success rate 
for ERCP is greater than 90%, there are factors preventing 
successful ERCP even by a skilled therapeutic endoscopist 
including surgically altered anatomy (i.e., Whipple, Roux-
en-Y gastric bypass, Billroth II surgery), periampullary 
diverticula, gastric outlet obstruction, and malignant 
obstruction of the lumen (6-8). It was previously estimated 
that in the United States, 700,000 ERCPs are performed 

annually with a failure rate between 4–10% despite 
advanced techniques such as wire-guided cannulation, 
double wire technique or precut sphincterotomy (9,10). 

Alternative options for biliary drainage after failure of 
conventional ERCP include percutaneous transhepatic 
biliary drainage (PTBD) and surgical biliary bypass (11,12). 
Although PTBD is a safer and more widely utilized 
alternative than surgery (13), complication rates have been 
estimated as high as 23%; this is most commonly due to 
cholangitis, dislocation or obstruction of catheters, higher 
likelihood for repeated biliary drainages, and patient 
dissatisfaction with indwelling catheter appearance and 
management (14-17).

Over the past several decades, endoscopic ultrasound 
(EUS) has transformed from strictly a diagnostic tool 
to a therapeutic technique allowing for the emergence 
of EUS-guided biliary drainage (EUS-BD) (18-21). 
This technique involves accessing the biliary tree with a 
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fine-needle aspiration needle and guidewire, creating a 
fistulous tract with cautery and/or dilation, and ultimately 
deploying a decompressing stent under endosonographic 
and fluoroscopic visualization. In the past few years, there 
have been multiple retrospective and prospective studies 
evaluating the optimal techniques and indications for biliary 
drainage. We will review the most up-to-date indications 
and techniques in this review.

Indications

EUS-BD is indicated for benign and malignant biliary 
obstruction when conventional ERCP is unsuccessful 
or not feasible. The addition of endosonography allows 
for improved visualization of extraluminal structures 
as well  as strategic technical planning for bil iary  
drainage (22). The most common malignancies that require 
EUS-BD include pancreatic cancer, cholangiocarcinoma, 
and metastatic disease (23). Several small studies have 
investigated the use of EUS-BD as a first line approach 
for biliary decompression, instead of conventional ERCP, 
in the case of malignant biliary obstruction (24,25). Paik  
et al. (24) demonstrated in the first noninferiority trial that 
EUS-BD has comparable clinical and technical success 
to conventional ERCP with transpapillary stenting for 
primary palliation of malignant distal biliary obstruction. 
Furthermore, longer stent patency, less adverse rates and 
complications, and improved quality of life were associated 
with EUS-BD. However, larger randomized prospective 
trials are needed to adequately assess the role of EUS-BD 
in primary management of malignant obstruction.

Although one of the most common reasons for need 
of EUS-BD is obstructive jaundice due to underlying 
malignancy, it is crucial prior to any endoscopic intervention 
to assess if the patient is a candidate for curative surgical 
resection. If there is intent to proceed with surgical 
resection, then pre-operative biliary drainage via ERCP 
has been shown to increase rates of complications during 
surgery, with post-ERCP cholangitis as a predominant 
etiology (26). However in the case of a patient with 
underlying malignancy initially presenting with cholangitic 
symptoms or intense pruritus, then endoscopic biliary 
drainage can benefit the patient (27). This also applies 
in the case of patients who will require possible delay in 
surgical resection due to poor nutritional status or need 
for neoadjuvant chemotherapy. If ERCP or EUS-BD is 
pursued, transpapillary route is the preferred method. 
Complications from endoscopic biliary drainage, including 

cholangitis, hemorrhage, or pancreatitis could ultimately 
delay surgical resection and further therapy.

Technique

There are four well-described techniques for performing 
EUS-BD. The choice of the technique depends on the 
inherent reason for failed conventional ERCP, namely 
anatomic constraints, as well as the indication for biliary 
drainage and operator preference (22). The different 
techniques involve (I) the location of initial biliary access: 
intra-hepatic versus extra-hepatic; and (II) the location 
of stent deployment: transpapillary versus transgastric/
transenteric. Intrahepatic approaches consist of accessing 
the biliary tree from the stomach through a dilated left 
intrahepatic duct (LIHD) and deploying a stent from the 
LIHD into the stomach [EUS-guided hepaticogastrostomy 
(EUS-HG)] or deploying a stent in a transpapillary 
antegrade fashion across a stricture or obstruction (EUS-
antegrade stent placement). Extrahepatic approaches consist 
of accessing the biliary tree from the duodenal bulb through 
the common bile duct (CBD) or common hepatic duct 
(CHD) and deploying a stent from the CBD/CHD into the 
small bowel lumen [EUS-guided choledochoduodenostomy 
(EUS-CD)]. Stents can also be deployed in a transpapillary 
position using a rendez-vous technique from either an intra-
hepatic or extra-hepatic approach (EUS-RV). 

EUS-HG

EUS-HG is most commonly performed in cases of gastric 
outlet obstruction and post-surgical anatomy. Dilation of 
the left intrahepatic ducts, typically within segment three, 
is ideal for this approach (22). Absolute contraindications 
to HG include tumor infiltration along the stomach wall 
(due to risk for stent migration and bleeding); relative 
contraindications include massive ascites, coagulopathy, 
and lack of LIHD dilation (22). Stricture formation at 
the hepatic hilum may prevent successful decompression 
after EUS-HG due to inability to adequately drain the 
right intrahepatic system (28). However, there have been 
published cases of successful EUS-HG for right intrahepatic 
biliary drainage as well (29,30). Because this approach adds 
technical complexity, its use should be carefully determined.

To initiate EUS-HG placement, ultrasound is utilized 
to visualize the left intrahepatic bile ducts. Color doppler 
is utilized to visualize and avoid intervening vasculature. 
Transmural puncture from the proximal gastric body into 
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the left intrahepatic bile duct is made using a 19-gauge 
needle (31,32) (Figure 1). Optimal transmural distance 
from the LIHD to the stomach wall estimated by EUS has 
been suggested to be between 1–3 cm with a goal bile duct 
diameter >5 mm (33). Once needle access has been obtained, 
contrast is injected to obtain a cholangiogram to delineate 
biliary anatomy. A guidewire is then advanced through the 
needle into the intrahepatic ducts. A 450 cm wire is typically 
used, though shorter 240 cm guidewire has been used in 
some studies to allow for faster manipulation of endoscopic 
accessory tools (34). Once the guidewire is advanced into 
the bile duct towards the hilum, fistulous tract creation is 
performed using a dilating balloon. In some cases, cautery is 
required to create the fistulous tract prior to dilation. Finally, 
stent deployment over the guidewire is completed to achieve 
hepatico-gastric biliary drainage. In most cases, metal stents 
are preferred to best prevent bile leakage. 

EUS-antegrade stent placement

The technique for an EUS-antegrade approach is similar 
to that used in EUS-HG. The notable difference is that the 

stent is deployed across the area of obstruction within the 
bile duct. It is crucial in stent deployment that the guidewire 
actually traverses the area of obstruction within the biliary 
tree (22). As described above, transmural puncture of 
the LIHD with 19-gauge needle is performed from the 
stomach and contrast is injected to obtain a cholangiogram. 
A guidewire is advanced into the left intrahepatic ducts and 
directed across the area of biliary obstruction into the small 
intestine. Repeat contrast injection is then recommended to 
confirm filling of the small intestine and localize the biliary-
enteric junction. Stent deployment is then performed in an 
antegrade fashion, advancing the stent through the LIHDs 
then across the stricture and preferably across the ampulla 
(35,36) (Figure 2). Metal stents are typically preferred, 
though plastic stents can also be utilized. After stent 
deployment, the gastric puncture site can be closed with 
a hemoclip or a HG stent can be deployed for continued 
biliary access (22). 

EUS-CD

EUS-CD is a reasonable approach when papillary access 

BA
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Figure 1 Endoscopic ultrasound-guided hepaticogastrostomy. (A) Ultrasound image of transgastric needle puncture into left hepatic system. 
(B) Fluoroscopic visualization of cholangiogram with a dilating balloon dilating the fistulous tract. (C) Endoscopic view of a deployed metal 
hepaticogastrostomy stent. (D) Fluoroscopic image of a plastic stent though a metal hepaticogastrostomy stent.
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is not feasible and the extrahepatic portion of the CBD is 
dilated due to distal obstruction. In similar fashion to EUS-
HG, needle puncture with 19-gauge needle is performed 
under ultrasound guidance, a cholangiogram is obtained, 
and a guidewire is inserted from the duodenum towards 
the main biliary confluence (37) (Figure 3). Fistulous 
tract creation with balloon dilation and/or cautery is then 
performed. A stent is then deployed between the duodenal 
lumen and the extra-hepatic biliary tree. Metal stents are 
most commonly utilized with plastic stents for anchoring. 
However, lumen-apposing metal stents (LAMS) are 
being shown to have high technical and clinical success 
and are in the process of being developed specifically for  
EUS-CD (38). 

EUS-RV

In circumstances when the second portion of the duodenum 
is accessible yet conventional ERCP (in the retrograde 
position) via the papilla is not feasible, EUS-RV can be 
considered for biliary access and drainage. Particular 
scenario when this might arise include presence of a large 
periampullary diverticulum or ampullary tumor (39). 
This technique was first highlighted in a few small case 
series starting in 2004 (40,41). It has also been suggested 
to be superior to precut papillotomy for procedural 
success, although there is no difference in procedural 
complications (10,42). In this technique, biliary access is 
obtained via techniques as outlined above and the guidewire 
is directed across the ampulla deep into the small bowel. 
However, instead of fistula creation with balloon dilation 

and/or cautery, the guidewire is left in place while the 
echoendoscope is removed using an exchange technique. 
A standard duodenoscope is then inserted to the level of 
the papilla, the wire is grasped using forceps or a snare and 
withdrawn through the accessory channel in the scope, and 
a conventional ERCP procedure is performed (Figure 4).

Choosing your technical approach 

Currently, there is no consensus on the ideal route to 
approach biliary drainage. Thus, it is often at the discretion 
and judgement of the advanced endoscopist (43). Given the 
myriad of approaches to endoscopic drainage for the same 
level of biliary obstruction, the importance of identifying 
the safest and most effective route of drainage is paramount 
to clinical success. 

To date there have been a few comparative studies for 
safety and efficacy of the different endoscopic approaches 
with varied results, with majority of data arising from 
retrospective reviews. In a study by Artifon et al., technical 
success rate was 91% in a census of 24 patients that 
underwent EUS-CDS, comparable to a success rate of 96% 
for the EUS-HG approach (31). There was no statistical 
difference between the two techniques. In a comparative 
study of EUS-transpapillary stenting versus EUS-CD, 
shorter procedural times and elimination of the pancreatitis 
risk made EUS-CD a worthwhile contender for first line 
palliative therapy in distal biliary obstruction (44). In a 
multicenter, nonrandomized, retrospective analysis by 
Gupta et al. (45), no significant difference was noted in 
clinical success between intrahepatic and extrahepatic 

A B

Figure 2 Endoscopic ultrasound-guided antegrade stent placement. (A) Fluoroscopic image of a cholangiogram with antegrade 
transpapillary wire placement. (B) Fluoroscopic image of a plastic transpapillary stent deployed antegrade through the intra-hepatic ducts. 
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approaches. These results were verified in a prospective 
randomized trial in a tertiary care endoscopy center with  
49 patients; no difference in outcome was noted between 
EUS-HG vs. EUS-CD (31). A large meta-analysis by 
Uemura et al. showed that EUS-HG and EUS-CD have 
equal efficacy and safety (23). 

When EUS-RV is attempted, there has been suggestion 
that the extrahepatic route has improved safety compared 
to intrahepatic approach. Dhir et al. (46) demonstrated 
in a retrospective analysis of 35 patients that increased 
hospitalization time, longer procedure time, and increased 
post-procedure pain are associated with the transhepatic 
route for the rendez-vous approach. In another retrospective 
study two years later by Dhir et al. comparing 68 patients 
among all four ultrasound-guided procedures, the success 
rate was high among all approaches regardless of access, 
stent direction or drainage route (47). However, increased 

complications were seen in transhepatic route versus the 
transduodenal approach (bleeding, cholangitis, perforation, 
bile leak, pneumoperitoneum, death) with a significant P 
value. On the contrary, in a large systematic analysis of 
1,192 patients by Wang et al., the authors demonstrated no 
difference between the technical success rate, functional 
success rate, or adverse event rate of transgastric and 
transduodenal biliary approaches (19). In cases of 
obstructive jaundice with concomitant duodenal obstruction 
with need for both biliary and duodenal decompression 
with stenting, EUS-HG may be the preferred route due to 
longer stent patency and fewer adverse events (48). 

An algorithm to standardize management of biliary 
obstruction was proposed in 2016 (49). After cross-sectional 
imaging is attained, demonstration of intra- or extra-hepatic 
dilation can determine preferred route of biliary drainage. 
If the intrahepatic biliary tree is dilated, it is recommended 

A B C

Figure 3 Endoscopic ultrasound-guided choledochoduodenostomy. (A,B) Puncture of the bile duct from the duodenal bulb using ultrasound 
guidance. (C) Fluoroscopic visualization with cholangiography after common bile duct access achieved.

A B

Figure 4 Endoscopic ultrasound-guided rendez-vous drainage. (A) Fluoroscopic image of a wire placed by EUS-BD being grasped and 
pulled through the working channel of a duodenoscope. (B) Stent deployment over the guidewire via the ampulla to complete conventional 
ERCP. EUS-BD, endoscopic ultrasound-guided biliary drainage; ERCP, endoscopic retrograde cholangiopancreatography.
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that anterograde approach via the intrahepatics be 
attempted first. If unsuccessful, procedure can be converted 
to EUS-HG. If HG is unsuccessful, then at this point EUS-
rendez-vous technique should be considered, and if this 
is not feasible, then ultimately a transenteric stent should 
be placed. If the intrahepatic tree is not dilated, then the 
decision proposed is: first, rendez-vous technique should 
be attempted, and if it cannot be achieved successfully, then 
transenteric stent placement should be performed. This 
algorithm was suggested on the principle that endoscopic 
technique should be decided based on the preferred 
preservation of natural hepatobiliary anatomy. In application 
of this algorithm for 52 patients, no difference in safety 
or efficacy was noted between intrahepatic or extrahepatic 
approaches.

Safety and efficacy of EUS-BD

Success of EUS-guided biliary drainage procedures is 
remarkably high, with pooled data showing up to 94% 
technical success rate and 90% clinical success rate (19,24). 
Advantages of EUS-biliary drainage include ease of access 
to bile ducts when the ampulla is not easily accessible 
endoscopically, and avoidance of papillary interventions that 
could lead to acute pancreatitis (24). When conventional 
ERCP fails, it is possible to convert to EUS biliary 
drainage within the same procedure, avoiding the need 
for repeat procedures and delayed ductal decompression. 
Furthermore, EUS-BD can allow for longer stent  
patency (50). This naturally leads to decreased patient costs 
for repeated procedures and improves patient satisfaction. 

Compared to surgical intervention, i.e., hepaticojejunostomy, 
for malignant biliary obstruction, a small randomized study 
by Artifon et al. showed that EUS-BD (in the EUS-CD 
approach) had shorter procedural times with no difference 
in adverse events or quality of life scores (51). Another 
advantage when compared to PTBD is that use of EUS 
allows visualization of vasculature using doppler imaging to 
prevent accidental vascular injury (52). 

The risks associated with EUS-BD are varied, but the 
complication rates appear to be decreasing as experience 
with EUS-BD is growing in tertiary care centers (53). In 
a recent meta-analysis of 42 studies with 1,192 patients, 
an adverse event rate for EUS guided biliary drainage 
was calculated as 23%. The risk of bleeding and bile 
leakage were highest at 4.03% followed by lower risk of 
pneumoperitoneum, stent migration, cholangitis, abdominal 
pain and peritonitis (19). It is highly recommended that 

EUS-BD be performed in high volume tertiary care 
endoscopy centers, where there is endoscopic expertise 
along with support from surgical and interventional 
radiology departments.

Conclusions

Rapid endoscopic advances in biliary decompression have 
been made over the past 10 years. With the emergence of 
the field of therapeutic EUS, there are new and innovative 
ways to safely drain the hepatobiliary system in patients who 
cannot undergo conventional ERCP. As a result, the breadth 
and depth of endoscopic offerings to patients has drastically 
increased and invasive procedures can be avoided. With 
four described endoscopic techniques—EUS-HG, EUS-
CD, EUS-RV, and EUS-antegrade stent placement—there 
are a multitude of safe and effective approaches for biliary 
decompression. Optimal approaches to EUS-guided biliary 
drainage for hepatobiliary decompression continue to be 
investigated and improved, allowing for the emergence of a 
cohesive approach for patient care.
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