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Although endoscopic retrograde cholangiopancreatography (ERCP) is the first-line treatment for benign biliary diseases, this
procedure is technically difficult in some conditions such as a surgically altered anatomy and gastric outlet obstruction. After a failed
ERCP, a surgical or a percutaneous approach is selected as a rescue procedure; however, various endoscopic ultrasound (EUS)-guided
interventions are increasingly utilized in pancreatobiliary diseases, including EUS-guided rendezvous for failed biliary cannulation,
EUS-guided antegrade treatment for stone management, and EUS-guided hepaticogastrostomy for anastomotic strictures in patients
with a surgically altered anatomy. There are some technical hurdles in EUS-guided interventions for benign biliary diseases owing to the
difficulty in puncturing a relatively small bile duct and in subsequent guidewire manipulation, as well as the lack of dedicated devices.
A recent major advancement in this field is the introduction of a 2-step approach, in which EUS-guided drainage is placed in the
first session and antegrade treatment is performed in subsequent sessions. This approach allows the use of various techniques such as
mechanical lithotripsy and cholangioscopy without a risk of bile leak. In summary, EUS-guided interventions are among the treatment
options for benign biliary diseases; however, standardization of the procedure and development of a treatment algorithm are needed.
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INTRODUCTION

Endoscopic retrograde cholangiopancreatography (ERCP)
has been utilized for the diagnosis and treatment of biliary
tract diseases, both benign and malignant. However, ERCP
is technically difficult in some conditions such as a surgically
altered anatomy' and gastric outlet obstruction.” Percutaneous
transhepatic biliary drainage (PTBD) has been used as a sal-
vage technique for failed ERCP; however, it needs more than
2-4 weeks of tube placement and is associated with high mor-
bidity.
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Endoscopic ultrasound (EUS) was first developed as a
new diagnostic modality and is now widely used for tissue
acquisition in various intra-abdominal lesions (i.e., EUS-guid-
ed fine-needle aspiration [EUS-FNA]).** With EUS-FNA,
EUS-guided interventions have evolved from being diagnos-
tic procedures to being therapeutic procedures. EUS-guided
biliary drainage (EUS-BD) is one of those EUS-guided ther-
apeutic interventions. EUS-BD was first reported in 2001 by
Giovannini et al,’” and since then has been increasingly per-
formed mostly in patients with unresectable malignant biliary
obstruction.”” However, as EUS can be utilized for biliary ac-
cess, the indications of EUS-BD are not limited to malignant
biliary obstruction and the use of EUS-BD for benign biliary
diseases is increasingly reported.*"

In this review, the current evidences and hurdles in the use
of EUS-BD for benign biliary diseases are reviewed. We did
not include EUS-guided gallbladder drainage (EUS-GBD) in
our review because systematic reviews of EUS-GBD have al-
ready been reported elsewhere.*"*


http://crossmark.crossref.org/dialog/?doi=10.5946/ce.2018.188&domain=pdf&date_stamp=2019-05-31

INDICATIONS OF EUS-BD IN BENIGN
BILIARY DISEASES

The indication and types of EUS-BD are summarized in Ta-
ble 1. Bile duct stones and benign biliary strictures are 2 major
indications of EUS-BD in benign biliary diseases. There are 2
types of EUS-BD procedures: transpapillary (or trans-anas-
tomotic) procedures and transmural biliary drainage. The
former includes EUS-guided rendezvous (EUS-RV) and
EUS-guided antegrade treatment (EUS-AG), and the latter
includes EUS-guided choledochoduodenostomy, EUS-guided
hepaticogastrostomy (EUS-HGS), EUS-guided hepaticoje-
junostomy (EUS-H]JS), and EUS-GBD. EUS-BD for benign
biliary diseases is currently used as a rescue procedure after
a failed or difficult ERCP. The contraindications include lack
of biliary tract visualization, presence of intervening vessels,
severe coagulopathy, and presence of massive ascites.”

In benign biliary diseases other than cholecystitis, EUS-RV,
EUS-AG, and EUS-HGS/HJS are 3 major methods for EUS-
BD. EUS-RV is performed for failed biliary cannulation in pa-
tients with a regular anatomy. EUS-AG is performed for stone
removal in patients with a surgically altered anatomy. EUS-
HGS/H]JS is performed for anastomotic strictures in patients
with a surgically altered anatomy. The techniques and out-
comes of these 3 EUS-BD interventions are discussed below.

EUS-RV

In EUS-RV, after the puncture of the biliary tract, a guide-
wire is passed through the ampulla into the duodenum or
through the anastomosis into the jejunum. Then, by using
this RV guidewire, biliary cannulation is achieved in an ERCP
fashion. Subsequently, intended procedures such as stone ex-
traction and biliary drainage are performed.

EUS-RV is indicated when failed cannulation in a regular
anatomy is the reason for EUS-BD. As subsequent procedures

Table 1. Indications and Types of EUS-BD for Benign Biliary Diseases
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are similar to the regular ERCP, EUS-RV can be performed
both for bile duct stones and benign biliary strictures.

In a systematic review, the technical success rate of EUS-
RV was 82% (85% in the extrahepatic approach and 76% in
the intrahepatic approach), which appears lower than the
>90% technical success rate of EUS-guided transmural biliary
drainage.” This technical difficulty of EUS-RV lies in its com-
plex steps, especially guidewire manipulation.”® This guidewire
passage can be further difficult in patients with benign biliary
strictures, which necessitate passage through both the stric-
ture and the ampulla/anastomosis.

There are 3 routes in EUS-RV in patients with a regular
anatomy: transgastric route, transduodenal route in a long
position, and transduodenal route in a short position.” The
transduodenal route in a short position is recommended
whenever possible because of its easy guidewire manipula-
tion."** There are some techniques that can enhance the tech-
nical success of EUS-RV, such as the hybrid technique” and
the hitch-and-ride cannulation technique.”

The adverse event rate of EUS-RV was 13% in a systematic
review." Adverse events include bleeding, perforation, bile
leak, pancreatitis, abdominal pain, and pneumoperitoneum.
The adverse event rate was 8% in the extrahepatic approach
and 17% in the intrahepatic approach. Thus, the extrahepatic
approach, especially the transduodenal route in a short po-
sition, should be selected whenever possible for safety and
efficacy.

In patients with a surgically altered anatomy, EUS-RV can
be performed if the ampulla or the anastomosis is accessible
by an enteroscope;™ however, scope insertion in patients with
a surgically altered anatomy may be cumbersome. Therefore,
as discussed below, EUS-AG or the transmural approach can
be utilized in the treatment of benign biliary diseases. Con-
versely, EUS-RV in combination with enteroscopy-assisted
ERCP might be necessary when EUS-AG stone treatment
fails.*** Thus, devices for EUS-RV, EUS-AG, and EUS-HGS
should be prepared in all situations.

Reasons for interventions

Reasons for EUS-BD

Types of EUS-BD procedures

Bile duct stones Failed cannulation EUS-RV
Benign biliary strictures Failed access to the ampulla or the anastomosis EUS-AG stone treatment
Bile leak Failed guidewire passage through the stricture EUS-HGS
Cholecystitis Clinical failure after ERCP EUS-HJS
EUS-GBD

ERCP, endoscopic retrograde cholangiopancreatography; EUS-AG, endoscopic ultrasound-guided antegrade treatment; EUS-BD, endos-
copic ultrasound-guided biliary drainage; EUS-GBD, endoscopic ultrasound-guided gallbladder drainage; EUS-HGS, endoscopic ultra-
sound-guided hepaticogastrostomy; EUS-HJS, endoscopic ultrasound-guided epaticojejunostomy; EUS-RYV, endoscopic ultrasound-guided

rendezvous.
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EUS-AG STONE EXTRACTION IN A
SURGICALLY ALTERED ANATOMY

Endoscopic management of bile duct stones in patients with
a surgically altered anatomy is still a problem despite the re-
cent advancements in enteroscopy-assisted ERCP.** Although
the technical success rate of enteroscopy-assisted ERCPs is
more than 95% when performed by experts,” technical failure
may occur in enteroscope insertion or in biliary cannulation
depending on the postsurgical adhesion or the length of the
afferent limb. While PTBD has been used as a salvage pro-
cedure after failed ERCP in this setting,” EUS-AG stone ex-
traction is increasingly reported as another salvage technique
(Table 2).

In EUS-AG stone extraction, biliary access is achieved
through the puncture of an intrahepatic bile duct, followed by
guidewire advancement through the ampulla into the duode-
num. Then, balloon dilation of the ampulla is performed, and
bile duct stones are antegradely pushed out with an extraction
balloon catheter. After complete stone extraction, a temporary
nasobiliary drainage tube or a plastic stent is often placed to
prevent bile leak.

Data on EUS-AG stone removal are still limited. Two early
single-center studies demonstrated technical success rates of
67% (4/6)** and 60% (3/5).” The success rate did not improve
considerably when only simple stone extraction techniques
were used: 1 multicenter retrospective study of EUS-AG stone
extraction in patients with a surgically altered anatomy with
a native papilla demonstrated a technical success rate of 72%
and an adverse event rate of 17%.” The reasons for technical
failure were failed bile duct puncture (21%), failed guidewire
manipulation (3%), and failed stone extraction (3%).

The technical difficulty of EUS-AG stone extraction lies in
every step of the procedure. The dilation of the intrahepatic
bile duct is often minimal as compared with a large common
bile duct in patients with a surgically altered anatomy, which
explains the relatively high rate of failed puncture. Guidewire
passage is also difficult owing to the long distance from the
intrahepatic bile duct to the ampulla. Finally, stone extraction
is also technically difficult because of the limited available de-
vices for stone extraction.

In EUS-AG, ampullary intervention is limited to papillary
balloon dilation up to the size of the distal bile duct.” There-
fore, if stones are larger than the size of the dilation balloon,
lithotripsy is necessary, which may prolong the procedure and
increase the risk of bile leak.

To overcome these limitations of EUS-AG stone removal,
a 2-step approach can be a treatment option.” In the first
session, a plastic stent or a covered metallic stent is placed via
EUS-HGS or EUS-HJS without stone removal. Then, in the
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subsequent sessions after fistula maturation, antegrade stone
removal is performed. Because of the mature fistula, there is
a low risk of bile leak. Moreover, various devices can be used,
such as a mechanical lithotriptor or even a peroral cholangio-
scope, which can be inserted through the bilio-enteric fistula,
allowing the use of electrohydraulic lithotripsy or laser litho-
tripsy under direct visualization. Hosmer et al.” reported their
single-center experience of 2-step EUS-AG stone extraction in
9 patients with a surgically altered anatomy. Stone extraction
was completed at a mean of 2.5 sessions with cholangioscopy
(n=8), electrohydraulic lithotripsy (n=4), and mechanical lith-
otripsy (n=1). The use of a temporary fully covered metallic
stent” allows retrograde stone extraction in addition to pass-
ing various devices through the stent. The use of fully covered
metallic stents was reported in 2 other studies, and stent re-
moval after stone extraction was successful in 100%.”** The
best approach to EUS-guided bile duct stone management
should be further investigated according to the anatomy and
the size and location of bile duct stones.

EUS-HGS/HJS FOR BENIGN BILIARY
STRICTURES IN A SURGICALLY
ALTERED ANATOMY

The development of an anastomotic stricture after hepatico-
jejunostomy, which can be a cause of cholangitis or jaundice,
is not uncommon, and a long-standing anastomotic stricture
with cholangitis can lead to secondary cirrhosis if left un-
treated. Owing to the surgically altered anatomy, endoscopic
management of the anastomotic stricture is technically chal-
lenging. Recently, the safety and efficacy of enteroscopy-as-
sisted therapeutic ERCP have been reported;” however, it is
not always technically and clinically successful even when
performed by experts. In cases of failed enteroscopy-assist-
ed ERCP, PTBD or (less often) a surgical approach has been

35-37 .
1S nOW

utilized as a rescue procedure, although EUS-BD
another treatment option (Table 2). In most cases with a sur-
gically altered anatomy, the EUS-guided approach is limited
to the left biliary system. The right biliary system is approach-
able through the EUS-HGS or EUS-HJS route in cases with
choledochojejunostomy. Otherwise, the right biliary system
should be managed with PTBD or enteroscopy-assisted ERCP.
If the anastomosis is accessible by ERCP, a combination of en-
teroscopy and the EUS approach is also useful: ERCP for the
right biliary drainage and EUS for the left biliary drainage.
Miranda-Garcia et al.” reported their pilot study of EUS-
HGS in 7 cases with anastomotic strictures. In 4 cases, a
guidewire could pass the stricture and stents were placed
across the stricture for anastomotic dilation. Meanwhile, in
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the remaining 3 cases, a guidewire could not pass the stricture
and only EUS-HGS was performed. A fully covered metallic
stent was placed via EUS-HGS in 6 cases. The technical and
clinical success rates were 57% and 100%, respectively. There
were 3 bleeding cases and 3 stent migration cases as adverse
events.

In cases with a tight anastomotic stricture, we prefer a
2-step approach similar to EUS-AG stone extraction.” In the
first session, EUS-HGS or EUS-HJS is performed. After fistula
maturation, the anastomosis can be passed with a hydrophilic
guidewire or even with cholangioscopy guidance through
the fistula. Once a stent is placed through the anastomosis
via the EUS approach, stent exchange either through the
entero-biliary fistula or with an enteroscopic approach, if
accessible, is technically possible. In general, however, stent
exchange through the EUS-HGS fistula is technically easier
than enteroscopy-assisted ERCP. Recently, a fully covered me-
tallic stent is reported to be useful for benign biliary strictures
during ERCP™* In EUS-guided interventions, a fully covered
metallic stent with a large diameter may provide better stric-
ture resolution; however, no large-scale data comparing plastic
and covered metallic stents are available yet.

TECHNICAL TIPS FOR EUS-GUIDED
TREATMENT OF BENIGN BILIARY
DISEASES

One of the technical hurdles in EUS-guided interventions
for benign biliary diseases is the lack of dedicated devices.

Both puncture of an intrahepatic bile duct and guidewire
insertion are difficult in most cases with a surgically altered
anatomy because of minimal dilation of the intrahepatic bile
duct. Given the lack of a dedicated biliary access needle, we
recommend the use of a 19-gauge FNA needle with a sharp tip
(EZshot 3 plus; Olympus Medical Systems, Tokyo, Japan) and
a 0.025-inch guidewire with a flexible tip (VisiGlide2, Olym-
pus Medical Systems). There is a risk of guidewire shearing
within the small intrahepatic bile duct," and gentle guidewire
manipulation is mandatory. Even after successful guidewire
insertion into the biliary system, subsequent guidewire pas-
sage through the ampulla, anastomosis, and/or stricture can
also be difficult. To avoid guidewire shearing, once the guide-
wire is advanced deep into the biliary system, the FNA needle
is exchanged to a tapered catheter. Then, further guidewire
manipulation can be safely and effectively performed.

As compared with the transpapillary approach, which
maintains physiological bile flow, EUS-BD can be complicated
by bile leak. A prolonged procedure in the initial EUS-BD ses-
sion can increase the risk of bile leak. When a complex proce-
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dure is planned, a 2-step procedure after fistula maturation al-
lows the use of various devices without the risk of bile leak. In
addition, the use of a covered metallic stent allows easy access
to the bile duct.” There are no comparative data on adverse
events after EUS-BD for benign vs. malignant diseases. One
systematic review of EUS-BD reported an adverse event rate
of 17%,"” which appeared to be similar to that of EUS-BD for
benign biliary diseases shown in Table 2. However, given the
variety of EUS-BD procedures, further investigations on the
safety of EUS-BD for benign biliary diseases are warranted.
The greatest advancement in EUS-AG treatment is the use
of a peroral cholangioscope through the EUS-guided bil-
io-enteric fistula. Management of bile duct stones and biliary
strictures under direct visualization of a cholangioscope pro-
vides a high technical success rate. In a recent report of EUS-
AG interventions by Mukai et al.,” 2-step procedures were
performed in 26 of 34 cases of benign biliary diseases. Among
those 26 cases, peroral cholangioscopy through the bilio-en-

1.* also uti-

teric fistula was utilized in 19 cases. Hosmer et a
lized cholangioscopy in 8 of 9 cases of bile duct stones in pa-
tients with a surgically altered anatomy. Given the possibilities
of EUS-BD as a portal to various intraductal interventions, a
combination of EUS-BD and peroral cholangioscopy through
the bilio-enteric fistula can be a standard technique for biliary

interventions in patients with a surgically altered anatomy.

PROPOSAL FOR A TREATMENT
ALGORITHM IN BENIGN BILIARY
DISEASES

Our proposal for a treatment algorithm in benign biliary
diseases is shown in Fig. 1. EUS-guided interventions are
currently considered a salvage technique after failed ERCP;
however, as shown in Table 2, it can be a first-line treatment
in patients with a surgically altered anatomy if expertise in
EUS-BD is available.* In patients with a surgically altered
anatomy, the puncture site is limited to the left intrahepatic
bile duct and PTBD should be selected for those who need in-
terventions in the right biliary system. Otherwise, EUS-guid-
ed interventions have an advantage over PTBD in terms of
clinical success and adverse events.” When EUS-guided treat-
ment is unlikely to be completed in a single session because of
difficult stones or a tight stricture, a 2-step approach should be
selected.

Given the potential severe adverse events such as bile
leak, bleeding, and perforation, the treatment selection of
EUS-guided intervention vs. enteroscopy-assisted ERCP or
vs. PTBD should be decided according to the anatomy and
the local expertise. Last but not least, support from the mul-
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Two step treatment with
cholangioscopy or other devices

Fig. 1. Proposal for a treatment algorithm for benign biliary diseases. BBS, benign biliary stricture; BDS, bile duct stones; ERCP, endoscopic retrograde cholan-
giopancreatography; EUS-AG, endoscopic ultrasound-guided antegrade treatment; EUS-HGS, endoscopic ultrasound-guided hepaticogastrostomy; EUS-HJS, endo-
scopic ultrasound-guided epaticojejunostomy; EUS-RV, endoscopic ultrasound-guided rendezvous; IHBD, intrahepatic bile duct; PTBD, percutaneous transhepatic

biliary drainage.

tidisciplinary team including endoscopists, interventional
radiologists, and surgeons should be readily available when
EUS-guided intervention fail or adverse events occur.”

LIMITATIONS OF EUS-BD

There are some limitations in the EUS-BD approach for
benign biliary diseases. First, dedicated devices are definitely
lacking in the EUS-BD approach. This lack of dedicated de-
vices has been discussed since the introduction of EUS-BD,
but the problem is yet to be resolved. There are some reasons
for this slow development of dedicated devices, including the
lack of procedure standardization and the variety of the pro-
cedures, as described above, within the spectrum of EUS-BD.
Moreover, from the point view of manufacturers, the number

of procedures is limited owing to the expertise necessary for
EUS-BD. Given the increasing number of EUS-BD cases as
well as the development of training models, the development
of dedicated EUS devices by manufacturers will hopefully
accelerate, which would, in turn, bring benefits to patients.
Given the minimal dilation of the intrahepatic bile duct in
patients with a surgically altered anatomy, the development of
an access needle, which enables easy puncture and guidewire
manipulation without shearing, is necessary. The appropriate
stent for EUS-BD in benign biliary diseases is also unclear.
While there are fewer adverse events with covered metallic
stents than with plastic stents in EUS-BD,’ stents should be re-
movable in benign diseases. Recently, the safety and effective-
ness of a dedicated plastic stent for EUS-BD* were reported.
However, when EUS-BD is used as a portal to intraductal in-
terventions such as lithotripsy under cholangioscopy, a large-
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bore fully covered metallic stent provides better access. Mean-
while, given the cost of fully covered metallic stents, their
role in EUS-BD for benign biliary diseases should further
be investigated in comparison with plastic stents. Finally, the
indication and selection of procedures, including EUS and/
or enteroscopy-assisted therapeutic procedures, vary among
different institutions.’ The indication and algorithm for EUS-
BD in benign biliary diseases should be established based on
large-scale prospective data. Finally, the procedures for benign
biliary diseases are more complex than those of EUS-BD for
malignant biliary obstruction, and it is difficult to manage all
conditions with EUS-BD alone; here, both ERCP and PTBD
are complimentary to EUS-BD.

CONCLUSIONS

In conclusion, EUS-guided biliary interventions such as
EUS-RV, EUS-AG, and EUS-HGS are now among the treat-
ment options for benign biliary diseases, which are difficult
to manage with conventional methods. The introduction of
a 2-step approach and the use of a cholangioscope through
the bilio-enteric fistula are the major breakthroughs; however,
standardization of each EUS-BD procedure and the develop-
ment of a treatment algorithm in this setting are needed.
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