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Endoscopic retrograde cholangiopancreatography (ERCP) has become the mainstay of therapy for pancreatobiliary diseases. While
ERCP is safe and highly effective in the general population, the procedure remains challenging or impossible in patients with surgically
altered anatomy (SAA). Endoscopic ultrasound (EUS) allows transmural access to the bile or pancreatic duct (PD) prior to ductal
drainage using ERCP-based techniques. Also known as endosonography-guided cholangiopancreatography (ESCP), the procedure
provides multiple advantages over overtube-assisted enteroscopy ERCP or percutaneous or surgical approaches. However, the procedure
should only be performed by endoscopists experienced in both EUS and ERCP and with the proper tools. In this review, various
EUS-guided diagnostic and therapeutic drainage techniques in patients with SAA are examined. Detailed step-by-step procedural
descriptions, technical tips, feasibility, and safety data are also discussed. Clin Endosc 2016;49:515-529
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INTRODUCTION

As advances continue in surgical treatment for obesity,
peptic ulcer disease, and gastric and pancreatobiliary malig-
nancies, the number of patients with surgically altered anat-
omy (SAA) encountered by gastroenterologists will continue
to grow. Management of pancreatobiliary diseases usually
involves the performance of endoscopic retrograde cholan-
giopancreatography (ERCP). While the technical success rate
for ERCP in the general population is as high as 90%," success
in patients with SAA may be as low as 55%, with complication
rates as high as 20%.”* The reasons for failure are multifacto-
rial, and include difficulty reaching the papilla due to the dis-
tance and acute angulations along the surgically altered path.
Additionally, cannulation of the papilla is usually challenging,
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and in patients with an anastomosis, even identification of the
papilla may be difficult.

Alternative ductal decompression options include percu-
taneous, surgical, and advanced endoscopic drainage. Per-
cutaneous and surgical approaches are invasive, may require
multiple treatment sessions, and are not appropriate in all
patients. For example, percutaneous drainage is relatively con-
traindicated in patients with significant ascites, obesity, and/
or nondilated bile or pancreatic duct (PD). The procedure is
also associated with skin infection, bile leak, and drain care. A
surgical approach is more invasive and may not be feasible in
severely ill patients with multiple comorbidities. Alternatively,
overtube-assisted enteroscopy ERCP may be used to improve
the success rate of ERCP in patients with SAA to as high as
74%.” However, the procedure is labor-intensive with a rela-
tively unreliable rate of successfully reaching and cannulating
the papilla.

Over the past decade, endoscopic ultrasound (EUS) has
rapidly evolved from a simple diagnostic procedure to a pow-
erful therapeutic tool. It has been increasingly used to guide
access to the biliopancreatic system prior to further interven-
tions, especially in cases when cannulation fails or when the
papilla is inaccessible. This article reviews common types of
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SAA and challenges faced by endoscopists during convention-
al endoscopy. Tools and techniques used for EUS-guided bil-
iopancreatic access and intervention are then reviewed along
with relevant feasibility and safety data.

COMMON TYPES OF SURGICALLY
ALTERED ANATOMY

Common types of SAA currently encountered by gastro-
enterologists include Billroth II, Roux-en-Y gastric bypass
(RYGB), and the Whipple procedure. These surgeries usually
result in a long afferent limb of small bowel and acute an-
gulation or stenosis at the anastomosis, which often render
endoscopic access to the papilla or anastomosis more chal-
lenging.”’

Billroth IT anatomy

The Billroth II procedure was first performed by Billroth
in 1885.° It is used to treat gastric cancer or peptic ulcer dis-
ease, and consists of subtotal distal gastrectomy. The proximal
stomach is then connected to the proximal jejunum in an
end-to-side fashion. The afferent limb refers to the duodenum
and proximal jejunum, into which biliary and pancreatic se-
cretions drain, while the efferent limb refers to the opposite
end, which extends distally (Fig. 1A).

Due to the angle and adhesions, intubation of the afferent
limb may be difficult with standard endoscopes, notwith-
standing a duodenoscope for ERCP. Upon reaching the am-
pulla, the orientation is reversed with the bile duct located at
the 5 to 6 oclock position, making cannulation a challenge. A
Billroth 1I papillotome, a standard sphincterotome trained in
the opposite direction, or a straight catheter may be used to
cannulate the bile duct. Sphincterotomy may be performed
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with the Billroth II papillotome or by using a needle knife to
cut over a plastic stent.

Roux-en-Y gastric bypass anatomy

First described by Mason and Ito in 1967,” RYGB had been
the most commonly performed bariatric operation in the US.
until 2013.” During RYGB, the stomach is divided into a small
20-30 mL proximal pouch and a larger distal remnant stom-
ach. The jejunum is divided at 30 to 50 cm from the ligament
of Treitz. The distal portion of the divided jejunum is anas-
tomosed to the pouch at the gastrojejunal (GJ) anastomosis
to become a Roux limb. The remnant stomach remains con-
nected to the duodenum and proximal jejunum, which is now
termed a biliopancreatic limb and serves to drain pancreatic
and biliary secretions. The biliopancreatic and Roux limbs are
connected at the jejunojejunal (JJ) anastomosis approximately
75 to 150 cm from the GJ anastomosis (Fig. 1B).

Endoscopic examination of the pancreatobiliary system
in patients with RYGB poses many challenges. As in the case
of patients who have undergone the Billroth II procedure,
identification and intubation of the afferent limb may be diffi-
cult. Moreover, to gain access to the pancreatobiliary area, an
endoscope (often a device-assisted enteroscope) must traverse
down the Roux limb and up the biliopancreatic limb. This is
often technically difficult due to the combined length of the
two limbs (at least >100 cm), the angulation of the JJ anasto-
mosis (up to 180 degrees), and adhesions from surgery, all of
which may hinder intubation of the biliopancreatic limb and
attaining access to the ampulla. If the ampulla is reached, fur-
ther challenges await during cannulation. With device-assisted
enteroscopy ERCP, cannulation requires special long accesso-
ries, which are used without the aid of an elevator and often
in difficult positions outside the ampulla.

W
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Fig. 1. Common surgically altered anatomy (SAA). (A) Billroth Il anatomy (Adapted from Cameron JL."). (B) Roux-en-Y gastric bypass (RYGB) anatomy (Adapted
from Cameron JL."). (C) Pancreaticoduodenectomy (Whipple) anatomy (Adapted from Johnes DB et al."). GJ, gastrojejunal; JJ, jejunojejunal; PJ, pancreaticojeju-

nostomy; CJ, choledochojejunal.
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Whipple anatomy

The Whipple procedure, also known as pancreaticoduo-
denectomy, was originally described by Codivilla in 1898." In
1935, Whipple reported an improved version of the surgery
and subsequently developed multiple refinements to his tech-
nique." Typically used to treat cancer or precancerous lesions
at the head of the pancreas, common bile duct (CBD), am-
pulla of Vater, or duodenum near the pancreas, the Whipple
procedure consists of distal gastrectomy and removal of the
pancreatic head, duodenum, proximal jejunum, CBD, and
gallbladder. Reconstruction consists of attaching the pancreas
to the jejunum (pancreaticojejunostomy [PJ]), the common
hepatic duct to the jejunum (choledochojejunostomy), and
the stomach to the jejunum (gastrojejunostomy). The afferent
limb refers to the portion of the jejunum between the gastro-
jejunostomy and PJ sites, and is usually 40 to 60 cm in length
(Fig. 1C).

As in other types of SAA, performing endoscopic examina-
tion of the pancreatobiliary system in post-Whipple patients
is challenging. The same issues arise, including the identifica-
tion and intubation of the afferent limb and attaining access
to the choledochojejunostomy or PJ. Achievement of these
goals may be limited by limb angulation and adhesions. An
additional challenge involves identification of the choledocho-
jejunostomy or PJ followed by cannulation.

DIAGNOSTIC EUS IN SURGICALLY
ALTERED ANATOMY

Tools

Similar to standard EUS examination, a radial or linear
echoendoscope is used for diagnostic EUS. A forward-view-
ing (FV) echoendoscope may be particularly useful for
performing EUS in patients with SAA (Fig. 2). An FV echo-

Fig. 2. Forward-viewing (FV) echoendoscope (photo provided by Olympus,
Center Valley, PA, USA).
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endoscope is adapted from the linear echoendoscope by
changing the configuration of the tip to incorporate a limited
linear EUS view with a standard forward endoscopic view
that allows easier advancement through the gastrointestinal
(GI) tract compared to traditional oblique-viewing echoen-
doscopes. Fine-needle aspiration (FNA) or fine-needle biopsy
(FNB) may be performed through the FV echoendoscope as
with a linear echoendoscope. Other devices may be advanced
through the working channel in a straight direction. The FV
echoendoscope may be particularly useful in patients who
have undergone the Billroth II procedure, while being of little
to no benefit in the ever-challenging RYGB anatomy owing
to the very long distance that must be traversed to reach the
ampulla.”

Techniques

Diagnostic EUS of the pancreatic body and tail are typically
performed without difficulty from the remnant stomach in
patients with SAA. The real challenge involves imaging the
pancreatic head (if present) and neck, as well the bile duct.
Diagnostic EUS in patients with Billroth II is best performed
using a linear echoendoscope, as it allows a more complete
examination of the pancreatic head and bile duct than a radial
echoendoscope.'® A small series demonstrated that an echo-
endoscope could be safely advanced to the papilla in 10 out of
11 patients with Billroth II anatomy, although another study
reported a success rate of only 66% for reaching the papilla.'®”
Once at the papilla, both radial and linear echoendoscopes
visualized the uncinate, superior mesenteric vessels, and peri-
ampullary ducts. While the radial echoendoscope only visu-
alized the bile duct and pancreatic head in 50% of cases, these
were well visualized in all cases with the linear echoendo-
scope. Nonetheless, imaging the pancreatic head may still be
challenging due to unfamiliar planes of imaging and reduced
ability to torque the echoendoscope in the afferent limb. The
pancreatic neck was imaged in 25% of cases with a radial
echoendoscope and 60% with a linear echoendoscope.'® It is
important to note that the pancreatic neck is often difficult to
visualize in Billroth II anatomy, and usually requires multiple
views from the duodenum, jejunum near the GJ anastomosis,
and stomach. Fusaroli et al. showed that the use of a FV echo-
endoscope allowed visualization of the head of the pancreas
and the CBD in 100% of 25 patients, with successful perfor-
mance of EUS-FNA.”

In RYGB, arriving at the ampulla is nearly impossible, with
the results of a small study finding conventional EUS of the
periampullary area successful in only one out of seven pa-
tients with RYGB. In the remaining six patients, the proximal
duodenum could not be reached due to difficult intubation
of the biliopancreatic limb or long limb length.” With a FV
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echoendoscope, visualization of the pancreatic head and CBD
improved slightly to 25% (3 out of 12 patients). Occasionally,
the pancreatic neck may be visualized from the proximal
Roux limb just distal to the gastrojejunostomy. In contrast to
the pancreatic head and neck, the body and tail are usually
adequately imaged from the pouch and the proximal Roux
limb and are not affected by RYGB anatomy."”"*

In patients with post-Whipple anatomy, diagnostic EUS
of the remaining pancreatic body and tail can also typically
be accomplished from the remaining stomach. Visualization
of the biliary tree may prove challenging. The overall success
rate (70% [14 out of 20 patients] in one series) remains better
than that achieved in patients with RYGB. Reasons for limited
imaging included inability to intubate the afferent limb and
obscured views due to intervening bowel gas.” FV echoendo-
scopes may enable improved imaging by allowing advance-
ment of the scope down the afferent limb.

THERAPEUTIC EUS

Endosonography-guided cholangiopancreatography (ESCP)
is a procedure in which the bile duct or PD is accessed from
the GI tract under real-time ultrasound guidance.” Once the
location is confirmed by contrast injection, therapeutic inter-
ventions can be performed using ERCP accessories through
the echoendoscope working channel. First described by Wi-
ersema et al. in 1996 as a salvage technique for failed ERCP”
ESCP is especially useful in patients with SAA, given the
difficulty associated with reaching or cannulating the papilla.
ESCP may be categorized into biliary versus pancreatic ductal
access. The general approaches to drainage are rendezvous,
antegrade, and transmural. The access route for EUS-guided
biliary drainage (EUS-BD) is extrahepatic (EH) or intrahe-
patic (IH). In general, preserving the native anatomy and
avoiding the creation of new anastomoses is ideal; therefore,
the rendezvous or antegrade approaches are preferred. For all
therapeutic EUS-guided ductal drainage procedures, a dose
of intravenous antibiotics should be administered prior to the
intervention to minimize the risk of peritonitis from leakage
of enteric or ductal contents at the transmural puncture site;
antibiotics may be continued for 3 to 7 days post-procedure
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at the endoscopists discretion. All these procedures should be
performed with carbon dioxide (CO,) insufflation and under
general anesthesia.

Tools

A linear or FV echoendoscope is used for therapeutic EUS
procedures. The currently available linear scopes have dif-
ferent working channel sizes (2.8 mm versus 3.7 or 3.8 mm).
The 2.8 mm channel allows passage of a 7-Fr stent, while the
3.7 or 3.8 mm channel accommodates a 10-Fr stent. Typically,
a therapeutic linear echoendoscope with the larger working
channel is used. In addition, during the rendezvous technique
(described below), a therapeutic duodenoscope, colonoscope,
or single- or double-balloon enteroscope is required to reach
the papilla or anastomosis. If an enteroscope is used, appro-
priate length accessories including a long guidewire (600 cm
Tracer Metro® wire, Cook Medical, Bloomington, IN, USA),
sphincterotome (Classic Cotton® CannulaTome®, Cook Med-
ical), and, if needed, biliary stone extraction balloon (275 cm
Tri-Ex® balloon, Cook Medical) must be available.

FNA needles are available in three standard sizes (19, 22,
and 25 gauge). For therapeutic intervention, a 19 G or, less
commonly, 22 G needle is used to access the biliary or pancre-
atic system. A 19 G EUS access needle (Cook Medical) may
be used that has a special blunt needle tip design that prevents
shearing the coating off guidewires (Fig. 3).” If this needle is
not used, it is important to avoid withdrawing the wire once
it has been advanced beyond the tip of the EUS needle to pre-
vent the needle tip from shearing off the coating. Other ways
to reduce the risk of shearing include the following: never
withdraw the wire against resistance, straighten out angles
before withdrawing the wire, and rotate the wire counter-
clockwise during withdrawal. Only long 450 cm guidewires
should be used. Guidewires are available in different diame-
ters: 0.018, 0.021, 0.025, 0.032, and 0.035 inches. It is important
to note that a 22 G needle only accepts 0.018- and 0.021-inch
guidewires, which are more difficult to work with due to
their decreased stability for over-the-wire intervention and
reduced fluoroscopic visibility. Therefore, once ductal access
has been obtained, these wires should be exchanged for larger
and stiffer guidewires before interventions are performed.
For non-rendezvous procedures, dilation of the enterobiliary
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Fig. 3. 19 Gauge endoscopic ultrasound (EUS) access needle (Cook Medical, Bloomington, IN, USA). (A) Beveled stylet. (B) Blunt needle tip.
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or enteropancreatic fistula tract can then be achieved using a
bougie (6-7-Fr) or balloon (4-6 mm) dilator or a tapered-tip
cannula such as a 4-Fr Glo-Tip® (Cook Medical) or Proforma
(ConMed Endoscopic Technologies, Utica, NY, USA).
Currently available stents include plastic stents, fully cov-
ered and partially covered self-expandable metallic stents
(SEMS), and lumen apposing metal stents (LAMS). To date,
no studies have directly compared the different types of stents.
Therefore, the choice of stent is somewhat operator-depen-
dent. In general, a plastic stent is less likely to block drainage
of side ducts, but is more prone to clog and harder to ex-
change than a SEMS. A fully covered SEMS provides a more
effective seal against bile leakage and has better long-term
patency, but has a higher migration rate and is more likely to
block drainage of side ducts. Partially covered stents anchor
well, but may cause bile leakage across the open mesh. LAMS
are appealing, with potentially decreased migration rates due
to the double dumbbell shape, but require an area of at least a
1.0 cm for deployment.” Of note, none of these stents are cur-
rently approved by the Food and Drug Administration (FDA)
for this indication. Large studies with long term follow-up are
needed to determine the optimal stent for each strategy.

EUS-guided biliary access and intervention

Biliary ESCP has gained greater acceptance and popularity
compared to pancreatic ESCP. This is likely due to its more
frequent and pressing indications, in addition to lower risk,
compared to pancreatic ESCP. Common indications for bili-
ary ESCP include choledocholithiasis, post-operative leakage,
strictures, and cholangitis. While in general the rendezvous
and antegrade methods are favored for EUS-BD to preserve
normal anatomy, in patients with SAA, a rendezvous proce-

Failed ERC in SAA

Ampulla/anastomosis

endoscopically accessible
Yes

EUS-guided rendezvous

with IH access

Success Failure

EUS-guided transmural drainage

(hepaticogastrostomy)

Failure
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dure can be very arduous, as described below. Various algo-

23-25
Two recent

rithms have been proposed to guide EUS-BD.
approaches were remarkably similar in their approach and ap-
plicable to SAA.”* In patients with TH biliary dilation, the TH
access route followed by antegrade stent placement or balloon
dilation should be performed; however, if this approach fails,
transmural hepaticogastrostomy (HG) should be performed.
The EH route is available if the IH approach fails, although
in SAA, the EH approach is typically not feasible. Because
the ampulla or anastomosis is often impossible or difficult to
reach in SAA, the rendezvous approach should be attempted
only when this area can be readily approached endoscopically

(Fig. 4).

EUS-guided rendezvous technique

The endoscopic rendezvous procedure is derived from the
percutaneous technique whereby a guidewire is passed in
an anterograde manner across the papilla or surgical anas-
tomosis for subsequent retrograde cannulation of the duct
to perform traditional ERCP***
instead of percutaneous access under fluoroscopic guidance

In endoscopic rendezvous,

performed by interventional radiology, the biliary system is
accessed under EUS guidance via a transgastric or transduo-
denal approach. Once biliary access is obtained usually with a
19 G FNA needle, bile is aspirated and contrast injected. The
guidewire is then advanced through the bile duct and ampulla
or surgical anastomosis and looped inside the small intestine.
The echoendoscope is removed while leaving the wire in
place, and another scope is advanced beside the wire to the
ampulla or anastomosis to re-attempt ERCP using the EUS-
placed guidewire to achieve biliary cannulation. The wire is
grasped using a snare or biopsy forceps and pulled through

No

EUS-guided antegrade

drainage with IH access

Success
Fig. 4. EUS-guided biliary
drainage (EUS-BD) algorithm in
surgically altered anatomy (SAA).
ERC, endoscopic retrograde chol-
angiography; EUS, endoscopic
ultrasound; IH, intrahepatic.
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the working channel until it exits the channel. Two conditions

must be met for successful rendezvous: (1) endoscopically ac-
cessible papilla (or enterobiliary anastomosis), and (2) success-
ful passage of the guidewire across the papilla into the small
bowel.

The rendezvous technique can be divided into an EH and
IH bile duct approach. In the EH approach, a linear echo-
endoscope is positioned in the distal antrum, or more com-
monly, the duodenum, prior to directly accessing the dilated
EH biliary tree. This approach is more appealing with a larger
duct to target and a shorter distance between the biliary ac-
cess site and ampulla allowing for better control of the guide-
wire. In the IH approach, the IH biliary system is visualized
by placing a linear echoendoscope in the cardia or the lesser
curvature prior to puncturing the dilated left hepatic biliary
system transgastrically (Fig. 5A, B). Both EUS and fluoroscop-
ic guidance should be used to direct the needle toward the hi-
lum and EH bile duct. Advancing the guidewire out through
the ampulla or anastomosis can be technically challenging
due to the decreased pushability of a wire travelling a long
distance. If the access FNA needle is not used, once the wire
has been advanced, regardless of whether it is in the correct
location, the needle should be removed and replaced with a
stiff-tipped cannula to further guide the wire in order to avoid
shearing the coating. The approach chosen is anatomy- and
operator-dependent. In SAA, the EH approach may be very
difficult or impossible, as the antrum and proximal duode-
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Fig. 5. Endoscopic ultrasound (EUS)-guided transmural
drainage: hepaticogastrotomy. (A) EUS-guided intrahepatic (IH)
access with 19 G needle. (B) Cholangiogram via EUS showing
dilated left IH ducts. (C) Balloon dilation of hepaticogastrostomy
(HG). (D) Fluoroscopic view of fully covered self-expandable
metallic stents (SEMS) across HG. (E) Endoscopic view of fully
covered SEMS across HG.

num have in many cases been resected or repositioned a long
distance away. An exception to this would be in a patient with
RYGB with a gastrogastric fistula that can be exploited to ac-
cess the defunctionalized stomach and proximal duodenum.
Therefore, in most patients with SAA, the IH approach is the
access point of choice for EUS-BD.

Unlike in normal anatomy, rendezvous is much more
challenging in SAA, as maintaining wire access while mak-
ing the required change from the echoendoscope to another
scope to reach the ampulla or anastomosis will be difficult.
This is especially true for patients with RYGB, while Billroth
IT and Whipple anatomy may lend themselves more readily
to rendezvous. Unless a duodenoscope was used to reach
the ampulla or anastomosis, performing traditional ERCP
remains problematic through FV scopes without elevators,
and especially through enteroscopes that require special long
accessories. Therefore, the rendezvous technique is likely not
the most successful approach to EUS-BD in SAA, particularly
in patients with RYGB.

Patients with SAA represent about a fifth to a fourth of
biliary rendezvous cases reported in the literature.”*”**** The
overall technical success rate for the entire cohort ranged
from 35% to 100%. The most common reasons for failure
were inability to pass a guidewire across the papilla and failed
access to the papilla, especially in patients with SAA. The rate
of complications ranged from 12% to 17%, with complications
including abdominal pain, pancreatitis, sepsis, bile leakage



from the punctured biliary duct, pneumoperitoneum, and
subcapsular hematoma.

EUS-guided antegrade drainage

When the papilla is inaccessible, EUS-guided antegrade
drainage should be considered. First performed by Giovanni-
ni et al. in 2001,” this procedure involves creating a temporary
enterobiliary fistula to access the biliary system and obviate
cannulation of the ampulla. The steps through advancing the
guidewire into the bile duct are identical to those of a rendez-
vous procedure. After insertion of the guidewire, dilation of
the fistula tract is performed using a bougie (4 Fr) or balloon (4
mm) dilator (Fig. 5A-C). Dilation of the tract should be per-
formed to the smallest necessary diameter. Then either a cov-
ered or uncovered metal stent is advanced antegrade across
the papilla and/or obstruction, or antegrade balloon dilation
is performed for choledocholithiasis. Balloon sphincteroplasty
is performed in the same manner as during standard ERCP
by choosing a balloon diameter comparable to duct size. Fol-
lowing dilation, the same balloon or a biliary stone extraction
balloon may be used to push the stones out the ampulla.
Throughout the entire procedure, it is important to maintain
the original echoendoscope tip position used when the bile
duct was accessed with the FNA needle and close apposition
of the tip with the intestinal lumen by using both ultrasound
and fluoroscopic guidance, especially if using an oblique view-
ing scope. The main concern with this antegrade approach is
bile leak from the temporary enterobiliary fistula.** Place-
ment of a second transhepatic stent or a nasobiliary drain fol-
lowing antegrade balloon dilation is optional, and it is unclear
whether these additional steps decrease bile leak from the
transmural puncture site. As with the rendezvous approach in
SAA, EH access is usually not possible.

A few case series reviewed the use of EUS-guided antegrade
biliary drainage in patients with both normal anatomy and
SAA*7¥% In these small studies, the technical success rate
ranged from 67% to 100% for the entire cohort, with a clinical
success rate of approximately 78%. Complications occurred in
about 5% of cases and included abdominal pain, mild pancre-

e . 36,38,41-43
atitis, and hepatic subcapsular hematoma.

EUS-guided transmural drainage

If the wire cannot be advanced across the obstruction and/
or papilla, transmural drainage should be performed. In this
technique, once biliary access is obtained, a stent is placed
above the obstruction across the bowel wall (Fig. 5). This may
be achieved with either a hepaticogastric or choledochoduo-
denal approach. For choledochoduodenostomy (CD), allow-
ing the guidewire to advance into the proximal duct toward
the hilum usually leads to easier advancement of the stent

Jirapinyo P et al. EUS in Surgically Altered Anatomy

across the duodenal wall. In patients with duodenal obstruc-
tion, HG may be favored, as a study found increased patency
and decreased complications with this procedure compared
to CD." In SAA, CD is likely impossible in the same way that
EH access is in these patients. HG may also be difficult if there
is limited space on the intestinal side to deploy a fully covered
SEMS. Uncovered metal stents should not be used transmu-
rally to avoid bile leak and peritonitis. Advantages of covered
metal stents over plastic stents include possible decreased
cholangitis and increased stent patency, while disadvantages
include potential increased migration and occlusion of sec-
ondary ducts. Placing a double pigtail stent through the cov-
ered metal stent may decrease migration. For malignancies,
fully covered SEMS 6 or 8 cm long are favored. Further study
is required to determine the optimal stent choice in different
situations.

Data regarding EUS-guided transmural drainage are
promising, showing a technical success rate of approximately
90%.**¥44% Patients with post-surgical anatomy consti-
tuted about a third to a half of the cases in these studies. The
complication rate, however, was reported to be as high as 22%,
with complications including bile leakage, pneumoperitone-
um, cholangitis, biloma, ileus, and stent occlusion.

Comparison of approaches

A few studies have compared EUS-BD to traditional drain-
age approaches. EUS-BD for distal biliary strictures using CD
or antegrade drainage appeared comparable to ERCP in tech-
nical and clinical success rates, procedural time, and adverse
event rate in a multicenter, retrospective study that included
more than 200 patients, among whom only 5 patients had
SAA.” Similarly, a randomized trial including 32 patients
(only 1 with SAA) with malignant distal biliary obstruction
demonstrated no difference in technical and clinical success,
quality of life, and survival among patients who underwent
EUS-guided CD versus surgical bypass after failed ERCP.”
When compared to percutaneous biliary drainage, EUS-BD
had equivalent clinical success, stent patency, and survival,
and was associated with decreased adverse events, rate of rein-
terventions, and total hospital charges following failed ERCP
in 73 patients, among whom none were clearly identified to
have SAA.” The technical success rate of EUS-BD was infe-
rior (86%) to that of percutaneous drainage (100%). Another
retrospective study examining malignant biliary obstruction
and failed ERCP in 51 patients (9 with SAA) showed that
EUS-BD via antegrade or transmural drainage had a higher
success rate and lower complication rate compared to percuta-
neous drainage, although a 46% success rate by interventional
radiology is far lower than rates reported in other studies.”
A small randomized study of 25 patients (1 with SAA) with
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Failed ERP in SAA

Ampulla/anastomosis

Yes

EUS-guided rendezvous

Success Failure

PANK or
EUS-guided transmural drainage

failed ERCP demonstrated similar success and complication
rates between the EUS-CD and percutaneous drainage arms.”
Whether these results would hold true in patients with SAA
will require further study.

EUS-guided pancreatic duct access and intervention
In 1995, Harada et al. first reported the use of EUS-guided
pancreatography to diagnose a pancreatic stone in a patient
with Whipple anatomy.™ Since then, the procedure has dras-
tically evolved and is currently used for both diagnostic and
therapeutic indications, although predominantly for the latter,
especially in patients with SAA. Common indications include
stenosis of the PJ with or without pancreatic fistula (seen in
30% to 50% of patients who have undergone the Whipple
procedure),”
main pancreatic duct (MPD) disruption, and failed endoscop-
ic retrograde pancreatography (ERP). Overall, EUS-guided
pancreatic duct drainage (EUS-PD) has been associated with
lower success (69%) and higher complication rates (42.9%)
than EUS-BD, although recent multicenter international ret-

PD stricture or stones in chronic pancreatitis,

rospective studies suggested improved rates of success (>90%
technical and 81%-88% clinical success).*”®" Of note, 63% of
the patients in these recent studies had SAA.

Diagnostic EUS may be effective if the ampulla or PJ anas-
tomosis cannot be identified endoscopically. EUS-guided
injection of the PD using a combination of 1% methylene
blue and contrast (1:4 mixture) through a 22 or 25 G needle
may help safely identify the papilla or anastomosis.” If con-
trast exits into the intestine, traditional ERP can be pursued.
If contrast does not enter the small bowel, an EUS-guided
rendezvous or antegrade approach should be pursued. The
challenge with this approach is the need to change scopes
multiple times. In Fig. 6, we present an algorithm for the
approach to EUS-PD based on the principle of preserving
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endoscopically accessible

No

EUS-guided antegrade
transmural drainage

Fig. 6. Endoscopic ultrasound
(EUS)-guided pancreatic drainage
algorithm in surgically altered
anatomy (SAA). ERP, endoscopic
retrograde pancreatography; PANK,
pancreatic antegrade needle-knife.

normal anatomy.

EUS-guided rendezvous technique

In the EUS-guided rendezvous technique for the PD, the
principles are similar to those for the bile duct. The MPD is
accessed via a transgastric approach in SAA using a 19 or 22
G needle with contrast injection. A guidewire is traversed
across the papilla or anastomosis and coiled in the small
intestine followed by removal of the echoendoscope and
advancement of a standard therapeutic duodenoscope, colo-
noscope, or balloon enteroscope alongside the wire to the
papilla to perform retrograde intervention (Fig. 7). Similar to
the biliary rendezvous, the pancreatic rendezvous procedure
requires that: (1) the papilla is accessible endoscopically, and
(2) the guidewire can be successfully passed across the papil-
la or anastomosis into the small bowel.

Both accessing the MPD and advancing the guidewire out
the papilla or anastomosis can prove challenging. Obstacles
to entering the MPD include a long distance between the
stomach wall and duct, fibrotic pancreatic parenchyma, and
nondilated MPD. A 22 G needle is favored in the latter two
situations. Selecting the optimal angle (avoid perpendicular
entry) to access the MPD with the least distance possible
between the pancreas and gastric wall is critical. Using the
appropriate guidewire may also be crucial for successful
advancement into the intestine, and the needle should be
changed to a tapered cannula for maneuvering the wire. The
0.025 in VisiGlide (Olympus Medical, Center Valley, PA,
USA) and hydrophilic guidewires as well as angled-tip wires
may be particularly useful.

A few case series described EUS-guided pancreatic ren-
dezvous.**”" In these series, approximately 40% of patients
(30 of 74) had SAA. The technical success rate ranged
from 25% to 100% for the entire cohort (both patients with



normal anatomy and patients with SAA combined), with
clinical success rates of 100% in those who successfully un-
derwent the procedure. The mean follow-up period was 1 to
25.2 months. From 0% to 42.9% of the entire cohort required
repeat endoscopic or surgical intervention. Procedures in all
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Fig. 7. Endoscopic ultrasound (EUS)-guid-
ed pancreatic rendezvous in post-Whipple
patient with anastomotic stricture. (A) EUS
of dilated main pancreatic duct (MPD). (B)
EUS-guided access to dilated main PD with
19 G needle. (C) Long 0.035-inch guidewire
advanced through stenosed pancreatico-
jejunostomy (PJ) and coiled in jejunum.
(D) Echoendoscope removed, leaving
guidewire in place. Colonoscope advanced
alongside guidewire and distal end captured
with forceps to complete rendezvous. Left:
fluoroscopic and right: endoscopic view.
(E) Pancreatic stent placed across anasto-
mosis via traditional endoscopic retrograde
cholangiopancreatography (ERCP) using
colonoscope. Courtesy of Dr. Christopher
Thompson, Brigham and Women’s Hospital.

SAA cases were performed transgastrically, with a 19 G nee-
dle in most cases. The reasons for technical failure included
inability to obtain an EUS-guided pancreatogram and ad-
vance the wire downstream in the MPD. Adverse event rates
for the entire cohort ranged from 0% to 25% and included
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pancreatitis, peripancreatic abscess, and pancreatic juice
leakage.

EUS-guided antegrade drainage

When the papilla or anastomosis is inaccessible or unable
to be traversed with the guidewire, EUS-guided antegrade
drainage should be considered. In this procedure, the steps
through advancing the guidewire into the MPD are identical
to those for the rendezvous procedure. Then the needle track
is dilated and a stent placed transmurally with the proxi-
mal end in the stomach and the distal end either within the
MPD, crossing the papilla, or anastomosis. If possible, trans-
papillary or transanastomotic drainage is preferable as this
follows physiologic drainage (Fig. 8).

Both dilation and stent placement can prove extremely
challenging. Keys to successful dilation include the following:
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Fig. 8. Endoscopic ultrasound (EUS)-guided antegrade transmural pancreatic drainage in
post-Whipple patient with anastomotic stricture. (A) EUS-guided access of dilated pancreat-
ic dust (PD) using 19 G needle. (B) EUS-guided pancreatogram demonstrating anastomotic
stricture. (C) Long 0.035 in guidewire advanced through anastomotic stricture and coiled in
jejunum. (D) Balloon dilation of stricture and pancreatogastrostomy (not shown). (E) Pigtail
stent placed across anastomosis and pancreatogastrostomy seen endoscopically in the
stomach. Courtesy of Dr. Christopher Thompson, Brigham and Women'’s Hospital.

choose a dilator catheter or balloon with a diameter com-
parable to the stent, select dilators with stiff tapered tips (for
example, Hurricane™ RX Biliary Dilation Balloon, Boston
Scientific, Marlborough, MA, USA), and maintain the orig-
inal scope tip position used when the needle was advanced
into the MPD using both ultrasonographic and fluoroscopic
imaging. Use of diathermic catheters such as needle knives
is controversial, and many experts recommend using them
only as a last resort and with very short bursts of cautery.
Despite successful dilation, stent placement may be ar-
duous. Traditionally a long 5- or 7-Fr plastic stent has been
used. Double pigtail stents may be less prone to migration
than straight stents.”” Pancreatic stents usually have multiple
side holes to prevent blockage of side branches, but this may
facilitate leakage of pancreatic fluid when stenting across
the stomach wall into the pancreas. A new 7-Fr 20 cm long



pancreatic stent with two flanges at both ends, a tapered dis-
tal end with a single side hole, and a proximal single pigtail
(Gadelius Medical Co., Tokyo, Japan) was introduced with
promising initial results.”” Recently a modified 6 or 8 mm
diameter fully covered 6-10 cm long SEMS with blunt ends
and 4 anti-migration flaps at both ends (M.L Tech, Seoul,
Korea) also demonstrated favorable preliminary findings
without evidence of blocked side branches.” Theoretical ad-
vantages of covered metal stents compared to plastic stents
include prolonged patency and decreased pancreatic fluid
leakage. Uncovered SEMs should be avoided as they may
lead to pancreatic juice leakage between the stomach and
pancreas. Clearly, further large-scale prospective studies are
necessary to determine the ideal stent type.

To date, there have been about 30 cases of patients with
SAA who underwent EUS-guided antegrade PD stenting re-
ported in the literature.*”*”® All procedures were performed
via a transgastric approach. Most endosonographers used
19 G needles for the first puncture and a dilating catheter
or balloon for tract dilation. The technical success rate for
the entire cohort was greater than 70%. The reported rate of
adverse events ranged from 0% to 67% and included abdom-
inal pain, pancreatitis, bleeding, perforation, shaving of the
guidewire coating, peripancreatic abscess, pseudocyst, and
stent migration. Stent dysfunction in over 50% of patients
is the predominant concern during long-term follow-up.””*
A recent international multicenter retrospective study of 66
patients post-Whipple compared 40 EUS-PD procedures to
35 enteroscopy-assisted ERPs.”" Both technical and clinical
success was superior with the EUS approach (88%-93% vs.
20%-23%), although complications were also greater (35%
vs. 3%). All complications were mild or moderate, with
81% of reported complications classified as abdominal pain
requiring hospitalization. Similar numbers of patients un-
derwent antegrade or transluminal stenting while a minority
(7.5%) underwent rendezvous.

Pancreatic antegrade needle-knife

When a guidewire cannot be advanced through the papil-
la or anastomosis, the pancreatic antegrade needle-knife
(PANK) procedure may be considered as a modification
to the rendezvous approach. In 2010, Thompson reported
this technique for treatment of post-Whipple patients with
symptomatic stenosis of the PJ anastomosis in cases when
the guidewire fails to advance through the anastomosis.”
After accessing the MPD with a wire and dilating the tract,
a wire-guided needle knife is advanced to the anastomo-
sis until indentation of the air-filled jejunum is visualized
fluoroscopically while pushing the needle knife forward.
Antegrade needle-knife PJ is performed under fluoroscopy
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followed by advancement of the wire and needle knife into
the jejunum, balloon dilation of the anastomosis, and long
plastic stent placement extending from the jejunum into the
stomach. Keys to this procedure include having the ability to
access the anastomosis endoscopically; distending the affer-
ent limb with CO, and, potentially, contrast; and carefully vi-
sualizing the needle knife fluoroscopically before and during
application of cautery.

In this case series, all 3 patients who previously failed
EUS-guided rendezvous and antegrade access of the PD suc-
cessfully underwent the PANK procedure with resolution of
their pain at the time of stent removal. One out of 3 patients
(33%) had mild pancreatitis that resolved with conservative
management.

Special circumstances

EUS-directed transgastric ERCP

Performing ERCP in patients with RYGB anatomy is par-
ticularly challenging due to the long limbs that need to be
traversed and the angle at the JJ anastomosis. In 1998, Baron
et al. first described the use of surgical gastrostomy to access
the remnant stomach of patients with RYGB followed by
ERCP via the gastrostomy 2 weeks later.”” Since then, the
technique has undergone modifications including replace-
ment of surgical gastrostomy with EUS-assisted percuta-
neous gastric remnant access. Also known as EUS-directed
transgastric ERCP (EDGE), the procedure may be classified
as external or internal EDGE based on the approach used to
access the remnant stomach.

External EUS-directed transgastric ERCP

In 2014, Thompson et al.*’ reported the use of EUS-assisted
percutaneous gastric access for single-session ERCP. In this
technique, EUS is used to access the remnant stomach from
the pouch using a 22 G needle (Fig. 9). Contrast is injected,
and the remnant stomach is distended with carbon dioxide.
Under fluoroscopic guidance, a T-tag needle is advanced
percutaneously into the remnant stomach with a total of 4
T-tags used to affix the remnant stomach to the abdominal
wall. A needle and guidewire are then inserted percutane-
ously into the remnant stomach. A fully covered esophageal
stent is placed over the wire and balloon dilated to 18 mm.
ERCP is then performed by passing the duodenoscope
through the stent. At the end of the procedure, the stent is
exchanged for a gastrostomy tube, which is later removed.*

Kahaleh and colleagues reported a two-session external
EDGE technique. In the first stage, a percutaneous endo-
scopic gastrostomy (PEG) tube is placed into the remnant
stomach under EUS and fluoroscopic guidance. After ac-
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Fig. 9. External endoscopic ultrasound (EUS)-directed transgastric endoscopic retrograde cholangiopancreatography (ERCP). (A) EUS-guided access of the rem-
nant stomach using 22 G needle. (B) Contrast injection into the remnant stomach. (C) Percutaneous access into the remnant stomach using four T-tags, introducer
needle, and guidewire. (D) Fully covered esophageal stent advanced over wire and balloon dilated to 18 mm. (E) Duodenoscope inserted through the stent to perform
ERCP. (F) Stent exchanged for a gastrostomy tube. Courtesy of Dr. Christopher Thompson, Brigham and Women’s Hospital.

cessing the remnant stomach from the pouch with a 19 G
FNA needle and distending the pouch with air and water, a
guidewire is coiled in the remnant stomach. A 22 G Chiba
needle is advanced into it followed by contrast injection, and
then an 18 G Chiba needle is placed alongside this in order
to advance a stiff guidewire into the remnant stomach over
which a 16 Fr PEG tube is placed. During the second stage,
performed 3 to 9 days later, after removal of the PEG over a
guidewire, the steps are analogous to those of the Thompson
paper, with T-tags placed to secure the remnant stomach to
the abdominal wall followed by dilation of the fistula tract,
placement of a fully covered 23x125 mm esophageal stent,
performance of ERCP through the stent, and exchange of
the esophageal stent for a PEG tube.” In this case series, both
EUS-guided PEG placement and ERCP were successfully
performed in all six cases (100%). Two patients experienced
local infection at the PEG site that was managed with oral
antibiotics.

Internal EUS-directed transgastric ERCP

During internal EDGE, instead of accessing the remnant
stomach percutaneously, a LAMS is used to create a gas-
trogastric fistula between the gastric remnant and pouch.”
Under EUS guidance, a 19 G needle enters the remnant
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stomach, a guidewire is advanced through the needle, the
fistula is dilated to 4 mm over the wire, a LAMS is placed,
the stent is dilated to 18 mm, and a duodenoscope is passed
through the LAMS to perform ERCP. A few weeks later, the
stent is removed and the gastrogastric fistula is repaired with
endoscopic suturing. While internal EDGE may be consid-
ered less invasive compared to external EDGE, creation of
a gastrogastric fistula that may be difficult to close creates
other potential problems that must be addressed in long-
term large-scale studies before this technique can be broadly
adopted.

CONCLUSION

EUS has become a powerful diagnostic and therapeutic
tool in management of biliopancreatic diseases in patients
with SAA. It has matured over the past decade and is in-
creasingly replacing percutaneous and surgical approaches.
Data regarding the feasibility, safety, and long-term efficacy
of these EUS-guided techniques specifically in the SAA pop-
ulation are needed. Additionally, optimal accessories includ-
ing needles, guidewires, dilators, and stents for each tech-
nique remain to be determined. It is expected that the use



of EUS-based approaches to manage patients with SAA will
continue to grow. Experienced endoscopists with training in
both EUS and ERCP should therefore become familiar and
experienced with these techniques in order to effectively care
for this challenging patient population.
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