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Abstract

Endoscopic retrograde cholangiopancreatography
(ERCP) in patients with surgically altered anatomy is
challenging. Several operative interventions of both the
gastrointestinal tract and the biliary and/or pancreatic
system lead to altered anatomy, rendering ERCP more
difficult or even impossible with a conventional side-
viewing duodenoscope. Adapted endoscopes are avail-
able to reach the biliopancreatic system and to perform
ERCP in patients with altered anatomy. However, both
technical difficulties and complications determine the
procedure’s success. Different technical approaches
have been described and are highly dependent on
local expertise and endoscopic equipment. Standard-
ized practical guidelines are currently unavailable. This
review focuses on the challenges encountered during
ERCP in patients with altered anatomy and how to deal
with them. The first challenge is reaching the papilla
or the bilioenteric/pancreatoenteric anastomosis in the
patient with postoperative altered anatomy. The sec-
ond challenge is the cannulation of the biliopancreatic
system and performing all conventional ERCP interven-
tions and the third challenge is the control of possible
complications. The available literature data on this topic
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is reviewed and illustrated with clinical cases.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Endoscopic retrograde cholangiopancrea-
tography; Altered anatomy; Billroth; Roux-en-Y

Core tip: Endoscopic retrograde cholangiopancreatog-
raphy in patients with surgically altered anatomy is dif-
ficult and faces several challenges. There are three im-
portant challenging steps in this endoscopic procedure:
reaching the papilla or the bilioenteric/pancreatoenteric
anastomosis, cannulation of the biliopancreatic system
and prevention of endoscopic complications. Since
there are no standardized practical and technical guide-
lines on this topic, this review illustrates these chal-
lenges with clinical cases.
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INTRODUCTION

Endoscopic retrograde cholangiopancreatography (ERCP)
for endoscopic treatment of biliopancreatic disorders is
performed with a side-viewing duodenoscope introduced
through the mouth into the second portion of the duo-
denum, where the major (or minor) papilla is cannulated.
It is a highly efficient technique combining both endo-
scopic and radiological imagingm. However, ERCP is
prone to complications, even in experienced hands. Apart
from bleeding, perforation, cholecystitis and cholangitis,
post-ERCP pancreatitis is the most common®. There-
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fore, it is considered an advanced endoscopy technique
requiring specific training to perform sphincterotomy and
sphincteroplasty, stone extraction, stent placement, tissue
sampling and more®.

However, additional difficulties and complications do
arise when performing ERCP in postoperative patients
with altered anatomy[41. Proper knowledge of postop-
erative anatomy and training in conventional ERCP are
mandatory before embarking into ERCP procedures
in patients with surgically altered anatomy, as reviewed
elsewhere™”. In addition, when using device-assisted
enteroscopy (DAE) to perform ERCP, training in deep
enteroscopy is also necessaryw. ERCP in patients with
altered anatomy faces three important challenges deter-
mining the procedure’s success rate: (1) ability to reach
intact papilla of Vater or bilioenteric/pancreatoentetic
anastomosis; (2) ability to cannulate intact papilla of
Vater or bilioenteric/pancreatoentetic anastomosis; and
(3) procedure-related complications. These topics will be
highlighted in the current review.

Because of these difficulties, ERCP procedures in
patients with altered anatomy are mostly performed in
tertiary referral centers for advanced endoscopy, in close
collaboration with the radiologist, surgeon and anesthe-
siologist. In order to correctly inform the patient about
success rate and complication risks, it is advised to discuss
these aspects in advance with the patient (and/or rela-
tives), even if the patient is referred from another center.
Finally, general anesthesia (with endotracheal intubation)
is preferred for these demanding ERCP procedures.

Postoperative anatomy

Although recently reviewed and illustrated elsewhere, it is
important to recapitulate the most prevalent surgical anat-
omy variations encountered during ERCP™. In general,
currently encountered postoperative anatomy variations
can be divided into: Billroth II partial gastrectomy with
intact papilla, short-limb Roux-en-Y reconstruction with
intact papilla (total gastrectomy) or with bilioenteric/
pancreatoenteric anastomosis (biliary diversion, Whipple
resection) and long-limb Roux-en-Y reconstruction with
intact papilla (gastric bypass, Scopinaro biliopancreatic
diversion).

Endoscopes

Since there is no standardized procedure to perform
ERCP in patients with altered anatomy and difficult-
to-access biliopancreatic system, different types of
endoscopes can be used, depending on local expertise
and availability™ . A conventional side-viewing duode-
noscope can be used in a case of short-limb postopera-
tive anatomy with variable success”. However, due to
the difficult endoscopic orientation of a side-viewing
endoscope in intestinal anastomoses with variable length
limbs, the conventional duodenoscope carries important
drawbacks in postoperative patientsm. Therefore, altet-
native endoscopes have been used in order to increase
the ERCP success rate'’. Forward-viewing gastroscopes

Roishidenge ~ WJGE | www.wjgnet.com

346

and colonoscopes, with or without additional distal cap,
have been shown to be useful®™. DAE (single-balloon,
double-balloon and spiral enteroscopy) can also be used
in the original long (200 c¢m) version or with an adapted
shorter (152 cm) length[4’(”9’12]. Prototype endoscopes like
the swan neck shaped multi-bending backward-oblique
viewing duodenoscope (M-D scope, TJF-Y0011; Olym-
pus)m], the variable stiffness duodenoscope (TJF-Y0001;
Olympus)™ and the multi-bending forward-viewing
endoscope with two working channels (M-scope, GIF-
2T260M, Olympus)“s] may increase ERCP success rate in
patients with altered anatomy'’.

FIRST CHALLENGE: HOW TO REACH
INTACT PAPILLA OF VATER OR
BILIOENTERIC/PANCREATOENTERIC
ANASTOMOSIS?

In order to perform ERCP, the endoscope is positioned
in front of the intact papilla of Vater or bilioenteric/
pancreatoenteric anastomosis. In patients with surgically
altered anatomy, intubation of the endoscope is more
challenging, depending on the type of surgery. There are
several critical steps determining the success rate of the
intubation procedure. In patients with Billroth 1I partial
gastrectomy, the afferent limb is intubated through the
gastrojejunostomy. However, the afferent limb is usually
oriented on the right side of the anastomosis with a sharp
angulation (Figure 1A). Crossing the anastomosis and an-
gulation with a conventional side-viewing duodenoscope
is difficult and increases the risk of perforation at the
level of the anastomosis or the afferent limb!"?, Although
the afferent limb is usually short (< 50 cm), its tortuous
length may vary considerably, rendering complete intu-
bation difficult. Forward-viewing endoscopes facilitate
intubation of the afferent limb thanks to better endo-
scopic orientation during the intubation procedure™”.
In a case of a short-limb reconstruction, a conventional
gastroscope can be used. However, sharp angulation at
the level of the gastrojejunostomy or a long afferent limb
may lead to loop formation in the gastric remnant, lead-
ing to failed intubation of the afferent limb (Figure 1B).
Abdominal compression or changing the patient’s posi-
tion can be used to guide the endoscope™. Alternatively,
the afferent limb may be differentiated (and marked with
a submucosal tattoo) with a user-friendly gastroscope
before switching to the duodenoscope®. Longer (variable
stiffness) colonoscopes or DAE may overcome this dif-
ﬁcultym. However, the steerable tip of the colonoscope
makes wider angulations compared to the gastroscope or
enteroscope. The use of a semi-rigid overtube in a case
of DAE inhibits loop formation of the enteroscope in
the gastric remnant",

Postoperative Roux-en-Y anatomy is characterized by
short (< 50 cm) or long (> 100 cm) limbs, depending on
the type of surgery. Because of the lengthy limbs, longer
endoscopes are usually necessary to reach the Roux-en-Y
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Figure 1 View Billroth II. A: Endoscopic view of Billroth II gastrojejunostomy
with sharp angulation towards the afferent limb while retracting the single-bal-
loon enteroscope. Note the mucosal tear at the short angle of the afferent limb
at the end of the endoscopic retrograde cholangiopancreatography procedure;
B: Radiological view of the looping position of the single-balloon enteroscope in
the stomach of a patient with Billroth II partial gastrectomy. The tip of the en-
teroscope is located in the blind end of the duodenum. The white arrow denotes
the position of the deflated overtube balloon.

anastomosis and to intubate the afferent limb. Since con-
ventional duodenoscopes are not long enough, forward-
viewing colonoscopes or DAE are used to perform
ERCP in patients with Roux-en-Y reconstruction of the
small bowel, with DAE being the most effective™™'"",
The first critical step is to reach the Roux-en-Y anasto-
mosis through the alimentary limb, especially in a case
of long-limb reconstruction. Ring-shaped metal surgical
clips can sometimes be seen on fluoroscopy, identify-
ing the location of the Roux-en-Y anastomosis, which
is constructed either end-to-side or side-to-side (Figure
2). Identification of the afferent limb is challenging. To
intubate the correct limb, the anastomotic scar must be
crossed, avoiding the common limb towards the colon”,
When done so, there are two remaining limbs in the case
of a side-to-side reconstruction. One is short and ends
blindly. The afferent limb can be recognized based on
the presence of luminal bile and antiperistaltic motility.
Similarly to the Billroth I reconstruction, the angulation
towards the afferent limb can be very sharp, leading to
failed intubation. The use of a forward-viewing variable
stiffness colonoscope or DAE with a semi-rigid overtube
is mandatory in order to successfully intubate the affer-
ent limb™*"™", Sometimes abdominal compression may
guide the endoscope into the right direction. Fluoroscopy
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Figure 2 Endoscopic view of Roux-en-Y reconstruction. A: Endoscopic
view of an end-to-side Roux-en-Y reconstruction with view on the afferent limb
(right) and common limb (left). The white arrow denotes the operative scar of
the anastomosis; B: Endoscopic view of a side-to-side Roux-en-Y reconstruc-
tion with view on the afferent limb (middle), common limb (left) and blind ending
limb (right). The white arrow denotes the operative scar of the anastomosis.

is very helpful to identify the afferent limb since it is al-
ways heading towards the upper abdomen. When the en-
doscope heads down to the lower abdomen, it is located
in the common limb.

Also, the afferent limb may be of considerable length
and can be very torqued due to postoperative adhesions,
posing a third critical step to reach the papilla or bilioen-
teric/pancreatoenteric anastomosis. Air enterogram by
insufflation of a closed loop system helps to estimate the
direction of the afferent limb and the distance towards
the duodenum'’, Until now, there appears to be no dif-
ference in efficacy in intubating the afferent limb between
all three DAE methods (single-balloon, double-balloon,
spiral enteroscopy)™ . In addition, the short type single-
and double-balloon enteroscopes are also effective to
perform ERCP in patients with Roux-en-Y postoperative

9-12,21
anatorny[ 2,

SECOND CHALLENGE: HOW TO
CANNULATE INTACT PAPILLA OF VATER
OR BILIOENTERIC/PANCREATOENTERIC
ANASTOMOSIS?

In all cases of altered postoperative anatomy, the papilla
or bilioenteric/pancreatoenteric anastomosis is reached
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Figure 3 View. A: Endoscopic view of the distal approach to cannulate an in-
tact papilla of Vater using a straight catheter with a forward-viewing endoscope.
In order to cannulate in the direction of the common bile duct, the papilla is
rotated into the 7 o’clock position; B: Radiological view of the double-balloon
enteroscope in a patient with Roux-en-Y gastric bypass. The distal approach
with a forward-viewing endoscope allows straight cannulation of the common
bile duct (white arrow) in line with the direction of the working channel.

from below. This distal approach changes the direction
of cannulation of papilla of Vater since the common
bile duct is in direct line with the working channel of the
forward-viewing endoscope, in contrast to conventional
ERCP in normal anatomy using a side-viewing duodeno-
scope!”. Unfortunately, this can be considered as the only
advantage of the distal approach.

The first critical step to cannulate the intact papilla of
Vater is the orientation of the endoscope. In contrast to
conventional ERCP, the location of the papilla may be
difficult, even when using a side-viewing duodenoscope
in a Billroth II gastrectomy patient[S]. Rotation of the
endoscope is often necessary. This is the case even more
with a forward-viewing gastroscope, colonoscope or
DAE. Complete intubation of the endoscope up to the
blind end of the afferent limb and then slow retraction
until the papilla is in sight is probably the most efficient
way to locate it. Then, rotation of the endoscope in or-
der to face the papilla in the 7 o’clock position enables
cannulation with a straight catheter, keeping in mind that
the common bile duct is thus in line with the working
channel of the forward-viewing endoscope (Figure 3).
However, unstable endoscope position and the lack of a
forceps elevator modality renders cannulation challeng-
ing. A distal cap at the tip of the forward-viewing endo-
scope may help cannulation since it enables tilting of the
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Figure 4 Endoscopic view of bilioenteric anastomosis. A: Endoscopic view
of a normal end-to-side bilioenteric anastomosis; B: Endoscopic view of a ste-
nosis at the level of the bilioenteric anastomosis. Only scar tissue (white arrow)
indicates the location of the anastomosis without visible opening.

papi]lals]. In general, it is easier to cannulate the common
bile duct from the distal approach with a forward-viewing
endoscope compated to the pancreatic duct.

There is considerable advantage of cannulation of a
bilioenteric/pancreatoenteric anastomosis over cannula-
tion of an intact papilla because of the lack of a sphinc-
ter in a papillary structure. This results in higher ERCP
success rates’” ", Classical end-to-side bilioentetic anas-
tomosis can be cleatly identified as a hole in the wall of
the afferent limb (Figure 4A). Its presence and location
can be identified by means of intermittent bile flow in the
afferent limb. However, when stenosis occurs at the level
of the bilioenteric or pancreatoenteric anastomosis, its
location is difficult and should be identified with the help
of fluoroscopy, showing the position of the endoscope’s
tip near the liver or the pancreas. Air cholangiogram with
insufflation of the closed afferent limb may locate the
open bilioenteric anastomosis. Otherwise, mucosal scar
tissue with star shaped folds may direct to the location of
the strictured anastomosis (Figure 4B).

One has to take into account that using DAE for
ERCP necessitates adapted specialized accessory cath-
eters because of the length (230 cm) and the diameter (2.8
mm) of the working channel of currently used entero-
scopes[m. Conventional ERCP catheters can therefore
not be used with these enteroscopes. Moreover, plastic
stent placement is only possible with 5 or 7 Fr stents and
not with the conventionally used 10 Fr stents. Self-ex-
pandable metal biliary or pancreatic stents cannot be used
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Figure 5 A patient with Roux-en-Y gastric bypass. A: Computed tomogra-
phy of a retroperitoneal perforation (white arrow) at the level of papilla of Vater
after sphincterotomy and sphincteroplasty in a patient with Roux-en-Y gastric
bypass; B: Radiological view of hepatic capsule dehiscence without free ab-
dominal air (white arrow) due to barotrauma in the closed afferent limb during
single-balloon enteroscopy endoscopic retrograde cholangiopancreatography in
a patient with Billroth 1T partial gastrectomy. Common bile duct stone retrieval
with a basket is being performed.

with enteroscopes because of the length and diameter
mismatch of the working channel. Alternative procedures
with a percutaneous or laparoscopy-assisted approach
are mandatory when metal stent placement is required, as

. 45
reviewed elsewhere™.

THIRD CHALLENGE: HOW TO AVOID
COMPLICATIONS?

A review of the literature demonstrates a complication
risk ranging from 0% to 19.5% of ERCP procedures in
patients with altered anatomy, with perforation being the
most frequent and sometimes lethal, followed by bleed-
ing, cholangitis, mucosal tears and post-ERCP pancre-
atitis”. The risk of post-ERCP pancreatitis remains rela-
tively low, in contrast to conventional ERCP, since most
indications for ERCP in patients with altered anatomy
are restricted to the biliary tract, which is more easily can-
nulated in the distal approach compared to the pancreatic
duct®’,

Intestinal perforations may occur at different levels
along the intubated tract, leading to abdominal, retro-
peritoneal or subcutaneous free air'”. ERCP in the eatly
postoperative phase should be avoided in order not to
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disrupt fresh surgical anastomoses” . Difficult intubation
across sharply angulated anastomoses or postoperatively
fixed and torqued intestinal limbs may lead to perforation
along the intestinal tract. At the level of the papilla, per-
foration may occur after sphincterotomy and/ot sphinc-
teroplasty due to a less well-controlled cutting procedure
with a forward-viewing endoscope in an unstable posi-
tion.

Finally, a peculiar barotrauma in a closed loop system
may occur when intraluminal pressure increases steadily
in the blind afferent limb. This may occur when using
balloon-assisted enteroscopy overtubes sealing the distal
end of the blind afferent limb. When air is insufflated
continuously during the procedure without the ability to
decompress via mouth or anus, intraluminal pressure in-
creases in the closed afferent limb, resulting in air leakage
through a wall weakness (sphincterotomy, mucosal tear in
afferent limb, biliary tract after sphincterotomy/sphinc-
teroplasty) (Figure 5). This risk is lower in gastric bypass
patients since the insufflated air can escape into the ex-
cluded stomach which can still dilate and decompress
the afferent intestinal limb. However, in all other surgical
variations, this risk is present when performing single-
ot double-balloon enteroscopy ERCP. Another type of
barotrauma can be seen during direct cholangioscopy
using a slim forward-viewing endoscope. After sphincter-
otomy and additional sphincteroplasty, the forward view-
ing gastroscope, pediatric colonoscope or enteroscope
can be introduced into the common bile duct since it is
direct in line with the endoscope. Continuous air insuffla-
tion into the closed biliary tract may cause rupture of the
gallbladder or dehiscence of the hepatic capsule (Figure
0). These types of barotraumas should be avoided by us-
ing COz-insufflation which is absorbed much faster by
the intestinal mucosa compared to air and intermittent
desufflation of the overtube’s balloon in order to allow
decompression of the afferent limb. This maneuver of
balloon desufflation may lead to position loss of the en-
teroscope and the need for re-introduction.

CONCLUSION

ERCP in patients with altered anatomy remains a chal-
lenging procedure. Technical difficulties defined by in-

ability to reach or to cannulate the biliopancreatic system
and complications determine the overall success rate of
these advanced endoscopic procedures. The availability
of new types of endoscopes nowadays allows ERCP in
patients with altered anatomy, even with long-limb Roux-
en-Y reconstruction. However, the use of these new en-
doscopes may lead to new difficulties and complications
like previously unseen barotraumas in closed afferent
intestinal limbs. There is currently no gold standard ap-
proach to deal with biliopancreatic disorders in patients
with surgically altered anatomy. In addition, there are no
standardized technical guidelines available since ERCP in
patients with altered anatomy is an endoscopic procedure
in active evolution, aiming for faster, easier, more effi-
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Figure 6 Radiological view. A: Radiological view of direct cholangioscopy
with the single-balloon enteroscope inside the common bile duct and with the
overtube (white arrow) inside the afferent limb of a Billroth II patient; B: Radio-
logical view of free air around the contrast-filled gallbladder (white arrow) due to
barotrauma during single-balloon enteroscopy endoscopic retrograde cholan-
giopancreatography in a Billroth II patient.

cient and safer results.
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