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Abstract

Endoscopic retrograde cholangiopancreatography (ERCP) plays a significant role in the treatment of
a vast array of pancreatobiliary diseases. However, despite significant progress in the optimisation of
ERCP methods and accessories, the technical and clinical success of ERCP can vary significantly due
to a variety of patient and operator factors. Over the past several decades, a number of advanced
technigues have been developed to improve cannulation success rates, including the use of double-
guidewire, pancreatic duct accessory-assisted, precut, and rendezvous techniques. Here, the authors
provide an update and overview of the existing advanced techniques used in cases of difficult biliary
cannulation, as well as the approach to their selection.

many pancreaticobiliary diseases. However,

INTRODUCTION

Over the years, endoscopic retrograde
cholangiopancreatography (ERCP) has been
transformed from primarily a diagnostic modality
into a largely therapeutic technique that is now
the preferred minimally invasive treatment for
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despite significant progress in the optimisation
of ERCP methods and accessories, selective
biliary cannulation can be one of the most
challenging and rate-limiting aspects of ERCP.
Even in the hands of experienced endoscopists,
failure of biliary cannulation can occur in 5-15% of
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cases.! Furthermore, there is a non-insignificant
risk of post-ERCP pancreatitis (PEP) and other
adverse events.”* When confronted with a case
of difficult biliary cannulation, an endoscopist
must decide whether to continue with standard
cannulation techniques, switch to more advanced
techniques, consult a more senior colleague, or
abort the procedure and consider re-attempting
at a later time.

This review provides an overview of the most
common advanced techniques  currently
used when standard selective biliary cannula-
tion techniques are unsuccessful. In particular,
the authors discuss the double-guidewire cannu-
lation technique, pancreatic stent-assisted can-
nulation technique, precut papillotomy, precut
fistulotomy, transpancreatic septotomy, rendez-
vous, and other advanced techniques, as well
as the approach to their selection.

PANCREATIC DUCT WIRE- AND
STENT-ASSISTED TECHNIQUES

Pancreatic Guidewire and
Double-Guidewire Technique

Cannulation of the pancreatic duct is typically
easier than cannulation of the bile duct given
the angle at which the pancreatic duct inserts
into the hepatopancreatic ampulla. Thus, if
a guidewire is inadvertently placed in the
pancreatic duct, one strategy is to keep the
guidewire in the main pancreatic duct and
subsequently attempt to cannulate the bile
duct using a cannula/sphincterotome and
contrast (i.e., single-guidewire technique), while
another is to use a second guidewire (double-
guidewire technique [DGT]) (Figure 1).4 Either
way, the guidewire in the pancreatic duct
can help to straighten the hepatopancreatic
ampulla, separate the biliary and pancreatic
orifices, and help to identify the respective biliary
and pancreatic axes.® The guidewire also partially
occludes the pancreatic orifice, thus helping
to deflect the sphincterotome (or second
guidewire) away from the pancreatic duct and
towards the common bile duct (CBD), facilitating
selective biliary cannulation.®

Early studies suggested that DGT could improve
biliary cannulation rates.” However, subsequent
studies have found DGT to be no better than
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standard biliary cannulation, and the technique
even appears to increase the risk of PEP. A recent
meta-analysis of seven randomised controlled
trials found that DGT significantly increased
the risk of PEP compared to other endoscopic
techniques (risk ratio [RR]: 1.98; 95% confidence
interval [Cl]: 114-3.42)8 If employed, the
authors recommend placing a temporary plastic
pancreatic duct stent to help mitigate this risk, as
discussed below.

Pancreatic Stent-Assisted Technique

A variation on DGT is the use of a pancreatic
stent.® Inthis technique, a short (3-5 cmlong), small-
caliber (3-5 Fr) pancreatic stent is immediately
placed after cannulating the pancreatic duct. This
temporary stent helps to identify the pancreatic
axis and occludes the pancreatic duct, thus
deflecting the guidewire into the CBD. The stent
typically falls out by itself within a week or two
after the procedure (depending on the size and
type of stent and the depth of insertion); however,
a stent removal procedure may be needed if the
stent does not pass on its own."®

This technique has been demonstrated to have
a high rate of successful biliary cannulation,
and the placement of a prophylactic pancreatic
stent has been shown to lower the rate of
PEP." In a study of 70 patients who underwent
pancreatic guidewire-assisted biliary cannulation,
patients who underwent stent placement had a
significantly lower frequency of PEP compared
to those without stent placement (2.9% versus
23.0%, respectively; p=0.0096).” Similarly,
a recent multicentre randomised controlled trial
found that prophylactic pancreatic stenting
after inadvertent cannulation of the pancreatic
duct significantly reduced the rate of PEP
(odds ratio [OR]: 0.43).”® Over the past decade,
multiple meta-analyses have supported these
findings (OR: 0.22-0.39).42° This technique
also appears to be cost-effective for high-risk
patients, likely due to the lower rates of PEP
associated with this technique.???> The European
Society of Gastrointestinal Endoscopy (ESGE)
currently recommends prophylactic pancreatic
stenting in patients with inadvertent guidewire
insertion/opacification of the pancreatic duct or
after double-guidewire cannulation.?
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Figure 1: lllustration of various advanced common bile duct cannulation techniques.

A) Double-guidewire technique. A guidewire (light blue) is first placed (often inadvertently) in the main pancreatic
duct (yellow). This facilitates adjacent advancement of a second guidewire through a sphincterotome (blue) into
the hepatopancreatic ampulla (via either a no-touch or touch technique) and thereafter into the common bile duct
(green). B) Pancreatic stent-assisted technigue. A pancreatic duct stent (purple) is first placed over a guidewire in
the main pancreatic duct. Similar to the double-guidewire technique, this technique facilitates adjacent placement of
a guidewire through a sphincterotome into the hepatopancreatic ampulla and onward into the common bile duct.
C) Precut sphincterotomy over a pancreatic duct stent. A needle-knife catheter (orange) is used to cut inferiorly,
starting suprapapillary in the (expected) location of the intraduodenal segment of the hepatopancreatic ampulla,
towards the pancreatic duct stent. D) Precut papillotomy. A needle-knife is used to cut superiorly in a biliary

(1-12 o’clock) orientation (i.e., vector), starting from the papillary orifice. E) Pull-type precut. A (semi-)seated
sphincterotome is used to cut superiorly in a biliary orientation, starting from the papillary orifice. F) Transpancreatic
precut sphincterotomy. A sphincterotome is inserted into the hepatopancreatic ampulla/distal pancreatic duct

and, when repositioning into the distal bile duct is not feasible, used to cut superiorly, cutting through the septum

in a biliary orientation. G) Precut supra-papillary fistulotomy. A needle-knife is used to incise directly into the
intraduodenal segment of the distal bile duct/proximal hepatopancreatic ampulla, superior to the level of the
papillary orifice. H) Intramural incision. After inadvertent creation of a false tract with a guidewire through the
intraduodenal segment of the common bile duct, a sphincterotome is used to unroof the papilla to facilitate direct
cannulation. Note: all illustrations show a major papilla with a conventional hepatopancreatic ampulla (i.e., a shared
ductal orifice and normal common channel length); however, technique may vary in the case of variant (peri-)
ampullary anatomy.
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However, of note, placement of a pancreatic
stent can compress the biliary orifice and make
standard approaches more difficult; thus, the
risks and benefits of immediate pancreatic stent
placement should be carefully considered.®

Precut Sphincterotomy Over
Pancreatic Stent

The precut over pancreatic stent (PPS) technique
is generally thought of as an extension of
the pancreatic stent-assisted technique?* As
previously mentioned, the placement of a
pancreatic stent can often narrow the papillary
orifice, thus making cannulation of the bile
duct more difficult. To improve access, an
incision using a needle-knife can be made,
starting from above the papillary orifice and
extending downward towards the pancreatic
stent. A retrospective study found that PPS
was associated with significantly higher
biliary cannulation rates (96.9% versus 86.1%;
p=0.0189) and fewer adverse events (7.1% versus
33.0%; p<0.001).%

PRECUT TECHNIQUES

When Dbiliary cannulation fails with the
previously discussed techniques, a variety of
precut techniqgues can be employed to create
access to the CBD. These techniques involve
the use of a cutting tool, often a needle-
knife (a fine, straight, wire-type needle), to
make an incision in the ampulla to allow
access to the bile duct for successful selective
biliary cannulation. Unlike traditional biliary
sphincterotomy that enlarges the biliary opening
for therapeutic interventions (e.g., extraction of
stones or placement of stents), the precut is used
solely for biliary access.

Precut Papillotomy

A common precut technique is precut
papillotomy.?® In this technique, a needle-knife
is used to carefully dissect the major duodenal
papilla to directly visualise and cannulate
the CBD. The papillotomy is first initiated by
placing the needle-knife at the top of the
papillary orifice, near the 12 o’clock position, in
the presumed axis of the bile duct. An incision
is then made in the cephalad direction by
extending the needle-knife upward towards the
roof of the papilla, with the electrical current
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on. While the length and depth of the incision
depends on the size and characteristics of the
papilla, incisions should generally be made in
short increments to avoid cutting too deep
and causing bleeding, perforation, or acute
pancreatitis.?’ Once the muscle layer of the
biliary sphincter muscle is visualised (which can
often be recognised by its whitish, concentric
circular appearance), the papilla can be
cannulated, or an additional cut can be made
to transect the biliary sphincter, allowing direct
cannulation of the CBD.

Pull-Type Precut Papillotomy

Pull- or traction-type
is a variation of
technique, originally used after successful
cannulation of the bile duct?® However,
the same device is now used as a method
of obtaining access to the bile duct. In this
technique, a short-nosed sphincterotome
is used instead of a needle-knife. Shallow
cannulation of the common channel is first
performed using the tip of the sphincterotome.
A small -2 mm cut is then made, changing
the shape of the biliary orifice from a circle to
a teardrop and improving access to the CBD.
There are four major advantages of this
sphincterotome: a lower risk of injury to
the pancreatic duct due to protection by
the insulated convex catheter tip; a more
controlled incision with the tip of the instrument
providing stability; the ability to control the
direction of the incision by orientation of
the cutting wire; and the ability to perform
sphincterotomy without another device.?® This
technique has been demonstrated to have
a high rate of biliary cannulation, with no
increased rate of complications when compared
to standard cannulation techniques.?®*

papillotomy
papillotomy

precut
the precut

Transpancreatic Precut Sphincterotomy

In patients with small or difficult to locate
papilla, precut papillotomy or precut fistulotomy
using a needle-knife may be difficult.??
In these cases, the transpancreatic precut

sphincterotomy (TPS) technique may be used
to achieve biliary access. In this technique, a
standard sphincterotome is superficially inserted
into the ampulla or main pancreatic duct oriented
towards the 11 o’clock position. An incision is
then made by pushing the sphincterotome
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upward towards the CBD. Both the septum and
ampullary sphincter are cut. This technique is
thought to allow better control of the depth
of incision compared to a standard needle-
knife and eliminates the need to exchange
the sphincterotome for a needle-knife.3®* The
use of a guidewire to assist cannulation of the
pancreatic duct prior to TPS has also been
described.?*3%> Whether a guidewire is used
or not, the TPS technique appears to have a
higher rate of biliary cannulation than needle-
knife precut papillotomy.*>* The associated risk
of PEP can also be lowered when a pancreatic
stent is placed.*”

Precut Fistulotomy

Unlike in precut papillotomy where an incision is
made extending from the papillary orifice in an
upward direction, precut fistulotomy involves
the making of an incision using a needle-knife in
an area of the papilla above the papillary orifice
so that a fistula is made between the duodenal
lumen and the CBD lumen.3®4° This incision can
be extended superiorly or inferiorly toward
the papillary orifice using the needle-knife, but
does not reach the papillary orifice, allowing
the sphincter and papillary orifice to remain
intact. This method has been reported to have
a high cannulation rate and a lower risk of
PEP than precut papillotomy, which may be
attributed to low likelihood of thermal injury to
the papillary orifice and pancreatic duct.*

Intramural Incision (for Unroofing
False Tracts)

The intramural incision technique (also known
as Burdick’s technique) can be used when
a guidewire inadvertently creates a false
tract in the 10-11 o’clock direction through
the intraduodenal segment of the bile duct
during attempted biliary cannulation.?? In this
scenario, an intramural incision can be made
using a sphincterotome or needle-knife, thus
unroofing the papilla and exposing the CBD for
cannulation. Several small studies have
suggested a high rate of success and minimal
complications with this technique.**** The
intramural incision technique illustrates
how an undesired event can be used to the
endoscopist’s advantage.

Creative Commons Attribution-Non Commercial 4.0

COMPARISON AND TIMING OF
PRECUT TECHNIQUES

Since the advent of endoscopic Dbiliary
sphincterotomy, numerous studies have
evaluated the effectiveness and risks of precut
techniques. While there is still no consensus on
which technique is best, one recent systematic
review and meta-analysis of 14 studies found
that TPS was associated with a higher success
rate than DGW (OR: 2.72; 95% CI: 1.30-5.69)
and precut papillotomy (OR: 2.32; 95% CI:
1.37-3.93), but not different from that of precut
fistulotomy (OR: 1.38; 95% Cl: 0.32-5.96).%° In
the same meta-analysis, the rate of PEP
was not significantly different between TPS
and DGW (OR: 0.72; 95% CI: 0.24-210) and
between TPS and precut papillotomy (OR
1.63; 95% Cl 0.48-5.47). However, the rate of
PEP was higher in TPS compared to precut
fistulotomy (OR: 4.62; 95% CI: 1.36-15.72). The
rate of bleeding and perforation did not differ
between the four advanced techniques. From
this study, precut fistulotomy appears to have
better outcomes among these four most
commonly used advanced techniques; however,
it is important to keep in mind that the choice of
which technique to pursue can vary depending
on a multitude of factors, including experience
of the endoscopist, equipment availability, and
variations in patient anatomy.

While many studies initially  suggested
that performing a precut may increase the risk
of PEP, this increased risk has not been seen
when the precut is done earlier in the procedure
(also known as early precut). In many cases, and
depending on the clinical scenario, the risk
of PEP after early precut may be even lower
than when no precut is used."*4°® A recent meta-
analysis of six randomised controlled trials, which
included 898 patients, found that early precut
not only increased the rate of biliary cannulation
(RR: 1.87; 95% CI: 115-3.04), but also significantly
reduced the risk of PEP compared to standard
cannulation (RR: 0.49; 95% CI: 0.30-0.80).%¢ Thus,
it is now thought that a higher risk of PEP after
precut is only the consequence of increased
papillary manipulation in cases of difficult biliary
cannulation, and not the precut itself.>°
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RENDEZVOUS TECHNIQUES

In rare cases where a precut technique fails or
is not possible due to anatomical variations
of the papilla, a rendezvous technique can
be performed. These methods involve the
anterograde passage of a wire through the
papilla and into the duodenum, with subsequent
selective biliary cannulation over the wire or in
parallel to the wire. Due to the complex nature of
these procedures, they should only be performed
by experienced endoscopists and are generally
only performed at specialised endoscopy centres.
In the following section, the authors provide a
brief overview of two rendezvous techniques.

Percutaneous Transhepatic-
Endoscopic Rendezvous

The percutaneous-transhepatic-endoscopic
rendezvous (PTE-RV) technique is a rendezvous
technique that can be used in cases where
initial biliary cannulation has failed, particularly
in the setting of altered surgical anatomy,
failure of selective insertion into the right
intrahepatic duct, or a tight hilar biliary stricture
where only a guidewire can be passed.® In
this technique, percutaneous access to the
bile duct is first achieved by an interventional
radiologist. A guidewire is then threaded
anterograde through the needle into the
bile duct and advanced through the papilla,
where the wire can then be used to facilitate
conventional biliary cannulation. A retrospective
study found PTE-RV to have a success rate of
92.9%; however, the need for percutaneous access
is a significant drawback to this technique.”

Endoscopic Ultrasound-Guided
Rendezvous

In the endoscopic ultrasound-guided
rendezvous (EUS-RV) technique, the bile
duct (or pancreatic duct) is punctured via

a transgastric or transduodenal approach, and a
wire is subsequently passed anterograde through
the papilla.®> A sphincterotome can then be
directed over the guidewire orin parallel to the wire
for biliary cannulation. Through this technique,
a failed standard cannulation attempt can be
salvaged during the same session without the
need for a precut sphincterotomy.>® Furthermore,
if biliary cannulation is still not possible via
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EUS-RV, another recently described salvage
technique, EUS-hybrid rendezvous technique,
can be attempted. In this instance, a dilator
is advanced into the biliary system for better
guidewire manipulation® In a retrospective
study  comparing EUS-RV  and precut
papillotomy techniques, EUS-RV was associated
with a higher rate of technical success (98.3%
versus 90.3%, respectively; p=0.03), with no
difference in complication rate. However, it
remains unclear whether this procedure is cost-
effective and at what point technical competence
is reached.>®

MANAGEMENT OF PERIDIVERTICULAR
OR INTRADIVERTICULAR PAPILLAE

Papillae located near or within a diverticulum
are often difficult to visualise and access.>® Over
the years, various techniques for the management
of peridiverticular or intradiverticular papillae
have been described. The use of an endoscopic
clip or forceps to retract an overlying diverticular
rim has been reported to be a helpful technique to
expose and properly orient the ampulla.>-®" One
study found the attachment of a clear cap
to the end of a forward-viewing endoscope
helpful in revealing papillae that were difficult
to find.?? Submucosal saline injection has also
been described as a method of everting the
papillary opening to assist cannulation of the
papillary orifice.®® At times, advancement of the
duodenoscope head into the diverticula is needed
for cannulation of intradiverticular papillag;
however, blind probing of the diverticulum is
dangerous and should generally be avoided. Some
cases require the use of rendezvous procedures,
as described above.546>

SYNOPSIS OF BEST PRACTICES
APPROACH

While cannulation techniques vary based on
variables such as region of the world, institution,
individual physician preference, and papilla- and
other patient-specific factors, the following is
a recommended approach to selective biliary
cannulation based on the authors’ experience and
the available published data (Figure 2).
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Biliary cannulation in ERCP

[ Conventional biliary cannulation techniques ] — Success —»

Failed biliary cannulation
(>5 attempts or >10 min)

Proceed with remainder
of procedure as planned

[
Pancreatic duct NOT cannulated

1
Pancreatic duct cannulated

Success

Precut
papillotomy
or
fistulotomy

Success

Failure

|

Pancreatic
stent-assisted

]
[ Double-guidewire

technique

Failure

v

]—> Success*

Failure

Precut

Success 4—[

sphincterotomy over
pancreatic stent

fistulotomy,
or transpancreatic
precut sphincterotomy

Precut papillotomy,
] Success* —

Failure

Failure
J

[ 1
Non-urgent Urgent

v v

A4

Place prophylactic
pancreatic duct

Repeat ERCP attempt
(e.g., in 48-72 hours)

stent’

EUS-RYV, PTE-RV, PTBD,
or referral to specialised centre

Figure 2: A proposed management algorithm for difficult biliary cannulation.

*Patients who have the pancreatic duct cannulated (intentional or inadvertent) should generally have a pancreatic
duct stent placed to reduce the risk of post-ERCP pancreatitis, unless an alternative prophylactic measure is deemed

to be equally or more clinically appropriate.
tIf false tract created, intramural incision can be attempted.

ERCP: endoscopic retrograde cholangiopancreatography; EUS-RV: endoscopic ultrasound-guided rendezvous; PTE-
RV: percutaneous transhepatic-endoscopic rendezvous; PTBD: percutaneous transhepatic biliary drainage.

The authors first visualise the major papilla
and assess its size, associated features, and

peripapillary anatomy. While the authors
generally attempt conventional biliary
cannulation techniques in the majority of

cases with non-surgically altered anatomy,
cases with particularly challenging anatomy
may benefit from early adoption of advanced
cannulation techniques.

As shown in Figure 2, when starting
with conventional cannulation techniques and
encountering difficulty with selective biliary
cannulation, the authors typically select an
advanced technique based on whether or not the
pancreatic duct was cannulated. Regardless
of the technique chosen, if the pancreatic
duct is cannulated, the authors generally
recommend the placement of a pancreatic

Creative Commons Attribution-Non Commercial 4.0

duct stent or an alternative prophylactic
measure prior to the end of the procedure to
reduce the risk of PEP. Rendezvous techniques
are only attempted if other more straightforward
techniques fail.

AREAS OF NEED AND FUTURE

DIRECTIONS

Over the past several decades, novel techniques
and tools have been developed to address difficult
biliary cannulation. In addition to continued
refinements in these techniques, the authors
see several areas that could benefit from further
study. Firstly, although risk factors for difficult
biliary cannulation have been identified, there
are currently no well-established risk assessment
tools that can predict, a priori, difficult biliary
cannulation. The ability to predict which patients
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will need advanced techniques could be useful, as
this could impact management plans, including
the consent process (patients with a higher score
may be at higher risk of adverse events and
could be counselled or consented accordingly)
and scheduling of procedures (patients that
potentially require advanced techniques may
need to be scheduled for a longer time in the
endoscopy suite). An ideal tool would be based
on readily available variables, easy to calculate,
provide a risk estimate that is easy to understand
(e.g., percentage or percentage range), and be
accurate. Secondly, it would be useful to have
a scoring system, ostensibly based on machine
learning models, that can reliably predict the
likelihood of adverse events related to difficulty
biliary cannulation (e.g., PEP, perforation, or
bleeding). Thirdly, patients with surgically-
altered anatomy also remain a challenge, and it is
unclear to date what the best management
approach for biliary cannulation may be (of the
various options that currently exist, including
the relatively new addition of EUS-directed
transgastric ERCP). Lastly, more data are needed
to determine which patients (and providers)
are best suited for early (or even first-line)
implementation of precut sphincterotomy or
suprapapillary fistulotomy.
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