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Abstract
Periampullary diverticulum (PAD) is duodenal outpun
ching defined as herniation of the mucosa or submucosa 
that occurs via  a defect in the muscle layer within an 
area of 2 to 3 cm around the papilla. Although PAD is 

usually asymptomatic and discovered incidentally dur
ing endoscopic retrograde cholangiopancreatography 
(ERCP), it is associated with different pathological 
conditions such as common bile duct obstruction, pan
creatitis, perforation, bleeding, and rarely carcinoma. 
ERCP has a low rate of success in patients with PAD,
suggesting that this condition may complicate the 
technical application of the ERCP procedure. Moreover, 
cannulation of PAD can be challenging, time consuming, 
and require the higher level of skill of more experienced 
endoscopists. A large portion of the failures of cannu
lation in patients with PAD can be attributed to inability 
of the endoscopist to detect the papilla. In cases 
where the papilla is identified but does not point in a 
suitable direction for cannulation, different techniques 
have been described. Endoscopists must be aware 
of papilla identification in the presence of PAD and 
of different cannulation techniques, including their 
technical feasibility and safety, to allow for an informed 
decision and ensure the best outcome. Herein, we 
review the literature on this practical topic and propose 
an algorithm to increase the success rate of biliary 
cannulation.
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Core tip: Presence of periampullary diverticulum (PAD) 
is thought to complicate the application of endoscopic 
retrograde cholangiopancreatography, which is already a 
technically difficult procedure. To improve success rates, 
different techniques have been developed to achieve 
successful biliary cannulation in patients with PAD. For 
patients with PAD, endoscopists must be aware of papilla 
identification and the different available cannulation 
techniques, as well as the technical feasibility and safety 
of each.
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INTRODUCTION
Periampullary diverticulum (PAD) is duodenal outpunch­
ing defined as herniation of the mucosa or submucosa 
that occurs via a defect in the muscle layer within an 
area of 2 to 3 cm around the papilla. Prevalence of PAD 
increases with age, and overall prevalence among the 
elderly is reportedly 65%[1]. The formation of PAD is 
related to progression of duodenal motility disorders. 
Furthermore, increased intraduodenal pressure and 
progressive weakening of intestinal smooth muscles are 
known as the main underlying etiologies for this defect[2]. 
PAD is sub-classified into two categories according to the 
location of the papilla with respect to the diverticulum. 
In type Ⅰ, or peri-diverticular papilla, the papilla is 
located at the edge of the diverticulum or within a radius 
of 2 cm from the diverticular edge. In type Ⅱ, or intra-
diverticular papilla (IDP), the papilla is located inside the 
diverticulum or lying between two adjacent diverticula[3].

Although PAD is usually asymptomatic and dis­
covered incidentally in patients during endoscopic 
retrograde cholangiopancreatography (ERCP), it is 
associated with different pathological conditions such 
as common bile duct (CBD) obstruction, pancreatitis, 
perforation, bleeding, and rarely carcinoma[4-7]. Several 
hypotheses have been put forth to explain the observed 
higher incidence of biliary stone formation in the 
presence of PAD. First, it was proposed that dysfunction 
in the sphincter of Oddi, which in turn causes reflux 
of pancreatic fluid and intestinal content, can lead to 
biliary stone formation[8]. Second, it was proposed 
that diverticula cause spasm of the sphincter, thereby 
increasing biliary tract pressure that may in turn produce 
jaundice and cholangitis as well as predispose for chole
docholithiasis[9]. Finally, it was proposed that PAD may 
compress the distal part of the CBD to cause functional 
biliary stasis, and this hypothesis was supported by the 
observation of increased incidence of pigment biliary 
stones[10,11]. 

Reported success rates of cannulation in patients 
with PAD have varied from 61% to 95.4%, a range 
that is significantly lower than that observed in patients 
without PAD[12]. In recent years, new techniques and 
new devices for successful biliary cannulation have 
been developed to improve rates of success in patients 
with PAD. For patients with PAD, endoscopists must 
be aware of papilla identification and the different 
cannulation techniques available, including the technical 
feasibility and safety of each, in order to make an 
informed decision and ensure the best outcome. Herein, 
we review the literature on this practical topic that was 

obtained through an electronic search of the literature 
databases of Google Scholar and PubMed using the 
following terms alone or in combination: ERCP, difficult 
cannulation, cannulation techniques, and periampullary 
diverticulum.

TIPS FOR PAPILLARY ORIENTATION AND 
CANNULATION 
The presence of PAD is thought to complicate the 
application of ERCP, an already technically difficult 
procedure[2]. Cannulation of IDP can be challenging, time 
consuming and require the higher level of skill of more 
experienced endoscopists. A large portion of the failures 
of cannulation in patients with PAD has been attributed 
to inability of the endoscopist to detect the papilla[6]. 
However, in some studies, the finding of PAD during 
an ERCP was suggested as an indicator of an easier 
cannulation attempt, with a reported success rate of 
94.9% compared to that of 94.8% in non-PAD patients 
after exclusion of cases with undetectable papillas 
that were considered to be likely IDPs[7]. In ERCP, 
identification of the papilla is the first major obstacle, 
especially in the presence of large diverticula. Thus, it 
is extremely helpful to know the following tips[13]: (1) in 
most cases, the papilla is located on the lower edge of 
the diverticulum or just inside, somewhere between the 
positions of 4 o’clock and 8 o’clock; (2) large diverticula 
are usually divided from proximal to distal by a ridge-like 
septum. This mostly involves the bile duct, with the ridge 
terminating at the papilla; (3) a catheter can be used 
to straighten and evert the folds to identify a hidden 
papilla within the diverticulum; (4) cannulation with the 
tip of the duodenoscope within the sac is also possible, 
but care must be taken to avoid perforation; and (5) in 
contrast to the usual papillary anatomy, the presence 
of PAD alters the biliary direction. It is often not acutely 
angulated superiorally, but runs more directly. Thus, 
acute angulation of the sphincterotome is not necessary.

TECHNIQUES FOR DIFFICULT 
CANNULATION 
To address cases where the papilla is identified but 
does not point in a suitable direction for cannulation, 
the below-described techniques are available for consi
deration (Table 1).

Two-devices in one-channel method
A biopsy forceps is used to pull the duodenal mucosa 
adjacent to the papilla, bringing the papillary orifice out of 
the diverticulum. Another instrument, either a cannula or 
sphincterotome, is then inserted into the working channel 
of the endoscope together with the biopsy forceps. With 
coordination of the two instruments, biliary cannulation 
can be attempted (Figure 1A). A report of this technique 
applied to two PAD cases showed successful cannulation 
for both and with no complications in either (success rate 
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100%)[14].

Reversed guidewire method
A second guidewire is advanced in reverse (stiff end 
forward) through the working channel of the duo

denoscope, alongside the sphincterotome. This wire is 
then used to push the mucosa adjacent to the papilla 
toward the lumen of the duodenum and to straighten 
the folds, anchoring the papilla in a better configuration 
and creating a suitable direction for cannulation. A 
report of this technique applied to one PAD case showed 
successful cannulation with no complication (success 
rate 100%)[15].

Double endoscope method
A forward-viewing gastroscope is inserted inside the 
diverticulum for better visualization of the papilla. A 
foreign body forceps is used to grasp the tissue just 
beside the papilla in order to bring it into a better 
orientation. The gastroscope holding the papilla is left in 
place, to avoid backsliding after opening of the forceps. 
A side-viewing duodenoscope is inserted alongside the 
gastroscope. With both endoscopes positioned simu
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Table 1  Techniques for difficult cannulation

Two-devices in one-channel method
Reversed guidewire method
Double endoscope method
Balloon dilation of the narrow diverticular neck
Endoclip-assisted cannulation
Cap-assisted cannulation
Pancreatic duct stent placement followed by pre-cut biliary sphincterotomy
Percutaneous ultrasound-guided rendezvous technique
EUS-guided rendezvous technique

EUS: Endoscopic ultrasound.

A B C

D E F

G H

Figure 1  Techniques for difficult cannulation. A: Two-devices in one-channel method; B: Double endoscope method; C: Balloon dilation of the narrow diverticular 
neck; D: Endoclip-assisted cannulation; E: Cap-assisted cannulation; F: Pancreatic duct stent placement followed by pre-cut biliary sphincterotomy; G: Percutaneous 
ultrasound-guided rendezvous technique; H: Endoscopic ultrasound-guided rendezvous technique.
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inserted into the CBD, then into the papilla. A snare or 
forceps is then used to grasp the guidewire and pull it 
back through the working channel of the duodenoscope 
for subsequent over-the-wire cannulation (Figure 1G)[21]. 
However, it is sometimes difficult to grasp the guidewire, 
which may be damaged or kinked, during the withdrawal 
through the working channel of the duodenoscope; 
thus, passing a catheter over it is difficult or sometimes 
impossible[22]. A study on the percutaneous-ultrasound 
guided rendezvous technique applied to a total of 
fourteen patients showed success in 13 (success rate 
93%) with complication (retroperitoneal perforation) 
experienced in only 1 (complication rate 7%)[21].

Endoscopic ultrasound-guided rendezvous technique
When the echoendoscope is positioned in the stomach or 
duodenum, and the bile ducts can be visualized by the 
endoscopic ultrasound (EUS), a 19-gauge or 22-gauge 
needle are used to puncture the bile ducts. After 
aspiration of bile, contrast is injected through the EUS 
needle to facilitate display the intra- and extra-hepatic 
bile ducts. After confirmation of bile duct puncture, a 
guidewire is advanced distally through the CBD and 
across the papilla under fluoroscopic guidance. The 
endoscope exchange is performed after passage of the 
guidewire through the papilla into the duodenum. In 
this process, the echoendoscope is removed, leaving the 
guidewire in place, after which a duodenoscope is passed 
up to the papilla alongside the EUS-placed guidewire. 
Finally, a snare or forceps is used to grasp the guidewire 
and pull it back out of the working channel of the duo
denoscope for subsequent over-the-wire cannulation. 
After access to the CBD is achieved, a standard ERCP 
can be performed (Figure 1H). A study on the EUS-
guided rendezvous technique applied to a total of 45 
patients showed success in 36 (success rate 80%) with 
complications (bile leakage and pneumoperitoneum) 
experienced in only 2 (complication rate 4%)[23].

PROPOSED ALGORITHM
We propose an algorithm based on the previous tech
niques to increase the success rate of cannulation (Figure 
2). It is important to note, however, that this algorithm 
has several limitations. First, it is based on a small 
number of published cases for most of the techniques. 
Second, the success rates are comparable in most of the 
techniques and the choice depends on the endoscopist’s
preference and experience. Finally, percutaneous ultra
sound-guided and EUS-guided rendezvous techniques 
are not available in all centers.

Feasibility and safety of therapeutic maneuvers
When therapeutic maneuvers are performed in patients 
with PAD the potential risks of complications are a 
concern, primarily because of the thin mucosa and the 
absence of sphincter muscle present in the ampullary 
area[24]. Currently, endoscopic papillary large balloon 
dilation (EPLBD) combined with limited endoscopic 

ltaneously in the duodenum, the CBD can be cannulated 
(Figure 1B). A report of this technique applied to one PAD 
case showed successful cannulation with no complication 
(success rate 100%)[16].

Balloon dilation of the narrow diverticular neck
In narrow-necked papillary diverticula with the papilla 
located in the fundus of the diverticulum, endoscopic 
balloon dilation of the narrow diverticular neck, using 
a 15-mm stone retrieval balloon, can be done safely, 
bringing the papillary orifice into view. Cannulation of the 
bile duct can be attempted without any complications 
(Figure 1C). A report of this technique applied to three 
PAD cases showed successful cannulation and no 
complications (success rate 100%)[17].

Endoclip-assisted cannulation
One or more endoclips can be used to rotate the IDP 
externally and to fix it on the outside rim of the diver
ticulum. This manipulation can successfully evert and fix 
the papilla on the diverticular margin in a better position, 
resulting in successful biliary cannulation (Figure 1D). 
A report of this technique applied to two PAD cases 
showed successful cannulation with no complications 
(success rate 100%)[18].

Cap-assisted cannulation
A transparent cap is attached to the tip of a forward-
viewing endoscope. At first, selective biliary cannulation 
can be attempted through the papillary orifice. If 
selective biliary cannulation fails, endoscopic fistulotomy 
can be attempted. Fistulotomy is performed between 
the lower two-thirds and the upper one-third of the 
papillary roof. To gain biliary access after the fistulotomy, 
needle puncture is made and a soft-tipped guidewire is 
advanced (Figure 1E). A report of this technique applied 
to twelve PAD cases showed successful cannulation in 
all cases (success rate 100%) and a minor complication 
(bleeding at the site of fistulotomy) in two patients 
(complications rate 16.5%); primary hemostasis was 
achieved by hemoclipping in one patient and by saline-
epinephrine mixture spray in the other[19].

Pancreatic duct stent placement followed by pre-cut 
biliary sphincterotomy
In the case of pancreatic duct cannulation, placement 
of a main pancreatic duct stent keeps the papilla out 
of the diverticulum, thereby facilitating pre-cut needle 
knife sphincterotomy and selective cannulation of the 
CBD (Figure 1F). A report of this technique applied to 
eight cases showed successful cannulation in seven of 
the patients (success rate 87.5%), with two of those 
requiring a second ERCP for success. In addition, two 
patients developed post-ERCP pancreatitis (complication 
rate 25%)[20].

Percutaneous ultrasound-guided rendezvous technique
After the percutaneous ultrasound-guided transhepatic 
biliary puncture is performed a sterile guidewire is 
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sphincterotomy (ES) (EPLBD + ES) is regarded as an 
effective maneuver for treating difficult CBD stones. It 
has been reported that perforation and hemorrhage are 
less frequent in cases treated with EPLBD + ES than in 
those treated with standard ES alone[25,26]. The tendency 
toward a shorter ballooning time in patients with PAD 
can be explained by the lack of sphincter muscle and 
the ease of ampullary widening facilitated by EPLBD, 
which suggest that EPLBD is a safe method for retrieval 
of CBD stones in patients with PAD[24]. Moreover, the 
complication rates of ERCP are similar in patients with 
or without PAD and the therapeutic outcome is not 
affected by the presence of PAD[3,7].

CONCLUSION
PAD represents a technical barrier to the successful 
application of ERCP. Cannulation of IDP can be cha
llenging, time consuming and require the skill of more 
experienced endoscopists. In cases where the papilla 
is identified but does not point in a suitable direction 
for cannulation, a number of feasible techniques are 
available for consideration. Moreover, complication rates 
of ERCP are similar in patients with and without PAD, 
and therapeutic outcome is not affected by the presence 
of PAD. 
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Figure 2  Proposed algorithm to ensure the best outcome. EUS: Endoscopic ultrasound.
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