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Introduction

Periampullary duodenal diverticulum (PAD) was initially 
described by a French pathologist, Chomel, in 1710,[1] 
first well‑documented report was made by Morgagni in 

1762[2] and it was regarded an anatomic curiosity until 
1913 when the radiological demonstration was done by 
Case.[3] Duodenal diverticula are pouches of  the mucosa, 
submucosa, and scattered muscle cells that extend through 
the intestinal wall.[4] It is a common finding, and the 
pathophysiological mechanism of  occurrence may include 
both traction and pulsion.[5] They are commonly situated 
on the medial aspect of  the second part of  the duodenum 
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and are usually within 2–3 cm of  the ampulla of  Vater.[6] 
Such lesions are believed to be primarily acquired during 
the later decades of  life, with the peak incidence occurring 
in individuals between 50 and 60 years of  age[6] with a 
slight female preponderance.[7] The incidence of  PAD 
widely varies from 1 to 32.8% based on different diagnostic 
approaches.[5,7‑10] Although PAD is usually asymptomatic, 
its association with various pathological conditions 
such as choledocholithiasis increased the incidence of  
complications and cannulation failures after endoscopic 
retrograde cholangiopancreatography (ERCP) has been well 
recognized in various studies.[7,10‑12]

The conundrum still exists, because many of  the published 
studies confer conflicting results regarding the true impact 
of  PAD on technical success and complications of  an ERCP. 
More studies should be performed with the aim to determine 
the ERCP success rate and its related complications in patients 
with PAD.[13] Therefore, the aim of  this study was to investigate 
and compare the success rate, difficulty at cannulation, and 
complications between patients with and without PAD at our 
center of  ERCP experience.

Subjects and Methods

Study design
This was a prospective observational study. The study includes 
1116 consecutive patients who underwent an ERCP during the 
period from June 2010 to June 2015. The research proposal 
was conducted after approval of  the Research and Ethics 
Committee of  our hospital.

Patients
Patients undergoing ERCP were eligible for enrollment in 
the study. Exclusion criteria were: Age <18 years, pregnancy 
or breastfeeding, previous endoscopic sphincterotomy (ES) 
or placement of  endoprostheses, upper gastrointestinal 
obstruction, patients with surgically altered anatomy (Billroth II 
or Roux‑en‑Y anastomosis), acute illness such as hypotension, 
hypoxia, and hemodynamic instability, acute myocardial 
infarction within 3 months before the procedure, and 
coagulopathy. As a result, 1022 patients were finally divided 
into 2 groups according to the presence (Group A as the case 
group, 114 patients) or absence of  PAD (Group B as the control 
group, 908 patients).

Demographic characteristics, medical history, physical 
examination, American Society of  Anesthesiology (ASA) 
scores,[14] and imaging studies, as well as technical details 
and findings from the ERCP regarding those patients, were 
recorded in a database. Any complication taking place during 
or after the procedure was also entered into the records. Each 
patient or his/her relatives give a written informed consent 
after receiving verbal and written explanations about ERCP 
and possible postprocedure complications.

Procedures
All ERCP procedures were performed using the Pentax 
lateral view endoscope (ED‑3440T and ED‑3485T). Selective 
cannulation of  the common bile duct (CBD) was done using 
a triple lumen papillotome and was aided in difficult cases by 
a slippery guidewire. In cases of  failed cannulation, a metal 
tip cannula may be attempted. If  cannulation failed a pre‑cut 
papillotomy was done using the needle knife.

The following parameters were recorded: Presence and size 
of  PAD, location of  papilla in relation to PAD, time of  deep 
CBD cannulation, CBD diameter, number and size of  CBD 
stones, performed treatment, and the total procedure time.

Definitions
Bile duct diameter was the measured maximal duct diameter 
within 2 cm of  the papilla adjusted for X‑ray magnification.[15] 
Cannulation time was measured between the time when the 
papillotome was advanced out of  the endoscope and the time 
when successful deep cannulation was evidenced by injection 
of  contrast.[15] Total procedure time was recorded from the 
time the endoscope was positioned against the papilla until 
it was withdrawn.[15] The size of  stone was measured after 
correction for the magnification by using the known diameter 
of  the duodenoscope on the same radiograph as a reference.[16] 
Successful cannulation was defined as deep instrumentation 
of  the biliary tree, and a cholangiogram was obtained.[17] 
Cannulation attempt was defined as sustained contact between 
the cannulating device and the papilla for at least 5 s[17] or as 
any obvious repositioning of  the cannulation device into the 
papillary orifice.[18] Difficult biliary cannulation was defined 
as failure of  biliary access despite 10 min of  attempted biliary 
cannulation, more than 5 attempts to enter the CBD, more than 
five attempted unintentional pancreatic duct (PD) cannulations 
or the use of  the pre‑cut technique.[15] The ampulla of  Vater was 
characterized as abnormal when features of  inflammation or 
bulging from an impacted stone or infiltrating adenoma were 
noticed.[7] A PAD was defined as a depressed lesion of  >5 mm 
with intact mucosa within a radius of  2.5 cm of  the papilla. 
The size of  PAD was arbitrarily classified as large (>1.5 cm) if  
a fully inflated biliary stone extraction balloon could be easily 
placed within the diverticular lumen, but if  the balloon could 
not be positioned in the diverticulum, they were classified as 
small (<1.5 cm).[5] PAD were classified into 3 different types 
according to the position of  the major duodenal papilla; 
type I: Papilla located inside the diverticulum, type II: Papilla 
located at the margin of  the diverticulum, and type III: Papilla 
located outside the diverticulum (within 2.5 cm).[9,10] Patients 
with a papilla far away from the diverticulum were excluded. 
Complete CBD clearance was considered when all the stones 
were extracted, and no filling defects were seen at the final 
cholangiography or by sweeping the duct with an extraction 
balloon at the end.[7] Post ERCP complications include at 
least one of  these post ERCP pancreatitis, gastrointestinal 
perforation, and bleeding.[13] Post ERCP pancreatitis was 
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diagnosed when new‑onset or increased abdominal pain lasted 
for more than 24 h and associated with an increase in serum 
amylase level of  at least three times greater than the normal 
upper limit after the procedure.[19] Bleeding was defined as 
the presence of  melena, hematochezia, or hematemesis 
associated with a hemoglobin decrease of  at least 2 g/dl or 
the need for blood transfusion.[20] Cholangitis was defined as 
the occurrence of  fever, chills, elevated liver enzymes, and 
or positive blood culture within 48 h after the procedure.[20] 
Perforation: A diagnosis of  perforation required a radiographic 
finding of  free or retroperitoneal air or extravasations of  
contrast material.[20] Stent occlusion was based on presentation 
with jaundice, cholangitis, or cholestasis which necessitates 
an intervention.[21] Recurrence biliary stones were defined as 
development of  stones not earlier than 6 months after complete 
removal of  previous bile duct stones.[22] Early morbidity 
comprised all complications occurring during initial treatment 
or within 30 days of  treatment. Late morbidity was defined as 
all complications occurring during follow‑up (after 30 days).

Follow‑up and study outcomes
After ERCP, all patients monitored in the ward by the 
endoscopist for early detection of  post‑ERCP complications 
for 24 h. The patients were evaluated at the outpatient clinic on 
10 and 30 days, 6 months and then yearly for at least 2 years, 
to assess the occurrence of  late complications. The primary 
endpoint of  the study was to investigate the influence of  PAD 
on technical success and rate of  complications in ERCP. The 
secondary endpoint was to investigate the effect of  the type of  
PAD on successful and technique of  cannulation.

Statistical analysis
Statistical analysis was made using the  Statistical Package for 
Social Sciences (SPSS) version 16 (SPSS Inc., Chicago, IL, 
USA). Categorical variables were analyzed by the Chi‑square 
test and Fisher’s exact test, as appropriate, while continuous 
variables were expressed as mean ± standard deviation and 
analyzed using Student’s t‑test. A binary logistic regression 
model was used for the prediction of  difficulty at cannulation 
for the procedure. Odds ratios and 95% CIs were reported for 
each factor entered in the regression equation. The level of  
statistical significance was set at P < 0.05.

Results

The incidence of  PAD was 114 of  1022 patients (11.2%). There 
was no difference in male/female ratio (55/59 vs. 420/488, 
P = 0.86) between the two study groups, and the mean age of  
patients with PAD was significantly older (52 vs. 41.4 years, 
P < 0.001). Regarding medical history and indications 
for ERCP, there were no significant differences between 
both groups. A better general condition (ASA score I) was 
noted in patients without PAD (31.7% vs. 18.4%, P = 0.04). 
With regard to laboratory parameters, levels of  serum 
total and direct bilirubin as well as liver enzymes were 
significantly lower in patients with PAD. The initial 

abdominal ultrasonography (US) and magnetic resonance 
cholangiopancreatography (MRCP) revealed CBD stones 
more frequently in Group A (79.8% vs. 69.4%, P = 0.41) and 
more cases of  CBD stricture in Group B (27% vs. 15.8%, 
P = 0.06) [Table 1].

The papilla was undetectable in 3 patients with PAD (2.6%) and 
in 11 patients without PAD (1.2%) (P = 0.23). The papilla had 
abnormal appearance more often in Group B (13.5% vs. 8.8%, 
P = 0.1). Successful cannulation achieved in 90.4% (103/114) 
and 95.9% (871/908), (P = 0.12) that was difficulty performed 
in 33.3% (38 patients) and 16% (145 patients) (P = 0.001), in 
Groups A and B, respectively.

There was statistically significant difference between the 
mean cannulation time (16.2 ± 7.3 vs. 7.2 ± 3.1 min, 
P = 0.001), and the mean total procedure (45 ± 13.1 vs. 
32.2 ± 3.2 min, P = 0.02) between both groups. The 
proportion of  standard sphincterotomy (88.3% vs. 86.1%, 
P = 0.76), pre‑cut papillotomy (11.7% vs. 13.9%, P = 0.89), 
PD cannulation (21.2% vs. 20.4, P = 0.69), and PD injection 
(7% vs. 8%, P = 0.12) were similar in both groups. There was 
no significant difference in cholangiographic finding between 
both groups, although the incidence of  CBD stones was 
higher in the Group A (82.5% vs. 70.4%), and the incidence of  
stricture was higher in the Group B (26.3% vs. 13.6%). There 
was significant difference in the CBD diameter (12.1 ± 2.3 vs. 
9.3 ± 1.6, P = 0.01) between both groups. Furthermore, there 
was significant difference between numbers (2.1 ± 0.8 vs. 
1.4 ± 0.5, P = 0.001) and size (8.4 ± 1.9 vs. 6.9 ± 1.6, P = 0.01) 
of  CBD stone (s) between patients with choledocholithiasis in 
both groups [Table 2].

According to the location of  the papilla, type I PAD was found 
in 16 patients (14%), type II was found in 65 patients (57%) 
and type III was found in 33 patients (29%). The size of  
the PAD was small in 64 patients (56.1%), and was large 
in 50 patients (43.9%). Successful cannulation was highly 

Table 1: Patient’s baseline characteristics
Patients characteristics Patients 

with PAD
Patients 

without PAD
P

Patients, n (%) 114 (11.2) 908 (88.8)
Male/female 55/59 420/488 0.86
Age, years

Mean±SD 52±8.1 41.4±9.5 <0.001
Median (range) 53 (29-77) 40 (18-58) <0.001

ASA score I, n (%) 21 (18.4) 288 (31.7) 0.04
US/MRCP report, n (%)

Dilated ducts without stones 2 (1.8) 18 (2) 0.95
CBD stones 91 (79.8) 630 (69.4) 0.41
Benign stricture 4 (3.5) 61 (6.7) 0.06
Malignant stricture 14 (12.3) 184 (20.3) 0.09
Bile leak 2 (1.8) 11 (1.2) 0.71
Choledochocele 1 (0.8) 4 (0.4) 0.4

ASA=American Society of Anesthesiology, US=Ultrasonography, MRCP=Magnetic 
resonance cholangiopancreatography, SD=Standard deviation, CBD=Common 
bile duct, PAD=Periampullary duodenal diverticulum
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achievable in type II and III than type I (93.8% and 97% 
vs. 56.3%, P = 0.003). Type I was the difficult type in 
cannulation (80% vs. 34.4% and 28.1%, P = 0.001). There 
was no statistically significant difference with the method of  
cannulation (sphincterotomy and pre‑cut) between different 
types of  PAD [Table 3].

The results of  endoscopic treatment according to 
the finding of  ERCP in the two groups are listed in 
Table 4. Complete clearance of  the CBD was achieved 
more easily in Group B than in Group A (92.9% vs. 
82.4, P = 0.02), and this difference remained with all 
techniques used (basket/balloon, mechanical lithotripsy). 
In 10 patients (11%) of  Group A and 28 patients of  
Group B (4.4%) with choledocholithiasis, plastic stent was 
placed because of  inability to use mechanical lithotripsy 
due to the presence of  very large CBD stone (s) or hugely 
dilated CBD in need for drainage (P = 0.001).

There was no significant difference in the overall early 
morbidity or mortality rate between the two groups (12.3% vs. 
7.9% and 0.9% vs. 0.2%, respectively).

Post ERCP pancreatitis occurred in 9 patients (7.9%) 
in Group A and 45 patients (5%) in Group B and was 
the most frequent complication (P = 0.6). All cases were 
managed conservatively, but only one case of  the severe 
form of  pancreatitis in Group B died in the intensive care 
unit. Bleeding occurred in one patient (0.9%) in Group A, 
versus 10 patients (1.1%) in Group B (P = 0.89). All cases 
were successfully treated with blood transfusion and 
endoscopic techniques for achieving hemostasis. Cholangitis 
occurred in one patient (0.9%) in Group A (incomplete 
drainage), versus 8 patients (0.9%) in Group B (P = 1) 
(6 after incomplete drainage, one after placement of  a metal 
expandable stent despite adequate drainage, and one after 
unknown cause). Retroperitoneal perforation was the only 
significant difference between both groups, it occurred in 
2 patients (1.8%) in Group A, versus 1 patient (0.1%) in 
Group B (P = 0.02), which were discovered immediately and 
managed conservatively. Cardiopulmonary complications 
occurred in one patient (0.9%) in Group A (bradyarrthymia), 
versus 2 patients (0.2%) in Group B (bradyarrthymia and 
pulmonary embolism) (P = 0.23). Cholecystitis occurred in 
2 case (0.2%), and basket trapping occurred in 1 case (0.1%) 
only in Group B [Table 5].

The ERCP‑related mortality rate was 0.9% vs. 0.2%; one death was 
due to sever acute pancreatitis (Group B), one due to pulmonary 
embolism (Group A), and the last due to bradyarrhythmia 
arising during the procedure (Group B) [Table 5].

The median patient follow‑up was 15.5 months, with a range 
of  0–36 months. There was a highly significant difference 
regarding recurrent biliary stone (s) formation between both 
groups (4.9% vs. 0.6, P = 0.001), while there was no significant 

difference regarding stent occlusion (12.5% vs. 19.1%, P = 0.87) 
between patients with and without PAD [Table 5].

Table 2: Endoscopic retrograde cholangiopancreatography 
results after excluding patients with undetectable papilla 
and abandoned procedure
ERCP results Patients 

with PAD
Patients 

without PAD
P

Undetectable papilla 3 (2.6) 11 (1.2)
Abnormal papilla, n (%) 10 (8.8) 123 (13.5) 0.1
Successful cannulation, n (%) 103 (90.4) 871 (95.9) 0.12
Difficult cannulation, n (%) 38 (33.3) 145 (16) 0.001
Cannulation time, mean±SD 16.2±7.3 7.2±3.1 0.001
Total procedure time, mean±SD 45±13.1 32.2±3.2 0.02
Standard sphincterotomy, n (%) 91 (88.3) 750 (86.1) 0.76
Precut papillotomy, n (%) 12 (11.7) 121 (13.9) 0.89
Patients with PD cannulation, n (%) 23 (21.2) 185 (20.4) 0.69
Patients with PD injection, n (%) 8 (7) 73 (8) 0.12
Cholangiography, n (%)

Choledocholithiasis 85 (82.5) 613 (70.4) 0.23
Stricture 14 (13.6) 229 (26.3) 0.06
Dilated CBD without stones 2 (1.9) 17 (2) 0.96
Bile leak 1 (1) 8 (0.9) 0.86
Choledochocele 1 (1) 4 (0.4) 0.3

CBD diameter, n (%) 12.1±2.3 9.3±1.6 0.01
Number of CBD stone (s) 2.1±0.8 1.4±0.5 0.001
Size of CBD stone (s) 8.4±1.93 6.9±1.6 0.01
PD=Pancreatic duct, SD=Standard deviation, CBD=Common bile duct, 
PAD=Periampullary duodenal diverticulum, ERCP=Endoscopic retrograde 
cholangiopancreatography

Table 3: Endoscopic retrograde cholangiopancreatography 
findings according to periampullary duodenal diverticulum 
type
Variable Type I 

n (%)
Type II 
n (%)

Type III 
n (%)

P

Patients 16 (14) 65 (57) 33 (29)
PAD size (%)

Small 3 (18.8) 39 (60) 22 (66.7)
Large 13 (81.2) 26 (40) 11 (33.3)

Successful cannulation 10 (62.5) 61 (93.8) 32 (97) 0.003
Difficult cannulation 8 (80) 21 (34.4) 9 (28.1) 0.001
Standard sphincterotomy 8 (80) 55 (90.2) 28 (87.5) 0.34
Pre-cut 2 (20) 6 (9.8) 4 (12.5) 0.45
PAD=Periampullary duodenal diverticulum

Table 4: Endoscopic treatment after successful cannulation
Endoscopic treatment Patients 

with PAD 
n (%)

Patients 
without 

PAD n (%)

P

CBD stones 85 (93.4) 613 (97.3) 0.79
Complete clearance of CBD stones 75 (82.4) 585 (92.9) 0.02

CBD clearance by basket or balloon 61 (81.3) 555 (94.9) 0.01
CBD clearance by mechanical lithotripsy 14 (18.7) 30 (5.1) 0.001

Stent placement in CBD stones 10 (11) 28 (4.4) 0.001
ES and stent placement in strictures 14 (77.8) 229 (93.5) 0.48
ES in dilated CBD without stones 2 (100) 17 (94.4) 0.87
ES and Stent placement in biliary leakage 1 (50) 8 (72.7) 0.07
ES and Stent placement in choledochocele 1 (100) 4 (100) 1
ES=Endoscopic sphincterotomy, PAD=Periampullary duodenal diverticulum, 
CBD=Common bile duct
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To determine the independent predictors of  technical 
difficulty at CBD cannulation, a multivariate logistic 
regression model was used. The variables found to be 
significant in univariate analyses were taken as candidate 
explanatory variables in a multivariate logistic regression 
analysis, to identify those risk factors associated with difficult 
cannulation in a multivariate setting, and to estimate their 
independent contributions adjusted for the effects of  each 
of  the other factors. Three variables (abnormal papilla, 
PAD, and stricture) were identified to be independently 
associated with difficult cannulation. Periampullary 
diverticulum was the most risky factor for difficult 
cannulation (OR: 2.96). Type I raised the difficulty four‑fold 
while type II raised the risk two‑ and half‑fold, also large 
PAD was found as an independent significant risk factors 
for difficult cannulation (OR: 1.4) independently of  the 
other related risk factors. Similarly, CBD stricture was 
found as an independent significant risk factors for difficult 
cannulation (OR: 1.3), and finally abnormal papilla was 
a barely significant risk factor for difficult cannulation 
(OR: 1.11) [Table 6].

Discussion

The second segment of  duodenum is the common site 
for diverticular disease, with most lesions classified as 
periampullary diverticula.[23] Such lesions are believed to 
be primarily acquired during the later decades of  life, with 
the peak incidence occurring in individuals between 50 and 
60 years of  age[5] with a slight female preponderance.[13] 
This relationship with aging suggests that some form of  a 
degenerative process involving the local supporting structures 
results in the development of  PAD.[24] However, such statistics 
were primarily culled from studies of  patients with biliary 
stones or other biliary tract diseases and did not include healthy 
individuals.[24]

The true prevalence of  PAD in the general population is 
uncertain due to the diagnostic accuracy of  various methods. 
Prevalence rates on radiographic studies are as high as 5–6% 
while those at necroscopic investigations range from 5 to 
19.4%.[25] Prevalence rates from 4 to 9% to 25–32.8% have 
been reported at esophagogastroduodenoscopy, the average 
being from 10 to 20%.[5,7,10,11,13,16,23‑27] Our study showed the 
comparable result (11.2%) with the average prevalence in 
the previous studies.

Most previous researches confirmed the relation between the 
high prevalence of  PAD and the advanced age,[5,7,10,13,16,24‑28] 
and this relationship was also reconfirmed in our study since 
the mean age of  patients was significantly higher in patients 
with PAD than others (52 vs. 41.4 years, P < 0.001). In our 
study, the incidence of  PAD was slightly higher in females 
(51.8% vs. 48.2%) but not significant (P = 0.86), and this was 
comparable with most previous studies.[5,7,13,16,25,27,28]

Our results were comparable with the previous results 
regarding no significant difference in the medical history[13] 
and indication[5,13,16] for ERCP in patients with or without PAD. 

Table 5: Endoscopic retrograde cholangiopancreatography 
related morbidity and mortality
Variable Patients with 

PAD n (%)
Patients without 

PAD n (%)
P

Pancreatitis 9 (7.9) 45 (5) 0.6
Bleeding 1 (0.9) 10 (1.1) 0.89
Cholangitis 1 (0.9) 8 (0.9) 1
Perforation 2 (1.8) 1 (0.1) 0.1
Cholecystitis 0 (0) 2 (0.2) 0.2
Cardiopulmonary 1 (0.9) 2 (0.2) 0.23
Basket impaction 0 (0) 1 (0.1) 0.9
Total 14 (12.3) 72 (7.9) 0.31
Recurrent biliary stone* 5 (4.9) 5 (0.6) 0.001
Stent occlusion* 4 (12.5) 54 (19.1) 0.87
Death 1 (0.9) 2 (0.2) 0.54
*Late complication. PAD=Periampullary duodenal diverticulum

Table 6: Univariate and multivariate analysis of factors that predict difficult cannulation
Variable Univariate analysis Multivariate analysis

OR (95% CI) P OR (95% CI) P
Age 1.06 (0.8-1.55) 0.2 0.97 (0.89-1.03) 0.2
Females versus males 0.64 (0.15-2.78) 0.55 0.81 (0.63-1.23) 0.4
Previous cholecystectomy 0.79 (0.42-1.50) 0.47 0.67 (0.99-1.002) 0.09
ASA score I 1.05 (0.12-8.88) 0.97 0.98 (0.67-1.23) 0.8
Total serum bilirubin 0.89 (0.52-1.41) 0.1 0.92 (0.65-1.23) 0.56
Abnormal papilla 1.24 (1.11-2.37) 0.01 1.19 (1.03-1.78) 0.04
PAD

PAD versus none 3.51 (2.98-7.87) <0.001 2.96 (1.78-4.56) 0.03
Type I versus type III 4.30 (2.46-7.85) <0.0001 3.9 (1.16-7.42) 0.001
Type II versus type III 2.42 (1.17-4.00) 0.002 2.39 (1.23-3.52) 0.001

Large versus small 1.61 (1.17-3.85) 0.02 1.5 (1.22-1.96) 0.01
Choledocholithiasis 1.67 (1.80-3.56) 0.046 0.89 (0.65-1.03) 0.3
Stricture 1.78 (1.01-4.11) 0.049 1.3 (1.09-1.61) 0.01
CBD diameter 0.56 (0.23-0.89) 0.11 0.55 (0.45-0.87) 0.78
ASA=American Society of Anesthesiology, PAD=Periampullary duodenal diverticulum, CBD=Common bile duct, CI=Confidence interval, OR=Odds ratio
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On contrary, another study showed that obstructive jaundice 
was significantly more prevalent in patients without PAD.[7] 
We reconfirm the previous studies[7,16] regarding significant 
association between patients with PAD and a worse general 
condition (P = 0.04). This may be attributed to the significant 
old age of  this group of  patients. Our result agrees with 
Mohammed Alizadeh et al.,[13] regarding lower significant 
laboratory parameters, levels of  serum total and direct bilirubin 
as well as liver enzymes in the group with PAD.

Panteris et al.[7] found a significantly higher prevalence of  
undetectable papilla in patients without diverticula. This was 
not confirmed in our study, since there was no significant 
difference between both groups (2.6% vs. 1.2%, P = 0.23), 
and these result was nearly comparable with Geraci et al.,[25] 
who showed none of  the patients with diverticulum had 
undetectable papilla. The inability to detect the papillary orifice 
in Group A may be attributed to intradiverticular position of  
the papilla, whereas, in Group B, there was edema, structuring, 
or invasion of  the duodenal wall by malignancy. In this 
study, there was no significant difference between abnormal 
papilla and the presence or absence of  PAD (8.8% vs. 13.5%, 
P = 0.1). This was disagreeing with Panteris et al.,[7] who show 
a significant relation between abnormal papilla and patients 
without PAD.

There is conflicting evidence regarding the impact of  PAD 
on the success of  ERCP cannulation; some authors report an 
impact,[8,29,30] others a lack of  impact.[5,7,8,10] Our study showed 
that successful cannulation rate was insignificant between 
both groups, although it was higher in patients without 
PAD (90.4% vs. 95.9%, P = 0.12), and this was consistent with 
many studies.[5,7,8,10,16,27,28] On contrary, many studies showed 
that successful cannulation in patients with PAD was found 
to be significantly lower compared with patients without 
PAD.[13,30‑33] These conflicting results might be partly due to 
differences in study design, patients, operator’s experience 
and the use of  new duodenoscopes, special accessories, 
techniques that facilitate CBD cannulation even in patients 
with a intradiverticular papilla or a floppy papilla on the 
edge of  a diverticulum and definition of  treatment success 
(e.g., if  failure to cannulate during the initial ERCP session 
was considered treatment failure or if  alternative cannulation 
attempts such as the precut technique were not used).[16,27] On 
contrary, other studies showed that the presence of  diverticula 
may result in dysfunction of  the sphincter of  Oddi, which 
would reduce resistance against the sphincterotome, thereby 
enhancing cannulation success.[5,7,34] It has been found by 
biliary manometry that the muscular tone and contractions 
of  the sphincter are decreased in patients with PAD, and this 
has been attributed to the sustained mechanical compression 
of  the lower CBD by a distended periampullary diverticulum, 
either as a result of  food impaction or increased intraduodenal 
pressure. This condition can facilitate a more convenient 
attempt at cannulation because the sphincter can be less 
resistance to the insertion of  a cannulation catheter.[35]

Likewise, difficulty at cannulation was addressed in many 
studies, in some of  them; the results were significant toward 
a more difficult cannulation in patients with PAD,[13,30,33] and 
this was comparable with our results (P = 0.001), whereas 
no difference was found in others.[10,16,25] On contrary, other 
studies found that the difficulty of  attempting cannulation 
was significant toward a more difficult cannulation in patients 
without diverticula.[5,7]

There was statistically significant difference between the mean 
cannulation time (16.2 ± 7.3 vs. 7.2 ± 3.1 min, P = 0.001), 
and the mean total procedure (45 ± 13.1 vs. 32.2 ± 3.2 min, 
P = 0.02) between both groups. This may be attributed to our 
significant difficult cannulation between both groups. On 
contrary, Panteris et al.,[7] found that the mean duration of  the 
procedure was similar in both groups.

There was no statistically significant difference between 
standard sphincterotomy and pre‑cut papillotomy between 
both groups. Similarly, Katsinelos et al.,[16] showed that no 
significant differences were observed in different techniques 
to achieve CBD cannulation between patients with and those 
without PAD. On contrary, two studies[5,7] showed that pre‑cut 
papillotomy was significant in patients without diverticula, 
while on study showed that ES was significant in patients 
with diverticula.[28]

Furthermore, there was no statistically significant difference 
between patients with PD cannulation and patients with PD 
injection between both groups. The previous results must be 
viewed only as a descriptive, because the cannulation and 
injection of  the PD were not attempted in all patients and was 
not intended at all times.

There was no significant difference in the initial ulrasonography 
and MRCP and final ERCP finding between both groups. Our 
study was comparable with many studies showed that the 
incidence rate of  a diverticulum in association with CBD stones 
is high but insignificant.[16,24,26,36‑38] On contrary, some other 
studies[7,8,13,28,39] showed a significant difference in the incidence 
rate of  a diverticulum in association with CBD stones.

Formation of  stone in the presence of  PAD can be related 
to several probable hypotheses. First, it has been suggested 
that the dysfunction in the sphincter of  Oddi, which in 
turn causes reflux of  pancreatic fluid and intestinal content 
into the bile duct, bacterial infection of  the bile duct, and 
formation of  bile duct stone.[9,40] It has been also argued that 
diverticula cause spasm of  the sphincter and increase biliary 
tract pressure. This phenomenon may produce jaundice and 
cholangitis as well as predispose for CBD stones.[41] Other 
showed that the accumulated food in the diverticulum, putting 
pressure on the end of  the bile duct and sphincter of  Oddi 
and leading to stricture of  the sphincter.[42] Furthermore, it 
has been hypothesized that PAD may cause functional biliary 
stasis possibly by compression of  the distal part of  the CBD 
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that accounts for the increased incidence of  pigment biliary 
stones.[43,44] We agree with Mohammed Alizadeh et al.,[13] that 
although we were able to demonstrate an association between 
the presence of  PAD and choledocholithiasis, pathological 
basis of  this phenomenon is already undetermined and should 
be supported by further studies.

Our results also showed a significant association of  PAD with 
CBD dilation, number of  stones and larger CBD stones on 
cholangiogram. Our findings are consistent with those of  other 
studies that enrolled patients for an ERCP as an indication for 
choledocholithiasis.[16,36,37,45,46] In contrast, a similar study on 
patients undergoing ERCP for a wider range of  indications 
showed that the presence of  PAD was not associated with 
the higher incidence of  larger stones or CBD dilation.[7] 
Aslan et al.,[27] showed that there was no difference between the 
groups in terms of  the number of  CBD stones while average 
stone diameter was larger in patients with diverticula compared 
with those without diverticula.

The published data on the prevalence of  PAD with respect 
to papilla are contradictory. Katsinelos et al.,[16] study 
revealed a higher rate of  the papilla located at the rim of  the 
diverticulum (Type II). A prospective study[7] in a Greek cohort 
reported that PAD was most commonly located within 2 cm 
from the papilla (Type III). However, another two studies[9,10] 
found that PAD was rarely located within 2 cm from the 
papilla. A recent study by Ozogul et al., showed that PAD 
type I was found in 41.3%, type II was found in 41.7%, and 
type III was found in 17% of  patients.[47] Our study revealed a 
higher rate of  type II PAD (57% vs. 14% and 29%). The size 
of  the PAD was smaller in 64 patients (56.1%), and was larger 
in 50 patients (43.9%). Aslan et al.,[27] showed that The size of  
the diverticulum was smaller than 2 cm in 90 patients (83.3%), 
and ≥2  cm  in  18  (16.7%). The highest  incidence  of   small 
diverticulum was type II (60%) while the highest incidence of  
large diverticulum was type I (81.2%). This result was agreeable 
with Boender et al.,[29] who concluded that the location of  
the papillary ostium may differ according to the size of  the 
diverticulum.

Periampullary diverticula might affect cannulation success 
through anatomical damage to the location of  the papillary 
ostium.[30,32,33] Our results showed a highly achievable significant 
successful cannulation in type II and III in comparison to 
type I PAD (93.8% and 97% vs. 56.3%, P = 0.003). Two studies 
showed that[32,33] the location of the papilla in patients with failed 
cannulation was inside the diverticulum in 62% and 62.5% and 
outside the diverticulum in 22% and 25% respectively, whereas, 
in others[7,16,27] no correlation can be established between the 
location of  the papilla and cannulation success. We agree with 
Sherman et al.,[45] that a low cannulation rate in type I can be 
attributed to the inability of the endoscopist to detect the papilla.

Type I PAD (intradiverticular papilla) was the most difficult 
type of  cannulation (80% vs. 34.4% and 28.1%, P = 0.001), 

this result was comparable with a study showed that 
paradiverticular papilla (PAD types II or III) are usually easy 
to cannulate;[48] however, when the papilla is located deep 
inside the diverticulum (PAD type I), the cannulation used 
to be difficult, and one has to use techniques that may help 
in this situation.[35] On contrary, Panteris et al.,[7] showed that 
there was no statistical difference when judging the level of  
difficulty between different types of  PAD.

ES was performed more frequently in type II and III 
(90.8% and 87.9%), as compared with 80% in type I (P = 0.34), 
while pre‑cut was performed more frequently in type I (20%), as 
compared with 9.2% and 11.4% in type II and III, respectively, 
but the difference did not reach statistical significance. 
Similarly, two studies[7,16] showed that the classification of  PAD 
into three types had no difference in different techniques to 
achieve CBD cannulation.

Complete clearance of  CBD was less frequently achieved in the 
presence of  diverticula (82.4 vs. 92.9%, P = 0.02). Similarly, 
two studies[7,16] showed that complete clearance of  the CBD 
was achieved more easily in patients without diverticula than in 
patients with diverticula. This can be explained by the inability 
to perform complete sphincterotomies, especially when the 
papilla was inside the diverticulum, for fear of  perforation and 
the presence of  PAD limited the extension of  sphincterotomy 
to allow complete clearance of  stones. On contrary, many 
studies showed that complete clearance of  stones from the 
CBD has been reported, with a significant equal success rate 
between patients with and without diverticula.[5,8,27,31]

CBD stone clearance by basket or balloon was performed 
more frequently in Group B (94.9%), as compared with 
81.3% in Group A with a significant difference (P < 0.01), 
on contrary There was a trend of  more frequent use of  
endoscopic mechanical lithotripsy in Group A (18.7%) versus 
Group B (5.1%) with significant difference (P < 0.001). Getsov 
et al.,[28] showed that there was a trend of  more frequent 
use of  endoscopic mechanical lithotripsy in patients with 
versus patients without PAD, but the difference did not reach 
statistical significance.

Association between PAD and ERCP‑related complications is 
controversial. Our study showed that the presence of diverticula 
significantly increases the rate of  perforation. Getsov et al.,[28] 
showed that the complication rate (acute pancreatitis, 
hemorrhage and acute cholangitis) was higher in patients 
with PAD than in patients without diverticula. Literature 
from single centers showed that the presence of  diverticula 
significantly increases the rate of  hemorrhage[33] or hemorrhage 
and perforation.[10,49,50] On contrary, the majority of  existing 
data indicates that no correlation between diverticula and an 
increased complication rate.[5,7,8,13,16,25,30‑32,35,48] A multicenter 
study showed an association of  PAD with hemorrhage only 
in the univariate analysis,[51] whereas another one found no 
association at all.[52] The trend toward more complications in 
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Group A is probably the result of  the more difficult conditions 
at cannulation.

The association of  PAD with recurrent choledocholithiasis 
after ES has been described,[7,22,24,25,30,38,53] and this may be 
attributed to the previous reasons of  primary stone formation. 
In our study, we have a significant recurrent biliary stone 
formation. However, our follow‑up could be short to evaluate 
recurrence and have some limitations to rule out the residual 
stone. The mortality rate after ERCP was the same between 
patients with and without PAD.

Our study identified that three variables (abnormal papilla, 
PAD, and stricture) were independently associated with 
difficult cannulation. On contrary, Panteris et al.,[7] identified 
that three variables (choledocholithiasis, abnormal papilla, 
and the presence of  diverticula) were independently associated 
easier cannulation attempt.

Conclusion

The frequency of  PAD was significantly higher in patients with 
the biliary stone disease than in patients with other co‑morbid 
biliary diseases. The finding PAD has no effect on successful 
cannulation and early complication rate of  ERCP but requires 
more skills in these patients. However, it is associated with 
increased attempts, difficult cannulation, decreased the rate 
of  successful stone removal, prolonged procedure time and 
increased the incidence of  primary and recurrent biliary stones 
formation. Therefore, more assessment of  bile stone and its 
complications in these patients is persistently recommended.
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