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Abstract

Background Periampullary diverticulum (PAD) may make the performance of endoscopic retrograde cholangio-
pancreatography (ERCP) in patients with choledocholithiasis more difficult and may increase complication rates. The
present study evaluated the effects of PAD on first-time ERCP in patients with choledocholithiasis.

Methods Outcomes were compared in patients with and without PAD and in those with four types of PAD: papilla
located completely inside the diverticulum (type I), papilla located in the inner (type Il a) and outer (type Il b) margins
of the diverticulum; and papilla located outside the diverticulum (type IlI).

Parameters compared included cannulation time and rates of difficult cannulation, post-ERCP pancreatitis (PEP)
and perforation.

Results The median cannulation times in patients with types |, Il a, Il b, lIl PAD and in those without PAD were 2.0 min,
5.0 min, 0.67 min, 3.5 min, and 3.5 min, respectively, with difficult cannulation rates in these groups of 7.4%, 31.4%,
8.3%, 18.9%, and 23.2%, respectively. The rates of PEP in patients with and without PAD were 5.3% and 5.1%, respec-
tively. Four patients with and one without PAD experienced perforation.

Conclusions The division of PAD into four types may be more appropriate than the traditional division into three

types. Cannulation of type I and Il b PAD was easier than cannulation of patients without PAD, whereas cannulation
of type Il a PAD was more challenging. PAD may not increase the rates of PEP.
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Introduction

The incidence of periampullary diverticulum (PAD) has
been reported to range from 5.6% to 46.1% [1-3]. Based
on their relationship with papilla, PAD has been tradi-
tionally divided into three types: papilla located inside
the PAD (type I); papilla located in the margins of the
PAD (type II); and papilla located close to the PAD (type
III) [4, 5]. Although PAD does not cause clinical symp-
toms in ordinary circumstances, it is thought to be
related to choledocholithiasis and to affect the perfor-
mance and results of endoscopic retrograde cholangio-
pancreatography (ERCP). Many have assessed the effects
of PAD on ERCP, but it is unclear whether PAD increases
operational difficulties and complications of ERCP [1, 2,
6-11]. In addition, most studies have compared patients
with and without diverticulum, with few studies to
date assessing the effects and complications of ERCP in
patients with different types of PAD.

To evaluate the effects of PAD in patients undergo-
ing ERCP, patients were retrospectively divided into
those with and without PAD. In addition, patients with
PAD were subdivided into four types, those with papilla
located completely inside the diverticulum (type I);
papilla located in the inner (type II a) and outer (type II
b) margins of the diverticulum; and papilla located out-
side the diverticulum (type III). The comparison between
our division method and traditional division is shown in
Table 1. Outcomes were compared, including cannula-
tion times and rates of difficult cannulation, post-ERCP
pancreatitis (PEP) and perforation.

Methods

This study included 386 inpatients with common bile
duct stones who were hospitalized and underwent ERCP
for the first time from 1 May 2018 to 31 December 2021,
all the procedures were completed by two experts who
had performed more than 500 operations. Patients with
a surgically altered anatomy and those who underwent
more than one session of ERCP were excluded.

Patients who met the inclusion criteria were divided
into two groups, those with PAD (#=209) and those
without PAD (n=177). Patients with PAD were further
subdivided into four types according to the relationship
between the diverticulum and the papilla (Fig. 1): those
with papilla located inside the diverticulum, not adjacent

Table 1 Comparison between our classification method and
traditional classification

location completely inner margin  outer margin  outside
inside

new type | typella typellb type lll

traditional  type | type Il type lll
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to the margins (type I, n=27 patients), papilla located in
the inner (type II a, n=35) and outer (type Il b, n=36)
margins of the diverticulum, and papilla located outside
the diverticulum (type III, n=111). Parameters compared
in patients with and without PAD included age, gender,
cannulation time, and rates of difficult cannulation, PEP
and perforation after ERCP. Parameters compared in
patients with the four types of PAD and in patients with-
out PAD included cannulation time and difficult cannula-
tion rate.

The study protocol conformed to the ethical guidelines
of the 1975 Declaration of Helsinki (6th revision, 2008).

The start of cannulation was defined as the time that
the sphincterotome was pushed out from the endoscope
[12]. Successful cannulation was defined as extraction of
bile or cannula well inside the common bile duct (CBD),
as determined by X-ray identification of the guide wire
[13]. Difficult cannulation was defined as the inabil-
ity to achieve selective biliary cannulation by standard
ERCP techniques within 10 min or up to five cannula-
tion attempts or failure of access to the major papilla [14].
Plasma amylase concentrations were measured 4—6 h
after ERCP and the following morning. PEP was defined
as “clinical pancreatitis with amylase at least three times
the upper limit of normal more than 24 h after the pro-
cedure, requiring hospital admission or a prolongation of
planned admission” [15].

Categorical variables of age, PEP and perforation were
compared by Pearson’s chi-square tests, cannulation time
and difficult cannulation ratio were compared by Non-
parametric Wilcoxon Rank-Sum Test. All statistical anal-
yses were performed using SPSS, version 22 software,
with P values <0.05 considered statistically significant.

Results

Study population

A total of 386 patients were enrolled in this study, 209
(54.1%) in the PAD group and 177 (45.9%) in the non-
PAD group. Mean overall patient age was 70.1 years, with
patients in the PAD group being significantly older than
those in the non-PAD group (71.92+11.76 years versus
68.03+13.58 years, P=0.003). The incidence of PAD was
significantly lower in patients aged <70 years than in
those aged >70 years (44.3% [70/158] versus and 61.0%
[139/228], P=0.001) and was 46.8% (36/77) in patients
aged 60-70 years (Table 2). Of the 209 patients in the
PAD group, 27 (12.9%) were divided as type I, 35 (16.7%)
as Type II a, 36 (17.2%) as Type II b, and 111 (53.1%) as
type III. There were no significant differences in sex, can-
nulation time, difficult cannulation rate or complications
of PEP and perforation between patients with and with-
out PAD (Table3).
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Fig. 1 lllustrations of the four subtypes of PAD. a Type |, b Type Il a, ¢ Type Il b, d Type Ill. The definitions of the four subtypes are described

in the text

Table 2 Rates of diverticulum in patients <70 and > 70 years

Age, years PAD Non-PAD Total

<70 70 88 158

270 139 89 228
209 177 386

Biliary cannulation

All 386 patients were successfully cannulated. The
median cannulation time did not differ in patients with
and without PAD (2.50 min [range, 1.00-6.00 min]
versus 3.50 min [range, 1.00-7.75 min], P=0.183),

but differed markedly in the four types of PAD
(Table 4). Although cannulation time in patients with
type III PAD did not differ from that of patients with-
out PAD, it was much shorter in patients with type II
b PAD (0.67 min [range, 0.50-2.88 min]) and long-
est in patients with type II a PAD. (5.00 min [range,
1.50-14.00 min]).

Difficult cannulation rates were similar in patients
with and without PAD (17.7% [37/209] versus 23.2%
[41/177], P=0.183; Table 30). Among patients with PAD,
those with type I had the lowest difficult cannulation
rate (7.4%), whereas those with type II a had the high-
est (31.4%) (Table 4). Difficult cannulation rates did not

Table 3 Baseline characteristics and outcomes of ERCP in patients with and without PAD

Clinical characteristics PAD Group (n=209) Non-PAD Group (n=177) P value
Mean age, years 71.92+£11.76 68.03+13.58 0.003
Male 53.1% 52.5% 0911
Female 46.9% 47.5%

Cannulation time, min 2.50 (1.00, 6.00) 3.50(1.00, 7.75) 0.183
Difficult cannulation 17.7% 232% 0.183
PEP 53% 5.1% 0.937
Perforation 1.9% 0.6% 0474
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differ significantly among patients with types II b and III-
PAD and patients without PAD (Table 4).

PEP and perforation

The incidence of PEP was similar in patients with
and without PAD (5.3% [11/209] versus 5.1% [9/177],
P=0.937).

Only one patient (0.6%) in the non-PAD group experi-
enced type III perforation(duodenal perforation), which
occurred during a prolonged operation lasting more
than 100 min due to multiple huge stones in the CBD.
Of the patients in the PAD group, one experienced type
II1 perforation (bile duct perforation), and three experi-
enced type IV perforation ( a small amount of gas was
accumulated in the retroperitoneum during CT exami-
nation) (P=0.474). The patient with type III perfora-
tion had a very hard stone in the CBD, with the basket
damaged during repeated mechanical lithotripsy. Fol-
lowing stone extraction, this perforation was success-
fully blocked with a covered metal stent. Of the three
patients with type IV perforation, they respectively
had type II a II b, and III PAD. After receiving gastro-
intestinal decompression, antibiotic intravenous infu-
sion, and parenteral nutritional support, they gradually
recovered.
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Data among different groups under traditional
classification

We also grouped all patients based on the traditional
division of PAD(Tables 5 and 6), type I and III represent
papilla inside and outside PAD, Type II represent papilla
located inner and outer margin. Cannulation time, inci-
dence of difficult cannulation, PEP, and perforation of
each group were compared, and the results showed that
there was no statistically significant difference in diffi-
cult cannulation,PEP and perforation incidence among
the groups(P >0.05). The only statistically significant dif-
ference found in the study was in the cannulation time
of type I, which was significantly shorter than the other
groups,. However, there were no significant differences in
cannulation time between the other groups.

Discussion

PAD is mainly found during CT or gastroscopy examina-
tions. Its incidence ranges widely, from 5.6% (44/780) in
Iran [1] to 46.1% (65/144) in South Korea [3]. The present
study found that the incidence of PAD among patients
undergoing ERCP was even higher, 54.1% (209/386).
PAD is thought to increase with age, and the major-
ity of the patients in this study were aged>70 years,
which may account for the higher incidence of PAD in
this population. Patients with PAD were significantly

Table 4 Cannulation time and difficult cannulation rates in patients with and without PAD

Non-PAD Group PAD Group P value
B Typel Typella Type llb Type lll
Cannulation time (min) 3.50(1.00, 7.75)° 2.00(1.00, 3.00)" 5.00 (1.50, 14.00)* 0.67 (0.50, 2.88)° 3.50(1.50, 7.50)° <0.001
Difficult cannulation 41 (23.2%) 2 (7.4%)° 11 (31.4%)° 3(83%)* 21(18.9%)® 0.046
Table 5 Cannulation time and difficult cannulation comparation according traditional division
Non-PAD Group PAD Group P value
Typel Typell Type lll
Cannulation time (min) 3.50(1.00,7.75) b 2.00(1.00, 3.00) a 2.50(0.67,6.00) b 3.50(1.50,7.50) b 0.048
Difficult cannulation (%) 23.2% 7.4% 19.7% 18.9% 0.299
Table 6 PEP and perforation comparation according traditional division
Non-PAD Group PAD Group Pvalue
Typel Typelll Type lll
PEP N 168(94.9%) 26(96.3%) 67(94.4%) 105(94.6%) 1.00
Y 9(5.1%) 1(3.7%) 4(5.6%) 6(5.4%)
perforation N 176(99.4%) 27(100%) 69(97.2%) 109(98.2%) 0.379
Y 1(0.6%) 0(0%) 2(2.8%) 2(1.8%)
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older than patients without PAD (71.92+11.76 years vs.
68.03 £ 13.58 years; p<0.05), with the incidence of PAD
being significantly higher in patients aged > 70 years than
in those aged<70 years (61.0% vs. 44.3%, p<0.05). In
contrast, the incidence of PAD was only 46.8% in patients
aged 60-70 years. From our data, the incidence of diver-
ticulum increased significantly from the age of 70, so we
set up 70 years old as the cut-off point.

Based on the location of the papilla, PAD is usually
divided into three types [4, 5]: papilla located inside the
diverticulum (Type I), in the margins of the diverticu-
lum (Type II), or outside the diverticulum (Type III); or
into two types; papilla located inside or in the margins of
the diverticulum (Type I) or near the diverticulum (Type
II) [16, 17]. PAD has also been divided into four types,
with two of these types, types II and IV, further divided
into two subtypes each [18]. These division, however, are
insufficient in determining the effects of different types
of diverticulum on ERCP. When comparing the groups
according to the traditional division, we found that there
was no statistically significant difference in cannula-
tion time between type II (papilla located in the margin
of the diverticulum), type III (papilla located outside the
diverticulum) and non-PAD groups. However, when we
compared the groups according to the new classification,
we found that cannulation of papilla located in the inner
margin of the diverticulum was more difficult than can-
nulation of papilla located entirely within or in the outer
margin of the diverticulum. Therefore, it is inappropri-
ate to classify the diverticula when papilla located in the
inner edge and those in the outer edge as the same type.
In order to finely highlight the significant impact of vari-
ous types of diverticula on cannulation, it is necessary
to subdivide the diverticulum into two subtypes when
papilla located in the inner and outer margin(type II a
and type II b). Ultimately, we divided the diverticulum
into three types, and type II was further subdivided into
type II a and type II b. Individual diverticula in patients
with two or more can also be divided into these types
based on their positions. Type III diverticula is the most
common, while type I diverticula is relatively rare.

Studies assessing the impact of PAD on cannulation
have yielded conflicting results. Although the appearance
of the diverticulum was thought to increase difficulties in
cannulation and complications [1, 7, 19, 20], other stud-
ies have conflictingly found that the diverticulum did
not affect cannulation time, made it easier, or increased
overall complication rates [9, 16, 21, 22]. At present, only
age differed in patients with and without PAD, with no
significant differences in sex, cannulation difficulty, pan-
creatitis and perforation rates. In general, diverticula
did not appear to make the ERCP process more difficult
or increase the incidence of complications. However,
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comparisons of the non-PAD group with the different
PAD subgroups yielded different results. For example,
cannulation times did not differ significantly between
patients with type III PAD and the non-PAD group, per-
haps because the diverticulum was far removed from the
papilla and did not affect the opening or direction of the
papilla.

The cannulation time of Type II b PAD was signifi-
cantly shorter than the times of the three other PAD
subgroups, with entry of the guide wire into the bile duct
being easier. Papilla located completely within the diver-
ticulum (type I), were often easier to find and their open-
ings were more obvious. Cannulation of this type was not
as difficult as we thought it would be, taking less time
than normal papillae. Also unexpectedly, cannulation of
papilla in the inner margin of the diverticulum (Type II a)
took the longest time. Approaching the papilla required
repeated efforts to adjust the direction and length of the
endoscope. Alternatively, other methods were needed to
expose the papilla, making it easier to cannulate, which
may have increased cannulation times.

Analysis of the incidence of the ERCP complications
PEP and perforation found no differences between the
PAD and non-PAD groups, a finding consistent with
previous results [8—11]. In contrast, other studies have
reported that complication rates are significantly higher
in PAD than in non-PAD groups [1, 2, 6, 7, 20]. Factors
associated with the occurrence of PEP include age, sex,
bile duct diameter and the operation process [15].

The present study found that the occurrence of
diverticulum did not increase the incidence of pan-
creatitis, possibly because diverticulum did not affect
the cannulation and operation processes. One patient
in the non-PAD group experienced perforation due to
prolonged operation time, and one in the type III PAD
group experienced perforation due to a hard stone.
Another patient in the type III PAD group experienced
postoperative perforation for unknown reasons, as
did one patient each in the type II b and type II a PAD
groups. None of the patients with type I PAD experi-
enced perforation, but this does not mean that the
operation was safe, because this group included the
smallest number of patients and required a more care-
ful operation. The walls of the diverticulum are thinner
than normal duodenal walls, and are more likely to be
perforated during surgery, especially in the presence
of large stones, which require a longer operation time.
Therefore, special care should be taken when papillae
are located within or in the margins of the diverticu-
lum. Secondary ERCP extraction of stones should be
considered to avoid perforation in patients with large
stones. There were some limitations in this study. The
total number of enrolled cases was relatively small and
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the proportion of type I diverticula was low. Second,
this is a retrospective study. Therefore, prospective
studies with large sample size are needed to validate
our findings in the future. Because many risk factors
are associated with PEP and perforation, it was dif-
ficult to determine whether these complications are
related to the presence of diverticulum. Due to the
small numbers of patients in these subgroups and the
low incidence rates of PEP and perforation, these com-
plications were not compared statistically in the four
PAD subgroups. Large multi-center trials are needed
to determine the associations of diverticulum with PEP
and perforation.

In conclusion, the present study found that the inci-
dence of diverticulum is significantly higher in patients
aged>70 years than those aged <70 years. Our find-
ings suggest that it may be more appropriate to divide
the diverticulum into four types. Cannulation of types
I and II b PAD was easier than cannulation of non-
PAD, whereas cannulation of type II a PAD was more
challenging. Although the appearance of PAD may not
increase the occurrence of PEP, operators should try to
avoid perforation when papilla are located in the mar-
gins or inside the diverticulum. Further research and
analysis may be needed to fully understand the differ-
ences between these types of diverticula and their asso-
ciated risks and complications in ERCP operations.

Abbreviations

PAD Periampullary diverticulum

ERCP Endoscopic retrograde cholangiopancreatography
PEP Post-ERCP pancreatitis

CBD Common bile duct

Acknowledgements
Not applicable.

Authors’ contributions

HS, BH and CZ designed the study. SC, HZ, HS, CZ and SH contributed to the
operation. DK, CZ, SH, QY, YC, PZ, HZ collected and analyzed the data, HS, BH
and CZ contributed to writing and editing the manuscript. All authors read
and approved the final version of the manuscript.

Funding
No fnancial disclosure to declare.

Availability of data and materials
The data used to support the findings of this study are available from the cor-
responding authors upon request.

Declarations

Ethics approval and consent to participate

This study was conducted according to the principles of the 1975 Declara-
tion of Helsinki. and was approved by the Medical Ethics Committee of HeZe
Municipal Hospital (Approval Number:2018-KY018-130). Informed consent
was not applicable.

Consent for publication
Not applicable.

Page 6 of 7

Competing interests
We certify that none of the authors has any conficts of interest with regards to
this research.

Author details

The Second School of Clinical Medicine, Southern Medical University, Guang-
zhou 510515, China. 2Department of General Surgery, Guangdong Provincial
People’s Hospital (Guangdong Academy of Medical Sciences), Southern
Medical University, Guangzhou 510080, China. *Department of Hepatobiliary
Surgery, HeZe Municipal Hospital, HeZe 274000, Shandong, China. *Depart-
ment of Gastrointestinal Surgery, HeZe Municipal Hospital, HeZe 274000,
Shandong, China. *School of Medicine, South China University of Technology,
Guangzhou 51000, China.

Received: 24 August 2022 Accepted: 22 June 2023
Published online: 25 July 2023

References

1. ZoepfT, Zoepf DS, Arnold JC, Benz C, Riemann JF. The relationship
between juxtapapillary duodenal diverticula and disorders of the
biliopancreatic system: analysis of 350 patients. Gastrointest Endosc.
2001;54(1):56-61.

2. Mohammad Alizadeh AH, Afzali ES, Shahnazi A, et al. ERCP features and
outcome in patients with periampullary duodenal diverticulum. ISRN
Gastroenterol. 2013;2013:217261.

3. Lee JW,Kim JH, KimYS, et al. The effect of periampullary diverticulum
on the outcome of bile duct stone treatment with endoscopic papillary
large balloon dilation. Korean J Gastroenterol. 2011;58(4):201-7.

4. Boix J, Lorenzo-Zufiga V, Afanos F, Domenech E, Morillas RM, Gas-
sull MA. Impact of periampullary duodenal diverticula at endoscopic
retrograde cholangiopancreatography: a proposed classification of
periampullary duodenal diverticula. Surg Laparosc Endosc Percutan Tech.
2006;16(4):208-11.

5. Zippi M, Traversa G, Pica R, et al. Efficacy and safety of endoscopic
retrograde cholangiopancreatography (ERCP) performed in patients with
periampullary duodenal diverticula (PAD). Clin Ter. 2014;165(4).e291-4.

6. Karaahmet F, Kekilli M. The presence of periampullary diverticulum
increased the complications of endoscopic retrograde cholangiopan-
creatography. Eur J Gastroenterol Hepatol. 2018;30(9):1009-12.

7. Major P Dembinski M, Winiarski M, et al. A periampullary duodenal
diverticula in patient with choledocholithiasis — single endoscopic center
experience. Pol Przegl Chir. 2016;88(6):328-33.

8. ThamTC, Kelly M. Association of periampullary duodenal diverticula with
bile duct stones and with technical success of endoscopic retrograde
cholangiopancreatography. Endoscopy. 2004;36(12):1050-3.

9. Panteris V, Vezakis A, Filippou G, Filippou D, Karamanolis D, Rizos S. Influ-
ence of juxtapapillary diverticula on the success or difficulty of cannula-
tion and complication rate. Gastrointest Endosc. 2008;68(5):903-10.

10. Jayaraj M, Mohan BP, Dhindsa BS, et al. Periampullary diverticula and
ERCP outcomes: a systematic review and meta-analysis. Dig Dis Sci.
2019;64(5):1364-76.

11. Corral JE, Mousa OV, Kroner PT, Gomez V, Lukens FJ. Impact of periampul-
lary diverticulum on ERCP performance: a matched case-control study.
Clin Endosc. 2019;52(1):65-71.

12. Baiul, Visser B. Endoscopic retrograde cholangiopancreatography. JAMA.
2018;320(19):2050.

13. Halttunen J, Meisner S, Aabakken L, et al. Difficult cannulation as defined
by a prospective study of the Scandinavian Association for Digestive
Endoscopy (SADE) in 907 ERCPs. Scand J Gastroenterol. 2014;49(6):752-8.

14. Liao WC, Angsuwatcharakon P, Isayama H, et al. International consen-
sus recommendations for difficult biliary access. Gastrointest Endosc.
2017,85(2):295-304.

15. Dumonceau JM, Andriulli A, Elmunzer BJ, et al. Prophylaxis of post-ERCP
pancreatitis: European Society of Gastrointestinal Endoscopy (ESGE)
Guideline — updated June 2014. Endoscopy. 2014;46(9):799-815.

16. Tyagi P, Sharma P, Sharma BC, Puri AS. Periampullary diverticula and
technical success of endoscopic retrograde cholangiopancreatography.
Surg Endosc. 2009;23(6):1342-5.



Shi et al. BMC Gastroenterology

20.

21.

22.

(2023) 23:252

Kim HW, Kang DH, Choi CW, et al. Limited endoscopic sphincterotomy
plus large balloon dilation for choledocholithiasis with periampullary
diverticula. World J Gastroenterol. 2010;16(34):4335-40.

Yue P, Zhu KX, Wang HP, et al. Clinical significance of different periampul-
lary diverticulum classifications for endoscopic retrograde cholangiopan-
creatography cannulation. World J Gastroenterol. 2020;26(19):2403-15.
Tabak F, Ji GZ, Miao L. Impact of periampullary diverticulum on biliary
cannulation and ERCP outcomes: a single-center experience. Surg
Endosc. 2021;35(11):5953-61.

Tabak F, Ji GZ, Miao L. Impact of periampullary diverticulum on biliary
cannulation and ERCP outcomes: a single-center experience. Surg
Endosc. 2021;35(11):5953-61.

Chen L, Xia L, Lu, Bie L, Gong B. Influence of periampullary diverticu-
lum on the occurrence of pancreaticobiliary diseases and outcomes of
endoscopic retrograde cholangiopancreatography. Eur J Gastroenterol
Hepatol. 2017;29(1):105-11.

Chen Q, Zhang Y, Tang Z, Yu M, Liu Z, Zhou X, Li G, Chen Y, Zhou X.The
role of periampullary diverticulum on the incidence of pancreaticobiliary
diseases and the outcome of endoscopic retrograde cholangiopancrea-
tography. Arch Med Sci. 2020;17(4):905-14.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 7 of 7

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	A new classification of periampullary diverticulum: cannulation of papilla on the inner margins of the diverticulum (Type IIa) is more challenging
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Results
	Study population
	Biliary cannulation
	PEP and perforation
	Data among different groups under traditional classification

	Discussion
	Acknowledgements
	References


