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ABSTRACT

Research conclusions differ on the impact of periampullary diverticulum (PAD) on endoscopic retrograde cholangiopancreatography
(ERCP). An up-to-date meta-analysis evaluated the role of PAD in ERCP, especially in terms of cannulation failure and early complica-
tions. A comprehensive literature search was performed. All statistical analyses were carried out with the Review Manager 5.3 software.
Horizontal lines represented a 95% confidence interval (Cl) and the area of each square in forest plots. Twenty-six studies including
23 826 patients with or without PAD who underwent ERCP were evaluated. PAD was associated with an increase in the overall cannu-
lation failure rate (RR=1.46, 95% ClI: 1.27-1.67; p<.00001), but in the subgroup of studies performed post-2000, PAD was irrelevant to
cannulation failure (RR=1.16, 95% Cl: 0.96-1.41; p=0.12). In overall analyses, PAD was also associated with a high risk of ERCP-related
pancreatitis (RR=1.32, 95% Cl: 1.10-1.59; p=0.003), perforation (RR=1.73, 95% ClI: 1.06-2.82; p=0.030), and bleeding (RR=1.48, 95% CI:
1.13-1.93; p=0.005). The presence of PAD increased the overall cannulation failure rate, but not the rate post-2000. PAD also affected

the occurrence of early pancreatitis, perforation, and bleeding.
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INTRODUCTION

Endoscopic retrograde cholangiopancreatography (ERCP)
is indispensable in the diagnosis and treatment of pan-
creaticobiliary diseases (1, 2). Periampullary diverticulum
(PAD) is a condition in which pouches of mucosa and
submucosa extend through the intestinal wall within a
radius of 2-3 cm from the ampulla of Vater (3). The inci-
dental appearance of PAD may cause concern in the op-
erating endoscopist, because the impact of PAD on ERCP
cannulation has been controversial (4-6). Until recently,
two conference abstracts (7, 8) that used meta-analysis
showed that PAD was associated with an increase in can-
nulation failure. However, the generally high success rate
of cannulation reported in articles post-2000 was ignored.
Baron et al. (9) believed that post-2000 is a new era in

ERCP development that includes more advanced tech-
nology. Rossos et al. (10) reported a technique that used
a sphincterotome for cannulation, and the first prospec-
tive study (11) in 1999 confirmed that the success rate of
cannulation by sphincterotome was significantly greater
than that of cannulation by the standard catheter (67%
vs. 97%). Use of the sphincterotome gradually became the
primary method of cannulation.

Does the effect of the presence of PAD on ERCP can-
nulation become smaller as the overall cannulation suc-
cess rate increases? For the reasons mentioned, a new
and reasonable analysis of studies was undertaken. These
studies evaluated the effects of PAD on cannulation pre-
and post-2000, respectively.
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METHODS

Literature Review

A search of the scientific literature (published up to Sep-
tember 8,2018) was performed on the following databas-
es: PubMed, EMBASE, and the Cochrane Library. It was
restricted to articles published in English. The keywords
used were: (“periampullary duodenal diverticula” OR "du-
odenal papilla diverticulum” OR “PAD") AND (“ERCP” OR
“endoscopic retrograde cholangiopancreatography” or
“Cholangiopancreatography, Endoscopic Retrograde”).
The authors also physically searched the references of
the original studies to avoid missing any information. The
review was approved by the Ethics Committee for Human
Experiments of the First Hospital of Lanzhou University.

Study Selection Criteria and Exclusion Criteria

Two investigators reviewed the material identified by the

searches and included published studies that met the

following criteria:

- observational design (retrospective or prospective
cohort or case-control study);
subjects with and without PAD who underwent
ERCP;
evaluation of ERCP-related adverse events (i.e., pan-
creatitis, bleeding, or perforation)
Case reports, conference abstracts, letters, and an-
imal studies were excluded. Studies with an enroll-
ment period (years of study) that extended across
2000 were excluded. Disagreements was resolved
through discussion and negotiation. A third review-
er made the final decision if there was still disagree-
ment after the discussion.

Data Extraction

Data extraction was carried out by two independent inves-
tigators. The two investigators resolved discrepancies by
forming a consensus. The information recorded included
author, year of publication, country, number of patients in
each group, mean age and age range, sex, cannulation fail-
ure rates, and incidences of post-ERCP-pancreatitis (PEP),
perforation, hemorrhage, and other complications.

MAIN POINTS

o Periampullary diverticulum is irrelevant to failed cannula-
tion of ERCP.
Periampullary diverticulum increases the incidence of early
post-ERCP complications, including pancreatitis, bleeding,
and perforation.
Intradiverticular papilla may be associated with the rate of
failed cannulation during ERCP.

Definition of Outcomes

The primary endpoint of the meta-analysis was the can-
nulation failure rate. The secondary endpoint was the in-
cidence of PEP, perforation, or bleeding. A failed cannu-
lation was arbitrarily defined as having occurred if deep
instrumentation of the desired duct, including the biliary
tree or pancreatic duct, a cholangiogram, or pancreatic
ductography could not obtained despite all techniques
and efforts, including the pre-cut technique and so on.
The author assessed early complications such as PEP (12,
13) and perforation based on consensus criteria (14). Pro-
cedure-related bleeding was defined as clinical (not just
endoscopic) evidence of bleeding with a decrease in he-
moglobin or the need for transfusion or intervention (an-
giographic or surgery) (14). According to the classification
of Lobo et al. (15) and Boix et al. (16), PAD was classified
into two types. The first, intradiverticular papilla (IDP),
was defined as major papilla inside of the diverticulum or
between two or more diverticula. The second, non-IDP,
was defined as a diverticulum within (but not containing)
a 2-3 cm radius of the major papilla. In addition, the major
papilla in the margin of the diverticulum belonged to the
non-IDP group, because the margin is thin (17).

Methodological Quality

The independent reviewers assessed the methodological
quality of the observational studies using the Newcas-
tle-Ottawa Scale (NOS) (18). A score of 0 to 9 was assigned
to every study. The items evaluated included the exposure
cohort's presentation, the choice of the unexposed co-
horts, the exposure's resolution, the comparability of the
results, and follow-up grounded on design or analysis.

Adequacy. Each high-quality study was given one or two
stars according to comparability, a total of nine stars
could be obtained. An appropriate selection criterion for
the participants was considered to be a continuous series
of controls derived from similar patients. In comparabili-
ty, age- and sex-matched or matched for additional diag-
nosis or treatment before endoscopy could get one star.
The follow-up time was at least 3 months. A star was giv-
en for follow-up performed in >80% of the initial cohort.
The final scores determined the overall risk of a given lev-
el of bias. Seven to nine stars were a low-risk cohort, four
to six stars were medium-risk, and three or fewer stars
was high-risk. The differences in scoring were resolved by
forming a consensus.

Subgroup Analysis and Statistical Analyses
The literature studies on cannulation were divided
into two subgroups according to the years each study
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was performed (pre- and post-2000). There were no
subgroups studying the impact of PAD position or the
effects of PAD on complications, because the con-
clusion was consistent in studies pre- and post-2000
and very few articles focused on adverse events pre-
2000.

150 of records 5 of additional
identified thraugh records identified
database through hand
searching research
Pubmed 32

Embase 114

Cochrane 4

!

152 of records after duplicates
removed

117 of records
1 excluded after
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Case report N=3

Chinese articals=1

F
35 of full-text
articles assessed
for eligibility

Karean articals=1

Research stage is
not consistent=1

i

S—

26 of studies
included in
quantitative
synthesis
(meta-analysis)

Figure 1. Search flow diagram.

Pooled analysis of data on clinical outcomes was per-
formed with the Mantel-Haenszel method. Risk ratio (RR)
analysis was used to produce an overall effect estimate
of all outcomes. The fixed-effect model was used when
there was low heterogeneity in the variables among the
studies, and the random-effect model was used if there
was significant heterogeneity. Intention-to-treat data
were extracted from all studies.

The authors used the chi-square test to assess hetero-
geneity among the trials and the I? statistic to estimate
the degree of the inconsistency. An I2 statistic >50%
suggested significant heterogeneity (19). Statistical het-
erogeneity was graded as low (<50%), moderate (51%-—
75%), or high (>75%) by the |2 statistic according to the
criteria (19). Standard techniques were used to generate
forest plots to pool the included studies. Horizontal lines
represented a 95% confidence interval (Cl) and the area
of each square. This indicated the RR point estimate.
The overall summary estimate under fixed-effect or ran-
dom-effect of 95% Cl was shown. The vertical line was
the null (RR=1.0). Publication bias for the failed cannula-
tion analysis was estimated by the Egger test and funnel
plot. An Egger test p<0.05 was considered a significant
publication bias. All statistical analyses were achieved
with the Review Manager 5.3 computer program (Copen-
hagen: The Nordic Cochrane Centre, The Cochrane Col-
laboration 2014).

RESULTS

Twenty-six articles (2, 3,5, 6,15-17,20-38) were included
in the meta-analysis. Eight prospective and 18 retrospec-
tive studies were eligible for inclusion in this systematic
review and meta-analysis (Figure 1). Of them, one study
just compared the perforation incidence in PAD and non-
PAD groups. The remaining studies compared the cannu-
lation failure rate and the ERCP-related adverse events
between PAD and non-PAD groups.

Characteristics of the studies are outlined in Table 1, in-
cluding details of cannulation failure and ERCP-related
complications in patients with or without PAD. A total
of 23,826 patients were included in the analysis. In 26
studies, the definitions of cannulation failure and ER-
CP-related adverse events were not the same in parts
of the studies. The NOS scale assessed the quality of
the studies included in the meta-analysis. Overall, there
was an average medium quality of six of nine stars for
all studies (range six to seven stars); however, we must
point out that there were still confounding factors. First,
there was uncertainty regarding the homogeneity with
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respect to the risk factors for the endpoints between
the two groups. Second, PAD was the independent risk
factor for cannulation failure in four of the studies in-
cluded (2, 3, 24, 31), and Zoepf et al. (24) regarded PAD
as an independent risk factor associated with significant
bleeding.

Primary Endpoint: Failed Cannulation Rate in PAD
Groups vs. Non-PAD Groups

Twenty-five studies (2, 3, 5, 6, 15-17, 20-37) involving
23,618 patients reported the cannulation rate in PAD
and non-PAD groups. The RR and 95% ClI for each study
and the pooled RR are shown in Figure 2. The overall
summary estimated that RRwas 1.46 (95% Cl: 1.27-1.67;

p<0.001); heterogeneity testing resulted in 1°=76% and
p<0.001. In the subgroup (see Figure 2) of post-2000
studies, the summary estimated that RR was 1.16 (95%
Cl: 0.96-1.41; p=0.12) and heterogeneity testing result-
ed in 12=35% and P =0.07 using a fixed-effect model. In
addition, in the subgroup of pre-2000 studies, the sum-
mary estimated that RR was 2.05 (95% CI: 1.68-2.51;
p<0.001), and heterogeneity testing resulted in 2=89%
and p<0.001. The cannulation rates in IDP and non-IDP
groups were reported in 12 studies (n=3005 patients).
The overall summary estimated that RR was 2.32 (95%
Cl:1.65-3.24; p<.001), and heterogeneity testing result-
ed in 12=0% and p=0.630.

PAD non-PAD Risk Ratio Risk Ratio
d Q dE S 2NLS . ed, 95% A‘! 9

1.1.1 Post-2000
Tham 2004 5 83 16 261 2.9% 0.98 [0.37, 2.60] 2004 I
Boix 2006 13 13 32 269 7.9% 0.83 [0.45, 1.54] 2006 /T
Panteris2008 6 117 25 484 37% 0.99 [0.42, 2.36] 2008 -1
Tyaji 2009 1 46 7 100 17% 0.31[0.04, 2.45] 2009 - 1
Park 2012 2 33 11 121 1.8% 0.67 [0.16, 2.86] 2012 - 1
Aslan 2012 5 108 11 478 1.5% 2.01[0.71, 5.67] 2012 T
Kim 2013 3 93 4 130 1.3% 1.05 [0.24, 4.57] 2013 -1
Mohammad 2013 0 44 0 736 Not estimable 2013
Greaci 2013 0 81 7 419 0.9% 0.34 [0.02, 5.92] 2013
Katsinelos 2013 3 107 1 321 0.2%  9.00[0.95, 85.61] 2013
Akin 2015 5 40 2 40 0.8%  2.50[0.51,12.14] 2015 - -
Parlak 2015 12 222 32 979 4.5% 1.65[0.87, 3.16] 2015 I
Omar 2015 11 114 37 908 3.1% 2.37[1.24, 4.51] 2015 -
Ormeci 2016 1 130 19 260 4.8% 0.11[0.01,0.78) 20106 — -
ChenL 2017 21 1489 14 1500 5.3% 1.51 [0.77, 2.96] 2016 T
Boga 2016 8 112 54 836 4.8% 1.11 [0.54, 2.26] 2016 -1
Sun 2016 8 161 39 483 7.3% 0.62[0.29, 1.29] 2016 -1
Corral 2018 37 1089 72 3267 13.6% 1.54 [1.04, 2.28] 2018 el
Karaahmet 2018 2 164 9 663 13% 0.90 [0.20, 4.12] 2018 - 1.
Subtotal (95% Cl) 4364 12255 67.2% 1.16 [0.96, 1.41] »
Total events 143 392
Heterogeneity: Chi* = 26.30, df = 17 (P = 0.07); I = 35%
Test for overall effect: Z=1.55 (P = 0.12)
1.1.2 Pre-2000
Kirk 1980 15 38 143 717 54% 1.98[1.30, 3.01] 1980 -
Chang-Chie1987 13 153 98 1090 9.1% 0.95[0.54, 1.64] 1987 1
Vaira 1989 18 308 72 2150 6.8% 1.75[1.06, 2.88] 1989 —
Hall1990 5 95 1 546 1.2% 2.61[0.93, 7.35] 1990 T
Lobo 1998 39 100 80 1102 5.0% 5.37 [3.89, 7.42] 1998 -
Zoepf 2001 16 350 14 350 5.3% 1.14 [0.57, 2.31] 2001 -
Subtotal (95% CI) 1044 5955 32.8%  2.05[1.68,2.51] L4
Total events 106 418
Heterogeneity: Chi* = 44.87, df = 5 (P < 0.00001); I* = 89%
Test for overall effect: Z = 7.04 (P < 0.00001)
Total (95% CI) 5408 18210 100.0%  1.46 [1.27, 1.67] +
Total events 249 810 ) . . )

ity 2 = = 2 = r T T 1
Heterogeneity: Chi? = 96.79, df = 23 (P < 0.00001); I = 76% 0.01 01 1 10 100

Test for overall effect: Z = 5.30 (P < 0.00001)
Test for subaroun differences: ChiZ = 16.17. df = 1 (P < 0.0001). I2 = 93.8%

Favours [PAD] Favours [non-PAD]

Figure 2. Forest plot for the failure rate of cannulation (PAD vs non-PAD).
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Secondary Endpoints: Incidence of PEP, Perforation,
Bleeding, and Cholangitis

Nineteen studies involving 14,835 patients provided data
on the incidence of PEP. The overall summary estimated
that RR was 1.32 (95% CI:1.10-1.59; p=0.003), hetero-
geneity testing resulted in 1°=0% and p=0.92 (see Figure
3a) using a fixed-effect model. Five studies provided data
about the PEP incidence in IDP and non-IDP groups. RR
and 95% Cl for each study and the pooled RR are shown
in Figure 3b. The overall summary estimated that RR was
1.14 (95% CI: 0.64-2.02; p=0.660). Heterogeneity testing
resulted in 1’=0% and p=0.730. Perforation rates for each
study are shown in Figure 4. The overall summary esti-
mated that RR was 1.73 (95% CI: 1.06-2.82; p=0.030).

Heterogeneity testing resulted in 1?>=2% and p=0.430.
Bleeding rates for each study are shown in Figure 5. The
overall summary estimated that RR was 1.48 (95% CI:
1.13-1.93; p=0.005). Heterogeneity testing resulted in
[2=30% and p=0.130. Cholangitis rates for each study are
shown in Figure 6. The overall summary estimated that
RR was 1.44 (95% CI: 0.62-3.32; p=0.390). Heterogene-
ity testing resulted in 1?>=0% and p=0.950.

Additional analyses: the use of a pre-cut technique for
cannulation

Data regarding the use of a pre-cut technique for can-
nulation was acquired from nine studies (7502 patients);
the pooled RR was 0.72 (95% Cl: 0.61-0.85; p<0.001).

PAD Non-PAD Risk Ratio Risk Ratio

VAIRA 1989 1 308 3 2150 04% 233[0.24,22.30) 1989

Zoep! 2001 0 350 3 35 21%  0.14[0.01,2.76) 2001 *

tham 2004 4 83 10 261 29%  128[0.41,391] 2004 —pr——

Boix 2006 4 1N 6 269 23%  137[0.39,4.77) 2006 L

Panteris 2008 1 17 7 484 16%  0.59[0.07,4.76) 2008 —_—1T

Tyafi 2009 2 % 3 100 1.1%  1.45[0.25,8.38] 2009 P —

Park 2012 2 33 13 121 33%  056[0.13,2.38) 2012 =

Kim 2013 7 93 12 130 60% 082033, 199) 2013 —
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Figure 3. a, b. a) Forest plot for the rate of PEP (PAD vs non-PAD). b) Forest plot for the rate of PEP (IDP vs non-IPD).
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Heterogeneity testing revealed that 1°=5% and p=0.39
(Figure 7).

Publication Bias
The funnel plot showed no evidence of noticeable asym-

metry. The Egger test also showed no publication bias

Limitations

There were many retrospective observational studies
whose definitions of cannulation failure and ERCP-relat-
ed complications were not homogenous. Also, we could
not analyze the association of PAD and ERCP-related
later complications and evaluate what technology and
equipment had the lowest rates of failed cannulation and

(Egger t value=-0.96, p=0.347, 95%CI: -1.50 to 0.54).

complications.
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Figure 4. Forest plot for the rate of perforation (PAD vs non-PAD).
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Figure 5. Forest plot for the rate of bleeding (PAD vs non-PAD).
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DISCUSSION

PAD was initially described by Chomel et al. in 1710 (3). It
has been observed in rates varying between 5% and 23%
of patients in endoscopic evaluation (20). The incidence
could be even higher in aging populations, possibly as
high as 32% (21). PAD is associated with a higher inci-
dence of common bile duct obstruction and biliary stone
formation (22, 39, 40). In addition, it is caused by a de-
fect during the fusion of the foregut and midget in em-
bryonic life. This defect causes progressive weakening in
the smooth muscles of the duodenum. Acquired factors
(i.e., aging, sphincter of Oddi dysfunction, and increased
intraduodenal pressure) also contribute to the develop-
ment of PAD (5). ERCP, which was first reported by Mc-
Cune et al. in 1968 (41), has been applied in the clinic and
has gradually become an indispensable treatment for
various biliary and pancreatic diseases (42, 43). However,
the impact of the presence of PAD on ERCP cannulation
has been controversial.

In this meta-analysis, the authors extracted and ana-
lyzed all published data comparing the rate of cannula-
tion failure and the complications, especially pancreatitis,
in patients with or without PAD who underwent ERCP.
Moreover, the authors explored whether the effects of
different types of PAD on ERCP were the same.

This analysis did not find solid evidences that PAD in-
creases the cannulation failure rate in ERCP procedures
in studies performed post-2000. Yet there was a strong
relationship between PAD and the cannulation failure
rate in ERCP procedures in studies performed pre-2000.
This variation may be related to three aspects. First, en-
doscopists’ understanding of PAD continues to deep-
en. Endoscopic operators in the initial period may have
thought that PAD could result in serious complications.
Therefore, they handled the operations gently, which led
to a decreased cannulation success rate. Second, inno-
vative techniques (i.e., sphincterotome for the cannula-
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Figure 6. Forest plot for the rate of cholangitis (PAD vs non-PAD).
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tion (10), wire-guided cannulation (44), pancreatic duct
stent placement followed by precut sphincterotomy
(45), double wire technique (46)) and novel equipment
(i.e., cap-assisted forward-viewing endoscope (47), nee-
dle-knife (26)) have emerged up to the present time, and
the issue of which technique or equipment was the best
needs to be studied in depth. Third, endoscopic opera-
tors have become more skilled through large numbers of
operations and tips attributed to successful cannulation
(48). Contrary to expectations, the use rate of the pre-
cut technique in PAD patients was less than that in non-
PAD patients; this should be considered in further exten-
sive studies. Part of the explanation for this result may
be that PAD, as reported in several articles (5, 16), was
associated with a reduced rate of cannulation failure. The
possible explanations for how PAD was associated with
decreased cannulation failure were:

Papilla sphincter dysfunction reduced cannulation

resistance.

The bile duct was more dilated in the PAD groups (3).

There was a significant relation between undetectable

or abnormal papilla and patients without PAD (16)

In addition, when IDP and non-IDP groups were com-
pared, IDP was associated with cannulation failure. This
could be because IDP was more common in cases of
poorly detectable papilla, or because it was difficult to
find the papillary orifice when it was deep inside the di-
verticulum. The direction of the bile duct was also harder
to predict in this type of diverticulum (26). At the same
time, several articles (2, 3, 5, 16, 24, 28, 30) in the review
compared difficulties related to cannulation between
PAD and non-PAD patients. This included more than five
cannulation attempts or attempts that were longer than
10 minutes, accidental cannulation into the pancreatic
duct, and the need for special technical tools and equip-
ment, which was similar to the guideline and consensus
(47,49).1n 2016, Boga et al. (30) reported that there was
no statistically significant difference in terms of difficult
cannulation between PAD and non-PAD groups. Ormeci
et al. () reported that there was no statistical difference
between the ERCP patients with and without PAD in
terms of success rates for the first and second attempts.
However, the other studies (2, 3, 16, 24, 28) noted that
PAD increased the cannulation difficulty to varying de-
grees. In short, PAD was not a hindrance to successful
cannulation in the new post-2000 era. If PAD was discov-
ered during an operation, the endoscopists did not have
to worry. In fact, they could be confident of successful
cannulation and the completion of the subsequent op-
erations, although the process of cannulation in patients

with PAD may require more patience because of possible
difficulties related to cannulation.

The second outcome showed that PAD was associated
with an increase in the incidence of early complications,
including PEP, bleeding, and perforation; the incidence of
cholangitis was equivalent in the PAD and the non-PAD
groups. A possible explanation for this may be that the
PAD group needed more techniques, equipment, time,
and follow-up operations after a successful cannulation.
In addition, the definitions of complications were not ex-
actly the same. For example, only five studies (3, 16, 22,
24, 29) clearly defined bleeding. Three studies (22, 24,
29) regarded bleeding as relevant, from the perspective
of treatment, if injection therapy with epinephrine, blood
transfusion, and/or endoscopic hemostasis were neces-
sary; two studies (3, 16) regarded bleeding as relevant if
there was clinical evidence (melena, hematochezia, or
hematemesis associated with a hemoglobin decrease of
>2 g/dL). The incidence of PEP in IDP patients was not
more frequent than that in non-IDP patients. Unfortu-
nately, we could not properly compare the rate of pan-
creatitis before and after 2000 because 18 of the 19 arti-
cles that provided data on pancreatitis were post-2000,
though this is also an important area that requires further
research. Also, our work has expanded upon the diverse
results presented in a previous article (50). The present
results are significant in at least two major respects. First,
surgery in patients with PAD requires an experienced op-
erator to perform delicate operations in order to prevent
complications. Second, the postoperative management
of patients with PAD requires greater attention so that
doctors can efficiently discover pancreatitis, perforation,
and/or bleeding. Finally, three studies (3, 24, 27) focused
on the effect of PAD on later complications; biliary stones
in patients with PAD were prone to recur.

Despite several encouraging data extractions, this me-
ta-analysis has limitations. First, there were many retro-
spective observational studies. Some studies were based
on a small sample of participants. Second, a few of the
available studies did not report on complications or the
definition of failed cannulation. ERCP-related complica-
tions (i.e, PEP, bleeding, perforation) were not uniform.
Third, the authors could not assess the preferred tech-
niques and devices related to lower incidences of cannu-
lation failure and complications of ERCP. This is because
the included literature spanned a long period and lacked
clear comparisons. Fourth, the authors did not focus on
the association of PAD and ERCP-related later complica-
tions because of the lack of effective data.
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Despite the limitations listed, this study was a current
systematic analysis assessing the influences of PAD on
cannulation in ERCP. It reviewed studies with low het-
erogeneity. Highly significant results were obtained with
minimal evidence of bias.

In conclusion, this systematic review and meta-analysis
provided evidence that PAD is no longer an obstacle to suc-
cessful cannulation, but that it has an impact on the early
complications of ERCP, such as pancreatitis, perforation,
and bleeding (not including cholangitis). IDP was associat-
ed with the cannulation failure rate, but was not associat-
ed with an increase in the incidence of PEP. With respect
to these findings, there are three major suggestions. First,
when skilled endoscopists from high-volume institutes find
PAD during ERCP, there is no need to worry about cannula-
tion failure. Second, every operator should perform delicate
operations because of the increased rate of complications
in patients with PAD. Last but not least, it is necessary to
pay attention to adverse events, especially during and after
the operation, as only in this way can the doctor find rele-
vant complications as soon as possible in order to provide
timely treatment. Further prospective trials with universal
criteria for PAD and non-PAD, level of operator proficiency,
choice of cannulation approach, and definition of cannula-
tion failure and procedure-related adverse events should be
performed for clear and more credible conclusions.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept — P.M,, W.M.; Design - P.M.,, P.Y,; Su-
pervision - WM., X.L; Resource — W.M,, Y.L; Materials — P.M,, P.Y,;
Data Collection and/or Processing — P.M., F.L.; Analysis and/or Inter-
pretation — W.Z, Y.L, Literature Search — X.L., W.Z.; Writing - Y.L,
P.M.; Critical Reviews - W.M., Y.L.

Acknowledgements: The authors would like to thank Dr Hao Xu and
Dr Bing Bai from our medical center for giving us assistance during
the therapeutic process.

Conflict of Interest: The authors have no conflict of interest to de-
clare.

Financial Disclosure: This study was financially supported by the
National Natural Science Foundation of China(Grant No. 81872036);
and the Provincial Youth Science and Technology Foundation of
Gansu(Grant No.1606RJYA276); and the Free Exploration Project of
the Central Universities, Lanzhou University (No. 18LZUJBWZY054).

REFERENCES

1. Wang AY, Yachimski PS. Endoscopic Management of Pancreato-
biliary Neoplasms. Gastroenterology 2018; 154: 1947-63. [Crossref]
2. Mohammad Alizadeh AH, Afzali ES, Shahnazi A, et al. ERCP fea-
tures and outcome in patients with periampullary duodenal divertic-
ulum. ISRN Gastroenterol 2013; 217-61. [Crossref]

3. Omar MA. Effect of periampullary diverticulum on technical suc-
cess and complications of endoscopic retrograde cholangiopan-
creatography: Single center experience. J Dig Endosc 2015; 6: 149-
57. [Crossref]

4. 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: 328-33. [Crossref]

5. Ormeci N, Deda X, Kalkan C, et al. Impact of Periampullary Di-
verticula on Bile Duct Stones and Ampullary Carcinoma. Euroasian J
Hepatogastroenterol 2016; 6: 31-4. [Crossref]

6. Corral JE, Mousa OY, Kroner PT, Gomez V, Lukens FJ. Impact of
Periampullary Diverticulum on ERCP Performance: A Matched
Case-Control Study. Clin Endosc 2019; 52: 65-71. [Crossref]

7. Anong J, Litchfield J, Young M, Borthwick T, Reddy C. Impact of
Periampullary Diverticula on Success of Endoscopic Retrograde
Cholangiopancreatography: A Meta-Analysis. Am J Gastroenterol
2014, 109: S59-60. [Crossref]

8. Ugbarugba EE, Myo S. Periampullary Diverticulum and Cannula-
tion Failure in ERCP. A Meta-Analysis of Studies. Gastrointestinal
Endosc 2015; 81: AB355-6. [Crossref]

9. Todd H. Baron, Richard A. Kozarek, David L. Carr-Locke. ERCP. 2nd
ed. Singapore: Elsevier; 2013.

10. Rossos P G KP, Haber G. Selective common bile duct cannulation
can be simplified by the use of a standard papillotome. Gastrointes-
tinal Endosc 1993; 39: 67-9. [Crossref]

11. Cortas GA, Mehta SN, Abraham NS, Barkun AN. Selective cannu-
lation of the common bile duct: a prospective randomized trial com-
paring standard catheters with sphincterotomes. Gastrointestinal
Endosc 1999; 50: 775-9. [Crossref]

12. Cotton PB, Lehman G, Vennes J, et al. Endoscopic sphincteroto-
my complications and their management: an attempt at consensus.
Gastrointestinal Endosc 1991, 37: 383-93. [Crossref]

13. Freeman ML, Nelson DB, Sherman S, et al. Complications of en-
doscopic biliary sphincterotomy. N Engl J Med 1996; 335: 909-19.
[Crossref]

14. Committee ASoP, Chandrasekhara V, Khashab MA, et al. Adverse
events associated with ERCP. Gastrointestinal Endosc 2017; 85: 32-
47. [Crossref]

15. Lobo DN, Balfour TW, Iftikhar SY. Periampullary diverticula: con-
sequences of failed ERCP. Ann R Coll Surg Engl 1998; 80: 326-31.
16. Panteris V, Vezakis A, Filippou G, Filippou D, Karamanolis D, Rizos
S. Influence of juxtapapillary diverticula on the success or difficul-
ty of cannulation and complication rate. Gastrointestinal Endosc
2008; 68: 903-10. [Crossref]

17. Tyagi P, Sharma P, Sharma BC, Puri AS. Periampullary diverticula
and technical success of endoscopic retrograde cholangiopancrea-
tography. Surg Endosc 2009; 23: 1342-5.

18. Stang A. Critical evaluation of the Newcastle-Ottawa scale for
the assessment of the quality of nonrandomized studies in me-
ta-analyses. Eur J Epidemiol 2010; 25: 603-5. [Crossref]

19. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measur-
ing inconsistency in meta-analyses. BMJ 2003; 327: 557-60.
[Crossref]

20. Akin M, Alkan E, Tuna Y, Aksakal G, Kogkar C, Senol A. Endoscopic
Retrograd Cholangiopancreatography for Choledocolithiasis in Pa-
tients with Periampullary Diverticulum. J Gastroenterol Hepatol Res
2015; 4: 1610-2. [Crossref]

21. Karaahmet F, Kekilli M. The presence of periampullary diverticu-
lum increased the complications of endoscopic retrograde cholan-
giopancreatography. Eur J Gastroenterol Hepatol 2018; 30: 1009-12.
[Crossref]

203


https://doi.org/10.1053/j.gastro.2017.11.295
https://doi.org/10.1155/2013/217261
https://doi.org/10.4103/0976-5042.173960
https://doi.org/10.1515/pjs-2016-0072
https://doi.org/10.5005/jp-journals-10018-1162
https://doi.org/10.5946/ce.2018.070
https://doi.org/10.14309/00000434-201410002-00196
https://doi.org/10.1016/j.gie.2015.03.585
https://doi.org/10.1016/S0016-5107(93)70015-2
https://doi.org/10.1016/S0016-5107(99)70157-4
https://doi.org/10.1016/S0016-5107(91)70740-2
https://doi.org/10.1056/NEJM199609263351301
https://doi.org/10.1016/j.gie.2016.06.051
https://doi.org/10.1016/j.gie.2008.03.1092
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1136/bmj.327.7414.557

https://doi.org/10.17554/j.issn.2224-3992.2015.04.536
https://doi.org/10.1097/MEG.0000000000001172

Oztiirk et al. Dual therapy in Helicobacter pylori

Turk J Gastroenterol 2020; 31(3): 193-204

22. Chen L, Xia L, Lu Y, Bie L, Gong B. Influence of periampullary
diverticulum on the occurrence of pancreaticobiliary diseases and
outcomes of endoscopic retrograde cholangiopancreatography. Eur
J Gastroenterol Hepatol 2017; 29: 105-11. [Crossref]

28. Boix, J, Lorenzo-Zufiiga V, Adafios F, Domenech E, Morillas RM,
Gassull MA. Impact of periampullary duodenal diverticula at endo-
scopic retrograde cholangiopancreatography: a proposed classifi-
cation of periampullary duodenal diverticula. Surg Laparosc Endosc
Percutan Tech 2006; 16: 208-11. [Crossref]

24. Zoepf T, Zoepf DS, Arnold JC, Benz C, Riemann JF. The relation-
ship between juxtapapillary duodenal diverticula and disorders of
the biliopancreatic system: analysis of 350 patients. Gastrointesti-
nal Endosc 2001; 54: 56-61. [Crossref]

25. Aslan F, Arabul M, Alper E, Celik M, Kandemir A, Unsal B. The im-
pact of periampullary diverticula on the endoscopic treatment of
choledocholithiasis. Prz Gastroenterol 2012; 7: 281-5. [Crossref]

26. Park CS, Park CH, Koh HR, et al. Needle-knife fistulotomy in pa-
tients with periampullary diverticula and difficult bile duct cannula-
tion. J Gastroenterol Hepatol 2012; 27: 1480-3. [Crossref]

27. Geraci G, Modica G, Sciume C, Sciuto A. Intradiverticular ampul-
la of vater: personal experience at ERCP. Diagn Ther Endosc 2013;
2013:102571. [Crossref]

28. Katsinelos P, Chatzimavroudis G, Tziomalos K, et al. Impact of
periampullary diverticula on the outcome and fluoroscopy time in
endoscopic retrograde cholangiopancreatography. Hepatobiliary
Pancreat Dis Int 2013; 12: 408-14. [Crossref]

29. Kim KH, Kim TN. Endoscopic papillary large balloon dilation in
patients with periampullary diverticula. World J Gastroenterol 2013;
19: 7168-76. [Crossref]

30. Boga S, Alkim H, Koksal AR, Sayin P, Sen i, Alkim C. Is periampul-
lary diverticulum a nightmare in ERCP? The Medical Bulletin of Sisli
Hospital 2016; 193-7. [Crossref]

31. Sun Z, Bo W, Jiang P, Sun Q. Different Types of Periampullary Du-
odenal Diverticula Are Associated with Occurrence and Recurrence
of Bile Duct Stones: A Case-Control Study from a Chinese Center
Gastroenterol. Res Pract 2016; 6: 1-8. [Crossref]

32. Tham TC, Kelly M. Association of periampullary duodenal diver-
ticula with bile duct stones and with technical success of endoscopic
retrograde cholangiopancreatography. Endoscopy 2004, 36: 1050-
3. [Crossref]

33. Hall RI'IC, Denyer ME. Periampullary diverticula predispose to pri-
mary rather than secondary stones in the common bile duct. Endos-
copy 1990; 22: 127-8. [Crossref]

34. Vaira D DJ, Hatfield AR, Cairns SR, Polydorou AA, Cotton PB. Is
duodenal diverticulum a risk factor for sphincterotomy? Gut 1989;
30: 939-42. [Crossref]

35. Chang-Chien, C. S. Do juxtapapillary diverticula of the duode-
num interfere with cannulation at endoscopic retrograde cholan-

giopancreatography? A prospective study. Gastrointestinal Endosc
1987; 33: 298-300. [Crossref]

36. Kirk AP, Summerfield JA. Incidence and significance of juxtapap-
illary diverticula at endoscopic retrograde cholangiopancreatogra-
phy. Digestion 1980; 20: 31-5. [Crossref]

37. Parlak E, Suna N, Kuzu UB, et al. Diverticulum with Papillae: Does
Position of Papilla Affect Technical Success? Surg Laparosc Endosc
Percutan Tech 2015; 25: 395-8. [Crossref]

38. Takano Y, Nagahama M, Yamamura E, Maruoka N, Takahashi H.
Perforation of the Papilla of Vater in Wire-Guided Cannulation. Can
J Gastroenterol Hepatol 2016; 2016: 5825230. [Crossref]

39. Christoforidis E, Goulimaris I, Kanellos I, Tsalis K, Dadoukis I. The
role of juxtapapillary duodenal diverticula in biliary stone disease.
Gastrointestinal Endosc 2002; 55: 543-7. [Crossref]

40. Li X, Zhu K, Zhang L, et al. Periampullary diverticulum may be
an important factor for the occurrence and recurrence of bile duct
stones. World J Surg 2012; 36: 2666-9. [Crossref]

41. McCune WS, Shorb PE, Moscovitz H. Endoscopic cannulation of
the ampulla of vater: a preliminary report. Ann Surg 1968; 167: 752-
6. [Crossref]

42. Wang P, Li ZS, Liu F, et al. Risk factors for ERCP-related compli-
cations: a prospective multicenter study. Am J Gastroenterol 2009;
104: 31-40. [Crossref]

43. Wijarnpreecha K, Panjawatanan P, Manatsathit W, et al. Associ-
ation Between Juxtapapillary Duodenal Diverticula and Risk of Cho-
ledocholithiasis: a Systematic Review and Meta-analysis. J Gastro-
intestinal Surg 2018: 1-10.

44. Lee TH, Park D H, Park JY, et al. Can wire-guided cannulation
prevent post-ERCP pancreatitis? A prospective randomized trial.
Gastrointestinal Endosc 2009; 69: 444-9. [Crossref]

45. Fogel EL, Sherman S, Lehman GA. Increased selective biliary
cannulation rates in the setting of periampullary diverticula: main
pancreatic duct stent placement followed by pre-cut biliary sphinc-
terotomy. Gastrointestinal Endosc 1998; 47: 396-400. [Crossref]
46. Kiilling D, Haskell E. Double endoscope method to access intradi-
verticular papilla. Gastrointestinal Endosc 2005, 62: 811-2. [Crossref]
47. Testoni PA, Mariani A, Aabakken L, et al. Papillary cannulation
and sphincterotomy techniques at ERCP: European Society of Gas-
trointestinal Endoscopy (ESGE) Clinical Guideline Endoscopy. En-
doscopy 2016; 48: 657-83. [Crossref]

48.Bakman Y G, Freeman M L. Difficult biliary access for ERCP. Gas-
trointest Endosc Clin N Am 2013; 23: 219-36. [Crossref]

49. Liao WC, Angsuwatcharakon P, Isayama H, et al. International
consensus recommendations for difficult biliary access. Gastroin-
testinal Endosc 2017; 85: 295-304.

50. Jayaraj M, Mohan BP, Dhindsa BS, Mashiana HS, Radhakrishnan G,
Dhir V, et al. Periampullary Diverticula and ERCP Outcomes: A Systematic
Review and Meta-Analysis. Dig Dis Sci 2019; 64: 1364-76. [Crossref]

204


https://doi.org/10.1097/MEG.0000000000000744
https://doi.org/10.1097/00129689-200608000-00002
https://doi.org/10.1067/mge.2001.115334
https://doi.org/10.5114/pg.2012.32066
https://doi.org/10.1111/j.1440-1746.2012.07201.x
https://doi.org/10.1155/2013/102571
https://doi.org/10.1016/S1499-3872(13)60063-6
https://doi.org/10.3748/wjg.v19.i41.7168
https://doi.org/10.5350/SEMB.20160417085747
https://doi.org/10.1155/2016/9381759
https://doi.org/10.1055/s-2004-826043
https://doi.org/10.1055/s-2007-1012817
https://doi.org/10.1136/gut.30.7.939
https://doi.org/10.1016/S0016-5107(87)71602-2
https://doi.org/10.1159/000198411
https://doi.org/10.1097/SLE.0000000000000130
https://doi.org/10.1155/2016/5825230
https://doi.org/10.1067/mge.2002.122615
https://doi.org/10.1007/s00268-012-1716-8
https://doi.org/10.1097/00000658-196805000-00013
https://doi.org/10.1038/ajg.2008.5
https://doi.org/10.1016/j.gie.2008.04.064
https://doi.org/10.1016/S0016-5107(98)70226-3
https://doi.org/10.1016/j.gie.2005.06.035
https://doi.org/10.1055/s-0042-108641
https://doi.org/10.1016/j.giec.2012.12.012
https://doi.org/10.1007/s10620-018-5314-y

