
Does periampullary diverticulum affect ERCP cannulation 
and post-procedure complications? an up-to-date meta-
analysis
Peilei Mu1,2† , Ping Yue1,2† , Fangwei Li3 , Yanyan Lin2 , Ying Liu4 , Wenbo Meng1,2,5 , Wence Zhou1,6 , Xun Li1,7 
1The First Clinical Medical School of Lanzhou University, Lanzhou, Gansu, China
2Department of Special Minimally Invasive Surgery, The First Hospital of Lanzhou University, Lanzhou, Gansu, China
3Department of Social Medicine and Health Management, College of Public Health, Zhengzhou University, Zhengzhou, Henan, China 
4 Department of Foreign Languages, Lanzhou University, Lanzhou, China
5Gansu Province Key Laboratory Biotherapy and Regenerative Medicine, Lanzhou, Gansu, China
6The Second Department of General Surgery, The First Hospital of Lanzhou University, Lanzhou, Gansu, China
7The Fifth Department of General Surgery, The First Hospital of Lanzhou University, 
Lanzhou, Gansu, China
†: Peilei Mu and Ping Yue contributed equally to this work.

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 (CI) 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% CI: 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% CI: 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% CI: 1.10-1.59; p=0.003), perforation (RR=1.73, 95% CI: 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.
Keywords: Endoscopic retrograde cholangiopancreatography, diverticulum, complications, meta-analysis

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.

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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MAIN POINTS
•	 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.



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.

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 I2 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 I2 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 (CI) 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% CI 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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Figure 1. Search flow diagram.
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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% CI for each study 
and the pooled RR are shown in Figure 2. The overall 
summary estimated that RR was 1.46 (95% CI: 1.27-1.67; 

p<0.001); heterogeneity testing resulted in I2=76% and 
p<0.001. In the subgroup (see Figure 2) of post-2000 
studies, the summary estimated that RR was 1.16 (95% 
CI: 0.96-1.41; p=0.12) and heterogeneity testing result-
ed in I2=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 I2=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% 
CI: 1.65-3.24; p<.001), and heterogeneity testing result-
ed in I2=0% and p=0.630.
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Figure 2. Forest plot for the failure rate of cannulation (PAD vs non-PAD).



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 I2=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% CI 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 I2=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 I2=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 
I2=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 I2=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% CI: 0.61-0.85; p<0.001). 
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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).

a

b



Heterogeneity testing revealed that I2=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 
(Egger t value=−0.96, p=0.347, 95%CI: -1.50 to 0.54).

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

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



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).

Figure 7. Forest plot for the rate of pre-cut techniques (PAD vs non-PAD).



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). In 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. (5) 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.
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