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The efficacy of prophylactic pancreatic 
stents against complications of  
post-endoscopic papillectomy or  
endoscopic ampullectomy: a systematic 
review and meta-analysis
Yining Wang , Miao Qi, Yuanzhen Hao and Junbo Hong

Abstract
Background: Endoscopic resection has been increasingly adopted for neoplasms in the 
major duodenal papilla. Previous studies have reached varying conclusions on whether 
prophylactic pancreatic stent (PS) placement is an effective measure against post-procedure 
complications. We aimed to investigate whether PS could reduce the incidence of post-
procedure complications.
Methods: The PubMed, Cochrane Library, and EMBASE databases were systematically 
searched from the inception dates to 25 December 2018 to identify all randomized controlled 
trials (RCTs) and retrospective cohort studies (RCSs) comparing prophylactic PS and no 
PS against post-procedure complications. The main outcomes measurements were post-
procedure pancreatitis, bleeding, perforation and late papillary stenosis.
Results: 23 RCSs (1001 subjects) and 2 RCTs met the inclusion criteria. Meta-analysis of 
the RCSs showed that prophylactic PS decreased the odds of post-procedure pancreatitis 
(OR, 0.71; 95% CI, 0.36–1.40; p = 0.325) as well as late papillary stenosis (OR, 0.35; 95% CI, 
0.07–1.75; p = 0.200; I2 =0%) and increased the odds of bleeding (OR, 1.32; 95% CI, 0.50–3.46; 
p = 0.572; I2 = 0%) and perforation (OR, 2.25; 95% CI, 0.33–15.50; p = 0.412; I2 = 0%) but not 
significantly. Sensitivity analysis illustrated prophylactic PS significantly decreased the risk of 
post-procedure pancreatitis (OR, 0.44; 95% CI, 0.24–0.80; p = 0.007). 
Conclusions: PS placement was prophylactic against post-procedure complications 
although not significantly. Sensitivity analysis suggests the significant effect of prophylactic 
PS against post-procedure pancreatitis. More RCTs are required to validate the statistical 
significance of our results and potentially relevant characteristics improving the 
prophylactic efficacy of stents.

Keywords:  prophylactic pancreatic stent, post-procedure complications
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Introduction
Tumors of the main duodenal papilla have a prevalence of only 0.04–0.12% in autopsy studies.1 
Ampullary tumors may also occur sporadically or in patients with familial adenomatous polyposis 
(FAP).2 With the development of endoscopy, especially endoscopic retrograde cholangiopan-
creatography (ERCP), tumors in the papilla or ampulla are being gradually recognized. Adenomas 
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arising in the major duodenal papilla or ampulla 
of Vater can potentially undergo the adenoma–
carcinoma sequence, making complete removal 
mandatory for curative therapy.3 Currently, 
endoscopic papillectomy (EP) or endoscopic 
ampullectomy (EA) with curative intent is 
increasingly adopted for benign papillary 
tumors.

However, post-procedure complications may 
lead to an increase in morbidity and mortality, 
depending on the severity. Likewise, the social 
economic burdens resulting from the risk of 
procedure-related complications are not negligi-
ble. Pancreatitis is a common and potentially 
preventable short-term complication of EP. 
Other short-term complications include bleed-
ing and perforation, while distal common pan-
creatic duct stricture is a common long-term 
complication. The routine placement of a pan-
creatic stent (PS) may be a supportive measure 
for the prevention of severe pancreatitis after 
EP. Nevertheless, mixed results have been 
obtained according to the current studies 
addressing prophylactic PS placement after EP 
to avoid these complications. A series of studies 
demonstrated that routine placement of a pro-
phylactic PS may decrease the risk of these post-
procedure complications.4–8 In contrast, some 
investigators reported that the existence of a PS 
did not correlate with subsequent pancreatitis 
after EP.9–11 Although prophylactic PSs are 
moderately recommended during papillectomy 
by the American Society for Gastrointestinal 
Endoscopy (ASGE), studies published to date 
have not reached consistent conclusions regard-
ing whether prophylactic PSs should be rou-
tinely required for EP.12

Our systematic review and meta-analysis were 
performed to compare the efficacy of PS and no 
PS placement against post-procedure complica-
tions and validate whether PS placement is neces-
sary or not.

Method
This meta-analysis was performed according to 
the Cochrane Handbook for Systematic Reviews of 
Interventions and presented based on Preferred 
Reporting Items for Systematic Reviews and 
Meta-analyses guidelines.13

Literature search
Studies were searched and identified by database 
searching of PubMed, EMBASE, and the Cochrane 
Library (including CENTRAL) from the January 
1990, to 25 December 2018. In addition, we 
searched for available studies from review articles 
and abstracts of relevant conferences. The follow-
ing keywords were involved in our searching: 
‘endoscopic papillectomy’, ‘endoscopic ampullec-
tomy’, ‘duodenal major papilla’, ‘ampulla’, ‘stent’, 
‘pancreatic stent’. There were no language restric-
tions. We analyzed selected research for summary 
level data. PRISMA guidelines were applied for 
assessing search results. Two authors (Y.N.W. and 
M.Q.) screened titles and abstracts independently 
and screened selected research independently. 
Discrepancies were resolved by consensus.

Study selection
Selection criteria were articles and conference 
abstracts comparing the efficacy of prophylactic 
PSs and no PSs against post-procedure complica-
tions. Exclusion criteria were those studies not 
involving post-EP and ampullectomy complica-
tions (including pancreatitis, bleeding, perforation, 
late papillary stenosis) as a study endpoint or 
research comparing stents plus drugs or other 
novel stent-related procedures. In addition, case 
series were excluded from the analysis. There were 
no language restrictions. Both full-length article 
and conference abstract publications were selected. 
Research was included based on the following 
inclusion criteria: (1) trials reporting patients suf-
fering neoplasms in major duodenal papilla or 
ampulla of Vater and receiving EP or EA; (2) every 
trial needed to contain both patients with prophy-
lactic PS placement and without PS placement; 
(3) trials providing post-procedure complications 
data (at least including pancreatitis).

Data extraction and quality assessment
All data were independently extracted in dupli-
cate by two authors (Y.N.W. and M.Q.) and 
reviewed by a third (J.B.H.) for agreement. The 
two independent investigators extracted data 
using a common data extraction form. The fol-
lowing data were extracted from each study: first 
author’s name, year of publication, country, per-
centage of female, mean age (upper and lower 
range), trial design, stent characteristic, number 
of patients with/without PSs, outcomes of 
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post-procedure complications (pancreatitis, 
severity of pancreatitis, bleeding, perforation, 
late papillary stenosis), neoplasm position, per-
centage of patients with adenoma, percentage of 
patients undergoing pancreatic endoscopic 
sphincterotomy (EST), percentage of patients 
undergoing en-bloc, percentage of patients with 
FAP. We tried to contact the authors if we can-
not extract required supplementary information 
about the data or trials.

To evaluate the quality of retrospective cohort 
studies (RCSs), we used the nine-point 
Newcastle–Ottawa scale (NOS) scale to assess 
the following three fundamental aspects of meth-
odology: study participant selection (0–4), con-
founder adjustment (0–2), and outcome 
indicator determination (0–3). An RCS with 
7–9 points NOS score was defined as a highly 
qualified study.14

Statistical analysis
RCS. The effects of PS placement were ana-
lyzed by calculating pooled estimates of post-
procedure pancreatitis, the severity of 
pancreatitis, bleeding, perforation, late papil-
lary stenosis. Separate analyses were performed 
for correlated outcomes by using odds ratio 
(OR). A statistically significant result was 
observed with a 95% confidence interval (CI) 
and a p value of <0.05. Subgroup analysis was 
performed to assess the effect of neoplasm 
position, a percentage of patients with ade-
noma, a percentage of adenoma, a percentage 
of patients undergoing EST, a percentage of 
patients undergoing en-bloc, a percentage of 
patients with FAP on post-procedure pancre-
atitis. A funnel plot was generated to evaluate 
publication bias among RCSs.15

All tests were two-tailed, and p < 0.05 was consid-
ered statistically significant. The statistical heteroge-
neity was evaluated by the I2 statistic and the 
Chi-square-based Q statistic in a random-effects 
model.16 We followed the general heterogeneity 
principle based on the suggestion in the Cochrane 
Handbook:13 I2 < 40% as ‘heterogeneity might not 
be important’ and >75% as ‘considerable heteroge-
neity’. Sensitivity analysis was also performed after 
restricting the studies to high-quality, characteristics 
of publication (full-length publications or abstracts), 
trials recruiting individuals without other accompa-
nying diseases or particular conditions and 

per-protocol analysis. All the analyses described 
above were performed with STATA version 15.0 
statistical software (Stata Corp., College Station, 
TX, USA).

Randomized controlled trials.  Data from ran-
domized controlled trials (RCTs) were also 
extracted as described previously. Outcomes of 
stents against post-procedure pancreatitis were 
stated. No further meta-analysis was imple-
mented because of the limited number and qual-
ity of RCTs.

Results

Literature search and basic characteristics of 
studies
A total of 953 potentially eligible records were 
identified. After the removal of duplicates and 
screening of titles and abstracts, 734 studies 
were retained. The titles and abstracts of these 
records were screened for inclusion. Of these, 86 
relevant articles were selected and reviewed by 
three independent authors (W.Y.N., Q.M. and 
H.J.B.). Ultimately, two RCTs (69 patients) and 
23 nonrandomized studies (1001 patients) met 
the inclusion criteria and were selected for final 
review and analysis (Figure 1). Both RCTs and 
RCSs were separately analyzed. All RCSs were 
of adequate quality (NOS ⩾ 7). Overall, five 
conference abstracts were selected and included 
in the final analysis.

All RCSs were conducted in following coun-
tries: six in the United States, four in Korea, 
three in France, three in Japan, two in Brazil, 
two in Turkey, one in the Czech Republic, one  
in Greece, one in Finland, one in Italy and one 
in China. A detailed summary of these studies 
is presented in Table 1. The percentage of 
female patients varied from 7% to 66% among 
the studies. A total of 14 trials used stent sizes 
of 3–7F. Overall, five trials demonstrated the 
length of used stents: 3–7 cm.8,17–20 Flanged 
stents were used in four trials,8,9,18,21 whereas 
other trials did not provide information about 
the use of flanged or unflanged PSs. In five tri-
als,8,9,11,21,22 the stents were made of polyethyl-
ene while other trials did not report their stent 
material.

No significant publication bias was identified by 
the evaluation of the funnel plot (Figure 2).
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Meta-analysis of RCSs

Post-procedure pancreatitis
All trials followed the consensus definition (2012) 
for defining post-ERCP pancreatitis.23 Post-
procedure pancreatitis was documented in 65 of 
601 patients (10.82%) with a PS placed, compared 
with 63 of 400 patients (15.75%) without a PS 
placed. There was an OR reduction with prophy-
lactic PS placement (OR, 0.71; 95% CI, 0.36–1.40; 
p = 0.325) but no statistically significant difference 
was demonstrated (Figure 3). Subgroup analysis 
was performed to evaluate the effect of neoplasm 
position, a percentage of patients with adenoma, a 
percentage of adenoma, a percentage of patients 
undergoing EST, a percentage of patients 

undergoing en-bloc, a percentage of patients with 
FAP on post-ER pancreatitis. In the studies ana-
lyzed, PS did not significantly reduce the risk of 
post-ER pancreatitis in the group with a neoplasm 
in the major duodenal papilla (OR, 0.73; 95% CI, 
0.29–1.85; p = 0.512) nor in the group with a neo-
plasm in the ampulla of Vater (OR, 0.66, 95% CI, 
0.24–1.83; p = 0.427). A significant difference for 
the effects of PS against post-ER pancreatitis was 
also not observed in the group with all patients suf-
fering adenoma (OR, 0.72, 95% CI, 0.19–2.76; p 
= 0.626), neither in the group with a mixed pro-
portion (50–98%) of patients suffering adenoma 
(OR, 0.60, 95% CI, 0.26–1.38; p = 0.232). The 
group with all patients undergoing EST did not 
exhibit a significant reduction of post-ER 

Figure 1.  Flow diagram for selecting eligible studies to include in the meta-analysis.
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pancreatitis (OR, 0.50, 95% CI, 0.07–3.75; p = 
0.504) between PS and no PS placement and the 
same is true in the group with mixed proportion 
(0–23%) of patients (OR, 0.84, 95% CI, 

0.31–2.23; p = 0.719). Overall, three subgroups 
were established for the percentage of patients 
undergoing en-bloc resection: >90%, 70–90%, 
<70%. There was no significant difference for the 
efficacy of PS against post-ER pancreatitis among 
>90% subgroup (OR, 1.67, 95% CI, 0.67–4.20; p 
= 0.274), 70–90% subgroup (OR, 0.75, 95% CI, 
0.39–1.45; p = 0.484), <70% subgroup (OR, 
0.33, 95% CI, 0.08–1.28; p = 0.109), respectively. 
However, PS placement significantly reduced the 
incidence of post-ER pancreatitis in the group 
recruiting a mixed proportion (5–62%) patients 
with FAP (OR, 0.42, 95% CI, 0.23–0.76; p = 
0.004) but the group without patients suffering 
FAP did not exhibit a difference between the effects 
of PS and no PS placement (OR, 1.03, 95% CI, 
0.28–3.76; p = 0.961).

Figure 2.  Funnel plot assessing for publication bias. 
No publication bias was noted.

Figure 3.  Forrest plot of included RCSs demonstrating the effect of prophylactic pancreatic stents against 
post-procedure pancreatitis.
RCS, retrospective cohort study.
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The severity of pancreatitis
Overall, six trials11,26–28,31,34 provided data on the 
severity of pancreatitis. Prophylactic PS signifi-
cantly decreased the odds of mild (OR, 0.32; 95% 
CI, 0.13–0.81; p = 0.016; I2 = 0%) as well as 
severe pancreatitis (OR, 0.17; 95% CI, 0.03–0.90; 
p = 0.037; I2 = 0%). However, although a trend 
was noted, PS placement did not significantly 
decrease the odds of moderate pancreatitis (OR, 
0.62; 95% CI, 0.20–1.95; p = 0.415; I2 = 0%).

Other complications
Overall, four studies20,21,24,34 reported data on 
post-endoscopic operation bleeding and three tri-
als18,20,24 provided data on post-endoscopic oper-
ation perforation. Stents could increase the odds 
of post-procedure bleeding but not significantly  
(OR, 1.32; 95% CI, 0.50–3.46; p = 0.572; I2 = 
0%) as well as post-procedure perforation (OR, 
2.25; 95% CI, 0.33–15.50; p = 0.412; I2 = 0%). 
Overall, three trials demonstrated outcomes on 
late papillary stenosis. Stents decreased the odds 

of delayed papillary stenosis but not significantly 
(OR, 0.35; 95% CI, 0.07–1.75; p = 0.200;  
I2 = 0%).

Sensitivity analysis
We conducted a sensitivity analysis after restrict-
ing the studies to full-length publication, high-
quality research (NOS score 7–9 point). The 
selected 10 studies altered the results. Data were 
also analyzed by random effects, and different 
results were obtained. Post-procedure pancreati-
tis was documented in 27 of 335 patients 
(8.06%) with a PS placement, compared with 36 
of 193 patients (18.65%) without a PS place-
ment. A statistically significant OR reduction 
was observed (OR, 0.44; 95% CI, 0.24–0.80;  
p = 0.007; Figure 4).

Heterogeneity
To assess the relation between PS placement  
and post-procedure pancreatitis, significant 

Figure 4.  Forrest plot of 10 included full-length publications and high-quality RCSs demonstrating the effect 
of pancreatic stents against post-procedure pancreatitis.
RCS, retrospective cohort study.
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heterogeneity was observed among all RCSs (I2 
= 52.2%, p = 0.002) while the outcomes were 
stable at the severity of pancreatitis and other 
complications from related trials. In subgroup 
analysis for post-procedure pancreatitis, hetero-
geneity obviously existed in a group with patient 
suffering ampulla neoplasm (I2 = 65.9%, p = 
0.002) and group with a mixed proportion of 
patients suffering adenoma (I2 = 52.7%, p = 
0.011) between PS and no PS intervention. No 
or minor heterogeneity without statistical signifi-
cance was evaluated in other forest plots and our 
sensitivity analysis.

Systematic review of RCTs
Overall, two studies met the inclusion criteria (69 
patients). One full-length publication8 noted a 
statistically significant reduction in the incidence 
of post-procedure pancreatitis where one confer-
ence abstract36 concluded doubtful effectiveness 
of prophylactic PSs after EP based on their no 
significant difference of post-EP pancreatitis 
between stent group and control group. Studies 
were respectively reported from the United States 
and Korea. The incidence of pancreatitis in the 
stent group was 0% and 20%, respectively. The 
incidence of pancreatitis in the control group was 
33% and 12%, respectively.

Discussion
Papillary or ampullary tumors will develop via an 
adenoma-to-carcinoma sequence, as observed in 
the colon.37 The efficacy of endoscopic resection 
for these neoplasms is increasingly validated. 
However, complications related to EP occur in up 
to 25% of patients.38 These complications include 
pancreatitis, bleeding, cholangitis, papillary steno-
sis and duodenal perforation. We only collected 
RCSs including conference abstracts in the statis-
tical analysis. Due to the limited number, a sys-
tematic review for RCTs was conducted to better 
validate the evidence regarding the efficacy of PS 
in the prophylaxis of post-ER pancreatitis.

Our meta-analysis is the first summative study to 
demonstrate that PS placement decreases the 
odds of post-procedure pancreatitis but not sig-
nificantly. PS significantly lowered the risk of 
mild and severe post-ER pancreatitis while the 
incidence of moderate post-ER pancreatitis was 
also lower for patients with PS placement. On 
sensitivity analysis without obvious heterogeneity, 

a prophylactic significance of PS placement was 
more convincing to reduce the risk of post-ER 
pancreatitis. In addition, PS potentially reduced 
the risk of post-procedure late papillary stenosis 
even if it was not statistically significant. So, this 
clinical issue requires accurate validation of 
whether PS placement is efficient or not.

On subgroup analysis, we found a significant 
reduction in post-ER pancreatitis after PS place-
ment for patients with FAP. We are the first to 
demonstrate that prophylactic PS placement can 
significantly reduce the risk of post-ER pancrea-
titis for patients with FAP. But further precise 
trials are required to compare the difference of 
PS efficacy against post-procedure pancreatitis 
between patients with and without FAP. No any 
statistically significant difference in post-ER pan-
creatitis was observed concerning other sub-
groups (position of neoplasm, adenoma 
proportion in all pathological results, EST, en-
bloc) but further trials are required to identify 
whether these variates are potential factors to 
influence the efficacy of PS against post-proce-
dure complications. We found the lower en-bloc 
proportion in all patients contributed to the 
higher efficacy of PS placement against post-pro-
cedure pancreatitis. In other words, an en-bloc 
measure may be a potential risk factor of causing 
post-procedure pancreatitis for patients with pro-
phylactic PS placement though it could reduce 
the risk of recurrence of neoplasm in major duo-
denal papilla and ampulla.

The characteristics (size, length and flange) of 
stents may also have an impact on the post-proce-
dure outcomes. Compared with a 5–6F stent, 
unflanged 3F stents were reported to trigger a 
relatively lower incidence of post-ERCP pancrea-
titis.39 Whereas, it was concluded by other research 
that there was no difference in the incidence of 
post-ERCP pancreatitis between the long 3F stent 
group and short 5F stents.40 And a meta-analysis 
also indicated that shorter stents (<3 cm) can 
decrease the incidence of post-ERCP pancreatitis, 
although without statistical significance. However, 
the characteristics of stents involved in each study 
were not unified, making it difficult for us to per-
form subgroup analysis. Other elements like softer 
materials, and an unflanged design may contrib-
ute to improving the efficacy of PS against post-
procedure complications.41,42 Additionally, it is 
unclear when the stents should be placed (before 
or after the procedure) and how long the stents 
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should remain in place. All studies adopted the 
stent placement after the endoscopic procedure 
except in two studies that tried pre-ER placement. 
It is controversial whether a long duration may 
have an impact on pancreatic duct and a short 
duration may be enough to protect against the 
incidence of complications.43 The role of these 
stent characteristics on the efficacy of prophylactic 
PS against post-ER pancreatitis is worthy of fur-
ther investigation.

All studies included in our meta-analysis did not 
implement any pharmacological therapy. In addi-
tion to prophylactic PS, rectal indomethacin is 
also moderately recommended during EP.12,44,45 
This is a controversial issue, despite its effective-
ness. Rectal indomethacin alone may replace PS 
for prophylaxis of post-ERCP pancreatitis than 
PS placement alone or the combination of indo-
methacin and PS placement.46 But another analy-
sis reported that prophylactic PS placement was 
still the better choice against post-ERCP pancre-
atitis.47 The role of pharmacological agents in 
combination with PSs is required to be adequately 
investigated by a large-scale RCT.

The limitation of this meta-analysis is the lack of 
sufficient randomized trials which could make 
results more convincing. In addition to insuffi-
cient number of RCTs, these two RCTs also had 
a small sample size and contradictory results. The 
sample size of sole published RCTs was small 
partly because it was terminated early due to 
many incidences of post-papillectomy pancreati-
tis in the nonstented group. More RCTs with a 
wider spectrum of clinical background with larger 
sample sizes are required to be conducted in the 
future. Combining with the clinical experience of 
our institution, we personally suggest the poten-
tially prophylactic effect of PS placement after EP 
and ampullectomy against post-procedure com-
plications in actual clinical practice. Subgroup 
analysis of stent features on post-procedure pan-
creatitis was not achieved because the included 
trails showed a lack of stent data. Few studies 
stressed the importance of difference of stent 
characteristics on the efficacy against post-proce-
dure complications until now. The issues men-
tioned above remain to be further investigated in 
the future. In addition, the short- and long-term 
consequences of a PS also need to be studied in 
detail. The studies included in our analysis did 
not evaluate the complications of stent placement 
in a systematic manner.

Conclusion
In summary, our systematic review and meta-
analysis elucidated that PS placement is prophy-
lactic against post-procedure complications, 
although not significantly. Sensitivity analysis 
suggests the significant effect of prophylactic PS 
against post-ER complications. More RCTs with 
a larger sample size are required to validate the 
statistical significance of our results and poten-
tially relevant characteristics improving the pro-
phylactic efficacy of stents.
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