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Abstract

Background: There are conflicting data on the frequency and vari-
ability of endoscopic retrograde cholangiopancreatography (ERCP)
outcomes in patients with cirrhosis. Our aim was to systematically
review the literature on the incidence of post-ERCP adverse events
in cirrhotic patients and to examine the differences across continents.

Methods: We searched PubMed/MEDLINE, EMBASE, Scopus, and
Cochrane databases to identify studies reporting adverse events after
ERCP in patients with cirrhosis from conception to September 30,
2022. The random effects model was used to calculate odds ratios
(ORs), mean differences (MDs), and confidence intervals (CIs). A P
value < 0.05 was considered statistically significant. Heterogeneity
was assessed using the Cochrane Q-statistic (12).

Results: Twenty-one studies that included 2,576 cirrhotic patients
and 3,729 individual ERCPs were analyzed. The pooled overall rate
of adverse events after ERCP in patients with cirrhosis was 16.98%
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(95% CI: 13.06-21.29%, P < 0.001, I? = 86.55%). ERCPs performed
in Asia had the highest ERCP adverse events with an overall compli-
cation rate of 19.90%, while the lowest overall adverse events were in
North America at 13.04%. The pooled post-ERCP bleeding, pancrea-
titis, cholangitis and perforation were 5.10% (95% CI: 3.33-7.19%,
P <0.001, I = 76.79%), 3.21% (95% CI: 2.20-5.36%, P = 0.03, I> =
42.25%), 3.02% (95% CI: 1.19-5.52%, P < 0.001, I? = 87.11%), and
0.12% (95% CI: 0.00 - 0.45, P = 0.26, I? = 15.76%), respectively. The
pooled post-ERCP mortality rate was 0.22% (95% CI: 0.00-0.85%, P
=0.01, > = 51.86%).

Conclusions: This meta-analysis shows that the overall complica-
tion rates after ERCP, bleeding, pancreatitis, and cholangitis are high
in patients with cirrhosis. Because cirrhotic patients are more likely
to have post-ERCP complications, with significant cross-continent
variations, the risks and benefits of ERCP in this patient population
should be carefully considered.
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Introduction

Endoscopic retrograde cholangiopancreatography (ERCP) is a
key endoscopic procedure for diagnosing and treating biliary
and pancreatic diseases [1]. There has been robust growth in
the use of ERCP in the United States and worldwide [2]. Com-
mon indications for the use of ERCP are obstructive jaundice,
treatment of biliary or pancreatic duct system disease, tissue
sampling, pancreatic cancer, choledocholithiasis, and cholan-
giocarcinoma [1].

ERCP utilization trends vary significantly in the cirrhotic
population compared to the general population [2, 3]. Gall-
stones and choledocholithiasis are more common in patients
with cirrhosis and may require frequent ERCP interventions [4,
5]. Inherently, ERCP carries risks of complications, including
post-ERCP pancreatitis (PEP), bleeding, infection, and perfo-
ration [6]. It is believed that the risk of these adverse events is
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higher in cirrhotic patients undergoing ERCP [7]. This could
be attributed to poor synthetic function in this cohort and the
resulting portal hypertension, ascites, varices, coagulopathy,
and encephalopathy [8].

Although the risks of ERCP in patients with cirrhosis are
recognized, there is conflicting literature on the outcomes of
ERCP in this cohort. One meta-analysis has examined this is-
sue [7], but recent studies have reported inconsistent results
[9-16]. A definitive conclusion is yet to be established. There-
fore, we performed this systematic review and meta-analysis
to assess ERCP adverse events, mortality outcomes, and inter-
continental variation. The primary endpoints are ERCP-related
adverse events, including: 1) bleeding; 2) PEP; 3) cholangitis;
and 4) perforation. Secondary outcomes included analysis of
mortality rates and cross-continental differences in these ad-
verse events.

Materials and Methods

The preferred reporting items for systematic reviews and meta-
analyses (PRISMA) statement guidelines were followed [17].

Search strategy and selection criteria

A comprehensive online literature search was performed in
the PubMed/MEDLINE, Scopus, EMBASE, and Cochrane
databases using the keywords: “ERCP”, “endoscopic ret-
rograde cholangiopancreatography”, “complications”, “ad-
verse events”, and “cirrhosis of the liver” in various com-
binations from inception to September 30, 2022, for studies
reporting post-ERCP complications in cirrhotic patients. We
also attempted to find articles that may have been missing in
the literature search by manually searching the reference lists
of all candidate articles as well as previous meta-analyses.
The search was restricted to human studies, with no restric-
tions on region, publication type, or language. Patient con-
sent and Institutional Review Board (IRB) approval were not
required as the meta-analysis studies did not include human
subjects.

Inclusion and exclusion criteria

Inclusion criteria were: 1) a well-defined prospective, cohort,
retrospective, case-control, or clinical study (including rand-
omized controlled trials); 2) studies that reported data suffi-
cient to calculate event rate, relative risk (RR) or odds ratio
(OR); 3) studies evaluating ERCP complications in patients
with cirrhosis; 4) studies comparing post-ERCP complications
in cirrhotic and non-cirrhotic patients. Several studies were ex-
cluded for one of the following reasons: 1) they included only
patients without cirrhosis; 2) providing insufficient informa-
tion about the number of ERCPs or their outcome to calculate
the event rate, RR, or OR for our main results; or 3) case stud-
ies, editorials, opinions, letters to the editor, animal studies, or
meta-analysis.
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Study selection and data extraction

First, we searched the databases for studies performed on hu-
man subjects that described post-ERCP complications in pa-
tients with cirrhosis. Two investigators (SA and FJ) indepen-
dently reviewed each title and abstract based on our inclusion
and exclusion criteria. All studies that passed the first screen-
ing process were thoroughly reviewed and assessed in the sec-
ond screening phase. We selected the studies that only reported
post-ERCP complications in patients with cirrhosis and studies
that compared the RR or OR in patients with cirrhosis. Data
from eligible studies were extracted into a standardized table
for analysis.

Quality assessment

Using the Newcastle-Ottawa Scale (NOS) [18], the method-
ological quality of the included cohort studies was assessed
independently by two investigators. A third author addressed
each discrepancy by reviewing the original article. Risk of bias
was assessed by including cirrhotic patient population iden-
tification, outcome identification, and potential confounders
in the analysis. Points (maximum 9 points) were assigned to
each cohort using a checklist that had been developed. Studies
with more than 6 points were considered to be of good quality;
those with 5 - 6 points were considered studies of reasonable
quality, and those with <5 points were studies of poor quality.

Data synthesis and statistical analysis

STATA Version 17.0 (StataCorp LLC, College Station, Texas,
USA) was used for the statistical analysis. Using the Freeman-
Turkey double arcsine transformation (FTT) method, the
pooled weight-adjusted event rate estimate for the clinical out-
comes in each group was calculated using STATA’s Metaprop
package. Between-study heterogeneity was assessed using the
Cochrane Q-statistic (I?), which represents the percentage of
total between-study variation that cannot be attributed solely
to chance. Between-study heterogeneity was scored as low if
25% < 12 < 50%, moderate if 50% < I? < 75%, and high if I
> 75%. When significant heterogeneity was found, we used
subgroup analysis, sensitivity analysis, and meta-regression
to explore the origin of the heterogeneity. Subgroup analyses
were performed to determine whether the complication rate
was influenced by 1) study design (i.e., single-center versus
multi-center studies); and 2) study region (i.e., Europe, North
America, South America, or Asia). The Egger’s regression test
and funnel plots reporting study-specific ORs and standard er-
rors of the logarithm (OR) were performed to further investi-
gate the presence of publication bias. The Egger’s test with a
P value < 0.05 was considered to have statistically significant
publication bias. In addition, the asymmetry of the funnel plots
indicates a possible publication bias. In addition to the ethical
standards of the institution responsible for people, this meta-
analysis was conducted in compliance with the Helsinki Dec-
laration.
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Results
Search results

We initially identified a total of 872 unique records. The search
retrieved 469 records from EMBASE, 171 records from Pub-
Med, 159 from Scopus, 169 results from Cochrane, and four
results from the reference list of included studies. All arti-
cles were imported into Endnote 20 (Clarivate Analytics) for
screening after removing 327 duplicate records. After the first
round, 514 studies were removed by reviewing the title and
abstracts. In the second round, 31 abstracts were selected for
a final evaluation, which was incorporated into the analysis. A
full-text review was then performed, and a total of 10 full-text
articles were excluded based on the inclusion and exclusion
criteria and for multiple reasons, including an unclear number
of ERCPs or endpoints, Nationwide Inpatient Sample (NIS)
data, review, systemic review, and meta-analysis. Finally, 21
studies met the inclusion criteria and were included in this
analysis. A PRISMA flowchart illustrates our selection pro-
cess, as shown in Figure 1.

Metanalysis results

A total of 21 studies (Table 1) [4, 9-16, 19-30] reporting post-
ERCP complications in patients with cirrhosis were included
in the meta-analysis. A total of 2,576 cirrhotic patients who
underwent 3,729 ERCPs were analyzed. The mean age of the
patients from the included studies was 57.2 years, and the pro-
portion of women was 34.8%. The most common cause of cir-
rhosis was viral hepatitis (35.7%). Most studies (16 studies)
were single-center. Nine studies were conducted in Asia and
eight studies in North America. A summary of the included
study characteristics is presented in Table 1 [4, 9-16, 19-30].
A summary of rates of post-ERCP complications is included
in Table 2.

Post-ERCP overall complications in cirrhosis patients

To examine overall complications, 21 studies that met our
inclusion criteria were included in this analysis. The pooled
overall complication rate in patients with cirrhosis was 16.98%
(95% CI: 13.06-21.29%, P < 0.001, I? = 86.55%) (Fig. 2). In
addition, a subgroup analysis based on the continents of the
included studies was performed and showed that ERCPs per-
formed in Asia had the highest complication rate with an overall
pooled complication rate of 19.90% (95% CI: 12.43-28.56%, P
<0.001, 12 =90.39%). On the other hand, the pooled rate of all
complications was lowest in North America at 13.04% (95%
CI: 8.97-17.70%, P < 0.001, I> = 76.27%) (Fig. 2).

Post-ERCP bleeding

A total of 21 studies reported post-ERCP bleeding in patients
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with cirrhosis. The pooled post-ERCP bleeding rate in patients
with cirrhosis was 5.10% (95% CI: 3.33-7.19%, P < 0.001, 12
=76.79%) (Fig. 3).

PEP

A total of 19 studies reported PEP in cirrhosis patients. The
pooled PEP rate in cirrhosis patients was 3.21% (95% CI:
2.20-5.36%, P=0.03, 12 = 42.25%) (Fig. 4).

Post-ERCP cholangitis

A total of 18 studies reported post-ERCP cholangitis in pa-
tients with cirrhosis. The pooled post-ERCP cholangitis rate in
patients with cirrhosis was 3.02% (95% CI: 1.19-5.52%, P <
0.001, I> = 87.11%) (Fig. 5).

Post-ERCP perforation

A total of 19 studies reported post-ERCP perforations in pa-
tients with cirrhosis. The pooled post-ERCP perforation rate in
patients with cirrhosis was 0.12% (95% CI: 0.00-0.45%, P =
0.26, 12 = 15.76%) (Fig. 6).

Post-ERCP mortality

A total of 16 studies reported post-ERCP mortality in patients
with cirrhosis. The pooled post-ERCP mortality rate in patients
with cirrhosis was 0.22% (95% CI: 0.00-0.85%, P=0.01, I> =
51.86%) (Fig. 7).

Quality assessment and evaluation for publication bias

The NOS tool was used to assess the methodological qual-
ity of the observational studies included in our meta-analysis:
zero studies were rated as poor quality, nine studies as mod-
erate quality, and the remaining nine studies as high quality
(Supplementary Material 1, www.gastrores.org). The Egger’s
regression test and funnel charts were generated for the stud-
ies comparing complications in patients with cirrhosis and pa-
tients without cirrhosis. The plot is symmetrical and does not
indicate any possible publication bias (Fig. 8).

Discussion

In the present study, we systemically assessed post-ERCP
complication rates in cirrhotic patients and analyzed inter-
continental variations. We found that overall complications,
post-ERCP bleeding, pancreatitis, and cholangitis are sig-
nificantly high in patients with cirrhosis. We also found that
ERCP performed in Asia had the highest overall post-ERCP
complication rates, while North America had more favora-
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NIS: Nationwide Inpatient Sample.

Reports notretrieved
(n=0)

Reports excluded:
NIS data (n = 3)
Different studydesign (n=1)
Review, systemicreview, and
meta-analysis (n=2)
Unclearnumbers of ERCPs
or outcomes (n=5)

Articles © The authors | Journal compilation © Gastroenterol Res and Elmer Press Inc™ www.gastrores.org




Alsakarneh et al

Gastroenterol Res. 2023;16(2):105-117

Table 1. Characteristics of the Studies Included in the Meta-Analysis

Study, year of publication Country Continent Study design (S)inllgll:;tcif:::;:er 22‘;1}; 1:1::, Ti??agisg
Yang et al, 2022 [9] China Asia Retrospective  Single-center Unspecified 131
Lu et al, 2022 [16] China Asia Retrospective  Single-center 2010-2017 75
Bernshteyn et al, 2021 [10] USA North America  Retrospective  Single-center 2013-2019 174
Jagtap et al, 2019 [11] India Asia Retrospective  Single-center 2012 -2016 261
Yoo et al, 2019 [12] USA North America  Retrospective  Single-center 2016 -2019 36
Kim et al, 2019 [13] Korea Asia Retrospective  Single-center 2005 -2015 192
Leal et al, 2019 [15] Spain Europe Retrospective ~ Multi-center 2002 - 2015 158
Peiseler et al, 2018 [14] USA North America  Retrospective  Single-center 2009 -2017 70
Lee et al, 2018 [24] Korea Asia Retrospective  Single-center 2005 -2016 146
Macias-Rodriguez et al, 2017 [21]  Mexico South America  Retrospective  Single-center 2009 - 2014 37
Bafty et al, 2016 [25] USA North America  Retrospective  Single-center 2012 -2015 56
Gill et al, 2016 [26] Pakistan Asia Retrospective  Single-center 2008 -2014 100
Churrango et al, 2016 [27] USA North America  Retrospective  Single-center 2008 - 2015 194
Adler et al, 2016 [22] USA North America  Retrospective ~ Multi-center 2003 - 2014 328
Zhang et al, 2015 [4] China Asia Retrospective  Single-center 2000 - 2014 77
Li et al, 2014 [20] China Asia Retrospective  Single-center 2000 - 2008 46
Ma et al, 2013 [23] China Asia Retrospective  Single-center 2002 -2013 41
Artifon et al, 2011 [28] Brazil South America  Prospective Multi-center Unspecified 105
Schlenker et al, 2006 [29] USA North America  Retrospective  Single-center 1994 - 2004 23
Freeman et al, 1996 [19] USA and Canada North America  Prospective Multi-center 1992 - 1994 64
Prat et al, 1996 [30] France Europe Retrospective ~ Multi-center Unspecified 52

ble outcomes. In addition, studies conducted in Asia showed
significantly higher post-ERCP hemorrhage and pancreatitis,
while perforation rates were comparable across continents.
Interestingly, higher rates of cholangitis have been found in
Europe and North America. Of note, the individual post-ER-
CP complications do not add up to the overall complication
rate due to the variability of the study sizes included in each
calculation.

In this study, we observed that bleeding was the most fre-
quently associated post-ERCP complication in patients with
cirrhosis. The pooled bleeding rate was 5.1%, which is com-
parable to previous meta-analyses [7] showing a rate of 4.58%
in patients with cirrhosis. Adler et al [22] found that bleeding

Table 2. Summary of Post-ERCP Complications Rates

Post-ERCP complication = Complication rate (CI) P value
Bleeding 5.10% (3.33 - 7.19) <0.001
Pancreatitis 3.21% (2.20 - 4.36) 0.03
Perforation 3.02% (1.19 - 5.52) <0.001
Cholangitis 0.12% (0.00 - 0.45) 0.26
Mortality 0.22% (0.00 - 0.85) 0.01

ERCP: endoscopic retrograde cholangiopancreatography; Cl: confi-
dence interval.
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was noticed in 1.1% of 328 patients with cirrhosis after ERCP.
Jagtap et al [11] reported bleeding of 4.5% in 261 cirrhotic
patients after ERCP for biliary indications. This correlates with
the fact that patients with liver cirrhosis have an increased risk
of bleeding due to derangement in coagulation factors [31].
Endoscopic sphincterotomy (EST) was found to increase the
risk of developing post-ERCP bleeding in patients with cirrho-
sis compared to patients without cirrhosis (9.4% vs. 3.4%; P =
0.03) [15]. A multicenter retrospective study by Leal et al [15]
found that the bleeding rate after ERCP was 5.7%, and a sub-
group analysis showed that the presence of sphincterotomy in
cirrhotic patients can further increase the bleeding risk to 9.7%,
which was statistically significant. Another study by Freeman
et al [19] showed that 85% of ERCP-related bleeding occurred
after sphincterotomy. In addition, Child-Pugh score (CPS)
class and MELD scores have been associated with the risk of
developing post-ERCP bleeding. Yoo et al [12] conducted a
retrospective, single-center study and found that people with
a higher Child-Pugh class experienced more adverse events,
including bleeding. Similarly, Li et al found that patients with
Child-Pugh class C had a significantly higher risk of bleeding
than patients without cirrhosis (25% vs. 3%) [20]. Zhang et
al [4] showed that patients with ERCP-related bleeding had
MELD scores of 11.5 or higher, while Macias-Rodriguez et al
[21] suggested that a MELD score of 16 or higher had a higher
risk of bleeding.
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Figure 2. Meta-analysis of included studies reporting overall post-ERCP complications in patients with liver cirrhosis. ERCP:
endoscopic retrograde cholangiopancreatography; Cl: confidence interval.

This meta-analysis showed that the pooled PEP rate in
patients with cirrhosis was 3.21%. This is similar to the previ-
ous meta-analysis [7], which showed a PEP rate of 3.58% in
patients with cirrhosis. Adler et al [22] reported that 4.6% of
328 patients with cirrhosis developed PEP, while Jagtap et al
[11] reported PEP of 5.8% in a cohort of 261 cirrhotic patients
after ERCP for biliary indications. The risks of PEP are mul-
tifactorial, and EST has been associated with a higher risk of
PEP. Adler et al [22] performed a subgroup analysis in patients
with liver cirrhosis and found that PEP rate was significantly
higher in patients with sphincterotomy than in those without
(12.8 vs. 2.5%). Zhang et al [4] found that PEP was more com-
mon in cirrhotic patients undergoing endoscopic papillary bal-
loon dilatation than EST (16% vs. 0%). This also agrees with
Lee et al [32], who reported that PEP occurred at a rate of
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5.8% in patients with decompensated cirrhosis compared to
0.0% in compensated cirrhosis. Furthermore, a multivariate
analysis by Kim et al [13] showed that stent placement in pa-
tients with cirrhosis was associated with a higher likelihood of
developing PEP. It is important to note that the endoscopist’s
experience and the technique of ERCP play a crucial role in
the development of pancreatitis [32, 33]. In a study by Li et
al [20], the incidence of PEP was similar in cirrhotic and non-
cirrhotic patients. They found that the rates of bile duct access
and bile duct clearance were comparable between these two
groups. This could be explained by the fact that the same en-
doscopist performed all interventions. Ma et al [23] conducted
a retrospective single-center study with 41 patients in China
where PEP did not occur in any patient. This could be due to
the smaller number of patients involved, endoscopists’ experi-
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Figure 3. Meta-analysis of included studies reporting bleeding rate in patients with liver cirrhosis undergoing ERCP. ERCP: en-
doscopic retrograde cholangiopancreatography; Cl: confidence interval; ES: effect size.

ence, or the ERCP technique.

The pooled post-ERCP cholangitis rate in patients with
cirrhosis was 3.02% compared to 1.93% in a previous meta-
analysis [7]. In the study by Leal et al [15], post-ERCP cholan-
gitis rates were higher in patients with cirrhosis than in those
without cirrhosis. However, the difference in rates between the
two groups was not significant when analyzed for the presence
of a sphincterotomy. Lee et al [32] found statistically signifi-
cantly higher rates of post-ERCP cholangitis in patients with
decompensated cirrhosis compared to patients with compen-
sated cirrhosis. Kim et al [13] found that stent placement was
associated with a higher likelihood of post-ERCP cholangitis.
This is further supported by Peiseler et al [14], who concluded
that temporary stent placement was identified as a significant
risk factor for post-ERCP cholangitis.

We analyzed 16 studies reporting post-ERCP mortality in
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patients with cirrhosis. The pooled post-ERCP mortality rate in
patients with cirrhosis was 0.22%. Jagtap et al [11] reported that
cholangitis significantly increases the risk of mortality in pa-
tients with decompensated liver cirrhosis undergoing ERCP. A
national inpatient sample database study [2] found that in-hospi-
tal ERCP-related mortality was higher in patients with cirrhosis
compared to those without cirrhosis, with age being associated
with higher mortality rates. The same study [2] also showed a
higher mortality risk in patients who developed ERCP-associat-
ed complications than those without complications.

We analyzed the intercontinental variation in post-ERCP
complications in cirrhotic patients. We found that overall com-
plications, post-ERCP bleeding, and PEP were higher in stud-
ies conducted in Asia and South America. Regarding PEP, the
risks are multifactorial, but as we have already mentioned,
the endoscopist’s experience and the ERCP technique play
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Figure 4. Meta-analysis of included studies reporting post-ERCP pancreatitis (PEP) rate in patients with liver cirrhosis. ERCP:
endoscopic retrograde cholangiopancreatography; Cl: confidence interval; ES: effect size.

a central role in PEP [32, 33]. Interestingly, cholangitis rates
were significantly higher in Europe and North America. These
results can be attributed partly to heterogeneity in cross-con-
tinent practices among physicians performing ERCP across
continents. Compared to more commonly performed standard
gastrointestinal procedures such as esophagogastroduodenos-
copy and colonoscopy, ERCP is far more difficult to perform,
requires greater physician skill, and a longer learning curve to
gain advanced proficiency [34]. An appropriate level of back-
up infrastructure and technical expertise should be available to
ensure the security of the procedures. These features may con-
tribute to differences in ERCP adverse events in different hos-
pital settings across countries [34]. A recent study by Verma et
al [33] showed that at least 350 native papillae cannulations
are required to achieve an 80% probability of successful deep
bile duct cannulation. Achieving this number during the fel-
lowship period requires a solid training program with a large

112 Articles © The authors | Journal compilation © Gastroenterol Res and Elmer Press Inc™

caseload for adequate exposure. This requires rigorous train-
ing and a steep learning curve for the endoscopist. The Ameri-
can Society for Gastrointestinal Endoscopy proposed several
recommendations for quality indicators during and after the
procedure [35, 36]. Strict adherence to these recommendations
is critical. However, it should be considered that maintaining
the quality indicator may not be achievable even in developed
countries, as reported in a prospective survey involving five
regions of the UK [37].

The limitations of this study include the high heterogene-
ity of the included studies. This could limit the generalizability
of the results of this study. Also, not all of the included stud-
ies clearly identified the indications for ERCP in patients with
liver cirrhosis. Other limitations include variability in the se-
verity of cirrhosis, its etiology, and the severity of the adverse
events relative to the severity of the cirrhosis. Also, there was
variability in methods for diagnosing liver cirrhosis (clinical
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Figure 5. Meta-analysis of included studies reporting cholangitis rate in patient with liver cirrhosis undergoing ERCP. ERCP:
endoscopic retrograde cholangiopancreatography; Cl: confidence interval.

diagnosis, biopsy, or imaging). We also could not obtain car-
diopulmonary or anesthesia adverse events in the analysis due
to the lack of these adverse events in most studies. In addition,
the performance of ERCP is influenced by the institution’s ca-
pabilities, patient load, and the physician’s experience. Finally,
the retrospective designs of these studies may serve as a limita-
tion as the procedures were not standardized, being performed
at different sites and by different endoscopists. Despite these
limitations, the strength of this meta-analysis is its pooling of
21 studies and large sample sizes, including 2,576 cirrhotic pa-
tients. In addition to analyzing post-ERCP complications, we
analyzed mortality rates, which add a crucial element when
considering ERCP. We also analyzed cross-continent differ-
ences in ERCP complications, underscoring the urgent need
for national collaborations.

In conclusion, our systematic review and meta-analysis
found that overall complications, post-ERCP bleeding, pan-
creatitis, and cholangitis are significantly more common in
patients with cirrhosis. In addition, we also showed intercon-

Articles © The authors | Journal compilation © Gastroenterol Res and Elmer Press Inc™

tinental differences in these complications. Because cirrhotic
patients are more likely to experience post-ERCP complica-
tions, a comprehensive decision-making process considering
the benefit-risk balance is required. More importantly, it is
time for policymakers and national societies in different coun-
tries to share ERCP experiences to optimize post-ERCP com-
plications in this complex cohort.

Supplementary Material

Suppl 1. Quality assessment of the included studies using the
NOS.
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