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Abstract

OBJECTIVES—In 2006, the American College of Gastroenterology (ACG)/the American
Society for Gastrointestinal Endoscopy (ASGE) Taskforce on Quality in Endoscopy published
quality indicators for the major gastrointestinal procedures. Our primary aim was to use the
published literature to assess current endoscopic retrograde cholangiopancreatography (ERCP)
intraprocedural performance and compare it to the targets set by the ACG/ASGE taskforce. Our
secondary aim was to determine whether performance varies across different health-care settings
(academic and community), study designs (prospective and retrospective), and trainee
participation.

METHODS—A PubMed and EMBASE literature search from 1/1/2006 to 2/1/2013 was
conducted. Articles were selected based on title, abstract, full text, and reporting of success rates
for the intraprocedural quality indicators. Success rates, represented as numerical proportions,
were collected from each study. For each success rate, a standard error and a 95% confidence
interval (Cl) was calculated. A random-effects meta-analysis model was used to weight each
study, and a cumulative, weighted success rate (or effect size) for each indicator was determined.
Random-effects meta-regression was then used to examine the impact of study setting, design, and
trainee involvement on each quality indicator.

RESULTS—A total of 8,005 articles were initially retrieved. Following the application of
predefined criteria, 52 articles remained. The cumulative, weighted bile duct cannulation success
rate was 89.3% (95% CI 0.866—0.919); pancreatic duct cannulation was 85.0% (95% CI 0.813-
0.886); precut utilization rate was 10.5% (95% CI 0.087-0.123); common bile duct stone
extraction rate was 88.3% (95% CI 0.825-0.941); and the rate of successful biliary stenting below
the common bile duct bifurcation was 97.5% (95% CI 0.967-0.984). Subgroup analysis with
meta-regression showed no statistically significant differences between academic and community
settings, prospective and retrospective study designs, and trainee participation on success across
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bile duct cannulation, precut utilization, and common bile duct stone extraction (insufficient
observations/variance for pancreatic duct cannulation and biliary stent placement).

CONCLUSIONS—ERCP intraprocedural quality is in good standing. On the basis of this
analysis, the two targets that could be potentially revised are precut utilization and biliary stenting.
This analysis was confined to the published literature and therefore, in general, reflects the ERCP
performance of institutions, primarily academic, that are conducting clinical research. Thus, it is
difficult to generalize this performance assessment to the broader ERCP community as a whole.

INTRODUCTION

Health-care quality is a complex, multifaceted concept. From a clinical viewpoint, this
complexity arises because it is very difficult to know—uwith complete certainty—whether a
quality indicator or list of indicators actually reflect the quality of the care being delivered;
in other words, it is hard to prove the validity of any quality metric (1). Despite this fact,
almost all health-care stakeholders—including the majority of physicians—believe that
striving to better understand, measure, and assure health-care quality should be a top priority
(2). This is especially relevant in light of the Affordable Care Act, where quality is a central
tenet, as well as the Centers for Medicare & Medicaid Services’ Physician Quality
Reporting Initiative, which currently offers provider incentives for reporting quality data and
in 2015 will implement payment adjustments for providers who do not satisfactorily report
data on quality measures. The end goals of the quality movement in healthcare are to
increase transparency, help providers achieve and maintain individual and collective
excellence, and provide patients with optimal care.

In 2006, the American College of Gastroenterology (ACG) and the American Society for
Gastrointestinal Endoscopy (ASGE) Taskforce on Quality in Endoscopy published quality
metrics for the major gastrointestinal procedures: esophagogastroduodenoscopy;
colonoscopy; endoscopic ultrasound; and endoscopic retrograde cholangiopancreatography
(ERCP) (3,4). These metrics are intended to be measured by health systems and help guide
endoscopic performance improvement initiatives.

This meta-analysis focuses on the quality metrics published for ERCP, specifically the
intraprocedural quality indicators: (i) achievement of deep cannulation of the bile duct; (ii)
achievement of deep cannulation of the main pancreatic duct; (iii) limiting the use of precut
techniques for achieving ductal cannulation; (iv) successful extraction of common bile duct
stones during first ERCP; and (v) successful biliary stent placement for biliary obstruction
below the bifurcation of the common bile duct.

Our primary aim was to use the published literature to assess current ERCP intraprocedural
performance and compare it to the targets set by the ACG/ASGE taskforce. Our secondary
aim was to determine whether performance varies across different health-care settings
(academic and community), study designs (prospective and retrospective), and trainee
participation.

METHODS

A PubMed and EMBASE literature search from 1/1/2006 to 2/1/2013 of studies published in
English was conducted. This timeframe represents the period since the quality metrics were
published, and it is most representative of current practice patterns. Search strings were
constructed using terms that commonly describe the intraprocedural quality indicators.
Avrticles were assessed in duplicate and independent fashion by two investigators (ATD,
STM) and were selected based on title, abstract, full text, and reporting of success rates for
the intra procedural quality indicators. Articles were not required to have a primary aim of
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assessing ERCP intraprocedural quality. The references of all retrieved articles were
scrutinized for additional studies that might have been missed by the search strategy.

Potentially relevant studies were assessed for the following inclusion criteria (as relevant for
each intraprocedural quality indicator): patients > 18 years of age; consecutive patient
selection; reporting of bile duct and main pancreatic duct cannulation success rate using
standard cannulation techniques (catheters, papillotomes, guidewires in conjection with
catheters and papillotomes, and placement of pancreatic stent or guidewire to facilitate
cannulation); reporting of precut utilization rate using standard precut techniques (needle
knife papillotomy, suprapapillary puncture of the common bile duct (needle knife
fistulotomy); reporting of common bile duct stone extraction success rate during the first
ERCP session using standard techniques (biliary sphincterotomy, balloon dilation, basket
extraction, and mechanical lithotripsy); and reporting of successful biliary stent placement
for obstruction below the bifurcation. Studies were excluded if patients with altered anatomy
were included in success rate calculations (i.e., prior pancreaticoduodenectomy, Billroth 11
anatomy, prior gastrojejunostomy, prior hepaticojejunostomy), or patients with duodenal
obstruction were included in success rate calculations. Randomized controlled trials were
also excluded, given their nonconsecutive patient selection process.

For each study included in our analysis, data were abstracted onto standardized electronic
spreadsheets in duplicate and independent fashion by two investigators (ATD, STM).
Numerical proportions representing the success rates for the intraprocedural quality
indicators were collected from each study. Also, data on the geographical region where the
study took place (country), the hospital setting for the procedures (academic, community, or
both), the study design (prospective or retrospective), and trainee involvement were also
collected. All discrepancies in data extraction were resolved by consensus aft er re-
reviewing the study in question.

For each success rate, a standard error and a 95 % confidence interval (Cl) was calculated. A
random-effects meta-analysis model was used to weight each study, and a cumulative,
weighted success rate (or effect size) for each indicator was determined. Random-effects
meta-regression was then used to examine the impact of study setting, design, and trainee
involvement on each quality indicator.

All analyses were conducted with Stata statistical soft ware (Intercooled Stata, version 12;
StataCorp LP, College Station, TX).

A total of 8,005 articles were initially retrieved using relevant search strings applied
individually for each quality indicator. Following the application of inclusion and exclusion
criteria, the selection of articles based on content of interest, and searching article references
for studies that may have been missed in the initial search, 52 articles remained for analysis
(Figure 1). Twelve articles reported success rates for more than one indicator. Twenty-three
articles reported bile duct cannulation success rates, 2 articles reported main pancreatic duct
cannulation success rates, 18 articles reported precut utilization rates, 15 articles reported
common bile duct stone extraction rates, and 11 articles reported biliary stenting rates.

For assessing risk of bias across studies, we selected three biases that commonly affect
observational studies—selection, information, and confounding—and evaluated the studies
for these biases using the Cochrane Collaboration’s summary scale (low, unclear, and high
risk of bias). Figure 2 summarizes our risk of bias assessment. For bile and pancreatic duct
cannulation, as well as precut utilization, the largest potential bias was confounding bias,
with unclear or high risk present in 65, 50, and 69 % of trials, respectively. For common bile
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duct stone extraction, selection bias was most prominent, with 60 % of trials having either
unclear or high risk of selection bias. For biliary stent placement, selection and information
bias were highest, with 36 % of trials having unclear risk.

The cumulative, weighted bile duct cannulation success rate was 89.3% (95% CI 0.866—
0.919); pancreatic duct cannulation was 85.0% (95% CI 0.813-0.886); precut utilization rate
was 10.5% (95% CI 0.087-0.123); common bile duct stone extraction rate was 88.3 % (95%
Cl 0.825-0.941); and the rate of successful biliary stenting below the common bile duct
bifurcation was 97.5 % (95 % CI 0.967-0.984). Subgroup analysis with meta-regression
showed no statistically significant differences between academic and community settings,
prospective and retrospective study designs, and trainee participation on success of bile duct
cannulation, precut utilization, and common bile duct stone extraction (insufficient
observations/variance for pancreatic duct cannulation and biliary stent placement). The
results for each quality indicator are tabulated in Tables 1-5 (refs 5-55).

For subgroup analysis by geographical region, there was high geographic region variability
across studies. Studies were therefore grouped by continent (Americas, Europe, Asia, and
Australia). Success rates were then calculated for each continent and are summarized in
Table 6. Overall, continental success rates were in-line with individual cumulative rates,
with the exception that common bile duct stone extraction in Europe was lower at 79% and
bile duct cannulation in Asia was higher at 98.1%.

DISCUSSION

This study assessed ERCP intraprocedural performance by examining success rates found in
the published literature for the ERCP intraprocedural quality indicators. Of the 52 studies
included in our analysis, only one study specifically measured ERCP quality (11); all other
studies were designed for other purposes. Because of between-study heterogeneity causing
the true effect size to vary from one study to the next, a random-effects model was used. A
fixed-effect model, in contrast, assumes that all of the included studies estimate the same
effect size. From a weighting perspective, our random-effects model estimated the
distribution of the true effects, allowing for a more balanced weighting and a lower risk of
larger studies dominating the analysis.

Overall, our analysis reflects that ERCP intraprocedural performance is in good standing.
The ACG/ASGE target for bile and main pancreatic duct cannulation is > 85% of ERCP
procedures, and our study revealed 89.3 and 85.0% respective success rates for these two
indicators. However, we only found two studies that reported a main pancreatic duct
cannulation rate; granted, pancreatic duct cannulation is often not the goal of ERCP and thus
is harder to assess from a performance perspective. The precut utilization target of < 15% of
ERCPs put forth by the taskforce is also being met, with our analysis showing a utilization
rate of 10.5%. The common bile duct stone extraction target for standard techniques,
including mechanical lithotripsy, is > 90%. Our analysis revealed a success rate of 88.3%.
This slightly lower rate may be because five studies in our analysis were limited to stones >
10 mm in size. Successful biliary stent placement had the highest level of performance with
a success rate of 97.5 %, exceeding the taskforce’s > 80% target. However, for many studies
it was unclear whether the reported biliary stent success rate included stent-indicated
procedures where biliary cannulation failed. This is an important distinction because once
cannulation is achieved and a wire is successfully placed, stent placement is almost always
successful.

We did not observe any statistically significant impact on ERCP intraprocedural quality
based on health-care setting, study design, or trainee participation. This observation,
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however, is tempered by a small number of community-only trials as well as inconsistent
reporting of trainee involvement. Similarly, a recent study of US endoscopists found no
difference in academic vs. community hospitals across several ERCP intraprocedural quality
metrics, namely biliary cannulation and common bile duct stone extraction (56); however,
lower success for biliary cannulation and extraction of large stones (> 10 mm) was observed
in endoscopists performing < 100 annual ERCPs (although the success rates for each—92
and 91%respectively—were still acceptable).

There are several important limitations of this study. The first is all of the studies included in
our analysis, with the exception of one, were designed for purposes other than assessing
ERCP intraprocedural quality. This is statistically evident by the high heterogeneity we
observed in our meta-analysis calculations (/2 values > 90%). However, as our focus was
extracting success rates for each intraprocedural quality indicator, and our success rates were
weighted, the observed heterogeneity between studies becomes less important.

Bias in the studies reviewed is also an important limitation. Unfortunately, there is neither a
validated nor accepted tool for assessing bias in observational studies. We assessed bias
based on three common biases found in observational studies: selection bias, information
bias, and confounding. Suspicion for selection bias—a sample population that may not be
representative of the population of interest—arose when study populations were limited to
certain demographics, disease states, or ERCP indications. For information bias,
retrospective designs were more often implicated than prospective designs. Confounding
bias was suspected when factors that may affect the intraprocedural quality indicator of
interest were not clearly accounted for in the statistical methods or mentioned in the text as a
limitation. Examples of confounding factors include: uncertain papilla status; unclear
endoscopist experience level or volume of procedures; unclear trainee participation; and
unknown stone size distribution.

Another limitation is that any meta-analysis or systematic review has the potential to miss
important studies that may impact the statistical results. We believe our analysis overcomes
this limitation by the large number of procedures (> 30,000) that were included. It is
unlikely a missed study or even several missed studies would significantly impact the
cumulative, weighted success rates for each of the quality indicators.

Finally, the greatest limitation of this analysis is that it was confined to the published
literature only and therefore only reflects the ERCP performance of institutions, primarily
academic, that are conducting clinical research. It is very difficult to generalize this
performance assessment to the broader ERCP community.

Despite these limitations, we believe the results from this analysis can be used to help
inform and guide future ACG/ASGE taskforce recommendations related to ERCP
intraprocedural quality. For future studies on ERCP intraprocedural quality, when reporting
success rates for the intraprocedural quality indicators, it will be important to document the
health-care setting where the procedure took place in studies that involve both academic and
community hospitals (this was not consistently documented in the studies examined for this
review that involved both settings). Because partnerships, including research partnerships
between academic and community hospitals, are occurring at an increased rate, this
differentiation will help us better assess the current state of practice in each respective
setting. It will also be important to improve reporting on trainee involvement. In our
analysis, trainee involvement was reported at a very low rate; only 32% (13/40) of studies
adequately described the extent of trainee involvement.

Regarding the actual intraprocedural quality indicators, consideration could be given to
encouraging improved reporting of main pancreatic duct cannulation success rates (when
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pancreatic duct cannulation is indicated). One new indicator that may be of interest, both
from a safety as well as a training perspective, would be time to ductal cannulation.
Moreover, the two targets that could be potentially revised would be precut utilization and
biliary stenting. Our analysis shows performance is exceeding these targets, especially for
biliary stent placement. However, it should be noted that most of the studies reviewed for
biliary stenting focused on placement of self-expanding metallic stents for both benign and
malignant conditions. Proper placement of a self-expanding metallic stents is sometimes
more difficult than placement of a plastic stent, but the overall success rate was still very
high. As such, this analysis may not accurately represent the success rate for placement of a
plastic biliary stent, especially in a community setting. Despite this, it could be reasonable to
consider increasing the biliary stenting target from > 80 to > 90% and consider decreasing
the precut target from 15 to 10%. But again, the important caveat, as said earlier regarding
these target revision recommendations, is the majority of hospitals in this analysis were
academic. To truly consider changing targets, it is imperative to gather more data from
community-based centers. Moreover, with regard to biliary stenting, it will be important in
future studies to clearly state whether the reported success rate includes or does not include
cases where biliary cannulation fails.

It would also be beneficial to report stone size more consistently. Five of the fifteen studies
included in our common bile duct stone extraction analysis included only stones > 10 mm.
The remaining studies presumably included stones of all sizes, but the size distribution is not
known. Stone size (< 10 or > 10 mm) is certainly important when grading procedural
difficulty, and success rates for stone extraction should be similarly divided for small and
large stones.

In conclusion, health-care quality is something that will undoubtedly demand our attention
in the years ahead. We hope this analysis serves as a starting point for encouraging the
measurement and reporting of ERCP intraprocedural quality on a consistent and reliable
basis. Currently, there are two gastroenterology registries available for reporting quality
metrics: the American Gastroenterological Association’s (AGA) Digestive Health Outcomes
Registry and the Gl Quality Improvement Consortium. The capacity for ERCP reporting
within these registries will hopefully become available in the near future. Increased
reporting will help us continue to set appropriate quality metrics and benchmarks as we
move forward, and allow us to quickly respond to new data and technology. Increased
reporting will also help us refine our metrics as a whole—the importance of which cannot be
understated, as we enter an age when reimbursement in every facet of the health-care
landscape will be increasingly tied to performance and the quality of care that we deliver.
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Figure 1.
Article selection methodology.
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Figure 2.

Risk of bias assessment. Suspicion for selection bias arose when study populations were
limited to certain demographics, disease states, or endoscopic retrograde
cholangiopancreatography indications. Information bias arose predominantly in
retrospectively designed studies. Confounding bias was suspected when factors that may
affect the intraprocedural quality indicator of interest were not clearly accounted for.
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Table 6
Success rates by geographic region
Intraprocedural quality indicator Americas Europe Asia Australia
Bile duct cannulation 1,913/2,067=0.925 31,307/35,812=0.874  1,317/1,343=0.981 NA
Pancreatic duct cannulation 81/93=0.871 233/277=0.841 NA NA
Precut utilization 180/4,225=0.042 3,426/37,200=0.092 139/1,016=0.137 NA

Common bile duct stone extraction 182/199=0.915 3,887/4,920=0.790 1,142/1,355=0.843

1,124/1,140=0.986

Biliary stent placement 443/444=0.998 191/199=0.960 286/286=1.000

1,034/1,058=0.977

NA, not applicable.
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