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Abstract

Objectives—To systematically review risks and summarize reported complication rates
associated with performance of ERCP in children over the past two decades.

Study design—A systematic literature search of MEDLINE, Embase, and Web of Science from
Jan 1995 to Jan 2016 was conducted for observational studies published in English. Studies
reporting ERCP complications in patients <21 years without history of liver transplant or
cholecystectomy were included. A summary estimate of the proportion of children who
experienced complications following ERCP was derived using a random effects meta-analysis.

Results—Thirty-two studies involving 2612 children and 3566 procedures were included.
Subjects’ ages ranged from 3 days to 21 years. Procedures were performed for biliary (54%),
pancreatic (38%), and other (8%) indications. 56% of ERCPs were interventional. The pooled
complication rate was 6% (95% CI: 4%— 8%). Procedural complications included post-ERCP
pancreatitis (166, 4.7%), bleeding (22, 0.6%) and infections (27, 0.8%). The pooled estimate of
post-ERCP pancreatitis was 3% (95%CI 0.02-0.05), and other complications were 1% (95%Cl:
0.02-0.05). In neonatal cholestasis subgroup the pooled complication rate was 3% (95% CI: 0.01-
0.07). Adult and pediatric gastroenterologists and surgeons performed the ERCPs. Available data
limited the ability to report differences between pediatric-trained and other endoscopists.

Conclusions—Complications associated with pediatric ERCP range widely in severity and are
reported inconsistently. Our review suggests 6% of pediatric ERCPs have complications. Further
studies using systematic and standardized methodologies are needed to determine the frequency
and risk factors for ERCP related complications.
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Endoscopic retrograde cholangiopancreatography (ERCP) is a specialized procedure that
combines gastrointestinal endoscopy and fluoroscopy for diagnostic and therapeutic
management of disorders of the pancreas and biliary tract. The procedure has been widely
applied in adults for over 40 years. The first reported procedure in a child was in 1976 by
Waye using an adult-sized duodenoscope (1). Smaller diameter duodenoscopes developed in
the 1980s and 1990s led to expanding application of ERCP in children. ERCP allows less
invasive access to the biliary tree and pancreatic duct than surgery or transhepatic
procedures.

Although the utility and feasibility of ERCP in pediatrics has been demonstrated in case
reports and series, concerns about safety remain. In 2000, the North American Society for
Pediatric Gastroenterology, Hepatology and Nutrition (NASPGHAN) subcommittee on
Endoscopy Procedures published a narrative review of data on indications, technical
considerations, risks and complications of ERCP in children (2). Since that time, the number
of ERCPs performed on children has increased(3). In addition, many additional studies on
ERCP in pediatric patients have made this procedure appear routine. However, complication
rates appear to vary between case series, potentially dependent on multiple factors including
patient selection, operator, and underlying disease factors (4-7).

By conducting a systematic literature review, we examined complication rates for pediatric
patients undergoing ERCP and compared complication rates by patient characteristics,
endoscopist training, and center type.

METHODS

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) |
statement was used to identify and collate studies (8). We systematically searched
MEDLINE/PubMed, Ovid Embase, and Web of Science for full text articles in which
subjects <21 years of age underwent ERCP. Complications were reported as an outcome. We
used the following search phrase ((technical AND (success OR successes OR outcome OR
outcomes) OR quality assurance OR patient safety OR complications OR treatment
outcomes OR intraoperative complications OR postoperative complications) AND
((pediatric OR child OR children OR childhood OR adolescent OR teen OR infant OR
toddler)) AND (“Cholangiopancreatography, Endoscopic Retrograde* OR Endoscopic
Retrograde Cholangiopancreatography OR ERCP)) to identify articles.

To find articles that may have been missed during the literature search, reference lists of
candidate articles were also reviewed. The search was limited to English language texts from
January 1995-January 2016. The final search was completed on February 10, 2016. The
limitation to studies published since January 1995 was to avoid overlap with a previously
published review(2).
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Study Selection Criteria

Two independent reviewers screened all articles for methodological validity and relevance
prior to inclusion in the review. Any disagreements between the two reviewers were resolved
through discussion with a third reviewer. Our selection criteria were specified in advance
and included the following: (1) published in English in a peer-reviewed journal; (2) available
in full text; (3) included youth <21 years of age, excluding children who had undergone
previous liver transplant or other hepatobiliary surgical procedure (eg, for choledochal cyst,
cholecystectomy, for cholelithiasis); (4) observational study designs; (5) studies that
examined the number and type of complications after an ERCP. If multiple articles were
available from a single center, the most recently published article or the article containing
the most comprehensive detail of study characteristics was selected for review.

Article Review and Data Extraction

Data were extracted from papers included in the review using a standardized data extraction
tool created for this study in REDCap electronic data capture tools hosted at University of
California, San Francisco(9). REDCap (Research Electronic Data Capture) is a secure, web-
based application designed to support data capture for research studies, providing 1) an
intuitive interface for validated data entry; 2) audit trails for tracking data manipulation and
export procedures; 3) automated export procedures for seamless data downloads to common
statistical packages; and 4) procedures for importing data from external sources. The data
were extracted by two reviewers (D.U., M.F.). Once completed, any disagreements were
arbitrated by a third reviewer (M.H.).

The data extracted included details about the study population, study methods and outcomes
of significance to the review question and specific objectives. The study center type,
endoscopist type, anesthetic type, patient characteristics, indications and findings of ERCP,
and percent of procedures which were interventional were collected. If not specifically
stated in the manuscript, we attempted to determine the training background of the
endoscopist by searching the internet to identify current position within hospital system in
adult or pediatric gastroenterology program. This systematic review is registered on
Prospero (http://www.crd.york.ac.uk/PROSPERO :CRD42016038065).

Data synthesis

Studies were categorized based on the author, year of publication, subjects’ age, procedure
indication, and interventional or diagnostic procedure type. The complication prevalence for
each study was summarized and compiled. Statistical analysis was performed using
Microsoft Excel and STATA Version 13. Significant variations in study design and reporting
amongst included publications precluded use of a standard definition for post-ERCP
complications. We performed a random effects meta-analysis of the data using the Metaprop
program (STATA 13) to provide a summary estimate of the proportion of children with
complications following ERCP. We chose random effects to account for the variability
among the studies, given that most were case reports and case series. Metaprop allowed for
the inclusion of studies with complication proportions of 0 to 1(10).
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In addition to the overall complication rate, secondary analyses were performed to further
understand factors impacting the summary estimate. A subgroup analysis was performed on
cases from American centers. Additionally, a sensitivity analysis of all studies was
performed following the exclusion of three papers that were felt to be outliers. Outliers were
identified based on the findings from the inclusive summary estimate. Finally, a random
effects meta-analysis of the complications that excluded post-ERCP-associated pancreatitis
(PEP) was performed.

Literature Search Results

RESULTS

The PRISMA flow diagram was used to document the literature search process (Figure 1;
available at www.jpeds.com). We identified 1932 articles and imported these into Endnote
software. Duplicates were removed and any remaining duplicates were manually removed,
leaving 1642 articles. A thorough review of all article titles and abstracts yielded 44 articles
that were reviewed in full. Subsequently, 12 articles were excluded for the following
reasons: not reporting complication rates, presentation of patients counted in other included
study, and/or including patients who had undergone liver transplant or cholecystectomy. Of
the studies that included patients with a mixture of patients who did and did not meet our
exclusion criteria (n=3), it was not possible to distinguish the complication rates. As such,
the entire study was excluded. Ultimately, 32 articles were identified (4-7, 11-38).

All 32 included studies were retrospective cohort studies or case series reporting on ERCP
related complications in pediatric patients. From these articles, data was obtained on 2612
children and adolescents, who underwent a total of 3566 ERCPS. Some children accounted
for multiple procedures within the same article. The median number of patients per study
was 44, with a range of 3 to 276 patients. Studies differed in their definition of post-
procedure observation periods, which may have impacted what was considered an ERCP
related complication. Only 14 of the 32 studies specified their follow up period (7, 11-23).
The range of follow up time was 2 days to 30 months.

Fourteen of the 32 studies were conducted in the US (4-6, 13-16, 25-31). All 32 of the
studies were from referral centers. Three of the studies were multicenter (14, 16, 18). We
were unable to determine if the procedures were performed in stand-alone children’s
hospitals.

Four studies reported exclusively on 237 biliary ERCPs in infants (11, 19, 22, 35), and the
rest included patients from birth to 21 years (Tables I and I1; available at www.jpeds.com).
Five studies did not report sex; of the remaining 27, 54% of included subjects were male
(Table I11I; available at www.jpeds.com).

Procedure characteristics

ERCPs were done for biliary indications (54%), pancreatic indications (38%) or other
indications including abdominal pain (8%). Overall, 56% of procedures were interventional,
and the remainder were solely diagnostic (Table I1).
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Adult gastroenterology-trained endoscopists performed a majority of ERCPs reported in
these studies. Only 2 of the 32 reports specifically stated that a pediatric gastroenterologist
performed the endoscopy (7, 31). One report cited a general surgeon who performed the
ERCPs(5). Eleven studies did not specify who performed the procedure.

ERCPs were performed under both general anesthesia and sedation in 19 studies. General
anesthesia was exclusively used in 10 studies (6, 11, 16, 19, 21, 22, 30, 31, 34, 35, 38).
Sedation was used exclusively in two studies(7, 12).

ERCP complications

Reported complications varied widely ranging from bleeding to post-ERCP pancreatitis
(PEP) to fussiness. No deaths were reported in any of the studies as a consequence of ERCP.
Five studies cited the ASGE lexicon for endoscopic adverse events by Cotton et al (39) to
define complications and follow up period (6, 26, 27, 31, 36). The severity of complications
was not documented in most studies. We aggregated complications into broad categories:
PEP, infection, bleeding, and other (Table II).

Out of all 3566 procedures performed, 291 (8.2%) involved complications. The pooled
overall complication rate was 6% (95% CI: 4%-8%) (Figure 2). Analysis revealed
significant heterogeneity among the studies (12=80.54%, p<0.001), with three outlier studies
(4, 20, 30). Kamelmaz et al was a small series and reported complications in two of the three
performed procedures(4). Prasil et al reported one instance of bleeding and six episodes of
PEP in 21 patients (20). Rescorla et al only included 6 subjects and was limited to patients
with pancreatic trauma, of which 4 had complications (30). Removal of these three studies
from the analysis resulted in the same pooled estimate of complications (6%; 95% CI: 4%—
8%). PEP was reported in 166 of 3566 (4.7%) of procedures; bleeding was reported in 22
(0.6%); and infection was reported in 27 (0.8%). The pooled estimate of complications other
than PEP was 1% (95% CI: 0%—-3%). The pooled estimate of PEP as a complication was 3%
(95% CI: 0.02-0.05).

Further subgroup analyses were performed to identify important factors contributing to the
heterogeneity of the studies including pediatric trained endoscopists, US centers, and
neonatal cholestasis. In the two studies performed by pediatric trained endoscopists, there
were 238 procedures with an overall complication rate of 4.6%. A pooled overall
complication rate for the 14 US sites was 5% (95% ClI: 2%-10%). Among the four studies
reporting solely on ERCP in neonatal cholestasis, the complication rate was 4.2% out of 238
procedures, with a pooled complication rate of 3% (95% CI: 0.01-0.07) (Figure 3; available
at www.jpeds.com). Excluding these four neonatal studies, the pooled estimate of the
complication rate for the remaining studies was 6% (95% CI: 4% — 9%).

DISCUSSION

Our analysis documents that the mean prevalence of complications after ERCP performed in
children aged 0-21 years is approximately 6%. In contrast, the estimated complication rates
of upper endoscopy has been reported as 2.3% (40) and of colonoscopy, 1.1% (41), in the
same patient population. Post-ERCP pancreatitis was the most commonly reported
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complication, and rates of other serious complications including bleeding and infection were
less than 1% each. Since 2000, when the last comprehensive report on ERCP in pediatric
patients was published (2), use of ERCP in pediatric patients with pancreatic and biliary
disease have become increasingly prevalent(3). Numerous single center experiences with
information on utility and feasibility of ERCP have been published, but to date no
benchmarks for acceptable or expected complication rates exist. We report a complication
rate that can be used in future ERCP research to explore factors such as the effects of
subtype of procedure, patient characteristics or endoscopist training.

Our review of the literature also demonstrates the heterogeneity of previous studies. This
highlights the need for a more standardized approach to complication reporting, even in
small studies. A few studies cite the ASGE recommended guidelines for determining
complications (39). Although these guidelines provide definitions for AEs and levels of
severity they have yet to be adapted to pediatric populations. We were unable to apply
standardized definitions for what constitutes a complication of ERCP; the studies reviewed
report a wide variety of complication types with no specific definition or severity for any of
the complications reported. This suggests that certain issues still need to be defined, for
example anatomic location of complication, timing in relation to the procedure, and severity.

One unanswered question is whether the pediatric or adult endoscopist should be tasked with
the procedure in pediatric patients, particularly infants and young children. Pediatric patients
who require ERCP are often managed at pediatric referral centers where pediatricians,
pediatric anesthesiologists, surgeons, radiologists, and pediatric intensivists coordinate care
for these patients. Even though a pediatric-trained gastroenterologist might be more
appropriate to perform the procedure in young patients, inadequate case volume both in
training and in maintenance of skills is frequently cited as a reason for these procedures to
be performed by adult-trained endoscopists (42—44). Our study is unable to answer this
question, as only 2 reports of primarily pediatric trained gastroenterologists performing the
ERCPs were available for inclusion in our review.

Post-ERCP pancreatitis was the most common complication reported, but classification of
this is challenging. Six of the 32 studies did not report on post-ERCP pancreatitis as a
complication. We cannot discern whether they had no cases, or if they considered post-
procedure pain and pancreatic enzyme elevation to be expected outcomes of pancreatic duct
visualization. Institutions may not routinely measure amylase or lipase levels after ERCP,
even if patients experience abdominal pain. Troendle et al recently investigated factors
associated with post-ERCP pancreatitis, noticing this occurred in 10.9% of ERCPs. They
found pancreatic duct injection, sphincterotomy, or a history of chronic pancreatitis placed
subjects at higher odds of PEP(45). Our pooled complications rate was lower than this, but
documentation of complications after ERCP in the pediatric population was inconsistent in
the reviewed studies, indicating the need for future prospective studies in this area.

Additional limitations of the existing literature are lack of consistency with reported follow-
up times and minimal data available about the temporal relationship of complications to
ERCP date. Studies varied, with some only reporting complications evident in the 1-2 days
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following the procedure, and others including the full follow up time reported, occasionally
longer than a year.

The intent of this review was to investigate what is known about the factors that impact the
rate of complications in pediatric ERCP. However, we found that the majority of studies fail
to relate complications to the other covariates of interest. For example, one might expect an
increased rate of PEP with instrumentation of the pancreatic duct and/or pancreatic disease.
However, few studies report complication rates by intervention type or by disease state.
Furthermore, the effect of endoscopist training, sedation versus anesthesia, or indication on
complications are not evaluable, as these factors are all reported separately.

Despite these limitations, our report does provide a comprehensive picture of available
literature on complications after pediatric ERCP. We hope our findings, and data missing
from previously reported literature that would be clinically helpful, will provide groundwork
for future studies to further our knowledge in this area. Prospective data collection across
multiple centers is needed to determine which patient-, facility-, and physician-factors are
important to optimize the safety and efficacy of pediatric ERCP. The Pediatric ERCP
Database Initiative is a multicenter international database currently collecting data on all
patients undergoing ERCP under the age of 18 years (http://www.utsouthwestern.edu/
research/fact/detail.html?studyid=STU%20012014-086). This information will enhance our
ability to provide a reliable consent process for these procedures. Efforts should also be
made to standardize our definitions of post-ERCP complications, so that information will be
generalizable to all centers performing this procedure in children.
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