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Abstract

Background: This study aimed to aid in risk assessment of pediatric
endoscopic retrograde cholangiopancreatography (ERCP) candidates
by utilizing a national pediatric database with a large sample to assess
how patient characteristics may affect ERCP complication rates.

Methods: The Kids’ Inpatient Database (KID) is a sample of pediatric
discharges in states participating in the Healthcare Cost and Utiliza-
tion Project (HCUP). This database provides demographic informa-
tion, hospitalization duration, and outcome information for hospitali-
zations during which an ERCP occurred. International Classification
of Diseases (ICD) codes were used to determine the hospitalization
indication. ERCP complication rate was ascertained via ICD codes.
All statistical analyses were performed using SAS 9.4.

Results: Complications were seen in 5.4% of hospitalizations with
mortality observed in less than 0.2%. This analysis captured a large
Hispanic population, specifically in the South and West regions. Gall-
bladder calculus and cholecystitis were more likely to occur in fe-
males. A higher percentage of patients in the age 10 - 17 group were
female (72.2% vs. 52.7%, P < 0.01) and Hispanic (33.4% vs. 22.7%,
P <0.01) compared to the age 0 - 9 group. Age 0 - 5 and male gender
were associated with lower routine home discharge rates and longer
lengths of stay. Complications occurred at a higher rate in ages 0 - 5,
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though the difference was not statistically significant.

Conclusions: ERCP is a safe procedure for pediatric patients with
low complication rates and rare mortality. We found statistically sig-
nificant differences in the procedure indications between pediatric
age groups, races, and genders. Age < 5 years and male gender were
associated with more complicated healthcare courses.

Keywords: ERCP; Pediatric; Complication; Pancreatitis; Demo-
graphic

Introduction

Initially described in 1968, endoscopic retrograde cholangio-
pancreatography (ERCP) has evolved into an essential tool
for the evaluation and management of pancreaticobiliary dis-
orders. This technique has become increasingly safe and so-
phisticated with recent adult complication rates estimated at
6.5-7.3% in the hands of experienced practitioners [1]. Due to
its proven efficacy, ERCP is increasingly accepted as a thera-
peutic modality in pediatric populations, with a 10-year proce-
dure volume growth of 26.1% from 1999 to 2009 [2]. Despite
increasing ERCP usage, there remains a startling paucity of
information regarding the relationship between demographics
and complication rates in pediatric populations, with published
evidence only encompassing small sample sizes or lacking
head-to-head comparisons [1, 3-5].

Single-center studies often do not report on differences in
indications and risks across pediatric age groups. Infants and
younger children are naturally more challenging due to lim-
ited navigational space and may require smaller endoscopes
with instrument channel limits that make intervention difficult
[6-8]. Additionally, congenital mutations and anatomic irregu-
larities are present in a higher percentage of infants and young
children presenting for ERCP when compared to the adoles-
cents, who are more likely to present with obstructive biliary
stones [9].

Multiple retrospective studies have attempted to illustrate
the efficacy and safety of diagnostic and therapeutic ERCP in
infants and children, with technical success and complication
rates thought to be comparable to adult populations [10]. Much
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ICD-10 Procedure Codes for ERCP

0FJB8ZZ: Inspection of Hepatobiliary Duct, Via Natural or Artificial Opening Endoscopic

0FJD8ZZ: Inspection of Pancreatic Duct, Via Natural or Artificial Opening Endoscopic

0FB58ZX: Excision of Right Hepatic Duct, Via Natural or Artificial Opening Endoscopic, Diagnostic

0FB68ZX: Excision of Left Hepatic Duct, Via Natural or Artificial Opening Endoscopic, Diagnostic

0FB88ZX: Excision of Cystic Duct, Via Natural or Artificial Opening Endoscopic, Diagnostic

0FB98ZX: Excision of Common Bile Duct, Via Natural or Artificial Opening Endoscopic, Diagnostic

0F758ZZ: Dilation of Right Hepatic Duct, Via Natural or Artificial Opening Endoscopic

0F768ZZ: Dilation of Left Hepatic Duct, Via Natural or Artificial Opening Endoscopic

0F788ZZ: Dilation of Cystic Duct, Via Natural or Artificial Opening Endoscopic

0F798ZZ: Dilation of Common Bile Duct, Via Natural or Artificial Opening Endoscopic

0F9C8ZZ: Drainage of Ampulla of Vater, Via Natural or Artificial Opening Endoscopic

0F758DZ: Dilation of Right Hepatic Duct with Intraluminal Device, Via Natural or Artificial Opening Endoscopic
0F768DZ: Dilation of Left Hepatic Duct with Intraluminal Device, Via Natural or Artificial Opening Endoscopic
0F788DZ: Dilation of Cystic Duct with Intraluminal Device, Via Natural or Artificial Opening Endoscopic
0F798DZ: Dilation of Common Bile Duct with Intraluminal Device, Via Natural or Artificial Opening Endoscopic
0FC58ZZ: Extirpation of Matter from Right Hepatic Duct, Via Natural or Artificial Opening Endoscopic
O0FC78ZZ: Extirpation of Matter from Common Hepatic Duct, Via Natural or Artificial Opening Endoscopic

0FC88ZZ: Extirpation of Matter from Cystic Duct, Via Natural or Artificial Opening Endoscopic

O0FC98ZZ: Extirpation of Matter from Common Bile Duct, Via Natural or Artificial Opening Endoscopic
OFCCB8ZZ: Extirpation of Matter from Ampulla of Vater, Via Natural or Artificial Opening Endoscopic
0F7D8DZ: Dilation of Pancreatic Duct with Intraluminal Device, Via Natural or Artificial Opening Endoscopic
OFCDB8ZZ: Extirpation of Matter from Pancreatic Duct, Via Natural or Artificial Opening Endoscopic

ICD-10 Diagnoses Codes Denoting Complication

K91.89: Postprocedural complications and disorders of digestive system
K91.81: Intraoperative complications of digestive system

K85.0-K85.02: Idiopathic acute pancreatitis

K85.10-K85.12: Biliary acute pancreatitis

K85.80-K85.82: Other acute pancreatitis

K85.90-K85.92: Acute pancreatitis

Figure 1. ICD10 procedure codes used to identify an ERCP during a hospitalization. Presenting diagnoses are provided by the
KID for each individual hospitalization. Also shown are the codes used to define complication associated with performed ERCP.
*A diagnosis code for pancreatitis was captured as a complication if the diagnosis code was entered within 24 h of the docu-
mented ERCP. ERCP: endoscopic retrograde cholangiopancreatography; KID: Kids’ Inpatient Database.

of the lack of US data is owed to the relative infrequency of
ERCP performance in pediatrics, with one survey estimating
that only 0.1% of all pediatric endoscopies were ERCPs [11].
The relatively small amount of pediatric ERCP experience
and research forces providers to extrapolate adult risk factors
and preventive strategies to children despite population-based
ERCP studies suggesting differences in common indications
and patient characteristics [12]. This database analysis aimed
to use a large sample population to aid in the understanding of
pediatric patient characteristics and to examine pediatric utili-
zation of ERCP in the United States.

Materials and Methods

Data for this project were obtained from the 2016 Kids’ Inpa-
tient Database (KID), the largest publicly available all-payer
pediatric inpatient care database in the United States. The KID
is a sample of pediatric discharges from hospitals in states
participating in the Healthcare Cost and Utilization Project
(HCUP), sponsored by the Agency for Healthcare Research
and Quality (AHRQ). HCUP data are based on administra-
tive data - discharge abstracts created by hospitals for billing.
Approximately 8 million hospitalizations in 1,000 hospitals
are captured in the KID, representing a 20% stratified sample
of all US community hospitals. Unweighted, it contains data
from approximately 3 million pediatric discharges each year.
Four thousand and two hundred US community hospitals are
sampled (defined as short-term, non-federal, general and spe-
cialty hospitals, excluding hospital units of other institutions
and rehabilitation hospitals). The KID contains charge infor-
mation for pediatric populations covered by private insurance,
Medicaid, Medicare, and the uninsured and has been produced
every 3 years (1997, 2000, 2003, 2006, 2009, 2012). The KID
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contains a full calendar year of data with diagnosis and proce-
dure codes reported using the ICD-9/10-Clinical Modification
(CM)/Procedure Coding System (PCS). Hospital discharge
data for 2015 contained a mix of ICD-9 and ICD-10 data. Be-
cause of the complexities of analyzing a mixed data year, the
2015 KID was not released. Instead, the next KID production
was released in 2016, with the 2016 statistics comprised of
ICD-10 CM/PCS data only.

Using the KID, we identified pediatric (age < 20 years)
hospitalizations during which ERCP was performed. Present-
ing diagnosis, age, sex, race/ethnicity, hospital region, hos-
pitalization duration, and presence or absence of in-hospital
mortality were provided by the database for individual hospi-
talizations. ICD procedure codes (Fig. 1) were used to deter-
mine the occurrence of an ERCP. Repeat ERCPs were recog-
nized by identifying a second ERCP coded on a subsequent
day after the initial ERCP. Complication related to ERCP was
ascertained via a recorded procedure complication occurring
on the same day as the ERCP or by pancreatitis diagnosed
within 24 h of the documented ERCP (Fig. 1).

Categorical and binary data were summarized with fre-
quencies and percentages, and length of stay was depicted
with the medians, minimum, and maximum. Analyses were
carried out with adjustment for hospital clustering with logit,
cumulative logit, and identity links for binary, categorical, and
continuously distributed dependent variables, respectively.
Associations between binary outcomes were summarized with
the odds ratio (OR), a 95% confidence interval (CI), and as-
sociated P-value. All multivariate analyses were accomplished
with mixed effects weighted GEE models with a logit link
adjustment for hospital clustering. Disposition and length of
stay were analyzed with Wilcoxon tests stratified by hospital.
Weights were provided by the HCUP. Age groups 0 - 5 (pre-
school), 6 - 10 (school age), 11 - 15 (preadolescence), and 16
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- 20 (adolescence) were used for comparison in order to pro-
vide suitable samples for comparison while capturing distinct
pediatric developmental stages. Minors age 0 - 9 and 10 - 17
were also compared to differentiate children from adolescents
(as defined by the World Health Organization) [13]. Correc-
tions for multiple testing were not applied. SAS version 9.4 for
Windows (SAS Institute, Cary, NC) was used throughout. As
part of the HCUP user agreement for patient privacy, frequen-
cies < 10 cannot be reported.

This analysis was approved by the UT Health San Antonio
Institutional Review Board. This study does not contain any
studies with human or animal subjects performed by any of
the authors.

Results

The query of the KID 2016 yielded 4,484 discharges that had
coded documentation of a performed ERCP. Overall demo-
graphic information is depicted in Table 1. Procedure com-
plications were documented in 5.41% of hospitalizations with
mortality observed in less than 10 of the hospitalizations. The
captured population was overwhelmingly female and adoles-
cent (75.00% over the age of 15). A robust Hispanic population
(33.09%) was identified with a large portion of hospitalizations
occurring in Western and Southern states (68.12% combined).
Acute cholecystitis and calculus of the gallbladder represented
the bulk of the admitting diagnoses (49.93%), with pancrea-
titis only accounting for 12.19% of admissions. Of pediatric
patients with a documented ERCP during the hospitalization,
30.03% required a repeat ERCP during the same hospitaliza-
tion. Of the hospitalizations, 95.2% resulted in a routine home
discharge, with a mean length of stay of 4 days.

Age

When comparing multiple age groups, 0 - 5, 6 - 10, 11 - 15,
and 16 - 20, a significantly longer length of stay (P < 0.001)
and a lower rate of routine home discharge (P < 0.001) were
observed in the younger groups (Table 2). Though the highest
rate of complication was seen in the 0 - 5 age group (7.9% of
cases), there was no statistical difference in complication rate
between age groups (P = 0.68). Younger age was associated
with more frequent admission diagnoses of acute pancreatitis
(P=10.001), chronic pancreatitis (P <0.001), primary scleros-
ing cholangitis (P = 0.003), malignancy/tumor (P < 0.001),
obstruction of the bile duct (P < 0.001), traumatic injury (P
< 0.001), and cholangitis (P = 0.01). Patients aged 10 and
older more frequently presented with acute cholecystitis (P
< 0.001) and calculus of the gallbladder (P = 0.01). There
was no statistical difference between age group rates of re-
peat ERCP.

There were 1,936 patients identified with an age < 18
years. Overall complication rates were 5.48% in this sample
with no difference in complications when comparing age 0 -
9to 10 - 17 (6.3% vs. 5.4%, P = 0.56). The older age group
was predominantly female (72.2% vs. 52.7%, P < 0.001) and
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Table 1. Overall Clinical and Demographic Characteristics of

Patients From the 2016 Kids’ Inpatient Database

Characteristics Values

Total admissions 4,484

Gender
Male 1,006 (22.47%)
Female 3,478 (77.53%)

Complication rate

Median length of stay (days)
Male
Female

In-hospital mortality

Age
0-5
6-10
11-15
16 - 20
Total

Race
White
Black
Hispanic
Asian/Pacific Islander
Native American
Other

Region
Northeast
Midwest
South
West

Presenting diagnosis frequency
Traumatic injury or organ laceration
Sepsis
Acute pancreatitis
Chronic pancreatitis
Obstruction of bile duct
Cholangitis
Calculus of gallbladder/bile duct
Chronic cholecystitis
Acute cholecystitis
Primary sclerosing cholangitis
Malignancy/tumor

Retained stones after cholecystectomy

Procedural complication
ERCP number

1

2

3

4

>5

242 (5.41%)

4
3
0.20%

183 (4.09%)
197 (4.40%)
740 (16.51%)
3,364 (75.00%)
4,484

1,792 (39.97%)
559 (12.49%)
1,483 (33.09%)
81 (1.82%)

68 (1.53%)
232 (5.19%)

649 (14.48%)
779 (17.39%)

1,826 (40.73%)
1,228 (27.39%)

89 (2.00%)

60 (1.35%)
487 (10.86%)
59 (1.33%)

99 (2.23%)

166 (3.71%)
1,015 (22.64%)
346 (7.72%)
1,223 (27.29%)
91 (2.03%)

56 (1.26%)

102 (2.28%)
108 (2.43%)

3,137 (69.97%)
1,172 (26.15%)
139 (3.11%)

25 (0.56%)
<10

Over 6 million hospitalizations were included in the overall sample, and
we restricted the query to live births with at least one ERCP, giving n =
4,484 for ages 0 to 20 and n = 1,934 for ages 0 to 17. A large percent-
age of the captured patients came from the older age groups, indicat-
ing that this is an uncommon procedure in patients age < 10. ERCP:
endoscopic retrograde cholangiopancreatography.
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Table 2. ERCP Age Group Comparison

Age (frequency (%))
Characteristics P-value
0-5n=183) 6-10(m=197) 11-15(n="740) 16 - 20 (n = 3,363)
Routine discharge 161 (89.6%) 181 (92.3%) 705 (95.5%) 3,223 (95.9%) <0.001
Facility transfer, home health, 17 (9.3%) 14 (6.6%) 32 (4.3%) 137 (4.1%)
AMA, in-hospital mortality
Median length of stay 6 5 4 3 <0.001
Procedural complications 14 (7.9%) <10 36 (5%) 181 (5.4%) 0.68
Race
White 86 (51.5%) 72 (41.8%) 276 (41%) 1,356 (42.4%)
Black 31 (19%) 29 (16.7%) 102 (15.2%) 396 (12.4%)
Hispanic 29 (17.7%) 50 (29.1%) 225 (33.4%) 1,178 (36.8%)
Asian/Pacific Islander <10 12 (7%) <10 52 (1.6%)
Native American <10 <10 18 (2.8%) 47 (1.5%)
Other <10 <10 42 (6.3%) 171 (5.3%)
Diagnosis
Traumatic injury or organ laceration <10 15 (7.8%) 18 (2.6%) 47 (1.4%) <0.001
Sepsis <10 <10 <10 52 (1.6%) 0.1
Acute pancreatitis 30 (16.8%) 29 (14.8%) 96 (13%) 330 (9.8%) 0.001
Chronic pancreatitis <10 <10 28 (3.8%) 16 (0.5%) <0.001
Obstruction of bile duct 18 (10.1%) 11 (5.7%) 15 (2.1%) 55 (1.6%) <0.001
Cholangitis 12 (6.8%) <10 41 (5.6%) 103 (3.1%) 0.003
Calculus of gallbladder/bile duct 27 (14.8%) 47 (24%) 205 (27.8%) 734 (21.9%) 0.27
Chronic cholecystitis <10 15 (7.8%) 58 (7.8%) 270 (8%) 0.19
Acute cholecystitis <10 13 (7.1%) 153 (20.8%) 1,047 (31.1%) <0.001
Primary sclerosing cholangitis <10 <10 26 (3.6%) 53 (1.6%) 0.01
Malignancy/tumor 15 (8.3%) <10 13 (1.9%) 23 (0.7%) <0.001
Retained stones after cholecystectomy <10 <10 14 (2%) 86 (2.6%) 0.05
Procedural complication <10 <10 17 (2.4%) 82 (2.5%) 0.83
Repeat ERCP
No 118 (64.9%) 142 (72.1%) 505 (68.2%) 2,371 (70.5%) 0.27
Yes 64 (35.1%) 55 (27.9%) 235 (31.8%) 992 (29.5%)

The common primary diagnoses for age < 5 were acute pancreatitis, obstruction of the bile duct, cholangitis, and malignancy/tumor. This contrasts
with the older age groups which had higher rates of acute cholecystitis and calculus of the gallbladder. Patients < 5 were more frequently White or
Black, and age > 10 were more often Hispanic. There was no statistical difference in rates of repeat procedure or complication between age groups.

ERCP: endoscopic retrograde cholangiopancreatography.

Hispanic (33.40% vs. 22.73%, P < 0.001) compared to the
younger age group.

Gender

Female gender comprised 77.53% of all patients, though fe-
males only made up 52.7% of patients aged 0 - 9. Male gen-
der was associated with an increased rate of complication (fe-
male 5%, male 6.9%, P = 0.04), longer hospital stays (median
number of days, female 3, male 4, P < 0.001), and decreased
rates of routine home discharge (female 96.5%, male 91.9%,
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P = 0.001) despite similar racial demographics and regional
distribution to female gender (Table 3). Male gender was also
associated with increased rates of repeat ERCP (male 32.4%,
female 29.3%, P = 0.004).

Rates of calculus of the gallbladder (P < 0.001), acute
cholecystitis (P < 0.001), and chronic cholecystitis (P = 0.006)
were significantly higher in females (Fig. 2). Male patients
were more likely to present with traumatic injury (P < 0.001),
sepsis (P < 0.001), obstruction of the bile duct (P < 0.001),
cholangitis (P < 0.001), and primary sclerosing cholangitis (P
<0.001) (Table 3). Males were also found to have a higher rate
of chronic pancreatitis in our analysis, with drastically higher
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Table 3. Gender Comparison

Gender (frequency (%))

Characteristics Odds ratio 95% Cl1 P-value
Female (n = 3,478) Male (n = 1,002)
Postprocedural complications 173 (5%) 68 (6.9%) 0.71 (0.514, 0.988) 0.04
Median length of stay (days) 3 4 <0.001
Repeat ERCP rate 1,019 (29.3%) 324 (32.4%) 0.098
Routine home discharge 3,350 (96.5%) 920 (91.9%) 0.001
Facility transfer, home health, 128 (3.5%) 82 (8.1%)
AMA, in-hospital mortality
Diagnosis
Traumatic injury or organ laceration 29 (0.9%) 59 (6%) 0.14 (0.077,0.2) <0.001
Sepsis 30 (0.9%) 30 (3.1%) 0.28 (0.144, 0.5) <0.001
Acute pancreatitis 365 (10.5%) 121 (12.1%) 0.85 (0.654, 1.1) 0.23
Chronic pancreatitis 34 (1%) 24 (2.5%) 0.39 (0.187, 0.8) 0.01
Obstruction of bile duct 51 (1.5%) 48 (4.9%) 0.29 (0.196, 0.4) <0.001
Cholangitis 76 (2.2%) 89 (9%) 0.23 (0.151, 0.3) <0.001
Calculus of gallbladder/bile duct 842 (24.2%) 173 (17.3%) 1.53 (1.213,1.9) <0.001
Chronic cholecystitis 292 (8.4%) 53 (5.4%) 1.62 (1.145, 2.3) 0.006
Acute cholecystitis 1,017 (29.3%) 205 (20.5%) 1.6 (1.311,2) <0.001
Primary sclerosing cholangitis 34 (1%) 56 (5.6%) 0.17 (0.095, 0.3) <0.001
Malignancy/tumor 35 (1%) 19 (1.9%) 0.54 (0.232,1.2) 0.15
Retained stones after cholecystectomy 83 (2.4%) 19 (1.9%) 1.25 (0.698, 2.2) 0.46
Procedural complication 78 (2.3%) 30 3%) 0.75 (0.463,1.2) 0.23
ERCP number
1 2,459 (70.7%) 678 (67.6%) 0.004
2 904 (26%) 265 (26.4%)
3 98 (2.8%) 41 (4.1%)
4 13 (0.4%) 11 (1.1%)
5 <10 <10
6 <10 <10

Over three-fourths of the ERCPs performed in this dataset occurred in females. Here we see the increased rates of complication and decreased rate
of home discharge seen in the male population which was proportionally younger than the female population. Males were also seen to have extended
lengths of stay and increased frequency of multiple ERCPs during hospitalization. Presenting diagnoses differed dramatically between genders.

ERCP: endoscopic retrograde cholangiopancreatography.

rates of chronic pancreatitis in the male subset of the 0 - 9
group (5.8% vs. 1.5%, P = 0.004). Increasing age correlated
with increasing rates of acute cholecystitis in both genders.
Female gender uniquely demonstrated decreasing diagnosis of
traumatic injury (P < 0.001), acute pancreatitis (P = 0.001),
cholangitis (P = 0.004), and malignancy (P < 0.001) with in-
creasing age. Alternatively, a diagnosis of obstruction of the
bile duct was less frequently seen in male patients with in-
creasing age (P < 0.001).

Race

Of the 4,484 patients in the database, 3,275 self-identified
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themselves as either non-Hispanic White (NHW) (1,792) or
Hispanic (1,483). Only 12.49% and 1.82% identified them-
selves as Black or Asian/Pacific Islander, respectively (Table
1). The bulk of the Hispanic patients were found in the West
and South, comprising 53.9% and 30.0% of those regions, re-
spectively. Compared to Hispanic patients, the NHW group
had increased rates of complication (Hispanic 4.4%, NHW
7.1%, P = 0.008), driven primarily by the 16 - 20 age group
(Hispanic 4.2%, NHW 7.0%, P=0.01). Neither median length
of stay (Hispanic: 4 days, NHW: 3 days, P = 0.23) nor repeat
ERCP rate (Hispanic 27.8%, NHW 31%, P = 0.096) differed
significantly between Hispanic and NHW groups (Table 4).
The presenting diagnosis for Hispanic patients was more like-
ly to be acute cholecystitis (P < 0.001), and less likely to be
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Male Primary Diagnoses

Procedural
complication, 3.0%

Retained stones after

cholecystectomy ,
1.9% Traumatic injury or organ laceration ,

6.0%
Malignancy/tumor , 1.9%

Primary Sclerosing cholangitis , Sepsis, 3.1%
Acute pancreatitis , 12.1%

5.6%
Obstruction of bile duct ,
4.9%

Acute Cholecystitis , 20.5%

Cholangitis , 9.0%

Calculus of gallbladder/bile
duct, 17.3%
Chronic cholecystitis , 5.4%

Female Primary Diagnoses

Procedural complication,
2.3%

Traumatic injury or organ laceration,
0.9%

Retained stones after cholecystectomy ,
2.4%

Sepsis , 0.9%

Chronic pancreatitis , 1.0%

% Obstruction of bile duct, 1.5%

Cholangitis , 2.2%

Primary Sclerosing cholangitis ,
1.0%

Acute pancreatitis , 10.5%

Calculus of gallbladder/bile duct ,
24.2%

Chronic
cholecystitis ,
8.4%

Figure 2. Differences in admission primary diagnosis between genders. Females had statistically higher rates of calculus of the
gallbladder/bile duct (P = 0.03) and chronic cholecystitis (P = 0.02). Males had higher rates of traumatic injury (P < 0.001), ob-
struction of the bile duct (P < 0.001), cholangitis (P = 0.002), and primary sclerosing cholangitis (P = 0.02).
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Table 4. Hispanic vs. White Race Comparison

- Race (frequency (%)) i .
Characteristics Hispanic (n = 1,483) ‘N‘?lill.t[(;];;p:lr; ”) ratio 95% CI P-value
Postprocedural complications 65 (4.4%) 126 (7.1%) 0.61 (0.425,0.881)  0.008
Median length of stay (days) 4 3 0.23
Repeat ERCP rate 412 (27.8%) 556 (31%) 0.096
Routine home discharge 1,428 (96.3%) 1,702 (95.0%)
Facility transfer, home health, AMA, in-hospital mortality 55 (3.7%) 90 (5.0%)
Diagnosis
Traumatic injury or organ laceration 13 (0.9%) 48 (2.7%) 0.34 (0.168, 0.7) 0.002
Sepsis 17 (1.2%) 25 (1.4%) 0.85 (0.403, 1.8) 0.66
Acute pancreatitis 150 (10.1%) 209 (11.7%) 0.86 (0.644, 1.1) 0.28
Chronic pancreatitis 20 (1.4%) 22 (1.2%) 1.11 (0.596, 2.1) 0.74
Obstruction of bile duct 23 (1.6%) 33 (1.9%) 0.84 (0.438, 1.6) 0.59
Cholangitis 27 (1.8%) 72 (4%) 0.44 (0.242, 0.8) 0.008
Calculus of gallbladder/bile duct 317 (21.4%) 394 (22%) 0.96 (0.781, 1.2) 0.74
Chronic cholecystitis 122 (8.3%) 136 (7.6%) 1.09 (0.818, 1.5) 0.55
Acute cholecystitis 503 (33.9%) 443 (24.8%) 1.56 (1.289, 1.9) <0.001
Primary sclerosing cholangitis <10 40 (2.2%) 0.27 (0.11, 0.7) 0.005
Malignancy/tumor 15 (1%) 29 (1.6%) 0.62 (0.28, 1.4) 0.24
Retained stones after cholecystectomy 28 (1.9%) 45 (2.5%) 0.75 (0.424, 1.3) 0.34
Procedural complication 22 (1.5%) 62 (3.5%) 0.41 (0.232,0.7) 0.003
ERCP number
0 1,071 (72.2%) 1,236 (69%) 0.054
1 367 (24.7%) 484 (27%)
2 36 (2.5%) 56 (3.1%)
3 <10 11 (0.6%)
4 <10 <10

Differences between the two largest patient racial demographics, Hispanics and non-Hispanic whites (NHW) are depicted. The lower rate of com-
plication observed in the Hispanic population can be attributed to the increased rate of acute cholecystitis, a diagnosis associated with low rates of
complication. Though not statistically significant, a trend can be seen between non-Hispanic whites and repeat ERCP. Rates of interfacility transfer,
home health discharge, discharge against medical advice, and in-hospital mortality also appeared to be higher in this group. ERCP: endoscopic

retrograde cholangiopancreatography.

traumatic injury (P = 0.002), cholangitis (P = 0.008), primary
sclerosing cholangitis (P = 0.005), or due to a procedural com-
plication (P = 0.003) compared to NHW patients.

Region

Over two-thirds of the documented procedures were per-
formed in the West and South. Higher complication rates
were recorded in the Northeast region when compared
to the West region (7.7% vs. 4.5%, P = 0.03), with a no-
table complication rate of 9.8% in Northeast patients aged
17 and younger. Regional complication rates did not vary
significantly elsewhere (Table 5). There was a lower rate of
routine home discharge in the Northeast region (Northeast
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(NE) 92.3%, Midwest (M) 94.9%, South (S) 95.7%, West
(W) 96.9%, P =0.001), with increased repeat ERCP rates in
the Northeast and Midwest regions (NE 35%, M 34.5%, S
28.4%, W 26.3%, NE vs. S, P =0.01, NE vs. W, P =0.002).
In-hospital mortality and length of stay (P = 0.13) were simi-
lar between all four regions. The West had the most unique
racial demographic, with a significantly higher number of
Hispanic patients (56.6%) compared to NHW (27%) and
Black (5.3%) patients. There was a higher incidence of pro-
cedural complication as a presenting diagnosis in the North-
east compared to the South and West (NE 7.7%, M 6.2%,
S 4.9%, W 4.5%, NE vs. S, P =0.05, NE vs. W, P = 0.03).
Acute cholecystitis was the most common presenting diag-
nosis for all regions except for the Northeast, which had a
higher rate of calculus of the gallbladder.
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Discussion

This database proved useful in its ability to compare trends and
outcomes amongst different demographics. Overall complica-
tion rates were on the lower end of what has been reported,
with recent retrospective studies estimating complications in
pediatric ERCP to be as high as 9.4-20.7% [1, 8, 10, 14, 15].

Despite no significant variation in the complication risk
between pediatric age groups, it bears consideration that the
highest complication rate occurred in the youngest age group
(0-5), and younger patients were less likely to undergo routine
home discharge. The increasing risk of ERCP complications in
younger patients has been demonstrated elsewhere, with de-
creases in success rates and increased rates of complication in
ages less than 3 years old [15]. This has been attributed to the
smaller endoscopes required for infant populations and chal-
lenges with this age group. Thanks to the availability of non-
invasive testing such as MRCP, ERCP is now rarely attempted
solely for the diagnosis of congenital biliary abnormalities in
these infant populations [15].

An important factor in pediatric ERCP outcomes lies in
the presenting diagnosis [16]. Pancreatitis remains the most
frequently observed post-ERCP complication, reported else-
where in 1.2-12% of pediatric patients [10, 14]. Our dataset’s
most common presenting diagnoses, acute cholecystitis and
choledocholithiasis, typically exhibit low rates of post-ERCP
pancreatitis [14]. This analysis found that both acute chole-
cystitis and choledocholithiasis overwhelmingly occurred in
older children (ages 11 - 20), as would be expected with the
increasing impact of childhood obesity with age and use of
oral contraception in adolescents [12, 16]. Rates of complica-
tion in this group were lower than those found in the younger
pediatric age groups. The presenting diagnosis of pancreatitis,
which has been associated with increased rates of post-ERCP
pancreatitis, was more often found in ages 0 - 5 [17-19]. When
combined, these indication differences between age groups
greatly contributed to the elevated complication rate and in-
creased rate of repeat ERCP in ages < 5.

Our results reinforce previous observations that females
more frequently present with gallstone disease. This difference
increases with age, likely owed to hormone driven increases
in levels of biliary cholesterol seen in females during puberty
[20]. Pubertal hormone changes also play a role in promoting
biliary dyskinesia which may contribute to the impairment of
gallbladder motility [20].

The finding that male gender is associated with increased
complication risk and longer hospitalizations in pediatrics dif-
fers from what has been observed in adults [17, 21]. Procedure
indication again plays a role in interpreting these results. Our
analysis found a correlation between male gender and chronic
pancreatitis, a diagnosis that carries increased rate of compli-
cation. A variety of anatomic obstacles can develop in chronic
pancreatitis due to the local effects of inflammation or glandu-
lar fibrosis [22]. These patients represent a distinct challenge,
as there is known difficulty in ERCP with pancreatic anatomic
abnormalities [9, 23]. Females were much more likely to pre-
sent with diagnoses with lower complication rates, such as
cholecystitis and choledocholithiasis [14]. While both genders
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demonstrated an increasing incidence of acute cholecystitis
with age, adolescent females experienced a higher overall rate
of acute cholecystitis. Females also had significantly lower
rates of pancreatitis with age. These factors largely explain the
gender difference in our dataset.

The KID contains a large subset of Hispanic patients due
to a substantial number of ERCPs reported in the West and
South. This provided critical representation of a racial demo-
graphic that is often under-reported in population-based stud-
ies [24]. A larger percentage of patients aged 11 - 20 were
Hispanic, and the primary diagnosis of acute cholecystitis was
more prevalent in Hispanic patients compared to Caucasian
patients. This highlights the role of ERCP in Hispanic adoles-
cents, as this subgroup appears to be more susceptible to the
biliary stone disease.

Over 30% of children in this dataset required a same-stay re-
peat ERCP, which is much higher than other studies have quoted.
Early repeat ERCP is thought to be performed in 2.3-10.0% of
adult patients [25]. Repeat ERCP is associated with increased
complication rates, with 13.4-33% experiencing complication af-
ter re-exploration of the pancreaticobiliary system in other stud-
ies [26]. This could contribute to the increased rate of in-hospital
complication and decreased routine home discharge seen in the
Northeast region, where we found a higher rate of repeat ERCP.
The exact reason for the regional difference in repeat ERCP rate
is unclear, though it should be noted that a larger sample of NHW
patients were recorded in the Northeast. A higher number of pa-
tients in the Northeast also presented with a primary diagnosis
of “procedure complication”, perhaps indicating that these hos-
pitalizations captured a high number of presentations for repeat
ERCP, which carries increased complication risk.

A limitation of this study was an inability to identify com-
plications beyond 24 h, which likely underestimates the overall
complication rate. The decision to only assign complications
up to this mark was made in order to ensure that all recorded
complications and cases of post-procedure pancreatitis were
associated with the procedure. The KID database also does not
contain information on whether individual patients received
further surgical or endoscopic interventions after discharge,
and complications which occurred after discharge are not cap-
tured. Barakat et al examined 30-day readmission rates in the
HCUP database, finding readmission rates of 13.3% in patients
< 20 years old, with a significantly higher number of male
readmissions and readmitted patients under age 5 [12]. This
speaks to the number of patients that experience prolonged,
fragmented healthcare courses and corroborated the trends we
discussed above: that males and younger children represent
more challenging subgroups. Our dataset does not provide
information on individual procedure interventions (i.e., stent
placement, sphincterotomy, etc.) or the types of complications
that occurred, and we are unable to directly compare the out-
comes of procedure indications due to small subgroup sizes.
The dataset also does not include information whether the bil-
iary duct, pancreatic duct, or both were cannulated during the
procedure. Only associations, not causal relationships, can be
defined using administrative data.

The quality of information contained within this dataset
is dependent on proper documentation of complications and
accurate coding of presenting diagnoses. Discrepancies may
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contribute to underreporting of true complication rates. De-
spite this, we can be confident that mortality resulting from
pediatric ERCP is exceedingly rare, with less than 10 patients
experiencing in-hospital mortality in our analysis [1, 15].

In conclusion, this study documents that the overall risk
of complications after pediatric ERCP is comparable to ac-
cepted ERCP complication levels in other groups. Female and
Hispanic patients make up a larger percentage of those requir-
ing ERCP in adolescence, and younger patients and males
are more likely to experience prolonged lengths of stay and
complication. The indication for an ERCP plays a significant
role in the subsequent procedure outcome, and further study
is needed to clearly outline how particular interventions affect
both short and long-term complication rates.
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