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Abstract

Background: The purpose of this study was to evaluate the utility of endoscopic retrograde cholangiopancreatogra-
phy (ERCP) in pediatric patients with pancreaticobiliary diseases.

Methods: A retrospective review was performed on patients who underwent ERCP for the treatment of biliary tract
disease and detailed examination of pancreatitis at our institution from January 1999 to December 2020.

Results: ERCP was performed for congenital biliary dilatation (CBD) (n =42), choledocholithiasis (n=9), common bile
duct stenosis (= 1), and several types of pancreatitis (n=13). The only severe complication of ERCP was common
bile duct injury. Three (5.8%) of 52 biliary diseases failed to be treated by ERCP. All patients with pancreatic disease
were correctly diagnosed and treated.

Conclusions: Endoscopic biliary drainage with a temporary stent was adequate for symptomatic relief in CBD. Stent-
ing of the pancreatic duct was useful for improving the angulation and drainage of the pancreatic duct. ERCP was

useful for understanding the anatomy of the pancreatic duct and revealing potential treatments. Therefore, ERCP and
transendoscopic therapy are sufficiently feasible in pediatric patients and should be actively introduced for the inves-

tigation and treatment of pancreaticobiliary diseases.
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Introduction

The use of diagnostic and therapeutic endoscopic ret-
rograde cholangiopancreatography (ERCP) is steadily
increasing in the management of pancreaticobiliary dis-
eases in children [1]. While magnetic resonance chol-
angiopancreatography (MRCP) is one of the diagnostic
imaging modalities available for detecting anatomi-
cal abnormalities, MRCP images cannot fully identify
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anatomical abnormalities in pediatric patients. Therefore,
there is a need to identify the scope and utility of ERCP
in children with pancreaticobiliary diseases.

We previously performed ERCP in asymptomatic
patients with congenital biliary dilatation (CBD) to ascer-
tain anatomical details [2, 3]. Of late, however, ERCP is
performed only in symptomatic CBD patients for thera-
peutic purposes, so as to avoid associated complications.

In addition to CBD, ERCP is also performed for the
treatment of choledocholithiasis and for the investigation
and treatment of unexplained pancreatitis.

The etiologies of pediatric pancreatitis include drugs,
infections, trauma, and anatomical abnormalities. In
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Japan, Suzuki et al. reviewed 145 pediatric patients with
acute pancreatitis and reported that 54.5% of cases were
caused by anatomical abnormalities [4]. For patients
with unexplained pancreatitis, ERCP and endoscopic
transpapillary therapy have been performed as required
to detect anatomical abnormalities. The purpose of this
study was to evaluate the utility of ERCP in pediatric
patients with pancreaticobiliary diseases.

Patients and methods
This study was approved by the ethics committee of our
institution (#2020 — 0635).

Because this was a retrospective observational study
and the data analyzed were anonymized, informed con-
sent from participants or their parents/guardians was
obtained through an opt-out method on our hospital
website in accordance with the Ethical Guidelines for
Medical and Health Research Involving Human Sub-
jects in Japan. A retrospective review was performed
concerning patients who underwent ERCP for the
treatment of biliary tract disease and detailed inves-
tigation of the cause of pancreatitis at our institution,
from January 1999 to December 2020. Our current
treatment strategy for preoperative management of
CBD is shown in Fig. 1. Extrahepatic bile resection was
performed within 1 month after stenting. The strategy
for pancreatitis suspected to be caused by anatomical
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abnormalities is shown in Fig. 2. ERCP for symptomatic
CBD was performed as early as the regular examina-
tion schedule permitted after referral to our institu-
tion, while ERCP for pancreatitis was scheduled once
the clinical symptoms of pancreatitis improved; in both
instances, the procedures was performed under general
anesthesia. Pancreatitis was defined as the presence
of abdominal pain with hyperamylasemia and inflam-
mation. All endoscopic procedures were performed
by trained gastroenterologists. For endoscopy, PJE-7.5
(tip outer diameter, 7.8 mm; channel diameter, 2.0 mm;
Olympus) and JF-240 (tip outer diameter, 12.6 mm;
channel diameter, 3.2 mm; Olympus) were used for
infants and school-age children, respectively. The endo-
scope was selected depending on the body size of the
patient and the procedure to be performed. PJF-7.5
was used only for contrast and stent tube insertion. We
selected JF-240 for papillotomy since it allowed us to
deliver various devices. Endoscopic pancreatic stent-
ing (EPS) was performed for flexion, stenosis, and dil-
atation of the pancreatic duct to prevent pancreatitis.
Stent replacement was performed every three to six
months after EPS. Endoscopic transpapillary therapy
(stent tube insertion or papillotomy) was attempted
when drainage of the bile duct or pancreatic duct drain-
age was deemed necessary.

’ Congenital biliary dilatation ‘

Symptomatic

’ Managed with nil per os ‘
|

Asymptomatic

v

’ Relie; of symptoms ‘

’ Persistent or exacerbated symptoms ‘

’ Managed with per os ‘
|

L 2
Asymptomatic ’ Exacerbated symptoms ‘

|

’ Endoscopic biliary drainage ‘

’ Successful ‘ ’Unsuccessful ‘

’ External biliary drainage ‘

!

Extrahepatic bile duct resection ‘

Fig. 1 Treatment strategy for preoperative management of congenital biliary dilatation in children
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Unexplained pancreatitis

(not caused by drugs , infections, and trauma)

MRCP/CT

} Normal pancreatic duct ‘

} Poorly visualized pancreatic duct ‘

Abnormal pancreatic duct

ERCP (contrast)

(Flexion, Stenosis, Dilation)

{ Normal pancreatic duct

Endoscopic transpapillary therapy

(Endoscopic pancreatic stenting / papilla sphincterotomy)

Fig. 2 Strategy for investigation of recurrent pancreatitis in children

Results

Over the 22-year observation period, ERCP was per-
formed in 52 patients for the treatment of biliary
diseases, and in 13 patients for the examination and treat-
ment of pancreatic diseases. These patients comprised 24
boys and 41 girls with an age range of 3 months to 14.8
years (median 4.8 years). We have successfully performed
ERCP on a child as young as 3 months and 5 kg.

Complications after ERCP

Complications due to ERCP were noted in 1 of 65
patients (1.5%). Other than one 2-year-old patient with
choledocholithiasis who temporarily required endo-
scopic nasobiliary tubing for common bile duct injury
secondary to ERCP, no other complications, such as
severe pancreatitis, bleeding, or perforation, were noted.

ERCP treatment outcomes by disease
Biliary duct disease

CBD The details of ERCP for CBD (7 =42) are shown in
Table 1. At our institution 194 patients with CBD under-
went radical surgery between January 1999 to December
2020. Forty patients were asymptomatic and 154 patients
were symptomatic. Six symptomatic patients showed
perforation of extrahepatic bile duct, and underwent
emergent surgery. The other 110 symptomatic patients
relieved their symptoms by nil per os. Of 38 symptomatic
patients, placement of a biliary stent tube before radical

Table 1 Details regarding ERCP for biliary duct disease

Details regarding ERCP n

Congenital biliary dilatation  (median age: 3.9 year-old [ 0.4-14.7 ])
Preoperative treatment
Endoscopic biliary stent 32
Removal of protein plug in the common channel 2

Failure to insert stent (converted to percutaneous transhepatic = 4 (2)
biliary drainage)

Intraoperative treatment

EPS for intraoperative pancreatic duct injury 1

Pancreatography after pancreatic duct injury repair 1
Postoperative treatment

EPS for intraoperative pancreatic duct injury 1

Removal of protein plug from the pancreatic duct 1
Choledocholithiasis (median age: 6.6 years [ 0.3-10.2 ])

Endoscopic removal of stones by papillary balloon dilatation 9
Common bile duct stenosis (age: 11.3 years)

Endoscopic balloon dilatation of common bile duct 1

ERCP endoscopic retrograde cholangiopancreatography

EPS endoscopic pancreatic stenting

surgery was successful in 32. All 32 patients who under-
went stent insertion were relieved of their symptoms.
Removing the protein plug by ERCP in two patients
relieved the pain and these patients did not require stent-
ing. Stenting in the other four patients was unsuccessful
due to flexion or obstruction of the narrow segment of
the biliary tract. Three of the four patients were relieved
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of their symptoms by means other than stenting. Per-
cutaneous transhepatic biliary drainage in 2 patients (a
5-month-old boy and a 6-month-old boy) and repeated
insertion of the guidewire that resulted in crushed pro-
tein plug in one patient (a 1-year-old girl) relieved their
symptoms. The other patient (also a 1-year-old girl)
continued to experience abdominal pain for 6 days until
semi-urgent radical surgery.

Choledocholithiasis and common bile duct steno-
sis  Endoscopic removal of common bile duct stones was
successfully performed in nine patients with choledocho-
lithiasis. Balloon dilatation was performed for common
bile duct stenosis and restenosis was not observed after
the procedure.

Three (5.8%) of the 52 biliary disease cases failed to be

treated by ERCP owing to difficulties encountered in
cannulation.

Table 2 The details regarding ERCP for pancreatitis
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Pancreatic disease

A total of 38 ERCP procedures were performed in 13
patients with pancreatic disease. These patients com-
prised 5 boys and 8 girls with an age range of 1.8 years
to 14.8 years (median 7.5 years). The details of ERCP for
each patient are presented in Table 2.

Pancreatitis after congenital duodenal atresia/stenosis
surgery In four patients with pancreatitis after congeni-
tal duodenal atresia/stenosis surgery, it was difficult to
identify the main papilla during the ERCP.

Case 1 was a 3.1-year-old male patient in whom ERCP
revealed pancreatic stones and dilatation of the pan-
creatic duct in the pancreatic head and for whom stone
removal was performed. The pancreatic endocrine and
exocrine functions of the patient were followed-up on an
outpatient basis and, at 6.3 years of age, the patient was
found to have decreased exocrine function and atrophy of
the pancreatic body and tail. The atrophy was considered
to be due to impaired pancreatic fluid drainage. Since

Case Disease Sex Ageat Age at initial No. of ERPs Details regarding ERCP
onset ERCP (years)
(years)
1 Pancreatitis after duodenal stenosis surgery with annular ~ F 28 3.1 3 Contrast imaging — 1
pancreas Papillary balloon dilata-
tion+remove stone+EPS 1
Papillary balloon dilata-
tion 4-remove stone 1
2 Pancreatitis after duodenal atresia surgery with annular F 6.5 75 6 Contrast imaging 2
pancreas Papillary balloon dilatation +EPS 1
EPS3
3 Pancreatitis after duodenal atresia surgery with annular F 1.8 1.8 5 Contrast imaging 1
pancreas EPS 4
4 Pancreatitis after duodenal atresia surgery with congenital M~ 1.7 1.8 1 Contrast imaging 1
biliary dilatation
5 Chronic pancreatitis F 24 39 6 Contrast imaging 2
Removal of stone 1
EPS3
6 Chronic pancreatitis M 8 12 6 Contrast imaging 1
Removal of stone 1
EPS 4
7 Chronic pancreatitis M 8 83 3 Contrast imaging 2
EPS 1
8 Pancreas divisum F 45 52 1 Contrast imaging 1
9 Pancreas divisum F 5.1 58 2 EPS1
Minor papillotomy 1
10 Autoimmune pancreatitis F 124 12.6 2 Contrast imaging 1
Bile duct stenting 1
11 Hereditary pancreatitis F 5 8.7 1 Contrast imaging 1
12 Recurrent pancreatitis M 13 13.8 1 Contrast imaging 1
13 Recurrent pancreatitis M 144 14.8 1 Contrast imaging 1

ERCP endoscopic retrograde cholangiopancreatography
EPS endoscopic pancreatic stenting



Makita et al. BMC Pediatrics (2022) 22:134

Page 5 of 9

Wirsung duct

A

Santorini duct

Wirsung duct

Fig. 3 Case 1. Computedtomography (CT) and endoscopic retrograde cholangiopancreatography (ERCP)images of a 3.1-year-old patient are
shown in (a) and (b). Pancreatic stoneswere found in the pancreatic head, and the pancreatic duct was dilated.CT and ERCPimages at 6.3 years of
age are shown in (c) and (d). Atrophy of the tail of thepancreas and decreased exocrine function were also observed. Several ERCPattempts were in
vain; thereafter, Longitudinal pancreaticojejunostomy withcoring-out of the pancreatic head (Frey’s procedure) was performed at 7-yearsof age, and
there has been no occurrence of pancreatitis since.Arrowhead: pancreatic head,pancreatic duct; Arrow: pancreatic tail

papillary balloon dilatation had no effect, placement of a
pancreatic duct stent in the pancreatic duct of the pan-
creatic head was considered to have a high probability of
causing long-term withdrawal. The patient underwent
pancreatic head and pancreaticojejunostomy at the age of
7 to preserve residual pancreatic function. Thereafter, no
postoperative pancreatitis was observed (Fig. 3).

Case 2 showed flexion of the Wirsung duct, and a pan-
creatic duct stent was placed from the main papilla to
the caudal pancreatic duct. Pancreatic stone removal was
only performed during the first surgery. Removal of the
stent resulted in recurrence of symptoms; thus, the pan-
creatic duct stent was replaced regularly and the patient
was followed-up. Recurrence of symptoms has not been
observed for 13 months after stent placement (Fig. 4a and
b).

In Case 3, the endoscope could not be inserted into the
main papilla and pancreatic stones were not found in
the initial ERCP. In addition, we confirmed that drainage
of contrast media from the main papilla and accessory
papilla was good. However, due to repeated pancreatitis,

a dominant dorsal duct was suspected, and a pancreatic
duct stent was placed in the caudal pancreatic duct from
the accessory papilla. Although regular stent replacement
was required thereafter, the patient has been free from
pancreatitis for 19 months after the initial stent place-
ment (Fig. 4c and d).

In Case 4, the main papilla could not be identified in
the ERCP at the age of 1 year and 8 months, and con-
trast imaging was performed from the accessory papilla.
Pancreaticobiliary maljunction, dilatation of the com-
mon bile duct and angulation of the Santorini duct
were observed. The patient underwent laparoscopic
extrahepatic bile duct resection at the age of 1 year and
10 months, and no recurrence of symptoms has been
observed for 4 years (Fig. 4e).

In two patients who underwent accessory papilla imag-
ing, the accessory papilla was regarded as the main
papilla during ERCP, and contrast imaging was per-
formed. Three of the four patients had an annular pan-
creas (Figs. 3 and 4), and it was difficult to visualize the
path of the pancreatic duct, even with contrast imaging.
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Fig.4 a, b: Case 2 -Pancreatic duct stent insertion into the caudal pancreatic duct from the mainpapilla for flexion of the Wirsung duct (c, d):
Case 3 -Contrast-enhanced imaging of the accessory papilla: insertion of a pancreaticduct stent into the caudal pancreatic duct (e): Case 4
-Contrast-enhanced imaging of the accessory papilla: angulation of the Santoriniduct, and pancreaticobiliary maljunction and choledochal duct

dilatation wereobserved

In Cases 1 and 3, the path of the pancreatic duct could
only be detected on repeated ERCPs.

Chronic pancreatitis All three patients with chronic
pancreatitis had diffuse dilatation and wide irregulari-
ties involving the pancreatic duct, and pancreatic duct
stents were emplaced. EPS was performed repeatedly;
however, all patients eventually underwent pancreatic
stent removal and were followed up without recurrence
of pancreatitis (Fig. 5).

In Case 5, ERCP was performed 6 times, and the ste-
nosis of the pancreatic duct was alleviated by placing a

stent. No recurrence of pancreatitis has been observed
for 14 years and 5 months after stent removal (Fig. 5a, b
and ¢).

Pancreatic divisum and Others Of two patients with
pancreas divisum, it was difficult to insert a stent into
the accessory papilla in Case 8 and only contrast imaging
was performed; the patient is currently being followed-
up on an outpatient basis. In Case 9, a pancreatic duct
stent was placed from the accessory papilla to the caudal
pancreatic duct, and the patient was confirmed to have
no symptoms of pancreatitis, after which endocscopic
minor papilla shincterotomy was performed. Fifteen
months have passed since the endocscopic minor papilla
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Fig. 5 Case 5 (a, b): At thetime of the initial endoscopic retrograde cholangiopancreatography, stenosiswas found in the main pancreatic duct,
as seen in the figure. Pancreatic ductstent placement was performed. ¢ Improvementof stenosis observed at the time of pancreatic duct stent
removal. Norecurrence of pancreatitis was observed for 14 years and 5 months after stentremoval.Case 9(d) Contrastimaging of the main papilla
shows disruption of the Wirsung duct(e) Contrastimaging of the caudal pancreatic duct through contrast imaging of the accessorypapilla(f)
Stentplacement from the accessory papilla to the caudal pancreatic ductEndoscopic minor papillasphincterotomy was performed, and no

recurrence of pancreatitis was observedfor 15 months

shincterotomy was performed; however, no recurrence of
symptoms has been observed (Fig. 5d, e and f).

In one patient with autoimmune pancreatitis, two ERCP
procedures were performed. At the time of initial diag-
nosis, stenosis of the bile duct and pancreatic duct was
found and a biliary stent was placed. Subsequently, ste-
roidal therapy improved the stenosis, the stent was
removed, and confirmatory contrast imaging was
performed.

Three patients with hereditary pancreatitis and recurrent
pancreatitis were found to have no anatomical abnormal-
ities of the pancreatic duct on contrast imaging and were
followed up in the pediatrics department.

Discussion
ERCP appears to be technically difficult and challenging
in children because of their narrow airways and smaller
anatomical dimensions compared to adults [5]. Improved
designs of endoscopes and associated accessories have
facilitated the development of ERCP procedures in chil-
dren [1]. We found that diagnostic and therapeutic ERCP
procedure could be successfully performed in childhood,
even at three months of age. The only severe complica-
tion noted after ERCP was common bile duct injury;
there were no cases of severe pancreatitis, bleeding, or
perforation.

Our complication rate 1.5% (1/65) was lower than
7.7% incidence typically reported in pediatric large case
series [6, 7]. Pediatric ERCP was performed by the most
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skilled gastroenterologist in our institution, and the use
of PJE-7.5 (tip outer diameter, 7.8 mm; channel diameter,
2.0 mm; Olympus) may have avoided unnecessary pres-
sure on the pancreatic duct and thus avoided post-ERCP
pancreatitis.

Endoscopic biliary drainage with a temporary stent is
adequate for symptomatic relief of CBD. We previously
reported that endoscopic short-tube stenting is beneficial
in children because it does not require tube management
[3]. In our present study, ERCP for biliary tract disease
was highly successful and effective. Four patients had
unsuccessful stenting, but one patient had symptomatic
improvement with guidewie manipulation. Thus, three
(5.8%) of the 52 biliary disease cases failed to be treated
by ERCP owing to difficulties encountered in cannula-
tion, when the narrow segment was right-angled, or the
body size of the patient was too small for the procedure.
Percutaneous transhepatic biliary drainage may be useful
when stent tube placement is unsuccessful. It has been
reported that early biliary decompression should be per-
formed when symptoms persit, but no definite protocol
has been established [3, 8]. It is not necessary to perform
ERCP in all symptomatic CBD patients, as symptoms
may improve with fasting alone. Although there is cer-
tainly no statistical evidence to suggest the usefulness of
our current treatment strategy for preoperative manage-
ment of CBD (Fig. 1), our strategy is very safe and effec-
tive in carefully selecting patients for ERCP with few
complications and safe surgery.

In this study, patients who underwent ERCP for deter-
mination of the cause of and treatment for pediatric
pancreatitis were also evaluated. ERCP was useful for
understanding pancreatic duct anatomy. MRCP can
reportedly be evaluated in the same way as ERCP [9];
however, in our experience, the images were unclear and
difficult to evaluate. ERCP evaluation in children should
be strongly considered because minor artifacts, as seen
on MRCP, make evaluation difficult.

We reported four cases of pancreatitis after congeni-
tal duodenal atresia/stenosis surgery. Duodenal atresia
and stenosis are often accompanied by pancreaticobil-
iary anomalies due to developmental reasons [10-12].
Growth may also lead to impaired pancreatic drainage
due to ductal angulation. Detailed examination of pan-
creatitis after duodenal atresia associated with an annular
pancreas can lead to the diagnoses of pancreaticobiliary
maljunction, pancreas divisum, and CBD requiring sur-
gical treatment in some patients [10-12]. Since a wide
variety of anatomical abnormalities have been observed,
there is a need to carefully search for underlying causes
and to develop treatment strategies for pancreatitis after
congenital duodenal atresia/stenosis surgery. In Case 2, a
pancreatic duct stent was emplaced because the Wirsung
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duct was bent, and in Case 3, a pancreatic duct stent was
placed in the dominant dorsal duct from the accessory
papilla. These results suggested that stenting of the pan-
creatic duct should be useful for improving the angula-
tion and drainage of the pancreatic duct.

In our study, EPS for chronic pancreatitis improved the
stenosis that had caused acute exacerbations and, even-
tually, patients were followed up after repeated stenting
without recurrence of pancreatitis. Endoscopic treat-
ments for chronic pancreatitis have been reported to
be effective, and favorable results have recently been
reported with EPS [5, 13]. EPS can be performed safely
even in pediatric patients, and is often the first choice for
endoscopic treatment.

In addition, the indications for endoscopic minor
papilla sphincterotomy can be decided by placing a pan-
creatic duct stent in patients with pancreatic divisum and
setting the follow-up period. Endoscopic minor papilla
sphincterotomy encompasses risk for certain complica-
tions such as perforation, bleeding, and acute pancrea-
titis, and incomplete incision may result in scar stenosis
and impaired drainage [14]. Since there is no evidence
recommending the direction and extent of the incision,
the policy adopted at our institution is to consider minor
papillotomy in patients aged 2 years or older (the JF-240
body size that allows the endoscope to be inserted). Thus,
the indications for papillotomy should be carefully con-
sidered. These experiences suggest that our diagnosis and
treatment strategies for pancreatitis in children (Fig. 2)
are effective.

In conclusion, ERCP and transendoscopic therapy are
sufficiently feasible in pediatric patients and should be
actively introduced for the investigation and treatment of
pancreaticobiliary diseases.

Acknowledgements
Not applicable.

Authors’ contributions

SM and HU designed this study. SM acquired data. HK performed all endo-
scopic procedures. SM, AH, CS, TT, WS, KY, MO, AT, AY and YN analyzed data.
SM, HA and HU drafted the manuscript. All authors reviewed the manuscript
and have given final approval of the version to be published.

Authors’ information
Not applicable.

Funding
None.

Availability of data and materials
The datasets generated and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study protocol was approved by Nagoya University Hospital Institutional
review board (#2020 — 0635). Because this was a retrospective observational



Makita et al. BMC Pediatrics (2022) 22:134

study and the data analyzed were anonymized, informed consent from partici-
pants or their parents/guardians was obtained through an opt-out method

on our hospital website in accordance with the Ethical Guidelines for Medical
and Health Research Involving Human Subjects in Japan. The study was
performed in accordane with the Ethical Guidelines for Medical and Health
Research Involving Human Subjects in Japan.

Consent for publication
Informed consent for publication was obtained in the form of opt-out.

Competing interests
The authors declare that they have no competing interest.

Author details

'Department of Pediatric Surgery, Nagoya University Graduate School

of Medicine, 65 Tsurumai-cho, Showa-ku, 466-8560 Nagoya, Japan. “Depart-
ment of Gastroenterology, Nagoya University Graduate School of Medicine,
Nagoya, Japan. *Department of Rare / Intractable Cancer Analysis Research,
Nagoya University, Nagoya, Japan.

Received: 11 July 2021 Accepted: 9 March 2022
Published online: 14 March 2022

References

1. HsuRK, Draganov P, Leung JW, Tarnasky PR, Andy SY, Hawes RH, et al.
Therapeutic ERCP in the management of pancreatitis in children. Gastro-
intest Endosc. 2000;51:396-400.

2. Hiramatsu T, Itoh A, Kawashima H, Ohno E, Itoh Y, Sugimoto H, et al.
Usefulness and safety of endoscopic retrograde cholangiopancreatog-
raphy in children with pancreaticobiliary maljunction. J Pediatr Surg.
2015;50:377-81.

3. Tsuchiya H, Kaneko K, Itoh A, Kawashima H, Ono Y, Tainaka T, et al. Endo-
scopic biliary drainage for children with persistent or exacerbated symp-
toms of choledochal cyst. J Hepatobiliary Pancreat Sci. 2013;20:303-6.

4. Suzuki M, Saito N, Naritaka N, Nakano S, Minowa K, Honda Y, et al. Scoring
system for the prediction of severe acute pancreatitis in children. Pediatr
Int. 2015;57:113-8.

5. Agarwal J, Nageshwar Reddy D, Talukdar R, Lakhtakia S, Ramchandani
M, Tandan M, et al. ERCP in the management of pancreatic diseases in
children. Gastrointest Endosc. 2013;79:271-8.

6. Enestvedt BK, Tofani C, Lee DY, Abraham M, Shah P, Chandrasekhara
V, et al. Endoscopic retrograde cholangiopancreatography in the
pediatric population is safe and efficacious. J Pediatr Gastroenterol Nutr.
2013;57:649-54

7. Giefer MJ, Kozarek RA. Technical outcomes and complications of pediatric
ERCP. Surg Endosc. 2015;29:3543-3550

8. Lal R Agarwal S, Shivhare R, Kumar A, Sikora SS, Kapoor VK, et al. Manage-
ment of complicated choledochal cysts. Dig Surg. 2007;24:456-62

9. Fumino S, Ono S, Kimura O, Deguchi E, Iwai N. Diagnostic impact of
computed tomography cholangiography and magnetic resonance
cholangiopancreatogpraphy on pancreaticobiliary maljunction. J Pediatr
Surg. 2011;46:1373-8.

10. Ando H, Kaneko K, Ito F, Seo T, Harada T, Watanabe Y. Embryogenesis of
pancreaticobiliary maljunction inferred from development of duodenal
atresia. J Hepatobiliary Pancreat Sug. 1999,6:50-4.

11. Urushihara N, Fukumoto K, Fukuzawa H, Suzuki K, Matsuoka T, Kawashima
S, et al. Recurrent pancreatitis caused by pancreatobiliary anomalies in
children with annular pancreas. J Pediatr Surg. 2010;45:741-6.

12. Sato N, Shimura T, Kenjo A, Kimura T, Watanabe J, Muto M, et al. Pancrea-
ticobiliary maljunction diagnosed long after laparotomy in the neonatal
period for annular pancreas: report of a case. Surg Case Rep. 2019;5:16.

13. Oracz G, Pertkiewicz J, Kierkus J, Dadalski M, Socha J, Ryzko J. Efficiency
of pancreatic duct stenting therapy in children with chronic pancreatitis.
Gastrointest Endosc. 2014;80:1022-9.

14. Cho JM, Jeong IS, Kim HJ. Early adverse events and long-term outcomes
of endoscopic sphincterotomy in a pediatric population: a single-center
experience. Endoscopy. 2017,49:438-46.

Page 9 of 9

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Utility of endoscopic retrograde cholangiopancreatography in management of pediatric pancreaticobiliary disease
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Patients and methods
	Results
	Complications after ERCP
	ERCP treatment outcomes by disease
	Biliary duct disease

	Pancreatic disease

	Discussion
	Acknowledgements
	References


