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Abstract:

Pancreatitis in children has become more recognized over the past decade. Recent studies published by the
INSPPIRE (INternational Study Group of Pediatric Pancreatitis: In Search for a CuRE) Group categorizes pediatric
pancreatitis according to various etiologies and clinical course of disease in acute pancreatitis (AP), acute recurrent
pancreatitis (ARP) and chronic pancreatitis. Imaging modalities help fulfill the diagnosis of AP in cases of atypical clinical
context, while imaging also completes the major diagnostic criteria in CP. Ultrasound is the modality of choice to evaluate
children with AP. Computed tomography should be reserved to assess the severity of complicated AP, or in the acute
traumatic setting due to radiation concerns in children. Magnetic resonance cholangiopancreatography is used for the
evaluation of underlying pancreaticobiliary structural abnormalities and for diagnosing CP. The etiologies of pediatric
pancreatitis are diverse and unique including biliary stones, pancreaticobiliary structural abnormalities, genetic mutation-
related, drugs, trauma, systemic diseases and autoimmune-related cause. This article provides a pictorial review of the

imaging modalities and findings related to the clinical course and etiologies of pediatric pancreatitis (AP, ARP and CP).
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Introduction

An increasing incidence of acute pancreatitis (AP)
in pediatric patients has been evident over the past three
decades.'™ Pancreatitis has been reported in all pediatric
age groups with no significant sex differences in any of the
age groups.”®* The INSPPIRE (INternational Study Group
of Pediatric Pancreatitis: In Search for a CuRE) Group
has categorized AP, acute recurrent pancreatitis (ARP),
and chronic pancreatitis (CP) based on the natural history
of the disease.®” Studies have reported that 12.2-34.5%
of children with AP have recurrence of the disease.®®’
The incidences of ARP and CP are in children, however,
both ARP and CP in children are believed to be a disease
continuum, and both show strong associations with genetic
mutations and involve substantial disease burden."®" This
article provides a pictorial review of imaging modalities and
findings related to the clinical course and various etiologies
of pediatric pancreatitis (AP, ARP and CP) based on cases

at our institution.

Imaging modalities

Based on the INSPPIRE diagnostic criteria for
pancreatitis, imaging findings help fulfill the diagnosis of
AP in cases of atypical clinical context, while completing
the major diagnostic criteria for CP, to avoid the risk of
performing an unnecessary pancreatic biopsy. Imaging
modalities are also able to give a better picture of the
severity and complications of AP. As a rule of thumb, the
higher the grade of pancreatitis, the more likely it is for
complications to occur. AP complications vary from local
to systemic complications such as, systemic inflammatory
response, disseminated intravascular coagulopathy and/
or organ failure. The local complications which can be
assessed by imaging include acute fluid collections,

pseudocysts, abscesses, pancreatic/peripancreatic necrosis,
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disconnected ducts, renal, splenic, or portal vein thrombosis,

and splenic and/or gastroduodenal pseudoaneurysm.13

Plain radiography

The plain radiograph AP findings are nonspecific
including localized bowel ileuses. Certain findings such
as a Colon Cutoff sign are suggestive." Upper abdominal
calcifications such as pancreatic parenchymal calcifications,

gallstones or biliary tract stones may also be present.”

Ultrasound (US)

US is usually the first imaging modality utilized
to assess children with suspected AP due to the lack of
ionizing radiation and without sedation required.”® The
reliable US findings in AP are enlarged pancreatic size

'%"® The cut-off diameter of

and pancreatic duct dilatation.
the dilated pancreatic duct to indicate AP is age-matched,
as more than 1.5 mm in 1-6 years of age, >1.9 mm in
7-12 years of age and >2.2 mm in 13-18 years of age
are associated with the presence of AP."® Pancreatic
echogenicity is unreliable for detecting AP."® In cases of CP,
the sonographic hallmarks include pancreatic calcifications,
glandular atrophy, fatty replacement and/or fibrosis.”® US is
also helpful in detecting choledochal cysts (CC), gallstones,
and pseudocyst formation with a high degree of sensitivity
(92.0%).° The overall sensitivity of US in detecting AP in
pediatric patients is only 52.0-57.0%.7"** The main limitation
of pancreatic US is bowel gas can obscure the pancreas.”
Another modality is endoscopic US (EUS), which offers

diagnostic and therapeutic interventions.*

Computed tomography (CT)
Contrast enhanced CT (CECT) provides 78.0%
sensitivity in detecting pancreatitis.”’ CECT is recommended

in cases of AP with atypical or delayed presentation. CECT
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can detect pancreatic necrosis, pancreatic pseudocysts,
and underlying biliary disease or anatomic abnormalities.”
Balthazar et al. developed a computed tomography severity
index (CTSI) based on the appearance of the pancreas and
the extent of necrosis in the setting of AP.*® The CTSI is
superior to clinical scoring systems for early recognition of
the complications and mortality in AP patients (sensitivity
81.0%, specificity 76.0%, positive predictive value 62.0%,
negative predictive value 90.0%).”” Concordance between
the CTSI and revised Atlanta classification for pediatric
AP severity is still controversial, particularly in severe

28,29

pancreatitis. The main disadvantages of CECT in the

pediatric population are difficulty in evaluating the ductal

anatomy and radiation exposure.**”’

Regarding the concern
over radiation exposure, CECT is only recommended when
the patient’s clinical condition deteriorates or is persistently

severe.”

Magnetic resonance imaging (MRI)/MR cholangio-
pancreatography (MRCP)

MRI/MRCP provides improved visualization of
the biliary and pancreatic ductal anatomy, while avoiding
radiation exposure.” In AP, MRI may be more sensitive
than CECT in evaluating necrotic tissue.*** MRCP is
able to detect the etiology of pancreatitis including bile
duct stones, CC, and pancreaticobiliary anomalies.?®*
The detection rate for CC is 96.0% while the sensitivity,
specificity, and accuracy for detecting ductal anomalies are
83.0%, 90.0%, and 86.0%, respectively.” Sometimes the
MRI may be limited due to extensive obscuring edema in
AP. In CP, MRCP helps to demonstrate pancreatic duct
abnormalities including dilatation, irregularities, or strictures

1250 The drawbacks of

and detect pancreatico-pleural fistula.
MRI are the long scanning time, sedation and its limitation
in detecting the small caliber pancreaticobiliary ducts,

especially in neonates and young infants. Manganese and
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ferrous concentrated oral contrast agents or pineapple or
blueberry juices administered within 30 minutes before
scanning have been suggested to improve pancreaticobiliary
ductal visualization by reduction or elimination of the bright

fluid signal intensity of any overlapping fluid—filled bowel.***

Etiologies of pediatric pancreatitis

The causes of pediatric pancreatitis are different from
adults, in whom the usual causes are gallstones and alcohol
consumption. The reported etiologies of AP in children are
drugs, trauma, systemic disease, structural abnormalities
such as CC and abnormal union of the pancreaticobiliary
junction. The biliary causes and anatomic abnormalities
are more frequent in Asian children while idiopathic and
familial causes are more pronounced in Western children.*
It is now known that idiopathic and familial pancreatitis are
most likely related to genetic mutations.*’ It is important to
diagnose CP in children because of long term pancreatic
exocrine and endocrine insufficiencies as well as the higher
risk for pancreatic malignancy.”* In pediatric ARP-CP
patients, genetic factors account for about two-thirds of
the underlying causes while obstructive lesions of the
pancreas are responsible for the rest.” The major etiologies

of pediatric pancreatitis are discussed in detail following.

Biliary Pancreatitis
Gallstones and bile duct stone
Gallstone is an uncommon cause of AP in children
and is found usually only in the presence of predisposing
factors.”' Bile duct stones occur in 2.0-6.0% of children with
gallstones, often in association with jaundice or pancreatitis
or, and structural anomalies in the pancreaticobiliary

system.*"*

US is the modality of choice for the detection
of gallstones.” CT or MRCP are also useful in detecting

biliary stones.*
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Pancreaticobiliary structural abnormalities

The incidences of pediatric AP concomitant
with pancreaticobiliary structural abnormalities have been
reported at 43.0% and 74.0% of cases.** The spectrum
of embryological malformations of the pancreaticobiliary
ductal system causing pancreatitis includes anomalous
pancreaticobiliary ductal union (APBDU), CC, and pancreatic
divisum (PD).

APBDU is defined as a junction of the pancreatic
duct and common bile duct located outside the duodenal
wall, forming a long common channel (LCC).* (Figure 1-
Figure 3). A common channel measuring more than 5
mm would be considered abnormal in children.* Only
7.3% of clinically diagnosed AP with APBDU cases had
intraoperative evidence of pancreatic inflammation, the
condition is probably caused by transient obstruction of an
LCC or distal bile duct due to protein plugs.46 This most likely
explains why most APs resolve spontaneously or improve
after a short period of conservative treatment, as shown
by radiographic findings.* (Figure 2A-D, Figure 3A-D).

CC manifests as an abnormal disproportionate
cystic dilatation of the bile ducts and is classified by Todani’s
classification.”” Although the pathophysiology of CC is
still unclear, it is widely accepted that CC arises from an
APBDU, particularly an LCC, which is seen in 50.0-80.0%
of patients.”® The sphincter of Oddi (SO) cannot extend
to cover the entire length of the LCC, thus allowing reflux
of the pancreatic juice into the bile duct (Figure 1) and
leading to consequent inflammation and weakening of the
bile duct wall.***® For CC patients without an APBDU, the
primary SO dysfunction accounts for the cause of CC.*
Studies have found that in around half of the children with
CC types la, Ic, IVa, or IVb, the CC were associated with
an APBDU”™ (Figure 2A-D, Figure 3A-D). Because of
the close relationship between APBDUs and CCs, both
conditions share the same mechanism that leads to

pancreatitis.”
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PD is the presence of a persistent accessory
ampulla with the dorsal pancreatic duct that drains the major
portion of the pancreas. This smaller ampulla is prone to
obstruction and stenosis, which may result in pancreatitis*
(Figures 4A, B and C). However, the frequency of identified
PD in pediatric ARP-CP patients (8.0-9.0%) does not differ
from the general population, and therefore, PD alone may
not be causative of ARP-CP. Further investigations for
other causes of ARP-CP are still warranted.”

MRCP has an important role in the detection
APBDU, CC, and PD. The diagnostic accuracy of MRCP
is 100% in patients with CC, while it ranges from 40.0-
80.0% in APBDU.** CC larger than 3 cm in size or with
a large inferior extension can obscure the ampullary region
and the SO spasms can cause an artificially short common

channel.***
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Figure 1 Sphincter of Oddi
(A) Normal sphincter of Oddi covers both the
common bile duct and pancreatic duct openings
located in the duodenal wall. (B) Sphincter of
Oddi cannot extend around the long common

channel located outside the duodenal wall.
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Figure 2 A 5-year-old girl with chronic pancreatitis due to anomalous pancreaticobiliary ductal union and non-
stenotic long common channel. The patient’s serum amylase was 359 U/L. (A) An US image shows
pancreatic atrophy (arrows) and dilated pancreatic duct (cross-hairs). (B) An axial contrast-enhanced
computed tomography shows pancreatic atrophy with dilated pancreatic duct (arrow) and pancreatic
pseudocyst (asterisk). (C) A thick-slab magnetic resonance cholangiopancreatography image shows
the pancreatic duct (thick arrow) and the common bile duct (thin arrow) joining into a 7-mm long, non-
dilated long common channel (cross-hairs). The asterisk shows a drainage catheter draining the

pseudocyst.
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Figure 3 A 2-year-old girl with acute pancreatitis due to choledochal cyst type 1 and anomalous pancreaticobiliary
ductal union and dilated long common channel. The patient’s serum amylase was 367 U/L and serum lipase
2,918 U/L. (A, B, C) Ultrasonographic images show diffusely enlarged pancreas (cross-hairs) with dilated
main pancreatic duct (arrows), dilated common bile duct (6 mm), and thickened gallbladder wall with bile
sludge (asterisks). (D) A maximum intensity projection 3-dimensional magnetic resonance cholangio-
pancreatography demonstrates fusiform dilatation of the common bile duct (arrowhead) joining with the non-

dilated pancreatic duct (short arrow) and the long common channel (long arrow) measuring 8-mm in length.
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CBD=common bile duct, MN=minor papilla, MJ=major papilla, S=duct of Santorini, vW=ventral duct of Wirsung, dW=dorsal duct of Wirsung,
MPD=major pancreatic duct

Figure 4 A 2-year-old girl with AP due to pancreatic divisum and choledochal cyst type 4A. (A) An axial T2-weighted
magnetic resonance image with fat saturation and (B) thick-slab magnetic resonance cholangiopancreato-
graphy image show parenchymal hyperintensity and peripancreatic fluid at the pancreatic head (arrowhead).
Focal dilated duct of Santorini (otherwise known as the Santorinicele) (short white arrow) drains into the
minor papilla while a bead-liked dilatation of the Dorsal duct of Wirsung (long white arrow) separately
drains into the major papilla. Dilatation of the common bile duct (black arrow) and the proximal portion of
right and left intrahepatic ducts (asterisks) can also be seen. (C) A picture illustrating the difference between
normal pancreatic duct anatomy and pancreatic divisum. Normally, the main pancreatic duct is composed of
the dorsal duct of the pancreatic body and a tail connected with the ventral duct of Wirsung at the pancreatic
head and the uncinate process, then opening into the major papilla along with the common bile duct.
The accessory duct of Santorini can be absent, or if present, will drain into the minor papilla. In pancreatic
divisum, the major pancreatic duct drains via the smaller accessory duct of Santorini, then opens at the minor
papilla, while the ventral duct of Wirsung separately opens at the major papilla without connecting with the
main pancreatic duct.

Journal of Health Science and Medical Research 101 J Health Sci Med Res 2022;40(1):95-109



Imaging of Pancreatitis in Children

Genetic mutation-related pancreatitis

Recent studies have shown that pediatric ARP
and CP patients are likely to have underlying genetic
predispositions which were previously categorized as
idiopathic or hereditary pancreatitis. The widely-known
pancreatitis-related mutations include cystic fibrosis
transmembrane conductance regulator, cationic trypsinogen
(PRSSH1), serine protease inhibitor Kazal-type 1 (SPINK1),
chymotrypsin C (CTRC) and carboxypeptidase 1 (CPAT1).**%%%
The main pathophysiology of genetic mutation is that the
pancreas is auto-digested by various mechanisms such as
disturbing the normal trypsin pathway, lacking in dilution
and alkalinization of the pancreatic secretions or inducing

endoplasmic reticulum stress.***"* Up to 80.0% of hereditary

Chittchang C, et al.

pancreatitis cases show PRSS1 mutation, while SPINKI1
mutation is likely a disease modifier when concomitant with
other genetic mutations and environmental factors.***
Imaging of genetic mutation-related pancreatitis depends
on the stage of disease (Figure 5A-D). MRCP and genetic
tests are recommended in every pediatric patient with ARP

or lack of an obvious etiology of pancreatitis.

Traumatic pancreatitis

Blunt abdominal trauma is one of the leading causes
of pediatric pancreatitis and pancreatic pseudocyst. Bicycle
and vehicle injuries as well as sports injuries are common
in children, and child abuse may result in pancreatitis in

60-62

infants The pancreas is vulnerable to crushing injury in

Figure 5 An 11-year-old boy with serine protease inhibitor Kazal-type 1 gene mutation-related chronic pancreatitis.

(serum amylase=879 U/L and pleural-fluid amylase=4,079 U/L). The patient developed a pancreaticopleural

fistula and pancreatic pseudocyst with mediastinal extension as complications. (A) An axial T2-weighted

image with fat saturation shows diffuse thinning of the pancreatic parenchyma (short arrow) with a

dilated pancreatic duct (long arrow). A pancreatic pseudocyst (asterisk) with internal debris or bile sludge is

also present. (B) A maximum intensity projection 3-dimensional magnetic resonance cholangiopancreato-

graphy demonstrates discontinuation of the non-dilated proximal pancreatic duct (short white arrow)

and the dilated distal pancreatic duct (long white arrow), indicating pancreatic duct disruption. Mediastinal

extension of the pseudocyst (asterisks) with bilateral pleural effusions (arrowheads) are also present. The

common bile duct (dark arrow) is not dilated.
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blunt trauma due to impact against the adjacent vertebral
column.® Pancreatic injuries may result in death due to
associated vascular injuries, and delayed morbidity and
mortality. In the acute clinical setting, US and CT are the
modalities of choice. Findings of acute pancreatic injuries
in CT vary from enlarged edematous pancreas and
parenchyma laceration/ fracture to pseudocysts (Figures 6A,

B). MRCP is useful in evaluating pancreatic duct injuries.”

Systemic causes of pancreatitis

A long list of systemic diseases can attribute to AP,
including Reye syndrome, systemic lupus erythematosus
(SLE), polyarteritis nodosa, juvenile rheumatoid arthritis,
sepsis, multiple organ failure, organ transplantation,
hemolytic-uremic syndrome, Henoch-Schoenlein purpura,
Kawasaki disease, inflammatory bowel disease, chronic
intestinal pseudo-obstruction, gastric ulcer, anorexia

nervosa, food allergy, cystic fibrosis, and infectious

agents such as rotavirus and the varicella virus.*** Other

Chittchang C, et al.

systemic conditions such as burns (Figure 7A) or metabolic
abnormalities including hypercalcemia, hypertriglyceridemia,
diabetic ketoacidosis, and inborn errors of metabolism
have also been found to be associated with AP.* Most
pediatric AP patients with systemic causes show complete
recovery after conservative treatment and good control of

the causative disease.

SLE

SLE-related pancreatitis can occur as early as the
initial manifestation of SLE or during the active disease
course (Figure 7B). The exact pathogenesis is not well
understood but vascular complications from vascular
injury or occlusion is one possibility. A diagnosis of SLE-
related pancreatitis should be made only after excluding
mechanical and toxic metabolic etiologies of pancreatitis
such as hypertriglyceridemia or a medication-related cause.

Corticosteroids are reported to be an effective treatment

for SLE-related pancreatitis.*

Figure 6 Different stages of pancreatic injuries. (A) A 7-year-old boy with acute pancreatic injury due to a motorcycle

accident. (serum amylase=496 U/L). An axial contrast-enhanced computed tomography image shows a

laceration at the pancreatic body and contusion at the pancreatic body-to-tail (short arrows). Peripancreatic

hematoma and fluid can also be seen in the lesser sac (f). A splenic laceration (long arrow) is also present.

(B) A 2-year-old girl with an occult pancreatic injury after a car accident 3 weeks earlier. A pancreatic

pseudocyst (c) is noted while the pancreas (p) appears normal.
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Figure 7 Systemic causes of pancreatitis (A) A12-year-old female developed acute pancreatitis during her admission
in the intensive care unit due to 60.0% second to third degree burn. (serum amylase=90 U/L, serum lipase
=154 U/L). An axial contrast-enhanced computed tomography image shows multiple rim-enhancing fluid
collections (asterisks) at the lesser sac and the left anterior pararenal space, with peripancreatic fluid
(short arrows). The pancreatic duct (long arrow) is also dilated. (B) A 14-year-old girl with active systemic
lupus erythematosus who presented with acute pancreatitis. An axial contrast-enhanced computed tomography
shows multiple pseudocysts (asterisks) at the peripancreatic region. The pancreas (p) is enlarged.
Massive ascites and pericardial effusion (stars) are noted. (C, D) A 9-year-old boy with Burkitt’s lymphoma
mimicking acute pancreatitis. (serum amylase=758 U/L, serum lipase=1,887 U/L). An axial contrast-enhanced
computed tomography (C) and coronal source image of magnetic resonance cholangiopancreatography
(D) shows markedly enlarged pancreatic head and body (p) obstructing the distal common bile duct (long
white arrow). Distended gallbladder (g) and dilated intrahepatic duct (short arrow) are also seen. Right
renal involvement is seen as focal hypodensity (dark arrow).
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Lymphoma

Burkitt lymphoma, an aggressive B-cell non-
Hodgkin’s lymphoma (NHL), has been reported to involve
the pancreas in children. Only 0.2-2.0% of patients with NHL
have pancreatic involvement at presentation, with diffuse
large B-cell lymphoma as the predominant type.* Imaging
findings of pancreatic lymphoma can mimic AP including
focal or diffuse enlargement of the pancreas and abnormal
parenchymal lesion, which appears very hypoechoic in US,
homogeneously hypodense in CT, and of intermediate-
signal intensity in MRI. Peripancreatic inflammation can

also be seen®® (Figure 7C, D).

Drug-induced pancreatitis

Several drugs can cause pancreatic toxicity,
including L-asparaginase (L-Asp), steroids, valproic acid,
azathioprine, mercaptopurine, mesalazine, cytarabine,
salicylic acid, indomethacin, tetracycline, chlorothiazide,
isoniazid, anticoagulant drugs, borate, and alcohol. Drug-
induced pancreatitis particularly affects in children with acute
lymphoblastic leukemia (ALL) receiving L-Asp therapy, with
a higher incidence ranging from 2.0-16.0%.* One study
reported a higher mortality rate in children with ALL who had
AP than those without AP (43.8% vs. 19.3%, respectively).®
Drug-induced pancreatitis also demonstrates a wide
spectrum of disease manifestations, from subclinical AP to
fatal hemorrhagic pancreatitis AP** (Figure 8). Recurrence
of pancreatitis has been reported in up to 63.0% of patients

following re-exposure to L-Asp.”’

Autoimmune pancreatitis

Autoimmune pancreatitis is defined by marked
fibrosis and the infiltration of clusters of differentiation
4-positive T-lymphocytes and immunoglobulin G4
(IgG4)-positive plasma cells around the pancreatic duct.*
Autoimmune pancreatitis is increasingly encountered in

adults, but a few cases have also been reported in children
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and adolescents.®® Common imaging findings include focal
or diffuse enlargement of the pancreas, peripancreatic
hypodense or hypointense rim on contrast-enhanced CT
or MRI, as well as bile duct dilatations and strictures.*®®
Improvement of radiographic findings of AP after steroid

therapy may indicate autoimmune pancreatitis.**

Figure 8 An 11-year-old-girl with underlying acute

lymphoblastic leukemia, B-cell type developed
L-Asparaginase- induced acute pancreatitis.
(serum amylase=860 U/L and serum lipase=2,586
U/L). An axial contrast-enhanced computed
tomography image shows diffusely edematous
pancreas (p) with focal non-enhanced necrotic
tissue (asterisk), compatible with acute necrotizing
pancreatitis. Peripancreatic fluid (arrow) is also

seen.

Infectious disease associated pancreatitis

Various infectious agents including viruses (mumps,
varicella-zoster virus, coxsackievirus, cytomegalovirus,
hepatotropic virus, human immunodeficiency virus, herpes
simplex virus, hepatitis A virus and other viruses); bacteria
(mycoplasma, salmonella, legionella, and leptospira); fungi

(aspergillus); and parasites (toxoplasmosis, cryptosporidium,

J Health Sci Med Res 2022;40(1):95-109
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and ascaris) have been implicated as the cause of
pancreatitis in about 10.0% of all pancreatitis cases.’****"
However, we still lack evidence as to whether treating the
infectious process will improve the clinical outcome. AP has
also been reported after viral vaccines such as Mumps,

Mumps-Measles—Rubella and Hepatitis A and B.”

Conclusion

Pediatric pancreatitis is classified into AP and
ARP-CP by the INSPPIRE Group. Imaging modalities
play an important role in the assessment of severity
and complications in pediatric AP, and imaging findings
have become the diagnostic criteria in pediatric CP. The

etiologies of pediatric pancreatitis are diverse and unique.

Chittchang C, et al.

The algorithm for evaluation of and approach to pancreatitis
in children categorized by clinical subgroups is shown in
the diagram 1. Knowledge regarding the natural history
of pediatric pancreatitis and the appropriate imaging
investigation are important in achieving prompt and proper

management of children with pancreatitis.
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Diagram 1 Diagrammatic summary of the steps for evaluation of and approach to pediatric pancreatitis categorized by clinical

subgroups.
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