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Abstract

Purpose of Review Acute pancreatitis (AP) is an increasingly recognized disorder in the
pediatric population. Despite the increasing incidence of AP in children, most manage-
ment recommendations are based on extrapolated data from adult studies (despite having
distinctly different etiologies and clinical courses). The purpose of this paper will be to
review the etiology, diagnosis, and complications of AP in children and to discuss current
recommendations for the management of pediatric AP, including areas of future research.
Recent Findings Treatment of pediatric AP ismainly supportive, centered around hydration, pain
control, and nutritional support while monitoring for potential complications. Aggressive fluid
resuscitation with crystalloid is critical in the treatment of AP, with recent studies supporting the
use of lactated ringers over normal saline. Adequate pain control should be achievedwith the use
of opioid sparing agents, reserving opioids for those not responding to non-opioid analgesia.
Early enteral nutrition should be adopted and is associated with improved outcomes.
Summary Increasing awareness of pediatric acute pancreatitis had led to recent advance-
ments in understanding the epidemiology, risk factors, genetics, and natural history of AP
in children. However, future multicenter prospective and randomized controlled studies
are needed to better understand and optimize the treatment of pediatric AP.

Introduction

Recently, there has been a growing interest in pediatric
acute pancreatitis (AP), as the incidence of AP in children
has been on the rise over the last two decades. It is
estimated that AP affects 3–13 per 100,000 children each
year, approaching the incidence seen in adults (5–40 per
100,000 persons per year) [1, 2]. It is unclear why this
trend has been observed but is likely multifactorial and
not solely due to improved diagnostic methods [3].

While most cases of pediatric pancreatitis are mild, a
subset of patients develop severe pancreatitis, which can
be associated with significant morbidity and mortality
[4]. Additionally, there are no validated tools to predict
which patients will have a mild or severe course. Until
recently, most of the guidelines for the management of
pediatric AP had been based on extrapolated data from
adult studies. Recognizing the need for pediatric specific
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treatment recommendations, new guidelines have been
developed for the diagnosis andmanagement of pediatric
AP [5••, 6]. This paper will review the etiology, diagnostic

approach, and complications of AP in children and dis-
cuss the current recommendations for the management
of pediatric AP including areas of future research.

Definition

Acute pancreatitis is the reversible process of inflammation within the parenchyma
of the pancreaswith variable degrees of edema, necrosis, and/or hemorrhage [7]. In
2012, the INSPPIRE (International Study group of Pediatric Pancreatitis: In Search
of a CuRE) group proposed diagnostic criteria for AP in children,modeled after the
Atlanta criteria used in adults [8••], which has since been widely adopted [9]. It
defines pediatric AP as a clinical diagnosis having at least 2 of the following: (1)
abdominal pain compatiblewith AP (2) serumamylase and/or lipase value at least
3 times greater than the upper limit of normal or (3) imaging findings compatible
with AP. Acute recurrent pancreatitis (ARP) is defined by 2 distinct episodes of AP
separated by either (1) complete resolution of pain or (2) complete normalization
of amylase and/or lipase between AP episodes. Additionally, chronic pancreatitis
(CP) is defined by having at least one of the following: (1) pancreatic abdominal
pain and radiographic findings of chronic pancreatitis OR (2) exocrine pancreatic
insufficiency and radiographic chronic pancreatitis OR (3) endocrine pancreatic
insufficiency and radiographic chronic pancreatitis.

The severity of AP can be classified as mild, moderate, or severe. While rare,
severe acute pancreatitis (SAP) has been defined as AP with multisystem organ
failure or local/systemic complications [8••]. Unlike adults in which there are
validated clinical scoring systems (Ranson criteria, APACHE-II, and Glasgow,
BISAP) [10, 11] that predict disease severity, these scoring systems do not accurately
predict severity in pediatric AP [10, 12]. Pediatric specific scoring systems have been
created, including the Pediatric Acute Pancreatitis Severity (PAPS) score, but these
have low sensitivity in predicting SAP in children [13]. Radiographic scoring
systems, such as the computed tomography severity index (CTSI or Balthazar
score), have shown to be superior to clinical scoring systems in adults [14] and
have also demonstrated superiority to clinical scoring systems in predicting disease
severity in children, with sensitivity of 81% and specificity of 76% [15]. However,
CTSI is an undesirable scoring system in children given the associated radiation
exposure. There are known independent risk factors for the development of SAP in
children, which include elevatedWBC, elevated BUN, and low albumin [5••]. The
systematic inflammatory response syndrome (SIRS) score is a simple widespread
scoring tool that has also been shown to successfully predict disease severity in
children. One study demonstrated that having a score of 2 or greater on admission
was associated with increased risk of ICU admission and longer length of stay [16],
findings which have been supported by other studies [17]. However, there is a clear
need for a validated scoring system to risk stratify children with AP.

Etiologies

Unlike adults where the majority of AP is due to alcohol or gallstones [18],
pediatric AP is associated with numerous distinct etiologies. These include
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systemic illness, biliary disease, congenital anatomic variants, medications,
trauma, metabolic conditions, and genetic predispositions (Table 1).

Among the known causes of AP in children, medications and biliary disease
(such as cholelithiasis) are among the most common etiologies [1, 19]. A list of
the most commonmedications which can cause pancreatitis are seen in Table 1
[19, 20]. Systemic illnesses, traumatic injury, metabolic conditions, and various
infections can also predispose to the development of AP. Rare etiologies include
congenital malformations, or specific gene mutations.

Most pediatric pancreatologists would recommend obtaining liver transam-
inases, serum triglyceride and calcium levels, and abdominal ultrasound (US)
as part of their routine evaluation for a child presenting with AP with unclear
etiology and negative family history. The use of advanced imaging such as
magnetic resonance cholangiopancreatography (MRCP) and genetic testing
should be reserved for patients presenting with ARP or chronic pancreatitis
(CP) [8••]. Despite increased knowledge on the various etiologies of AP, a
sizeable percentage (10–25%) of pediatric AP is defined as idiopathic where
patients will have no identifiable cause [21–23].

Evaluation

Acute pancreatitis is a clinical diagnosis based on clinical presentation, serum
biomarkers, and/or radiographic imaging. Pediatric AP should be suspected in
patients who present with compatible symptoms, including abdominal pain,
epigastric tenderness, nausea, and vomiting. The most common findings in
older children are pain and epigastric tenderness [24], whereas younger children
more commonly present with vomiting and irritability [4]. Infants can present
solely with fever [4]. Given that symptoms are often nonspecific and can be
subtle, the diagnosis requires a high index of suspicion. This is most relevant in
pediatric patients who are non-verbal, noncommunicative, or have some degree
of developmental delay. Subtle changes in feeding or feeding intolerance, along
with vital sign abnormalities, should alert the evaluating clinician. The most
common biomarkers used for the diagnosis of AP include serum lipase and
amylase. Both amylase and lipase are elevated early on in the disease course;
however, lipase alone may be enough to diagnose AP as some studies have
shown increased sensitivity and specificity as well as longer time to return to
baseline as compared to amylase. Multiple studies have assessed the accuracy of
serum lipase and amylase levels for AP and found conflicting results, but
overall, the sensitivity of lipase and amylase in diagnosing AP in children
appears to range from 77 to 95% and 39 to 85%, respectively [1, 25]. It is also
important to note that elevations in amylase and lipase can also be observed in
other non-pancreatic conditions, including liver disease, renal failure, intestinal
inflammation, diabetic ketoacidosis (DKA), and trauma [1]. Other common
biomarkers obtained as part of the initial evaluation of AP include hepatic panel,
serum triglycerides, and calcium level [8••]. A complete blood count with differ-
ential can identify a leukocytosis, which may suggest an infectious etiology. This is
relevant when patients may present with a fever or viral prodrome. An extensive
electrolyte panel or serum chemistries can be useful in identifying any electrolyte
abnormalities, such as hyponatremia, which can be seen in early AP. Glycemic
control can be impaired, especially in cases with co-existing pancreatic diseases
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Table 1. Etiologies of acute pancreatitis in children

Pancreaticobiliary Cholelithiasis

Microlithiasis/biliary sludge
Pancreas divisum

Choledochal cyst
Anomalous pancreaticobiliary junction

Annular pancreas

Pancreatic mass

Medications Valproic acid

L-asparaginase

Steroids

Mesalamine

Trimethoprim/sulfamethoxazole

6-Mercaptopurine or azathioprine

Furosemide

Levetiracetam

Antiretrovirals

Systemic Sepsis/shock

Acute liver failure

Hemolytic uremic syndrome

Inflammatory bowel disease

Systemic lupus erythematous

Collagen vascular disease

Kawasaki disease

Anorexia nervosa

Trauma Blunt injury

Duodenal hematoma

Post-ERCP

Infections Mumps

Hepatitis A/E

Rotavirus

Varicella

Mycoplasma pneumonia

Adenovirus

Influenza

Epstein-Barr virus

Metabolic Diabetic ketoacidosis

Hypertriglyceridemia

Inborn error of metabolism

Hypercalcemia

Acute Pancreatitis in Children Templeton and Grover 49



such as type I diabetes or patients in DKA. A serum blood urea nitrogen (BUN),
hematocrit (HCT), and creatinine (Cr) can also give insight to the degree of
hemoconcentration a patient with AP is experiencing. Patients who are
hemoconcentrated have been demonstrated to have more severe disease, and the
BUN and HCT have been reported as single predictors of severe disease [26].

Imaging in AP

The use of imaging is not necessary for the diagnosis of AP in patients who
present with abdominal pain and elevated lipase or amylase. It becomes useful
in cases where there are signs of severe disease or if there is suspicion of an
obstructive etiology, such as biliary disease. Transabdominal ultrasound (US) is
often recommended as a first line imaging modality given its widespread
availability, safety profile, and ability to evaluate the biliary system well [27].
However, the sensitivity of ultrasound in diagnosing AP is lower compared to
contrast enhanced computed tomography (CECT) and often limited by over-
lying bowel gas [27]. CECT is considered the mainstay for imaging in AP in
adults; however, its use is limited in pediatrics due to added risk of exposing the
patient to ionizing radiation. The ability to detect pancreatic inflammation,
perfusion, and ductal anatomy, as well as the presence of peripancreatic com-
plications, such as evolving necrosis or fluid collections in a very quick manner,
makes it a useful tool in cases where US is inconclusive and MRCP unavailable
[27]. Based on adult guidelines, optimal timing for when to obtain CECT is 72–
96 h after symptom onset in assessment of disease severity and in evaluating for
complications. Early CECT (G 72 h from presentation) is not recommended in
adults as early CT has not been shown to improve clinical outcomes and
findings may be unreliable as the full extent of pancreatic necrosis may not be
seen on CT until 72 h after attack onset [28]. Additionally, the accuracy of early
CT in predicting severity of AP in adults has been shown to be similar to clinical
scoring systems; therefore, obtaining CT at admission is not recommended for
the purposes of assessing clinical severity [29]. MRCP can provide excellent
evaluation of pancreatic tissue and fluid collections, but with the drawback of
requiring sedation in younger patients or those who cannot remain still. MRCP
with intravenous secretin administration is the best imaging tool for evaluating
the ductal system and is therefore recommended in cases where there is ductal
leak or injury or if there is suspected anatomic or obstructive ductal abnormal-
ities [28]. Endoscopic ultrasound (EUS) allows for detailed evaluation of the

Table 1. (Continued)

Genetic CFTR
PRSS1
SPINK1
CTRC
CASR
Carboxy peptidase 1 (CPA1)
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pancreas as well as the hepato-biliary system. The use of EUS has been wide-
spread and well established in adults with pancreatic and biliary diseases for
over 40 years; however, its use in pediatric patients has only recently come to
light, most likely due to size limitations of the endoscope, as well as lack of
pediatric endoscopists with expertise in performing EUS [27]. EUS has been
shown to be safe and very effective in children in evaluating for the etiology of
AP, especially gallstones pancreatitis and autoimmune pancreatitis, as well as
evaluating for parenchymal changes suggestive of chronic disease [27, 30]. EUS
also provides a modality for tissue sampling of pancreatic lesions, as well as
parenchyma. In addition to its utility in diagnosis, EUS has evolved as a
therapeutic modality in which skilled endoscopists can obtain guided tissue
samples as well as endoscopically drain fluid collections. In the case of a
pancreatic mass or suspected autoimmune pancreatitis, EUS-guided biopsy is
the preferred modality for tissue sampling [31]. EUS can also be used to
endoscopically drain pancreatic fluid collections or necrotic collections, a fa-
vorable alternative to surgical or percutaneous drainage [27].

Management

Treatment of AP is mainly supportive, with the goal to provide aggressive
hydration, adequate pain control, and early nutritional support while also
monitoring for and managing potential complications. Until recently, manage-
ment of pediatric AP has been largely influenced by data extrapolated from
adult literature. Due to the sparse guidelines for the management of AP in
children, there are wide variations in how these patients are managed [32].

Hydration

The use of aggressive fluid resuscitation is a critical component of the treatment of
AP, as it not only allows for adequate fluid balance but also prevents potential
complications. Due to the pathogenesis of AP, including arteriolar vasoconstric-
tion, increased capillary permeability, and hypercoagulable state with microvascu-
lar thrombosis, fluid resuscitation helps to prevent further tissue ischemia and
counterbalances the interstitial fluid losses that occur. In the adult literature, early
aggressive intravenous hydration is associated with improved outcomes. Currently,
recommendations for initial fluid resuscitation include providing 5–10 mL/kg/
hour until resuscitation goals are met, usually needing 2.5–4 L within the first 24 h
[28]. While there have been no studies to date comparing ideal initial resuscitation
volumes in pediatrics, current guidelines recommend 10–20 mL/kg bolus of an
isotonic solution. Additionally, there is limited data regarding ideal rate of fluid
resuscitation in the first 24–48 h, but consensus guidelines agree that children with
AP should be provided 1.5–2× maintenance IV fluids with a dextrose containing
isotonic solution after initial bolus [5••].

The type of fluids has also been debated, and the data in the pediatric
population are sparse. Crystalloid is regarded as the preferred fluid for initial
volume replacement; however, the data regarding whether to use normal saline
(NS) or lactated ringers (LR) in pediatric AP has only recently been investigated
[33•]. In adult AP, fluid resuscitation with LR has shown to reduce the incidence
of systemic inflammation compared to NS, likely by providing a more favorable
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pH buffer [34]. A recent study has also shown that the use of LRmay be preferred
over NS in pediatric AP as it is associated with shortened hospital stay [33•].
Therefore, it should be recommended that children with AP receive LR with
dextrose 5% as the preferred crystalloid for fluid resuscitation in the first 24–48 h.

The use of colloids is not routinely recommended in the initial fluid resus-
citation of AP. Based on adult data, the use of colloids (albumin, packed red
blood cells, or fresh frozen plasma) should be reserved for specific situations.
Current adult guidelines recommend its use for cases where the hematocrit is G
25% or albumin level is G 2 g/dL [28].

Monitoring for adequate fluid resuscitation is imperative during in the
initial disease course as vigorous fluid replacement is necessary to prevent
multiorgan dysfunction but can result in fluid overload and electrolyte abnor-
malities. Recommendations for monitoring include frequent vital signs check
during the first 48 h to assess for developing complications (such as SIRS and
organ dysfunction) and monitoring both urine output and BUN/Cr levels to
ensure adequate fluid resuscitation.

Pain control

Pain control is imperative in the management of AP, especially considering that
pain is the most frequent presenting symptom in children with AP [1]. Despite its
critical role in the treatment of AP, there is limited data in the pediatric literature
that shows the optimal analgesia for AP in children. Opioid sparing medications,
such as parental acetaminophen or nonsteroidal anti-inflammatory medications,
should be considered for the pain management of all pediatric patients with AP.
When pancreatitis pain does not respond to opioid sparing agents, then opioids
should be used for additional pain control. No single opiate has been found to be
superior to another for the treatment of pain in AP in adults, and there is no data to
support that opioids cause sphincter of Oddi dysfunction [35]. Thus, opioids can
be safely used for pediatric pancreatitis pain that does not respond to opioid
sparing medications, although caution should be used given the risk associated
with opioid use. Current consensus guidelines recommend that non-opioid med-
ications should be used in all children with AP, reserving opioids for those not
responding to non-opioid analgesia [5••]. Despite recommendations, a recent
study demonstrated that pediatric pancreatitis pain is treated far more frequently
with opioids compared to non-opioids, and over 50% of patients receive opioids
alone for analgesia [36•]. This further highlights the need for future prospective
studies to determine the optimal pain management in pediatric AP.

Nutrition

Historically, management of AP included keeping patients nil per os in an effort
to “rest the pancreas” and reduce ongoing pancreatic injury and subsequent
systemic inflammatory response. However, this practice is no longer supported
after systematic review of multiple randomized controlled studies demonstrat-
ed that early enteral nutrition is associated with improved outcomes in AP [37].
Early enteral nutrition is thought to preserve the integrity of the intestinal
mucosa and prevent bacterial translocation, thus decreasing the risk of infection
and mortality [38]. It was also previously thought that enteral feeds should be
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given straight into the jejunum (through nasojejunal feeding tube) rather than
into the stomach, similarly with the thought of bypassing the pancreatic duct to
decrease pancreatic enzyme release and therefore “rest the pancreas.” However,
systematic review of the literature has shown no difference in outcomes be-
tween receiving nasogastric versus nasojejunal feeds [39].

Children with mild AP should be started on a regular diet as early as
possible, ideally within the first 24–48 h of admission. Early enteral nutrition
in childrenwithmild AP is associated with shorter hospital stay, less admissions
to an intensive care unit, and lower rates of progression to SAP [40•]. Addition-
ally, early enteral nutrition is well tolerated and has not been shown to be
associated with increased pain [41].

Children with SAP should also receive early enteral nutrition, preferably
within 72 h of admission. While there is no pediatric data examining early
enteral nutrition in SAP, adult data has shown that early enteral nutrition
(within 48 h of admission) in patients with SAP is associated with reductions
in both infections and mortality compared to those receiving delayed enteral
nutrition. It is therefore recommended that children with SAP should receive
early enteral nutrition once deemed hemodynamically stable [42]. Additional-
ly, children with SAP can be safely fed orally or by nasogastric tube and should
reserve the use of nasojejunal tube for children who cannot tolerate nasogastric
feeds. In children who are unable to tolerate enteral nutrition for a prolonged
period, then parental nutrition should be considered. However, enteral nutri-
tion should be started as soon as possible, as a combination of enteral and
parental nutrition is preferable to parental nutritional alone [42].

Antibiotics

The role of antibiotics in adults have been studied extensively as approximately 30%
of patients with necrotizing pancreatitis will develop infected necrosis, which is
associated with significant morbidity and mortality [43]. Identifying patients at risk
for infected necrosis is difficult as the adult literature has shown no correlation
between extent of necrosis and the risk of infection [44] and the risk of infected
necrosis is relatively rare early in the disease course (first 7 days) [45]. Despite the
high mortality rate of infected pancreatic necrosis, systematic analysis of the adult
literature has shown that there is no benefit of prophylactic antibiotics [46]. While
there have not been any studies in children examining antibiotic use in AP, prophy-
lactic antibiotic use is not recommended in themanagement of pediatric AP. In cases
in which either infected pancreatic necrosis or extra-pancreatic infection is suspected,
then antibiotics should be used [5••]. Infected pancreatic necrosis should be
suspected in patients with fevers, leukocytosis, bacteremia, worsening clinical status,
or imaging demonstrating gas within a pancreatic/peripancreatic collection.

Therapeutic interventions

Due to the advances of improved imagingmodalities as well as increased use of
endoscopic ultrasound (EUS), ERCP is now used primarily for therapeutic
interventions and rarely used for diagnostic purposes. The indications for ERCP
in pediatric AP include biliary pancreatitis, pancreatic ductal stones, or pancre-
atic duct leaks/fistulas or strictures [47].
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The role of surgery in the management of pediatric AP is limited and not
routinely necessary. In cases of pancreatitis due to gallstones or biliary sludge,
cholecystectomy should be done to prevent recurrence. Cholecystectomy
should be done early, ideally during the same hospitalization for mild gallstone
pancreatitis, due to the risk of recurrence with interval cholecystectomy [48•].

In cases of mature fluid collections (such as a pseudocyst or walled off
necrosis), therapeutic drainage may be necessary. Asymptomatic pancreatic
fluid collections (PFCs) should be managed conservatively; however, symp-
tomatic PFCs require therapeutic drainage [49]. Drainage of PFCs can be done
endoscopically, percutaneously, or surgically. Historically, surgery was the pre-
ferred management of PFCs, which included open or laparoscopic cyst
gastrostomy for drainage of pseudocysts and necrosectomy for walled off
necrosis [50]. However, with advancement in endoscopic therapies and tech-
niques, studies have demonstrated improved outcomes with endoscopic drain-
age as compared to surgery and have become the preferred initial treatment
approach [50–52]. Additionally, surgical debridement (necrosectomy) for pan-
creatic necrosis has been shown to carry a high mortality risk, especially when
done early on in the disease course [53]. Randomized control studies have
shown that in adults, the step-up approach reduces mortality rates, in which
endoscopic or percutaneous drainage is attempted first followed by surgery if
necessary for themanagement of infected pancreatic necrosis [54••]. Endoscop-
ic drainage of PFCs is usually done under EUS guidance, allowing the
endoscopist the ability to confirm the location and adequate wall maturity of
the collection as well as identify and avoid vascular structures between the cyst
and gastric lumen [50]. EUS-guided cystogastrostomy involves creating a fistula
between the gastric lumen and cyst cavity and deployment of plastic or metal
stent to facilitate continuous drainage [50]. The use ofmetal stents offers several
advantages, which includes larger luminal diameter and shorter procedural
time as they only require a single access point into the cyst [50]. More recent
advancements include the development of lumen-apposing metal stents
(LAMS), which is characterized by a “dumbbell” configuration with two flanges
on either side of the stent to avoid stent migration and a large luminal diameter
for improved endoscopic drainage [55, 56]. The use of LAMS for EUS-guided
drainage in pediatric patients has been shown to be safe and effective, with high
rates of technical and clinical success [57].

Outcomes

The majority of AP in children are mild with return of normal pancreatic
parenchyma within 6 months. Those with SAP account for a small fraction of
all AP cases in children, but those patients have a much more prolonged course
with associated complications [1]. Complications of AP in children are similar
to those complications seen in adults. These include both local and systemic
complications. Systemic complications include pulmonary edema, coagulopa-
thy, acute renal failure, sepsis, and multiorgan failure. Local complications
include peripancreatic fluid collection, pancreatic pseudocyst, pancreatic necro-
sis (sterile or infected), and walled off necrosis.

Pancreatic fluid collections are common and can be seen in approximately
60% of patients [49, 58]. Classifications of fluid collections are based upon the
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nature of the fluid collection as well as its duration [59]. Acute peripancreatic
fluid collections occur in the setting of interstitial edematous pancreatitis and
can mature into pseudocyst (usually after 4 weeks), and similarly acute necrotic
collection can mature into a walled off necrosis (usually after 4 weeks) [59].
Pancreatic fluid collections often resolve spontaneously but may require inter-
vention if they cause persistent symptoms or if there is evidence of a compli-
cated pseudocyst. Pancreatic necrosis is a relatively rare complication in chil-
dren, but when it occurs, it can mature into a walled off necrotic collection
(WON). The management of pseudocyst and WON includes drainage of the
collection. This can be done either through endoscopic ultrasound-guided
drainage, percutaneously or surgically.

While most cases of AP in children resolve without additional attacks or
long-term sequelae, approximately 10–35% of children will have another
attack. Recent data has demonstrated that the progression from acute to acute
recurrent pancreatitis (ARP) can occur in as little as 5 months and that 20–40%
of children with ARP ultimately progress to chronic pancreatitis within 2–5
years [60, 61]. Risk factors for the development of ARP include underlying
genetic predisposition, anatomic abnormalities, and the occurrence of pancre-
atic necrosis during the initial attack [21, 62, 63]. Those children who develop
recurrent episodes of pancreatitis should undergo further evaluation, which
may include more detailed imaging and genetic testing, to try to identify an
underlying etiology.

Conclusions

Recently, there has been increased awareness of pancreatitis in children given
the increasing incidence of pediatric AP, resulting in significant disease burden
in the pediatric population [64]. The economic burden of pediatric AP has
increased in the last decade, estimating that the inpatient cost alone is approx-
imately $200 million per year [1, 65]. While there have been significant ad-
vancements in understanding the epidemiology, risk factors, and genetics of AP
in children, there is limited data regarding the optimalmanagement of pediatric
AP. Future multicenter prospective and randomized controlled studies are
needed to better understand and optimize the management of AP in children.
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