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Abstract
Background—Acute pancreatitis is a painful inflammatory disorder known to occur in children.
Recent reports, primarily on the basis of adult data, have suggested an increasing incidence.
However, pediatric studies are limited.

Objective—The study was performed to examine the frequency of acute pancreatitis in a
pediatric population from 1994 to 2007 and to characterize etiologies by age subsets.

Patients and Methods—In this retrospective study, cases of pancreatitis were identified by
ICD-9 codes and subjected to inclusion criteria.

Results—Two hundred and seventy-one cases of pancreatitis met inclusion criteria. Mean age of
the subjects was 13.1 ± 5.6 years. The recurrence rate was 15.3%. Biliary disease was the most
common etiology (32.6%). Acute pancreatitis cases evaluated at a single tertiary care center
increased 53% between 1995 to 2000 and 2001 to 2006 (P <0.02). However, when cases were
normalized by all annual pediatric emergency department visits for all medical reasons, the
increase was reduced to 22% and lost statistical significance (P = 0.16). The rise was not
associated with a change in etiologies or body mass index (BMI).

Conclusions—This is the first report demonstrating that an increase in pediatric pancreatitis
may in part be due to growing referrals to tertiary care centers. The data on etiologies, particularly
with regard to differing ages, may be helpful in managing children who present with acute
pancreatitis.
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Acute pancreatitis is a painful inflammatory disorder with a major health impact (1,2). It
accounts for more than 230,000 adult hospitalizations annually in the United States at an
estimated cost of $4.6 to 4.8 billion/year (3). Even mild disease may require analgesia,
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nutritional support, and hospital stay ranging from 3 to 10 days (4). Data in children with
acute pancreatitis are limited, but they suggest important differences vis-à-vis adults (1,5).
Although alcohol and biliary tract disease cause most cases in adults, etiologies in children
are more variable. Adult pancreatitis has been increasing in the last 4 decades (6). This has
been attributed to the increasing incidence of gallstone pancreatitis. In children, recent
reports indicate an increase of acute pancreatitis within the last decade (7–9). However,
these data are confined to limited series from specific geographic locations. It is unclear
whether the increase is attributable to local factors or a general shift in the epidemiology of
this disease.

Our primary objective was to analyze the frequency of pediatric pancreatitis in the last 12
years at Yale-New Haven Children’s Hospital. Our secondary objective was to perform
detailed analysis on etiologies of pancreatitis in children. If changes in frequency were
present, then we sought to attribute causes for observed trends by analyzing shifts in
etiologies, body mass index (BMI), or referral patterns during the study period.

PATIENTS AND METHODS
Study Group and Inclusion Criteria

The study was a retrospective chart review conducted at Yale-New Haven Children’s
Hospital, New Haven, CT. This is a tertiary care teaching hospital whose catchment area is
broad. It is 1 of only 2 children’s hospitals in the state of Connecticut and the only level 1
pediatric trauma center. The study was approved by the institutional review board. Our
center sees pediatric patients from birth to age 21 years. Patients within this age range seen
from August 1994 to July 2007 were screened using ICD-9 codes for acute pancreatitis.
Records were reviewed for inclusion criteria relevant to acute pancreatitis. To be included in
the study group, patients needed any 1 of the following 3 features:

1. Serum amylase or lipase greater than 3 times the upper limit of normal

2. Radiographic evidence of acute pancreatitis on computed tomography (CT) and
ultrasound (U/S) demonstrating a minimum of pancreatic parenchymal changes or
peripancreatic fluid

3. Serum lipase greater than 1.5 times the upper limit of normal that could not be
explained by nonpancreatic causes of hyperlipasemia, and the presence of 2 out of
3 clinical features—abdominal pain characteristic of acute pancreatitis, nausea and
vomiting, or epigastric tenderness

These criteria were modified from diagnostic guidelines published by the Acute Pancreatitis
Classification Working Group (10). Less emphasis was placed on the presence of abdominal
pain, which may be difficult to assess in children presenting with pancreatitis. Patients were
excluded if they had chronic pancreatitis (documented by calcifications on CT or evidence
of chronic pancreatic duct abnormality by endoscopic retrograde
cholangiopancreatography). Incomplete records were also excluded. For patients with
multiple presentations of acute pancreatitis, at least 4 weeks had to elapse after the prior
discharge for the subsequent visit to be counted as recurrent pancreatitis.

Data Collection
Relevant clinical data were collected from patients’ charts in those who met inclusion
criteria. These included patient demographics, BMI percentile, weight-for-age percentile,
clinical presentation, and clinical course of pancreatitis.
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Etiologic Classification
Patients were assigned etiologies on the basis of the reported cause of pancreatitis from the
chart record. Etiologies were not mutually exclusive, because some patients could have
several suggested etiologies in their record. Etiologies in patients with recurrent pancreatitis
were recorded on their first visit unless they were idiopathic, in which case the final
diagnosis on the last episode of recurrence was recorded. Idiopathic pancreatitis was defined
as pancreatitis that could not be assigned an etiology after work-up during multiple
presentations.

Biliary pancreatitis was defined as a spectrum of gallstone pancreatitis, microlithiasis/
sludge, pancreatic divisum, sphincter of Oddi dysfunction, and “other/structural.”
Microlithiasis, or biliary sludge, was defined as common bile duct (CBD) dilatation with
sludge in the CBD or gallbladder in the absence of stones, as seen on U/S. “Other/structural”
biliary pancreatitis was defined as an anatomic abnormality interfering with normal
pancreaticobiliary function.

Medication-related pancreatitis etiology was assigned only if the patient was taking a
medication listed in the AGA Technical Bulletin on Acute Pancreatitis as having “definite”
association or “probable” association with acute pancreatitis (11). In addition, the
medication had to be actively taken before the onset of acute pancreatitis.

Patients with a systemic disease associated with pancreatitis are also often taking
medications for that systemic condition. The medications may be independently associated
with pancreatitis. In such cases, we limited the etiologic classification to the systemic causes
alone. However, patients taking a medication unrelated to the systemic illness were counted
in both medication-related and systemic-associated categories. Inflammatory bowel disease
(IBD) was considered a systemic disease-associated pancreatitis etiology; however, it was
assigned only if the disease was active during the presentation of pancreatitis.

Viral etiology was associated with a prodromal presentation in the absence of another
identifiable etiology. Alcoholic pancreatitis cases required etiologic assignment with
documented evidence of heavy alcohol abuse in the chart record.

Outcomes
The primary outcome of the study was total number of cases of acute pancreatitis in 2 time
blocks, 1995 to 2000 and 2001 to 2006. The cohort was divided into 2 time groups at the
midpoint of the retrospective analysis (2000–2001). Secondary outcomes were etiologies
and patient characteristics including age, sex, ethnicity, BMI, and weight-for-age
percentiles.

Statistical Analysis
Continuous variables were analyzed using Student t test, whereas discrete variables were
analyzed using χ2 test. A P value of <0.05 denotes statistical significance. Age-adjusted
percentiles for BMI and weight-for-age were calculated with SAS (SAS Institute, Cary, NC)
using a program provided by the Centers for Disease Control and Prevention.

RESULTS
Participant Flow and Inclusion Criteria

Patient flow and inclusion are shown in Figure 1. The majority of patients met inclusion by
the first criteria (ie, biochemical evidence; 180 patients or 84%). Eighty-eight percent of
these (n = 155) had abdominal pain characteristic of acute pancreatitis, whereas 84% (n =
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152) had 2 out of the 3 typical clinical features of acute pancreatitis (abdominal pain,
epigastric tenderness, and nausea or vomiting).

Patient Characteristics
Patient characteristics are summarized in Table 1. Data were available for calculation of
BMI in 142 (67%) patients and verified by calculating weight-for-age percentile, for which
data were available in 193 (90%) patients. Although 4 patients (1.9%) died during
hospitalization, only 1 of the deaths was directly related to acute pancreatitis.

Frequency of Acute Pancreatitis
There was a statistically significant 53.1% increase in pancreatitis cases between the two 6-
year time groups, (16 ± 3.35 cases/year during 1995–2000 versus 24.5 ± 5.5 cases/year
during 2001–2006, P <0.02). There were no significant differences in BMI, weight-for-age
percentiles, patient demographics, etiologies, or radiographic testing over time (Table 2).
Amylase and lipase levels are not a component of routine metabolic panels at our hospital
and because of the nature of our institutional databases, testing rates for these biochemical
markers of pancreatitis could not be assessed during the study period.

At Yale-New Haven Hospital, there was a concurrent 27.5% increase in average pediatric
emergency department (ED) visits during the 2 time blocks (21,853 ± 2120.6 visits/year to
27,856 ± 1356.0 visits/year; P <0.0004). When the yearly frequency of acute pancreatitis
cases was normalized using annual pediatric ED visits, the percent increase during the study
period decreased from 53.1% to 21.9% and lost statistical significance (7.27 ± 0.97 cases per
10,000 ED visits/year in 1995–2000 versus 8.86 ± 2.3 cases per 10,000 ED visits/year in
2001–2006, P = 0.16).

Etiologies of Acute Pancreatitis
Etiologies of acute pancreatitis are listed in Table 3. Forty-five (21%) patients had more than
1 etiology identified. Biliary causes were most common, found in 70 (32.6%) cases. The 11
cases classified as other/structural etiology included 4 with pancreatic mass or cyst
compressing the pancreatic duct, 2 with choledochal cyst, 1 with pancreatic duct stenosis of
unknown cause, 1 with annular pancreas, 1 with self-limited intussusception, and 2 with
postspinal fusion pancreatitis. There were significantly more females (23%) than males
(11.6%) with gallstone pancreatitis (P <0.04).

Medications were the second most common etiology for acute pancreatitis, found in 55
(25.6%) patients (Table 3). Trauma patients included those with motor-vehicle accidents,
sports injury, accidental fall, and child abuse. Systemic etiology was typically seen in
critically ill intensive care unit patients who developed sepsis and/or shock (n = 14, 63.6%
of systemic causes). Other systemic causes included systemic lupus erythematous (n = 1),
HELLP (hemolysis, elevated liver enzymes, low platelets) syndrome (n = 1), acute liver
failure (n = 1), sarcoidosis (n = 1), and active IBD (n = 2, 1 each with ulcerative colitis and
Crohn disease).

Eleven (5.1%) patients had acute pancreatitis associated with a metabolic condition; these
included diabetic ketoacidosis (n = 5) and hypertriglyceridemia (n = 3). Mean triglyceride
levels in the latter were 986 mg/dL. Both cases of inborn error of metabolism occurred in
females younger than 2 years of age with propionic acidemia. One of these patients has been
previously reported (12).

Forty-four (20%) patients were idiopathic. Seven (25%) of these had recurrent pancreatitis.
There were no statistically significant differences in age, sex, BMI, or weight-for-age
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between idiopathic and nonidiopathic cases. Four recurrent cases initially presented as
idiopathic but their final etiologies were hypercalcemia due to hyperparathyroidism,
pancreas divisum, sphincter of Oddi dysfunction, and microlithiasis.

Etiologies by Age and Recurrent Pancreatitis
An age-stratified etiologic analysis is summarized in Table 4. Under age 6 years, causes
were diverse and an idiopathic diagnosis was rare. After age 11 years, biliary was the most
common etiology and 62% (n = 34) of these cases were due to gallstone pancreatitis. The
next most common biliary cause in that age group was microlithiasis (24%, n = 13 cases).
Inborn errors of metabolism were diagnosed only in the 0 to 2 years age group. All biliary
causes in the 0 to 2 years group were due to sludge (n = 2) or a biliary structural problem (n
= 2, intussuception and pancreatic mass).

Thirty-three (15.3%) patients had recurrence at an average of 2.7 episodes per patient. These
were compared to 182 patients who had single episodes. A significantly higher percentage
of patients with recurrent episodes were white (76%, n = 25 vs 48.9%, n = 87 among single-
episode patients; P <0.05). There were no significant differences in age, sex, BMI, weight-
for-percentile, or etiologies. The top 3 causes of pancreatitis among patients with recurrence
and those with single presentations were gallstones, idiopathic, and medications.

DISCUSSION
In this study, we report a rise in pediatric acute pancreatitis evaluated at a single tertiary care
center on the basis of a 12-year retrospective analysis. There was a 53% increase in cases
from the latter half of the 1990s to the first half of the current decade. This was largely
accounted for by an increase in pediatric ED visits in general for patients during the same
time period. To further evaluate the increase we examined several factors.

The increasing BMIs of children have been well documented (12) and an association has
been noted between obesity and severity of pancreatitis in adults (13). However, the
contribution of BMI to the frequency of pancreatitis in children has not been previously
investigated. Thirty percent of patients in the study had BMIs at the 85th percentile or
higher, indicating at-risk status or clinical obesity. This observation was consistent with
trends in the pediatric population of Connecticut (12). However, there was no statistically
significant increase in BMI percentiles between patients in 1995 to 2000 and 2001 to 2006.
This was confirmed with weight-for-age data.

The cohort was ethnically similar to the patient population seen at our hospital and this did
not change over time. Careful etiologic analysis could not account for the increase in
frequency and showed the most common etiologies in both time groups to be biliary tract
disease, medications, and idiopathic.

Increased clinical awareness or referral bias can account for rising disease rates in
retrospective studies. A national trend toward regionalization of pediatric emergency care
among tertiary centers has created increased referral load at children’s hospitals throughout
the United States. (14). The effect of this phenomenon on the incidence of pediatric
pancreatitis has not been previously investigated. We found that pediatric ED visits
increased by more than 25%, whereas pancreatitis cases rose by 53% between 1995 to 2000
and 2001 to 2006. To assess the effect of referral patterns, we calculated incidence by
dividing annual case frequency by ED visits. As a result, the observed increase between
1995 to 2000 and 2001 to 2006 was reduced by more than half, to 22%. Concurrent
reanalysis of data collected over a similar time period from the Children’s Hospital of
Wisconsin corroborated the effect of referral bias. At Wisconsin, a previously reported rise
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in pediatric pancreatitis was reduced by nearly half after normalizing for a concurrent
increase in ED visits (8, S. Werlin, personal communication, 2008).

To date there are no population-based studies assessing pediatric acute pancreatitis. Reports
are limited to a handful of case series and retrospective studies (5,7–9,15–18). Because of
the effect on our data of increasing visits to our ED during the time periods studied, we are
unable to compare our results with those of other retrospective studies not reporting
simultaneous changes in ED visits. These studies were done during similar time periods in
Dallas (9), Wisconsin (8), Melbourne (7), and Mexico (18). The Melbourne study (7) found
a significant increase in incidence between 1993 to 1997 and 1998 to 2002. This was
attributed to an absolute rise in systemic-associated and idiopathic etiologies. There were no
differences in etiology subsets between the 2 time groups in our study. The Dallas study (9)
reported a significant increase in cases per year from 1993 to 1998. They examined the
hypothesis of increased clinical awareness by assessing amylase and lipase testing rates.
However, they noted a paradoxical decrease in testing per 100 ED visits from 1993 to 1998.
This suggests that the rise in disease could not be attributed to an increase in testing.
Because of the nature of laboratory databases at our institution, we were unable to study
biochemical testing rates over time. A potential testing bias not previously assessed is
radiography. However, there were no significant changes in CT and U/S scanning rates
between 1995 to 2000 and 2001 to 2006.

Another unique aspect of the present report is the analysis of etiologies by age subsets.
Under the age of 6 years, etiologies were highly diverse and idiopathic pancreatitis was
uncommon, with most children obtaining a diagnosis. After age 11 years, biliary was the
most common etiology and more than half of these cases were due to gallstones. The higher
diversity of etiologies we observed in comparison with adults is consistent with other
pediatric studies. However, our findings overall are in contrast to most pediatric reports,
which have typically found acute pancreatitis in children most often associated with
systemic or “multisystem” disease (5,8,9,17). Kandula et al (17) analyzed etiologies in
children 0 to 3 years in a retrospective analysis and found that systemic disease was the most
common cause of pancreatitis, followed by infections, idiopathic, medications, trauma, and
biliary disease. We analyzed 0 to 2 years and 3 to 5 years patients separately, hence a direct
comparison is difficult. In our 0 to 2 years cohort, there were no idiopathic cases and biliary
disease was the primary etiology. However, the number of patients in our 0 to 2 years cohort
was small compared to the number of patients in the Kandula study (12 vs 87).

There are several important limitations of this study. First, it is a retrospective analysis and
suffers from the limitations inherent in such a study design. Also, we were unable to
calculate true incidence because the pediatric population in our region has historically been
divided among several referral centers whose catchment areas overlap. Only 1 other study in
this field has been able to calculate true incidence (7), and it was outside the United States.

Our finding that referral patterns may account for a rise in pancreatitis is limited because the
data are confined to Yale-New Haven Children’s Hospital. However, there were no shifts in
patient flow among the pediatric referral centers in our area during the study. No centers
opened or closed, nor were there expansions or eliminations of service at existing
institutions. In addition, the referral pattern cannot be attributed to overall growth in the
pediatric population because the number of children in Connecticut decreased during the
study period (19,20).

Etiologic classifications and inclusion criteria vary widely among previous reports in this
field because unlike adults, there is no evidence-based standard in diagnosis and treatment
of children with pancreatitis. Our inclusion parameters were modified from definitions by
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the Acute Pancreatitis Classification Working Group (10) to deemphasize clinical features
because abdominal pain “characteristic” of pancreatitis is problematic to assess in children
and there are data to suggest that patients can be diagnosed by biochemical changes alone
(21). Our etiologic classifications were not mutually exclusive, on the basis of the emerging
concept that acute pancreatitis is the result of multiple factors that sensitize the pancreas to
injury (17).

Despite its limitations, the study confirms that acute pancreatitis in children evaluated at a
single tertiary care center has been increasing during the last 2 decades. It is the first to
assess the role of BMI and referral patterns in this regard, finding that the observed rise may
be partly explained by higher referral rates at tertiary care centers. Regionalization of
pediatric care has been encouraged by the National Institutes of Medicine (14) and,
therefore, our report may have wider applicability to other areas of the country. Subsequent
studies from tertiary centers may need to control for referral patterns or include nontertiary
institutions. Additional studies, population based if possible, are necessary to further
confirm the rising frequency of pancreatitis. Our work also highlights the need for an
evidence-based standard in diagnosis and etiologic classification of pediatric pancreatitis,
particularly at a time when it appears that there is a rising burden of disease.
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FIG. 1.
Study flow. The chart begins with total number of patient records initially screened. Patients
that met inclusion criteria were further divided on the basis of having had single episodes
versus recurrent pancreatitis. *Methods for details of each inclusion criteria.
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TABLE 1

Characteristics of children presenting with acute pancreatitis

No. patients 215

No. episodes 271

Mean episodes per patient 1.26

Recurrence rate, % (n) 15.3 (33)

Mean age (SD) 13.1 (5.64)

Male, % 86 (40)

Median BMI percentile* (lower–upper quartile) 60.2 (17.8–89.5)

 >95 percentile, n (%) 24 (16.7)

 85–95 percentile, n (%) 19 (13.3)

 0–85 percentile, n (%) 100 (70)

Median weight-for-age percentile* (lower–upper quartile) 63.35 (26.8–90.6)

 >95 percentile, n (%) 28 (14.5)

 85–95 percentile, n (%) 28 (14.5)

 0–85 percentile, n (%) 137 (71)

Ethnicity, n (%)

 White 112 (53)

 Black 49 (23)

 Hispanic 40 (19)

 Other 11 (5)

*
Age adjusted.
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TABLE 2

Comparison of patients presenting with acute pancreatitis between 1995 to 2000 and 2001 to 2006

Characteristics 1995–2000 2001–2006

No. patients (%) 74 (34.4) 119 (55.3)

No. episodes (%) 96 (35.4) 147 (54.2)

No. episodes per patient 1.3 1.24

Mean age (SD) 12.6 (6) 13.6 (5)

Male (%) 27 (36.5) 50 (42)

Ethnicity

 White (%) 39 (54.2) 63 (53.4)

 Black (%) 17 (23.6) 27 (22.9)

 Hispanic (%) 14 (19.4) 21 (17.8)

 Other (%) 2 (2.8) 7 (5.9)

Median BMI percentile* (lower–upper quartile) 50 (20.1–91.4) 58.9 (17.7–89.8)

 >95 percentile (%) 9 (22) 15 (16.7)

 85–95 percentile (%) 4 (9.8) 12 (13.3)

 0–85 percentile (%) 28 (68.3) 63 (70)

Median weight-for-age percentile† (lower–upper quartile) 68.5 (25.4–91.2) 58.6 (25.4–83.2)

 >95 percentile (%) 11 (17.2) 13 (11.8)

 85–95 percentile (%) 11 (17.2) 13 (11.8)

 0–85 percentile (%) 42 (65.6) 84 (76.4)

Mean CT scan rate (%) 35.0 38.7

Mean US scan rate (%) 70.9 68.8

Most common etiologies, (n) % Idiopathic (17) 23 Medication (35) 29

Medication (13) 17.6 Idiopathic (26) 21.8

Biliary (12) 16.2 Biliary (24) 20.2

Viral (10) 13.5 Systemic (13) 11

Trauma (7) 9.5 Trama (9) 7.6

*
Data available for age-adjusted BMI percentile in 55.4% and 75.6% of patients, in 1995–2000 and 2001–2006 groups, respectively.

†
Data available for weight-for-age percentile in 86.5% and 92.4% of patients, in 1995–2000 and 2001–2006 groups, respectively.
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TABLE 3

Etiologies of acute pancreatitis, * n (%)

Overall cohort Subgroups

Biliary causes 70 (32.6)

 Gallstone pancreatitis 40 (57)

 Microlithiasis/biliary sludge 16 (22.9)

 Other/structural 11 (15.7)

 Pancreatic divisum 2 (2.9)

 Sphincter of Oddi dysfunction 1 (1.4)

Medication 55 (25.6)

 Valproic acid 13 (24)

 Prednisone 12 (22)

 Mesalamine 9 (16)

 Trimethoprim/sulfamethoxazole 7 (13)

 6-Mercaptopurine/azathioprine 7 (13)

 Asparaginase 4 (7.3)

 Furosemide 2 (3.6)

 Tacrolimus 2 (3.6)

 Antiretrovirals 2 (3.6)

Idiopathic 44 (20)

Systemic 22 (10.2)

 Sepsis/shock 14 (63.6)

 Other systemic causes 8 (36.4)

Trauma 20 (9.3)

Viral infection 17 (7.9)

Metabolic condition 11 (5.1)

 Diabetic ketoacidosis 5 (45)

 Hypertriglyceridemia 3 (27.3)

 Inborn error of metabolism 2 (18.2)

 Hypercalcemia 1 (9.1)

ERCP 8 (3.7)

Cystic fibrosis 4 (1.9)

Alcohol 2 (0.9)

ECRP = endoscopic retrograde cholangiopancreatography.

*
Etiologies are not mutually exclusive.
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