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Abstract

Objectives: Pediatric acute pancreatitis (AP) is a growing clinical concern
with a wide spectrum of severity, from mild episodes to life-threatening
conditions. Traditional diagnostic methods primarily rely on serum amylase
and lipase measurements, which are invasive and can be challenging in
children. This study is the first to evaluate the diagnostic accuracy of the
urine trypsinogen-2 dipstick test (UTDT) as a noninvasive test for diag-
nosing pediatric AP.

Methods: This prospective study included 28 pediatric patients (31 epi-
sodes) presenting with acute abdominal pain at a tertiary medical center
from November 2022 to October 2024. AP was diagnosed based on the
International Study Group of Pediatric Pancreatitis: In Search for a
Cure (INSPPIRE) criteria. Urine samples were collected either within the
first 24 hours (h) or later during hospitalization. UTDT sensitivity and
specificity were calculated and compared to serum amylase and lipase
levels.

Results: Of the 31 episodes, 19 (61%) were confirmed as AP, and 12
(39%) were attributed to other causes. The UTDT had an overall sensitivity
of 68% and specificity of 100%. Sensitivity increased to 87% when urine
samples were collected within 24 h of admission. In non-AP cases, UTDT
consistently produced negative results, with the high specificity supporting
its reliability in distinguishing AP from other conditions.

Conclusions: The UTDT demonstrates promise as a rapid, noninvasive
diagnostic tool for pediatric AP, particularly when used early in the disease
course. Its high specificity and ease of use suggest that it may serve as an
alternative to invasive blood tests once validated through larger-scale
studies. Further research is needed to confirm these findings and establish
the role of UTDT in clinical practice.
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Urine trypsinogen-2 dipstick test (UTDT) utility for diagnosing pediatric AP

Pediatric acute pancreatitis (AP) is
a growing clinical concern.
Traditional diagnostic methods
primarily rely on serum pancreatic

This study is the first to evaluate the
diagnostic accuracy of the urine
trypsinogen-2 dipstick test (UTDT)
as a possible alternative test.

The UTDT demonstrates promise as a
rapid, non-invasive diagnostic tool
for pediatric AP, particularly when

used early in the disease course.

enzymes and imaging.
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1 | INTRODUCTION

Pediatric acute pancreatitis (AP) is a significant and
increasingly recognized condition characterized by
inflammation of the pancreas. The clinical spectrum
of AP ranges from mild, self-limiting episodes to
severe, life-threatening disease that can result in
multiple organ dysfunction.”? Although less com-
mon in children than in adults, the incidence of
pediatric AP has risen steadily over the past two
decades, making it an emerging concern in pediatric
medicine.®®

Classically, AP presents with severe upper abdomi-
nal pain radiating to the back, often accompanied by
vomiting. However, its clinical presentation in children
can sometimes be atypical, overlapping with other acute
abdominal conditions, which can delay diagnosis.
Timely assessment in the emergency setting, including
measurement of serum amylase and lipase levels, is
crucial for diagnosis.

According to the International Study Group of
Pediatric Pancreatitis: In Search for a Cure
(INSPPIRE), the diagnosis of AP requires meeting
at least two of three criteria: (i) abdominal pain con-
sistent with AP, (ii) serum amylase or lipase levels at
least three times the upper limit of normal, and (iii)
imaging findings indicative of AP.” While this definition
provides a practical framework for clinical diagnosis, it
necessitates hospital-based evaluation and lacks a
universally accepted biological marker as a “gold
standard.”

In recent years, efforts have been made to
identify alternative diagnostic methods that elim-
inate the need for invasive blood tests. One such
tool is the urine trypsinogen-2 dipstick test (UTDT),
which has demonstrated good diagnostic accuracy
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What is Known?

e Pediatric acute pancreatitis (AP) incidence
has increased significantly in recent decades.

* Diagnosis of pediatric AP is based on clinical
presentation, elevated serum pancreatic en-
zymes, and imaging findings.

e The urinary trypsinogen-2 dipstick test
(UTDT) has demonstrated high sensitivity
and specificity for diagnosing AP in adults,
but pediatric data are lacking.

What is New?

e UTDT is a sensitive and specific tool for
diagnosing pediatric AP.

* Sensitivity improves significantly when per-
formed early in the disease course.

e UTDT provides a noninvasive alternative to
blood tests, reducing discomfort for children.

* The test enhances diagnostic accuracy by
distinguishing AP from other causes of
abdominal pain.

for AP in adults.®® However, its effectiveness and
applicability in pediatric populations have yet to be
evaluated.

This study aims to evaluate the diagnostic accu-
racy of the UTDT in pediatric AP by comparing its
performance to standard serum amylase and lipase
tests. By exploring the potential of UTDT as a rapid,
noninvasive diagnostic tool, we seek to address an
important gap in the diagnosis and management of
pediatric AP.
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2 | METHODS

2.1 | Study design

This prospective study included 28 pediatric patients
presenting with acute abdominal pain who were ad-
mitted to the pediatric emergency department (ED) at
Hadassah University Medical Center between Novem-
ber 2022 and October 2024. Some patients presented to
the ED on multiple occasions, resulting in a total of 31
reported cases.

2.2 | Ethics statement

Written informed consent was obtained from all parti-
cipants or their legal guardians, and the study was
approved by the institutional ethics committee
(approval number HMO-0018-22).

2.3 | Inclusion criteria
Children aged 0-19 years admitted to the ED with
complaints of pain in the upper or central abdomen or
vomiting, without suspicion of acute gastroenteritis, were
eligible for inclusion. The study also included children
with a history of chronic pancreatitis or recurrent pan-
creatitis. Patients with a history of chronic abdominal
pain or a primary complaint of diarrhea or constipation
were excluded.

The diagnosis of AP was based on criteria defined by
the INSPPIRE consortium, as outlined in the introduction.”

2.4 | Data collection

For each participant, data collected included demo-
graphic information, vital signs, and findings on
physical exam. A detailed medical history was
recorded, capturing information on underlying dis-
eases, previous episodes of AP, and any history of
chronic pancreatitis. Laboratory findings were docu-
mented, encompassing liver enzyme levels, kidney
function tests, C-reactive protein (CRP), and pancre-
atic enzyme measurements, along with the results of
imaging studies.

Serum amylase and lipase levels were obtained for
all patients upon admission to the ED. For most pa-
tients, a second blood test was performed on the
same day as urine collection. However, in some cases,
urine samples were collected later during hospitaliza-
tion due to technical limitations.

Imaging studies were performed as part of the diag-
nostic workup, with most patients undergoing abdominal
ultrasound. Abdominal computed tomography (CT) scans
were conducted when clinically necessary.

W
All collected data were anonymized and coded to
ensure confidentiality.

25 | UTDT
Urine trypsinogen-2 levels were measured using the
Actim® Pancreatitis urine test (Medix Biochemica). This
immunochromatographic assay employs monoclonal
anti-trypsinogen-2 antibodies, with a detection limit of
50 pg/L.

The test procedure involved immersing the strip in
a urine sample for 20seconds, removing it, and
allowing it to rest at room temperature for 5 min.
Results were interpreted based on the appearance of
stripes: two blue stripes (a test stripe and a control
stripe) indicated elevated trypsinogen-2 levels
(>50pg/L), a single blue stripe (control stripe
only) signified normal trypsinogen-2 levels, and
the absence of both stripes rendered the test
invalid, requiring repetition. The presence of the
control stripe validated the reliability of the test. The
test kits were provided as a gift to the research team
by the manufacturer for the purposes of this
study.

2.6 | Statistical analysis

The sensitivity and specificity of the diagnostic tests
were calculated along with 95% confidence intervals
using the MedCalc Software Ltd. Diagnostic
Test Evaluation Calculator (Version 23.0.9;
accessed December 1, 2024). The software is
available online at https://www.medcalc.org/calc/
diagnostic_test.php.

3 | RESULTS

3.1 | Patient demographics and study
overview

A total of 28 patients, accounting for 31 episodes of
acute abdominal pain, were included in this study.
The median age of the participants was 12 years
(range: 6 months to 19 years). Of the 31 episodes,
19 (61%) were diagnosed as AP, while 12 (39%)
were attributed to non-AP-related abdominal
pain.

Presenting symptoms and findings from physical
examinations were collected and summarized
for both AP and non-AP groups, as shown in
Table 1. Notably, one case involved a 6-month-
old infant with significant developmental delay,
making it challenging to evaluate abdominal pain
clinically.
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TABLE 1 Patient clinical characteristics.
Non- Acute
Acute pancreatitis pancreatitis
Variable patients (n=19) (n=12)
Age (years), 12 12.5
median
Sex, male, n (%) 6 (30%) 4 (33%)
Complaints, n (%)
Abdominal pain 18 (95%) 12 (100%)
Nausea 11 (57%) 7 (58%)
Vomiting 12 (63%) 6 (50%)
Diarrhea 4 (21%) 4 (33%)
Pain radiating to 5 (26%) 5 (42%)
the back
Physical examination findings, n (%)
Diffuse abdominal 7 (37%) 7 (58%)
tenderness
Epigastric 8 (42%) 8 (67%)
tenderness
Signs of 2 (10%) 0 (0%)
dehydration
3.2 | Non-AP diagnoses

Among the non-AP cases, 6 (19.3%) were classified as
unexplained abdominal pain, 2 (6.4%) were due to
gastroenteritis, and there was one case each (3.2%) of
mesenteric lymphadenitis, cholangitis, Clostridium dif-
ficile infection, and parotitis.

3.3 | Etiologies of AP

The study also aimed to identify the underlying etiologies
of the 16 patients (19 AP episodes) presenting to the ED
during the study period. The distribution of etiologies for AP
in this study is shown in Figure 1. Hereditary pancreatitis
accounted for 25% of patients, with two patients identified
as carrying mutations in the Protease serine 1 (PRSST)
gene and 2 with mutations in the Cystic fibrosis trans-
membrane conductance regulator (CFTR) gene. Biliary
disease was observed in 12% of cases, including one
patient with gallstones and another with a choledochal
cyst. Congenital pancreatic malformations were identified
in 6% of cases, represented by one patient with pancreatic
divisum. Other etiologies included a patient with infection
(6%) and two patients (13%) with complications from
percutaneous endoscopic gastrostomy (PEG), leading to
obstruction of the Ampulla of Vater. Similarly, recurrent
pancreatitis episodes represented 13% of cases. In 25% of
the cases, the underlying cause remained unknown.

3.4 | UTDT diagnostic performance
Among the 19 confirmed cases of AP, 13 (68%) tested
positive using the Actim® Pancreatitis urine test. Urine
samples were collected within the first 24 hours (h) of
hospital presentation for eight of these patients, of
whom seven (87%) had positive results. In contrast, for
the remaining 11 children whose urine tests were col-
lected after the first 24 h, only six (55%) tested positive.
Conversely, all non-AP cases yielded negative results
on the urine test. A detailed breakdown of true posi-
tives, false positives, true negatives, and false nega-
tives is provided in Supplementary Information
(Supporting Information S2: Tables S1-S3). Notably,
for all non-AP cases, the urine test was conducted
within the first 24 h of admission. The overall sensitivity
and specificity of the urine test were 0.68 and 1.0,
respectively. Sensitivity increased significantly to 0.87
when the test was performed within the first 24 h of
admission (Table 2).

4 | DISCUSSION

This study is the first to evaluate the diagnostic utility of
the UTDT for pediatric AP. Our findings demonstrate
that the UTDT has both high sensitivity and specificity,
particularly when performed early in the disease
course, suggesting that it could be a valuable diag-
nostic tool for pediatric AP.

Trypsinogen, a proenzyme produced in the pan-
creas, is converted to its active form, trypsin, in the
duodenum by intestinal enterokinase.'® During pan-
creatic inflammation, both trypsinogen-1 (cationic) and
trypsinogen-2 (anionic) are released into the blood-
stream, with trypsinogen-2 typically reaching higher
concentrations. These enzymes are subsequently fil-
tered into the urine, making trypsinogen-2 a specific
marker for pancreatic injury.’"'? Unlike serum amylase
or lipase, both of which can be elevated in non-
pancreatic conditions (e.g., renal failure, gastro-
intestinal disorders), trypsinogen-2 is more specific to
pancreatic injury.

The UTDT is an immunochromatographic rapid urine
test that detects trypsinogen-2 in urine samples. Previ-
ous studies in adults have shown a strong correlation
between quantitative measurements of urinary
trypsinogen-2 and UTDT results, validating the accuracy
of the test strip for detecting elevated trypsinogen-2
levels.®? Studies in adults have demonstrated the high
sensitivity and specificity of the UTDT for diagnosing
AP.®11 1318 Oyr study extends these findings to chil-
dren, underscoring its potential role in pediatric practice.

Urine sampling offers significant advantages over
blood tests in pediatric populations due to its non-
invasive, painless, and convenient nature. Obtaining
venous access in young children, particularly those
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FIGURE 1 Etiology of AP episodes. Distribution of AP episodes (total of 16 patients with AP episodes) based on etiology, represented as

the number and percentage of patients. AP, acute pancreatitis; PEG, percutaneous endoscopic gastrostomy.

TABLE 2 Diagnostic performance of the urine test for acute
pancreatitis.

95% confidence

Metric Value (%) interval
Sensitivity 68.42 43.45-87.42
Specificity 100.00 73.54-100.00
Positive predictive 100.00 75.29-100.00
value

Negative predictive 66.67 50.78-79.49
value

Sensitivity® 87.50 47.35-99.68
Sensitivity® 54.55 23.38-83.25

8Urine test taken during the first 24 h of admission.
PUrine test taken after more than 24 h of admission.

with recurrent ilinesses, is often challenging, especially
in emergency settings where rapid intervention is criti-
cal. The advantages of noninvasive testing are partic-
ularly valuable for children with acute recurrent
pancreatitis, who frequently present to the ED with
abdominal pain. There patients often require imaging
and blood tests to confirm AP or rule out other serious
conditions, such as pyelonephritis or appendicitis. A
reliable, noninvasive diagnostic tool like the UTDT

could significantly reduce the need for invasive proce-
dures, expedite diagnosis, and potentially reduce
unnecessary hospitalizations and healthcare costs.
Moreover, families could perform the test at home,
avoiding unnecessary ED visits for negative results
while ensuring prompt medical intervention for patients
with persistent symptoms.

In comparison to other existing diagnostic tools for
pediatric AP, the UTDT offers unique advantages.
While serum lipase and amylase are routinely used,
their diagnostic accuracy is imperfect, and they may be
elevated in nonpancreatic conditions such as renal
failure or gastrointestinal disorders. Imaging, particu-
larly abdominal ultrasound, is limited in sensitivity—
detecting AP in only 30%—-50% of pediatric cases'®
and, in our cohort, only 5 of 15 ultrasounds showed
findings consistent with pancreatitis. CT imaging,
though more sensitive, is associated with significant
radiation exposure and was reserved for select cases
in our study. Other urine-based tests, such as urinary
amylase, have been evaluated in small pediatric case
series,?® and urine proteomic profiling shows promise
in children,?' but neither has sufficient evidence nor
clinical feasibility for routine use. Given these limita-
tions, the UTDT emerges as a particularly promising
candidate for integration into current pediatric AP
diagnostic pathways.
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Our findings also indicate that the UTDT is most
accurate when performed early in the course of the
disease, particularly when urine samples are collected
within the first 24 h of presentation. This is consistent
with prior studies in adults that demonstrated higher
sensitivity when the test was performed early.?? Intra-
venous fluids may dilute urinary substrates,?® poten-
tially lowering trypsinogen concentrations and
increasing false-negative results. Further research is
needed to assess the impact of fluid administration
specifically on urinary trypsinogen levels. Notably, in
our study, all cases of non-AP cases yielded negative
UTDT results, even when urine samples were collected
within 24 h of admission. These findings highlight the
test's specificity and the critical role of early sampling in
optimizing its sensitivity.

A few cases in our study are unique and hence
worth discussing. In one case, a female patient was
admitted following trauma, presenting with abdominal
pain and jaw pain. Physical examination revealed ten-
derness in the abdomen and at the angle of the jaw.
Blood tests showed elevated amylase levels with nor-
mal lipase levels. Given the history of trauma and the
elevated amylase, an abdominal computed tomogra-
phy scan was performed, which revealed no evidence
of pancreatic injury. The patient was ultimately diag-
nosed with a parotid gland injury. The UTDT was
negative in this case, further supporting its specificity
for pancreatic inflammation.

In two other cases from the non-AP group, patients
presented with elevated amylase levels that did not
meet the diagnostic threshold for AP (three times the
upper limit of normal) and no significant lipase eleva-
tion. Imaging in these cases was negative for AP, and
the UTDT also yielded negative results. This consist-
ency highlights the test's correlation with diagnostic
criteria for AP and its reliability in ruling out pancreatitis
when those criteria are not met.

This study has several limitations. Despite being
designed prospectively, a selection bias was evident, with
a disproportionately high number of AP cases recruited
compared to non-AP cases. This imbalance may reflect
the heightened awareness of the study among ED
medical teams when AP was suspected or confirmed. In
contrast, more common causes of abdominal pain, which
might not have raised the same level of diagnostic
interest, were less likely to prompt study enroliment.

Additionally, obtaining informed consent for pedi-
atric patients presented a significant challenge, par-
ticularly in the ED setting, where time-sensitive
decisions and the stress of the situation may hinder
parents or guardians from fully engaging in the con-
sent process. As a result, we successfully collected
data on 19 pediatric AP cases over a span of less than
2 years, which is a robust sample size for this condi-
tion. However, we lack the expected number of control
patients. Practically, the sample size was limited by

the availability of eligible patients. Consequently, the
statistical power of the study may be limited, and
the confidence intervals for sensitivity and specificity
are relatively wide. Future research with a larger
sample size is required for validating our results.

Another limitation of the study was the variability in
the timing of urine test collection relative to the onset of
symptoms. While this inconsistency posed a challenge
in standardizing the data, it provided an opportunity to
evaluate the effect of timing on the test's diagnostic
performance.

5 | CONCLUSIONS

This prospective study provides preliminary evidence
that the UTDT is a promising noninvasive diagnostic
tool for early detection and exclusion of pediatric AP. Its
practical advantages, including ease of use, high
specificity, and improved sensitivity particularly when
performed early, make it a valuable addition to current
diagnostic strategies. However, further large-scale
studies are required to validate these findings and ex-
plore the broader clinical applications of the UTDT in
pediatric AP management. Upon validation, the use of
the UTDT may be expanded, potentially enhancing
diagnostic accuracy and streamlining clinical decision-
making in pediatric AP.
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