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Abstract
AIM: To assess the usefulness of urinary trypsinogen-2 
test strip, urinary trypsinogen activation peptide (TAP), 
and serum and urine concentrations of the activation 
peptide of carboxypeptidase B (CAPAP) in the diagnosis 
of acute pancreatitis.

METHODS: Patients with acute abdominal pain and 
hospitalized within 24 h after the onset of symptoms 
were prospectively studied. Urinary trypsinogen-2 was 
considered positive when a clear blue line was observed 
(detection limit 50 µg/L). Urinary TAP was measured 
using a quantitative solid-phase ELISA, and serum and 
urinary CAPAP by a radioimmunoassay method.

RESULTS: Acute abdominal pain was due to acute 
pancreatit is in 50 patients and turned out to be 
extrapancreatic in origin in 22 patients. Patients with 
acute pancreatitis showed significantly higher median 
levels of serum and urinary CAPAP levels, as well as 
amylase and lipase than extrapancreatic controls. Median 
TAP levels were similar in both groups. The urinary 
trypsinogen-2 test strip was positive in 68% of patients 
with acute pancreatitis and 13.6% in extrapancreatic 
controls (P<0.01). Urinary CAPAP was the most reliable 
test for the diagnosis of acute pancreatitis (sensitivity 
66.7%, specificity 95.5%, positive and negative predictive 
values 96.6% and 56.7%, respectively), with a 14.6 
positive likelihood ratio for a cut-off value of 2.32 nmol/L.

CONCLUSION: In patients with acute abdominal pain, 
hospitalized within 24 h of symptom onset, CAPAP in 
serum and urine was a reliable diagnostic marker of 
acute pancreatitis. Urinary trypsinogen-2 test strip 
showed a clinical value similar to amylase and lipase. 
Urinary TAP was not a useful screening test for the 
diagnosis of acute pancreatitis.

© 2005 The WJG Press and Elsevier Inc. All rights  reserved.
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INTRODUCTION
Most patients with acute pancreatitis have mild and self-
limited disease that resolves spontaneously, but about 20% 
of  attacks are severe, with a mortality of  about 10-25%[1]. 
Early diagnosis of  acute pancreatitis is crucial to ensure 
rapid and appropriate treatment. However, the clinical 
features of  acute pancreatitis can be difficult to distinguish 
from those of  other acute abdominal conditions, and 
the diagnosis may be overlooked at first. Determination 
of  amylase in serum or urine is the principal laboratory 
method for diagnosing acute pancreatitis. However, 
hyperamylasemia may be absent in 19% of  cases[2], and 
increases in pancreatic enzyme levels can occur in patients 
with acute abdominal pain of  extrapancreatic in origin[3-5].
The pathophysiology of  acute pancreatitis involves the 
activation of  the pancreatic proenzymes. The activation 
of  trypsinogen followed by the activation of  other 
pancreatic zymogens occurs early in the course of  
pancreatitis, in proportion to the extent of  pancreatic 
injury[6]. Concentrations of  the activation peptide of  
trypsinogen (TAP) in urine and of  the activation peptide 
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of  procarboxypeptidase B (CAPAP) in urine and serum 
have shown to be promise predictors of  severity in acute 
pancreatitis[7,8]. However, the clinical value of  these markers 
for the early diagnosis of  acute pancreatitis is unclear. 
Until now, a previous study of  urinary TAP levels[7] 
and three other studies of  serum and urine CAPAP[9-11] 
have shown significantly higher concentrations of  these 
peptides in acute pancreatitis compared to non-pancreatic 
abdominal pain, therefore, suggesting the usefulness of  
these assays for diagnosing acute pancreatitis. On the other 
hand, qualitative rapid urine trypsinogen-2 test strip is easy 
to perform and has been shown to be a reliable and useful 
screening test for acute pancreatitis in daily practice[12-16], 
particularly in healthcare units lacking laboratory facilities.
This study was conducted to assess the usefulness of  
urinary trypsinogen-2 test strip, urinary TAP, and serum 
and urine CAPAP levels compared with conventional 
enzymes (serum amylase and lipase) for diagnosing acute 
pancreatitis.

MATERIALS AND METHODS
Patients
All consecutive patients with acute abdominal pain 
admitted to the Section of  Gastroenterology of  an 
Acute-care University Hospital in Alicante, Spain, in 
an 8-month period, participated in an observational, 
prospective, cohort study. Admission to the hospital 
within 24 h of  symptom onset was the criterion for 
inclusion. The diagnosis of  acute pancreatitis was 
based on (1) typical clinical symptoms and at least a 
threefold increase of  serum amylase, once other causes 
of  abdominal pain had been excluded, and (2) evidence 
of  pancreatic inflammation by imaging studies and/or 
surgery. The severity of  acute pancreatitis was assessed 
according to the criteria established at the International 
Symposium on Acute Pancreatitis in Atlanta in 1992[17]. 
According to our protocol, a CT scan was performed 
in patients with severe acute pancreatitis, with unknown 
etiology and whenever it was necessary to establish the 
diagnosis of  acute pancreatitis. In all the patients, blood 
and urine samples were collected within the first 24 h of  
hospitalization. The Hospital General Universitario Ethic’s 
Committee approved the protocol, and all patients gave 
their informed consent for the inclusion in the study. 
Patients were divided into two groups according to the 
origin of  acute abdominal disease. There were 50 patients 
with acute pancreatitis (25 men, 25 women, mean age 62.5
±16.5 years) and 22 patients (11 men, 11 women, mean age 
50.8±22.4 years) whose acute abdominal pain turned out 
to be extrapancreatic in origin. A CT scan was performed 
in all the 22 patients with non-pancreatic abdominal 
pain to rule out the possibility of  acute pancreatitis.

Laboratory tests
Serum amylase and lipase concentrations were measured by 
routine methods of  our laboratory and for the remaining 
diagnostic markers, urine and serum samples were frozen 

immediately after collection and stored at (-20 °C) until 
analysis.
    Serum amylase concentrations were measured using an 
enzymatic assay (Amyl, Boehringer Mannheim Systems, 
Mannheim, Germany). For this assay the l imit of  
detection is 3 U/L and the range of  the standard curve 
was comprised between 3 and 1 200 U/L. The reference 
range of  serum amylase, previously established in our 
laboratory, was 26-100 U/L. Serum lipase was measured 
using a colorimetric enzymatic technique (Lip, Boehringer 
Mannheim Systems, Mannheim, Germany). For this assay 
the limit of  detection was 3 U/L and the range of  the 
standard curve was comprised between 3 and 300 U/L. 
The reference range of  serum lipase, previously established 
in our laboratory, was 13-60 U/L.
    Serum and urine CAPAP concentrations were measured 
using a radioimmunoassay method (CAPAP RIA kit, 
Euro-Diagnostica, Malmö, Sweden). The kit is based on 
a competitive radioimmunoassay using antibodies against 
human CAPAP. CAPAP both in standards and samples 
compete with 125I-labeled CAPAP in binding to the 
antibodies. The 125I-CAPAP binds to the antibodies in an 
inverse proportion to the concentrations of  CAPAP both 
in standards and samples. Antibody-bound 125I-CAPAP 
is separated from the unbound fraction using the double 
antibody solid-phase technique. The radioactivity of  the 
pellets was then measured. For this assay, the lower limit 
of  detection was about 0.4 nmol/L and the range of  the 
standard curve was comprised between 0 and 20 nmol/L. 
When the results above this limit were obtained, serum 
samples were diluted at 1:5 and urine samples at 1:10 were 
processed again.
    Urinary TAP was measured using a quantitative solid-
phase ELISA based on the competition between free 
and immobilized peptide binding to an antibody to TAP 
(TAPKIT, Biotrin International Ltd, Dublin, Ireland). 
Urine samples were collected in sterile containers with 
EDTA (at final concentration 5-10 nmol/L) and diluted 
to a ratio of  1:4 in the assay buffer according to the 
manufacturer’s instructions. TAP linked to a carrier 
protein is immobilized on the solid phase to which the 
peptide calibrator or diluted (1:4) urine sample, plus the 
TAP antibody, was added. After the reaction, the amount 
of  antibody bound to the solid phase was measured 
spectrophotometrically (450 nm) after sequential addition 
of  rabbit antibody to IgG-biotin conjugate, streptavidin-
horseradish peroxidase, and tetramethyl-benzidine. The 
lower detection limit was 0.2 nmol/L (0.8 nmol/L in the 1:4 
diluted samples) and the range of  the standard curve was 
comprised between 0.14 and 200 nm.
    The Actim Pancreatitis test strip (Medix Biochemica, Finland) 
for urinary trypsinogen-2 is an immunochromatographic test. 
After the test strip has been dipped into the urine sample, 
trypsinogen-2 is bound to monoclonal antibody-labeled 
blue latex particles, which migrate across a nitrocellulose 
membrane with a zone containing another antibody specific 
for another epitope on trypsinogen-2. At trypsinogen-2 
concentrations higher than 50 µg/L, a blue line develops 
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in this zone. The test was considered positive when a clear 
blue line was detected within 5 min. A control line was 
used to indicate proper functioning of  the strip. If  the 
control line was undetectable the assay was repeated.

Statistical analysis
Descriptive data were given as median with interquartile 
range (25th and 75th percentiles). The Mann-Whitney U 
test was used to compare the results between patients 
with acute pancreatitis and extrapancreatic controls. 
Statistical significance was set at P<0.05. Receiver 
operating characteristics (ROC) curves of  serum and 
urine CAPAP levels and urinary TAP concentrations were 
used to determine the optimal cut-off  levels. For serum 
concentrations of  amylase and lipase, threefold increases 
in the reference values recommended by our laboratory 
were selected as cut-off  values. Using these cut-off  points, 
the sensitivity, specificity, positive and negative predictive 
values and positive likelihood ratio in establishing 
the diagnosis of  acute pancreatitis were calculated. 
Comparison of  different prognostic markers was made 
using the positive likelihood ratio for the different cut-

off  values that were selected. The SPSS/PC+10 statistical 
package on a personal computer was used for the analysis 
of  data.

RESULTS
Of  the 50 patients with acute pancreatitis, 15 (10 men and 
5 women, mean age 66±16 years) had severe disease and 
35 (17 men and 18 women, mean age 61±17 years) had 
mild disease. Etiology of  pancreatitis and outcome are 
shown in Table 1. Local pancreatic complications included 
necrosis in 7 patients, pseudocyst in 4 and abscess in 1. 
Systemic complications consisted of  renal failure in 6 
patients, respiratory insufficiency in 6 and gastrointestinal 
hemorrhage in 5. Death occurred in 5 of  15 patients with 
severe pancreatitis. Diagnoses established in controls with 
non-pancreatic acute abdomen are shown in Table 2.
    As compared with extrapancreatic controls, patients with 
acute pancreatitis had significantly higher values of  amylase 
[942.20 (316.25-1 333.42) U/L vs 52 (29.50-91.20) U/L, 
P<0.001] and lipase [1 084 (228.75-2 133.75) U/L vs 22 
(15.50-39) U/L, P<0.001] in serum. On the other hand, 
patients with acute pancreatitis showed significantly higher 
values of  CAPAP in the serum and urine than controls with 
non-pancreatic acute abdomen, i.e., CAPAP in serum 5.05 
(2.23-10.04) nmol/L vs 0.40 (0.40-1.14) nmol/L, P<0.001; 

Table 2 Etiology in 22 controls with non-pancreatic acute abdomen
Etiology Number of patients Percentage

Acute cholecystitis 5 22.7
Acute appendicitis 3 13.6
Coliky pain 3 13.6
Intestinal obstruction 2   9.1
Active Crohn’s disease 2   9.1
Acute cholangitis 1   4.5
Perforated peptic ulcer 1   4.5
Gastric carcinoma 1   4.5
Epiploic appendicitis 1   4.5
Abdominal abscess 1   4.5
Bleeding peptic ulcer 1   4.5
Mesenteric lymphadenitis 1   4.5

Table 1 Clinical and outcome data in 50 patients with acute 
pancreatitis

Number of patients Percentage

Male/female 25/25
Age, yr, mean (SD) 62.5 (16.5)
Etiology
Gallstones 30 60
Idiopathic 12 24
Alcohol 3 6
Post-ERCP 3 6
Hypertriglyceridemia 2 4
Severity
Severe 15 30
Mild 35 70
Complications
Local 12 24
Systemic 17 34
Death 5 10

ERCP, endoscopic retrograde cholangiopancreatography.
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Figure 1 A: CAPAP concentration in serum within 24 h of hospital admission in patients with acute pancreatitis and in extrapancreatic controls. Data as median and 
interquartile range (AP, acute pancreatitis; NPAP, non-pancreatic abdominal pain); B: CAPAP concentration in urine within 24 h of hospital admission in patients with acute 
pancreatitis and in extrapancreatic controls. Data as median and interquartile range (AP: acute pancreatitis; NPAP, non-pancreatic abdominal pain); C: Urinary TAP levels 
within 24 h of hospital admission in patients with acute pancreatitis and in extrapancreatic controls. Data as median and interquartile range (AP: acute pancreatitis; NPAP, 
non-pancreatic abdominal pain).
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CAPAP in urine 7.05 (0.93-29.5) nmol/L vs 1.36 (0.80-1.85) 
nmol/L, P<0.01) (Figures 1A and B). However, there were no 
statistically significant differences in urinary TAP between 
patients and controls [15.45 (7.79-37.05) nmol/L vs 12.70 
(7.03-20.27) nmol/L] (Figure 1C). The urinary trypsinogen-2 
test strip was positive in 68% of  patients with acute 
pancreatitis and 13.6% in extrapancreatic controls (P<0.01).
    Sensitivity, specificity, predictive values, pre-test 
probability, post-test probability and positive likelihood 
ratio for the different cut-off  values of  CAPAP in serum 
and urine, urinary TAP and trypsinogen-2 test are shown in 
Table 3. Urinary CAPAP was the most reliable test for the 
diagnosis of  acute pancreatitis (sensitivity 66.7%, specificity 
95.5%, positive predictive value 96.6%, negative predictive 
value 56.7% and post-test probability 97%), with a 14.6 
positive likelihood ratio for a cut-off  value of  2.32 nmol/L.

DISCUSSION
This study demonstrates that CAPAP in serum and urine 
(especially urinary CAPAP) was a reliable diagnostic marker 
of  acute pancreatitis providing slightly better results 
than serum amylase and lipase. Urinary trypsinogen-2 
test strip showed a clinical value similar to amylase and 
lipase. Urinary TAP was not a useful screening test for the 
diagnosis of  acute pancreatitis. In agreement with previous 
studies[18,19], we also found that serum amylase and lipase 
were adequate diagnostic markers of  acute pancreatitis.
In respect to urinary TAP concentrations, the present 
results are consistent with other studies[20,21] in which this 
marker was not useful for diagnosing acute pancreatitis. 
However, in the study of  Neoptolemos et al[7], there were 
statistically significant differences in urinary TAP levels 
between patients with acute pancreatitis and controls both 
at 24-48 h of  hospital admission and 24-48 h after the 
onset of  symptoms. It may be possible that the increase 
in urinary TAP levels at 48 h compared to 24 h and the 
high rate of  alcoholic pancreatitis included in the study 
of  Neoptolemos et al[7] may account for the differences 
observed with the present findings.
    With regard to clinical value of  serum and urine CAPAP 
concentrations, both assays were reliable early markers 
for diagnosing acute abdominal pain of  pancreatic origin. 
These results are similar to previous findings by our group 
in a series of  22 patients[22] and confirm that this marker 
of  acute pancreatitis is capable of  both simultaneously 

diagnosing and assessing severity of  disease at the time of  
admission to the hospital[8-11]. Certainly, we do not know 
why urinary TAP was not a useful screening test for the 
diagnosis of  acute pancreatitis whereas urinary CAPAP 
levels were a reliable test, since both assays indicate an 
activation of  pancreatic zymogens. Probably, the different 
kinetics of  release and techniques of  determination of  
both markers could explain this point. More studies are 
necessary to assess it. On the other hand, laborious and 
time consuming work are pitfalls of  current CAPAP 
assays for rapid screening in a routine diagnostic setting. 
Moreover, it hardly improves the diagnostic accuracy of  
the routine markers (amylase and lipase).
    Rapid urine trypsinogen-2 strip test has been introduced 
in an effort to decrease the number of  misdiagnosed 
cases of  acute pancreatitis in an emergency setting. In the 
present study, the test was positive in 68% of  patients 
with acute pancreatitis and 13.6% in extrapancreatic 
controls, with a sensitivity of  68% and specificity of  
86.4%. These results are slightly less favorable than those 
reported in other series[12-16], in which 90% sensitivity 
was almost reached. However, it should be noted that a 
high percentage of  patients with non-pancreatic acute 
abdominal pain with a clinical profile similar to acute 
pancreatitis (cholecystitis five cases, biliary colic three 
cases) were included in our study. Therefore, the present 
results far from decreasing the clinical usefulness of  
urinary trypsinogen-2 test strip, contribute to delimit the 
true value of  this rapid screening test in clinical practice. 
On the other hand, it has to be considered that the 
inclusion process of  patients with abdominal pain in this 
investigation may be biased, since patients admitted to 
our department have been pre-selected by the emergency 
department, and this likely justifies the high proportion of  
patients with AP in our series (50/72).
    In summary, in patients with acute abdominal pain, 
hospitalized within 24 h of  symptom onset, CAPAP in 
serum and urine was a reliable diagnostic marker of  acute 
pancreatitis, but it provided only slightly better results 
than serum amylase and lipase and, although we have not 
made a detailed economical analysis, it seems not to be 
cost-effective to use it as a routine diagnostic marker. On 
the other hand, urinary trypsinogen-2 test strip showed a 
clinical value similar to amylase and lipase. Urinary TAP 
was not a useful screening test for the diagnosis of  acute 
pancreatitis.

Table 3 Diagnostic accuracy of cut-off values of CAPAP in serum and urine and urinary TAP to distinguish severe acute pancreatitis from the 
mild form of the disease
Proenzyme, cut-off value
within 24 h of admission

Pre-test
probability

%
Sensitivity

%
Specificity

%
PPV

%
NPV

%

Positive
likelihood

ratio

Post-test
probability

%
Amylase serum, >330 U/L 69.4 74   86.4 92.5    59.3 5.4   92.4
Lipase serum, >180 U/L 69.4 84   85.7 93.4 72  5.87 93
CAPAP serum, >1.53 nmol/L 69.4 85   90.9 95.2 74 9.3 95
CAPAP urine, >2.32 nmol/L 69.4   66.7    95.5 96.9    56.7 14.6 97
TAP urine, >10.01 nmol/L 69.4   68.8 40 73.3    34.7   1.13   71.9
Trypsinogen-2 urine, positive 69.4 68   86.4 91.9    54.3 5   91.9

PPV, positive predictive value; NPV, negative predictive value.
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