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Background: The combination of amylase and lipase tests for diagnosing acute pancreatitis is not better than a lipase test alone;
however, both tests are commonly ordered simultaneously. Further, although no data indicate usefulness of monitoring changes
in elevated amylase and lipase levels, the tests are often ordered multiple times during the same clinical encounter.
Methods: We retrospectively reviewed all amylase and lipase tests performed at a university-affiliated teaching hospital during a
6-month period. We considered amylase and lipase results diagnostic if they were >3 times the upper limit of normal and borderline if they were ࣘ3 times the upper limit of normal. During a single clinical encounter, we considered amylase tests superfluous if
ordered simultaneously with lipase tests or repeated after diagnostic results, questionably superfluous if repeated alone, and nonsuperfluous otherwise. Lipase tests were considered superfluous if repeated after diagnostic results, questionably superfluous if
repeated after nondiagnostic results, and nonsuperfluous otherwise.
Results: In this study, 3,502 patients had 8,801 tests (4,926 lipase, 3,875 amylase), 4% of which were diagnostic and 10% borderline. Of the 8,801 tests, 45% were superfluous and 9% were questionably superfluous. Nonsuperfluous testing was less frequent
(P<0.0001) in the intensive care/stepdown units (22% of 748 tests) than in the emergency department (54% of 6,000 tests) or
other settings (31% of 2,053 tests). Among 3,545 simultaneous amylase/lipase tests with nondiagnostic lipase results, 0.6% amylase results were diagnostic. Of the 190 lipase tests repeated after nondiagnostic lipase results, 12% were diagnostic.
Conclusion: Superfluous amylase/lipase testing in one teaching hospital is substantial, suggesting significant potential for reducing healthcare costs without compromising the quality of care when evaluating patients for acute pancreatitis.
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INTRODUCTION
The diagnosis of acute pancreatitis (AP) is established by
the presence of 2 of 3 criteria: characteristic abdominal pain,
serum amylase and/or lipase >3 times the upper limit of normal, and characteristic findings on abdominal imaging.1
The sensitivity of serum amylase is limited as amylase
levels may remain normal in patients with hypertriglyceridemia, alcohol-induced AP, or acute exacerbation of
chronic pancreatitis.2–6 Further, several conditions may result
in the elevation of amylase level, such as macroamylasemia,
decreased glomerular filtration rate, diseases of the salivary
glands, acute appendicitis, cholecystitis, intestinal obstruction or ischemia, peptic ulcer, and gynecologic diseases.1,6
Serum lipase may also be elevated in nonpancreatic
diseases.2,7–10 In addition, patients with diabetes tend to
have higher lipase levels than patients without diabetes;
therefore, a higher lipase level may be needed to estab102

lish a diagnosis of AP.10,11 Nevertheless, several studies
have demonstrated that serum lipase is more sensitive and
just as specific a marker as serum amylase in diagnosing
AP and that the combination of amylase and lipase testing is not better than lipase alone3,12–24 ; these findings are
reflected in the 2013 guidelines of the American College of
Gastroenterology.1 However, both tests are still commonly
ordered simultaneously.25 Further, although several studies
failed to show the prognostic usefulness of repeating amylase and lipase tests after obtaining diagnostic results,6,26 the
tests are often ordered multiple times throughout the course
of a single AP episode.27–29
The clinical utility of repeating amylase and lipase tests
after an initially normal or borderline result is not well established. The serum amylase level tends to rise 2-4 hours after
the onset of AP symptoms and returns to normal within 5-7
days. On the other hand, the serum lipase level tends to rise
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within 4-6 hours of AP symptoms and remains elevated for
8-14 days.30 Thus, during the early hours following the onset
of AP symptoms, both amylase and lipase levels could conceivably remain below diagnostic thresholds.
As a first step in a quality improvement/healthcare cost
reduction initiative, the primary aim of this study was to
explore the extent of superfluous amylase/lipase testing at
Boca Raton Regional Hospital (BRRH), a university-affiliated
teaching hospital in Florida. We also assessed the frequency
of obtaining diagnostic amylase results with a simultaneous
normal or borderline lipase level and of obtaining diagnostic
amylase or lipase results after same-clinical-encounter normal or borderline levels.

METHODS
This study was conducted in accordance with the Declaration of Helsinki after approval of the Institutional Review
Board of Florida Atlantic University.
We retrospectively reviewed all amylase and lipase tests
that were performed at BRRH during a 6-month period (July
3, 2017 to January 29, 2018). Locations where blood was
drawn, results, times, and dates of all amylase and lipase
tests performed during this period were provided to the
investigators by the medical records service in a deidentified format.
Based on the laboratory reference range, lipase and amylase levels were classified as normal if they were <393 U/L
and <105 IU/L, respectively. Lipase and amylase were considered diagnostic of AP if they were >3 times the upper limit
of normal (ie, lipase >1,179 U/L, amylase >315 IU/L), and
results were considered borderline if levels were ࣘ3 times
the upper limit of normal (ie, lipase >393 but ࣘ1,179 U/L,
amylase >105 but ࣘ315 IU/L).
Each patient was assigned a code number. Lipase and
amylase tests were classified as occurring during the same
or during different clinical encounters based on location and
the time interval between the tests. Three main locations
were identified: outpatient, emergency department (ED), and
inpatient. Tests obtained in the outpatient setting were considered to belong to different clinical encounters if they were
not done on the same date. Tests obtained in the ED were
considered to belong to different clinical encounters if they
were separated by more than 48 hours. Tests obtained in the
inpatient setting were considered to belong to different clinical encounters if they were separated by tests obtained in
an ED or outpatient setting. The inpatient setting was further
classified into intensive care unit (ICU)/stepdown unit, regular floor, and endoscopy suite.
We considered an amylase test to be superfluous if
it was performed simultaneously during the same clinical
encounter with a lipase test or repeated after a diagnostic
amylase test, questionably superfluous if it was repeated
alone after normal or borderline amylase test, and nonsuperfluous otherwise. We considered a lipase test to be
superfluous if it was repeated after a diagnostic lipase test,
questionably superfluous if it was repeated after normal or
borderline lipase test, and nonsuperfluous otherwise. Tests
repeated during the same clinical encounter were also classified based on the immediate previous test result into
repeated after normal, borderline, or diagnostic test.
We calculated the number and percentage of lipase and
amylase tests per location (ICU/stepdown unit, ED, or other
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Figure 1. Nonsuperfluous, superfluous, and questionably
superfluous amylase and lipase tests. Bars represent number of tests ordered during a 6-month period.

settings [outpatient, regular floor, and endoscopy suite]),
per level (normal, borderline, or diagnostic), and per utility
(superfluous, questionably superfluous, or nonsuperfluous).
Numbers of superfluous tests were compared among locations using Fisher exact test. We also calculated the number and percentage of diagnostic amylase tests that were
obtained simultaneously with normal or borderline lipase
tests and of diagnostic amylase or lipase results that were
obtained after normal or borderline results.

RESULTS
A total of 3,502 patients had 8,801 tests (4,926 lipase,
3,875 amylase) during up to 10 clinical encounters.
Of the 8,801 tests, 361 (4%) were diagnostic (5% of 4,926
total lipase tests and 3% of 3,875 total amylase tests), 861
(10%) were borderline (9% of total lipase tests and 11% of
total amylase tests), and 7,579 (86%) were normal (87% of
total lipase tests and 85% of total amylase tests).

Superfluous vs Questionably Superfluous vs
Nonsuperfluous Tests
As shown in Figure 1, of the 8,801 tests, 3,996 (45%) were
superfluous (6% of total lipase tests and 96% of total amylase tests), 787 (9%) were questionably superfluous (15% of
total lipase tests and 2% of total amylase tests), and 4,018
(46%) were nonsuperfluous (80% of total lipase tests and
2% of total amylase tests).
Nonsuperfluous testing was less frequent (P<0.0001) in
the ICU/stepdown unit (22% of 748 tests) than in the ED
(54% of 6,000 tests) and in other settings (31% of 2,053
tests).

Diagnostic Amylase Tests With Nondiagnostic
Lipase Tests
Of the 3,545 amylase tests obtained simultaneously with
normal or borderline lipase tests, 21 (0.6%) were diagnostic (Figure 2A). Eighteen of the 21 diagnostic amylase tests
were obtained with normal lipase results and 3 with borderline lipase results (all >1,000 U/L).
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Figure 2. A. Diagnostic amylase tests with and diagnostic lipase tests after nondiagnostic lipase tests. The bars represent the
number of tests ordered during a 6-month period. B. Diagram depicts the characteristics of lipase tests preceding diagnostic
ones.

Seven of the 21 diagnostic amylase tests were obtained in
the ICU/stepdown units, 10 in the ED, 3 in the regular floor,
and 1 in the endoscopy suite.

Diagnostic Lipase Results After Same-ClinicalEncounter Normal or Borderline Results
Of the 190 lipase tests that were repeated after normal or
borderline lipase results, 22 (12%) were diagnostic (Figures
2A and 2B). Fifteen of the 22 diagnostic lipase tests were
immediately preceded by normal test results and 7 by borderline test results (Figure 2B).

DISCUSSION
In 2009 alone, the estimated waste of healthcare expenditure was almost $750 billion. A large proportion of this waste
was attributed to unnecessary services—expenditures that
providers can directly avoid by changing their practice.
Consequently, several healthcare organizations have implemented measures to reduce waste and incorporate highvalue, cost-effective care into clinical practice.31
The diagnosis of AP can often be established by clinical symptoms and laboratory testing without the need for
imaging. Although none of the current available biochemical
markers can be considered ideal, serum amylase and lipase
are the most commonly used, and serum lipase alone is the
preferred test for diagnosing AP.
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Consistent with previous studies,22–25 we found that 45%
of serum amylase and lipase tests were superfluous. Even
with a conservative cost estimation of $50 per test, eliminating superfluous amylase and lipase tests could result in a
cost saving of $199,800 during a 6-month period. Another
$39,350 could be potentially saved if one considers the
questionably superfluous tests as well.
Almost all (96%) of the 3,875 amylase tests in this study
were superfluous compared to only 6% of the lipase tests,
indicating that cost reduction efforts should be focused on
amylase ordering. On the other hand, 6,000 (68%) of the total
8,801 amylase and lipase tests were obtained in the ED and
54% (significantly higher than other locations) of them were
superfluous, suggesting that the ED would be a good location to target.
As stated earlier, several studies have demonstrated that
the combination of amylase and lipase testing for diagnosing AP is not better than lipase testing alone.3,12–24 Consistently, our study showed that of 3,545 simultaneous amylase
and lipase tests with normal or borderline lipase results, only
0.6% of the amylase results were diagnostic of AP.
Because we did not have clinical data, we could not establish whether these amylase tests were false positive or true
positive. Amylase tests are known to be nonspecific and
to be elevated in the setting of nonpancreatic diseases,
metabolic disturbances, and after endoscopic retrograde
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cholangiopancreatography (ERCP).1,6 Thus, the true positive
rate of diagnostic amylase tests in the face of nondiagnostic
lipase tests should be extremely small.
The clinical utility of repeating amylase and/or lipase tests
after normal or borderline results is not known. In our study,
9% of the 8,801 amylase and lipase tests fell in this questionably superfluous category. Interestingly, of the 190 lipase
tests that were repeated after normal or borderline lipase
results, 12% were diagnostic of AP. Again, because we did
not have clinical data, whether some or all these diagnosticafter-negative results were attributable to premature initial
testing or new pancreatic insult such as sepsis, shock, or
ERCP is not clear.
An important note is that our results are based on data collected at one teaching hospital during a selected 6-month
period before implementing a quality improvement intervention; consequently, the results may not apply to other
settings.

CONCLUSION
The number of superfluous amylase tests (performed
simultaneously with lipase tests or repeated after diagnostic results) and superfluous lipase tests (repeated after diagnostic results) during a 6-month period in a teaching hospital
was substantial, suggesting significant potential for reducing
healthcare costs without compromising the quality of care
when evaluating patients for AP. More studies are required
to examine the clinical utility of repeating amylase and lipase
tests after same-clinical-encounter, normal, or borderline
results.
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