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Exocrine pancreatic insufficiency is defined by a loss of pancre-
atic enzyme production or delivery sufficient to cause clinically sig-
nificant maldigestion (defective intraluminal breakdown of dietary
nutrients).1,2 Approximately 10% of the normal output of pancre-

atic enzymes is sufficient to pre-
vent fat maldigestion.2 Less se-
vere loss, which does not cause

maldigestion, is termed exocrine pancreatic dysfunction.1 Exocrine
insufficiency is most frequently caused by loss of pancreatic tissue,
which reduces enzyme synthesis. The most common causes of exo-
crine insufficiency are cystic fibrosis (>85% of patients are af-
fected), chronic pancreatitis (>50%, depending on etiology and du-
ration), acute pancreatitis3 (19% after a mild episode; 33% after a
severe episode), blockage of the pancreatic duct preventing en-
zyme delivery as may occur with pancreatic cancer (50%-90%), and
undergoing pancreatic surgery.2,4 Less common causes include de-
fective mixing of food and enzymes after intestinal surgery or duo-
denal diseases, such as celiac disease, which interfere with hormonal
signaling for pancreatic secretion.

Clinical Presentation
The clinical manifestations of exocrine pancreatic insufficiency vary.
Visible fat in stool (steatorrhea), weight loss, sarcopenia (loss of skel-
etal muscle), and nutrient deficiency (particularly vitamins D and A) are
observed in those with severe or long-standing insufficiency.2 These
symptoms do not differentiate pancreatic maldigestion from other
causes of malabsorption such as celiac disease or small intestinal bac-
terial overgrowth. Symptoms may also include bloating and excess
flatulence. Patients may note oil or grease in the stool or toilet water
and malodorous stools, but watery diarrhea is rarely observed. Patients
may develop osteopenia or osteoporosis (up to two-thirds of patients
with chronic pancreatitis) as a consequence of vitamin D deficiency.
Because patients are often reluctant to discuss stool character, elicit-
ing these symptoms may require clinician-initiated discussion.

Diagnosis
The diagnosis of exocrine pancreatic insufficiency is based on pres-
ence of both fat malabsorption and decreased pancreatic exocrine
function. The American Gastroenterological Association recom-
mends the fecal elastase-1 test as the most appropriate initial test for
diagnosing exocrine pancreatic insufficiency because it is simple, non-
invasive, and relatively inexpensive (Table).2,5 A normal elastase level
is greater than 200 μg/g of stool. Although fecal elastase can be mea-
sured on a single stool sample and is unaffected by pancreas enzyme
therapy, there is variability from sample to sample, and testing a very
loose or watery stool sample can produce a false-positive result due
to dilution. Therefore, the result must be interpreted in the context
of the pretest probability of exocrine insufficiency, which incorpo-
rates patient history (eg, presence and severity of prior acute pan-
creatitis; presence of chronic pancreatitis, cystic fibrosis, or pancre-
atic cancer; type of pancreatic surgery [particularly pancreatic
resection]), symptoms (eg, steatorrhea, weight loss), pancreatic

imaging features (eg, dilated pancreatic duct, calcifications, atrophy,
or mass on computed tomographic scan or magnetic resonance
imaging), and consistent laboratory values (eg, low serum lipase, low
fat-soluble vitamin levels). In a systematic review and meta-analysis
of 13 observational cohort studies (7 cystic fibrosis, 4 chronic pancre-
atitis, 1 diabetes, 1 pancreatic surgery) of 888 patients comparing fe-
cal elastase with quantitative measurement of fecal fat, the sensitiv-
ity of fecal elastase less than 200 μg/g of stool was 0.94, with a
specificity of 0.69.5 Using a more stringent cutoff of elastase of less
than 100 μg/g of stool, the sensitivity was 0.88 and specificity was
0.82. The moderate specificity leads to a substantial false-positive re-
sult rate when fecal elastase testing is used in low-prevalence popu-
lations. Clinicians should avoid diagnosing exocrine insufficiency based
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Table. American Gastroenterology Guideline Recommendations
for Diagnosis and Treatment of Exocrine Pancreatic Insufficiency

Topic Guideline best practice Caveat
Focus testing
for exocrine
pancreatic
insufficiency
on those with
sufficient
pretest
probability

Patients with pretest probability
≥25%:
Those with a history of acute or
chronic pancreatitis, pancreatic
cancer, previous pancreatic
surgery, cystic fibrosis
Abnormal computed
tomographic scan with
pancreatic atrophy, calcification,
or a dilated pancreatic duct
Steatorrhea with or without
fat-soluble vitamin deficiency

The pancreas has
substantial excess
capacity; significant loss
or damage is required
before insufficiency
develops
Avoid testing in patients
with low pretest
probability due to risk of
false-positive result;
consider alternative
diagnoses

Fecal elastase
testing should
be performed
and
interpreted
correctly

Sample must be performed
on a solid or semisolid stool
specimen
Patients do not need to stop
pancreatic enzyme treatment
for testing
Test is variable; repeat testing
may be informative
Cutoff for the test is 200 μg/g
of stool, but a cutoff of 100 μg/g
is more specific (pooled
sensitivity and specificity of
0.94 and 0.69, respectively, for
cutoff of 200 μg/g and 0.88 and
0.82, respectively, for cutoff of
100 μg/g)

Testing watery stool will
lead to dilution of elastase
and false-positive result
A low elastase alone is
insufficient to diagnose
exocrine insufficiency
Low levels of elastase can
be seen in those without
clinical exocrine
insufficiency (eg, in
patients with diabetes,
older age [>65 y], celiac
disease, irritable bowel
syndrome, and others)

When using
pancreatic
enzyme
therapy, use
the most
effective dose
and timing

A starting dose of
≥40 000-50 000 units of lipase
per meal, and half that with
snacks
The dose may be increased
depending on response, with
typical doses approximately
70 000-100 000 units/meal
Administer the enzymes during
the meal

Individuals requiring very
high doses, eg, 10 000
units of lipase per kg of
body weight per day,
should be reassessed for
alternate diagnoses
Over-the-counter
products have variable
and unpredictable
potency and efficacy

When using
enzyme
replacement,
measure
baseline
nutrient
levels,
supplement as
needed, and
monitor these
over time

Fat-soluble vitamins (A, D, E, K;
yearly)
Anthropometrics (body mass
index, muscle strength and
function; yearly)
Glycated hemoglobin (yearly)
Bone density scan (every 1-2 y)

Consider routine A, D, E,
and K supplementation;
monitor levels annually to
ensure no deficiency or
toxicity
Consider measuring
B vitamins, folate, and
micronutrients (zinc,
magnesium, calcium) at
baseline
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on elastase values alone; clinical and imaging features should also be
assessed. Fecal elastase should not be part of the initial testing for
chronic diarrhea because infectious, inflammatory, and drug-
induced causes are more common. Cross-sectional imaging may be
performed to identify underlying pancreatic abnormalities associ-
ated with exocrine pancreatic insufficiency.

The differential diagnosis includes irritable bowel syndrome with
diarrhea, microscopic colitis, and nonpancreatic causes of steator-
rhea such as celiac disease and small intestinal bacterial overgrowth.2,4

Patients with type 1 and 2 diabetes, which can cause both diarrhea and
an atrophic or fatty pancreas, may require consultation with a gas-
troenterologist to distinguish exocrine pancreatic insufficiency from
diabetes-associated diarrhea.6 Although gastrointestinal symptoms
associated with conditions in the differential diagnosis can mimic exo-
crine insufficiency and may partially respond to pancreatic enzyme
replacement therapy, they should be treated with more effective dis-
ease-specific treatments.

Treatment
First-line treatment of exocrine pancreatic insufficiency is lifelong pran-
dial consumption of exogenous digestive enzymes. The current US
Food and Drug Administration–approved pancreatic enzyme–
replacement formulations are derived from porcine sources; most are
enteric-coated and formulated for oral use. One pancreatic enzyme
replacement is uncoated (and should be used with acid suppression
to prevent lipase inactivation) and 1 is formulated to facilitate lipoly-
sis with tube-based enteral nutrition. For enteric coated formula-
tions, the adult starting dose is approximately 40 000 to 50 000
units of lipase with each meal and 25 000 units of lipase with each
snack.2,7 Alternatively, enzyme dose may be guided by dietary grams
of fat (2500 to 4000 units of lipase per gram of dietary fat); this dos-
ing strategy is used primarily in children.7 The pancreatic enzyme re-
placement dose is typically adjusted to achieve symptom control and
relief of steatorrhea or titrated up to a maximum of 10 000 units of
lipase per kg of body weight per day. Maximum dosage is rarely pre-
scribed except for patients with cystic fibrosis. Doses higher than

10 000 units of lipase per kg of body weight per day increase the risk
of fibrosing colonopathy (scar formation in the colon leading to ob-
struction), a rare (0.024 per 1000 person-years) adverse effect of en-
zyme replacement in cystic fibrosis.8

Although current pancreatic enzyme replacements achieve
symptom relief (decreased stool frequency and visible fat in stool)
in approximately 75% of patients with exocrine pancreatic insuffi-
ciency, they do not fully correct digestion and absorption. Patients
may therefore develop long-term sequelae of insufficiency includ-
ing fat-soluble vitamin deficiency and metabolic bone disease.8,9 Per
2023 guidelines, all individuals with exocrine insufficiency should
undergo annual nutrition assessment, including a review of adher-
ence to pancreatic enzyme administration, evaluation of skeletal
muscle mass and function (eg, grip strength), and laboratory as-
sessment of fat-soluble vitamin (A, D, E, and K) and micronutrient
levels (B12, thiamine, folate, magnesium, selenium, zinc, and iron
studies).2 Bone densitometry should be assessed periodically, gen-
erally every 1 to 2 years, due to high prevalence of osteoporosis (18%)
and osteopenia (39%).10 Patients with vitamin or micronutrient de-
ficiencies should take fat-soluble vitamins and/or a combination mul-
tivitamin with other micronutrients (zinc, B vitamins, magnesium,
calcium); doses can be titrated based on annual levels. For patients
with persistently low micronutrient levels who are taking the pre-
scribed micronutrients and vitamins consistently and correctly (dur-
ing meals), clinicians should consider alternative causes and in-
crease the doses of micronutrients and vitamins.

Conclusions
Exocrine pancreatic insufficiency most commonly occurs in indi-
viduals with a history of cystic fibrosis, acute or chronic pancreati-
tis, pancreatic cancer, or pancreatic surgery, and may cause meta-
bolic bone disease, sarcopenia, and fat-soluble vitamin deficiencies.
Fecal elastase-1 is the most appropriate initial test for diagnosis of
exocrine pancreatic insufficiency. First-line treatment involves pan-
creatic enzyme–replacement therapy, typically lifelong, and ongo-
ing monitoring with vitamin levels and bone density studies.
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