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Abstract

Purpose of Review Exocrine pancreatic insufficiency (EPI) may occur due to a variety of causes depending on the age of
the patient, and making the diagnosis can be challenging due to a lack of reliable diagnostic testing approaches. This review
summarizes the approach to diagnosis and treatment of patients with EPI.

Recent Findings In patients at risk of EPI, timely diagnosis and treatment are important to optimize nutritional status, qual-
ity of life, and survival. EPI without overt steatorrhea may be subclinical with nutritional impacts such as weight loss or
growth failure and nutrient malabsorption. Providers should be familiar with available indirect and direct tests and know
when such tests will facilitate accurate diagnosis and appropriate, prompt treatment.

Summary Identification of at-risk patients, appropriate diagnostic testing, and appropriate PERT dosing are necessary to

provide quality care for patients with EPI.

Keywords Exocrine pancreatic insufficiency - Pancreatic enzymes - Steatorrhea

Introduction

Exocrine pancreatic insufficiency (EPI) is a general term that
describes the consequence of inadequate concentrations of
active pancreatic enzymes in the duodenal lumen following
a meal. Effective diagnosis EPI requires a familiarity with
the processes underlying normal digestion and absorption
as well as the potential short- and long-term consequences
of insufficient pancreatic enzyme activity. Successful treat-
ment requires the recognition that digestion and absorption
of all nutrients is impaired, and deficiencies must be con-
sidered and assessed beyond fat and fat-soluble vitamins.
EPI is associated with increased mortality in patients with
chronic diseases, including CP, CF, and pancreatic cancer
[1-3].

EPI also contributes to reduced quality of life in patients
with chronic conditions. A recent systematic review found
that regardless of the underlying disease, EPI was indepen-
dently associated with significantly lower quality of life
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(QOL) scores when comparing patients with the same dis-
ease [4].

Normal digestive pancreatic function depends on nor-
mal secretory activity of the two main types of cells in the
exocrine pancreas: acinar cells and ductal cells. Acinar cells
secrete the digestive enzymes, including amylases, lipases,
and proteases, responsible for breaking down dietary mac-
ronutrients. Ductal cells secrete water and bicarbonate ions,
the remaining two components in the pancreatic juices,
responsible for conveying enzymes to the intestine and neu-
tralizing gastric hydrochloric acid in the proximal duode-
num. It is rare that either ductal or acinar components are
independently impaired while the other is intact; however,
some genetic disorders may negate only one component of
this process. Furthermore, a number of etiologies external to
the pancreas may cause functional EPI due to reduced activ-
ity of normally-secreted pancreatic enzymes (See Table 1).

The underlying etiology is likely to have a significant
effect on a patient’s presentation and treatment goals. The
majority of evidence in the literature examines EPI in
the context of one of a few major diseases: cystic fibro-
sis (CF), chronic pancreatitis (CP), and pancreatic cancer.
Often, more general recommendations regarding diagnosis
and treatment of EPI have been extrapolated from these
populations.
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In reality, exocrine pancreatic function is a continuous
rather than binary variable, and the clinician must be famil-
iar with groups at high risk of developing EPI, appropri-
ate diagnostic testing for EPI and how testing should be
employed, and ultimately the comprehensive approach
needed to manage a patient with EPL.

Diagnosing Exocrine Pancreatic Insufficiency

A persistent challenge to the accurate diagnosis and effec-
tive management of a patient with suspected EPI is the lack
of an accurate and available diagnostic test. For tests that
do exist, there remain inconsistencies in interpretation of
results: for instance, a survey in 2022 of 329 European and
African pancreatologists reported significant variability in
the most appropriate cut-off value for the fecal elastase-1
test to discriminate between normal pancreatic function
and EPI [40]. The lack of a widely-accepted, structured
approach to testing requires the clinician to decide between
less invasive and potentially less specific indirect tests of
pancreatic function versus more invasive direct measure-
ments of pancreatic function. In general, testing for EPI
should be pursued if there is a relatively high clinical suspi-
cion and pre-test probability.

Indirect Testing

Indirect tests are often the first line of assessment, primarily
used to screen for EPI. These tests evaluate surrogate mark-
ers for pancreatic enzyme activity in stool, serum, urine or
through breath tests, offering relatively noninvasive ways to
assess EPI.

The most commonly-used indirect test is fecal elastase-1
(FE-1). FE-1 is produced solely by the pancreas, is not
degraded in the intestine, and remains stable at room tem-
perature, making its concentration in stool a viable indica-
tor of pancreatic enzyme secretion [41]. The simplicity of
the test makes it a frequent choice as it requires a random,
small-volume stool sample. The commercially-available
assay does not cross-react with porcine elastase, meaning
that it can be performed while a patient is taking porcine-
derived pancreatic enzyme replacement therapy (PERT).
However, multiple challenges limit FE-1’s utility as a diag-
nostic test. While FE-1 testing is effective in discriminat-
ing between severely impaired or normal exocrine function,
it is unreliable in mild to moderate insufficiency. As noted
above, there is significant disagreement among experts as to
specific cut-off points. The specificity of the test increases
with lower cut-off points: FE-1 concentrations < 100 pg/g
of stool are widely considered abnormal, with some experts
recommending a threshold of < 50 ug/g for greater diag-
nostic accuracy. It should be noted that lowering the cut-off
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increases specificity but sacrifices sensitivity. Another limi-
tation to FE-1 testing is that it must be performed on formed
stool. Watery stools dilute enzyme concentrations and can
generate false negative results. Despite these challenges,
FE-1 remains a useful method for assessing pancreatic
function, especially when used in conjunction with clinical
symptoms and other diagnostic tests [42].

The historical gold standard test for evaluating steator-
rhea and thus exocrine pancreatic function is another indi-
rect measure requiring stool collection, the coefficient of fat
absorption (CFA). The CFA requires detailed dietary intake
data as well as a 72-hour stool collection while consuming a
higher-fat diet. The ratio of stool fat content is compared to
total fat intake using the equation:

CFA (%) =
[(grams of fat consumed — grams of fat in stool) /grams of fat consumed|
x 100

A normal CFA for infants is >85%, while normal for chil-
dren and adults is >93%; however, some experts caution
that results should be interpreted within the context of a
patient’s clinical symptoms, fat intake, and stool fat content
[43].To reduce the burden of testing on the patient, 24-hour
stool collections have been proposed and are considered by
some to be adequate; however, this assumes a very routine
dietary intake and defecation pattern [44]. However, the
CFA is rarely used clinically due to practical limitations and
its diagnostic utility. There is significant burden on patients
to accurately record dietary intake information and collect
stool for 72 h, and stools must then be shipped frozen to
commercial reference laboratories [45]. Furthermore, CFA
is not specific for EPI per se, as it simply detects dietary
fat malabsorption. Other non-pancreatic etiologies may
underly dietary fat malabsorption such as small intestinal
bacterial overgrowth, Crohn disease, and liver disease [45].

Chymotrypsin testing in stool, another indirect measure,
uses a photometric assay to assess enzyme activity. It is
less reliable than FE-1, as it is prone to degradation during
intestinal transit. Moreover, the presence of chymotrypsin in
PERT complicates interpretation, requiring patients to stop
their medication three days prior [45]. For these reasons,
this test should not be used to diagnose EPI.

Three non-invasive and indirect tests evaluate pancreatic
function by evaluating for a byproduct of a specific probe
via pancreatic-based hydrolysis and are arguably more spe-
cific for EPI; however, they are not widely available:

The pancreolauryl test involves a dual substrate combin-
ing a lauric acid derivative, dilaurate, and fluorescein. When
lipase hydrolyzes the substrate, fluorescein is released and
may be detected in urine or blood. Addition of mannitol
helps correct variations in intestinal permeability that may
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Table 1 Etiologies of EPI

Genetic/Heredi- Inflammatory/destructive: Cystic Fibrosis
tary Causes
Hypoplasia Shwachman-Dia-
mond Syndrome
Johanson-Blizzard
Syndrome
Monogenic
Diabetes of Youth
(MODY)
Jeune Syndrome
Metabolic Mitochondropa-
thies:
Pearson Syndrome
Enzyme deficiencies
Acquired Permanent
Endocrine/neuroendocrine Diabetes
Gastrinoma
Congenital
hyperinsulinism
Transient
Infectious gastroenteritis
Malnutrition
Inflammatory, Pancreatitis (acute, recurrent ~ Variety of causes,
autoimmune or chronic) age specific, and

by type.

Most common hereditary etiology of EPI. The majority of patients
with CF have EPI (~80%); < 20% have exocrine pancreatic suf-
ficiency, which can progress to EPI with successive bouts of
pancreatitis.

In the era of highly effective CFTR modulators, PI may be partially
reversible with some recovery and improvement in residual function
[5, 6].

Clinical triad of EPI, hematological abnormalities and skeletal
dysplasia. Most common pediatric etiology of hereditary bone
marrow failure and the 2nd most common cause of hereditary EPI
and associated with fatty replacement of acinar tissue; amylase may
be the predominant enzyme affected and may have some residual
exocrine pancreatic function and reserve. Can also have associated
liver dysfunction, cardiac issues, intellectual disability and behavior
issues [7, 8].

EPI associated with atypical facial features including short stature,
dental abnormalities, nasal abnormalities, endocrine axis abnormali-
ties, sensorineural hearing loss, urogenital abnormalities, intellectual
impairments [9].

Monogenic diabetes; formally known as mature onset diabetes of the
young. They are currently 14 known different types of MODY; type 8
is the most common associated with EPI [10, 11].

Asphyxiating thoracic dystrophy. Associated with cystic kidney dis-
ease, hepatic insufficiency, cystic pancreatic masses, EPI and retinal
abnormalities [12].

Pearson syndrome is associated with bone marrow failure, lactic
acidosis and failure to thrive. EPI related to pancreatic fibrosis. Short
life expectancy, usually within the first few years of life [13].
Isolated or selective pancreatic enzyme deficiencies are rare to infre-
quent. Isolated pancreatic amylase deficiency, colipase deficiency,
and lipase deficiency have been described. Brush border enzyme
deficiencies such as enterokinase deficiency have been described, but
may also occur in the setting of inflammation and mucosal damage
[14-19].

Known (bidirectional) relationship between the endocrine and
exocrine pancreas. diabetic ketoacidosis associated with transient
exocrine pancreatic insufficiency. Decrease endogenous stimulation
[20-22].

Zollinger-Ellison syndrome. Intraluminal deactivation of pancreatic
enzymes [23].

May relate to medical suppression with somatostatin analogs and
transient/associated EPI as opposed to related to surgical resections
and loss of acinar mass [24-26].

Usually is short term and transient [27].

Reversible with nutritional rehabilitation in young children [28].
Can be transient or longer term for acute and recurrent.

Some genetic causes such as those related to PRS S1 mutations may
predict recurrence risk for pancreatitis and rapid progression to EPI
[29].
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Table 1 (continued)

Extra-pancreatic Celiac disease,
Crohn’s disease;
short-bowel
syndrome; gastric

bypass.

Pancreatic tumors
such as SPN,
ductal adenocarci-
nomas; IPMN

Surgical Pancreatic resections

Age-dependent Early infancy and childhood

Age related decline in the
elderly

May be transient or longer term; with celiac disease, EPI has been
diagnosed in ~26% of adults at the time of diagnosis, with normaliza-
tion noted at the time that serology normalizes with strict adherence
to a gluten-free diet.

Hypothesis that with small bowel mucosal disease that there may

be decreased cholecystokinin release, which results in diminished
pancreatic secretions.

With both Crohn’s disease and short-bowel syndrome, there may be
post-cibal/gastrointestinal asynchrony [30, 31].

With Crohn’s disease, there may extra-intestinal pancreatic involve-
ment; decreased endogenous stimulation is also possible independent
of this [32, 33].

May in part depend on site and extent of resection, as well as age at
which resections performed [34].

Pancreas amylase expression is low and increases to adult levels by
the 2nd to 3rd year of life. This deficiency is not thought to be of any
clinical significance. Lipase levels are also low in the first few months
of life and there may be some compensation for low lipase by pancre-
atic lipase -related protein-2 (a homologue of pancreatic lipase).
Despite these deficiencies, steatorrhea is not pronounced in neonates
as compared to older infants, suggesting compensatory mechanisms.
Premature infants may have more marked deficiency in these pancre-
atic enzymes which recover with age [35-38].

EPI has been reported in the elderly and with aging [39].

skew the results, providing a more accurate measurement
via a fluorescein/mannitol ratio [46]. However, when com-
pared to FE-1, the pancreolauryl test is less accurate [45].

The carbon-13 (**C) mixed triglyceride breath test uses
a meal with fatty acids labeled with the stable carbon iso-
tope, '3C. The lipolytic byproducts in the presence of lipase
are °C -labeled octanoate and monoacylglycerol, which are
absorbed and eventually exhaled as CO,, which is then mea-
sured for its '*C/!2C ratio. The presence of *C indirectly
reflects intestinal lipase activity [47]. The meal composition
used for the test remains inconsistent, with recent studies
showing comparable results using standardized nutritional
drinks instead of the traditional toast and butter [48].
Although promising, this test is not available in the United
States.

Finally, the malabsorption blood test (MBT) is a func-
tional test that measures relative fatty acid absorption. The
test compares the serum concentration of an administered
free fatty acid (pentadecanoic acid, PA) to the serum con-
centration of a constituent free fatty acid (heptadecanoic
acid, HA) of an administered triglyceride (triheptadecae-
noin, THA). PA, the free fatty acid, is directly absorbed,
while the THA must be hydrolyzed by pancreatic lipase for
HA to be absorbed. The difference in patterns of absorption
represented by the area under the curve (AUC) between the
two provides insight into the pancreatic fat digestion and
absorption capabilities [49]. The MBT can detect changes
in fat absorption based on the timing of pancreatic enzyme
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administration [50]. This test was found to be more sensitive
to fat maldigestion than CFA [51]. This test is not yet com-
mercially available in the United States.

Direct Testing

While indirect tests are generally less invasive, direct tests
may provide a more definitive assessment of pancreatic
function. However, direct pancreatic function testing is less
widely available, usually limited to dedicated pancreatic
centers. Similar to some of the indirect tests, direct function
tests and the literature supporting them is limited by incon-
sistent outcome measures, protocols, and cut-off points.
Endoscopic pancreatic function testing (ePFT) involves
the direct collection via endoscopy of pancreatic fluid after
administration of the secretagogues secretin and/or cho-
lecystokinin (CCK): secretin stimulates ductal bicarbon-
ate and fluid secretion, and CCK induces degranulation of
pancreatic proenzymes from the acinar cells. The resulting
secretions are collected from the duodenum at the ampulla of
Vater using a sterile suction catheter under endoscopic guid-
ance. Pancreatic fluid secretion typically begins 3—4 min
after secretin administration, with optimal collection occur-
ring within the first 10 min to ensure accurate enzyme activ-
ity measurements and bicarbonate concentrations reflecting
ductal cell function. The pH, bicarbonate, protein content,
amylase, lipase, trypsin, chymotrypsin, elastase, and other
enzymes like carboxypeptidase can be assayed from the
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collected fluid. Total protein and pH measurement during
ePFT assess the quality of the assay; low protein concentra-
tion may indicate dilution with duodenal contents, while a
pH <7 suggests potential contamination with gastric fluid.

While direct testing via ePFT appears to provide an
accurate assay of both ductal and acinar function, the test
has significant limitations. Specific aspects of the proto-
col including the use and timing of administration of the
secretagogue(s), timing of fluid collection(s), and enzymes
assayed vary from center to center, potentially leading to
variability in sensitivity, specificity, and reproducibility.
While studies have demonstrated that using CCK alone
produces comparable enzyme activity as CCK and secretin
combined — suggesting this approach maintains accuracy
testing acinar function — bicarbonate concentrations have
not been assessed in this manner to evaluate ductal function
[52]. Opioid, benzodiazepine, and anticholinergic medica-
tions can influence test results. The test is invasive, requir-
ing sedation or general anesthesia. Finally, while ePFT is
well-established in adults, normative values for pediatric
populations, particularly for peak fluid, enzyme, and bicar-
bonate secretions, have yet to be fully validated. Interna-
tional organizations have called for centers performing
ePFT to adhere to a standardized protocol to increase the
utility of the test [53].

Imaging, while primarily assessing the anatomical struc-
ture of the pancreas, can offer insight into exocrine function.
Secretin-enhanced magnetic resonance cholangiopancrea-
tography, S-MRCP, is one such technique that evaluates
pancreatic fluid secretion in response to secretin. Trout et
al. measured secreted fluid in 50 children and reported a
correlation between the secreted volume and body surface
area of the pancreas. A secreted volume of less < 43 mL or
secretion rate of < 2.3 mL/min was considered abnormal
[54]. Similarly, endoscopic ultrasound is a highly accurate
imaging technique used to visualize the pancreatic ducts
and parenchyma. In patients with CP, the presence of pan-
creatic calcifications or ductal dilation may indicate EPI. In
a study of 128 adult patients, the presence of pancreatic cal-
cifications, duct dilation, and hyperechoic foci were inde-
pendently associated with the presence of EPI. In a cohort of
539 patients with CP, small pancreatic size was associated
with EPI [55].

Practical Clinical Approach

Ultimately, diagnosis of EPI relies on a high index of sus-
picion, careful history, and strategic testing. In some cases,
a therapeutic PERT trial may be appropriate to confirm a
diagnosis; this approach has gained support in recent years
and is now regarded as standard practice [56]. However,
this approach may present the clinician with a dilemma, as

improvement in maldigestive symptoms may not be specific
for EPI. Furthermore, the approach to EPI in adult and pedi-
atric populations is necessarily different, as are the etiolo-
gies underlying EPI in these populations.

Unfortunately, strategic testing approaches integrating
indirect and direct testing methods have not been deeply
studied in either population. In general, an indirect method
like FE-1 may be used to screen for EPI, while a direct test
like ePFT may be used to detect more subtle variations in
pancreatic function, differential ductal versus acinar origin
of EPIL, or detect isolated enzyme deficiencies. In patients
with specific underlying conditions like CP, imaging may
play a role as well. By combining these various diagnostic
modalities, healthcare providers can more effectively iden-
tify EPI in at-risk populations.

Treating Exocrine Pancreatic Insufficiency

A management approach considering short- and long-term
consequences of macronutrient and micronutrient deficits
is necessary including effects on growth and weight gain,
body composition, bone health, and symptoms related to
micronutrient deficiencies. Finally, depending on the under-
lying etiology, the symptoms and adverse nutritional con-
sequences of EPI may have significant negative impacts on
quality of life. Treatments should be chosen in conjunction
with the patient and/or caregiver with the ultimate goal of
maximizing quality of life.

Consequences of EPI

Perhaps the most significant consequence of inadequate
pancreatic enzyme activity in the intestinal lumen is dietary
fat malabsorption. Maldigested fat in the lumen is responsi-
ble for the typical symptoms EPI including abdominal pain,
bloating, and flatulence. In addition to causing symptoms
and significantly reducing calorie and essential fatty acid
(EFA) absorption, failure to hydrolyze triglycerides into
free fatty acids reduces micelle formation and thus reduced
absorption of the fat-soluble vitamins A, D, E and K. In
patients with impaired ductal function or inadequate neu-
tralization of gastric hydrochloric acid, absorption of dietary
vitamin B12, calcium, zinc, and selenium may be impaired
[1]. Protein and carbohydrate malabsorption can contribute
to the overall calorie deficit and negative nitrogen balance,
compounding malnutrition.

In the short term, dietary fat malabsorption results in
acute symptoms related to steatorrhea and poor weight gain
or weight loss. Over time, the associated calorie deficit may
cause muscle wasting and malnutrition, and children may
demonstrate linear growth failure. Fat-soluble vitamin and
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EFA deficiencies may accrue over time and contribute to
decreased bone density [57].

Pancreatic Enzyme Replacement Therapy

The mainstay of EPI treatment is pancreatic enzyme
replacement therapy (PERT), the exogenous provision of
pancreatic enzymes to digest one or all of the macronutrient
components in the diet. The majority of PERT formulations
in 2025 contain combinations of lipase, amylase, and prote-
ase in varying doses to ease administration. Compensatory
mechanisms such as salivary amylase and gastric peptidase
can compensate for the loss of pancreatic amylase and pro-
tease; however, the human body does not have a mecha-
nism to salvage loss of pancreatic lipase, and thus PERT
focuses primarily on fat absorption and lipase activity. The
primary form of lipase in most formulations is pancreli-
pase extracted from porcine pancreatic tissue, relevant for
patients with dietary restrictions forbidding the consump-
tion of pork products. A recombinant, yeast-derived for-
mulation, adrulipase, was safe and effective but failed to
significantly improve the CFA in a majority of subjects in a
recent Phase 2 clinical trial (NCT link).

Most PERT formulations are enteric-coated to prevent
denaturing in the acidic environment of the stomach, releas-
ing the active enzyme only when exposed to the more basic
environment in the small intestine. A non-coated formula-
tion is available and used frequently in patients who require
enteral formula. An enteric feeding in-line cartridge (EFIC)
containing a recombinant, bacterial-derived lipase is avail-
able for patients requiring enteral feeds as well; despite
containing only lipase, its use is associated with improved
growth parameters [58].

While PERT improves dietary fat absorption, it by itself
does not completely normalize fat absorption or improve
fat-soluble vitamin status [59]. Even with some residual
fat malabsorption, PERT has been shown in patients with
CP and EPI to mitigate weight loss as well as improve
associated symptoms such as increased stool frequency,
abdominal pain, and flatulence [60, 61]. Appropriate PERT
dosing is also associated with improvement in QOL and

Table 2 Dosing recommendations for pancreatic enzyme replacement
therapy

Age Initial dose Titration

<12 months 1000-2500 LU/kg/feed

Increase by 1 cap-

1-4 years Meals: 1000-2500 LU/kg ~ sule per dose based
Snacks: 500-1250 LU/kg ~ ©n clinical SY“;P'
toms to max of:
> . )
>4 years Meals: .500 2500 LU/kg ~2,500 LU/kg/meal
Snacks: 250-1250 LU/kg ~10,000 LU/kg/day
Adults Meals: 40,000-50,000 LU

Snacks: 20,000-25,000 LU

LU lipase units
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normalization of eating habits in patients with pancreatic
cancer [62].

PERT dosage varies by age, EPI severity, and fat content
of the meal. Most professional guidelines provide recom-
mendations based on studies in patients with cystic fibrosis
and EPI, presented in Table 2 [56]. Historically, the ideal
adult dose has been estimated at 10% of the normal pan-
creatic lipase production with each meal, a concentration
associated with adequate fat and fat-soluble vitamin absorp-
tion to prevent deficiency, around 90,000 units of exogenous
lipase per meal. Pediatric doses are weight-based and vary
by age, though dietary fat content may be considered when
assessing the patient’s response to PERT. In both adult and
pediatric patients, the snack dose is approximately half the
meal dose [1]. For children who are unable to swallow a
capsule, enzyme beads may be sprinkled on a small amount
of applesauce or other acidic food. Children who have pro-
longed mealtimes may also benefit from a split dose with
the first half administered at the beginning of a meal and the
second half administered thirty minutes into the meal.

Enteral PERT administered with tube feeds may be dosed
based on patient weight, fat content of the formula, or vol-
ume of formula administered, depending on the formula-
tion. Patients may consume enteric PERT orally prior to
g-tube feeds at standard doses (see Table 2). If a patient is
unable to consume PERT orally and the non-enteric coated
enzyme formulation is used, it is dosed between 500 and
4000 lipase units per gram of fat in the feed. If a patient is
unable to consume PERT orally and the EFIC is used, one
cartridge should be used for every 500mL of formula for a
maximum of six cartridges/day.

Successful treatment of EPI with PERT varies depend-
ing on the patient’s clinical situation at the start of therapy,
their underlying disease process, and goals of treatment. In
the United States there is currently little value in repeating
malabsorptive stool testing after starting PERT due to lim-
ited reliability and applicability. The '*C mixed-triglyceride
breath test and the malabsorption blood test have demon-
strated utility in evaluating PERT response, but neither is
widely available [51, 63]. In general, experts agree that
symptomatic relief and correction of nutritional deficiencies
are reasonable treatment goals. Patients who do not appear
to respond to PERT initially or after dose escalation should
prompt the clinician to consider additional factors as out-
lined in Table 3.

Ultimately, other etiologies for maldigestive symptoms
or malnutrition must be considered. Notably in patients with
CP, up to 40% of patients may have small intestinal bacterial
overgrowth (9598808). Ultimately, the decision whether to
continue to use PERT in light of limited efficacy rests with
the treating clinician and the patient/caregiver; the burden
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Table 3 Factors to consider when troubleshooting inadequate response
to pancreatic enzyme replacement therapy (PERT)

Dose optimization
Adherence

An increase in PERT dose may be warranted.

- PERT should be taken just prior to eating

- PERT should be available at meals in all
settings (home, work, school, etc.)

- Cost may impact adherence

- Literacy may impact adherence

- Extreme temperatures may inactivate PERT
(Ex: low temps in a cooler with food, high
temps in a car’s glove box)

- Exposure to extreme temperatures during
mail delivery are possible.

- Enzymes may not be stable past their expi-
ration date.

Storage

- PERT is denatured in an acidic environment,
it is reasonable to consider a trial of acid-
suppressing therapy as an adjunct to PERT in
the setting of an incomplete response.

Acid suppression

associated with PERT use should be weighed against its
lack of efficacy.

Macronutrient and Micronutrient Optimization

The importance of a holistic approach to treating EPI with
a combination of PERT and appropriate dietary fat intake to
optimize fat absorption was established in the late 1980’s
in a seminal study comparing two approaches to treating
patients with CF and EPI. Patients treated with a higher-
fat, higher-calorie diet in addition to standard PERT dosing
demonstrated superior linear growth, weight gain, and life
expectancy when compared to patients treated with a lower-
fat diet with less PERT dosing [64]. Subsequent practice for
management of EPI regardless of the underlying etiology
has emphasized maintaining adequate fat and calorie intake
to prevent malnutrition-related morbidity and mortality. To
that end, consultation with a dietitian and systematic follow-
up are necessary.

Prior to the EPI diagnosis, patients may minimize dietary
fat intake to reduce maldigestive symptoms associated with
steatorrhea. Dietary fat intake<10 g/day in adults without
EPI is associated with essential fatty acid and fat-soluble
vitamin deficiencies. Thus, it is important to screen for these
deficiencies at diagnosis to facilitate timely intervention and
correction of any deficiencies. Parenteral fat-soluble vita-
min preparations are not currently available in the United
States, but enteral water-miscible preparations are available.

A lysophosphatidylcholine-rich structured lipid product
is available in the United States with micelle-like activity
that improves dietary essential fat and fat-soluble vitamin
absorption independent of pancreatic lipase [65, 66]. Such
a product presents an alternative or adjunct to PERT in
patients who may not tolerate it or have otherwise restricted
diets.

Conclusion

EPI is caused by a variety of conditions that differ along the
age spectrum. The lack of clear clinical criteria and reliable
non-invasive testing make diagnosis challenging. A high
index of suspicion based on clinical history should inform
testing and potentially a therapeutic trial of PERT. Provid-
ers should thus be familiar with conditions that predispose
to EPIL. Once EPI is diagnosed, PERT should be started and
anthropometric and biochemical nutritional status should be
monitored regularly. If a patient does not respond to PERT,
other etiologies for maldigestion should be investigated.
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