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Abstract
Background: In recent years, three national gastroenterology societies established guidelines for the diagnosis and therapy

of pancreatic exocrine insufficiency (PEI). In addition, the Cochrane Collaboration issued a review.

Objective: The purpose of this paper is to present an overview of the recommendations and concordance between the four

recent published guidelines and stimulate further discussion.

Methods: A review of the Australian, German and Italian guidelines and the Cochrane review was conducted, and a

synthesis was made of common statements.

Results: There is a high degree of agreement on almost all items within these guidelines, both in the diagnosis of PEI and in

terms of therapy and approach to management of PEI. In addition, novel emerging developments are highlighted, such as

the fecal elastase-1 test, which is widely used but is not suitable for measuring mild-to-moderate PEI despite its ability to

positively establish the diagnosis of severe PEI. One of the few novel tests proving to be useful is the 13C mixed-chain

triglycerides (MCT) breath test. This test, albeit an excellent quantitative test, is not widely used and is rarely available. The

use of this test is making it apparent that there is a difference between treating the symptoms of PEI and treating

malnutrition, the broader underlying defect. This may have direct consequences for the dosing of pancreatic enzymes

(pancreatin), in that the consensus starting dose of all guidelines may be too low for some patients. Although chronic

pancreatitis in adults and cystic fibrosis in children account for the main evidence base used for PEI, other indications are

also discussed.

Conclusions: There is good concordance between recommendations provided by international groups. More prospective

studies are required in many areas, including the use of pancreatic enzymes in other gastrointestinal disorders, such as

celiac disease and irritable bowel syndrome (IBS). We also need to assess the feasibility of the 13C MCT breath test. At the

same time, it needs to be confirmed that higher doses of pancreatic enzymes are really necessary to not only relieve the

symptoms of PEI but also treat malnutrition appropriately.
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Background and objective

Chronic pancreatitis (CP) in adults and cystic fibrosis
(CF) in children are the major indications for the use of
pancreatic enzyme replacement therapy. These condi-
tions both lead to impairment in both the endocrine
and the exocrine pancreas. The treatment of diabetes
mellitus is well standardized in diagnostic methods
and therapeutic pathways,1 but the diagnosis and treat-
ment of pancreatic exocrine insufficiency is a continu-
ous challenge. Recently, several national societies
defined guidelines, among them Australia,2 Italy3

and Germany.4 In addition, a Cochrane Review5

exists (Table 1).

This paper provides a summary of the evidence and
recommendations as a guideline for clinical pancreatol-
ogists. The levels of evidence and the grades of recom-
mendation used in the published guidelines follow the
established terms and definitions of the Center for
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Evidence Based Medicine (www.cebm.com). This art-
icle is not meant to provide a comprehensive review on
CP but rather to highlight the consensus of the three
guidelines and the Cochrane Review. For more detailed
information, a study of the published guidelines is
recommended.2–5

Pancreatic exocrine insufficiency (PEI) is defined as
inadequate pancreatic enzyme activity, due to insuffi-
cient enzyme production, insufficient enzyme activation
or early enzyme degradation.6 Further, PEI can be clas-
sified as primary or secondary. Primary PEI is due to a
lack of exocrine pancreatic tissue or disturbances in the
innervation. In secondary PEI, pancreatic enzymes are
released but cannot work appropriately due to anatom-
ical changes after surgery, or due to inappropriate acti-
vation or inactivation. Before treatment, a diagnosed
pancreatic disease should be established as the cause
of PEI. Pancreatic function tests may be used to diag-
nose CP (Evidence 1c/recommendation B).7 Symptoms
of PEI can be anticipated after 10 years of disease dur-
ation (Evidence 1b; recommendation/good clinical
practice [GCP]). In hereditary pancreatitis, the cumula-
tive risk (95% confidence interval [CI]) at 50 years of
age for exocrine failure was found to be 37.2% (28.5%,
45.8%) and 47.6% (37.1%, 58.1%) for endocrine fail-
ure.8 In cystic fibrosis, PEI is present in 85% of infants
at birth.9 A typical symptom of advanced PEI is stea-
torrhea. Steatorrhea, however, may not be present or
may have another cause. Finally, no symptom defini-
tively proves or excludes PEI (Evidence 1b). Regular
meetings should occur with patients every 6 to 12
months in order to detect complications (deterioration
of PEI, pain, diabetes, cancer) (Evidence 5; recommen-
dation D). Patients with diabetes mellitus, for example,
have an increased risk of developing PEI (Evidence 2B)
because of atrophy of the exocrine acinar tissue.10

Diagnosis of pancreatic exocrine insufficiency

PEI can be diagnosed clinically, if steatorrhea is pre-
sent. However, steatorrhea may not be present or may
have other causes, including mucosal disease or post-
cibal asynchrony, which can occur in post-gastrectomy
patients, and finally, no symptom definitively proves or
excludes PEI (Evidence 1b). At the time of clinical sus-
picion, a pancreatic function test should be performed
(Evidence 1b; recommendation B) because even mild-
to-moderate PEI may have a clinical implication. The

secretin-pancreozymin test, although it is the ‘‘gold
standard’’ (Evidence 1b, recommendation A), has
practically disappeared from clinical practice. Instead,
non-invasive tests should be used (Evidence 5, recom-
mendation B). The most widely used test is the fecal
elastase-1 (FE-1) test, which is easy to use; however,
it is only reliable in moderate-to-severe PEI.11

Measuring FE-1 in diarrhea, for example, in patients
with irritable bowel syndrome (IBS), can yield false
results.12 The 13C breath test with mixed-chain trigly-
cerides (MCT) is an alternative (Evidence 5, recommen-
dation B) which may become more widely used in the
future. It is the only test that can monitor and measure
the success of PERT (pancreatic enzyme replacement
therapy—see below).13

Pancreatic enzyme preparations

The US Food and Drug Administration (FDA)
recently decided to end all over-the-counter (OTC)
preparations of pancreatin because they vary dramatic-
ally in activity, and consequently, all pancreatin prep-
arations for the US market had to undergo a new drug
application (NDA). Indeed, the few studies addressing
the subject have demonstrated huge differences in the
activity and release kinetics of the enzymes.14 The
choice of the particular pancreatin is in part also
dependent on the situation of the patient (see below).

Medical therapy for pancreatic exocrine
insufficiency

Medical therapy must address the pain as well as the
functional and nutritional deficits. Furthermore, there
are general measures to be taken, for example, a change
in the patient’s lifestyle.

General measurements

With regard to the known most prominent factors in
CP, alcohol should be avoided (Evidence 2b; recom-
mendation A), and this can reduce the pain in CP
(Evidence 2b; recommendation B). There is no evidence
and hence no recommendation for smoking cessation
in CP and PEI despite some reports,5,15 even in acute
pancreatitis.2–5 Smoking cessation is recommended
(Evidence 3b, recommendation A). In chronic pancrea-
titis, however, smoking cessation will reduce the pain

Table 1. Synopsis of the guidelines on diagnosis and treatment of pancreatic exocrine insufficiency

Australian2 German4 Italian3 Cochrane5

Type Recommendations S3 Recommendations Systematic review
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relapses during acute attacks (Evidence 4; recommen-
dation C).

Therapy for pancreatic pain

Patients with CP suffer from severe visceral pain.
Therefore, adequate pain therapy is mandatory
(Evidence 2b, recommendation A). The pain therapy
is following the established World Health
Organization (WHO) scheme with a non-steroidal
anti-inflammatory drug (NSAID) as an initial therapy,
stepping up all the way to opioids. Avoiding morphine,
even during an acute attack, is obsolete (Evidence 2b).
Continuous pain should be considered as an indica-
tion for interventional or surgical therapy (Evidence
2b/2b).

Pancreatic enzyme replacement therapy

Before treating a patient with PEI, the diagnosis should
be established, for example, via FE-1 or a breath test
(Evidence 2b; recommendation B). The secretin-
pancreozymin test is still considered the gold standard
(Evidence 1, recommendation A); however, it is no
longer in routine clinical use. There is also a recommen-
dation to test endocrine function before starting the
therapy, for example, via fasting blood glucose
(Evidence 4; recommendation C), as many patients
with CP may already have an impaired glucose toler-
ance, chemical or clinically non-overt diabetes mellitus,
called type 3c.16 Patient compliance regarding diet and
intake of medication should be assured (recommenda-
tion A). It is generally recommended that a dietician
should be involved (GCP/recommendation D).

There is no doubt that pancreatic enzyme replace-
ment therapy (PERT) is indicated in patients with CP
and PEI (Evidence 1a; recommendation A). Besides
clinical improvement, there is also some evidence that
PERT improves the quality of life (Evidence 4; recom-
mendation D).

There is some evidence and therefore a recommen-
dation that small meals are often better tolerated (rec-
ommendation D). If PERT is conducted properly, no
fat restrictions are necessary (recommendation D).
Patients should take pancreatin along with a normal
diet instead of changing their diet. If deficits in vitamins
and trace elements are recorded,17 these should be sub-
stituted accordingly (Evidence 1c; recommendation
A/B). Antioxidants can be helpful in pain treatment
in CP (Evidence 1b; recommendation C).18

Pancreatin for PERT should contain sufficient lipase
units (recommendation A), with 20,000–40,000 units as
a starting dose for a meal and 10,000–20,000 lipase
units for a snack (Evidence 1b; recommendation B).
In contrast to the consensus of all these guidelines,

recent evidence suggest that this may not be sufficient:
according to results of the 13C MCT breath test, this
dose may not be sufficient to normalize nutrition.13

Therefore, we might consider higher doses when initi-
ating PERT.19 The only side effect of PERT is consti-
pation; nevertheless, one of the guidelines presents
an upper limit of dosing, 80,000/day (Evidence
2b)—however, without a recommendation. Pancreatin
should be given for every meal (recommendation A)
and enzymes should be administered during the meal
(Evidence 1b; recommendation A). PERT dosing in
children uses either body weight or is dosed according
to fat intake. Patients are commenced on the minimum
dose and then up titrated based on weight gain and
bowel signs to ascertain the lowest effective dose.9,20

A maximum dose recommendation of 10,000 units of
lipase per kilogram per day is used because of the pos-
sible risk of fibrosing colonopathy.2

In case of insufficient response to PERT, the pan-
creatin dose should be doubled or tripled (Evidence 5;
recommendation B) and/or a proton pump inhibitor
should be administered (Evidence 1b; recommendation
B) (Figure 1). Depending on the situation of the indi-
vidual patient (e.g. [partial] gastrectomy, anatomic
divergence from normal [e.g. Roux-en-Y]), pancreatin
as a granulate can be used—however, it is not available
in all countries.

Besides the typical patient with chronic pancreatitis
and PEI, there is emerging evidence for treating other
patient groups with PERT. These include patients with
unresectable pancreatic cancer (Evidence 5; GCP),
patients with celiac disease,21 diagnosed with PEI
(Evidence 2b; GCP) and especially infants (Evidence
1b; GCP). About one-third of patients with AIDS may
suffer from PEI and should be treated (Evidence 3b).

The effect of PERT in IBS has long been considered
to be a placebo effect; recent studies, however, demon-
strate that there is a diarrhea-predominant subgroup of
IBS patients (D-IBS according to the Rome-II criteria)
with PEI.22 These should be treated (Evidence 2b/3b;
GCP). On the other hand, there is no indication what-
soever to use PERT for treatment of pain in CP
(Evidence 1a; recommendation A).5

Patients with acute pancreatitis may have transient
PEI due to several different proposed mechanisms; they
should not, however, be treated with enzymes during
the acute pancreatitis (Evidence 1a; recommendation
A). As an episode of acute pancreatitis sometimes
represents the first manifestation of previously undiag-
nosed chronic pancreatitis, patients should be
reassessed and followed up between 6 and 18 months
so as not to overlook developing or preexisting
PEI (Evidence 2b).

Patients with autoimmune pancreatitis can develop
both an endocrine and an exocrine pancreatic
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insufficiency.23–25 Their PEI should be treated accord-
ing to the established guidelines (Evidence 2b, recom-
mendation A). It should be noted that some patients
may live to see a restitutio at integrum, whereas a good
one-third of these patients develop atrophy of the pan-
creatic gland requiring continuous PERT.26

Due to pancreatic acinar atrophy,10 patients with
diabetes mellitus have an increased risk of developing
PEI (Evidence 2B), as evident from reduced FE-1 in
both type 1 and type 2 diabetes mellitus.27 These
patients also ought to be treated (GCP).

Monitoring treatment success

The success of PERT and/or compliance can be moni-
tored in several ways. In the normal clinical setting, the
clinical improvement of the patient is a sufficient
enough criterion to evaluate response (Evidence 2a; rec-
ommendation B). There is good evidence that both the
fecal fat excretion (coefficient of fat absorption [CFA])
and the 13C MCT breath test are reliable instruments to
measure success and compliance (Evidence 1b/2b).
The 13C MCT breath test is even recommended in
non-responders (Evidence 2b; recommendation B).

Conclusions

The three published guidelines together with the
Cochrane Review provide a sound basis for diagnosing
and treating PEI. Nevertheless, diagnosing PEI remains

a challenge in clinical practice due to the lack of a reli-
able test measuring mild-to-moderate PEI. The FE-1
test, although well established, may not measure mild-
to-moderate PEI reliably. Accordingly, evidence is
sparse and recommendations are few. All scientific
work, even guidelines which have to undergo a certain
default process prior to being published, constitutes
merely a snapshot. A new pancreatic function test is
emerging: the 13C MCT breath test—however, experi-
ence is yet limited to a few centers. Secretin-stimulated
magnetic resonance cholangiopancreatography might
represent another modality to measure pancreatic func-
tion. There is good consensus among all guidelines on
how to treat patients with PEI, as demonstrated here,
especially on the starting dose and how to proceed in
case of insufficient response to therapy (Figure 1).
Recent evidence suggests that the starting dose may
be too low if only clinical symptoms are taken as a
surrogate. The emerging concept points to treatment
of malnutrition, that is, not only correcting symptoms
of PEI. These new developments warrant further clin-
ical studies, both diagnostic and therapeutic, building
the basis for later updates of guidelines to come.
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Pancreatin microspheres
Starting does of 40 000-50 000 U/meal
lipase and 10 000-25 000 U with a snack
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adequate acid suppression by use of
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Increase enzyme dose by up to 100%
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Unsuccessful

Unsuccessful
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insufficiency
Ensure acid suppression effective
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Figure 1. Algorithm summarizing the rationale for conducting pancreatic enzyme replacement therapy in patients with pancreatic

exocrine insufficiency. (Adapted from Imrie et al.19)
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