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Abstract

Pancreatic exocrine insufficiency is an important cause
of maldigestion and a major complication in chronic
pancreatitis. Normal digestion requires adequate stimu-
lation of pancreatic secretion, sufficient production of di-
gestive enzymes by pancreatic acinar cells, a pancreatic
duct system without significant outflow obstruction and
adequate mixing of the pancreatic juice with ingested
food. Failure in any of these steps may result in pancre-
atic exocrine insufficiency, which leads to steatorrhea,
weight loss and malnutrition-related complications, such
as osteoporosis. Methods evaluating digestion, such as
fecal fat quantification and the “C-mixed triglycerides
test, are the most accurate tests for pancreatic exocrine
insufficiency, but the probability of the diagnosis can
also be estimated based on symptoms, signs of malnu-
trition in blood tests, fecal elastase 1 levels and signs of
morphologically severe chronic pancreatitis on imaging.
Treatment for pancreatic exocrine insufficiency includes
support to stop smoking and alcohol consumption, di-
etary consultation, enzyme replacement therapy and a
structured follow-up of nutritional status and the effect
of treatment. Pancreatic enzyme replacement therapy
is administered in the form of enteric-coated minimicro-
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spheres during meals. The dose should be in proportion
to the fat content of the meal, usually 40-50000 lipase
units per main meal, and half the dose is required for a
snack. In cases that do not respond to initial treatment,
the doses can be doubled, and proton inhibitors can be
added to the treatment. This review focuses on current
concepts of the diagnosis and treatment of pancreatic
exocrine insufficiency.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: This is a review on the diagnosis and treat-
ment of pancreatic exocrine insufficiency. The review
includes a discussion of the definition of pancreatic
exocrine insufficiency, a pragmatic approach to its
diagnosis and current concepts of indications for treat-
ment with pancreatic enzyme replacement therapy,
including measures to optimize the effect.
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INTRODUCTION

Pancreatic exocrine insufficiency (PEI) can be defined as
a reduction in pancreatic enzyme activity in the intestinal
lumen to a level that is below the threshold required to
maintain normal digestion. This concept is crucial for
the understanding of PEI and has several important
consequences for the diagnosis and treatment of this

November 14, 2013 | Volume 19 | Issue 42 |



Obstruction of the main
pancreatic duct by a tumor

Loss of pancreatic
parenchyma after
pancreatic resection

Impaired hormonal stimulation
from the intestine due to
untreated celiac disease

Impaired mixing
of food and
pancreatic juice

condition. First, pancreatic exocrine secretion can be sig-
nificantly reduced without PEI being present. In a land-
mark paper four decades ago, DiMagno ez al"" demon-
strated that steatorrhea does not occur until pancreatic
lipase output is reduced to 5%-10% of normal output.
Hence, the demonstration of moderately reduced bicar-
bonate or enzyme output in sensitive tests of pancreatic
secretion, such as the secretin/cholecystokinin-stimu-
lation test, is a reliable indicator of chronic pancreatitis
(CP) but does not necessarily indicate PEIL Second, any
pathology, including extrapancreatic conditions, that
interrupt the chain of events required for the normal di-
gestion of ingested food by pancreatic digestive enzymes
may cause PEI Thus, “pancreatic exocrine insufficiency”
is a denomination that, from a semantic point of view, is
too narrow for this condition; “pancreatic maldigestion”
could be an alternative and probably more correct term.
Diseases of the pancreatic parenchyma, such as CP, cys-
tic fibrosis and status post necrotizing acute pancreatitis,
are the most common causes of PEI. However, PEI
may also be caused by obstruction of the pancreatic duct
system due to a tumor or a stricture, by reduced stimula-
tory capacity in the intestine secondary to untreated celi-
ac disease” or Crohn’s disease, by increased intraluminal
inactivation of pancreatic enzymes in Zollinger-Ellison
syndrome” or by impaired mixing of ingested food and
the pancreatic juice after upper gastrointestinal surgerym
(Figure 1).

The pancreatic juice plays a pivotal role in the diges-
tion and absorption of nutrients”. Pancreatic enzyme
secretion is stimulated during the cephalicm and gastricm
phases to a certain degree, but the most important stim-
ulation occurs during the intestinal phase, when chyme
enters the duodenum. The presence of fatty acids, amino
acids and gastric acid in the duodenum is the most po-
tent stimulator of exocrine pancreatic secretion'”, Vagal
and neural reflexes stimulate pancreatic secretion during
the cephalic and gastric phasesmﬂ. During the intestinal
phase, cells in the duodenal mucosa release CCK, which
stimulates the secretion of pancreatic enzymes from
acinar cells”| and sectetin, which elicits water and bicat-
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Figure 1 Different causes of pancreatic

exocrine insufficiency.
fibrosis

bonate secretion from ductal cells"'".

The pancreatic juice consists of bicarbonate and wa-
ter secreted by ductal cells and several enzymes, secreted
by acinar cells, with the specific capacity to digest pro-
teins, carbohydrates and fat. In situations with reduced
exocrine pancreatic function, the ability to digest fat is
the determining factor that causes the most important
symptoms and clinical complications because lipase, the
major lipolytic enzyme of the pancreatic juice, is the
pancreatic digestive enzyme with the poorest stability in
the gastrointestinal lumen. The destruction of lipase is
even more rapid when the pH is below 4, which is often
the situation in CP, in which the buffering of gastric acid
is insufficient due to low bicarbonate excretion by the
pancreas'”. Furthermore, there is minimal extrapancre-
atic lipolytic enzyme production, as opposed to the ex-
trapancreatic capacity to digest carbohydrates provided
by salivary amylase and intestinal oligosaccharidoses or
the proteolytic capacity provided by gastric pepsinogen.

PEI is one of the major complications in CP and
should be considered in all CP patients. The prevalence
of PEI in CP increases with disease duration, and ap-
proximately half of patients will have developed PEI
by 12 years after disease onset"”. There are no reliable
estimates of the prevalence of PEI in the general popu-
lation.

Patients with untreated PEI not only suffer from
impaired quality of life due to steatorrhea, weight loss,
abdominal discomfort and other PEI-related symp-
toms but are also highly likely to develop deficiencies
of micronutrients and lipid-soluble vitamins'¥. These
deficiencies in turn place patients at risk of malnutrition-
related complications, such as osteoporosis“s’m. Hence,
an early and accurate diagnosis of PEI is of high clinical
importance.

DIAGNOSIS OF PANCREATIC EXOCRINE

INSUFFICIENCY
The gold standard for the diagnosis of PEI is three-day
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fecal fat quantification and determination of the coef-
ficient of fat absorptionm. A major drawback of fecal
fat quantification is that the test is cumbersome and un-
pleasant for both the patient and laboratory personnel.
The patient is required to keep a strict diet, with 100 g
of fat per day for five days, and to collect the complete
volume of feces for three days. Laboratory personnel
need to handle large volumes of feces. Therefore, this
test is very rarely performed in daily clinical practice
and is only available at few specialized centers. Several
alternative methods for the diagnosis of PEI have been

proposed.

Diagnosis based on symptoms, blood tests and imaging
Symptoms in patients with PEI vary, depending on the
degree and etiology of PEI. The classical clinical picture
is a patient presenting with foul-smelling, loose stools,
weight loss, muscle wasting; and flatulence. Advanced
tests of pancreatic exocrine function can usually be
avoided in patients with a well-established CP diagnosis
based on morphological findings and a clear clinical pic-
ture of PEIL A trial of pancreatic enzyme replacement
therapy (PERT) based only on the clinical picture is rec-
ommended by several national societies when the clinical
presentation is strongly suggestive of PEI"™". However,
only relying on symptoms may lead to both the over-
and under-diagnosis of PEI. Diarrhea and weight loss
may be due to conditions other than PEI, and PEI can
also be present in the absence of overt steatorrhea.

In addition to explaining and treating clinical symp-
toms, the second rationale for the early diagnosis of PEI
is to prevent complications of malnutrition. It is reason-
able to assume that such malnutrition-related compli-
cations will be preceded by deficiencies of macro- or
micronutrients detectable by routine blood tests. Hence,
from a theoretical point of view, serum nutritional mark-
ers could be used to support the diagnosis of PEIL De-
ficiencies of several nutrients in blood tests have been
demonstrated in CP, including apohpoproteinsm’m, total
cholesterol™, magnesiumm’zz], lipid-soluble vitamins™* ",
retinol-binding protein[Z(’], calcium, zinc and selenium™,
but the majority of these studies have not taken the
exocrine function status of patients into consideration.
Studies investigating the association between nutritional
markers and PEI in CP patients have demonstrated that
deficiencies of lipid-soluble vitamins are associated with
an increased probability of PEI", as opposed to B12
and folate levels, which are not associated with PEI'**".
The possibility of diagnosing PEI based on nutritional
markers in the blood was recently studied in a cohort of
114 patients with CP, of whom 38 suffered from PEI",
Hemoglobin, albumin, prealbumin and tetinol-binding
protein levels below the lower limit of normal magne-
sium levels below 2.05 mg/dL; and HbA1C levels above
the upper limit of normal were all significantly associ-
ated with PEI. No PEI patient in this study presented
with normal values for all of these parameters. The cen-
tral conclusion that can be drawn from this study is that
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a normal panel of serum nutritional markers can exclude
PEI with a high negative predictive value.

The probability of PEI in CP can also be estimated
based on pancreatic imaging findings in the absence of
more advanced tests of pancreatic function'™. Notably,
ductal changes on endoscopic retrograde pancreatogra-
phy, computerized tomography (CT)*" and endoscopic
ultrasound (EUS) have been associated with decreased
exocrine pancreatic function. The diagnosis of CP by
EUS is based on the demonstration of several differ-
ent parenchymal (hyperechoic foci, hyperechoic strands,
parenchymal lobularity and cysts) and ductal (pancreatic
duct dilatation, irregular pancreatic duct contour, hyper-
echoic pancreatic duct margin, dilated side branches and
intraductal calcifications) abnormalities defined in the
Rosemont classification™. A recent study demonstrated
a clear correlation between the number of EUS criteria
met and the probability of PEI Calcifications and main
pancreatic duct dilatation were independently associated
with PEI in a multivariate analysis, and the probability

of PEI was > 80% if these features were presentm.

Fecal elastase 1

Pancreatic elastase 1 is an enzyme of the pancreatic
juice that is highly stable during passage through the
gastrointestinal tract”'. The concentration of elastase 1
can be measured in feces using a simple enzyme-linked
immunosorbent assay [fecal elastase 1 (FE-1)] on a spot
fecal samplem’m. FE-1 levels have been demonstrated to
correlate with more sensitive tests of pancreatic secre-
tion, such as the secretin test” ", Low FE-1 levels have
also been demonstrated to correlate with morphological
tests for CP, such as endoscopic retrograde pancrea-
tography[}s] and magnetic resonance cholangiopancrea-
tography[3 . However, as opposed to the relatively large
number of studies evaluating FE-1 assessment as a test
for the diagnosis of CP, studies evaluating the role of
FE-1 testing in the detection of PEI in CP are scarce.
Recently, Benini ¢z /" investigated FE-1 and fecal fat in
patients with CP or pancreatic resection. Three impor-
tant conclusions can be drawn from this study. First, an
FE-1 concentration of < 15 ug/ g feces detects PEI with
high sensitivity and specificity in patients with CP with-
out prior pancreatic surgery. Second, intermediate FE-1
values (15-200 pg/g feces) are more difficult to interpret
and likely warrant testing with more sensitive methods.
Third, FE-1 assessment is not a reliable test for PEI in
patients post-pancreatic resection. The fecal fat concen-
tration was consistently higher in relation to FE-1 levels
in operated compared with non-operated cases” . This
finding was not unexpected; inadequate mixing of food
with the pancreatic juice and other factors not related to
pancreatic secretory capacity are likely to contribute to
the pathogenesis of PEI after pancreatic resections.

SC-mixed triglycerides breath test

The "“C-mixed triglycerides ("C-MTG) breath test was
introduced by Vantrappen e# al™. The test directly mea-
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Figure 2 Evaluation of the probability of pancreatic exocrine insufficiency
in the absence of advanced tests for maldigestion, such as fecal fat
quantification and the "C-mixed triglycerides breath test. PEl: Pancreatic
exocrine insufficiency; MPD: Main pancreatic duct.

sures the clinically most relevant end-effect of exocrine
pancreatic function: the degradation of triglycerides.
This makes this test preferable to tests that measure
exocrine pancreatic secretion, such as the secretin test
and the FE-1 assay. For the "C-MTG test, the patient
ingests a small amount of "C-marked triglycerides
(2-octanoyl (1-C)-1,3 distearoyl glycerol), together
with butter on a piece of toasted bread, after an over-
night fast. In the presence of normal lipase activity, PC-
triglycerides will be degraded in the intestinal lumen,
and ’C-marked fatty acids will then be absorbed. These
fatty acids will in turn be metabolized in the liver, and
PCO2 can finally be measured in exhaled air. Subjects
with PEI have decreased lipase activity, which can be
detected as a decreased recovery of ’CO2 in exhaled air.
Currently, there is no general agreement on the optimal
design of the test and several different protocols have
been proposed[”’m. The protocol developed by Domin-
guez-Mufloz e/ al* has been adopted by several groups,
including our institution, and this protocol is described
in Table 1. Values below 29% are considered as
pathological, and the test detects fat maldigestion with a
sensitivity of > 90%"",

Test based on analysis of pancreatic juice after secretin/
cerulein stimulation

Exocrine pancreatic function can be measured by so-
called direct pancreatic function tests. In these tests,
pancreatic secretion is stimulated by secretin and/or
cerulein™ or by the ingestion of a standard test meal™,
After stimulation, samples of the pancreatic juice are
aspirated from a tube that has been placed in the duo-
denum, and the concentrations of pancreatic digestive
enzymes and bicarbonate are measured. A peak bicar-
bonate concentration in pancreatic secretion significantly
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below normal values (a cut-off value of 80 mEq has
been advocated by most authorities) in the secretin test
has long been considered as the most sensitive test for
eatly CP. A drawback of the direct function tests is that
they require the placement of a large-bore tube in the
duodenum during the complete duration of the test,
which is poorly tolerated by patients. It is also important
to keep in mind that a mild reduction in pancreatic exo-
crine function, occasionally called “exocrine pancreatic
dysfunction” or “mild pancreatic exocrine insufficiency”,
1s not equivalent to clinically significant PEIL. PEI, based
on its definition, is a reduction in exocrine pancreatic
function to a level that results in maldigestion. Since
the introduction of highly sensitive pancreatic imaging
methods, such as MRI, modern CT and endoscopic ul-
trasound, the need to rely on pancreatic function testing
for the diagnosis of CP has diminished, and most cen-
ters have abandoned the classic secretin test.

Recently, an endoscopic direct pancreatic function
test was developed, with a simplified protocol for pan-
creatic fluid collection through an endoscope. A good
correlation between the endoscopic pancreatic function
test and standard direct tests has been demonstrated'”*.
Exocrine pancreatic secretion can also be evaluated
based on the degree of duodenal filling on MRI after
secretin stimulation, which has been demonstrated to
correlate with a combination of the FE-1 assay, the "C-
MTG breath test and fecal fat testingm] and the endo-
scopic pancreatic function test™”. Further studies are
needed to evaluate the role of the endoscopic function
test and secretin-enhanced MRI in the diagnosis of PEL
It should be noted that all tests of pancreatic secretion
share the drawback of ignoring other factors that may
alter the effect of pancreatic enzymes in the intestine.
Thus, tests of pancreatic secretion are irrelevant in situ-
ations in which factors other than the secretory capacity
of the pancreas may contribute to PEL

Integrated use of methods to diagnose PEI

The optimal test for the diagnosis of PEI is a test that
can detect the maldigestion of fat with high sensitivity
and specificity. Fecal fat quantification and the PC-MTG
breath test are recommended for the accurate diagnosis
of PEI because these two tests best fit this description.
However, due to the limited availability of these tests
and the odious nature of fecal fat quantification, there
is a need for a simplified way to estimate the probability
of PEI based on generally available clinical parameters.
In Figure 2, a proposal for a diagnostic algorithm to
estimate the probability of PEI based on routine blood
tests, FE-1 assessment and standard imaging is present-
ed. The algorithm is designed to have a high negative
predictive value for PEI and integrates knowledge from
recent studies! . However, it should be stressed that
this algorithm provides only an estimation of the prob-
ability of PEI and that the algorithm has not been scien-
tifically validated.
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Lifestyle
Smoking cessation
Alcohol abstinence

Diet
Small, frequent meals
Normal fat intake
Fat soluable vitamins

Figure 3 Fundamental aspects in the care of patients with pancreatic
exocrine insufficiency. PERT: Pancreatic enzyme replacement therapy; PPI:
Proton pump inhibitors.

TREATMENT OF PANCREATIC EXOCRINE
INSUFFICIENCY

Cornerstones in the treatment of PEI are PERT, sup-
port to cease smoking and alcohol consumption, con-
sultation with a dietitian and a systematic follow-up to
assure optimal treatment effect (Figure 3). The goal of
this treatment concept is to normalize digestion, alleviate
PEI-related symptoms and prevent malnutrition-related
morbidity and mortality and disease progression.

Diet, smoking and drinking

Historically, a low-fat diet has been recommended in
PEI to reduce steatorrhea. This recommendation has
been abandoned in modern dietary counseling in PEI
due to the risk of aggravating PEI-related weight loss
and deficiencies of lipid-soluble vitamins"**!!. By optimi-
zation of the PERT dose and supportive treatment with
PPI, most PEI patients will tolerate a normal-fat diet.
Dietary consultation should include advice for sufficient
caloric intake and normal fat content. Small, frequent
meals are usually better tolerated than large, high-caloric
meals. Deficiencies of fat-soluble vitamins are very
common in PEI patients, and vitamin su[lia lementa-
tion therapy should be given if necessary . Support
for alcohol abstinence should be offered to all patients
with alcohol-related CP. In addition to the general health
benefits of alcohol withdrawal, this withdrawal has also
been demonstrated to slow the further deterioration of
pancreatic exocrine function™. Smoking is a risk factor
for pancreatic cancer, acute pancreatitis and CP" and is
also associated with an increased probability of reduced
pancreatic exocrine function based on the endoscopic
pancreatic function test in cases with CP®. Continued
smoking has been associated with earlier development
of calcifications in patients with cpP®, Smoking cessa-
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tion should be encouraged in all patients with CP with
or without PEI

Pancreatic enzyme replacement therapy

Pancreatic digestive enzymes can be administered orally,
together with meals, in patients with PEI to compensate
for the lack of endogenous enzyme secretion. Modern
pancreatic enzyme preparations are extracts from the
porcine pancreas (pancrelipase) that are administered
as enteric-coated minimicrospheres. Several different
preparations are commercially available, with minor
differences in particle size and pH-related release kinet-
ics™. PEI with steatorrhea and/or weight loss is an un-
disputed indication for PERT. Several studies have dem-
onstrated an improved coefficient of fat absorption”™ ™,
decreased maldigestion-related symptoms” " and even
improved quality of life!*”. The need for PERT in PEI
without symptoms is a matter of debate, and random-
ized clinical trials on this issue are lacking. Nevertheless,
certain collateral evidence supports PERT, even in the
absence of overt steatorrhea and weight loss: (1) A lon-
gitudinal study in patients with CP demonstrated that
patients with no clinical symptoms of steatorrhea but
an abnormal steatocrit who did not receive PERT lost
more weight than not only CP patients with a normal
steatocrit but also patients with an abnormal steatocrit
and symptoms of steatorrhea who were treated with
PERT'™; (2) Laboratory signs of malnutrition have been
demonstrated in a large proportion of patients with
CP and asymptomatic steatorrhea who were not under
treatment with PERT'. The clinical relevance of such
deficiencies has not been specifically investigated in CP
and PEI, but an increased risk of complications that are
generally associated with malnutrition can be assumed'™;
and (3) Based on observational studies in CP, it is well
known that malnutrition-related diseases and findings,
such as osteoporosis-related fractures'”, decreased bone
mineral density“S’“’mJ and deficiencies of fat-soluble vita-
mins'"”, are common in CP.

As evidence for nutritional deficiencies in patients
with PEI with and without symptoms has increased
in recent years, PERT is now increasingly regarded as
a treatment for maldigestion rather than a way to sup-
press diarrhea in patients with CP'”. The goal of PERT
is stated to be the elimination of maldigestion in the
Australasian Pancreatic Club recommendations!®. Mean-
while, the Spanish Pancreatic Club regards any clinical or
nutritional deficiency in a CP patient as an indication for
PERT', and the Ttalian Association for the Study of
the Pancreas states in its guidelines that PEI is an indica-
tion for PERT!"".

The safety and efficacy of PERT for the treatment
of PEI in CP has been investigated in four randomized,
double-blinded, placebo-controlled clinical trials includ-
ing up to 72 patients over study periods of 1-2 wkP",
Significant improvements in the coefficient of fat ab-
sorption® ", the coefficient of nitrogen absorption™ ",
stool fat content™ and stool weight®” have been docu-
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Table 1 The *C-mixed triglycerides breath test according to Dominguez-Muiioz ez a/***!

The patient fasts from midnight
Twenty minutes before the test, 10 mg of metoclopramide is ingested
A baseline breath sample is taken

At time 0, 250 mg of “C-mixed triglycerides mixed with 16 g of fat on a piece of toasted bread is ingested, together with a glass (200 mL) of water

Breath samples are taken every 15 (or 30) min for 6 h

Finally, *CO2/"°CO: is measured in collected breath samples by mass spectrometry or isotope-selective nondispersive infrared spectrometry

Table 2 Pancreatic enzyme replacement therapy: How we do it

PERT is started at 50000 lipase units per main meal and 25000 lipase units per snack
The basic concepts of the pathophysiology of PEI and how PERT works are explained to the patient. It is emphasized that PERT should be taken with

meals and that the dose should be adjusted to the fat content of the meal

If maldigestion persists, proton pump inhibitors can be added, and the dose is increased to 80000 lipase units per main meal and 40000 lipase units per

snack

If PERT is still ineffective, despite the optimization described above, small intestinal bacterial overgrowth is considered, and the evidence for a diagnosis

of PEI is revised

PEI: Pancreatic exocrine insufficiency; PERT: Pancreatic enzyme replacement therapy.

mented. Two of these trials have also reported results
from open-label extension periods of 6 and 12 mo”**.
Continuous improvement during treatment, with a
steady-state reached at week 13, was observed for most
symptom variables'”. In these clinical trials, PERT has
been well tolerated, and no serious adverse events have
been reported. Fibrosing colonopathy is the only serious
complication that has been associated with PERT. In the
vast majority of reported cases, this rare condition has
been observed in patients with cystic fibrosis using high
doses of PERT™. The pathophysiology of this condi-
tion is unknown, but factors related to cystic fibrosis dis-
ease per se, the dosing of PERT and possibly agents in
the enteric coating of the pancrelipase preparations may
play a role"".

There are no studies investigating the long-term ef-
fects of PERT on morbidity and mortality from PEI,
which should be kept in mind if patients with no or
minimal symptoms of PEI are considered for PERT.

Dosing of pancreatic enzyme replacement therapy

The concept of PERT is to induce a lipolytic capac-
ity that corresponds to the amount of ingested fat at
every meal. Therefore, higher doses are necessary for
large, high-fat meals, and lower doses are sufficient for
snacks and lean meals. The optimal dose of PERT in
CP has not been investigated systematically in clinical
trials. Recommendations from different national societ-
ies range from 20-40000 lipase units per main meal, as
recommended by the German Society of Digestive and
Metabolic Diseases'™, to 25-40000 lipase units per main
meal, as recommended by the Australasian Pancreatic
Club" and the Ttalian Association for the Study of the
Pancreas' ) to 40-50000 lipase units per mail mean, as
recommended by The Spanish Pancreatic Club®™, In
general, half of the dose is recommended for snacks and
minor meals. Recent randomized clinical trials have used

higher doses (72000 USP units™ and 80000 Ph.Eur.U
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units® per main meal). Tt is noteworthy that even in a

study using 80000 lipase units per main meal, only 26%
of the patients had a normalized coefficient of fat ab-
sorption at the end of the 51-wk open-label extension
of the study'®.

There is no consensus on the definition of treatment
success in PERT. If the elimination of maldigestion is
accepted as the aim of the treatment, fecal fat quanti-
fication or an indirect test of maldigestion, such as the
PC-MTG breath test, would be the most appropriate
examination for verifying treatment success. However,
this approach is rarely feasible in clinical practice. Most
guidelines recommend a reevaluation of symptoms and
weight and a reevaluation of serum tests of malnutri-
tion.

In fact, it is highly likely that many patients with PEI
today are receiving PERT that is suboptimal. A recent
study from the Netherlands has indicated that as many
as 70% of patients with CP report steatorrhea-related
symptoms despite PERT and that persistent deficits in
blood nutritional parameters despite PERT are common
in PEI"**. What measures can be taken to optimize
the result of PERT? First, it is of utmost importance
to ensure that the patient is taking the prescribed dose
correctly. Capsules should be administered with meals
(as opposed to before or after) for optimal effect”. Tf
signs or symptoms of maldigestion persist, the PERT
dose can be increased, and proton pump inhibitors can
be added™™". The rational for adjuvant treatment with
proton pump inhibitors is that bicarbonate secretion is
impaired in CP, resulting in insufficient buffering of the
gastric chyme when it enters the small bowel. This phe-
nomenon may in turn compromise the effect of PERT
because lipase is rapidly degraded at a low pH and be-
cause enzyme release from microspheres is pH depen-
dent. If PERT is ineffective despite an increased dose
and adjuvant treatment with PPI, the diagnosis of PEI
should be revised, and possible coexisting and/or alter-
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native reasons for maldigestion, such as small intestinal
bacterial overgrowth, should be considered. A summary
of PERT concepts in clinical practice is presented in
Table 2.

In conclusion, PEI is a state of maldigestion that is
the result of a reduction of pancreatic enzyme activity in
the intestinal lumen to a level that is below the threshold
required to maintain normal digestion. CP is the most
common cause of PEI but several other pancreatic and
extrapancreatic diseases can lead to PEI The diagnosis
of PEI is best established by tests that directly measure
digestion, such as fecal fat quantification or the Pe-
MTG breath test. If these tests are not available, clinical
and biochemical signs of malnutrition; pancreatic imag-
ing findings; and tests that measure pancreatic sectre-
tion, such as the FE-1 assay, can be used to estimate the
probability of PEI The treatment of PEI relies on the
elimination of risk factors for disease progression, such
as smoking and alcohol consumption; consultation with
a dietitian; PERT; and a systematic follow-up of the
treatment effect on nutritional status and symptoms. If
required, PERT can be optimized by dose augmentation
and the addition of proton pump inhibitors.
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