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Abstract
This is a medical position statement developed by the 
Exocrine Pancreatic Insufficiency collaborative group 
which is a part of the Italian Association for the Study 
of the Pancreas (AISP). We covered the main diseases 
associated with exocrine pancreatic insufficiency (EPI) 
which are of common interest to internists/gastroenter-
ologists, oncologists and surgeons, fully aware that EPI 
may also occur together with many other diseases, but 
less frequently. A preliminary manuscript based on an 
extended literature search (Medline/PubMed, Cochrane 
Library and Google Scholar) of published reports was 
prepared, and key recommendations were proposed. 
The evidence was discussed at a dedicated meeting in 
Bologna during the National Meeting of the Association 
in October 2012. Each of the proposed recommenda-
tions and algorithms was discussed and an initial con-

sensus was reached. The final draft of the manuscript 
was then sent to the AISP Council for approval and/or 
modification. All concerned parties approved the final 
version of the manuscript in June 2013.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Pancreatic exocrine insufficiency represents 
a condition related to pancreatic and extrapancreatic 
disease. We have reviewed the evidence related to the 
pathophysiological aspects of exocrine pancreatic dis-
eases and we have also reported the recommendations 
for treating this condition in the most common pancre-
atic and extrapancreatic diseases. Pancreatin minimi-
crospheres is a drug which is cost-effective according 
to a survey of Polish patients, but studies demonstrat-
ing its cost-efficacy in Italy are necessary.
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INTRODUCTION
This is a medical position statement developed by the 
Exocrine Pancreatic Insufficiency collaborative group 
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which is a part of  the Italian Association for the Study 
of  the Pancreas (AISP). We covered the main diseases 
associated with exocrine pancreatic insufficiency (EPI) 
of  common interest to internists/gastroenterologists, on-
cologists and surgeons, fully aware that EPI may occur in 
many other diseases, but less frequently (Giardia and HIV 
infections, lymphoma, Whipple’s disease, amyloidosis).

LITERATURE SEARCH METHODS
A preliminary manuscript based on an extended literature 
search (Medline/PubMed, Cochrane Library and Google 
Scholar) of  published reports was prepared, and key 
recommendations were proposed. A MESH term “EPI” 
was used for the search on Medline/PubMed and key 
words (exocrine pancreatic insufficiency) were used for 
both Cochrane Library and Google Scholar. A total of  
1465 manuscript were retrieved on Medline/PubMed, 64 
on Cochrane Library and 1234 on Google Scholar. After 
deduplication only 282 papers regarding the specific aims 
of  the study were selected and 151 were utilized. The 
evidence and recommendations were discussed at a dedi-
cated meeting in Bologna during the National Meeting 
of  the Association in October 2012 in which was present 
130 participants. Each of  the proposed recommendations 
and algorithms was discussed and an initial consensus 
was reached. The final draft of  the manuscript was then 
sent to the AISP Council for approval and/or modifica-
tions. All concerned parties approved the final version of  
the manuscript in June 2013.

PHYSIOLOGY OF PANCREATIC 
DIGESTION OF NUTRIENTS
The pancreatic secretion is a clear fluid liquid, 97% of  
which is water and electrolytes[1], and 3% proteins. In 
turn, these are made up of  proteins (3%) mainly repre-
sented by proteases (80%), amylase (7%), lipase (4%) and 
nucleases (1%)[2]. The normal absorption of  nutrients 
involves a complex mixture of  digestive enzymes and 
bile salts, and an intact intestinal mucosa to enable the 
uptake of  these hydrophobic complexes. Under normal 
condition, all major pancreatic enzymes act simultane-
ously with postprandial chyme decrease during duodenal-
ileal transit[3]; the rate of  intraluminal degradation differs 
widely among the major enzymes due to their different 
stability regarding inactivating mechanisms[4]. Pancreatic 
amylase is a very stable enzyme, probably because of  its 
high resistance to enzymatic proteolysis[5]; the majority 
of  that released into the duodenum reaches the terminal 
ileum in an active form[4,6,7] whereas approximately 60% 
of  the protease activities released into the duodenum 
are delivered to the mid-jejunum, and only between 20% 
and 30% reach the terminal ileum[4]. As regards lipolytic 
enzymes, lipase is most susceptible to inactivation during 
small intestinal transit. In the absence of  triglycerides, a 
large proportion of  lipase activity is also lost between the 
duodenum and the jejunum, and only small quantities 

are delivered to the terminal ileum[4,5]. After ingestion, 
dietary lipids are initially emulsified in the stomach and 
then hydrolyzed by the action of  gastric and pancreatic 
lipase and colipase; hydrolyzed lipids are then aggregated 
into micelles or liposomes with the addition of  bile salts 
in the duodenum and jejunum, the micelles are absorbed 
across the intact intestinal villi by both active and passive 
processes and, finally, packaged into chylomicrons within 
intestinal epithelial cells and transported to the circula-
tory system via the lymphatic system[8].

MECHANISMS OF EXOCRINE 
PANCREATIC INSUFFICIENCY
Exocrine pancreatic insufficiency results from a progres-
sive loss of  acinar pancreatic cells which leads to the 
secretion of  an insufficient amount of  digestive enzymes 
into the duodenum. As indicated in Table 1, chronic pan-
creatitis is the most well-known cause of  EPI[9] but also 
several other conditions, such as partial or total surgical 
resection of  the gland, loss of  function of  pancreatic tis-
sue or obstruction of  the main pancreatic duct as well as 
diabetes, celiac disease, inflammatory bowel diseases, and 
gastrectomy should also be considered. Maldigestion re-
sults when exocrine (mainly lipase and trypsin) pancreatic 
function is reduced by more than 90%; other pancreatic 
and extra-pancreatic causes of  maldigestion are reported 
in Table 2[10]. 

CLINICAL MANIFESTATION AND 
ASSESSMENT OF EXOCRINE 
PANCREATIC INSUFFICIENCY 
Patient complaints
Patients with steatorrhea typically report an increase in 
daily bowel movements, with fatty, bulky stools which are 
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Table 1  Causes of pancreatic insufficiency 

Chronic pancreatitis

Primary pancreatic insufficiency
   Agenesis of the pancreas
   Congenital pancreatic hypoplasia
   Shwachman–Diamond syndrome
   Johanson–Blizzard syndrome
   Adult pancreatic lipomatosis or atrophy
   Isolated lipase or colipase deficiency
   Pancreatic resection
   Pancreatic cancers
Secondary pancreatic insufficiency
   Mucosal small bowel disease: Decreased cholecystokinin release
   Somastatinoma or exogenous somatostatin analog intake: Decreased 
   pancreatic secretion   
   Gastrinoma: Intraluminal destruction of enzymes
   Surgery and Billroth II anastomosis: Poor mixing or decreased 
   hormone release, disturbance of innervations 
   Periampullary tumors (pancreatic duct obstruction)

Modified from reference 155. 



difficult to flush away. This occurs mainly after high fat-
containing meals and is sometimes not a daily symptom. 
As steatorrhea occurs after meals, it typically happens 2 
to 3 times a day in individuals with a normal lipid-content 
diet. Weight loss and anorexia may also develop over time 
due to malnutrition.

Physical examination
Chronic malabsorption results in weight loss, such as 
temporal scalloping, interosseous wasting, and lack of  
subcutaneous fat. Nail leukonychia due to hypoalbumin-
emia may be present in the late stages of  chronic malab-
sorption. Signs of  liposoluble vitamin lack may appear; 
ecchymoses due to clotting abnormalities in the case of  
vitamin K deficiency, ataxia and peripheral neuropathy 
resembling Friedreich ataxia due to vitamin E deficiency, 
abnormalities of  night blindness and xerophthalmia (dry 
corneas) due to vitamin A deficiency; contraction or 
muscle  spasms, osteomalacia and osteoporosis may also 
occur due to hypocalcemia. Examination of  the stool is 
an important tool for recognizing steatorrhea.

Investigations
Exocrine pancreatic function is currently diagnosed us-
ing two groups of  tests, usually referred to as direct and 
indirect (or tubeless) tests; the principal tests are reported 
in Table 3. The most sensitive test is a direct test based 
on aspiration of  the pancreatic contents during secretin 
or secretin-cholecystokinin/cerulein administration[11]; 
this test is only available in a few centers, it is invasive and 
is not indicated in clinical practice. Other tests currently 
available in clinical practice are indirect tests. At present, 
fecal elastase-1 determination is the most diffuse test for 
screening pancreatic exocrine insufficiency[12], usually us-
ing a monoclonal test[13]. This test does not require the 
withdrawal of  enzyme supplementation therapy and is 
based on analysis of  a single stool sample. Concentrations 
of  elastase-1 less than 200 μg/g in feces are compatible 
with exocrine pancreatic insufficiency and less than 100 
μg/g are indicative of  severe pancreatic insufficiency[14]. 
The 14C-triolein breath test and the cholesteryl-[1-13C] oc-
tanoate breath test have been used for assessing fat mal-
absorption[15]; the D-xylose test (normal serum D-xylose 
concentration greater than 1.33 mmol/L 1 h after an oral 
dose of  D-xylose) for exploring the malabsorption of  
carbohydrates, and fecal chymotrypsin excretion (normal 
> 6 U/g) for evaluating the malabsorption of  proteins[12]. 

Two other tests, not presently available commercially, are 
the N-benzoyl-L-tyrosyl-p-aminobenzoic acid (PABA) 
test and the pancreolauryl test which are based on the 
recovery of  an ingested dose of  PABA and fluorescein 
dilaurate from the urine[16]. In clinical trials, objective 
confirmation of  excess fecal fat may be undertaken, and 
the following methods are usually used[9]: Sudan staining 
of  random homogenized stool, steatocrit and quantita-
tive fat analysis. Sudan staining evaluates the number and 
size of  fat globules per high-power field (hpf), and the 
test results are scored as normal (≤ 20/hpf, 1 to 4 mi-
crometers in size), moderately increased (> 20/hpf, 1 to 
8 μm in size) and definitely increased (> 20/hpf, 6 to 75 
μm in size)[17]. Compared to chemical fat analysis, Sudan 
staining has a sensitivity of  94% and a specificity of  95% 
for diagnosing abnormal fecal fat excretion[18]. Steatocrit 
is a quantitative measurement of  fat and is expressed as 
a proportion of  an entire centrifuged homogenized stool 
sample[19]. A spot acid steatocrit level (normal < 10%) 
has been reported as having a sensitivity of  100% and a 
specificity of  95% when compared to 72-h quantitative 
fat analysis[20]. The best reported method is the 72-h fat 
chemical analysis using the van de Kamer method. The 
patients need to keep a food diary to ensure that adequate 
dietary fat (100 g/d) is consumed during the test; the 
normal output is less than 7 g of  fat per 24-h period[21]. 
Coefficient of  fat absorption (CFA) should be used to 
better quantify the steatorrhea; it is calculated using the 
following equation: CFA (%) = 100 [(mean fat intake - 
mean stool fat)/mean fat intake[22]; in healthy subjects, the 
CFA is usually greater than 80%[23]. 

A new assessment for pancreatic malabsorption 
which takes into consideration some serum parameters 
reflecting nutritional status (magnesium < 2.05 mg/dL, 
reduced serum levels of  prealbumin, albumin, retinol 
binding protein, ferritin, and hemoglobin) has recently 
been reported[24], but it requires further validation[25].

Finally, bioelectrical impedance has been proposed 
for assessing nutritional status in patients with pancreatic 
cancer[26]. This method is based on the different conduc-
tive and resistive properties of  the various body tissues; it 
is not invasive, it is inexpensive and it can be performed 
at the bedside. In brief, fixed low-voltage and high-
frequency alternating current introduced into the body is 
conducted through the fluid compartment of  the fat-free 
mass and it is able to measure both body resistance and 
capacitance. Capacitance causes the current to lag behind 
the voltage, creating a phase shift; this shift is quantified 
geometrically as the angular transformation of  the ca-
pacitance: resistance ratio, also called phase angle.

Pancreatic enzyme replacement therapy
In order to avoid maldigestion and ameliorate the nu-
tritional status of  patients with EPI, the cornerstone 
of  treatment is pancreatic enzyme replacement therapy 
(PERT). Available formulations contain pancreatic 
enzymes encapsulated in microgranules or minimicro-
spheres with a pH sensitive coating in order to either 
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Table 2  Pathogenesis of maldigestion

Mechanism Explanation

Decreased pancreatic 
production

Lack of functional tissue or decreased 
endogenous neurohormonal stimulation

Decrease in delivery Pancreatic duct obstruction
Decreased activation Low duodenal pH
Premature enzymatic 
degradation

Decreased contact time due to increased 
motility, impaired interaction with chyme and 
biliary salts, and intestinal bacterial overgrowth
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fected[30,34], whereas enzymes contained in gastroprotect-
ed minimicrospheres can be assumed also with food hav-
ing a pH less than 5.5. Acid-suppressing agents should 
be utilized only in patients who continue to experience 
symptoms of  maldigestion despite the adequate adminis-
tration of  PERT[35].

Goal of the treatment
Steatorrhea in severe pancreatic insufficiency is very dif-
ficult to resolve completely, and only a 60%-70% reduc-
tion is usually achieved using PERT[36]. This may be due 
the fact that there are numerous interactions between 
pancreatic maldigestion, intestinal ecology and intestinal 
inflammation; consequently, to the methods of  achieving 
optimal management of  pancreatic maldigestion need 
to be fully re-evaluated, considering not only the correc-
tion of  pancreatic insufficiency using PERT and, the best 
duodenal pH to allow for the optimal efficacy of  these 
extracts, but also the decontamination of  the intestinal 
lumen, the supplementation of  bile acids and, probably, 
the use of  probiotics to attenuate intestinal inflammation 
in chronic pancreatitis patients[37]. Fat soluble vitamins 
and micronutrients, such as zinc and selenium, should 
be routinely assessed and administered whenever neces-
sary[38].

Warnings regarding PERT
An appropriate clinical response to PERT does not al-
low predicting a normal nutritional status in patients 
with chronic pancreatitis. Up to 2/3 of  patients with an 
apparently good clinical response have some residual nu-
tritional deficiency[39]. Crushing, chewing or holding the 
pancreatic extract capsules in the mouth may cause local 
irritation. The fine powder of  the pancreatic enzymes 
may also be irritating to the nasal mucosa and the respira-
tory tract and can precipitate an asthma attack. Extremely 
high doses of  pancreatic extracts have been associated 
with hyperuricemia and hyperuricosuria[40]. Submucosal 

prevent the release and the subsequent inactivation of  
enzymes by gastric acidity or to release the enzymes into 
the intestinal lumen where the pH is higher and optimal 
for the digestion and absorption of  food. Currently, the 
Italian guidelines also suggest minimicrospheres to be the 
ideal pancreatin formulation[9].

The initial recommended dose of  pancreatic extract 
which should be given is 40000-50000 units of  lipase 
per meal and 25000 U per snack, and this dose should 
be progressively increased until the steatorrhea is totally 
or sufficiently reduced[27,28]; this dosage should be main-
tained over time.

Dietary and drug recommendation 
Food intake should be distributed between three main 
meals per day, and two or three snacks. The pancreatic 
extracts should be ingested during the meals.

Even if  a diet which is low in fat reduces steatorrhea 
and improves maldigestion, it restricts caloric intake and 
is not a good option. 

Medium-chain triglycerides (MCTs) have not been 
shown to be effective in patients suffering from chronic 
pancreatitis with EPI. Moreover, their poor palatability 
and high cost reduce patient compliance. Evidence exists 
that MCTs also require enzyme supplements for proper 
digestion and absorption[29]. They should be used only 
in patients with persistence of  symptoms or weight loss 
despite adequate enzyme supplementation[30]. Medium-
chain triglycerides have been proposed in PERT non-
responders as an “ultima ratio”. The quantity of  energy 
administered by MCTs is limited (ca 8.3 kcal/g) and the 
dose must be increased slowly in order to achieve intes-
tinal adaptation, even when using enteral nutrition[31]. 
However, trials have shown no advantage between a nor-
mal balanced diet and MCT-enriched preparations[29,32,33]. 

A diet rich in fiber content is contraindicated because 
the fibrous material will interfere with proteolytic and 
amylolytic enzyme activity; lipolytic activity is most af-

Table 3  Indirect diagnostic tests for evaluating pancreatic exocrine insufficiency

Test In favour Against

CFA Gold standard 72 h stool collection; 100 g standard diet; no simultaneous 
PERT; not pancreas specific

Acid steatocrit Linear correlation with CFA also in a 
single sample; Good as screening

High fat diet needed; 24-72 h stool collection is ideal

Fecal elastase 1 Single stool sample; PERT can be 
continued

Poor sensitivity in mild EPI, watery stools and small bowel 
disease

13C-mixed triglyceride breath test Simple; Also for mild forms of EPI and 
therapy assessment

Requires further validation

Fecal chymotrypsin Good for compliance control; 
Single small stool sample

Sensitivity low for clinical practice (chymotrypsin is variably 
inactivated during intestinal transit); not for mild EPI; watery 
stools decrease enzyme activity; PERT must be discontinued

Secretin-enhanced magnetic resonance 
cholangiopancreatograpgy

Morphological and semi-quantitative 
functional changes

Requires further validation

Nutritional status (magnesium < 2.05 mg/dL, ↓
prealbumin, ↓albumin, ↓retinol binding protein, 
↓ferritin, ↓hemoglobin)

Simple Requires further validation

CFA: Coefficient of fat absorption; PERT: Pancreatic enzyme supplementation therapy; EPI: Pancreatic exocrine insufficiency. 
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strictures in the proximal colons of  children with cystic 
fibrosis have been reported (“fibrosing colonopathy”), 
and it is now recommended that not more than 10000 
units of  lipase per kg of  body weight per day be given to 
children[41]; to our knowledge, this complication has been 
never reported in adults[42].

RECOMMENDATION FOR SPECIFIC 
DISEASES
Acute pancreatitis
In Italy, there are approximately 20000 admissions per 
year for acute pancreatitis (AP)[43]. Acute pancreatitis is 
an inflammatory disease most commonly caused by gall-
stones or alcohol abuse, and is associated with significant 
morbidity and mortality[44]. Pathological values of  fecal 
elastase-1 have been found in 12.0% of  patients with 
AP (9.3% with mild and 2.7% with severe pancreatitis). 
Pathological fecal elastase-1 was not significantly related 
to sex, age or day of  refeeding. Finally, only 4.0% of  pa-
tients may have severe EPI (i.e., fecal elastase-1 concen-
trations less than 100 μg/g). Thus, in selected cases (ap-
proximately 800 Italian AP patients per year), there is the 
need for enzyme supplementation during refeeding if  the 
elastase-1 fecal determination is clearly abnormal[45]. The 
suggestion is that these patients be monitored for EPI 
for at least 6-18 mo and treated with oral pancreatic en-
zymes at a dosage of  40000-50000 U per meal and 25000 
U per snack unless otherwise indicated[27] (Figure 1). 

Chronic pancreatitis
The greatest benefit of  PERT is in the patients who ex-
crete more than 15 g of  fecal fat per day or have weight 
loss[46,47]. However, German and Spanish guidelines treat 
patients with a daily fecal fat output < 15 g in the pres-

ence of  symptoms of  malabsorption (weight loss, os-
teopenia, loss of  muscular mass)[9,31,48,49]. Alcohol should 
also be avoided to prevent additional impairment of  the 
pancreatic exocrine function[50].

The initial dose of  pancreatic enzymes should be 
40000 units as a starting dose for a meal and 20000 units 
for a snack[9,31,48,51].

Increasing doses of  PERT are recommended in non-
responder patients[9,48,51]. Furthermore, acid suppression is 
also suggested to ensure optimal enzymatic delivery into 
the duodenum, despite the lack of  clinical trials[52]. More-
over, as reported by Domínguez-Muñoz et al[53], gastric 
acid inhibition avoids bile acid precipitation and allows 
lipase release in the proximal gut. It has been shown that 
patients with EPI respond properly to PERT if  bicar-
bonate secretion is preserved and/or gastric secretion 
reduced. Calcium and magnesium-containing antacids 
should be avoided as they produce soaps, precipitate with 
glycine conjugated bile salts in the intestine and worsen 
steatorrhea[54].

Lack of  patient compliance may be a cause of  treat-
ment failure and can be discovered by measuring fecal 
chymotrypsin[55]. If  chymotrypsin activity in the stool is 
low, the patient should be educated to take supplements 
during or just after meals[9,56]. Intestinal bacterial over-
growth, found in up to 40% of  the patients with chronic 
pancreatitis[57,58], intestinal giardiasis or other intestinal 
malabsorption disorders, should be ruled out in non-
responder patients. 

Parameters to be used for the assessment of  therapy 
include clinical improvement/normalization of  nutri-
tional parameters and clinical symptoms[9,24]. In non-
responder patients, laboratory methods for assessing fat 
absorption (CFA, C-13 mixed triglyceride breath test) 
may be used. Fat soluble vitamin deficiency should be 

Acute pancreatitis (mild or severe) Refeeding with low-fat, solid diet 

Fecal elastase 1 < 100 µg/g Evaluate fecal elastase 1 at refeeding

PERT Follow-up for 6-18 mo or before when necessary

 After 6 mo: fecal elastase 1 < 100 µg/g? Continue PERT and consider the diagnosis of chronic pancreatitis

After 12 mo: fecal elastase 1 < 100 µg/g? Continue PERT and consider the diagnosis of chronic pancreatitis

Continue PERT and consider the diagnosis of chronic pancreatitisAfter 18 mo: fecal elastase 1 < 100 µg/g?

N
o 

PE
RT

Yes

Yes

Yes

No

No

No

No

Figure 1  Algorithm for monitoring and treating exocrine pancreatic insufficiency in patients hospitalized for acute pancreatitis. PERT: Pancreatic enzyme 
replacement therapy. 
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corrected parenterally[9].
Before starting PERT, evaluation of  the fasting glu-

cose levels and quantification of  the malabsorption is 
suggested, if  possible. Moreover, determining glucose 
fasting levels during the first 1-2 wk of  treatment is also 
suggested[51]. An algorithm for PERT in chronic pancre-
atitis patients is summarized in Figure 2.

Unresectable pancreatic ductal adenocarcinoma
The prevalence of  EPI is high but of  moderate degree 
in the majority of  cases; it has been reported that 65% 
of  pancreatic cancer patients have fat malabsorption, and 
50% protein malabsorption[59,60]. The causes of  the EPI 
are mainly related to the obstruction of  and/or the loss 
of  the pancreatic parenchyma[61]. Thus, the most impor-
tant predictors of  the onset of  EPI malabsorption in 
pancreatic cancer patients are the site of  the tumor in the 
pancreatic head, the tumor replacing at least 90% of  the 
normal pancreatic tissue and main duct obstruction[62-64].

Even if  the most widely accepted prognostic factors 
in unresectable pancreatic carcinoma are the presence of  
metastases and the value of  CA 19-9 at presentation[65,66], 
the prognostic factor “weight loss” has received particu-
lar attention from the “Eastern Cooperative Oncology 
Group” study[66] and in this study the weight loss ranged 
from 30% in patients with non-Hodgkin’s lymphoma to 
87% in patients with gastric cancer; patients with pan-
creatic cancer showed weight loss in 65% of  cases and 
it correlates with worsening of  the performance status 
even if  this factor was not a negative prognostic factor 
for survival[66]. In contrast, a more recent retrospective 
study found a direct relationship between the percentage 

of  weight loss and the risk of  death, with a value greater 
than 7 times the expected value when the decrease ex-
ceeded 10%[67] and these data were confirmed by a ret-
rospective study regarding 58 patients with unresectable 
pancreatic carcinomas showing that a phase angle of  less 
than 5 degrees was a negative prognostic factor[26] and 
by a prospective non-randomized study enrolling 194 
patients with unresectable advanced pancreatic cancer 
showing that a value of  fecal elastase-1 less than 20 μg/g 
was a negative prognostic factor for survival. Of  interest, 
a value of  fecal elastase-1 of  less than 20 μg/g and ex-
tremely severe pancreatic insufficiency were found more 
frequently in the group of  patients with tumors in the 
head of  the pancreas[68].

The main question is whether replacement therapy 
with pancreatic enzymes and nutritional therapy have 
a positive impact on the quality of  life and survival in 
patients with advanced pancreatic cancer. Pancreatic en-
zyme replacement therapy can partially prevent weight 
loss in patients with unresectable tumors of  the pancre-
atic head, at least in the period before biliary endopros-
thesis placement[69]. Two different phase Ⅱ studies have 
shown that, in patients with advanced pancreatic cancer, 
having a weight loss of  more than 5% in the previous 
4 wk and a body mass index of  less than 19, parenteral 
nutrition improved all nutritional parameters, as evaluated 
by the bioelectrical impedance without, however, reach-
ing normality[70,71].

The algorithm for monitoring EPI and malnutrition 
in unresectable pancreatic ductal adenocarcinoma patients 
is reported in Figure 3. Of  course, appropriate amounts 
of  pancreatic extracts should be administered during each 

Chronic pancreatitis Clinical or biochemical diagnosis of pancreatic insufficiency

Steatorrhea and weight loss, or CFA < 85% or Fecal elastase-1 <15 g/g, or Nutritional status (magnesium < 2.05 mg/dL, 
↓Prealbumin, ↓Albumin, ↓retinol binding protein, ↓ferritin, ↓hemoglobin)

No PERT PERT

Weight gain, stools normalization, ↑nutritional status

PERT compliance

Increase the PERT dosage Weight gain, stools normalization, ↑nutritional status

Add Proton pump inhibitors Weight gain, stools normalization, ↑nutritional status

Check alternative or concomitant diagnosis (celiac disease, giardiasis, bacterial overgrowth, other malabsorption causes)

Continue PERT

Yes

Yes

YesNo

No

No

No

No Yes

Figure 2  Algorithm for monitoring and treating exocrine pancreatic insufficiency. Algorithm for monitoring and treating exocrine pancreatic insufficiency summa-
rized from Italian[9], German[47] and Spanish[31] guidelines, and a synopsis of the guidelines[51]. CFA: Coefficient of fat absorption; FE1: Fecal elastase-1; PERT: Pancre-
atic enzymes replacement therapy; PPI: Proton pump inhibitor. 
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meal (40000-50000 U of  lipase) and per snack (25000 U).

Diabetes mellitus
Exocrine pancreatic insufficiency was demonstrated in 
approximately 50% of  patients with insulin-dependent 
diabetes, and in 30%-50% of  those with non insulin-
dependent diabetes[72-78]. Nine prospective reports evalu-
ated EPI by means of  fecal elastase-1 estimation in pa-
tients with either type-1 or type-2 diabetes[79-87] (Table 4) 
and included 2770 diabetic patients, 837 of  them (30%) 
with type-1, and the remaining 1933 with type-2 diabetes 
mellitus (DM). Overall, fecal elastase-1 concentrations 
were abnormal (i.e., < 200 μg/g) in 904 patients (32.6%) 
and the impairment was mild (i.e., fecal elastase-1 > 100 
but < 200 μg/g) in 439 patients (15.8%, overall); severe 
EPI (< 100 μg/g) was documented in 465 (16.8%). Of  
the 904 diabetics with abnormal fecal elastase-1, exocrine 

impairment was mild in 48.9%, and severe in 51.4%. The 
prevalence of  EPI differed slightly between type 1 and 
type 2 DM. Abnormal (< 200 μ/g) fecal elastase-1 con-
centrations were found in 346 (41.3%) of  837 type 1 dia-
betic patients, and in 558 (28.9%) of  1933 type 2 diabetic 
patients, a 12.4% difference in prevalence rates. More pa-
tients with type 1 DM (188 of  837, 22.5%) had signs of  
severe EPI, as compared to the 14.3% rate (277 of  1933) 
in type 2 DM. Exocrine pancreatic insufficiency is usually 
only of  a mild to a moderate degree, and will not lead to 
clinically overt steatorrhea in the majority of  diabetics. 
Thus, the clinical relevance of  EPI and the role of  func-
tional tests in these patients are questionable. However, 
patients with DM frequently suffer from a wide range of  
abdominal complaints which contribute to impairment 
of  the quality of  life[88]. Although data are controversial, 
at least some of  these symptoms may be attributable in 

Unresectable pancreatic adenocarcinoma

Weight loss > 5%

No

No but tumor localized in the head of the pancreas 

Yes 

Bioelectrical impedance Fecal elastase 1 determination

< 100 µg/g  or > 20 µg/g < 20 µg/g Angle phaseBody mass index

Severe EPI More severe EPI < 5.0°< 19.5

Severe malnutrition
PERT PERT

Search other causes 
of maldigestion

Parenteral nutrition
Search other causes of malabsorption

Figure 3  Algorithm for monitoring and treating exocrine pancreatic insufficiency and malnutrition in unresectable pancreatic ductal adenocarcinoma pa-
tients. EPI: Exocrine pancreatic insufficiency; PERT: Pancreatic enzymes replacement therapy. 

Table 4  Fecal elastase 1 concentrations in type 1 and type 2 diabetes mellitus  n  (%)

Ref. Type 1 DM Type 2 DM

Overall FE-1 (100-200 μg/g) FE-1 (< 100 μg/g) Overall FE-1 (100-200 μg/g) FE-1 (< 100 μg/g)

Hardt et al[80] 322   73 (23) 92 (28)   697 108 (15) 138 (20)
Vesterhus et al[81] 140 10 (7) 16 (11)     63   2 (3)   6 (9)
Larger et al[82] 195   28 (14) 38 (19)   472 35 (7)   50 (10)
Icks et al[83] 112   22 (20) 29 (26)
Cavalot et al[84]   37   17 (46)   4 (11)
Rathmann et al[85]   544 100 (18) 65 (12)
Nunes et al[86]     42     6 (14)   9 (21)
Yilmaztepe et al[87]     32     9 (28) 1 (3)
Overall 837 158 (18.9) 188 (22.5) 1933    275 (14.2)  283 (14.6)

DM: Diabetes mellitus; FE-1: Fecal elastase-1.
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part to EPI (mild to moderate) and might respond to 
enzyme treatment[81,89-94]. Thus, pancreatic tests should be 
part of  the diagnostic work-up in patients with symptoms 
and do not respond to simple therapeutic measures. As 
reported in Figure 4, patients with fecal elastase-1 < 100 
μg/g should be given pancreatic enzymes in adequate 
daily doses (40000-50000 U of  lipase) administered dur-
ing meals. Treatment improves symptoms significantly, 
the supply of  soluble fat vitamins is normalized, and the 
risk of  osteoporosis is reduced. Enzyme replacement 
therapy might have an impact on glucose metabolism 
since it can reduce the insulin requirement and contribute 
to improved control of  the glucose metabolism, but the 
evidence is contradictory[93,94] as improvement of  glucose 
metabolism was not seen in all studies[95,96].

Celiac disease
The prevalence of  adult celiac disease (CD) in the general 
population is reported to be 1%-2%[96-99]; diarrhea re-
mains a common presenting symptom[100] and it is usually 
attributed to continued gluten ingestion; however, other 
causes of  chronic diarrhea in patients who are compli-
ant with their gluten-free diet exist, and one of  them is 
exocrine pancreatic insufficiency. Using a secretin test, it 
has been found a mild reduction in the pancreatic secre-
tion of  bicarbonates and pancreatic enzymes (especially 
lipase) in untreated celiac patients these alterations revert 
to normal after going on a gluten-free diet; mild pancreat-
ic insufficiency is present in about 40% of  untreated CD 
patients and severe pancreatic insufficiency in 10%[101,102]. 
More recently, other authors using tubeless test, such as 
fecal chymotrypsin or elastase 1 determination and the C 
mixed-triglyceride breath test, confirmed that pancreatic 
insufficiency in untreated CD patients in percentages 
ranging from 11.4% to 56.2%[103-107]. 

It has also been suggested exocrine pancreatic func-

tion impairment may be related to the degree of  mucosal 
villous atrophy and that the level of  fecal elastase may 
improve once the mucosa has recovered after an ap-
propriate gluten-free diet[104,108]. In addition, it seems that 
pancreatic insufficiency does not depend on nutritional 
status[105]. Regarding the use of  PERT in these patients, 
the data come from a double blind randomized study 
carried out on children showing that pancreatic enzyme 
therapy is certainly useful in the first 30 d after the di-
agnosis of  CD[106]. In fact, after 30 d of  a gluten-free 
diet associated with pancreatic extracts, body weight sig-
nificantly increases with respect to patients treated with 
only a gluten-free diet. Similar results were obtained in a 
longitudinal study[109]. The conclusion is that pancreatic 
enzyme therapy is certainly useful in the first 30 d after 
the diagnosis of  CD and that enzyme supplementation 
may possibly be discontinued as symptoms improve and 
fecal elastase-1 concentrations normalize. The dosage of  
pancreatic extracts should be 40000-50000 U per meal 
and 25000 U per snack. In CD patients who continue to 
experience clinical steatorrhea despite being on a gluten-
free diet, a search for possible exocrine pancreatic insuffi-
ciency must be carried out[110]. In addition, we should bear 
in mind that, in adult CD patients have a risk developing 
chronic pancreatitis more than 3 times as compared to 
general population and there is also and increased need 
for PERT[111]. An algorithm for PERT in CD is reported 
in Figure 5.

Inflammatory bowel diseases
Crohn’s disease: About 35% of  the patients with Crohn’s 
disease have an impaired exocrine pancreatic function[112] 
and no relationship are present between exocrine pancre-
atic insufficiency and age or nutritional status. Interest-
ingly, patients having steatorrhea had a defect of  lipase 
output ranging from 10% to 67% and, especially in this 

Diabetes mellitus Type 1 or 
Type 2 of long duration and 

in insulin therapy

Fecal elastase 1 
evaluation

Fecal elastase 1 < 100 µg/g

PERT

Fecal elastase 1 <100 µg/g?

Follow-up at 
one year

Continue PERT

Consider the diagnosis of associated chronic pancreatitis 
or other pancreatic disease causing malabsorption

N
o 

PE
RT

No

No

Yes

Yes

Figure 4  Algorithm for monitoring and treating exocrine pancreatic in-
sufficiency in patients with diabetes mellitus. PERT: Pancreatic enzymes 
replacement therapy. 

New diagnosis of coeliac disease Gluten-free diet 

Fecal elastase 1 < 100 µg/g Evaluate fecal 
elastase 1

PERT Follow-up at 30 d

Fecal elastase 1 < 100 µg/g Continue PERT

Consider the diagnosis of chronic pancreatitis or other 
diseases causing maldigestion or malabsorption 

N
o 

PE
RT

No

No

Yes

Yes

Figure 5  Algorithm for monitoring and treating exocrine pancreatic insuf-
ficiency in patients with celiac disease. PERT: Pancreatic enzymes replace-
ment therapy. 
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latter group of  patients, the use of  PERT was hypoth-
esized. In patients with Crohn’s disease, enzyme activities 
were not correlated to the duration of  disease or to the 
extent or localization of  a previous bowel resection[113]. 
The lowest enzyme values were found in patients with 
the most extensive bowel involvement, and they were 
significantly lower than in patients with disease confined 
to the terminal ileum. Thus, the factors related to the 
impaired pancreatic function in Crohn’s disease seem to 
be disease activity, and the localization and extent of  the 
disease. Finally, patients with Crohn’s disease may have 
an autoimmune involvement of  the pancreatic gland 
and those having positive serum pancreatic autoantibod-
ies may also have impaired exocrine pancreatic function 
more frequently[114]. However, we have no evidence that 
PERT can be utilized in patients with Crohn’s disease 
and exocrine pancreatic insufficiency to improve the mal-
digestion present in these patients.

Ulcerative colitis: Pancreatic exocrine insufficiency, as-
sessed using a secretin-cerulein test, may be present in 
about 40%-50% of  patients with ulcerative colitis[112,115,116] 
especially during a active phase of  the disease and the 
majority of  patients with pancreatic insufficiency had 
active disease with loose stools; thus, the reduced fecal 
elastase-1 concentration could have been due to dilution 
of  the enzyme and not to pancreatic involvement. In ad-
dition, in those patients who were also studied during the 
remission phase of  the disease and had a solid stool, the 
fecal elastase-1 concentration became normal[112]. More 
recently, the possibility of  autoimmune pancreatitis as-
sociated with ulcerative colitis has been reported. Thus, it 
is possible that only a small number of  ulcerative colitis 
patients having severe pancreatitis insufficiency due to 
autoimmune pancreatitis may benefit from PERT.

Gastric surgery
Exocrine pancreatic insufficiency is a common clinical 
problem after gastric surgery[117]. The side effects of  gas-
tric resections, in particular total gastrectomy, include di-
arrhea, anorexia, weight loss and EPI that are responsible 
for a global status of  malnutrition, malabsorption and 
maldigestion[118]. Malnutrition is considered one of  the 
major complications after gastric surgery for gastric can-
cer[119] and EPI contributes to the pathogenesis of  global 
malnutrition. After gastric surgery, EPI can result from 
various causes, such as a deficient trituration of  nutrients, 
altered gastric emptying, alteration of  pancreatic denerva-
tion and post-cibal asynchrony[120,121].

Any surgical procedure, such as total or subtotal gas-
trectomy, total or subtotal pancreatectomy, with or with-
out duodenal resection (e.g., in the context of  a Whipple 
procedure), causing distortion in the anatomo-physiology 
of  digestion can be responsible for EPI[122-127]. Several 
events can be considered as being responsible for EPI 
after gastrectomy. Alterations of  gastric relaxation due 
to the absence of  nervous gastric reflexes; the absence 
of  nervous gastric stimulation responsible for pancreatic 

secretion caused by the lack of  fundus relaxation and 
the reduction of  exocrine pancreatic secretion due to 
the absence of  cholecystokinin after intestinal resection. 
Rapid gastric emptying and asynchrony between gastric 
emptying and biliopancreatic secretion due to new tracts 
of  various reconstructions, bacterial overgrowth after 
gastrectomy, extensive denervation of  the pancreas due 
to lymph node dissection and truncal vagotomy are the 
most frequent alterations involved in the pathogenesis of  
EPI[123,128,129]. The latter has been shown to cause mild to 
moderate EPI by itself[130,131]. In 1996, Friess et al[123] dem-
onstrated that 100% of  patients develop severe primary 
EPI three mo after a total gastrectomy. Chymotrypsin 
and trypsin were the most severely deficient enzymes 
after gastric surgery, with a decreased production of  up 
to 91% three mo after surgery. Low levels of  gastrin and 
postprandial pancreatic polypeptides, and high levels of  
cholecystokinin were also reported[123]. Exocrine pan-
creatic insufficiency is reported in both total and partial 
gastrectomy; Büchler et al[127] demonstrated that the pan-
creolauryl test was pathological in 47%-64% of  patients 
after Billroth-I surgery and in 64%-70% after Billroth-Ⅱ 
surgery. On the contrary, Heptner et al[124] reported EPI 
after gastric resection in only 30% of  patients, even if  the 
pancreolauryl test was abnormal in 90% of  these patients. 
Armbrecht et al[132] conducted a double-blind, crossover 
study of  15 patients who underwent surgery for gastric 
cancer (total gastrectomy) and compared PERT with 
a placebo. The authors concluded that PERT reduced 
massive steatorrhea and improved stool consistency after 
total gastrectomy. Nevertheless, Bragelmann and co-
workers reported an overall improvement in abdominal 
symptoms, fecal frequency and fecal consistency when 
following 52 institutionalized patients with a fecal fat out-
put greater than or equal to 14 g/d after gastric resection 
for cancer, but no differences were found regarding body 
mass index, bowel habits or fat malabsorption[133]. Inter-
estingly, Huddy and coworkers found that EPI contrib-
utes to postoperative morbidity after an esophagectomy, 
and that these patients can benefit from PERT[134]. 

The main goal of  the therapy in patients suffering 
from EPI is to reverse all the secondary events caused 
by enzyme deficiency (Figure 6). Therapeutic efficacy is 
closely connected with two important aspects: time and 
dosage of  the pancreatic enzymes administered, and 
dietary changes[135]. Nutritional changes should include 
a high carbohydrate diet, with normal fat and medium-
chain triglycerides[136]. It is also recommended that a 
personalized diet be created after major gastrointestinal 
surgery in order to prevent weight loss, anorexia, inflam-
mation and changes in homeostasis[53]. Following a total 
gastrectomy and in patients receiving therapy with proton 
pump inhibitors (PPIs) for some reason, unprotected 
pancreatin powder is preferred[120]. In addition to dietary 
changes it is mandatory to resort to PERT, orally ingest-
ed, during meals. The dose must be adapted to the meal 
and should not be less than 40000-50000 U of  lipase per 
meal[135]. For partial gastric resection, patients receiving 
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uncoated pancreatic enzyme formulations should also 
require simultaneously administered proton pump inhibi-
tors[53] since lipase is irreversibly deactivated by gastric 
acid. However, the administration of  PPIs can improve 
fat digestion even in patients who do not benefit from 
PERT[53]. Several authors agree with the need for lipo-
soluble vitamin supplementation, especially for patients 
with severe EPI[135].

Pancreatic resections
Suggestions on this topic are based on a consensus 
reached by the experts and are not fully based on data 
coming from literature. Partial or total pancreatectomy 
(TP) is frequently associated with EPI. In this setting, 
PERT is essential for maintaining adequate digestion. In 
a TP, the removal of  the entire pancreatic parenchyma 
produces inevitable exocrine failure while, in a partial 
pancreatectomy, the severity of  EPI depends on both the 
underlying disease, the preoperative pancreatic function, 
and the extent and type of  the resection. Most impor-
tantly, any pancreatic neoplasm can be associated with 
chronic obstructive pancreatitis (focal or extended) which 
might affect pancreatic function/secretion, leading to 
EPI before any type of  resection.

Extent and type of the resection 
Pancreaticoduodenectomy: Anatomical changes sec-
ondary to reconstruction after a pancreaticoduodenec-
tomy (PD) lead to important physiological alterations 
which frequently correlate with the severity of  postopera-
tive EPI. A PD (either Whipple or pylorus-preserving) is 
associated with several and complex patho-physiological 
events such as: (1) disturbance of  gastric fundus relax-
ation caused by the disappearance of  antro-fundic and 
duodeno-fundic reflexes; (2) the absence of  neurally 
stimulated pancreatic excretion caused by the lack of  
fundus relaxation; (3) the reduction of  cholecystokinin-
mediated stimulation of  pancreatic secretion secondary 

to duodenal resection; (4) large and hard to digest nutri-
ent particles reaching the jejunal lumen due to resection 
of  the distal stomach (Whipple procedure); (5) reduction 
in exocrine pancreatic secretion due to pancreatic head 
resection; and (6) asynchrony between the gastric empty-
ing of  nutrients and bilio-pancreatic secretion as a result 
of  anatomical reconstruction[122,128,137,138]. 

For these reasons, every patient who is candidate 
for a PD should be considered at increased risk for EPI 
regardless of  the underlying disease 128138. Therefore, 
it has been suggested that, after PD, PERT be given to 
all patients with pancreatic cancer, especially those with 
impending adjuvant therapy. Furthermore, it should be 
considered that pancreatic cancer is often associated with 
obstructive chronic pancreatitis, a preoperative risk factor 
for the development of  EPI by itself[128,139]. The develop-
ment of  pancreatic insufficiency after PD could also be 
related to the different techniques used for the pancreatic 
anastomosis[117,140,141].

Distal pancreatectomy: Distal pancreatectomy (DP) 
is the procedure of  choice for treating lesions affecting 
the body-tail of  the gland. A DP may affect pancreatic 
exocrine function depending on the amount of  normal 
tissue removed[142,143]. Based on these data, permanent 
postoperative EPI, as a result of  parenchymal loss from 
pancreatic resection, was not observed and these conclu-
sions have been subsequently confirmed[139].

Atypical resections: Middle pancreatectomy and 
enucleation: Atypical resections are usually performed 
for benign or borderline pancreatic tumors, such as small 
(< 2 cm) pancreatic neuroendocrine tumors, cystic papil-
lary tumors, low grade intraductal papillary mucinous 
neoplasms and serous cystic adenomas. Enucleation is 
usually performed for tumors smaller than 2 cm located 
in any part of  the pancreas but sufficiently far from the 
main pancreatic duct. A MP is indicated for neoplasm 
in the neck of  the pancreas which could not be safely 
enucleated[139,144-146]. Using the 13C-mixed triglyceride 
breath test (normal test > 5%), it has been found an EPI 
rate of  5% after a median follow up of  71 mo[147]. In ad-
dition, Crippa et al[148], after a median follow-up of  54 mo, 
observed a rate of  clinical EPI of  5% in a cohort of  100 
patients who had undergone MP for benign or borderline 
tumors. The authors compared this result with an EPI 
rate of  15.6% in patients who underwent an extended 
left pancreatectomy (at the right side of  the superior 
mesenteric vein), the alternative surgical procedure to MP 
for lesions located in the pancreatic neck. These data are 
consistent with those of  others[149,150]. 

Treatment of EPI in pancreatic resection
It has been reported that in patients undergoing a pylo-
rus-preserving pancreaticoduodenectomy for pancreatic 
neoplasia, gastro-protected microspheres were less effec-
tive than those in patients who had undergone a classic 
Whipple technique[151] probably because microspheres 
are retained in the stomach. One of  the few randomized 

Gastric resection

High-carbohydrates diet, with normal fat and medium-chain triglycerides

Total gastrectomy/or
Partial gastric resection with 
proton pump inhibitors

Partial gastric resection

Provide PERT orally 
during meals
The dose must be 
adapted to meal

Uncoated pancreatic 
enzyme formulations plus
proton pump inhibitors 

Mini-microsphere 
with pH sensitive 
coating 

Figure 6  Algorithm for treating exocrine pancreatic insufficiency in pa-
tients who undergo gastric resection. PERT: Pancreatic enzymes replace-
ment therapy. 
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Pancreaticoduodenectomy

Malignant disease Benign disease

Before surgery After surgery

High preoperative 
risk of EPI

Preoperative PERT 
recommended

  PERT highly 
recommended

Before surgery After surgery

Intermediate 
preoperative risk of EPI

Fecal elastase-1 determination

Normal EPI

No PERT PERT

Figure 7  Algorithm for monitoring and treating exocrine pancreatic insufficiency in patients who receive pancreaticoduodenectomy. EPI: Exocrine pancre-
atic insufficiency; PERT: Pancreatic enzyme replacement therapy. 
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Figure 8  Algorithm for monitoring and treating exocrine pancreatic insufficiency in patients who undergo distal pancreatectomy. EPI: Exocrine pancreatic 
insufficiency; PERT: Pancreatic enzymes replacement therapy. 
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studies explaining the efficacy of  pancreatic extracts for 
the control of  malabsorption was carried out on a small 
group of  patients with chronic pancreatitis who had un-
dergone a pancreatic resection with longitudinal pancre-
aticojejunostomy[152] and showed that treatment with pan-
creatic extracts ameliorated not only the nitrogen balance 
but also the fat and protein absorption. Another random-
ized controlled double-blinded crossover study explored 
the comparative efficacy of  two pancreatin preparations 
of  gastroprotected microspheres with different doses 
in pancreatectomized patients having chronic pancreati-
tis[153]. All patients were stabilized before enrollment in 
the study with a standard dose of  pancreatic extracts. Af-
ter this stabilization period, 56% of  the patients still had 
a fecal fat excretion greater than 7 g/d, and 38% greater 
than 15 g/d. The results demonstrated that there was a 
significant relationship between fecal fat excretion, fecal 
volume and evacuation frequency but there was no rela-
tionship between fecal fat excretion, and abdominal pain 
or malabsorption. Both the pancreatin standard dose and 
the elevated dose demonstrated equal efficacy; in pancre-
atectomized patients, high dose pancreatic extracts signif-
icantly reduced the number of  capsules needed per day 
with a better compliance to substitutive therapy. From 
the clinical point of  view, pancreatic enzyme replacement 
therapy needs to be routinely considered and based on 
pragmatic clinical evaluation of  the patient[22,38,63]. The 
suggested algorithms for PERT in patients undergoing 
surgery, according to the type of  pancreatic resection, are 
reported in Figures 7-9, taking into consideration that the 
dosage should be no less than 40000-50000 U of  lipase 
per meal and 25000 per snack.

CONCLUSION
We should point out that there is a paucity of  informa-
tion regarding some areas of  managing EPI there is a 
lack of  good quality of  literature. Finally, studies on the 
economic aspects of  this treatment with the different 
formulations commercially available are also necessary; 
it has been calculated that the treatment of  chronic pan-

creatitis-related EPI with pancreatin minimicrospheres is 
cost-effective according to a survey of  Polish patients but 
it is necessary that these results also be evaluated for the 
Italian National Health System[154].
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