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Abstract
Exocrine pancreatic insufficiency caused by chronic 
pancreatitis results from various factors which 
regulate digestion and absorption of nutrients. 
Pancreatic function has been extensively studied over 
the last 40 years, even if some aspects of secretion 
and gastrointestinal adaptation are not completely 
understood. The main clinical manifestations of 
exocrine pancreatic insufficiency are fat malabsorption, 
known as steatorrhea, which consists of fecal 
excretion of more than 6 g of fat per day, weight 
loss, abdominal discomfort and abdominal swelling 
sensation. Fat malabsorption also results in a deficit of 
fat-soluble vitamins (A, D, E and K) with consequent 
clinical manifestations. The relationships between 
pancreatic maldigestion, intestinal ecology and 
intestinal inflammation have not received particular 
attention, even if in clinical practice these mechanisms 
may be responsible for the low efficacy of pancreatic 
extracts in abolishing steatorrhea in some patients. 
The best treatments for pancreatic maldigestion 
should be re-evaluated, taking into account not 
only the correction of pancreatic insufficiency using 
pancreatic extracts and the best duodenal pH to 
permit optimal efficacy of these extracts, but we 
also need to consider other therapeutic approaches 
including the decontamination of intestinal lumen, 
supplementation of bile acids and, probably, the use of 
probiotics which may attenuate intestinal inflammation 
in chronic pancreatitis patients.
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INTRODUCTION
Exocrine pancreatic insufficiency caused by chronic 
pancreatit is results from various factors which 
regulate digestion and absorption of  nutrients. 
Pancreatic function has been extensively studied over 
the last 40 years, even if  some aspects of  secretion 
and gastrointestinal adaptation are not completely 
understood. The pancreatic gland normally secretes 
more than 2 L of  juice per day which is composed of  
water, bicarbonates and enzymes[1]; protein secretion 
per gram of  pancreatic tissue is elevated more than 
that of  any other organ[2], and more than 85% of  the 
protein content is composed of  enzymes which are 
able to digest lipids, proteins and carbohydrates[3]. The 
pancreas normally produces more enzymes than are 
necessary for food digestion[1], and normal digestion is 
guaranteed up to a loss of  95% of  pancreatic secretive 
capacity[4]. Recently, it has been demonstrated that 
gastric lipase can compensate pancreatic lipase even 
if  it is not capable of  complete lipolytic activity[5]. 
Enzyme degradation in the intestinal lumen is the main 
factor controlling nutrient absorption. The activity 
of  pancreatic enzymes progressively decreases during 
their progression in the intestinal lumen: 60% of  active 
trypsin and chymotrypsin are present in the jejunum, 
whereas only 20% of  these enzymes are present in 
the ileum; on the other hand, amylases and lipases are 
more stable[6-8]. There are various explanations for the 
loss of  enzymatic activity during progression in the 
intestinal lumen, including proteolytic degradation 
(chymotrypsin is the main lipase degradation factor)[9], 
lipase acid inactivation (lipase is particularly sensitive 
to acid inactivation)[10], and the brief  half-life of  some 
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enzymes, particularly lipase[11]. This is the reason why, 
in patients with exocrine pancreatic insufficiency, fat 
maldigestion is more severe than that of  carbohydrates 
and proteins. In addition to an optimal concentration 
of  biliary acids and colipases in the intestinal lumen, 
good fat digestion requires an adequate blending 
of  nutrients with the pancreatical juice and optimal 
intestinal motility. In pathological conditions, such as 
chronic pancreatitis, there is a deficit in bicarbonate 
production; a low duodenal pH determines biliary 
acid precipitation and the remaining lipase activity 
worsens. Finally, other causes of  malabsorption may be 
an accelerated gastric emptying and a lower intestinal 
transit time[12,13].

CLINICAL MANIFESTATIONS AND 
DIAGNOSIS OF EXOCRINE PANCREATIC 
INSUFFICIENCY
The main clinical manifestations of  exocrine pancreatic 
insufficiency are fat malabsorption, known as steatorrhea, 
which consists of  fecal excretion of  more than 6 g 
of  fat per day, weight loss, abdominal discomfort and 
abdominal swelling sensation. Fat malabsorption also 
results in a deficit of  fat-soluble vitamins (A, D, E 
and K) with consequent clinical manifestations. The 
diagnosis of  exocrine pancreatic insufficiency is based 
on these clinical symptoms and signs observed with 
direct and indirect tests. Some of  these tests can be 
used to determine the degree of  insufficiency which is 
usually classified as mild, moderate or severe. The most 
sensitive test is the secretin-cholecystokinin (CCK) 
or secretin-cerulein test; this test has a double-lumen 
tube capable of  separately draining the gastric juice 
and the pancreatic juice. The test starts with pancreatic 
stimulation by secretin which produces the hydro-
electrolyte pancreatic secretion and CCK or cerulein, 
which can stimulate enzymatic secretion. This test is 
highly sensitive and specific[14] but is invasive, lengthy 
and expensive; moreover, it is only possible in patients 
with a normal gastrointestinal tract, and it is not useful 
in patients with an altered digestive anatomy. At present, 
fecal chymotrypsin and elastase 1 are more frequently 
used to diagnose exocrine pancreatic insufficiency[15]. 
In particular, the determination of  elastase 1 is more 
sensitive and specific than chymotrypsin determination. 
The advantage of  these tests is that they can be used 
in patients who have undergone surgery involving the 
gastrointestinal tract, but they can not reveal a mild 
degree of  exocrine pancreatic insufficiency[15,16]. A 
cholesteryl-octanoate breath test is rarely used because 
of  its high cost and possible interference with metabolic 
and pulmonary diseases[17]. Fecal fat determination 
is useful in monitoring lipid malabsorption therapy. 
Pancreatic exocrine evaluation during magnetic 
resonance cholangiopancreatography with secretin 
administration is still under study and the results of  the 
published studies seem to be promising[18-20].

MALDIGESTION, INTESTINAL ECOLOGY 
AND INTESTINAL INFLAMMATION
The relationships between pancreatic maldigestion, 
intestinal ecology and intestinal inflammation have not 
received particular attention, even if  in clinical practice 
these mechanisms may be responsible for the low 
efficacy of  pancreatic extracts to abolish steatorrhea in 
some patients.

One mechanism which has been hypothesized 
between maldigestion and intestinal alterations relates 
to bacterial overgrowth in the small intestine; bacterial 
overgrowth is often seen in experimental models of  
exocrine pancreatic insufficiency[21]. Furthermore, 
bacterial overgrowth has been observed in dogs with 
naturally occurring exocrine pancreatic insufficiency[22]. 
The presence of  bacterial overgrowth in human exocrine 
pancreatic insufficiency has been studied using non-
invasive breath tests based on 14C-cholylglycine[23], 
14C-xylose[24], glucose[25,26] or by intubation followed by 
culture of  intestinal aspirates[27]. These studies indicated 
that bacterial overgrowth complicates 25%-50% of  
patients with exocrine pancreatic insufficiency, and it 
was suggested that bacterial overgrowth might either 
contribute to diarrhea or account for the persistence 
of  diarrhea in patients with exocrine pancreatic 
insufficiency who receive adequate pancreatic enzyme 
supplementation. Furthermore, bacterial overgrowth 
might give rise to bile acid malabsorption and changes in 
intestinal permeability[28].

However, Madsen et  al [29] found no bacterial 
overgrowth in any of  their patients with exocrine 
pancreatic insufficiency, and these findings seem 
to conflict with previous observations seen in both 
humans and animals. In fact, in the study based on 
intestinal culture[27], it was observed that bacterial 
overgrowth occurred in 50% of  patients with severe 
pancreatic insufficiency who were not receiving 
enzyme replacement therapy, and studies in dogs 
indicated that bacterial overgrowth from ligation of  the 
pancreatic duct can be reversed by bovine pancreatic 
extract replacement therapy; thus these results indicate 
that pancreatic enzymes might have an important 
influence on small-intestinal bacterial flora[21]. Since 
all the patients studied by Madsen had oral enzyme 
supplementation, it is possible that enzyme substitution 
treatment normalized the luminal conditions of  the 
small intestine, which otherwise would have facilitated 
bacterial overgrowth.

In a previous study, a wide range of  bile salt 
malabsorption was observed in patients with exocrine 
pancreatic insufficiency secondary to alcoholic 
pancreatitis[30]. Moreover, these data suggested that 
intraluminal factors, rather than a primary defect 
in the ileal mucosa, were responsible for bile salt 
malabsorption. The fecal loss of  bile salts in their 
patients was markedly reduced by oral administration 
of  pancreatic enzymes, indicating an important role for 
pancreatic enzymes in bile acid absorption. It has been 
postulated from studies performed in vitro that a lack 
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of  pancreatic enzymes causes generalized maldigestion, 
which in turn may be responsible for persistent bile salt 
binding to maldigested protein, carbohydrate, or fiber 
in these patients[31]. It is conceivable, therefore, that 
in patients with untreated pancreatic insufficiency, an 
exceeding low concentration of  intraluminal pancreatic 
enzymes during the postprandial period gives rise to 
persistent binding of  bile acids to undigested dietary 
components, resulting in bile acid malabsorption.

Low intraluminal pH in the upper small intestine 
might be another important factor in the pathogenesis 
of  fecal loss of  bile acids in pancreatic insufficiency. 
Thus, bile acid malabsorption in patients with chronic 
pancreatitis and exocrine dysfunction does not occur 
until bicarbonate output is below a certain level[32], 
and cimetidine has been shown to reduce pH-induced 
precipitation of  bile acids, thereby improving the 
micelle concentration of  bile salts in the duodenum[33]. 
Moreover, food residues seem to absorb more bile salts 
at pH values less than 6.0[34].

The study by Madsen[29] also evaluated intestinal 
permeability in exocrine pancreatic insufficiency due 
to chronic pancreatitis in adult patients; these authors 
found that patients receiving enzyme replacement 
therapy had reduced urinary excretion of  mannitol. The 
exact character of  the underlying epithelial impairment 
was at that time not obvious, as the pathways for 
permeation of  both smaller molecules such as mannitol 
and larger molecules are not yet known. It is possible 
that larger pores located in the crypts of  intestinal 
epithelium permit absorption of  larger molecules, 
while smaller molecules pass through both these pores 
and smaller pores located in the villi[35,36]. According to 
this hypothesis, it is suggested that a defect localized 
in the villi of  the intestinal epithelium may exist. It is 
possible, however, that more pronounced disturbances 
in intestinal permeability would have been revealed, if  
urine excretion of  the test substances had been properly 
corrected for variations in the small-intestinal transit 
rate[37]. Since bacterial overgrowth which often gives rise 
to defects in intestinal permeability was not found in any 
of  our patients, it is suggested that pancreatic disease per 
se and not enzyme supplementation therapy caused the 
permeability defect. In a recent study, we evaluated fecal 
calprotectin in a total of  90 subjects; 22.2% with chronic 
pancreatitis, 16.7% with pancreatic cancer, 6.7% with 
chronic non-pathological pancreatic hyperenzymemia, 
17.8% with non-pancreatic diseases and 25.6% with 
no detectable diseases[38]. Calprotectin is a cytoplasmic 
antimicrobial component prominent in granulocytes, 
monocytes,  and macrophages.  I t  accounts  for 
approximately 60% of  the total protein in the cytosol. 
The release of  calprotectin is most likely a consequence 
of  cell disruption and death[39] and is stable in stools 
for more than 7 d at varying temperatures, as well as 
being resistant to proteolysis even after transportation 
and storage[40]. Calprotectin can inhibit bacterial 
proliferation both as a component of  the innate immune 
response and through its iron-binding capacity[41]. Fecal 
calprotectin determination has been demonstrated to 

be useful in diagnosing various inflammatory diseases 
of  the gastrointestinal tract[42-46]. We found that patients 
with chronic pancreatitis had abnormally high fecal 
calprotectin concentrations in 55% of  cases and most of  
these patients (40%) had pancreatic insufficiency[38]. It is 
possible that, in these patients, pancreatic insufficiency 
may determine an alteration in intestinal ecology, 
and in intestinal inflammation. In the population 
studied, multivariate analysis showed that patients with 
abnormally low fecal elastase had more than a five-
fold risk of  increased fecal calprotectin suggesting that, 
in patients with pancreatic disease, the determination 
of  fecal calprotectin may be useful in evaluating the 
possible presence of  intestinal inflammation which may 
worsen the intestinal absorption of  nutrients. Thus, 
our data further support the hypothesis that pancreatic 
insufficiency may cause intestinal inflammation probably 
due to a modification in intestinal ecology.

CONCLUSION
Pancreatic extracts are the basic treatment for 
pancreatic insufficiency. However, we need to explore 
the possibility that other drugs used to treat pancreatic 
insufficiency such as proton pump inhibitors or H2-
blockers should be administered to our patients in 
order to modify the duodenal pH and to permit optimal 
efficacy of  pancreatic extracts. Furthermore, we need to 
explore the possibility that other therapeutic approaches 
including the decontamination of  intestinal lumen, 
supplementation of  bile acids and the use of  probiotics 
may attenuate intestinal inflammation permitting optimal 
efficacy of  pancreatic extracts as well as the control of  
clinical signs and symptoms of  pancreatic insufficiency.
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