2090 TESTS OF EXOCRINE PANCREATIC FUNCTION

Pancreatic function tests (Table 370-1) can be divided into the
following:
1. Direct stimulation of the pancreas by IV infusion of secretin followed by collection and measurement of duodenal contents
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The secretin test, used to detect diffuse pancreatic disease, is based
on the physiologic principle that the pancreatic secretory response
is directly related to the functional mass of pancreatic tissue. In the
standard assay, secretin is given IV in a dose of 0.2 mg/kg of synthetic
human secretin as a bolus. Normal values for the standard secretin test
are (1) volume output >2 mL/kg per hour, (2) bicarbonate (HCO3-)
concentration >80 mmol/L, and (3) HCO3- output >10 mmol/L in
1 h. The most reproducible measurement, giving the highest level of
discrimination between normal subjects and patients with chronic
pancreatic exocrine insufficiency, appears to be the maximal bicarbonate concentration. A cutoff point below 80 mmol/L is considered
abnormal and suggestive of abnormal secretory function that is most
commonly observed in early chronic pancreatitis.
There may be a dissociation between the results of the secretin test
and other tests of absorptive function. For example, patients with
chronic pancreatitis often have abnormally low outputs of HCO3- after
secretin but have normal fecal fat excretion. Thus the secretin test measures the secretory capacity of ductular epithelium, whereas fecal fat
excretion indirectly reflects intraluminal lipolytic activity. Steatorrhea
does not occur until intraluminal levels of lipase are markedly reduced,
underscoring the fact that only small amounts of enzymes are necessary for intraluminal digestive activities. It must be emphasized that
an abnormal secretin test result suggests only that chronic pancreatic
damage is present.
2. Measurement of fecal pancreatic enzymes such as elastase
Measurement of intraluminal digestion products (i.e., undigested
muscle fibers, stool fat, and fecal nitrogen) is discussed in Chap. 349.
The amount of human elastase in stool reflects the pancreatic output
of this proteolytic enzyme. Decreased elastase-1 activity (FE-1) in stool
is an excellent test to detect severe pancreatic exocrine insufficiency
(PEI) in patients with chronic pancreatitis and cystic fibrosis. FE-1
levels >200 mg/g are normal; levels of 100–200 mg/g are considered
mild, and levels <100 mg/g are severe for PEI. Although the test is
simple and noninvasive, it can give false-positive results and has a low
sensitivity. Fecal levels <50 mg/g are definitive for PEI provided that the
stool specimen is solid.
Tests useful in the diagnosis of exocrine pancreatic insufficiency
and the differential diagnosis of malabsorption are also discussed in
Chaps. 349 and 371.
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BIOCHEMISTRY AND PHYSIOLOGY OF PANCREATIC
EXOCRINE SECRETION
GENERAL CONSIDERATIONS
The pancreas secretes 1500–3000 mL of isosmotic alkaline (pH >8)
fluid per day containing about 20 enzymes. The pancreatic secretions
provide the enzymes and bicarbonate needed to affect the major digestive activity of the gastrointestinal tract and provide an optimal pH for
the function of these enzymes.
REGULATION OF PANCREATIC SECRETION
The exocrine pancreas is influenced by intimately interacting hormonal and neural systems. Gastric acid is the stimulus for the release
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of secretin from the duodenal mucosa (S cells), which stimulates
the secretion of water and electrolytes from pancreatic ductal cells.
Release of cholecystokinin (CCK) from the duodenal and proximal
jejunal mucosa (Ito cells) is largely triggered by long-chain fatty acids,
essential amino acids (tryptophan, phenylalanine, valine, methionine),
and gastric acid itself. CCK evokes an enzyme-rich secretion from
acinar cells in the pancreas. The parasympathetic nervous system (via
the vagus nerve) exerts significant control over pancreatic secretion.
Secretion evoked by secretin and CCK depends on permissive roles
of vagal afferent and efferent pathways. This is particularly true for
enzyme secretion, whereas water and bicarbonate secretions are heavily dependent on the hormonal effects of secretin and to a lesser extent
CCK. Also, vagal stimulation affects the release of vasoactive intestinal peptide (VIP), a secretin agonist. Pancreatic exocrine secretion
is also influenced by inhibitory neuropeptides such as somatostatin,
pancreatic polypeptide, peptide YY, neuropeptide Y, enkephalin, pancreastatin, calcitonin gene–related peptides, glucagon, and galanin.
Although pancreatic polypeptide and peptide YY may act primarily on
nerves outside the pancreas, somatostatin acts at multiple sites. Nitric
oxide (NO) is also an important neurotransmitter.
WATER AND ELECTROLYTE SECRETION
Bicarbonate is the ion of primary physiologic importance within pancreatic secretion. The ductal cells secrete bicarbonate predominantly
derived from plasma (93%) more than from intracellular metabolism
(7%). Bicarbonate enters the duct lumen through the sodium bicarbonate cotransporter with depolarization caused by chloride efflux
through the cystic fibrosis transmembrane conductance regulator
(CFTR). Secretin and VIP bind at the basolateral surface and cause an
increase in secondary messenger intracellular cyclic AMP, and act on
the apical surface of the ductal cells opening the CFTR in promoting
secretion. CCK, acting as a neuromodulator, markedly potentiates the
stimulatory effects of secretin. Acetylcholine also plays an important
role in ductal cell secretion. Intraluminal bicarbonate secreted from the
ductal cells helps neutralize gastric acid and creates the appropriate pH
for the activity of pancreatic enzymes and bile salts on ingested food.
ENZYME SECRETION
The acinar cell is highly compartmentalized and is concerned with the
secretion of pancreatic enzymes. Proteins synthesized by the rough
endoplasmic reticulum are processed in the Golgi and then targeted to
the appropriate site, whether that be zymogen granules, lysosomes, or
other cell compartments. The zymogen granules migrate to the apical
region of the acinar cell awaiting the appropriate neural or hormonal
stimulatory response. The pancreas secretes amylolytic, lipolytic, and
proteolytic enzymes into the duct lumen. Amylolytic enzymes, such as
amylase, hydrolyze starch to oligosaccharides and to the disaccharide
maltose. The lipolytic enzymes include lipase, phospholipase A2, and
cholesterol esterase. Bile salts inhibit lipase in isolation, but colipase,
another constituent of pancreatic secretion, binds to lipase and prevents this inhibition. Bile salts activate phospholipase A and cholesterol
esterase. Proteolytic enzymes include endopeptidases (trypsin, chymotrypsin), which act on internal peptide bonds of proteins and polypeptides; exopeptidases (carboxypeptidases, aminopeptidases), which act
on the free carboxyl- and amino-terminal ends of peptides, respectively;
and elastase. The proteolytic enzymes are secreted as inactive zymogen
precursors. Ribonucleases (deoxyribonucleases, ribonuclease) are also
secreted. Enterokinase, an enzyme found in the duodenal mucosa,
cleaves the lysine-isoleucine bond of trypsinogen to form trypsin.
Trypsin then activates the other proteolytic zymogens and phospholipase A2 in a cascade phenomenon. All pancreatic enzymes have pH
optima in the alkaline range. The nervous system initiates pancreatic
enzyme secretion. The neurologic stimulation is cholinergic, involving
extrinsic innervation by the vagus nerve and subsequent innervation by
intrapancreatic cholinergic nerves. The stimulatory neurotransmitters
are acetylcholine and gastrin-releasing peptides. These neurotransmitters activate calcium-dependent secondary messenger systems, resulting in the release of zymogens into the pancreas duct. VIP is present
in intrapancreatic nerves and potentiates the effect of acetylcholine. In
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