contrast to other species, there are no CCK receptors on acinar cells
in humans. CCK in physiologic concentrations stimulates pancreatic
secretion by stimulating afferent vagal and intrapancreatic nerves.

ACUTE PANCREATITIS
GENERAL CONSIDERATIONS
Recent U.S. estimates from the National Inpatient Sample report that
acute pancreatitis is the most common inpatient principal gastrointestinal diagnosis. The incidence of acute pancreatitis also varies in
different countries and depends on cause (e.g., alcohol, gallstones,
metabolic factors, drugs [Table 371-1]). The annual incidence ranges
from 13–45/100,000 persons. Acute pancreatitis results in >250,000
hospitalizations per year. The median length of hospital stay is 4 days,
with a median hospital cost of $6,096 and a mortality of 1%. The
estimated cost annually approaches $2.6 billion. Hospitalization rates
increase with age, are 88% higher among blacks, and are higher among
males than females. The age-adjusted rate of hospital discharges with
an acute pancreatitis diagnosis increased 62% between 1988 and 2004.
From 2000 to 2009, the rate increased 30%. Thus, acute pancreatitis is
increasing and is a significant burden on health care costs and resource
utilization.
ETIOLOGY AND PATHOGENESIS
There are many causes of acute pancreatitis (Table 371-1), but the
mechanisms by which these conditions trigger pancreatic inflammation have not been fully elucidated. Gallstones continue to be the
leading cause of acute pancreatitis in most series (30–60%). The risk
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ENTEROPANCREATIC AXIS AND FEEDBACK INHIBITION
Pancreatic enzyme secretion is controlled, at least in part, by a negative
feedback mechanism induced by the presence of active serine proteases
in the duodenum. To illustrate, perfusion of the duodenal lumen with
phenylalanine (stimulates early digestion) causes a prompt increase
in plasma CCK levels as well as increased secretion of chymotrypsin
and other pancreatic enzymes. However, simultaneous perfusion with
trypsin (stimulates late digestion) blunts both responses. Conversely,
perfusion of the duodenal lumen with protease inhibitors actually
leads to enzyme hypersecretion. The available evidence supports the
concept that the duodenum contains a peptide called CCK-releasing
factor (CCK-RF) that is involved in stimulating CCK release. It appears
that serine proteases inhibit pancreatic secretion by inactivating a
CCK-releasing peptide in the lumen of the small intestine. Thus, the
integrative result of both bicarbonate and enzyme secretion depends
on a feedback process for both bicarbonate and pancreatic enzymes.
Acidification of the duodenum releases secretin, which stimulates
vagal and other neural pathways to activate pancreatic duct cells,
which secrete bicarbonate. This bicarbonate then neutralizes the duodenal acid, and the feedback loop is completed. Dietary proteins bind
proteases, thereby leading to an increase in free CCK-RF. CCK is then
released into the blood in physiologic concentrations, acting primarily
through the neural pathways (vagal-vagal). This leads to acetylcholinemediated pancreatic enzyme secretion. Proteases continue to be
secreted from the pancreas until the protein within the duodenum
is digested. At this point, pancreatic protease secretion is reduced to
basic levels, thus completing this step in the feedback process.

Common Causes
Gallstones (including microlithiasis)
Alcohol (acute and chronic alcoholism)
Hypertriglyceridemia
Endoscopic retrograde cholangiopancreatography (ERCP), especially after
biliary manometry
Drugs (azathioprine, 6-mercaptopurine, sulfonamides, estrogens, tetracycline,
valproic acid, anti-HIV medications, 5-aminosalicylic acid [5-ASA])
Trauma (especially blunt abdominal trauma)
Postoperative (abdominal and nonabdominal operations)
Uncommon Causes
Vascular causes and vasculitis (ischemic-hypoperfusion states after cardiac
surgery)
Connective tissue disorders and thrombotic thrombocytopenic purpura
(TTP)
Cancer of the pancreas
Hypercalcemia
Periampullary diverticulum
Pancreas divisum
Hereditary pancreatitis
Cystic fibrosis
Renal failure
Infections (mumps, coxsackievirus, cytomegalovirus, echovirus, parasites)
Autoimmune (e.g., type 1 and type 2)
Causes to Consider in Patients with Recurrent Bouts of Acute
Pancreatitis Without an Obvious Etiology
Occult disease of the biliary tree or pancreatic ducts, especially microlithiasis,
biliary sludge
Drugs
Alcohol abuse
Metabolic: Hypertriglyceridemia, hypercalcemia
Anatomic: Pancreas divisum
Pancreatic cancer
Intraductal papillary mucinous neoplasm (IPMN)
Hereditary pancreatitis
Cystic fibrosis
Autoimmune
Idiopathic

CHAPTER 371

AUTOPROTECTION OF THE PANCREAS
Autodigestion of the pancreas is prevented by (1) the packaging of
pancreatic proteases in precursor (proenzyme) form, (2) intracellular
calcium homeostasis (low intracellular calcium in the cytosol of the
acinar cell promotes the destruction of spontaneously activated trypsin), (3) acid-base balance, and (4) the synthesis of protective protease
inhibitors (pancreatic secretory trypsin inhibitor [PSTI] or SPINK1),
which can bind and inactivate about 20% of intracellular trypsin activity. Chymotrypsin C can also lyse and inactivate trypsin. These protease inhibitors are found in the acinar cell, the pancreatic secretions,
and the α1- and α2-globulin fractions of plasma. Loss of any of these
four protective mechanisms leads to premature enzyme activation,
autodigestion, and acute pancreatitis.
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Table 371-1 Causes of Acute Pancreatitis

of acute pancreatitis in patients with at least one gallstone <5 mm in
diameter is fourfold greater than that in patients with larger stones.
Alcohol is the second most common cause, responsible for 15–30% of
cases in the United States. The incidence of pancreatitis in alcoholics is
surprisingly low (5/100,000), indicating that in addition to the amount
of alcohol ingested, other factors affect a person’s susceptibility to
pancreatic injury such as cigarette smoking. Acute pancreatitis occurs
in 5–10% of patients following endoscopic retrograde cholangiopancreatography (ERCP). Use of a prophylactic pancreatic duct stent
and rectal nonsteroidal anti-inflammatory drugs (NSAIDs) has been
shown to reduce pancreatitis after ERCP. Risk factors for post-ERCP
pancreatitis include minor papilla sphincterotomy, sphincter of Oddi
dysfunction, prior history of post-ERCP pancreatitis, age <60 years,
>2 contrast injections into the pancreatic duct, and endoscopic trainee
involvement.
Hypertriglyceridemia is the cause of acute pancreatitis in 1.3–3.8% of
cases; serum triglyceride levels are usually >11.3 mmol/L (>1000 mg/dL).
Most patients with hypertriglyceridemia, when subsequently examined, show evidence of an underlying derangement in lipid metabolism, probably unrelated to pancreatitis. Such patients are prone to
recurrent episodes of pancreatitis. Any factor (e.g., drugs or alcohol)
that causes an abrupt increase in serum triglycerides can precipitate a
bout of acute pancreatitis. Patients with a deficiency of apolipoprotein
CII have an increased incidence of pancreatitis; apolipoprotein CII
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