11
The Pancreas
F. Habal, H. Gaisano and P. Rossos

1. ANATOMY
The pancreas is located retroperitoneally in the upper abdomen overlying
the spine and adjacent structures, including the inferior vena cava, aorta and
portal vein and parts of their major tributaries. Its retroperitoneal location
makes the pancreas relatively inaccessible to palpation. The head and uncinate process lie within the curvature of the duodenum, while the body and
tail extend to the hilus of the spleen. The arterial supply of the pancreas is
from the major branches of the celiac artery, including the splenic and
gastroduodenal arteries, and the superior mesenteric artery, as well as an
arborization of smaller branches (i.e., the superior and inferior pancreaticoduodenal arteries) arising from these main arterial trunks. Venous supply
comes from the superior mesenteric and splenic veins, which join together
to become the portal vein (Figure 1). The pancreas does not have a capsule,
and therefore pancreatic cancer often invades vascular structures, particularly the superior mesenteric vessels located directly posterior to the angle
between the head and body of the pancreas. Nervous supply comes from
parasympathetic branches of the vagus nerve, which provide a major secretory stimulus, and the sympathetic branches of the intermediolateral column
of the thoracic spinal cord. Pain fibers are believed to accompany these
sympathetic branches, which overlap those supplying the posterior abdominal wall structures, and which thereby account for the back pain experienced
with pancreatic diseases.
The exocrine pancreas is drained by two duct systems. The major duct
(duct of Wirsung) originates from the embryonic ventral pancreas and
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FIGURE 1.

Relationships and blood supply of pancreas.

traverses the pancreas from the head of the pancreas to the tail. At the head
it turns downward and backward to approach the infraduodenal portion of the
common bile duct at the ampulla of Vater. The ampulla’s opening is regulated by the sphincter of Oddi. The minor duct (duct of Santorini) originates
from the embryonic dorsal pancreas, which supplies part of the anterior head,
and enters the duodenum as a separate minor ampulla several centimeters
above the ampulla of Vater. The minor duct fuses with the major duct in
> 90% of people, but in the minority, a lack of fusion of these two ducts
results in the drainage of the head and body of the pancreas into the minor
duct at the smaller ampulla, causing relative outflow obstruction. This
anatomical variation, called pancreas divisum, is believed by some to be a
cause of pancreatitis.
The pancreatic tissue consists of endocrine and exocrine portions. The
islets of Langerhans are islands of cells scattered throughout the pancreas.
The majority of the islet cells are beta cells, which secrete insulin, whereas
the non-beta cells secrete glucagon, pancreatic polypeptide and somatostatin. The exocrine portion (Figure 2) accounts for over 80% of the
pancreatic mass, and is composed of acinar cells that secrete digestive
enzymes, and centroacinar and ductal cells that secrete fluid and
electrolytes, particularly bicarbonate.
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FIGURE 2.

Schematic representation of acinar structure of exocrine pancreas.

2. PHYSIOLOGY
Pancreatic acinar and ductal secretions are regulated by neural and endocrine
stimuli. The major peptide hormones stimulating acini and ductal cells,
respectively, are cholecystokinin (CCK) and secretin. Some peptide hormones, including somatostatin and pancreatic polypeptide, inhibit secretion.
2.1 Enzyme Secretion
The acinar cells secrete about 20 digestive enzymes, the vast majority of
which are in their inactive forms. These enzymes become activated in the
intestinal lumen to digest ingested proteins, carbohydrates and fat. The pancreas has a great capacity to secrete these enzymes, such that at least 90% of
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the gland has to be destroyed before clinically significant maldigestion of
nutrients leading to malnutrition would be observed.
The pancreatic acinar cell secretes mainly enzymes whose purpose is to
digest proteins, carbohydrates and lipids. Other secretory products include
ribonucleases, antiproteases and glycoprotein-2 (GP-2). All the digestive
enzymes are packaged in zymogen granules within the acinar cell in their
inactive proenzyme forms, except for amylase and lipase. The digestive
enzymes synthesized in the rough endoplasmic reticulum are packaged within the Golgi apparatus and specifically targeted into the zymogen granules,
which undergo a series of maturation steps involving condensation of the
protein contents and shedding of excess membranes of the secretory vesicle.
Each zymogen granule becomes very densely packed with digestive enzymes
(they are called “dense core granules”) and lodges at the apical pole of the
acinar cell, waiting for a stimulus to induce exocytotic fusion at the apical
plasma membrane, which releases the granule’s contents. These vesicular
transport processes could be blocked in a manner that causes fusion of the
zymogen granule with lysosomes, allowing lysosomal hydrolytic enzymes to
activate the digestive enzymes, or alternatively, causes pathologic fusion of
the zymogen granule with the lateral side of the acinar cell. These pathologic processes result in intracellular and interstitial digestion, respectively,
resulting in cellular damage and cellular death — i.e., pancreatitis. This is
currently believed to be the earliest initiating cellular process causing clinical acute pancreatitis.
Glycoprotein-2 (GP-2), which plays a role in stabilizing the zymogens, has
the tendency of forming protein plugs when excreted in excess into the ducts.
These protein plugs serve as a nidus for calcium deposition and result in
pancreatic ductal obstruction and smoldering inflammation leading to fibrosis
and atrophy. This mechanism has been implicated in alcohol-induced chronic
pancreatitis. A recently discovered relationship between ductal bicarbonate
secretion and acinar GP-2 secretion also implicates GP-2 in chronic pancreatitis of patients with cystic fibrosis.
Upon release of the digestive proenzymes into the intestinal lumen,
trypsinogen is activated by enterokinase to active trypsin, which in turn
activates all the other enzymes (Figure 3). Appropriate conditions, most
importantly an alkaline pH brought about by the ductal bicarbonate secretion,
should be present for the digestive enzymes to be active. The optimal pH of
these digestive enzymes ranges from 7 to 10. The proteases break down
specific peptide bonds in the middle of the protein, called endopeptidases
(trypsin and chymotrypsin), or at the carboxyl end (carboxypeptidases A and
B). Amylase hydrolyzes starch to maltose, maltotrioses and dextrins.
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FIGURE 3.
secretion.

Role of cholecystokinin/pancreozymin and of enterokinase activation in pancreatic

The effective action of lipase is more complex than the proteases and amylase. This complexity accounts for the relatively low survival of lipase among
the digestive enzymes. In fact, in pancreatic exocrine insufficiency, frequently
only fat maldigestion is evident. Among these enzymes, lipase has the highest
optimal pH (> 8) requirement, is most susceptible to inactivation by low pH, and
requires a cofactor, called colipase, for its optimal activity. Lipase acts at the
oil–water interface of fat droplets. Its action results from emulsification of the
food bolus, which is effected by the churning motion of the stomach and the
action of bile acids. The bile salts then solubilize the fat into micelles. Colipase
binds to lipase to stabilize the lipase in a manner that prevents lipase from being
inhibited and removed from the oil–water interface by bile salts. Perturbation of
any of these processes will adversely affect the action of lipase on fats.
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FIGURE 4. Secretion by centroacinar cells and by cells of the extralobular ducts of the pancreas.
Chloride concentrations (right) were determined on fluid collected by micropuncture, and the
bicarbonate concentrations were inferred from the fact that the fluid is isotonic. These data are for
the cat pancreas, but other species seem to be similar.
SOURCE: Adapted from Lightwood R, Reber HA. Micropuncture study of pancreatic secretion in
the cat. Gastroenterology 1977; 72:61.

2.2 Bicarbonate Secretion
The ductal and centroacinar cells secrete about 1–2 L of pancreatic juice per
day. The pancreatic juice is isotonic with a pH of 8–9. The anion concentration exceeds 150 mEq/L, consisting of Cl– and HCO3– (Figure 4). At high flow
rates such as after a meal, HCO3– secretion predominates over Cl– secretion,
and the reverse is true at low flow rates. This change in HCO3– / Cl– ratio is
effected by a ductal plasma membrane HCO3–/ Cl– exchanger, which is activated by secretin-mediated cAMP pathways. The HCO3– is necessary to
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neutralize the acidic (pH < 2) gastric chyme entering the duodenum to a pH
level (> 6) that is optimal for enzymatic digestion.
2.3 Regulation of Pancreatic Secretion
There are two patterns of pancreatic secretion. The first pattern is basal
secretion, which is punctuated every 1 or 2 hours by bursts of increased bicarbonate and enzyme secretion that last 10 to 15 minutes. The second pattern is
the postprandial stage, which results from a complex interaction of neural and
hormonal mechanisms. The postprandial stage is divided into three phases.
The cephalic phase occurs in response to the sight, smell and taste of food and
is mediated by the vagus cholinergic nerves. Cholinergic stimulation has a
primary stimulatory effect on acinar enzyme secretion, and a secondary
potentiating effect on secretin-mediated ductal HCO3– secretion. The gastric
phase occurs in response to distention of the stomach, which affects vagovagal neural reflexes and stimulates the release of gastrin. Both vagal reflexes
and gastrin stimulate pancreatic enzyme secretion and gastric parietal cell acid
secretion. The intestinal phase, which is initiated in the duodenum, accounts
for the major stimulation of both enzyme and bicarbonate secretion. The presence of products of fat and protein digestion in the duodenum stimulates the
release of CCK, which in turn stimulates acinar enzyme secretion. When gastric acid entering the duodenum decreases the duodenal pH to < 4.5, secretin
is released, which stimulates ductal bicarbonate secretion. CCK acting via
calcium pathways and secretin acting via cAMP pathways potentiate each
other’s effects on enzyme and bicarbonate secretion. Vasoactive intestinal
polypeptide (VIP), like secretin, also acts on cAMP pathways to stimulate
bicarbonate secretion, and is present and released at vagal nerve endings.
As the chyme reaches further into the small intestine, a number of hormones are released which are capable of inhibiting both basal and stimulated
pancreatic secretion, and therefore serve as feedback inhibitory mechanisms
on enzyme and bicarbonate secretion. These hormones are released not only
by the small intestine, but also by the stomach and pancreatic islets, which
therefore indicate the complexity of feedback inhibitory pathways. These
hormones include pancreatic polypeptide (PP), peptide YY, glucagon, somatostatin and other hormones.

3. PANCREATIC FUNCTION TESTS
The diagnosis of pancreatic insufficiency is quite evident in the presence of
the clinical triad of pancreatic calcification, steatorrhea and, less commonly,
diabetes. Pancreatic calcification along with other structural abnormalities
of the pancreas, including pancreatic atrophy and ductal dilation, can be
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TABLE 1.

Exocrine pancreatic function

Direct invasive intubation tests
CCK/secretin stimulation
Lundh meal
ERCP and pancreatic aspiration
Indirect noninvasive tests
Stool fats and nitrogen
Stool trypsin and chymotrypsin
Breath tests
Oral function tests (bentiromide test and pancreolauryl test)
Blood determination
Trypsinogen
Lipase
Pancreatic amylase

diagnosed by radiological imaging (plain x-ray, ultrasound and computerized
tomography [CT scan]) or endoscopic retrograde cholangiopancreatography
(ERCP). These radiological tests demonstrating structural abnormalities of
the pancreas are largely sufficient to diagnose pancreatic diseases, particularly chronic pancreatitis, which makes it unnecessary in the vast majority of
cases to proceed to functional testing. Steatorrhea resulting from fat malabsorption has typical clinical features (foul-smelling floating stools, oil
droplets) and appears earlier than protein malabsorption (azotorrhea) in pancreatic exocrine insufficiency, because of the low survival of lipase. Nonetheless, development of steatorrhea and azotorrhea requires the destruction of at
least 90% of the pancreas. Diabetes is less common in pancreatic diseases,
since the islets are remarkably resistant to damage during the inflammatory
process. However, when diabetes is present, it follows a more brittle course,
since the nonbeta cells producing the counter-regulatory hormones glucagon
and somatostatin are also affected.
Over the years, pancreatic function tests have been devised not only as a
diagnostic tool, but more frequently as research tools. These pancreatic function tests may be divided into two main groups: direct (duodenal intubation)
and indirect (Table 1).
3.1 Direct Tube Tests
Tube tests require an oroduodenal tube positioned at the level of the ampulla
of Vater to aspirate pancreatic secretion in response to stimuli, including a

The Pancreas 425

specific (Lundh) meal or intravenous administration of secretin, with or
without CCK. These tests are based on the principle that as pancreatic flow
increases with stimulation, there is a progressive increase in bicarbonate concentration (> 80 mEq/L) and a corresponding decrease in chloride concentration. When CCK is infused in conjunction with these tests, trypsin secretion
can also be measured. This hormonal stimulation (secretin-CCK) test is
believed to be the most sensitive (> 90%) pancreatic function test. The Lundh
test meal, although slightly less sensitive, is more physiologic since it also
assesses the normal release of CCK and secretin in response to a meal containing protein, fat and carbohydrates. However, the accuracy of the Lundh
test is affected by small bowel mucosal disease, rate of gastric emptying and
surgical interruption of the gastroduodenal anatomy. Neither test is frequently
used because of their disadvantages, including the prolonged (2–3 hours) and
unpleasant intubation, and the difficulty of accurate tube positioning. They are
therefore not widely available.
Cannulation of the pancreatic duct during ERCP has been combined with
direct stimulation of the pancreas. This technique allows the measurement of
pure pancreatic juice uncontaminated by biliary or intestinal secretions, but
this method is possibly no more sensitive than other tests in the diagnosis of
pancreatic diseases.
3.2 Indirect Pancreatic Function (Tubeless) Tests
The standard indirect pancreatic function test is the 72-hour fecal fat determination. The patient is placed on a 100 g/day fat diet and the stool is collected
daily for three days. Individuals with normal pancreatic function excrete less
than 7% of the total amount of fat ingested, whereas those with pancreatic
exocrine insufficiency excrete more than 20%. Only a few other conditions
could cause such a degree of fat malabsorption, such as very extensive small
bowel mucosal disease and short bowel syndrome. The major drawbacks to
stool fat estimations are the lack of specificity and the inconvenience of
collecting and analyzing the specimens. Measurements of stool nitrogen and
stool chymotrypsin have not proved superior to fecal fat determinations.
Attempts to screen for steatorrhea with less offensive tests (such as urine
oxalate levels, 14C-triolein/3H-oleic acid assimilation test tripalmitate or
palmitic acid breath tests) are promising but not generally accepted. After a
rice-flour challenge, breath hydrogen is negligible in normal subjects but is
dramatically reduced in those with pancreatic insufficiency; this abnormality
is reversed when the test is given with pancreatic enzymes.
Two oral function tests are available for assessing pancreatic functions:
the bentiromide test and the pancreolauryl test. The bentiromide test is a
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urinary test that indirectly determines pancreatic chymotrypsin secretion.
Bentiromide (N-benzoyl-L-tyrosyl-p-aminobenzoic acid [PABA]) is given
orally, and hydrolyzed by chymotrypsin to release PABA. PABA is absorbed
by the intestinal mucosa, conjugated by the liver, and excreted in the urine.
Fifty percent of the PABA ingested should be recovered in the urine during a
six-hour urine collection in normal subjects; less than this indicates pancreatic
exocrine insufficiency. Intestinal mucosal, liver and kidney diseases understandably adversely affect the accuracy of the bentiromide test. Measuring plasma levels of PABA could circumvent the problem. A number of medicines can
also interfere with urine measurement of free PABA, including acetaminophen,
sulfonamides and thiazide diuretics.
The pancreolauryl test, using fluorescein dilaurate, has been extensively
evaluated in Europe. However, it can detect only severe pancreatic insufficiency and is therefore rarely used.
Chronic pancreatitis may give rise to an abnormal Schilling test, but rarely
causes clinical B12 deficiency. Vitamin B12 is initially bound to an R factor
present in saliva, which stabilizes B12 in acidic gastric pH. Pancreatic enzymes
release the R factor from B12 to allow B12 to bind to the intrinsic factor secreted
by the stomach, which is required for B12 absorption at the terminal ileum.
3.3 Miscellaneous Tests
Differentiating pancreatic carcinoma from chronic pancreatitis can at times be
difficult; many tests have been described to aid diagnosis, but none are of
proven value. Assay of carcinoembryonic antigen (CEA) in serum or from
pure pancreatic juice obtained during ERCP has not proved to be a useful
discriminator. The pancreatic oncofetal antigen has proved to be of uncertain
significance. Serum galactosyl II transferase activity has recently been shown
to be a reasonably specific indicator of pancreatic carcinoma in some patients.
A sophisticated assay, it is unlikely to be suited to widespread use.
Trypsinogen, a proteolytic proenzyme, is exclusively produced in the
pancreas. This enzyme can be detected by radioimmunoassay. It is elevated
during an attack of pancreatitis and in renal failure, and is decreased
in severe pancreatic insufficiency, cystic fibrosis and insulin-dependent
diabetes without exocrine insufficiency. The levels of trypsinogen in cystic
fibrosis decrease with age if the pancreas is involved. Low levels are found
in about 60% of patients with pancreatic insufficiency. Patients with pancreatic insufficiency who have ongoing inflammation may have normal or
raised levels. This fact, in addition to low levels in non–insulin-dependent
diabetes, casts some doubt on the usefulness of this test in diagnosing
pancreatic insufficiency. It may be useful in patients with steatorrhea that is
due to nonpancreatic causes.
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TABLE 2.

Conditions associated with hyperamylasemia

Pancreatic amylase
(Pancreatic pancreatitis/carcinoma/trauma, including surgical
and post-ERCP complications of pancreatitis)
Intra-abdominal
Drugs
Diabetic ketoacidosis
Salivary amylase
Malignant neoplasms
Pulmonary diseases/pneumonia/tuberculosis/carcinoma
Diabetic ketoacidosis/ruptured ectopic pregnancy/ovarian cyst
Mixed or unknown
Renal insufficiency
Thermal burns
Macroamylasemia

3.4 Tests Suggestive of Active Disease
When faced with a patient with hyperamylasemia, it is necessary to exclude
disease involving many organs other than just the pancreas (Table 2).
Amylase is produced and released from a variety of tissues, including the
salivary glands, intestine and genitourinary tract. Normal serum contains three
types of isoamylases as identified by isoelectric focusing. The pancreatic gland
secretes one amylase at an isoelectric point of 7.0 that constitutes 33% of the
total normal serum amylase. The parotid secretes several isoamylases with isoelectric points of about 6.4 and 6.0. Electrophoresis on polyacrylamide gel can
separate five isoamylases on the basis of electrode mobility. Amylases originating in the fallopian tubes, tears, mucus and sweat have the same mobility as
salivary amylase. All amylases have similar molecular weight and amino acid
composition, but vary in terms of their glycosylation or deamination.
Amylase is filtered through the glomerular membrane and is reabsorbed in
the proximal tubule. In healthy individuals, the amylase clearance parallels
creatinine clearance. During acute pancreatitis, there is an increase in amylase
clearance as opposed to creatinine clearance. Although this ratio was once
thought to be specific to acute pancreatitis, other conditions that produce
hyperamylasemia (such as diabetic ketoacidosis, burns, renal failure and perforated duodenal ulcer) may demonstrate a similar elevation. Occasionally,
the serum amylase may be markedly increased in the absence of pancreatic or
salivary diseases, whereas the urinary amylase is normal. In this instance, one
must suspect either renal disease or macroamylasemia. In the latter condition
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normal serum amylase is bound by an immunoglobulin A (IgA), forming a
complex that is too large to be filtered by the glomerulus. Affected individuals have an elevated serum amylase and a low to normal urinary excretion rate.
Frequently physicians are faced with a patient who has no overt salivary
gland disease but has hyperamylasemia and no specific abdominal findings.
As a rule, the level of amylase in pancreatitis usually is elevated to greater
than 3 times the upper limit of normal and returns to normal within 2 to
10 days. If the amylase continues to be elevated in the absence of pancreatic
complications, other causes (such as malignancy and macroamylasemia)
should be investigated.
A rapid rise and fall in serum amylase in a patient with abdominal pain
suggests the passage of a stone through the ampulla of Vater. When the serum
amylase remains elevated for several days, the gallstone disease is usually
complicated by pancreatitis.
Marked hyperamylasemia has been observed in patients with metastatic
disease with ovarian cysts and tumors, and ruptured ectopic pregnancy.
Isoamylase analysis reveals that the amylase has the same electrophoretic
mobility as salivary-type isoenzyme. Macroamylase consists mostly of salivary
amylase complexed with globulins, being therefore too large to be filtered at
the glomerulus. Therefore these individuals have elevated serum amylase and
low urinary amylase, with a low amylase-to-creatinine clearance ratio.
While the amylase levels in serum and urine are usually used as a measure of
acute pancreatitis, measurements of lipase may be more specific and sensitive
than total serum amylase. The assay of lipase is as accurate as the pancreatic
isoamylase assay, and is likely to replace the amylase assay. Measuring both
offers no advantage. Amylase and lipase measurements are readily available
clinically, whereas radioimmunoassays are still being developed for other
pancreatic enzymes (such as trypsin, chymotrypsin and elastase). Their role in
the diagnosis of pancreatic disease needs to be established.
A recent urinary test for trypsinogen-2, which can be done with a urinary
dipstick, appears to be quite promising in detecting patients with acute pancreatitis. It has a sensitivity of 94% and a specificity of 95%, as compared to
serum amylase assay which has a sensitivity of 85% and a specificity of 91%.
A negative test rules out acute pancreatitis with a high probability. A positive
result usually identifies patients in need of further evaluation.

4. PANCREATITIS
4.1 Etiology and Pathogenesis
Inflammatory disease of the pancreas is a common problem in North America,
with gallstones and alcohol being the major causes (Table 3). Pancreatitis
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TABLE 3.

Causes of acute pancreatitis

Alcoholism
Gallstones
Postoperative (post-coronary bypass)
Traumatic
Abdominal trauma
Iatrogenic intraoperative, post-ERCP, diagnostic and therapeutic
Penetrating duodenal ulcer
Metabolic
Hyperlipoproteinemia, especially types 1, 4 and 5
Hypercalcemia
Renal failure
Acute fatty liver of pregnancy
Viral infections
Mumps
HIV (AIDS)
Varicella
Viral hepatitis
CMV
Epstein-Barr virus
Parasitic infections
Ascariasis
Drug-associated
Diuretics (e.g., thiazides, furosemide)
Tetracycline
Sulfonamides
Estrogens
Azathioprine and mercaptopurine
Pentamidine
Valproic acid
Salicylates
Steroids
(cont’d)

tends to present with abdominal pain, which may improve with no sequelae or
may run a more severe course that can lead to death. When the pancreas is
continuously injured, such as with alcohol, a chronic condition results in
obstruction and fibrosis of the gland, which leads to pancreatic insufficiency
and chronic pain. Even one attack of pancreatitis from alcohol use can lead to
some residual pancreatic damage.
Pancreatitis results from an autodigestive process. Pancreatic digestive
enzymes, vasoactive materials and other toxic materials extravasate out of the
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TABLE 3.

Causes of acute pancreatitis (cont’d)

Toxins
Ethyl alcohol
Methyl alcohol
Scorpion venom
Organophosphorous insecticides
Amanita (toxin in some mushrooms)
Miscellaneous
Hereditary
Regional enteritis
Connective tissue disorders with vasculitis
Systemic lupus erythematosus (SLE)
Polyarteritis
Thrombotic thrombocytopenic purpura (TTP)
Duodenal diverticulum
Undetermined

pancreas into the surrounding areas, leading to a widespread chemical
irritation resulting in simple edema to severe hemorrhage and necrosis.
Serious complications include hypovolemia and hypotension. Trypsin and
chymotrypsin are the initiating enzymes; their release can in turn result in the
release and activation of other proenzymes (including proelastase, procollagenase and phospholipases). Trypsin damages endothelial cells and mast
cells, resulting in the release of histamine. This major inflammatory mediator
enhances vascular permeability, leading to edema, hemorrhage and the
activation of the kallikrein system, which in turn results in the production of
vasoactive peptides or kinins. The latter are thought to cause pain and further
aggravate the inflammatory response. The other released enzymes destroy the
supporting matrix of the gland and the plasma membrane of the acinar cell,
precipitating further release of digestive enzymes, which in turn leads to further damage. Lysolecithin, which is released by the action of phospholipase
on lecithin (a phospholipid found in bile), has also been implicated in pancreatic damage, because of its cytotoxic and hemolytic properties. When the
pancreas is inflamed but remains viable, the condition is termed interstitial
pancreatitis; this may occur in up to 80% of cases. In the remaining cases,
there is a significant pancreatic necrosis resulting from disruption of the
microcirculation, destruction of the pancreatic parenchyma and peripancreatic
necrosis. Although the action of these enzymes results in pancreatic damage,
the triggering mechanism is not well known. In the case of gallstones, the
major theories include (1) reflux of bile into the pancreatic duct; (2) reflux of
duodenal contents into the pancreatic duct; and (3) distal obstruction of the
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TABLE 4. Poor prognostic indicators in acute pancreatitis (Ranson’s
criteria, 1978, modified by Hollander et al., 1983)
First 24 hours
Age  55
Leucocytosis  16,000
Hyperglycemia, serum glucose  200 mg/dL
LDH  350 units/L
After 24 hours
Decrease in hematocrit by  10%
Hypocalcemia ( 2.0 mmol/L)
Hypoxemia pO2  60 mmHg
Hypovolemia
Base deficit  4.0 mmol/L
Amylase  1,000

pancreatic duct, with continued pancreatic secretion leading to increased
ductal pressure and resulting in pancreatitis.
Although alcohol has been implicated as a major cause of acute
pancreatitis, there is no evidence that an occasional bout of excessive
alcohol intake can lead to an acute attack. It is suggested that chronic ingestion may lead to chronic damage and sensitization, which may lead to acute
pain even with small amounts of alcohol. Alcohol can cause direct damage
to acinar cells in a manner similar to that in which it damages
liver cells.
Hyperlipoproteinemia types 1, 4 and 5 are associated with the majority
of lipid-associated cases of pancreatitis. The incidence of pancreatitis
varies from 15–40% of patients. Hyperlipidemia has been suggested to be
the cause of pancreatitis; however, recent evidence suggests that mild to
moderate elevation of serum triglyceride levels is likely to be an epiphenomenon of the pancreatitis rather than the primary etiology. Hypercalcemia and hyperparathyroidism may also induce pancreatitis. Although the
incidence of pancreatitis in patients with hyperparathyroidism was at one
time shown to vary from 7–19%, recent findings suggest this variation to
be closer to 1.5%. This discrepancy can be accounted for by the difference
in the degree or duration of the hyperparathyroidism and by the earlier
treatment of hypercalcemia. Other causes of pancreatitis are shown in
Table 3.
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4.2 Acute Pancreatitis
4.2.1 CLINICAL MANIFESTATIONS
The clinical spectrum of acute pancreatitis ranges from mild, self-limiting disease to fulminant lethal disease. Up to 80% of patients will have an uneventful
recovery; the remainder will have serious complications with a high mortality
rate. Objective measurements such as Ranson’s criteria (Table 4) show a good
correlation with the risk of major complications and death. The overall mortality rate of acute pancreatitis ranges from 7–20%. The mortality rate correlates
well with complications such as shock and hemorrhage.
4.2.2 SYMPTOMS
Pain from acute pancreatitis is a knife-like, steady, sharp pain that starts suddenly and reaches its zenith rapidly. It is commonly localized to the epigastric
area and may radiate directly to the back. It improves on leaning forward and
is frequently associated with nausea or vomiting. Depending on the location
of the inflammation, the pain may be referred to either the left upper quadrant
or the right upper quadrant. When the pancreatitis is severe, it may result in
shock and may lead to death. Frequently the pain is dyspeptic in quality and
aggravated by food. This is due partially to the fact that eating stimulates
secretion. Classically the pain lasts between three and four days. When the
pancreatitis is severe, it may result in peripheral circulatory failure; under
these conditions, the mortality rate approaches 60%.
Recurrent nausea and vomiting may be due to a reflex mechanism secondary
to pain and occurs in over 90% of the cases. Other causes include pseudoobstruction secondary to ileus and distention or obstruction secondary to a
pancreatic mass or pseudocyst. Since the common bile duct traverses the pancreatic head before entering the duodenum, jaundice may occur, often transiently.
4.2.3 SIGNS
Depending on the severity of pancreatitis, the patient may appear in distress
or be in shock. Jaundice may be caused by edema of the head of the pancreas
or by an obstructing stone. Tachycardia could be secondary to pain, volume
depletion or the inflammatory process. Low-grade fever could be secondary
to the inflammation in the pancreas or result from such complications as
abscess formation.
Abdominal examination may reveal epigastric and abdominal tenderness
with guarding or rigidity. Bluish discoloration of the flanks (Grey Turner’s
sign) or of the periumbilical area (Cullen’s sign) indicates that blood from
hemorrhagic pancreatitis has entered the fascial planes. The signs are not specific and may occur in any condition that causes retroperitoneal hemorrhage.
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TABLE 5.

Systemic complications of pancreatitis

Metabolic
Hypocalcemia, hyperglycemia, hypertriglyceridemia, acidosis
Respiratory
Hypoxemia, atelectasis, effusion, pneumonitis
Severe acute respiratory syndrome (SARS)
Renal
Renal artery or vein thrombosis
Renal failure
Circulatory
Arrhythmias
Hypovolemia and shock; myocardial infarct
Pericardial effusion, vascular thrombosis
Gastrointestinal
Ileus
Gastrointestinal hemorrhage from stress ulceration; gastric
varices (secondary to splenic vein thrombosis)
Gastrointestinal obstruction
Hepatobiliary
Jaundice
Portal vein thrombosis
Neurologic
Psychosis or encephalopathy (confusion, delusion and coma)
Cerebral emboli
Blindness (angiopathic retinopathy with hemorrhage)
Hematologic
Anemia
DIC (disseminated intravascular coagulopathy)
Leucocytosis
Dermatologic
Painful subcutaneous fat necrosis

Tender red and painful nodules that mimic erythema nodosum may appear
over the extremities. These are often due to circulating lipases.
4.2.4 COMPLICATIONS
Since the signs and symptoms of acute pancreatitis may mimic those of
surgically correctable intra-abdominal disorders, the diagnosis of acute
pancreatitis is often one of exclusion. Other diseases to be considered are a
perforated peptic ulcer, mesenteric thrombosis, intestinal obstruction, dissecting aneurysm, peritonitis, acute cholecystitis and appendicitis. The diagnostic
process is complicated by the fact that hyperamylasemia can occur in disorders
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other than pancreatic inflammation (such as ectopic pregnancy, parotiditis,
carcinoma of the lung, posterior penetrating ulcer, ruptured aortic aneurysm
and opiate administration). Although amylase values greater than 1,000 units
have been said to occur principally in conditions requiring surgery (e.g., biliary tract disease), this distinction is not absolute.
Local involvement of pancreatitis includes phlegmon (18%), pancreatic
pseudocyst (10%), pancreatic abscess (3%) and thrombosis of the central portal
system. Phlegmon is an area of edema, inflammation and necrosis without a
definite structure (unlike an abscess). A phlegmon results from acute intrapancreatic inflammation with fat necrosis and pancreatic parenchymal and peripancreatic necrosis. This arises from the ischemic insult caused by decreased
tissue perfusion and release of the digestive enzymes. When this damage is not
cleared, further inflammation ensues, declaring itself by increased pain, fever
and tenderness. In severe cases a secondary infection ensues, a process termed
infected necrosis of the pancreas, which occurs within the first one to two weeks
of the illness and carries a high mortality. This diagnosis can be made by CT
and percutaneous aspiration of the area with subsequent bacterial staining and
appropriate cultures. In 3% of acute pancreatitis cases an abscess develops, usually several weeks into the illness. An abscess is a well-defined collection of pus
occurring after the acute inflammation has subsided.
A pseudocyst develops as a result of pancreatic necrosis and the escape of
activated pancreatic secretions through pancreatic ducts. It contains blood and
debris. This fluid coalesces and becomes encapsulated by an inflammatory
reaction and fibrosis. These patients usually have pain and hyperamylasemia,
but may be asymptomatic. They may present with an abdominal mass, causing compressive symptoms.
Systemic complications of acute pancreatitis are numerous (Table 5) and
correlate well with the severity of the inflammatory process. They may
be manifested by shock (circulatory collapse secondary to sequestration
of retroperitoneal fluid or hemorrhage), respiratory and renal failure and
profound metabolic disturbances.
Although acute pancreatitis may run a mild self-limiting course, severe
pancreatitis occurs in up to 25% of acute attacks, with a mortality approaching 10%. The majority of deaths occur within the first week of hospital admission and are caused by local and systemic complications, including sepsis and
respiratory failure. Most clinical studies in the adults cite pancreatic infection
as the most common cause of death, accounting for 70–80% of deaths.
4.2.5 DIAGNOSTIC EVALUATION
The diagnosis of acute pancreatitis is based on a combination of clinical findings and the use of laboratory and radiographic techniques. Elevation of
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serum amylase in acute pancreatitis is short-lived. Amylase is rapidly cleared
by the renal tubules and may return to normal within 24 hours from the time
of onset. Although amylase-to-creatinine clearance was used in the past to
diagnose pancreatitis, it is now rarely used. Lipase levels appear to be a more
sensitive and specific method of diagnosing acute pancreatitis and may remain
elevated for several days following the onset of pain. Immunologic assays for
trypsinogen or immunolipase are experimental and do not add any more information than the serum lipase.
4.2.6 RADIOLOGIC EVALUATION
A plain film of the abdomen is very helpful. It may reveal calcification of the
pancreas (indicative of a chronic process) or it may reveal gallstones (if calcified). The presence of free air suggests perforation, whereas the presence of
thumb-printing in the intestinal wall may indicate a mesenteric ischemic
process. A localizing ileus of the stomach, duodenum or proximal jejunum (all
of which are adjacent to the pancreas) is highly suggestive of pancreatic
inflammation. Similarly, when the transverse colon is also involved, air filling
the transverse colon but not the descending colon (colon “cut-off” sign) may
be seen. The chest x-ray can show atelectasis or an effusion, more often
involving the left lower lobe.
Although clinical, biochemical and simple radiographic evaluation
suffice for the diagnosis of pancreatitis, ultrasonographic and computerized
tomography imaging are essential. These confirm the diagnosis, provide
an early assessment regarding the course of the disease and detect complications
such as phlegmon, pseudocyst and abscess formation. A pseudocyst or an
abscess may also be drained percutaneously under CT or ultrasound guidance.
The most common ultrasonographic and CT finding in patients with acute
pancreatitis is diffuse glandular enlargement. Ultrasonographically there is a
decrease in echogenicity of the organ; on CT scan there is decreased attenuation from edema of the tissues. Frequently intravenous contrast is given, and
this may demonstrate a uniform enhancement in the pancreatic parenchyma.
A normal examination does not rule out the presence of acute disease. In up
to 30% of uncomplicated cases of acute pancreatitis CT scan may be normal;
these patients usually have a mild form of pancreatitis. When a stone or an
obstruction of the distal common bile duct is present, the common bile duct
and the intrahepatic biliary tree may be dilated.
ERCP involves the cannulation of the ampulla of Vater and then injection
of contrast material into the pancreatic duct and the biliary tree. This procedure is usually contraindicated during the acute phase, except when the
pancreatitis is caused by an impacted common bile duct stone. Under those
conditions, a sphincterotomy and stone removal may be performed. If
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performed as early as 24 hours following admission, this procedure may result
in significant improvement in morbidity and mortality.
4.2.7 TREATMENT
The aims of therapy of acute pancreatitis are (1) hemodynamic stabilization, (2)
alleviation of pain, (3) stopping the progression of the damage, and (4) treatment
of local and systemic complications. As yet there are no specific medical
therapies capable of reducing or reversing the pancreatic inflammation. Hence
therapeutic interventions are aimed at the complications of the disease.
Once the diagnosis is established with certainty, the patient’s intravascular
volume is replenished, and electrolytes, calcium, magnesium and blood sugar
are closely monitored. Depending on the severity of the attack, an indwelling
urinary catheter and close monitoring of urinary output may be necessary.
Analgesics such as meperidine should be administered regularly during the
first several days of the attack. This may alleviate the pain, decrease the
patient’s apprehension and improve respiration, thus preventing pulmonary
complications such as atelectasis. The risk of narcotic addiction is minimal
during the first days; most patients settle within 72 hours. The patient is kept
off oral feeding; nasogastric suctioning is maintained if the disease is severe
and complicated by vomiting and ileus. Mild cases with minimal symptoms
may be managed without suctioning. The rationale behind nasogastric
suctioning is to place the pancreas at rest by removing the acidic gastric
juices. This suppresses secretin release and decreases pancreatic stimulation.
The validity of this postulate has not been substantiated. Similarly, the use of
acid-suppressive medications such as cimetidine has failed to show benefit in
the treatment of acute pancreatitis. The use of enzyme inhibitors such as soybean trypsin inhibitor to prevent further damage is controversial, as is the use
of prostaglandins and corticosteroids.
The routine administration of antibiotics does not improve the course of
mild to moderate disease. However, when the development of pancreatic
abscess is suspected from an increase in fever and abdominal pain, antibiotic
therapy should be instituted.
Respiratory insufficiency may occur in up to 40% of the cases, usually in
patients with severe or recurrent pancreatitis. In such patients, arterial oxygen
saturation should be monitored and corrected. Fluid overload should be avoided.
Intubation and ventilation may be required.
Peritoneal lavage has been advocated in patients with severe disease, such
as those with marked hypovolemia or hypotension or those who continue to
deteriorate despite appropriate medical therapy. Although this technique
reduces the circulatory and renal complications, it does not seem to alter the
local complications.
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Intravenous hyperalimentation has been advocated in patients who continue to have pain and whose symptoms are aggravated postprandially. If during
a trial of six weeks or longer, complications develop (such as an abscess or an
enlargement of phlegmon), a surgical debridement may be warranted, albeit
as a last resort. Several studies have documented equally effective results with
enteral alimentation.
4.3 Chronic Pancreatitis
Chronic pancreatitis is defined as a continued inflammation characterized by
irreversible morphologic changes. These changes include fibrosis, ductal
abnormality, calcification and cellular atrophy. Alcohol is the major etiologic
factor, accounting for about 75% of the cases. Repeated attacks of gallstonerelated pancreatitis rarely if ever result in chronic pancreatitis. Other causes
include diabetes, protein-calorie malnutrition, hereditary pancreatitis, cystic
fibrosis and idiopathic causes.
Recent evidence suggests the possibility that some patients with chronic
pancreatitis have a mutation of the CFTR gene (see Section 8) that predisposes
them to this complication. This may explain some of the cases of idiopathic
or familial pancreatitis.
Alcohol presumably causes pancreatic injury by the intraductal formation
of protein plugs secondary to increased protein concentration and precipitation, with or without calcification. These plugs lead to obstruction and secondary pancreatic damage caused by autodigestion. In developed countries
chronic pancreatitis occurs after a long history (6 to 17 years) of alcohol
ingestion of 150 to 170 g per day. Alcoholic pancreatitis is known to occur
with much less consumption of alcohol, as low as 50 g per day. The mean
age of a patient with new onset of disease is around 32 years, with a male
predominance. Despite heavy drinking only a small number of alcoholics
develop chronic pancreatitis, suggesting other factors that potentiate the
injurious side effects of alcohol, including high-protein diet with either very
high or very low fat content.
4.3.1 CLINICAL MANIFESTATIONS
Chronic pancreatitis is characterized by irreversible injury to the pancreas and
clinically by intractable abdominal pain and loss of exocrine and endocrine
pancreatic function. The pain is localized to the upper abdomen, with radiation to subcostal regions and to the back. The pain is aggravated by meals and
improves with fasting.
When more than 90% of exocrine pancreatic function is lost, maldigestion
and malabsorption ensue. This is manifested by steatorrhea (fat malabsorption)
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associated with diarrhea and bloating, azotorrhea (protein malabsorption) and
progressive weight loss. These patients frequently present with loss of adipose
tissue, judged by hanging skin folds, and more objectively by demonstrating
that the skin fold at the mid-triceps is less then 8 mm in males and less than
12 mm in females. In addition, they manifest muscle wasting and edema,
indicating protein deficiency. Latent fat-soluble vitamin deficiency (vitamins
A, D, E and K) in addition to deficiencies of magnesium, calcium and
essential fatty acids may occur and are closely related to dysfunction of fat
digestion. Endocrine insufficiency presenting as diabetes mellitus may present
at the same time as exocrine insufficiency or a few years later.
4.3.2 COMPLICATIONS

4.3.2.1 Pancreatic pseudocyst
Pancreatic pseudocyst is localized fluid collection occurring within a pancreatic mass or in the peripancreatic spaces following acute or chronic pancreatitis
(Figure 5). The pseudocyst is usually surrounded by a non-epithelial-lined
fibrous wall of granulation tissues. Its frequency varies from 10–50% of patients
experiencing severe pancreatitis. When a pseudocyst is present for less than six
weeks, it is considered acute; after that it becomes chronic. The pseudocyst may
be asymptomatic or may present as an acute exacerbation of pancreatitis, with
abdominal pain, nausea, vomiting and weight loss. These pseudocysts may
obstruct intra-abdominal viscera, cause pancreatic ascites, rupture into viscera
or the abdominal cavity, hemorrhage or become infected. Spontaneous resolution occurs in 20% of the cases within the first six weeks of the pseudocyst’s
development. Chronic pseudocysts or pseudocysts greater than 5 cm rarely
improve. Asymptomatic patients with persistent pseudocysts should be
observed and intervention may be considered if symptoms appear. Successful
percutaneous catheter drainage may be accomplished by CT- or ultrasoundguided drainage techniques. The catheter may be required for up to six weeks
and is frequently associated with infections. Surgical drainage is sometimes
necessary for failed percutaneous drainage or for complicated pseudocysts. If
the pseudocyst is in the head of the pancreas, drainage can be done via ERCP.
4.3.2.2 Pancreatic ascites
Pancreatic ascites results from the leakage of pancreatic juices into the
peritoneal cavity through a fistula or a ruptured pseudocyst. It presents with
gradually increasing massive ascites, with high levels of amylase, abdominal
pain and weight loss. Painful areas of subcutaneous fat necrosis result from
the high levels of circulating pancreatic lipase.
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FIGURE 5. Pancreatic foil pseudocyst. Transverse sonogram showing a cystic septated welldefined mass in the pancreatic tail. It is touching and compressing the line of the splenic vein.

4.3.2.3 Common bile duct stricture
Common bile duct compression is another manifestation of chronic pancreatitis, but it rarely results in significant obstruction. As the distal common bile
duct traverses the head of the pancreas, it may be narrowed secondary to
inflammation, with edema or fibrosis of the gland.
Although pancreatic carcinoma was formerly thought to be increased in
chronic pancreatitis, the incidence is now believed to be the same as in the
general population. Pancreatic carcinoma may present as pancreatitis.
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FIGURE 6.

Computerized tomography of a pancreatic pseudocyst in the tail of the pancreas.

4.3.3 DIAGNOSTIC AND RADIOGRAPHIC EVALUATION
The diagnosis of chronic pancreatitis is straightforward in patients with advanced
pancreatic disease. This can be demonstrated by the presence of calcification
seen exclusively in the ductal system on plain radiographic abdominal films, by
ultrasonography or on computerized tomography. The radiologic evidence may
be seen in up to 30% of patients with chronic pancreatitis.
Although ultrasonography may demonstrate pancreatic enlargement, ductal
dilatation or pseudocysts, these findings may be better seen on computerized
tomography (Figure 6). Abnormalities of the ducts associated with chronic
pancreatitis can also be demonstrated by ERCP. In mild to moderate disease
these findings may be subtle and even normal. In more severe disease there is
narrowing and dilation of the ducts, stenosis and filling of side ductules.
Examination may reveal a tortuous main duct containing stones or protein
plugs, or obstruction of the common bile duct (Figure 7). These changes may
not be closely related to the degree of pancreatic insufficiency; hence the need
for pancreatic function studies.
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FIGURE 7. ERCP of a patient with chronic pancreatitis demonstrating dilation of the duct (PD)
with filling of side branches in the tail. This is complicated by pancreatic pseudocyst (PC).

The only tests that appear to accurately measure pancreatic function in
chronic pancreatitis are the direct tube tests that measure the response of the
pancreas to various stimuli. The commonest manifestation is a decreased
bicarbonate concentration (< 50 mEq/L) and decreased volume of secretion.
4.3.4 TREATMENT
The ultimate goals of treatment in chronic pancreatitis are to alleviate pain,
maintain adequate nutritional status, and reduce symptoms associated with
steatorrhea such as abdominal pain, bloating and diarrhea.
The mechanism of pain in chronic pancreatitis is not known. Abstinence
from alcohol may decrease the frequency and severity of painful attacks in
patients with alcoholic pancreatitis. Large meals with foods rich in fat should
be avoided. Analgesics should be given prior to meals, since the pain is
maximal postprandially. The continuous use of narcotics often leads to drug
addiction, which makes the management of pain more difficult. Large doses
of pancreatic extracts may reduce the frequency and severity of the pain in
patients with no demonstrable duct obstruction. These enzymes appear to
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suppress pancreatic exocrine output, thus putting the pancreas at rest and
resulting in pain relief. Pancreatic replacement is given with meals and at bedtime. Patients who respond to this therapeutic regimen tend to be middle-aged
women with idiopathic pancreatitis who suffer from mild or moderate disease.
These patients tend to have a bicarbonate output greater than 55 mEq/L and
normal fat absorption. Patients with more severe disease, whose peak bicarbonate output is less than 50 mEq/L, tend not to respond to this regimen.
Patients with intractable pain who fail to respond to medical therapy may
benefit from surgical intervention. When there is a dilated pancreatic duct
with obstructive areas, longitudinal pancreatojejunostomy (modified Pustow
operation) may induce immediate pain relief. When the duct is small, partial
surgical resection of the pancreas may control the pain in a certain percentage
of patients. Although pain alleviation with surgery may be achieved in certain
patients, its long-term benefit is limited since pain recurs in the majority of
patients. An alternative to surgical drainage may be achieved by endoscopic
insertion of an endoprosthesis (stent) into the pancreatic duct. Although this
approach is promising, its long-term benefit has not been proven.
Octreotide, a long-acting somatostatin analogue, appears to decrease the
pain of chronic pancreatitis. Its action is mediated by suppressing pancreatic secretion, hence resting the pancreas. The role of octreotide remains
uncertain.
Administration of high-potency, enteric-coated pancreatic enzymes
remains the main therapy for the treatment of steatorrhea in the majority
of patients with idiopathic and alcoholic pancreatitis. This will improve
fat digestion, increase absorption and allow weight gain, although it will not
correct the steatorrhea completely. Azotorrhea is more easily reversed than
steatorrhea, since trypsin is more resistant to acid inactivation than lipases. It
seems that the most important barrier preventing correction of steatorrhea
is the destruction of enzymes in the stomach, which prevents the delivery
of enough active enzyme into the duodenum.
Replacement pancreatic enzymes are made from hog pancreas and contain
a mixture of proteases, lipase and amylase, along with a variety of enzymes
normally present in pancreatic secretions. Different preparations vary in the
amount of lipase activity and the method of enzyme delivery (e.g., tablets,
capsules or enteric-coated microspheres). Treatment with these enzymes is
lifelong. Pancreatic enzymes are inactivated by pH 4 or below; hence, entericcoated preparations such as Pancrease® or Cotazym® may be appropriate. In
patients who do not respond well, the use of histamine H2-receptor antagonists (cimetidine, ranitidine or famotidine) or antacids with meals may overcome the detrimental effect of acid on the enzymes. The causes of failure to
respond to pancreatic enzyme supplementation are shown in Table 6.
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Causes of failure of pancreatic replacement

Incorrect diagnosis (nonpancreatic causes of steatorrhea, such as sprue, bacterial overgrowth)
Poor compliance
Incorrect timing of the medications (should be given with meals)
Variability in the enzyme content of the pancreatic replacement or loss of potency of the
enzyme (inadequate amount of enzymes)
Inactivation of the enzymes by gastric juices or by sunlight

Hypersensitivity to pancreatic enzymes has been reported in patients who
have hypersensitivity to pork proteins. Hyperuricosuria may occur in patients
receiving high doses of pancreatic extracts, although recent reports have questioned this relationship. There appears to be a relationship between urinary
urate concentration and the severity of pancreatitis. It appears that oral
pancreatic enzymes may bind to folic acid, thereby impairing its absorption,
but the clinical significance of this is not clear. Fat-soluble vitamins (e.g.,
vitamins A and E) are poorly absorbed when steatorrhea exceeds 20 g of fat
loss per day. Vitamin D and calcium malabsorption leads to osteopenia and
tetany. Vitamin K is also malabsorbed, but bleeding is rare. Malabsorption of
vitamin B12 occurs in up to 40% of patients with chronic pancreatitis, although
vitamin B12 deficiency is rare. This malabsorption is thought to be due to the
failure of R factor to cleave from the vitamin B12–intrinsic factor complex,
resulting in failure to absorb vitamin B12.

5. CARCINOMA OF THE PANCREAS
The incidence of cancer of the pancreas has increased steadily over the past
25 years. In males it is the fourth commonest cancer causing death, exceeded
only by cancers of the lung, colon and rectum, and prostate. In females it is
the fifth commonest cause of death, with only cancers of the breast, colorectum, lung, and ovary/uterus being more frequent. The incidence is higher in
males, with a sex ratio of two males to each female; peak incidence occurs in
the fifth through seventh decade.
The overall five-year survival rate is less than 3%, and most patients who
develop carcinoma of the pancreas die within six months of diagnosis. The
poor prognosis in this condition is secondary to the inability to diagnose the
carcinoma at an early stage. When symptoms present, the tumor is far
advanced and often has metastasized to regional lymph nodes and to adjacent
and distant organs, as shown in Table 7.
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TABLE 7.

Commonest sites of metastases from pancreatic carcinoma

Local nodes
Liver
Peritoneum
Adrenal glands
Lung
Kidneys
Spleen
Bone

TABLE 8.

Putative causes of pancreatic cancer

Tobacco smoking
Tobacco-specific nitrosamines
Alcoholic beverages
Common in drinkers of whisky and beer, which may contain
nitrosamines in higher concentration than other alcoholic beverages
Coffee
Consumption of more than five cups per day
Diet
High consumption of total and saturated fats, higher protein intake with
lower intake of total carbohydrates such as those in vegetables and fruit
High levels of total energy intake and high total carbohydrate intake
Obesity
Diabetes
Exposure to DDT
Genetic defects

Ductal cell adenocarcinoma accounts for 90% of pancreatic tumors.
Approximately 5% of pancreatic carcinomas are of islet cell origin; the rest
consist of cystadenocarcinoma, giant cell carcinoma and epidermoid carcinoma. The head of the pancreas is the commonest site of involvement, accounting for 70% of the cases, whereas the body and tail account for 20% and 10%
of the cases, respectively. Hereditary pancreatitis appears to carry a 40-fold
increased risk of developing pancreatic cancer by 70 years of age; the risk
seems to be associated with a paternal mode of inheritance.
Several etiological agents have been invoked in the pathogenesis of pancreatic carcinoma (Table 8), although most of the studies have not yielded
consistent results. Epidemiologically, long-term cigarette smoking is a wellestablished risk factor. Two tobacco-specific nitrosamines have been proposed
as causative agents in the pathogenesis of carcinoma. Little is known of the
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role of the pancreas in the metabolism of carcinogens involved in exocrine
pancreatic carcinoma. High-fat or high-protein diets tend to stimulate CCK
release from the duodenum, which in turn can cause pancreatic hypertrophy
and may predispose to carcinoma, although the evidence is not convincing.
Diabetics are at twice the risk of developing carcinoma of the pancreas as the
general population. The mechanism of this is not known. There is no evidence
to suggest that alcoholic chronic pancreatitis predisposes to carcinoma. A
recent study has shown a four- to five-fold increase in pancreatic carcinoma
in individuals exposed to DDT (dichlorodiphenyltrichloroethane). Some
epidemiological studies have suggested an increased rate of pancreatic carcinoma in patients who drank chlorinated water; this remains to be proven.
Genetic defects such as K-ras oncogene, and tumor-suppressor genes
including p16, DPC4 and p53 have been proposed to be involved in the pathogenesis of pancreatic carcinoma. Attempts to use the presence of these gene
mutations in the diagnosis of occult pancreatic carcinoma seem to be vulnerable to a high false-positive rate.
5.1 Clinical Manifestations
The major symptoms of pancreatic carcinoma include pain, jaundice and
weight loss.
Rapid and progressive weight loss is probably the commonest symptom of
carcinoma of the pancreas, and is not related to the location or to the extent of
the tumor.
Most (up to 90%) of the patients suffer from pain during the course of the
disease. The pain frequently is a dull aching or boring. Located in the epigastrium, it radiates to the back and increases in severity at night. Depending on
the site of the tumor, the pain may radiate to the right or left upper quadrant.
Unrelenting pain results from retroperitoneal extension, with invasion of the
neural plexuses around the celiac axis.
Jaundice may be the presenting symptom in up to 30% of the patients, and
the incidence increases as the disease progresses. It may be associated with
pain and pruritus. Jaundice is more common when the head of the pancreas is
involved, but obstruction or jaundice can occur secondary to spread to the
liver or to lymph nodes around the bile duct. Other nonspecific symptoms
include bloating, nausea and vomiting, weakness and fatigue, and diarrhea.
5.2 Signs
The commonest finding in carcinoma of the head of the pancreas is jaundice,
with abdominal tenderness and an enlarged liver. Less common signs include
a palpable gallbladder, an abdominal mass and edema. Thrombophlebitis
occurs in less than 10% of the patients.
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FIGURE 8. Pancreatic head carcinoma. Transverse sonogram shows the confluence of splenic
vein and portal vein. The pancreatic body and tail are normal. The head is enlarged and bulbous
with an abnormal texture, appearing hypoechoic on the image.

The development of diabetes in a middle-aged man or elderly patient with
no family history of diabetes should suggest pancreatic carcinoma, especially
when this is associated with abdominal pain or weight loss.
5.3 Diagnostic Evaluation
Laboratory tests are often normal or nonspecific. Serum alkaline phosphatase
and bilirubin are evaluated when the bile duct is obstructed or there are hepatic
metastases. Serum amylase may be moderately elevated but also may be
normal. Pancreatic secretory studies are not often helpful, since findings overlap
with chronic pancreatitis.
Several tumor markers have been detected in the sera of patients with pancreatic carcinoma. CA19-9 is the most widely studied pancreatic tumor marker. Its importance and significance in the management of pancreatic cancer are
unclear. This marker may be useful as an adjunct in the diagnosis, selection of
therapy and postoperative follow-up of patients with pancreatic cancer. Other
serum markers include pancreatic oncofetal antigen (POA), -fetoprotein
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FIGURE 9. Computerized tomography showing a cancer in the head and body of the pancreas.
The tumor is overlapping the superior mesenteric artery posteriorly.

(AFP), carcinoembryonic antigen (CEA), and pancreatic cancer-associated
antigen. These tests are nonspecific and not sensitive enough for screening
purposes. Cytologic specimens can be obtained by percutaneous needle
aspiration under ultrasound or CT guidance and by aspiration of duodenal or
pancreatic juices at ERCP. Positive cytology may guide further management;
on the other hand, negative cytology does not rule out the disease.
Ultrasonography is the procedure of choice for detecting pancreatic cancer
(Figure 8). Its usefulness is dependent on the examiner’s expertise. Examination may be less than optimal in the presence of increased bowel gas. The
sensitivity of this test in pancreatic cancer is reported to be 76–94%, with a
specificity of 96%. Once a lesion is detected, a guided biopsy may be helpful
in establishing the diagnosis. When obstructive jaundice is present, ultrasound
may reveal the presence of hepatic lesions or obstruction of the biliary tree.
This procedure is simple and involves no radiation exposure.
CT is more accurate and gives more information than ultrasonography
for diagnosis and staging pancreatic carcinoma (Figure 9). In contrast to
ultrasonography, with this technique bowel gas does not interfere with the
resolution. Unfortunately, CT has limitations in detecting early small cancer
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FIGURE 10. Pancreatic adenocarcinoma in the head with direct invasion into the superior mesenteric vein. (Courtesy of Dr. A. Hanbidge.)

and small metastases to lymph nodes, liver and peritoneum. Helical CT scan,
a newer diagnostic modality, has the capability of producing precise images
of the major pancreatic vessels (celiac, superior mesenteric arteries and their
branches, and the superior mesenteric veins and their tributaries). This technique detects vascular involvement with great accuracy, hence predicting
tumor resectability and retroperitoneal invasion (Figure 10). A guided
biopsy of the lesion is also possible. Endoscopic ultrasonography (EUS) in
combination with guided fine-needle aspiration may become a useful tool in
the evaluation of focal pancreatic lesions. Its overall accuracy in detecting
parenchymal lesions and lymph node involvement is about 84%.
When there is a clinical suspicion of a pancreatic lesion and the ultrasound
or CT scan is normal, an ERCP is helpful. It has the advantage of combining
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gastroduodenoscopy, cholangiography and pancreatography. The papilla may
also be examined and cytologic sampling may be obtained. When obstruction
is present, therapeutic drainage via stents may be attempted. Angiography is
no longer used for diagnosing pancreatic carcinoma, but is still useful to
evaluate patients who have known carcinoma for resectability, outlining vascular anatomy. Newer diagnostic tools such as endoscopic ultrasound may
further improve selection of patients who might benefit from curative surgery.
Magnetic resonance imaging has no apparent advantage over CT.
5.4 Treatment
For localized cancers, surgical resection alone, such as pancreatectomy or
pancreatoduodenal resection, offers the potential for long-term survival.
Unfortunately, at the time of presentation, 75–80% of patients have an unresectable tumor. Despite this intervention, the disease carries a poor long-term
prognosis, with a survival rate of 3% at five years. Factors that lead to a poor
prognosis in pancreatic carcinomas include the presence of tumor in the
lymph nodes and neural tissues, vascular invasion, tumor encasement of
celiac or superior mesenteric artery, tumor size greater than 2.5 cm and
histologically poorly differentiated tumor. Pancreatic surgery should be done
only in specialized centers where such an operation is performed by a small
number of highly trained surgeons. In such centers the mortality rate
approaches 6%, as compared to nonspecialized centers where the mortality
rate reaches 28%. The five-year survival rate in some recent studies appears
encouraging.
Complications can occur in up to 20% of patients following pancreatoduodenectomy. These include delayed gastric emptying (20%), pancreatic fistula
(14%), wound infection (10%), pancreaticojejunal leak, intra-abdominal sepsis,
biliary anastomotic leak, gastrointestinal bleeding and other intra-abdominal
hemorrhage. Factors favoring longer survival include jaundice at presentation, a
small tumor mass, early tumor stage and a well-differentiated tumor. Palliative
operations for unresectable tumor, such as alleviating biliary or duodenal
obstruction, offer some relief. Surgery is frequently associated with high
morbidity and mortality; hence, nonsurgical intervention may be preferable.
Biliary obstruction can be relieved by percutaneous drainage or by endoscopic
stenting of the bile duct. Unfortunately these stents tend to occlude and may
require frequent changes.
Adjuvant chemotherapy in combination with radiotherapy, such as with
5-fluorouracil (5-FU), has shown minimal effect in long-term survival.
Recently a new chemotherapeutic agent, gemcitabine, has shown similar
results to 5-FU in terms of response rate and survival, with more tolerable side
effects. Irradiation therapy has been advocated in treating larger tumors; it
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may offer local control and pain management, although its benefit in longterm survival has not been proven.

6. PANCREATIC ISLET CELL TUMORS
Pancreatic islet cell tumors are divided into two types: (1) an endocrine type
that elaborates excessive gastrointestinal tract hormones, causing specific
clinical syndromes, and (2) a nonfunctioning type that is characterized by
symptoms related to the size, location and invasion of the tumor mass.
Patients with multiple endocrine neoplasm type 1 and von Hippel-Lindau
disease (VHL) are predisposed to develop pancreatic endocrine tumors.
Pancreatic islet cell tumors have a better prognosis than those associated with
ductal cell adenocarcinoma. They may be diagnosed by the classic clinical
manifestation, by the detection of hormones in the serum and by dynamic CT
scan with intravenous and oral contrasts.
Several pancreatic islet cell tumors have been identified. These tumors tend
to elaborate a variety of biologically active peptides, resulting in a variety of
clinical presentations. These peptides include glucagon, insulin, gastrin, vasoactive intestinal peptide (VIP), somatostatin and pancreatic polypeptide (PP).
Insulinoma is the most common neoplasm of the endocrine pancreas. The
insulinoma syndrome is associated with Whipple’s triad, which includes
symptoms of (1) fasting hypoglycemia (confusion, seizures, personality
changes, in addition to palpitation, tremulousness and diaphoresis), with (2) a
low serum glucose level, and (3) a relief of symptoms by the administration
of glucose. The diagnosis can be made by the demonstration of high serum
insulin and low blood sugar, and an elevation in the insulin-to-glucose ratio
(IG). The tumor may be localized by dynamic CT scan. Treatment includes
surgery to remove the tumor if it is well localized or amenable to surgery,
and a combination chemotherapy including streptozocine, doxorubicin and
5-fluorouracil.
Glucagon-secreting tumors (glucagonomas) arise from the alpha cells of
the pancreas. Patients commonly present with mild diabetes, dermatitis,
delayed gastric emptying, stomatitis, ileus and constipation. The dermatitis is
manifested by a skin rash termed necrolytic migratory erythema, commonly
appearing over the lower extremities. The diagnosis is established by the
demonstration of elevated plasma glucagon levels that increase, paradoxically,
with challenge by intravenous tolbutamide. Glucagonoma tends to present
with large tumors and can be demonstrated by dynamic CT scan.
Gastrin-secreting tumors (gastrinomas; Zollinger-Ellison syndrome) arise
from nonbeta islet cells. They are frequently malignant and tend to be
multiple. They commonly present with recurrent severe peptic ulceration
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accompanied by marked gastric acid hypersecretion and occasionally diarrhea. The diagnosis is established by the demonstration of marked fasting
hypergastrinemia and marked gastric acid hypersecretion. In patients who
have borderline increases in gastrin, provocative testing with secretin is indicated. Following secretin stimulation, gastrin levels increase in patients with
gastrinoma, whereas in patients with common duodenal ulcer, gastrin levels
may show a minimal increase, a decrease or no change. High levels of gastrin
may be present in a condition known as G-cell hyperplasia. This can be
distinguished from gastrinoma by the sharp rise in gastrin level (> 200%) in
response to meals. Patients with gastrinoma show minimal or no rise in
gastrin level.
Vasoactive intestinal peptide-secreting tumors (VIPoma; Werner-Morrison
syndrome) produce the pancreatic cholera syndrome, which is characterized
by severe diarrhea, hypokalemia and hypochlorhydria or achlorhydria. Fluid
secretion may exceed 3–5 L, with a loss of 200–300 mEq of potassium daily.
Although the diagnosis is established by the demonstration of high levels of
VIP, other substances, such as prostaglandins and secretin-like substances,
may contribute to this syndrome.
Somatostatin-producing tumors (somatostatinomas) are the least common
of pancreatic islet cell tumors, so by the time of diagnosis they tend to be
malignant and have usually metastasized. They commonly present with mild
diabetes mellitus, gallstones with a dilated gallbladder, anemia, hypochlorhydria and malabsorption. The diagnosis is established by the demonstration of
high serum levels of somatostatin.
Pancreatic polypeptide-producing tumors have not been shown to produce
any clinically defined syndrome.
6.1 Treatment
Pancreatic endocrine tumors are ideally treated by resection. Unfortunately,
despite all our available techniques, up to 40% of these tumors tend to escape
localization. These tumors tend to be single or multiple and may be located in
any portion of the pancreas or ectopically in the duodenum or any other part
of the gastrointestinal tract. It appears that endoscopic ultrasonography may
play an important role in tumor localization, but this technique is operator
dependent and is not widely used.
Recently octreotide scintigraphy has shown promise in detecting endocrine
islet cell tumors, which appear to have somatostatin receptors. Radiolabeled
somatostatin analogues bind to these receptors and can be demonstrated by
gamma camera scintigraphy. This test offers some hope in differentiating
endocrine versus ductal cell tumors. It may assist the surgeon in delineating
and removing the tumor and possibly the metastatic lesions.
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FIGURE 11.

Pancreas at approximately 7 weeks fetal life.

7. PANCREAS DIVISUM
Pancreas divisum is the most common variant of human pancreas, occurring
in nearly 10% of the population. This anomaly results from the failure of
fusion of the dorsal and ventral pancreatic ducts, which usually occurs in the
second month of fetal life. This results in the drainage of the main pancreatic
duct (including the superior-anterior aspect of the head, the body and the tail)
into the dorsal duct via the accessory papilla. The ventral duct, which drains
the posterior-inferior aspect, joins the common bile duct and empties into the
major papilla (Figure 11). The diagnosis of this condition is made by ERCP.
Most patients having this anomaly are symptom-free, although some
reports have suggested a high incidence of abdominal pain and pancreatitis. It
has been suggested that the relative stenosis of the accessory papillary orifice,
the major outflow tract for pancreatic secretions, is the cause of problems.
Endoscopic sphincterotomy or transduodenal sphincteroplasty has been
advocated as the operation of choice in these individuals. The results obtained
with this intervention have been controversial. Some studies have reported a
success rate of 90% in patients with pancreas divisum pancreatitis after two
years, whereas other reports did not support such findings. From the available
literature, surgical intervention in pancreas divisum is as controversial as its
causative relationship in abdominal pain and pancreatitis.

The Pancreas 453

8. CYSTIC FIBROSIS IN THE ADULT
Cystic fibrosis (CF) is no longer solely a pediatric disease. CF is the most
common potentially lethal genetic disease affecting Caucasians. Its incidence
shows regional variations, but overall incidence in Caucasians is approximately
1 per 2,500 live births; it is inherited as an autosomal recessive trait. CF is also
the most common cause of chronic lung disease and pancreatic insufficiency in
patients under the age of 20. It is practically unknown among North Americans
of African origin, with an incidence of less than 1 in 99,000 among Orientals.
Over the past decade the fundamental biochemical defect in CF has been identified. The gene has been cloned and up to 300 alleles have been discovered. The
gene product is a protein called the cystic fibrosis transmembrane conductance
regulator (CFTR) and is present on the long arm of chromosome 7. This regulator, the main chloride transport system, is defective in individuals with CF. The
regulator is synthesized within the epithelial cell, then transported to the apical
cell membrane of the epithelial duct cells of the proximal pancreatic duct. The
commonest mutation in CF is that of a three-nucleotide base pair deletion that
results in a missing phenylalanine at position 508 in the first nucleotide binding
fold. This mutation is often referred to as delta F508. Its main function is to act
as a chloride channel that is activated through cAMP-mediated phosphorylation,
thus allowing secretion of chloride ions into the pancreatic duct or to the skin
through the sweat glands. In addition to CFTR, these cells contain Cl–/HCO3–
exchangers, which are responsible for bicarbonate secretion and are dependent
on luminal chloride, which is supplied by cAMP-activated chloride channels.
Thus, in CF, altered chloride secretion results in decreased bicarbonate production and ultimately failure to adequately hydrate and alkalinize the concentrated
protein secretions of the acinar cells. This proteinaceous material becomes
inspissated, resulting in ductal obstruction and ultimately acinar cell destruction,
fibrosis and malabsorption. The decrease in bicarbonate secretion also results in
failure to neutralize duodenal acid, thus leading to further malabsorption by
decreasing lipase activity and altering the bioavailability of enteric-coated
enzyme supplement.
The “classic” picture of a chronically malnourished child with progressive lung disease and pancreatic dysfunction culminating in early death is
an oversimplification. CF should now be regarded as a syndrome with a
heterogeneous assortment of presentations involving variable degrees of
organ dysfunction and damage. Pulmonary disease and its complications
still dominate the clinical picture in most patients, and are the primary
determinants of overall morbidity and mortality. However, as many as
20% of CF patients are not diagnosed until after the age of 15 because they
have atypical presentations (e.g., recurrent sinusitis, nasal polyps, chronic
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bronchitis, recurrent abdominal pain, loose, foul-smelling stools, cirrhosis
and infertility).
The advent of vigorous physiotherapy, more effective antibiotics, improved
pancreatic extracts and continuing care in specialized CF clinics has resulted
in a median survival of at least 18 years. Indeed, in many CF centers, half the
patients survive 26 years, and up to 90% of patients may live more than
18 years after the diagnosis has been made. With such increased survival,
gastrointestinal complications are becoming increasingly common.
Abnormalities have been identified in glycoproteins, mucus secretions,
circulating proteases and cell transport mechanisms. Liver and biliary tract
disease may occur in individuals with CF. The incidence of biliary cirrhosis
reaches 14% during the second decade of life in those who have pancreatic
insufficiency. In these individuals subclinical hepatic involvement, manifested as biochemical or ultrasound abnormalities of the liver, is common. High
losses of sodium and chloride through sweating during periods of heat in the
summer months can lead to sodium depletion, dehydration, cardiovascular
collapse and death. The abnormally thick mucus produced obstructs ductules
and tubules, and results in distal organ damage, which leads to chronic
obstructive lung disease, pancreatic insufficiency, hepatic fibrosis and intestinal obstruction. The mucosal and submucosal glands of the small intestine are
dilated, with acidophilic concretions. Steatorrhea and enteral protein loss
result from exocrine pancreatic failure, low duodenal pH and perhaps also
impaired absorption of fatty acids. These patients require supplementation
with fat-soluble vitamins A, D, E and K.
Abdominal pain is common in CF patients. It may be related to steatorrhea, constipation, meconium ileus equivalent, intussusception, cholelithiasis,
duodenal ulcer or pancreatitis. In contrast to infants and children, adults
are less affected by malabsorption, although close questioning may reveal
that they experience cramps, flatulence and frequent, greasy, foul-smelling,
bulky stools.
8.1 Complications
There are a number of nonpulmonary gastrointestinal complications of CF in
adults (Table 9). Most CF patients have height and weight levels that are less
than the mean for their age and sex. Although during adulthood nutritional status declines progressively with advancing age, not all patients are malnourished
at the time of diagnosis or in early adulthood. In early adulthood, some 10% of
patients are above the 90th percentile, while others are even overweight.
There is no correlation between the patient’s nutritional status and the
severity of the steatorrhea or gastrointestinal symptoms, or age at diagnosis.
The height and weight attained seem to correlate only with the severity of the
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TABLE 9.

Gastrointestinal complications of cystic fibrosis

Gastroesophageal reflux
Caused by complications of the disease such as coughing and wheezing, and by its treatment,
including medications that lower LES pressure
Rectal prolapse and constipation
Associated with injudicious pancreatic enzyme replacement resulting in the passage of large,
bulky stool
Meconium ileus and intestinal obstruction
Obstruction occurring at the distal terminal ileum with resultant complications including
obstruction and vomiting
Fibrosing colonopathy presenting with symptoms suggestive of distal large bowel obstruction
Patients may present with bloody diarrhea suggestive of colitis. The condition is associated
with high intake of pancreatic enzymes, and frequently resolves by decreasing the dose

pulmonary disease; those individuals with the least pancreatic insufficiency
tend to have better preservation of pulmonary function.
Pancreatic insufficiency markedly overshadows the other complications of
CF. In spite of the clinical impression of a voracious appetite, overall energy
intake in the CF patient is usually inadequate. Maldigestion and malabsorption, along with the increased energy requirements associated with pulmonary
disease, further compound the energy problem.
CF patients also show biochemical evidence of essential fatty acid deficiency. Improvement may be achieved with oral linoleic acid monoglyceride or
with total parenteral nutrition. Essential fatty acid deficiency is associated with
impaired intracellular oxygenation, decreased membrane fluidity and impaired
transport mechanisms. It has not yet been established, however, what benefit
will be derived by treating and preventing essential fatty acid deficiency.
In addition to the problems of essential fatty acid and energy deficiency,
there is a third major problem in the nutrition of the CF patient: deficiency of
fat-soluble vitamins. Even with a standard supplementation of vitamin A
4,000 IU/day, vitamin A levels, retinol binding protein levels and serum
carotene may remain low. Approximately 25% of patients have evidence of
vitamin D deficiency.
The management of pancreatic insufficiency in adults with CF is similar
to the management of pancreatic insufficiency due to other conditions.
About half of the adults with CF show some degree of glucose intolerance.
Diabetes mellitus is easy to control with insulin; because glucagon levels
are decreased, ketoacidosis is extremely uncommon. The presumed pathogenesis of the pancreatic islet cell dysfunction is fibrosis-induced islet cell
disarray and strangulation.
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Meconium ileus is seen in approximately 10% of neonates with CF and is
primarily related to the secretion of abnormal mucinous (glycoprotein) material by the intestinal glands. Children, adolescents and adults have a counterpart, termed meconium ileus equivalent, that is characterized by recurrent
episodes of intestinal obstruction. Typically, there is colicky abdominal pain,
a palpable, indentable right lower quadrant mass and evidence of mechanical
obstruction. Constipation is considered a milder form of this disorder, and
must be differentiated from intussusception, which occurs in a small number
of CF patients. There is usually a history of precipitating cause, such as immobilization, use of antidiarrheal agents, dietary indiscretions, or reduction or
abrupt discontinuation of oral enzyme therapy.
The diagnosis of meconium ileus equivalent is suggested by the presentation. Plain abdominal radiographs may show an empty colon with bubbly
granular material proximally, and ileal distention with air fluid levels. It is
necessary to confirm the diagnosis by early Gastrografin® enema studies
because of the high mortality of this condition and the need to rule out
intussusception. Nasogastric suction and correction of electrolyte imbalance
result in resolution of the obstruction in 80% of cases. Decompressive surgery
may be necessary if medical management fails.
Pancreatitis is relatively uncommon in CF patients, but tends to occur in
those patients (some 15%) whose pancreatic function is initially normal. The
pathophysiology of the pancreatitis is presumably related to precipitation
of abnormal secretions in the tubules, with subsequent damage. Biliary tract
disease and alcohol are other possible causes of pancreatitis in these patients.
An increase in the incidence of duodenal ulcer might be expected in
CF patients because of the loss of pancreatic bicarbonate buffer, but in fact
duodenal ulcer is uncommon.
Patients with untreated pancreatic insufficiency commonly have profound
malabsorption of bile acids in the terminal ileum and fecal losses of bile
acids. This interrupts the normal enterohepatic circulation of bile acids. The
etiology of bile acid wastage is unknown, but it probably relates to the presence of steatorrhea, with bile acid binding to undigested fat, fiber and other
intraluminal contents. As a result of the excessive fecal bile acid loss, there
is a decrease in the total bile acid pool; the bile becomes saturated with cholesterol. Up to 60% of adolescents and adults with CF have gallbladder
abnormalities (e.g., cholelithiasis, nonvisualization, microgallbladder, and
marginal filling defects or septation). There is a high incidence of both gallbladder abnormalities and abdominal pain in these patients, but there
is not necessarily a cause-effect relationship between the cholelithiasis or
gallbladder abnormalities and the clinical symptoms. The hazards of surgery
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must be weighed against the hazards of nonoperative intervention. The
structure and function of the gallbladder may be evaluated by ultrasonography and oral cholecystography.
Treatment of pancreatic insufficiency with oral enzymes will decrease
bile acid loss, thus correcting the lithogenic nature of the bile. However,
the abnormal glycine:taurine ratio and the preponderance of cholic and
chenodeoxycholic acid persist despite enzyme replacement. Ursodeoxycholic
acid therapy remains experimental.
With increased age and survival, liver disease is becoming increasingly
prevalent in CF patients. The most common hepatic lesion in CF is steatosis,
secondary to decreased circulating lipoprotein levels and decreased hepatic
triglyceride clearance. Other hepatic lesions seen include nonspecific portal
changes, excessive biliary ductal mucus, mild ductal proliferation and focal
biliary cirrhosis. A small number of these patients will develop multilobular
biliary cirrhosis, the progression remaining clinically silent until portal hypertension supervenes with classical presentation of ascites, hypersplenism or
variceal bleeding. Hepatic decompensation and portosystemic encephalopathy are extremely uncommon because of the relative hepatic parenchymal
integrity and the overall focal nature of the pathology. The only clinical clue
is the development of a hard, knobby liver, while liver biochemical tests
remain relatively normal. The results of therapeutic portacaval anastomoses
are encouraging, with no development of portosystemic encephalopathy.
8.2 Diagnosis
Classical CF in infants and children is easy to diagnose. However, diagnosis
of CF is more difficult in adults and in mild or atypical cases. The cornerstone
of diagnosis is the quantitative pilocarpine iontophoresis sweat chloride test.
This should be performed on two separate occasions, using a sample of
100 mg of sweat or more. Chloride levels that are continually above 60 mEq/L
are virtually diagnostic. Such levels are not found with other chronic
pulmonary or gastrointestinal tract diseases. Sweat chlorides may, however,
occasionally reach 60 mEq/L or more in a variety of other disorders, including untreated adrenal insufficiency, hereditary nephrogenic diabetes insipidus,
hypothyroidism, and a variety of genetic mucopolysaccharide disorders.
Sweat chloride testing should be performed in infants and children with
chronic pulmonary disease, meconium ileus, steatorrhea, rectal prolapse, failure
to thrive, heat prostration or pansinusitis, and in siblings of affected individuals.
In addition, children, adolescents and young adults should be screened if they
have any type of chronic liver disease, long-standing gastrointestinal complaints,
childhood or cryptogenic cirrhosis, aspermia or malabsorption.
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8.3 Treatment
Pancreatic enzyme replacement is the mainstay of treatment in patients with
CF who suffer from pancreatic insufficiency. Enteric-coated enzymes ideally
should be used, since they are not inactivated by gastric acids. Ultimately these
enzymes could be used in combination with an H2 blocker. At least 30,000 USP
units of lipase should be administered and taken together with food.
Hyperuricosuria may occur in these patients secondary to the large purine
content in the enzyme preparation. This complication can be controlled by
decreasing the dose of the enzymes.

OBJECTIVES
Pancreatitis
1. Classify pancreatitis on the basis of the severity of injury to the organ.
2. List four etiologies of pancreatitis.
3. Discuss at least five potential early complications of acute pancreatitis.
4. Discuss four potential adverse outcomes of chronic pancreatitis.
5. Describe the clinical presentation of a patient with acute pancreatitis.
6. Outline the appropriate diagnostic approach for a patient with acute
pancreatitis, emphasizing the timing, interpretation and reliability of
various studies.
7. Discuss the management of acute pancreatitis, including the specific
medical management of the initial phase and indications for surgical
intervention.
8. Discuss the criteria used to predict the prognosis for acute pancreatitis.
Pancreatic Pseudocysts
1. Discuss the mechanism of pseudocyst formation with respect to the role
of the pancreatic duct.
2. List and discuss five symptoms and physical signs of pseudocysts.
3. Given a patient with a pancreatic mass suspected to be a pseudocyst, discuss the indications for and sequence of diagnostic methods, including
laboratory, radiological and invasive studies.
4. Discuss the natural history of an untreated pancreatic pseudocyst.
5. Describe the medical and surgical treatment of a pancreatic pseudocyst.
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Carcinoma of the Pancreas
1. List four pancreatic neoplasms; describe the pathology of each with
reference to cell type and function.
2. Describe the symptoms and physical signs of pancreatic cancer on the
basis of the location of the tumor in the pancreas.
3. Outline the diagnostic approach for pancreatic masses, including laboratory, radiological and invasive methods.
4. List the laboratory tests that would be expected to be abnormal in a
patient with a large cancer of the head of the pancreas.
5. Describe the surgical treatment for pancreatic neoplasms.
6. On the basis of pathology and cell type, discuss the long-term prognosis
for pancreatic cancers.
Skills
1. Demonstrate the ability to perform a complete abdominal examination of
a patient with an upper abdominal mass.
2. Given a patient with suspected pancreatitis, interpret a plain abdominal
x-ray and identify pertinent positive and negative findings.
3. Given a patient with obstructive jaundice and a mass in the head of the
pancreas, accurately interpret the transhepatic cholangiogram.

