570 Diagnosis The diagnosis is confirmed by demonstrating an increased
plasma glucagon level. Characteristically, plasma glucagon levels
exceed 1000 pg/mL (normal is <150 pg/mL) in 90%; 7% are between
500 and 1000 pg/mL, and 3% are <500 pg/mL. A trend toward lower
levels at diagnosis has been noted in the last decade. A plasma glucagon level >1000 pg/mL is considered diagnostic of glucagonoma.
Other diseases causing increased plasma glucagon levels include cirrhosis, diabetic ketoacidosis, celiac disease, renal insufficiency, acute
pancreatitis, hypercorticism, hepatic insufficiency, severe stress, and
prolonged fasting or familial hyperglucagonemia, as well as danazol
treatment. With the exception of cirrhosis, these disorders do not
increase plasma glucagon >500 pg/mL.
Necrolytic migratory erythema is not pathognomonic for glucagonoma and occurs in myeloproliferative disorders, hepatitis B
infection, malnutrition, short-bowel syndrome, inflammatory bowel
disease, zinc deficiency, and malabsorption disorders.
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In 50–80% of patients, hepatic metastases are present, and so curative surgical resection is not possible. Surgical debulking in patients
with advanced disease or other antitumor treatments may be
beneficial (see below). Long-acting somatostatin analogues such as
octreotide and lanreotide improve the skin rash in 75% of patients
and may improve the weight loss, pain, and diarrhea, but usually do
not improve the glucose intolerance.

SOMATOSTATINOMA SYNDROME
The somatostatinoma syndrome is due to an NET that secretes excessive amounts of somatostatin, which causes a distinct syndrome
characterized by diabetes mellitus, gallbladder disease, diarrhea, and
steatorrhea. There is no general distinction in the literature between a
tumor that contains somatostatin-like immunoreactivity (somatostatinoma) and does (11–45%) or does not (55–90%) produce a clinical
syndrome (somatostatinoma syndrome) by secreting somatostatin.
In a review of 173 cases of somatostatinomas, only 11% were associated with the somatostatinoma syndrome. The mean age is 51 years.
Somatostatinomas occur primarily in the pancreas and small intestine,
and the frequency of the symptoms and occurrence of the somatostatinoma syndrome differ in each. Each of the usual symptoms is more
common in pancreatic than in intestinal somatostatinomas: diabetes
mellitus (95% vs 21%), gallbladder disease (94% vs 43%), diarrhea
(92% vs 38%), steatorrhea (83% vs 12%), hypochlorhydria (86% vs
12%), and weight loss (90% vs 69%). The somatostatinoma syndrome
occurs in 30–90% of pancreatic and 0–5% of SI somatostatinomas.
In various series, 43% of all duodenal NETs contain somatostatin;
however, the somatostatinoma syndrome is rarely present (<2%).
Somatostatinomas occur in the pancreas in 56–74% of cases, with the
primary location being the pancreatic head. The tumors are usually
solitary (90%) and large (mean size 4.5 cm). Liver metastases are common, being present in 69–84% of patients. Somatostatinomas are rare
in patients with MEN 1, occurring in only 0.65%.
Somatostatin is a tetradecapeptide that is widely distributed in the
CNS and GI tract, where it functions as a neurotransmitter or has paracrine and autocrine actions. It is a potent inhibitor of many processes,
including release of almost all hormones, acid secretion, intestinal and
pancreatic secretion, and intestinal absorption. Most of the clinical
manifestations are directly related to these inhibitory actions.
Diagnosis In most cases, somatostatinomas have been found by accident
either at the time of cholecystectomy or during endoscopy. The presence
of psammoma bodies in a duodenal tumor should particularly raise
suspicion. Duodenal somatostatin-containing tumors are increasingly
associated with von Recklinghausen’s disease (NF-1) (Table 113-6).
Most of these tumors (>98%) do not cause the somatostatinoma
syndrome. The diagnosis of the somatostatinoma syndrome requires the
demonstration of elevated plasma somatostatin levels.
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Pancreatic tumors are frequently (70–92%) metastatic at presentation, whereas 30–69% of SI somatostatinomas have metastases.
Surgery is the treatment of choice for those without widespread
hepatic metastases. Symptoms in patients with the somatostatinoma syndrome are also improved by octreotide treatment.
VIPOMAS
VIPomas are NETs that secrete excessive amounts of vasoactive intestinal peptide (VIP), which causes a distinct syndrome characterized by
large-volume diarrhea, hypokalemia, and dehydration. This syndrome
also is called Verner-Morrison syndrome, pancreatic cholera, and
WDHA syndrome for watery diarrhea, hypokalemia, and achlorhydria,
which some patients develop. The mean age of patients with this syndrome is 49 years; however, it can occur in children, and when it does,
it is usually caused by a ganglioneuroma or ganglioneuroblastoma.
The principal symptoms are large-volume diarrhea (100%) severe
enough to cause hypokalemia (80–100%), dehydration (83%), hypochlorhydria (54–76%), and flushing (20%). The diarrhea is secretory
in nature, persisting during fasting, and is almost always >1 L/d and in
70% is >3 L/d. In a number of studies, the diarrhea was intermittent
initially in up to half the patients. Most patients do not have accompanying steatorrhea (16%), and the increased stool volume is due to
increased excretion of sodium and potassium, which, with the anions,
accounts for the osmolality of the stool. Patients frequently have
hyperglycemia (25–50%) and hypercalcemia (25–50%).
VIP is a 28-amino-acid peptide that is an important neurotransmitter, ubiquitously present in the CNS and GI tract. Its known actions
include stimulation of SI chloride secretion as well as effects on
smooth-muscle contractility, inhibition of acid secretion, and vasodilatory effects, which explain most features of the clinical syndrome.
In adults, 80–90% of VIPomas are pancreatic in location, with
the rest due to VIP-secreting pheochromocytomas, intestinal carcinoids, and rarely ganglioneuromas. These tumors are usually
solitary, 50–75% are in the pancreatic tail, and 37–68% have hepatic
metastases at diagnosis. In children <10 years old, the syndrome is
usually due to ganglioneuromas or ganglioblastomas and is less often
malignant (10%).
Diagnosis The diagnosis requires the demonstration of an elevated
plasma VIP level and the presence of large-volume diarrhea. A stool
volume <700 mL/d is proposed to exclude the diagnosis of VIPoma.
When the patient fasts, a number of diseases can be excluded that can
cause marked diarrhea because the high volume of diarrhea is not
sustained during the fast. Other diseases that can produce a secretory
large-volume diarrhea include gastrinomas, chronic laxative abuse,
carcinoid syndrome, systemic mastocytosis, rarely medullary thyroid
cancer, diabetic diarrhea, sprue, and AIDS. Among these conditions,
only VIPomas caused a marked increase in plasma VIP. Chronic
surreptitious use of laxatives/diuretics can be particularly difficult to
detect clinically. Hence, in a patient with unexplained chronic diarrhea, screens for laxatives should be performed; they will detect many,
but not all, laxative abusers. Elevated plasma levels of VIP should not
be the only basis of the diagnosis of VIPomas because they can occur
with some diarrheal states including inflammatory bowel disease, post
small bowel resection, and radiation enteritis. Furthermore, nesidioblastosis can mimic VIPomas by causing elevated plasma VIP levels,
diarrhea, and even false-positive location in the pancreatic region on
somatostatin receptor scintigraphy.
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The most important initial treatment in these patients is to correct
their dehydration, hypokalemia, and electrolyte losses with fluid
and electrolyte replacement. These patients may require 5 L/d of
fluid and >350 mEq/d of potassium. Because 37–68% of adults
with VIPomas have metastatic disease in the liver at presentation, a

2/9/15 6:05 PM

