reason for this disorder, the mechanism is unknown. Prokinetic
agents, cholestyramine, and sucralfate have been somewhat effective treatments. Severe refractory symptoms may require using
either nuclear scanning with 99mTc-HIDA to document reflux or an
alkaline challenge test, where 0.1 N NaOH is infused into the stomach in an effort to reproduce the patient’s symptoms. Surgical diversion of pancreaticobiliary secretions away from the gastric remnant
with a Roux-en-Y gastrojejunostomy consisting of a long (50–60 cm)
Roux limb has been used in severe cases. Bilious vomiting improves,
but early satiety and bloating may persist in up to 50% of patients.

Additional complications Reflux esophagitis and a higher incidence
of gallstones and cholecystitis have been reported to patients
undergoing subtotal gastrectomy. The latter is thought to be due to
decreased gallbladder contractility associated with vagotomy and
bypass of the duodenum, leading to decreased postprandial release
of cholecystokinin.

RELATED CONDITIONS
ZOLLINGER–ELLISON SYNDROME
Severe peptic ulcer diathesis secondary to gastric acid hypersecretion due to unregulated gastrin release from a non-β cell endocrine
tumor (gastrinoma) defines the components of ZES. Initially, ZES was
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Pathophysiology Hypergastrinemia originating from an autonomous
neoplasm is the driving force responsible for the clinical manifestations in ZES. Gastrin stimulates acid secretion through gastrin receptors on parietal cells and by inducing histamine release from ECL
cells. Gastrin also has a trophic action on gastric epithelial cells. Longstanding hypergastrinemia leads to markedly increased gastric acid
secretion through both parietal cell stimulation and increased parietal
cell mass. The increased gastric acid output leads to peptic ulcer diathesis, erosive esophagitis, and diarrhea.
Tumor Distribution Although early studies suggested that the vast
majority of gastrinomas occurred within the pancreas, a significant
number of these lesions are extrapancreatic. Over 80% of these tumors
are found within the hypothetical gastrinoma triangle (confluence of
the cystic and common bile ducts superiorly, junction of the second
and third portions of the duodenum inferiorly, and junction of the
neck and body of the pancreas medially). Duodenal tumors constitute
the most common nonpancreatic lesion; between 50 and 75% of gastrinomas are found here. Duodenal tumors are smaller, slower growing,
and less likely to metastasize than pancreatic lesions. Less common
extrapancreatic sites include stomach, bones, ovaries, heart, liver, and
lymph nodes. More than 60% of tumors are considered malignant,
with up to 30–50% of patients having multiple lesions or metastatic
disease at presentation. Histologically, gastrin-producing cells appear
well-differentiated, expressing markers typically found in endocrine
neoplasms (chromogranin, neuron-specific enolase).

Peptic Ulcer Disease and Related Disorders

Gastric adenocarcinoma The incidence of adenocarcinoma in the
gastric stump is increased 15 years after resection. Some have
reported a four- to fivefold increase in gastric cancer 20–25 years after
resection. The pathogenesis is unclear but may involve alkaline reflux,
bacterial proliferation, or hypochlorhydria. The role of endoscopic
screening is not clear, and most guidelines do not support its use.

Epidemiology The incidence of ZES varies from 0.1–1% of individuals presenting with PUD. Males are more commonly affected
than females, and the majority of patients are diagnosed between
ages 30 and 50. Gastrinomas are classified into sporadic tumors (more
common) and those associated with multiple endocrine neoplasia
(MEN) type 1 (see below). The widespread availability and use of PPIs
has led to a decreased patient referral for gastrinoma evaluation, delay
in diagnosis, and an increase in false-positive diagnoses of ZES. In fact,
diagnosis may be delayed for 6 or more years after symptoms consistent with ZES are displayed.

CHAPTER 348

Maldigestion and malabsorption Weight loss can be observed in up
to 60% of patients after partial gastric resection. Patients can experience a 10% loss of body weight, which stabilizes 3 months postoperatively. A significant component of this weight reduction is due to
decreased oral intake. However, mild steatorrhea can also develop.
Reasons for maldigestion/malabsorption include decreased gastric
acid production, rapid gastric emptying, decreased food dispersion
in the stomach, reduced luminal bile concentration, reduced pancreatic secretory response to feeding, and rapid intestinal transit.
Decreased serum vitamin B12 levels can be observed after partial gastrectomy. This is usually not due to deficiency of IF, since a
minimal amount of parietal cells (source of IF) are removed during
antrectomy. Reduced vitamin B12 may be due to competition for the
vitamin by bacterial overgrowth or inability to split the vitamin from
its protein-bound source due to hypochlorhydria.
Iron-deficiency anemia may be a consequence of impaired
absorption of dietary iron in patients with a Billroth II gastrojejunostomy. Absorption of iron salts is normal in these individuals; thus, a
favorable response to oral iron supplementation can be anticipated.
Folate deficiency with concomitant anemia can also develop in
these patients. This deficiency may be secondary to decreased
absorption or diminished oral intake.
Malabsorption of vitamin D and calcium resulting in osteoporosis and osteomalacia is common after partial gastrectomy and
gastrojejunostomy (Billroth II). Osteomalacia can occur as a late
complication in up to 25% of post–partial gastrectomy patients.
Bone fractures occur twice as commonly in men after gastric surgery
as in a control population. It may take years before x-ray findings
demonstrate diminished bone density. Elevated alkaline phosphatase, reduced serum calcium, bone pain, and pathologic fractures
may be seen in patients with osteomalacia. The high incidence of
these abnormalities in this subgroup of patients justifies treating
them with vitamin D and calcium supplementation indefinitely.
Therapy is especially important in females. Copper deficiency has
also been reported in patients undergoing surgeries that bypass
the duodenum, where copper is primarily absorbed. Patients may
present with a rare syndrome that includes ataxia, myelopathy, and
peripheral neuropathy.

typified by aggressive and refractory ulceration in which total gastrec- 1927
tomy provided the only chance for enhancing survival. Today it can be
cured by surgical resection in up to 40% of patients.

Clinical Manifestations Gastric acid hypersecretion is responsible for
the signs and symptoms observed in patients with ZES. Peptic ulcer is
the most common clinical manifestation, occurring in >90% of gastrinoma patients. Initial presentation and ulcer location (duodenal bulb)
may be indistinguishable from common PUD. Clinical situations that
should create suspicion of gastrinoma are ulcers in unusual locations
(second part of the duodenum and beyond), ulcers refractory to standard medical therapy, ulcer recurrence after acid-reducing surgery,
ulcers presenting with frank complications (bleeding, obstruction, and
perforation), or ulcers in the absence of H. pylori or NSAID ingestion.
Symptoms of esophageal origin are present in up to two-thirds of
patients with ZES, with a spectrum ranging from mild esophagitis to
frank ulceration with stricture and Barrett’s mucosa.
Diarrhea, the next most common clinical manifestation, is found
in up to 50% of patients. Although diarrhea often occurs concomitantly with acid peptic disease, it may also occur independent of an
ulcer. Etiology of the diarrhea is multifactorial, resulting from marked
volume overload to the small bowel, pancreatic enzyme inactivation
by acid, and damage of the intestinal epithelial surface by acid. The
epithelial damage can lead to a mild degree of maldigestion and malabsorption of nutrients. The diarrhea may also have a secretory component due to the direct stimulatory effect of gastrin on enterocytes
or the co-secretion of additional hormones from the tumor such as
vasoactive intestinal peptide.
Gastrinomas can develop in the presence of MEN 1 syndrome
(Chaps. 113 and 408) in ~25% of patients. This autosomal dominant
disorder involves primarily three organ sites: the parathyroid glands
(80–90%), pancreas (40–80%), and pituitary gland (30–60%). The
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