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Introduction

Gastric acid hypersecretory states increase the risk for peptic ulcer disease (PUD), 

gastroesophageal reflux disease (GERD) and gastrointestinal bleeding, and increase the 

morbidity and mortality related to these conditions. Gastrin is a key hormone that regulates 

gastric acid secretion; hypergastrinemia is an important diagnostic indicator of the level of 

gastric acid secretion. This review will provide an understanding of the clinical approaches 

to managing patients suspected of having gastric acid hypersecretory states and an approach 

to the differential diagnosis to better recognize the different disease states (Figure 1). 

Treatment options for treating gastric acid hypersecretion are discussed.

Physiology of Gastric Acid Secretion

Gastric acid secretion by parietal cells occurs in the fundus of the stomach, and is intricately 

regulated by various neuronal (vagal), paracrine (histamine, somatostatin) and hormonal 

factors (Fig 2). Gastric acid secretion can be divided into a cephalic and gastric phase. The 

former occurs before the entry of food into the digestive system and is mediated by the 

central and peripheral nervous systems.1 During the cephalic phase, vagal efferents release 

acetylcholine, which acts on M3 muscarinic receptors that are expressed on parietal cells, 

resulting in increased acid secretion. Neural activation of pituitary adenylate cyclase 

activating polypeptide (PACAP) results in histamine release from the enterochromaffin-like 
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(ECL) cells by activity at its specific receptor, PAC1.1 The release of histamine from the 

ECL cell activates the histamine H2 receptor expressed on the parietal cells. The gastric 

phase of gastric acid secretion occurs with the entry of nutrients into the gastrointestinal 

tract. Gastrin, released by antral G cells, is triggered by a protein meal and stimulates acid 

secretion via two mechanisms. Its major action indirectly causes acid secretion through 

binding to cholecystokinin-2 (CCK-2) receptors expressed on ECL cells, which in turn 

secrete histamine.1 Circulating gastrin may also bind to CCK-2 receptors on the basolateral 

membrane of parietal cells to promote acid secretion.

Gastric acid secretion is also under control of negative feedback mechanisms to maintain 

gastric acid homeostasis. When the intraluminal gastric pH drops, inhibitory feedback 

occurs through the release of somatostatin from the gastric D cells. Somatostatin acts in a 

paracrine manner to inhibit parietal cell secretion directly and indirectly through inhibiting 

both histamine and gastrin release. Vasoactive intestinal polypeptide (VIP) has a negative 

feedback inhibition of somatostatin release from D cells and may account for the 

hypergastrinemia associated with gastrointestinal dysmotility.2

Following activation by various secretagogues, the parietal cell undergoes multiple 

transformations to initiate secretion of HCl into the lumen. Tubulovesicles containing the 

H+/K+-ATPase (the proton pumps) are translocated to the apical membrane and fuse with 

the canalicular surface of the parietal cell.1 This allows for a 1:1 ATP-driven exchange of 

intracellular hydrogen ions for luminal potassium ions. At resting state, these acid-secreting 

pumps lie inactive within the cytoplasmic tubulovesicles. Recruitment of the proton pumps 

for activation on the secretory canaliculi is thought to be gastrin-driven and histamine-

dependent.1 Secretagogues such as histamine and PACAP that generate intracellular cAMP 

are also important in the recycling of pumps and in the synthesis of new proton pumps in the 

Golgi apparatus.3

Hypergastrinemia—The fasting serum gastrin concentration in a healthy individual 

should be under 100 pg/ml. Following ingestion of a protein-containing meal, the serum 

gastrin increases from the basal level to a maximal level within approximately 20 minutes. 

In conditions such as atrophic gastritis, hypergastrinemia is expected in the setting of 

hypochlorhydria or achlorhydria due to lack of negative feedback on the release of gastrin. 

Hypergastrinemia is also associated with gastric outlet obstruction or gastric dysmotility 

states.2 Numerous medical conditions result in elevation of the serum gastrin level. 

Hypergastrinemia in the presence of an acidic intragastric pH suggests an inappropriate 

response that requires further investigation. There may exist other pathways that regulate G 

cell gastrin release that have yet to be described.

Zollinger-Ellison syndrome (ZES)—ZES was described in the 1950s by two surgeons: 

Drs. Zollinger and Ellison. In their surgical series, they discovered a subgroup of patients 

with recurrent peptic ulcer disease that was caused by overproduction of gastric acid. With 

the discovery of the gastrin radioimmunoassay test it was later shown that this syndrome 

was caused by overproduction of gastrin by a gastrin-producing neuroendocrine tumor 

(gastrinoma). ZES is a rare condition in which the tumor causing gastric acid hypersecretion 

is usually localized to the pancreas or duodenum. Significantly elevated serum gastrin levels 
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(>1000 pg/ml) in the absence of achlorhydria is specific for the diagnosis of ZES. Although 

most gastrinomas occur sporadically, 25-30% of ZES cases are associated with multiple 

endocrine neoplasia type 1 (MEN-1) – an autosomal dominant familial syndrome.4 A 

subgroup of patients with MEN-1 also have hypercalcemia due to a parathyroid tumor that 

secretes parathyroid hormone (PTH). Elevated serum calcium concentrations may also 

stimulate gastric acid hypersecretion; thus the management of patients with ZES and MEN-1 

may require higher doses of proton pump inhibitors (PPIs).5 Complications of unopposed 

gastrin release include severe and/or refractory peptic ulcer disease that is mainly localized 

to the post-bulbar regions of the duodenum, development of esophagitis or duodeno-

jejunitis, and diarrhea.6 Although the exact reason for post-bulbar ulcers is unknown, one 

explanation may be the occurrence of hypertrophic, heterotopic gastric mucosa in the 

proximal duodenal bulb. Gastrin, acting as a growth factor for the oxyntic mucosa, is in line 

with the theory that gastrin has trophic effects on ECL and parietal cells.7 The expansion of 

the parietal cell mass results in increased basal and maximal acid output (BAO and MAO, 

respectively), which can lead to significant morbidity and mortality from ulcer-associated 

bleeding and perforation. Although surgical removal of a gastrinoma in patients with 

sporadic ZES may be the best option for a curative result, the initial management should be 

focused on the control of gastric acid secretion with PPIs, as is discussed later.

Retained Gastric Antrum Syndrome—Recurrent peptic ulcers following gastrectomy 

are rare unless there are common identifiable causes including incomplete vagotomy or 

NSAID use. Retention of the gastric antrum within the duodenal stump following gastric 

surgery, such as a Billroth II gastrectomy, can cause virulent ulcer recurrence. This results 

because the retained gastric antrum is not in communication with inhibitory pathways (e.g. 

VIP) that would be normally present when the antrum is contiguous with the gastric body.8 

In addition, the isolated antrum is exposed to the neutral or alkaline environment of the 

duodenum thus promoting acid formation. The BAO and MAO are elevated as in ZES, 

although the increase in baseline serum gastrin is moderate in comparison (usually < 1000 

pg/ml).8 99mTc scanning is the imaging modality of choice when suspecting the diagnosis of 

retained antrum; management includes antral resection and vagotomy.

Gastric Outlet Obstruction—Gastric outlet obstruction secondary to mechanical or 

functional etiologies causes antral distension, which induces neural activation of parietal 

cells through vagal release of acetylcholine. Affected patients will typically have 

hypergastrinemia. Therefore, the differential diagnosis of hypergastrinemia includes gastric 

outlet obstruction and gastric emptying disorders. VIP may play an important role in this 

process as recently described.2 In patients with chronic obstruction, ECL and parietal cell 

hyperplasia occurs through gastrin-mediated trophism. Coupled with dysmotility and gastric 

content stasis, breakdown of the mucosal protective barriers occurs leading to ulceration.9 

The mechanism underlying the hypergastrinemia in these conditions deserves further 

exploration.

Heliobacter pylori Infection—Patients infected with H. pylori may have 

hypergastrinemia, which may return to normal baseline levels following eradication. 

Multiple mechanisms have been proposed to explain the relationship between this gastric 
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bacterium and its manipulation of the gastric milieu. It is important to understand that H. 

pylori can colonize different areas of the stomach. Most infections involve the antrum; 

therefore, not surprisingly, both G and D cells are probably involved in the pathogenesis of 

hypergastrinemia. Mechanisms include H. pylori urease production causing urea hydrolysis 

and alkalization around G cells, diminished D cell density and somatostatin release 

secondary to surrounding inflammation or cytokine activation of G cells.10 Atrophic gastritis 

through direct damage of parietal cells by H. pylori occurs when the gastric corpus is 

heavily colonized.11 In addition, H. pylori may induce autoantibodies preventing activation 

of proton pumps within the parietal cells thus promoting negative feedback from 

hypochlorhydria. The reflux of bile and/or pancreatic juice may predispose individuals with 

antral-predominant H. pylori infection to develop gastric mucosal metaplasia. Thus, 

eradication of this organism is warranted in susceptible individuals.

Chronic Renal Failure—Patients with chronic renal failure or those undergoing dialysis 

will typically have an elevated serum gastrin.12 In experimental models, Ohning and co-

workers demonstrated that gastrin mediates the increase in gastric cell growth in a rat model 

of hypertension and uremia.13 In this same rat model, uremia results in H+ back-diffusion in 

the stomach resulting in a reduction in the gastric mucus layer protection and a lower 

transmural potential difference, which may account for the greater mucosal injury in chronic 

renal failure.14 Gastrin is cleared by the kidney. In the absence of normal renal clearance, 

hypergastrinemia is commonly identified. Although the pathophysiological mechanisms are 

unknown, patients normally have asymptomatic peptic ulceration with a higher likelihood of 

post-bulbar bleeding as well as multiple ulcerations.15 Perhaps the mechanism is similar to 

that seen with ZES.

Idiopathic Gastric Acid Hypersecretion—Subgroups of patients with PUD have 

gastric acid hypersecretion despite having normal serum gastrin levels and the absence of a 

gastrinoma; they are described as having idiopathic gastric acid hypersecretion. By 

definition, these patients likely have a BAO >10-15 mEq/hr and a normal fasting serum 

gastrin level. In one study, Collen and Jensen compared 124 patients with idiopathic gastric 

acid hypersecretion to 137 patient with ZES and showed that the mean serum gastrin was 60 

pg/ml compared to 3679 pg/ml, respectively, despite similar gastric acid output.16 Some of 

these patients may present with diarrhea or be misdiagnosed with inflammatory bowel 

disease.17 In one study, the authors reported an association between idiopathic gastric acid 

hypersecretion with MUTYH-associated colonic polyposis.18

Pharmacophysiology of Proton Pump Inhibitors

The ultimate step in gastric acid secretion is movement of the tubulovesciular proton pumps 

from the cytoplasm to the canalicular space. Recognition of this final step underlies the 

development of PPIs to target H+/K+-ATPase.1,3 PPIs are benzimidazole compounds 

delivered with some form of enteric coating. Inactive PPI molecules are released into the 

pH-optimal environment of the duodenum. The plasma half-life of PPIs is usually around 

one hour although the duration of acid suppression may be up to 48 hours due to covalent 

binding to proton pumps. The pKa of PPIs ranges from 3.8 to 4.9, enabling accumulation of 

the prodrug within the acidic space of the parietal cell canaliculi following diffusion across 
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the basal membrane.2 The first step of metabolism is acid-dependent conversion of the 

accumulated prodrug to its activated species, which is dependent on parietal cell activation 

by a peptone meal and the secretagogues described above. The sulphenic acid active form of 

the PPI then covalently binds extracellularly to the proton pump resulting in irreversible 

inhibition of gastric acid secretion across the parietal cell membrane (Fig. 2).1,3 PPIs only 

inhibit around 70% of proton pumps with oral dosing since not all pumps are active at any 

one time, and around 25% of pumps are synthesized de novo every 24 hours.

The timing of PPI ingestion to around the time of maximal activation of the parietal cell is 

critically important to optimize its pharmacodynamic effect of inhibiting gastric acid 

secretion. Assuming normal gastric emptying, this should be approximately 30-45 minutes 

before ingestion of a protein-containing meal. This enables the inactive PPI molecules to be 

absorbed from the duodenum while the protein meal stimulates gastrin release from the G 

cells.

In order to resume acid secretion, the parietal cell must translocate de novo cytoplasmic 

pumps into the secretory canaliculus or reduce the disulfide bond between pump and PPI. 

Studies by Metz et al show that pump reactivation is dependent on an individual's parietal 

cell mass, with mean pump recovery time in healthy individuals of 37.1 (range 6.7 to 75) 

hours.1 Therefore, patients with increased acid secretory capability or higher MAO may not 

require rapid re-activation to maintain gastric homeostasis. The presumed irreversible 

binding of PPIs has also undergone reconsideration. Rodent studies performed in vitro have 

demonstrated discordance between half-life of pump gene transcription time (54 hours) and 

recovery of ATPase activity (15 hours), entertaining the possibility of disulfide bond 

reduction and pump recirculation.

Clinical Presentation of Hypersecretion—PUD is diagnosed in approximately 

500,000 patients per year in the United States. Most common presentations for symptomatic 

ulcers are dyspepsia with occasional epigastric pain (74%), nausea (23%) and emesis 

(20%).1,3 On endoscopic evaluation for GERD, an average 46% of patients had peptic 

ulcerations. 25% of patients with PUD will experience significant ulcer-related 

complications, with increased likelihood in older patients and with NSAID use.5 The most 

common cause of surgical intervention and death is upper gastrointestinal bleeding which 

may be the first manifestation in patients with silent ulcers. Pyloric channel ulcers and 

recurrent duodenal ulcers can cause gastric outlet obstruction.

Chronic acid exposure of the esophagus can predispose to erosive esophagitis, strictures, and 

Barrett's esophagus – with possible progression to esophageal adenocarcinoma. Esophageal 

disease is present in up to 40% of ZES patients, although studies have shown equivalent 

lower esophageal sphincter pressures and esophageal motility as healthy patients.6,7 

Therefore the exact link between hypergastrinemia and determinants of neoplastic potential 

require further investigation.

Further theoretical risks associated with hypergastrinemia include gastric carcinoids and an 

increased risk of colon adenomas, although these associations have not been substantiated. 

Gastrin, through its trophic actions on epithelia, is thought to pose some risk for the 
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development of gastric adenocarcinoma.20 Gastrin is also trophic for the colonic mucosa, 

predisposing to colorectal cancer. Pancreatic and hematological malignancies have also been 

linked to hypergastrinemia.

Diagnosis of Gastrin Hypersecretion

Serum Gastrin Concentration—Measurement of fasting gastrin has an important role in 

delineating the various causes of high gastric acid output states. Serum gastrin levels >150 

pg/ml are abnormal, and levels > 1000 pg/ml indicate a high probability of ZES. Fasting 

gastrin levels alone were non-diagnostic in two-thirds of ZES patients due to significant 

overlap with alternative upper gastrointestinal hypergastrinemic states such as atrophic 

gastritis and PUD.22

Secretin Provocation Test—In patients with non-diagnostic fasting serum gastrin levels 

in whom ZES is suspected, the secretin provocation test is used to differentiate patients with 

gastrinomas from those with alternative causes of hypergastrinemia. Secretin receptors are 

located on all gastrinomas; when secretin is infused, it provokes excessive gastrin release. 

The test is initiated by measuring baseline fasting gastrin levels, followed by rapid 

intravenous infusion of secretin (0.4 μg/ kg) and measurement of serum gastrin after 2, 5, 

and 10 minutes. An increase in serum gastrin by 200 pg/ml from baseline signifies a positive 

test and carries 83% overall accuracy for the diagnosis of ZES.22 Unfortunately, the 

availability of secretin is unreliable and alternatives to its use are required. Glucagon may be 

a possible alternative to secretin since gastrinomas also possess receptors for glucagon. It is 

administered intravenously at a dose of 20 μg/kg plus 20 μg/kg/hr for 1 hour with serial 

gastrin measurements.23

Since the validation of the secretin test was performed in the absence of antisecretory agents, 

guidelines suggest withdrawal of PPIs one week prior to secretin provocation. Abrupt 

interruption of PPIs places ZES patients at high risk of rebound acid hypersecretion from 

both tumoral hypergastrinemia and the hyperplastic parietal cell mass.22 PPI dependency 

eliminates gut defense mechanisms such as pancreatic and duodenal bicarbonate secretion; 

therefore ZES patients on PPIs cannot tolerate the high gastric acid load when PPIs are 

discontinued.22 Therefore the decision to perform the secretin test should be made 

judiciously - and especially in patients with flagrant feature of ZES who are on PPI 

treatment. Alternative diagnostic options include nasogastric tube acid aspiration tests or 

endoscopic gastric analysis (see below).

Calcium Infusion Study—Stimulation with calcium infusion causes gastrin release from 

gastrinomas, presumably mediated through calcium sensing receptors (CaSRs) on the tumor 

surface. In addition, CaSRs are expressed on antral G cells, and act to sense extracellular 

calcium and regulate gastrin release. One study compared the multiple provocative tests 

including rapid (2 mg Ca++/kg/min) versus long (5 mg Ca++/kg/3h) calcium infusion, 

secretin stimulation tests, and combination of calcium infusion immediately followed by 

secretin.22 Rapid calcium infusion followed by secretin provided the largest provocation of 

gastrin release in ZES. Although uncommon, the NIH literature has identified a 1.4% lack of 

gastrin response in ZES patients given bolus secretin, thereby identifying a population in 
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which calcium infusion is useful given the degree of clinical suspicion. Change of >395 

pg/ml from fasting gastrin or >50% from baseline is considered a positive calcium infusion 

study with sensitivity of 54-78% in diagnosing ZES.

Nasogastric tube-based Acid Aspiration Test—The conventional method to measure 

gastric acid output is through aspiration of gastric juice via a nasogastric tube during basal 

and stimulated acid secretion. The aspiration port of the nasogastric tube should lie in the 

gastric fundus, with positioning confirmed with fluoroscopy or the water recovery test in 

which 100 cc of water is instilled into the stomach and recovery of >90% by aspiration 

confirms the location within the gastric fundus. Gastric juice is continuously aspirated 

through suction of the aspiration port and is measured for volume and acidity through 

titration to pH of 7 with alkaline agents and chemical indicators. The BAO is averaged 

between four 15-minute collections in a fasting state and represents background vagal tone. 

MAO and peak acid output (PAO) are measured following administration of a gastric 

stimulant such as pentagastrin or tetragastrin, and reflect parietal cell mass. MAO totals the 

acid secretion within one hour whereas PAO reflects the two highest 15-minute collections 

multiplied by 2.25 In ZES, the BAO is normally >10 mmol/h and the MAO >30 mmol/h.

The aspiration method has been criticized for underestimating gastric acid output. The test 

involves removal of stomach acid, which in and of itself can alter measurements. In 

addition, acid is lost to gastric emptying or undergoes neutralization from alkaline 

secretions, which can falsely decrease output.25 Due to its invasive nature and patient 

discomfort; the aspiration test has decreased in favor of endoscopic options.

Endoscopic Gastric Analysis—Quantitative endoscopic gastric analysis was first 

validated in 2006 by Oh et al to diagnose high acid output states in patients with ZES. 

Multiple methods have been developed with attempts to shorten collection times with the 

initial 2 hour aspiration time with Yamaguchi et al, then the progressively shorter techniques 

with Eisenband and Wenger. Under direct endoscopic visualization developed by Oh et al, a 

single 15-minute sample of gastric juice is collected under fasting and stimulated states to 

assess for acidity and volume.26 When compared to conventional gastric aspiration tests, 

there was excellent agreement when measuring acid concentration with the acceptable 

difference of ±2.5 mEq/h. However the endoscopic method was found to overestimate acid 

volume. The authors argue the innate critique of under-measuring volume with blind 

aspiration and increased accuracy with direct visible aspirate.26 The endoscopic method has 

the advantage over nasogastric aspiration in that it permits the collection of gastric juice by 

directly observing the gastric juice and allows the endoscopist to exclude the presence of 

peptic ulcerations, especially useful in patients with ZES. This method is routinely used at 

our institution since the test is better tolerated and likely to provide more accurate results.

Qualitative endoscopic gastric evaluation involves inspection of gastric lumen acid 

production via a pH-dependent color change. Congo red dye is introduced onto the gastric 

mucosa following intravenous pentagastrin (6 μ/kg) stimulation, and the dye changes color 

from red to black or blue at pH <3. This approach helps diagnose patient with gastric 

atrophy and early gastric cancer.25
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Intragastric pH Tests—Conventional intragastric pH testing involves insertion of a pH-

measuring electrode by the nasogastric route with fluoroscopic or manometric guidance. 

Placement is essential given the variations of pH depending on stomach region, although 

optimum location is still under debate. The probe is usually placed 10 cm below the upper 

margin of the lower esophageal sphincter. However it is susceptible to movement based on 

the patient's activity or oral bolus composition. Patients may also alter their daily activities 

and diet because of probe-related discomfort.

Patient inconvenience was counteracted by the wireless Bravo ® pH monitoring system. The 

capsule, which continuously measures pH and wirelessly transmits the data via a 

radiofrequency signal, is inserted endoscopically into the gastric wall. The capsule monitors 

pH for 48 hours and is self-eliminated within 1-2 weeks. Early studies were complicated by 

premature dislodgement, which was rectified through the clipping technique developed by 

Chang and colleagues which reduced dislodgement rates by 70%.27 The Bravo® system is 

well tolerated and allows longer ambulatory pH monitoring, although is unable to quantitate 

gastric secretory volume. A new method has been recently described to measure gastric acid 

output more accurately using the SmartPill® wireless pH sensor. Accurate placement of 

sensor via nasogastric tube is confirmed through air auscultation or aspiration of 50 ml of 

instilled water. Gastric acid output is calculated based on the rate of acidification of an 

Ensure Plus® meal from pH of 5 to 2, therefore enabling the measurement of gastric 

emptying time and maximal acid output. The values from the SmartPill® sensor were 

validated against conventional evaluations.28

Serum VIP levels—Recent studies demonstrated a >5 fold increase in gastrin gene 

expression and serum gastrin levels in a murine VIP−/− model suggesting that VIP plays an 

important role in downregulating gastrin secretion. Future studies are required to validate 

measured VIP levels as a diagnostic tool for hypergastrinemia.2

Treatment of Gastrin Hypersecretion

Intravenous Proton Pump Inhibitors—Initial antisecretory therapy for patients with 

hypersecretory states consisted of H2-receptor antagonists. However management has been 

largely replaced by PPIs due to their greater antisecretory potency, blocking the final step of 

acid secretion. Although most hypersecretory patients are controlled on oral PPIs, a cohort 

of patients requires intravenous (IV) PPI treatment to reduce breakthrough acid 

hypersecretion on an oral PPI, or for perioperative transition. An initial IV bolus inactivates 

activated proton pumps, and subsequent continuous IV infusion provides a steady delivery 

of drug to inactive newly synthesized pumps. In a multi-center study, Metz and colleagues 

evaluated the appropriate IV regimen to transition ZES patients who were well-controlled on 

oral omeprazole or lansoprazole without breakthrough acid hypersecretion.29 Pantoprazole 

80 mg IV every 12 hours as a 15 minute infusion was adequate in 93% of patients to reduce 

acid output to a goal of <10 mEq/h and within the first hour of infusion. Lau et al found that 

high dose IV omeprazole (80 mg bolus followed by infusion of 8 mg/hour for 72 hours) 

significantly reduced rebleeding following endoscopic treatment of bleeding peptic ulcers.30 

IV PPIs can be used in clinical scenarios when oral formulations are unpredictable or 

delivery through nasogastric tube is not available.
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Oral Proton Pump Inhibitors—Over 70% of ZES patients (even after curative surgical 

resection), and those with idiopathic gastric acid hypersecretory conditions, will require life-

long acid suppressive therapy (Tables 1, 2). Numerous studies have demonstrated the 

efficacy of PPIs in hypersecretory conditions; consequently, these are the agents of choice to 

control hyperchlorhydria.

Omeprazole delayed-release capsules were studied in 136 patients with ZES with and 

without concomitant familial endocrinopathies. Doses ranging from 20 mg every other day 

to 360 mg daily suppressed BAO to <10 mEq/h in patients without prior gastric surgery and 

<5 mEq/h in those post-resection. In a prospective nine year trial by Metz et al, maintenance 

therapy with omeprazole 60 mg once- or twice-daily effectively controlled gastric acid 

hypersecretion while being well tolerated and without the apparent development of 

tachyphylaxis.31 The same author in a separate study argued for dose reduction down to 20 

mg once- or twice-daily as sufficient for maintaining the goal acid output.30 Therefore, long 

term dose reduction should be attempted with close monitoring, especially in patients with 

non-resectable gastrinomas, for breakthrough symptoms.

A prospective study by Hirschowitz and colleagues followed 49 patients with and without 

ZES to study the long-term effects of oral lansoprazole. Starting at 60 mg/day, doses were 

titrated individually to the target BAO <5 mmol/h in healthy individuals and < 1 mmol/h (as 

opposed to the more customary 10 mmol/h), in post-antrectomy patients.33 On lansoprazole, 

70% of patients were stable without relapse of symptoms through a nine year period; among 

those who became symptomatic, 90% were not associated with endoscopic evidence of 

hypersecretion. Post-antrectomy ZES patients had a 3.6-fold higher rate of relapse than non-

operated patients suggesting that acid suppression in these patients is innately difficult to 

control.33 Lansoprazole was well tolerated for prolonged periods, although some studies 

show rebound hypergastrinemia at higher levels than prior to PPI initiation.31

The first study to examine the efficacy of esomeprazole in hypersecretory states was 

performed by Metz et al in both ZES and idiopathic hypergastrinemic patients. Adequate 

control of acid secretion was achieved on esomeprazole 40 mg twice daily to 80 mg three 

times daily.34 Depressed acid output was maintained in >90% of patients, with lack of 

erosive mucosa seen on yearly endoscopy. Esomeprazole was well tolerated in all 21 

patients in the study, although there was evidence of significant hypomagnesemia in one 

patient.

Initial studies with oral pantoprazole showed that a dose of 40 mg per day was adequate in 

maintaining acid secretion <10 mmol/hour in normal individuals stimulated by pentagastrin. 

Extrapolation to hypergastrinemia states including ZES and idiopathic hypersecretion found 

that oral pantoprazole 40-80 mg every 12 hours suppressed acid output and was well 

tolerated over a study period of three years (Tables 1, 2). MEN-1 patients and those who had 

had gastric acid reduction surgery were included in the study, and required higher doses of 

PPI therapy to control gastric acid hypersecretion. In addition, dosage requirements 

remained stable following one year of therapy.35 This differs from reports on omeprazole 

and lansoprazole in which periodic measurement of gastric acid output was performed to 

adjust dosing.
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Rabeprazole was studied in twelve individuals with idiopathic hypersecretion or ZES. At a 

dose of 20-120 mg per day, rabeprazole adequately inhibited gastric acid secretion with 

resolution of symptoms in patients with acid-peptic disease.36

Surgical Approaches—The ideal treatment of ZES is resection of the gastrinoma, 

although more than one half of patients present with non-curable disease. Roughly 20-30% 

of patients present with metastatic disease to lymph nodes or the liver, while another 

20-25% have associated MEN-1 for which aggressive surgery remains controversial The 

current thinking is that all ZES patients without MEN-1 or metastatic disease should 

undergo surgical exploration for possible cure.37

The current standard for surgical approach for sporadic ZES is the Billroth II gastrectomy. 

Billroth II reconstruction involves anastomosis of the gastric remnant to the jejunum leaving 

loss of duodenal continuity. Careful palpation of the pancreas and duodenum is performed to 

survey for nodules. Typical adverse reactions include alkaline reflux gastritis, dumping 

syndrome, and the retained antrum syndrome.

Vagotomy transects direct cholinergic stimulation of gastric acid secretion, therefore 

decreasing the stimulus for antral gastrin. In one study, parietal cell vagotomy resulted in 

75% decrease of BAO; however, only 9% of patients were able to remain off antisecretory 

agents.38 There remains controversy regarding truncal versus highly selective vagotomy. 

The anterior and posterior vagal nerves are isolated in the truncal procedure, and ligated at 

the proximal and distal end with removal of the interval nerves. Complications of this 

technique include marked alteration of gastric motility causing delayed emptying. Highly 

selective vagotomy blocks the vagal stimulation to the corpus alone, sparing the antrum and 

pylorus therefore preserving antral peristalsis.39

There is relative lack of information regarding management of pregnant patients with ZES. 

In a small study by Steward and colleagues, five pregnant women underwent either surgical 

or medical management of acid secretion. If patients were diagnosed with non-metastatic 

ZES prior to contraception, curative resection with parietal cell vagotomy obviated the need 

for acid suppressive therapy. However if resection was not a viable option or if metastatic 

disease was present then ranitidine or, for uncontrolled acid secretion, omeprazole was 

adequate.39
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Opinion Statement

Hypersecretory conditions affecting the stomach account for significant morbidity and 

mortality and manifest in some cases with peptic ulcer, gastrointestinal hemorrhage 

and/or gastroesophageal reflux disease (GERD). The diagnosis of gastric acid 

hypersecretory states can be challenging and relies on the use of quantitative assays to 

measure gastric acid secretion and serum gastrin. The most common etiology for 

hypergastrinemia is the use of potent gastric acid inhibitors such as the proton pump 

inhibitors. The differential diagnosis of this condition is of critical importance, which will 

dictate management decisions. Conditions such as atrophic gastritis are relatively benign 

and can lead to hypergastrinemia without the presence of gastric acid hypersecretion. 

Zollinger Ellison syndrome, on the other hand, causes hypergastrinemia with profound 

gastric acid hypersecretion. More common causes of hypergastrinemia include gastric 

outlet obstruction, ileus and chronic renal failure. In most cases, proton pump inhibitors 

will be used to manage the condition. In some instances, surgical therapy may be 

required. This chapter will review the important clinical causes of gastric acid 

hypersecretion and provide insights to the best medical management options to better 

care for patients with these disorders.
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Figure 1. 
Diagnostic Algorithm if Gastric Acid Hypersecretion Suspected
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Figure 2. 
Physiology of Gastric Acid Secretion
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Table 1

FDA recommendations and Pharmacokinetics of PPIs

PPI Brand Name FDA-Approved Doses in 
Hypergastrinemic 
Hypersecretory States

IV Doses in 
Hypergastrinemic 
States

Bioavailability (%) Time to 
peak 
Conc 
(hours)

Half-life (hours)

Omeprazole Prilosec 60 mg PO daily (starting 
dose)
* Up to 120 mg PO TID 
has been administered

30-40 0.5–3.5 0.5–3.0

Lansoprazole Prevacid 60 mg PO daily
* Up to 180 mg PO daily 
has been administered

80 1.5–3.0 0.5–2.5

Esomeprazole Nexium 40 mg PO BID
* Up to 240 mg per day 
has been administered

80 mg IV BID 64-90 1.5–2.0 1.0–2.5

Pantoprazole Protonix 40 mg PO BID or 80 mg 
IV BID for 7-10d
* Up to 240 mg per day 
has been administered

40 mg IV BID 77 2.0–2.5 1.0

Rabeprazole Aciphex 60 mg PO daily
* Up to 100 mg daily or 60 
mg PO BID have been 
administered

52 2.0–5.0 1.0–2.0

Conc = concentration.
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Table 2

Recommended Dosing Schedules of PPIs - Pharmacokinetic Properties

PPI Dosing With Meals Food Effect

Omeprazole (20mg) Before eating Not available

Lansoprazole (30,60mg) With or without food 12-55% increase in Cmax and 9-37% increase in AUC

Esomeprazole (40mg) At least 1 hour before eating 33-50% decrease in AUC after food intake compared to fasting conditions

Pantoprazole (40mg) With or without food Absorption may be delayed up to 2 hours or longer with food Cmax and AUC not 
altered

Rabeprazole (20mg) With or without food Absorption may be delayed up to 4 hours or longer when administered with a high 
fat meal. Tmax is variable, Cmax and AUC not altered

Cmax = Maximum plasma concentration; Tmax = Time to reach maximum concentration
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