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ZoUinger-EUison Syndrome: Methods of Diagnosis and Tteatment
Ravi R. Sarin, MD,* Ajay K. Sangal, MD,* Timothy T. Schubert, MD,*
and Jan Rival, MD*

Until two decades ago the Zollinger-Ellison syndrome (ZES) was difficult to diagnose and stage
accurately. Total gastrectomy was ofien the ultimate treatment. Improvements in the measurement of
serum gastrin and in radiographic imaging have greatly improved the precision of diagnosis and
staging. Treatment with histamine-2 receptor antagonists and proton pump blockers have eliminated
the need for gastrectomy, and current surgical intervention is directed at cure through removal of the
localized gastrinoma. We reviewed the managemeni of eight patients with this diagnosis seen at Henry
Ford Hospital from 1983 to 1988. Time from firsl presentalion to diagnosis variedfrom two months to
ten years (mean 4.5 years) andfour patients had peptic ulcer surgery before the ZES diagnosis. A high
level of suspicion is required in order to make early diagnosis. Prior to elective peptic ulcer surgery,
aU patients should have serum gastrin assay to exclude ZES .(Henry Ford Hosp Med J1990;38:48-51)

T

he syndrome of severe, often fatal peptic ulcer disease and
marked hypersecretion of gastric acid along with a nonbeta
islet celt gastrin-secreting tumor of the pancreas was first described in 1955 in two patients by Zollinger and Ellison (1). Subsequently there have been many reports about this rare but fascinating entity.
We reviewed the cases of eight patients with the ZollingerEllison syndrome (ZES) treated at Henry Ford Hospital from
1983 to 1988. Their presentation, the evaluation that led to the
diagnosis, and management are briefly outlined.

Methods
This study was a review of documented cases of ZES admitted
to Henry Ford Hospital from 1983 to 1988. Semm gastrin was
determined by radioimmunoassay (Becton Dickinson and Co,
Orangeburg, NY). Secretin stimulation test was performed by
intravenous injection of secretin-KABI 0.2 U/kg, and blood
samples were collected at 0- and 5-minute intervals for 30 minutes. A rise in semm gastrin by 200 pg/mL or more after secretin
stimulation was considered a positive result (2,3).

fasting specimen but repeat values were normal and no stimulation or radiographic testing was done. The results from the eight
cases (five males and three females) are shown in the Table.
Mean age at first presentation was 46.8 years (range 32 to 71
years) and mean age at diagnosis of ZES was 52 years (range 37
to 71 years). The time period from first presentation to diagnosis
varied from two months to ten years (mean 4.5 years). No case
was associated with multiple endocrine neoplasia.
Seven (87.5%) patients experienced severe recurrent peptic
ulcer disease. Two of these also had significant symptoms of
gastroesophageal reflux. One patient (case 1 of the Table) had
mild dyspepsia as well as dianhea which was relieved by a histamine-2 (H-2) receptor antagonist. Five patients (cases 2, 4, 5,
6, and 8) underwent surgery for peptic ulcer, but in four of these
patients (cases 2 , 4 , 5 , and 8) the correct diagnosis was not made
until varying periods of time after the ulcer surgery.
Fasting serum gastrin concentration ranged f r o m 150 to
> 1,000 pg/mL. Only two patients (cases 2 and 7) had diagnostic elevation of > 1,000 pg/mL. Two patients (cases 5 and 6)
had moderate elevations of semm gastrin of 640 pg/mL and 645
pg/mL, respectively, tn these two cases the diagnosis was made

Results
Ten patients were labeled as having ZES. We did not include
two of these in this report because the documentation was inadequate. One case was seen at our hospital many years after a total
gastrectomy had been perfonned elsewhere for ZES. We did not
have access to the serum gastrin levels or any radiologic test results. In the other case, the gastrin tevel was elevated in a single
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Table
Characteristics of Eight Patients with the Zollinger-Ellison Syndrome
Case

Time From
Presentation lo Presenting

1
2

(52/F)
(41,'M)

3

(71/M)

2 mo

4

{34/M)

4 \r

5

(32/F)

5 .vr

6

(5 l / M )

7
8*

1 yr
10 yr

Fasting
Gastrin

Secretin

Tumor Localization

Diarthea
582
Peptic ulcer > I 0 0 0
disease
Peptic ulcer
167
disease
Peptic ulcer
430
disease
Peptic ulcer
640
di.sease

Positive
Not done

Negative
Negative

Not done
Negative

Not done
Negative

Positive

Negative

Not done

Not done

Positive

Negative

1 yr

Peptic ulcer
disease

Positive

(51/F)

7 yr

(43/M)

g yr

Pfeptic ulcer > I 0 0 0
disease
Peptic ulcer
150
disease

645

Not done

Nol done

Tumor head
of pancreas
Pancreatic Pancreatic &
& hepatic hepatic tumor
tumor
Pancreatic Pancreatic &
& hepatic hepatic tumor
tumor
Negative Negative

Not done

Negative

Not done

Not done

Not done

Negative

Negative

Negative

*This patient underwent surgery for peptic ulcer disea.se; the histology specimen proved him to havc gastrinoma in the
duodenal stump.

by computed tomography (CT) and angiographic confirmation
of tumor in the pancreas and liver. Case 6 also had a positive
secretin stimulafion test. Three patients (cases 1,3, and 4) had
modest elevation of the fasting serum gastrin concentration
(582, 167, and 430 pg/mL, respectively), and in these cases ZES
was confirmed by the positive secretin stimulation test. In one
patient (case 8) the gastrinoma was discovered in the duodenal
stump at the time of antrectomy and Bilroth II procedure for refractory duodenal ulcer.
CT of the abdomen was performed in all eight cases and angiography in five patients (cases 2, 4, 5, 6, and 7). Tumor was
demonstrated by CT in two patients (cases 5 and 6) and by angiography in three patients (cases 4, 5, and 6) (Figure). CT revealed only metastatic disease. Ultrasound examination done in

four patients (cases 2, 5, 6, and 7) was negative in all. Two patients (cases 4 and 6) underwent attempts at tumor resection. In
case 4 the tumor was localized to the pancreatic head and resection was successful. Case 6 had metastasis to tiie liver and the
tumor could not be removed. All patients cunently receive H-2
receptor antagonists (omeprazole was not available at the time of
this review). One patient with metastatic disease (case 5) was
treated experimentally with somatostatin analog.

Discussion
Three decades have passed since ZES wasfirstdescribed. The
initial diagnostic criterion, very high basal acid secretion equal
to 60% or more maximum, was indirect and had littie precision

Figure—Angiogram from case 6 showing pancreatic tumor Left; Early phase of injection; Right; tumor blush in the tate phase.
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(4). Accurate determination of semm levels of gastrin, the hormone responsible for the syndrome, especially when combined
with the secretin stimulation test has greatly simplified the diagnosis (3). In the past, total gastrectomy to eliminate the source of
excessive acid was the only effective treatment in many cases.
Administration of H-2 receptor antagonists has greatly reduced
the need for gastrectomy, and the recent use of omeprazole, a
proton pump blocker that totally inhibits acid secretion (5), has
virtually eliminated the need forthis operation. Advanced radiologic techniques, CT and angiography, have markedly improved
our ability to detect tumors which can be resected. For the diagnosis of ZES, one must demonstrate either peptic ulcer disease
or hyperchlorhydria in addition to fasting gastrin levels which
respond positively to the secretin stimulation test.
ZES often presents with recurrent peptic ulcer disease. Diarrhea occurs as an initial symptom in up to 30% of cases. One of
our eight patients presented with diarrhea. The secretin stimulation test is very sensitive in diagnosing gastrinoma, is simpler to
perform than the calcium infusion test (2,3,6,7), and is positive
even in patients who have normal or only moderately elevated
fasting gastrin concentrations (8). The secretin test was positive
in our three cases who had only modest elevation of fasting
semm gastrin. Occasionally the test is falsely positive in patients
who have hypergastrinemia secondary to achlorhydria (9,10).
The calcium stimulation test should be used only in specific situations as recommended by Fmcht and colleagues (3).
Angiography, performed selectively, is highly sensitive and
specific in localizing the tumor. Maton et al (11) selectively injected splenic, hepatic, superior mesenteric, gastroduodenal,
and dorsal pancreatic arteries in 70 consecutive patients with
ZES. They demonstrated a specificity of 94% and a sensitivity
of 68% for extrahepatic gastrinomas. The conesponding figures
for hepatic tumors were 100% and 86%, respectively. The use of
CT to localize gastrinomas was studied prospectively in 61 consecutive patients by Wank et al (12). For extrahepatic disease,
the procedure had a specificity of 95% and a sensitivity of 59%.
For metastatic hepatic disease, the conespondingfigureswere
98% and 72%, respectively. Angiography was positive in three
of five cases and CT in two of eight cases in our review. The
series is too small for meaningful statistical analysis.
The use of transhepatic selective venous sampling for preoperative localization of gastrinomas is controversial. Some
have obtained excellent results (13), but others have not, and the
procedure cannot l>e recommended for routine use (14). None of
our patients underwent this procedure.
Results of ultrasound studies compare poorly with angiography and CT (15,16). In our cases, ultrasound failed to detect gastrinoma in alt four patients so studied. In two ofthese cases, both
CT and angiography were positive.
Management of ZES has two distinctive aspects: the control
of gastric hypersecretion, and the detection and treatment of
gastrinomas. H-2 receptor antagonist therapy has greatly simplified control of gastric hypersecretion. However, two to three
times the usual doses are required, and the aim of therapy is to
reduce acid output to less than 10 mmot/L in the hour prior to the
next dose (17). Treatment has to be individualized to meet this
requirement and symptoms atone are poor indicators for assess-

50

Henry Ford Hosp Med J—Vol 38. No I , 1990

ing adequate acid control (17). If H-2 receptor antagonists fail,
administration of the proton pump inhibitor, omeprazole, has
been shown to have excellent results. In a large international
study, acid secretion was controlled in alt cases although higher
than the conventional doses were often required (5). Both H-2
receptor antagonist therapy and omeprazole have been shown to
be effective and safe for long-term use (5,18). Because gastric
hypersecretion can almost always be controlled by pharmacologic means, total gastrectomy is rarely necessary. Even
parietal celt or highly selective vagotomy, which can reduce acid
secretion in ZES by 66%, is no longer needed because of these
potent antisecretory agents (19).
Although medical therapy controls hypersecretion and ulcer
symptoms, it does not hatt tumor progression. Gastrinoma is
sporadic (ie, not associated with multiple endocrine neoplasia)
in as many as 66% of cases (20) and 60% to 80% of such tumors
are malignant (21). At present, more patients succumb to malignant disease than to the effects of hypergastrinemia. Aggressive
efforts to detect and excise all solitary tumors is obligatory. In as
many as one-third of patients with negative tumor localizafion
studies, gastrinoma can still be detected at laparotomy (22). For
this reason, even those ZES patients whose preoperative workup
for tumor is negative should undergo an exploratory laparotomy
if there is no contraindication to surgery (23).
Treatment of metastatic disease is controversial. Various
groups advocate chemotherapy, hormonal therapy, and/or
hepatic embolization. Superiority of any procedure is not clearly
established.
Administration of somatostatin analog (SMS 201-995, Sandostatin®, Sandoz Pharmaceuticals) has been reported to reduce
acid secretion significantly and to control symptoms in patients
with hepatic and extrahepatic disease (24). However, in periods
offiveto 12 months no inhibition of tumor growth has been demonstrated, especially with metastatic disease, and at present
somatostatin is recommended only as an adjunctive agent to
conventional therapy (24).
The mean time elapsed between initial presentation and diagnosis of ZES in our patients was 4.5 years (range two months to
ten years). Five patients (cases 2, 4, 5, 6, and 8) underwent surgery for peptic ulcer, and in four of these the surgery was performed prior to the diagnosis of ZES. This experience is not unusual. In a review of 25 cases of ZES, Way et al (4) reported that
most of their patients had been diagnosed after peptic ulcer
surgery.
Gastrinoma can be diagnosed with a high degree of probability if the fasting semm gastrin is more than 1,000 pg/mL. Any
patient suspected of having ZES whose fasting gastrin is less
than 1,000 pg/mL should undergo a secretin provocation test.
Calcium provocation should be done only if the secretin test is
negative in patients with persistent gastric hypersecretion. CT
and/or angiography is perfonned to localize the gastrinoma and
to assess metastases. Laparotomy is advised for patients in
whom no metastases are evident even if a localized tumor has
not been demonstrated. Gastrinoma can be identified in onethird of such cases and fully one-half ofthese are resectable. The
diagnosis of ZES should be considered in all cases prior to elective peptic ulcer surgery.
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