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Despite the increasing awareness of gastrinoma and its lethal
peptic ulcer sequelae, the diagnosis is often initially missed or
made as a terminal event. The authors screened all patients
with peptic ulcer symptoms serious enough to warrant hospital
admissioi2 or those associated with diarrhea, nephrolithiasis,
hypercalcemia, or pituitary abnormality. In a one-year period
(1979-1980) nine (of 14 suspected) new gastrinoma patients
were identified using a sensitive and specific gastrin radioim-
munoassay in combination with provocative tests including IV
secretin, calcium, and food. Conventional upper GI series, CAT
scan, arteriography, and endoscopy provided no additional in-
formation other than to confirm the presence of ulcer disease.
Basal plasma gastrin levels were more than 200 pmol L' in
only three of the nine (normal fasting plasma gastrin levels are
less than 25 pmol L-'). Three patients presented with acute
ulcer perforation, and the diagnosis of gastrinoma was sus-
pected because of multiple ulcers and pancreatic masses. In
three other patients, previous duodenal ulcer surgery had
failed. One patient with dyspepsia, high basal plasma gastrin,
negative secretin and calcium infusion studies, and a positive
meal test was diagnosed as having G-cell hyperplasia; this was
confirmed by biopsy and antral gastrin extraction. Antrectomy
alone resulted in cure. In all patients tested, a positive calciumn
infusion or secretin bolus (greater than 100% rise over basal)
strongly suggested the diagnosis of gastrinoma, which was con-
firmed at surgery. In the acute perforations, initial management
with omental patch and cimetidine therapy allowed survival of
two patients, while emergency total gastrectomy in the third
resulted in death due to esophagojejunal leak. Elective patients
were treated with cimetidine initially for at least two weeks
before total gastrectomy. In this group there were no operative
mortalities, and postoperative morbidity was minimal. This
series illustrates three important points: (1) careful screening
of an ulcer population using gastrin radioimmunoassay and
provocative tests has enabled a high yield of gastrinomas while
conventional investigations are of minimal value; (2) a high
index of suspicion in appropriate cases is necessary; and (3)
total gastrectomy performed under elective circumstances is
safe and allows the patieftts to resume a normal and healthy
life without the sequelae of aggressive peptic ulceration or daily
drug administration.
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THERE HAS BEEN a considerable evolution in the man-
agement of gastrinomas since the original descrip-

tion of the Zollinger-Ellison syndrome in 1955. ,2
Whereas the original concept had been to remove the
pancreas and the stomach, more current views suggest
that total gastrectomy alone is more effective.3-5 More
conservative opinions, based on marginal evidehce, have
advocated lesser procedures such as truncal or parietal
cell vagotomy.6'7 The use of long-term maintenance ci-
metidine has also received serious consideration, al-
though insufficient data are available at present to define
which patients will be most amenable to this therapy.8

Although early reports in the literature all described
cases of fulminant ulcer diatheses and associated major
sequelae, it his become apparent in recent times that
the clinical manifestations of gastrinoma may be quite
subtle.5'9 The reason for this may well be a purely tem-
poral phenomenon, although experience suggests that
some gastrinomas are de facto less aggressive in their
clinical course. It has been suggested that plasma gastrin
levels or the percentage of specific circulating compo-
nents may be of use in the prediction of the severity of
the disease.'0

It was felt that it would be of some clinical relevance
and considerable interest to evaluate patients with peptic
ulcer symptomatology in an effort to find patients early
in the course of this syndrome. Since the authors had
recently established a gastrin radioimmunoassay re-
search laboratory in a geographic area that had previ-
ously not had this facility, the opportunity to screen a
virgin population was ideal.

This report outlines the authors' experience in the
early diagnosis of gastrinoma in a general urban pop-
ulation over the course of a one-year period (1979-
1980). It emphasizes that by the employment of appro-
priate clinical criteria and the availability of an accurate
and sensitive radioimmunoassay, impressive numbers
of Zollinger-Ellison patients may be detected in a stan-
dard population group. Further, it suggests that the time
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course ofthis disease often may be delayed and that with
a high index ofsuspicion early cases can be detected and
treated before the catastrophic sequelae ofthe fulminant
disease are apparent. The relatively short postoperative
follow-up period supports the contention that in patients
with a gastrinoma a total gastrectomy is a safe and ex-
tremely well-tolerated procedure that allows a survival
period not characterized by the severe weight loss and
unpleasant digestive sequelae that often are associated
with similar treatment for carcinoma of the stomach.

Methods

A number of criteria were used to select patients who
were to be screened. All patients with a peptic ulcer
complication or symptomatology serious enough to war-
rant admission to Downstate Medical Center and its
affiliated hospitals were included in this study. Recur-
rence of peptic ulcer or the association of diarrhea, hy-
percalcemia, nephrolithiasis, pituitary abnormalities, or
gastric hypersecretion were also used as criteria. Over
a one-year period, 48 patients who fell into one of more
of these categories were studied.

Each individual had fasting plasma drawn on three
separate occasions for basal gastrin estimation. The up-
per limit of normal in the gastrin assay is 25 pmol L'.
Using this as a cut-off point, the authors were able to
identify 14 patients with basal hypergastrinemia. A pro-
tocol study including secretin, meal, and calcium prov-
ocation tests was then undertaken in sequential order
on separate days with at least 24 hours between each
test. Patients were fasted for 12 hours before each study
(Fig. 1).
The method of the secretin provocation study was as

follows: secretin, 2U/Kg (Karolinska GIH), was admin-
istered as an IV bolus and blood drawn at one, three,
five, ten, 20, and 30 minutes from an indwelling venous
catheter. The secretin test was considered positive if the
peak gastrin levels attained were 100% over basal values
or increased by more than 50 pmol L' (Fig. 2).
A calcium infusion study was undertaken as the sec-

ond test. Calcium gluconate (4 mg Ca Kg-lhr-') was
infused continuously IV over three hours, and peripheral
venous blood sampled at 15-minute intervals. The cal-
cium test was interpreted as positive if the peak gastrin
levels were 100% increased over basal (Fig. 3).
The meal provocation consisted of a standard test

meal (carbohydrate 65 gm; protein 20 gm; fat 28 gm)
ingested over ten minutes. Blood was drawn at ten-min-
ute intervals over a two-hour period. In the authors'
experience a gastrin increment of at least 50 pmol/L
represents a normal meal response (Fig. 4).

All plasma samples were stored at -20 C until assayed
for gastrin. The gastrin radioimmunoassay utilized in
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FIG. 1. If basal gastrin levels were elevated (>25 fmol ml-'), provoc-
ative tests (secretin, calcium meal) were undertaken followed by to-
pographical investigation and the appropriate treatment.

this laboratory uses a C-terminal gastrin specific anti-
body that recognizes all molecular forms of gastrin on
an equimolar basis. The ID 50 for the assay is 1.5 pmol
L-', and there is no cross reactivity with any other
known peptide. Results are expressed in terms of a stan-
dard of pure natural human nonsulfated little gastrin
(HG 17-1) in pmol L-'. Exact details of this assay have
been published elsewhere." All provocative test samples
were measured in duplicate in one assay to avoid inter-
assay variation.
Once a patient had been biochemically diagnosed as

having a gastrinoma on the basis of the provocation
tests, topographic localization studies were undertaken.
These included upper gastrointestinal radiology, selec-
tive pancreatic angiography, computer assisted tomo-
graphic scanning, and endoscopy. Thereafter, the deci-
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FIG. 2. The secretin provocation test indicated an insignificant plasma
gastrin response in 12 normal controls and no alteration in the basal
hypergastrinemia of G-cell hyperfunction. In a gastrinoma patient a

significant elevation of plasma gastrin was evident.
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FIG. 3. Calcium infusion released no gastrin in 12 normal controls
and did not alter the basal hypergastrinemia of the G-cell hyperfunc-
tion patient. In a gastrinoma patient a sustained steady increase of
plasma gastrin occurred throughout the course ofthe calcium infusion.

sion was made as to whether the condition should be
surgically managed. In those patients with a diagnosis
of gastrinoma, surgical treatment was preceded by at
least two weeks treatment with cimetidine to facilitate
the operative management of the peptic ulcer. All pa-
tients underwent a transabdominal total gastrectomy
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FIG. 4. The meal provocation test resulted in a significant increase of
plasma gastrin in normal controls while the basal hypergastrinemia
of a gastrinoma was not altered. The plasma gastrin response of the
patient with G-cell hyperfunction was markedly accentuated.

with Roux-en-Y anastomosis, except one who under-
went an antrectomy for antral G-cell hyperplasia.

Results
Of 48 patients initially screened, only 14 were found

to have basal hypergastrinemia. Fasting plasma gastrin
in these patients ranged from 60 pmol L-' to 742 pmol
L-'. Of this group four patients were found to have a
normal gastrin meal response and no response to IV
secretin or calcium challenge. The authors interpreted
these data to exclude the diagnosis ofgastrinoma in these
four individuals. Careful investigation revealed no cause
for this nonstimulatable basal hypergastrinemia (range
78-118 pmol L-'; mean 76 ± 14 pmol L-'). Only eight
gastrinoma patients were fully tested since one died dur-
ing emergency operation. Six of the eight had a positive
secretin test and five, a positive calcium provocation
study. In all the gastrinoma patients tested, meal pro-
vocation studies were normal (Fig. 5).

L.N. had basal hypergastrinemia (62 ± 11 pmol L-')
but did not respond to secretin or calcium. Meal prov-
ocation, however, was markedly abnormal and an en-
doscopic antral biopsy revealed a significantly elevated
level of immunoreactive antral gastrin (normal: 2204
± 231 pmol gm-'; LN: 14,302 pmol gm-') (Fig. 6).

Eight ofthe gastrinoma patients were male, and seven
were less than 35 years ofage. Three had previous peptic
ulcer surgery, and six presented with complications of
peptic ulcer disease. Two patients presented with diar-
rhea as their chief complaint in addition to dyspepsia,
and two patients had hypercalcemia due to parathyroid
disease and were identified as multiple endocrine neo-
plasia type 1 kindred. LN was identified as a patient
with a G-cell hyperplasia and underwent antrectomy
(Bilroth 1 anastomosis without vagotomy); she has since
been free of dyspepsia. All of the nine patients with
Zollinger-Ellison syndrome underwent a total gastrec-
tomy. One (PM) had an acute perforation and hemor-
rhage necessitating emergency operation at which time
a total gastrectomy was undertaken. He died four days
later from complications related to a leak of the esoph-
agojejunal anastomosis. The eight patients who were
electively operated upon each received at least two weeks
cimetidine therapy (400 mg g.i.d.) and thereupon un-
derwent total gastrectomy with Roux-en-Y anastomosis.
All had overt pancreatic masses, and four had evidence
of diffuse metastatic disease throughout the liver and
peritoneal cavity. No pancreatic biopsy was undertaken
at surgery since in thF authors' experience this has only
added to the morbidity and has provided no additional
information. In the series of eight elective total gastrec-
tomies, there were no deaths, but one patient had an
esophagojejunal anastomotic leak that rapidly sealed
and did not delay oral alimentation. He subsequently
developed mild stenosis that resolved with one dilation.
At most recent follow-up, all eight are in good health,
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eating a normal diet, and none have significant post-
prandial symptomatology. Five of the eight patients
have increased their preoperative weight by greater than
10%, and only one man (ET) with documented metas-
tases has suffered significant weight loss.

Discussion
Almost 350,000 patients with the primary diagnosis

of peptic ulcer were hospitalized in the U.S. in 1977. Of
these, 140,000 had operations, about 19,000 had per-
forations, about 100,000 had bleeding, and in total, al-
most 6,000 died.'2 It is thus evident that the morbidity
and mortality of peptic ulcer disease are not insignifi-
cant. Accurate information as to the exact incidence of
gastrinoma patients in the general population is not
available, although Rehfeld has estimated the incidence
at one patient per year per million of the population.'3

This report documents the authors' experience over
a one-year period at a University Medical Center that
previously had no special interest or ability to screen
patients with gastrointestinal complaints to diagnose the
Zollinger-Ellison syndrome. We would emphasize that
a high index of suspicion coupled with the availability
of facilties to investigate these patients is mandatory to
establish the diagnosis. For this reason, the authors de-
veloped a set of criteria that has enabled clinicians not
entirely familiar with the manifestations of gastrinoma
to be aware of the different settings in which such pa-
tients might present.

Seven of the patients were less than 35 years of age
and had symptoms for less than two years, a far shorter
history and younger age group than generally reported.
This finding would support previous suggestions that
many of these tumors are slow growing and have been
present for some time before diagnosis.5 The data ofthe
Z-E tumor registry described a symptomatic period of
greater than five years in 20% of patients.'4"5 Although
early diagnosis and total gastrectomy have not clearly
been shown to affect tumor growth, there is little doubt
that it will prevent the fateful sequelae of acute ulcer
complications.'6"'7"8 The follow-up period is not long
enough to derive a firm conclusion regarding long-term
survival based on early operation. However, it is the
authors' current experience that these patients have
done far better without the pain, bleeding, and malab-
sorptive sequelae of their acid hypersecretion. A recent
report by Thompson further supports this observation.5

Since there are a number of different causes of hy-
pergastrinemia, it is important to have access to a sen-
sitive and specific gastrin radioimmunoassay. The mea-
surement of gastric acid secretion is useful but some-
times difficult to evaluate accurately in patients with
previous gastric surgery. '9 Early diagnosis of the Zollin-
ger-Ellison syndrome may fail if assay sensitivity is low,
and a number of cases with only marginally elevated
basal values of plasma gastrin may be ignored if appro-
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FIG. 5. The measurement and assessment of plasma gastrin levels in
the 48 patients who met the criteria for investigation. Four had basal
hypergastrinemia of unexplained origin, since both calcium and se-
cretin tests were negative and the meal response was within normal
limits. One patient died after emergency surgery and was not fully
tested.

priate provocative testing is not available.20 The secretin
test is particularly useful, since it is sensitive and specific,
assuming pure secretin (Karolinska-GIH) is used. In
addition, it is comfortable for the patient and can be
completed within 45 minutes.202' Other authors have
also supported the continued use of secretin in the di-
agnosis of gastrinoma, although a number of false neg-
atives have been reported.3 Whether this represents the
use of inactive secretin or identifies a subgroup of non-
stimulatable gastrinomas has not been clearly resolved.
The calcium infusion test appears to be almost as reliable
but takes far longer, and the patients often have some
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FIG. 6. The G-cell hyperplasia patient exhibited a negative secretin
test (-- A) and a negative calcium infusion test (-- *). The pre-
operative meal response (-- *) was markedly accentuated. After op-
eration (O -0) the basal gastrin level was significantly reduced, and
there was only a marginal gastrin response to a test meal.
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discomfort in the form of parasthesiae and twitching
during the study. However, the major advantage is that
calcium gluconate is far cheaper and more readily avail-
able than secretin.2' The meal test is useful, since it is
easily carried out and provides useful supportive data
in addition to the calcium and secretin studies. Our
Z-E patients did not have significant meal-induced re-
lease of gastrin. This probably reflects either the nature
of autonomous peptide secretion by the tumor or sug-
gests that luminal stimulatory mechanisms for gastrin
release are either nonfunctional or at maximum capacity
in this condition. The meal test is, however, useful in
establishing the cause of hypergastrinemia in the rare
condition of antral G-cell hyperfunction. In this poorly
understood situation, hypergastrinemia is apparently
related to massive over-production of gastrin by the an-
trum. The meal-stimulated gastrin release is enormously
exaggerated, yet both the secretin and calcium tests are
negative. The pathogenesis of this clinical entity is not
clearly understood but immunofluorescent histochem-
istry and gastrin extraction have reported both increased
gastrin .concentrations and elevated number of gastrin-
containing cells in the antrum.22 Simple antrectomy has
been reported to be sufficient in the management ofsuch
patients and resulted in rapid amelioration ofthe symp-
toms; furthermore, postoperative basal plasma gastrin
levels returned to normal, and there was no plasma gas-
trin response to ingested food.

All the patients with basal hypergastrinemia were in-
tensively studied. This process enabled the authors to
detect nine gastrinomas in 48 tested patients over a pe-
riod of one year. At this time, it may not prove to be
either cost- or time-effective to undertake testing of all
patients with upper gastrointestinal symptoms. It is
probable, however, that there is a period in the genesis
of this disease that basal gastrin levels may be normal,
yet stimulation with calcium or secretin might unmask
a tumor. The identification of patients at this stage of
the disease process represents an unresolved problem.
Once tumors were functionally diagnosed, a number

of topographical studies were utilized in an attempt to
formally localize them. Upper gastrointestinal radiology,
ultrasonography, and endoscopic retrograde cholan-
giography (two patients) provided no further informa-
tion. Selective pancreatic angiography identified tumors
in three patients, all ofwhom had late stage disease with
hepatic metastases. Computerized axial tomography did
not clearly delineate the gastrinoma except in the three
patients with advanced disease. The authors performed
percutaneous transhepatic portal venous sampling in
three patients but did not derive any further information
than was already available by angiography and CAT
scan. This method has, however, been reported to be of
considerable use in the identification of multiple or co-
vert tumors and, thus, facilitate appropriate surgical re-
section. '9

The subject of the ideal surgical management of gas-
trinoma is controversial and revolves around the ques-
tion of whether pancreatectomy might remove the tu-
mor completely or whether eradication of the disease
is impossible and surgery should be directed at alleviat-
ing the consequences of acid overproduction. In a sig-
nificant percentage of patients the tumor may not be
identifiable either by investigation or at operation. Un-
der such circumstances a blind pancreatectomy would
be a dubious method of potentially removing a gastrin-
producing lesion. Furthermore, in over 50% of the pa-
tients with an identifiable tumor, further tumors are
often covert both to the eye or the exploring hand be-
cause of the multicentric or metastatic nature of the
disease within the pancreas. Since at least 60% of gas-
trinomas are malignant and more than halfhave hepatic
metastases at the time of diagnosis, the advantages of
pancreatic resection appear marginal. The combination
of a failed pancreatic resection followed by a total gas-
trectomy has been reported by Fox and colleagues to
result in disastrous nutritional consequences.'5 In a de-
tailed analysis of the 800 patients in the ZES tumor
registry, those with tumors in the head and body of the
gland treated with pancreatectomy or pancreaticoduo-
denectomy did extremely poorly because of either mul-
tiplicity of tumors, recurrence ofthe disease, or the high
perioperative mortality. Although it has been argued
that single lesions of the tail of the pancreas might be
best treated by surgical excision, experience had indi-
cated that this is rarely the case. Isolated reports of suc-
cessful excision of duodenal wall tumors exist, but the
incidence of solitary lesions in the duodenum is low
since many of these patients have multicentric concom-
itant pancreatic lesions. Thus, true cure resulting from
tumor excision is theoretically impossible in at least 80%
of patients.6 However, isolated reports of the removal
ofsolitary pancreatic benign gastrinomas with long-term
cure do exist. In general, the main thrust of treatment
in all cases should be aimed at preventing the compli-
cations of the disease process. An analysis of 571 gas-
trinoma patients showed that 70% ofthem survived five
years after total gastrectomy. Conversely, only 42% who
had anything less than a total gastrectomy survived five
years.'5 Although total gastrectomy does not prevent
tumor growth or delay metastatic spread, the reduction
in ulcer complications and their related morbidity and
mortality provides more than sufficient rationale for
advocating this procedure. In an analysis of 296 deaths
of patients with gastrinomas, 37% were caused by ulcer
problems and 26% caused by postoperative complica-
tions. Thus, removal of all acid-secreting mucosa abol-
ishes the ulcer-related deaths and in experienced hands
under appropriate conditions, the mortality for elective
total gastrectomy at this time should not be more than
2% to 3%.

Long-term medication or palliative procedures such
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as vagotomy have their proponents, but no substantial
data has yet emerged to enable a firm decision to be
made to change the definitive treatment. It is evident
from this study that total gastrectomy is a safe procedure
in patients with gastrinoma. The addition of an appro-
priate length Roux-en-Y anastomosis avoids the se-
quelae of reflux biliary esophagitis and results in mini-
mal postoperative problems. Many of these tumors, al-
though metastatic, are slow growing and the patients do
not have the rapid downhill course so often associated
with total gastrectomy for carcinoma of the stomach.
Thus, the unfavorable nutritional sequelae so often iden-
tified with total gastrectomy do not appear to apply to
patients with gastrinoma who undergo total gastrec-
tomy. Previous adverse reports of the effect of total gas-
trectomy23 presumably reflect a comparison of two dif-
ferent disease processes and have been inappropriately
used to cast aspersions upon this procedure as the op-
eration of choice in patients with gastrinoma.
One patient who underwent total gastrectomy as an

emergency procedure developed a major anastomotic
leak and perished. This experience further reinforces the
authors' conviction that at least two weeks preoperative
therapy with cimetidine is necessary to reduce inflam-
mation and edema, thereby facilitating ideal resection
and anastomosis. If emergency surgery for bleeding or
perforation is unavoidable, the safest and most expe-
ditious procedure should be undertaken, usually total
gastrectomy with catheter duodenostomy and esopha-
geal closure with proximal intubation. In addition, the
patient should be placed on intravenous hyperalimen-
tation. In the authors' experience including one patient
in this series, lesser surgical procedures have failed to
protect the gastrinoma patient from further complica-
tions. Only when the patient is stabilized and the phys-
ical condition optimal should elective esophagojejunos-
tomy be undertaken.
The authors have briefly detailed their experience in

the identification ofgastrinoma tumors from a standard
group of patients with gastrointestinal disease. The use
of appropriate screening criteria and a formal protocol
for the evaluation of hypergastrinemia has permitted the
diagnosis and management ofa number ofpatients prior
to the onset ofthe catastrophic consequences ofthe long-
term unrecognized disease process. The development of
sophisticated and sensitive radioimmunoassays for gas-
trin has further allowed the authors to differentiate nor-
mal patients from those with hypergastrinemia oftumor
and nontumor origin. Screening criteria has been adapted
to enable careful investigation of individuals who might
be harboring this specific ulcer diathesis. Total gastrec-
tomy has proved to be a safe and reliable method of
treatment when undertaken electively; it is extremely
well tolerated by patients suffering from the Zollinger-
Ellison syndrome. Emphasis on the early identification

of patients with gastrinoma at this time provides the
most reasonable basis for ideal long-term management
and survival.
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