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Hosptial records and follow-up information on 92 patients with
surgically proven Zollinger-Ellison syndrome have been re-
viewed, and data relating to symptomatology, age and sex in-
cidence, pathologic findings, and early and late results of sur-
gical procedures have been summarized. The postoperative
mortality rate was 15%, and was adversely affected by previous
peptic ulcer surgery, by the necessity of urgent operation for
complications of peptic ulcer, and by employment of a proce-
dure that failed to control acid secretion. Thirteen patients were
found to have primary gastrinomas of the duodenum and an
additional 13 patients had islet cell hyperplasia without evi-
dence of frank neoplasm; prognosis in these two groups appears
to be particularly favorable. Despite the current availability of
effective nonoperative measures for control of gastric hyperse-
cretion, surgical exploration is warranted in all patients to de-
termine location and extent of tumor and to attempt to control
the ulcer diathesis by resection of tumor. Long-term therapy
with H2 receptor antagonists is advised for patients whose hy-
persecretory state has not been alleviated by tumor resection
or whose gastrinoma cannot be removed. Total gastrectomy is
still indicated in patients whose tumors are not amenable to
resection and who are resistant to, or cannot follow, a rigid
medical regimen.

IT HAS NOW BEEN more than a quarter of a century
since the description by Zollinger and Ellison' of the

syndrome which bears their names. Early in that period,
total gastrectomy became the procedure of choice in
the treatment of nearly all patients, and the long-term
results of total gastrectomy have become the standard
by which other forms of therapy must be measured.
The development of the H2 receptor antagonists, how-
ever, and the recognition that these potent antisecretory
drugs can effectively inhibit gastric secretion in patients
with Zollinger-Ellison Syndrome (ZES)2,3 have fostered
new, promising approaches to the therapy of this com-
plex and potentially lethal condition.4

In order to assess the effectiveness of new modes of
therapy it is essential that an accurate appraisal of the
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natural history of the syndrome and the results of cur-
rent therapy be made. Unfortunately, the study of ZES
is made difficult by its relative rarity, a circumstance
which has made it necessary to rely on data from rel-
atively small series of patients, from individual case
reports, and from collected groups of patients amassed
from many different centers. Because we have been for-
tunate in being able to study a considerable number of
patients in one institution it seemed desirable to review
our experience with these patients in an attempt to char-
acterize various aspects of the disease and to evaluate
the results of surgical therapy.

Methods

From 1960 to 1976, the diagnosis of ZES was made
in 92 patients who were evaluated at Hopital Bichat
and were then treated surgically. The diagnosis was
made by a combination of clinical and laboratory cri-
teria and was confirmed at operation by the finding of
islet cell tumors (79 patients) or islet cell hyperplasia
(13 patients). The majority of patients in this series
underwent surgical therapy at Hopital Bichat but ap-
proximately one-third were seen for diagnostic evalu-
ation only, surgical therapy being undertaken at other
hospitals. An attempt was made to follow all of the
patients at least yearly, including those operated on at
other hospitals; follow-up studies, when possible, were
carried out in the Gastroenterology Department at Bi-
chat and, in other instances, by correspondence with
the patient or his physician. Initial assessment and rou-
tine follow-up consisted of clinical evaluation, serum
gastrin, and one-hour basal gastric analysis in those
patients in whom total gastrectomy had not been per-
formed. Other studies, such as x-rays and secretin chal-
lenge were done when indicated. In the early years of
the study, bioassay was used to document hypergastri-
nemia5 but more recently (beginning in 1971) gastrin
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levels have been determined by radioimmunoassay ac-

cording to the method of Yalow and Berson.6
In 1979 the records of all patients were reviewed and

pertinent data were tabulated. Information regarding
initial assessment, operative findings, operation per-

formed and the early results of surgery was available
on all 92 patients. Eighty patients had been operated
on five or more years previously and, of these, 14 were

lost to follow-up. A five-or-more-year follow-up is thus
available on 66 patients with ZES followed in a single
institution.

Results

Initial Evaluation

The age and sex distribution are seen in Figure 1.

The male:female ratio was 2:1 and the peak incidence
was in the fifth decade; two patients were younger than
twenty years and only one was older than 69 years.

Principal modes of clinical presentation are listed in
Table 1. It can be seen that the vast majority of patients
presented with manifestations of peptic ulcer disease.
In 26 of the 39 patients with primary peptic ulcer the
ulcer was in an atypical location; seven patients were

operated on emergently because of complications of
primary ulcers and eight were operated on for compli-
cations of recurrent ulcer after previous peptic ulcer
surgery. Seventeen patients had diarrhea as the prin-
cipal manifestation (an additional 44 had diarrhea ac-

companying ulcer distress). In patients the diagnosis

was made on investigation of patients with MEA- syn-

drome whose predominant symptoms were related to
endocrine disease other than gastrinoma, most often
hyperparathyroidism. A total of 19 MEA-1 patients
was found to have endocrine lesions including adreno-
cortical, thyroid, pituitary and d cell islet tumors. Basal
secretion was measured in 43 patients who had not had
previous ulcer surgery and in 22 patients who had had
previous gastric operations; 81% of the former group

secreted in excess of 15 mEq HCI per hour and 73%
of the latter group secreted in excess of 5 mEq HCI per

hour. Fasting serum gastrin determination was carried
out in 34 patients and was found to be higher than
normal (100 pg/ml) in all but six.

Operations, Findings and Early Results
Total gastrectomy was performed in virtually all of

the patients operated on at Hopital Bichat, but a few

TABLE 1. Predominant Clinical Manifestations at Time of
Diagnosis in 92 Patients with Zollinger-Ellison Syndrome

Number of
Patients

Primary peptic ulcer 39
Recurrent peptic ulcer after

previous operation(s) 24
Diarrhea 17
Manifestations of MEA-1 other

than ulcer of diarrhea 11
Abdominal mass and cachexia I

TOTAL 92
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TABLE 2. Pathologic Findings at Operation in 92 Patients with
Zollinger-Ellison Syndrome

Without With
Primary Lesions Metastases Metastases

Pancreatic tumor 31 23
Duodenal tumor 8 5
Gastric tumor 1
Islet cell hyperplasia 13
Unknown 11

Total 52 40

patients underwent other procedures such as resection
of tumor alone. When no tumor was found after careful
exploration, a generous resection of the tail of the pan-
creas was carried out in addition to total gastrectomy
so that histologic evaluation of the pancreas could be
made. Operations performed at other hospitals were
more varied. In all, total gastrectomy was carried out
in 57 patients and other ulcer operations such as sub-
total gastrectomy were done in 21; these resections were
accompanied by biopsy or resection of tumor. A variety
of nongastric procedures was utilized in varying cir-
cumstances in the remaining 14 patients.
The findings at operation are given in Table 2. Fifty-

four patients had obvious pancreatic tumor, and me-
tastases were present in 23 of these. Thirteen duodenal
tumors were identified, five of which were associated
with obvious metastases. Thirteen patients with no

grossly visible tumor had histologic proof of islet cell
hyperplasia. Eleven patients were found to have me-
tastases without a discoverable primary neoplasm and
one patient had a primary gastric tumor with metas-
tases.

There were 14 postoperative deaths (15%). After
elective total gastrectomy there were no deaths among
patients who had not had previous ulcer operations, but
four deaths among those who had; total gastrectomy
undertaken urgently for complications of peptic ulcer
was followed by death in four instances. Operations
other than total gastrectomy were followed by death in
three cases when the operation was elective and three
cases when it was emergent; four of these deaths came
as a direct result of poor choice of procedure, for they
were caused by complications arising from persistent,
severe ulcer diathesis in the immediate postoperative
period.

Long-term Results

For the 66 patients followed for five years the ab-
solute overall survival rate was 45.5%. When actuarial
methods were used to project yearly survival the five-
year survival for the entire group was 57% and at ten
years the figure was 50% (Fig. 2). The absolute five-
year survival rate among the patients treated by total
gastrectomy was 47.6%, among those treated by other
gastric operations it was 35.7%, and among those having

Probability

100
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FIG. 2. Actuarial estimate
of survival up to 11.5 years
among 92 patients with Zol-
linger-Ellison Syndrome.
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TABLE 3. Preoperative Serum Gastrin Level (pg/ml), Latest Postoperative Gastrin Levels, Operative Procedures and Follow-up
in 13 Patients with Primary Duodenal Gastrinoma

Gastrin Level

Preoperative Postoperative Operative Procedure Alive Dead

1 Excision, part. gast.* 14 yr (late total gastrectomy)
2 Total gast.* 1 yr
3 Excision, total gast. 4 yr (suicide)
4 Excision, part. gast. 7 yr (ulcer)
5 Excision, total gast. 11 yr
6 Excision, total gast. 10 yr
7 305 25 (1 yr) Excision, total gast. 2 yr
8 65 (1½ yr) Excision, part. gast.* 6 yr (late total gast.)
9 595 2400 (4 yr) Excision, total gast.* 4 yr
10 345 42 (2 yr) Excision, total gast. 2 yr
11 400 80 (2 yr) Excision 2 yr
12 340 75 (3 yr) Excision 3 yr
13 260 82 (1 yr) Excision 1 yr

* Cases in which involved nodes were removed. Cases 1 and 8 had total gastrectomy 11 yrs, and ½h yr. after original operation.

nongastric procedures it was 50%. Of the 27 deaths
known to have occurred after the immediate postop-
erative period, 19 were related to tumor extension by
local or metastatic spread, three were due to the ravages

of recurrent peptic ulcer in patients who had not had
total gastrectomy, and one was caused by a hypercal-
cemic crisis (see below); the remainder were caused by
conditions other than ZES (suicide in two and cirrhosis
in two). Three categories of patients (those with duo-
denal tumor, those without demonstrable tumor but
with islet cell hyperplasia, and those in whom a curative
attempt at surgical extirpation of neoplasm had been
made) have been analyzed separately to evaluate prog-

nosis in these particular groups.

Thirteen patients had identifiable duodenal primary
tumors and were treated by excision of all recognizable
tumor (Table 3); in the earlier years, tumor excision
was accompanied by gastrectomy but in the most recent
three patients, whose secretion was controllable with
cimetidine, gastrectomy was not performed. Excision
of the primary tumor was accomplished in all but one

patient and one or more lymph nodes were removed in
four patients. Preoperative gastrin levels are available
in six patients who have had postoperative gastrin de-
termination done from one to four years after operation;
the single patient with the four-year follow-up had nei-
ther an early nor a late fall in the serum gastrin level
but the other five patients had early postoperative de-
clines to normal levels which have been sustained from
one to three years. All three patients treated in the early
years with less than a total gastrectomy developed re-

current ulceration. One patient underwent a total gas-
trectomy 11 years after the initial procedure, at which
time liver metastases were found and the serum gastrin
level was 1000 pg/ml; three years later, the serum gas-

trin level was 100 pg/ml and the patient was well. The
second patient died of a perforated ulcer seven years

after operation. The third patient underwent a total
gastrectomy for recurrence just six months after op-

eration, was found to have liver metastases, and was

known to be well five years later. There was one death
from suicide. Thus, in the entire group of 13 patients,
there was one death from ZES and 11 patients were

found to be well from one to 14 years (mean: 5 years)
after initial diagnosis and therapy.

In 13 patients treated by total gastrectomy no tumor
was found and pathologic examination of the resected
tail of the pancreas revealed islet cell hyperplasia. All
of these patients had the classic stigmata of ZES in-
cluding excessively high levels of secretion and elevated
levels of gastrin determined either by bioassay or by
radioimmunoassay. Four patients had had one previous
operation for peptic ulcer and five patients had had two
or more previous ulcer operations. All three patients in
whom immunoassayable gastrin was determined four,
seven and eight years after operation had elevated basal
serum gastrin levels, and an additional patient (the only
one to have had a postoperative secretin challenge) had
a rise in the serum gastrin level in response to intra-
venous secretin. Among these 13 patients there was only
one early postoperative death and one death from cir-
rhosis with bleeding esophageal varices two years after
total gastrectomy. The mean follow-up period of the
remaining 11 patients is close to seven years (1-15
years) and all were well at last follow-up examination.
Twenty patients with nonduodenal neoplasms had

attempted complete removal of the primary tumor and

any metastases that were present. These operations in-

cluded pancreaticoduodenectomies and various lesser

procedures ranging from excision of a small pancreatic
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nodule to resection of the body and tail of the pancreas.

Tumor resection alone was performed in seven patients
and an accompanying gastrectomy was performed in
13 (total gastrectomy in ten). The two patients in the
former group who died in the postoperative period had
rapidly recurrent peptic ulcer disease. An additional
two patients required total gastrectomy for recurrence

and one of these died of complications after operation.
Three patients were alive and well at four, four and 11

years after initial operation, respectively. Among the
13 patients subjected to gastrectomy as well as to tumor

resection there were three postoperative deaths, two of
which occurred in patients who had pancreaticoduo-
denectomy. Of the four late deaths, three were caused
by tumor extension and one was caused by hypercal-
cemic crisis in a patient with MEA-1 syndrome. The
latter patient had had unsuccessful neck exploration
and was found at autopsy examination to have a me-

diastinal parathyroid adenoma but no residual pan-

creatic tumor. Six patients in this group are known to
have survived from two to 12 years.

Discussion

The age and sex distribution, presenting symptoms,
laboratory data and survival figures are not greatly dif-
ferent from those found in other large groups of patients
with ZES.7-9 As noticed by others, not all patients were

found to have excessively high levels of serum gastrin
and, indeed, in six of our patients the values were well
within normal limits. In patients with normal basal gas-

trin the clinical characteristics of ZES as well as an

excessively high rate of basal secretion (found in vir-
tually all of our patients) should prompt the clinician
to seek preoperative confirmation of the diagnosis of
ZES through the use of provocative tests with secretin
and/or calcium.9",0

Examination of the postoperative deaths in this series
suggests that total gastrectomy is associated with a

higher risk when undertaken in patients with previous
gastric operations and in patients being operated on for
acute hemorrhage or perforation. Four of the six deaths
that occurred after lesser gastric procedures came as

a direct result of the complications of rapidly recurrent
peptic disease and these procedures were clearly ill-ad-
vised. Now that effective antisecretory agents such as

the H2 receptor antagonists are available, however, it
is likely that such procedures can be undertaken in se-

lected cases without incurring added risk, particularly
if sensitivity to these agents has been determined pre-
operatively.
The relatively favorable prognosis of patients with

gastrinomas of the duodenum has been noted by Ob-
erhelman. " Though this was not found in the Zollinger-
Ellison tumor registry series,'2 it is certainly confirmed
in the present series. Of particular interest is the return

to normal of the serum gastrin level after excision of
tumor in five of the six patients in whom these mea-

surements were done. These figures allow cautious op-

timism in regard to patients with primary lesions of the
duodenum, and we feel that further trial of tumor re-

section without gastrectomy is warranted in patients
who have been shown to respond favorably to therapy
with H2 receptor antagonists.'3 Because of the very slow
rate of progression of many of these tumors, only a very

long follow-up will provide unequivocal evidence of
cure, but these relatively short-term results clearly sug-

gest the desirability of continuing to attempt cure by
excision. The patient in this group who was found to
have liver metastases at the time of total gastrectomy
and then had a decrease in serum gastrin level is of
interest in light of Friesen's suggestion that gastrectomy
may lead to regression of metastatic disease;'4"5 how-
ever, laparotomy would be needed to verify tumor
regression and, in any case, spontaneous regression can-

not be ruled-out.
Another group with favorable prognosis appears to

be those patients in whom only islet cell hyperplasia
was found without gross evidence of neoplasm. Among
these 13 patients, there have been only two deaths, and
11 patients were alive from one to 15 years after op-

eration. Whether the cause of ZES can be attributed
to islet cell hyperplasia alone'6 or whether such hyper-
plasia is simply another manifestation of the syndrome
in patients with a hidden islet cell tumor'7 is not certain
and cannot be settled by the data herein reported. It
is possible that these patients had one or more small
islet cell tumors not discovered at operation and only
a thorough autopsy examination of such patients after
years of follow-up could settle this question. Neverthe-
less, it is clear that patients who have no discoverable
neoplasm have a strong likelihood of surviving for long
periods of time.
The group of 20 patients in whom an attempt was

made to resect pancreatic tumors with or without lymph
node metastases is too small and disparate to allow any
definite conclusion as to the efficacy of attempted cu-

rative resection of nonduodenal primary tumors. Long-
term survival was not better (in fact was worse) than
for the entire group of 92 patients. However, the fact
that nine patients were alive at last follow-up and that
six of these had survived for six, ten, ten, 11, 12 and
12 years, respectivley, suggests that curative resection
may be of benefit when it can be done without adding
appreciably to the operative risk. Four patients in this

group had pancreaticoduodenectomy, two of whom died

of postoperative complications, and we would not rec-

ommend such radical procedures in attempting to cure

a neoplasm which often pursues an indolent course.

Almost all of the patients in our series were operated
on before the advent of successful medical therapy for
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ZES. It is clear from our results and those of others
that total gastrectomy, particularly in the elective sit-
uation, can be performed with a low operative mortality
rate and that it provides the permanent and certain
protection against peptic ulceration that no other pro-
cedure can match. The introduction of H2 receptor
blocking agents, and the continuing development of
more effective ones, has opened a new era in the ther-
apeutic approach to ZES, however, and it seems likely
that total gastrectomy will not be necessary in all cases.
Richardson et al.'8 have even proposed, on the basis of
experience with three patients, that vagotomy may fa-
cilitate the efficacy of these antisecretory agents. New
approaches such as this must be considered experimen-
tal, however, until long-term follow-up in a large num-
ber of patients provides proof that they are at least as
safe and effective as is total gastrectomy. This is par-
ticularly true in view of the fact that the H2 receptor
blocking agents are not effective in every patient, that
some patients who respond favorably will later develop
resistance to the agent,'9 and that unpleasant side ef-
fects are not infrequently encountered.
The proven effectiveness of antisecretory agents in

the majority of patients with ZES cannot be denied,
however, and this makes their use an attractive supple-
ment to surgical therapy in selected cases. We believe
that drug efficacy should be assessed in all patients with
ZES and we currently prefer continuous 24-hour mon-
itoring of intragastric acidity as the most reliable
method to achieve this20; a satisfactory response is con-
sidered to be an intragastric pH above 1.5 maintained
throughout 50% or more of the 24-hour period. We
advise that all patients, both responders and nonre-
sponders, be subjected to exploratory laparotomy to
determine the location and extent of the gastrin-se-
creting neoplasm. Both primary tumor and identifiable
lymph node metastases are excised when this can be
accomplished without a radical procedure. In patients
who have responded satisfactorily to H2 receptor an-
tagonists, total gastrectomy is not done; drug therapy
is continued if the tumor has not been extirpated but,
if the tumor has been removed and the serum gastrin
level has returned to normal, antisecretory therapy is
stopped and gastric secretion as well as serum gastrin
are monitored at regular intervals. Patients who do not
have an adequate response to H2 receptor blocking
agents are subjected to total gastrectomy at the initial
operation whether or not tumor resection has been per-
formed. All patients who have not had total gastrectomy
must be followed carefully forever so that adequacy of
control of gastric secretion can be assured and so that
those who develop resistance to H2 receptor antagonists
can have total gastrectomy before peptic ulcer compli-
cations occur.

In patients who are considered possible candidates

for drug therapy as a substitute for total gastrectomy
a frank and open discussion of both alternatives and
their implications is of vital importance. It should be
clear to the patient that medical management requires
a lifetime commitment to a strict regime that includes
frequent monitoring of his gastric secretion as well as
adherence to a rigid schedule of medication. There are
patients who, for a variety of reasons, either cannot, or
do not wish to, undertake this sort of permanent regi-
men. These patients must be offered permanent and
reliable protection against the peptic ulcer diathesis of
ZES by means of total gastrectomy.
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