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Curative Resection in Zollinger-Ellison Syndrome

Results ofa J0-Year Prospective Study

JEFFREY A. NORTON, M.D.,* JOHN L. DOPPMAN, M.D.,t and ROBERT T. JENSEN, M.D.t

Since 1980, 73 patients with Zollinger-Ellison syndrome (ZES)
without radiographic evidence of liver metastases were studied
on a prospective protocol including medical management of gas-
tric acid hypersecretion, extensive radiographic tumor localiza-
tion, and exploratory surgery to find and resect gastrinoma for
potential cure. Each patient had gastric acid hypersecretion ef-
fectively controlled with either H2-blockers or omeprazole. Pa-
tients were divided prospectively into two groups, with all patients
undergoing the same preoperative localization studies and ex-
tensive laparotomy. In contrast to group 1 (1980-1986) (36 pa-
tients), group 2 (1987-Oct. 1990) (37 patients) also underwent
additional procedures (transillumination and duodenotomy) at
surgery to find duodenal gastrinomas. Preoperative imaging
studies localized tumor in 38 (52%) patients, and portal venous
sampling for gastrin determinations was positive in 49 (67%)
patients. Gastrinomas were found and resected in 57 (78%) pa-
tients. Significantly more gastrinomas (92% of patients) were
found in group 2 than in group 1 patients (64%) (p < 0.01). This
increase was due to increased numbers of duodenal gastrinomas
in group 2 than in group 1 patients (43% versus 11%; p < 0.01).
The increased ability to find duodenal gastrinomas did not sig-
nificantly improve the immediate disease-free rate, which was
58% for all patients. Duodenal primary gastrinomas were found
to have a significantly greater incidence of metastases (55%) and
a significantly shorter disease-free interval (12 months) than
pancreatic gastrinomas (22% and 84 months, respectively) sug-
gesting that duodenal gastrinomas may be more malignant and
not more frequently curable than pancreatic gastrinomas. Op-
erations were performed with no deaths and 11% morbidity rate.
Long-term follow-up showed that 50% of patients initially ren-
dered disease free would develop recurrent disease by 5 years.
Survival was excellent for all patients, and none died of malignant
spread of the tumor or uncontrolled peptic ulcer disease, with a
mean follow-up of 5 years. This finding is in contrast to patients
who presented with metastatic disease on imaging studies and
had a 20% 5-year survival rate. This study suggests that all
patients with localized sporadic ZES can have the gastric acid
hypersecretion managed medically, that overall survival of these
patients is excellent, most (78%) can have all gastrinoma found
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and resected, and some (30%) will be cured (long-term disease-
free survival).

T n HE ZOLLINGER-ELLISON SYNDROME as originally
described was clinically characterized by severe
peptic ulcer disease associated with profound

gastric acid hypersecretion in the presence of a non-beta
islet cell tumor of the pancreas,' which now is known to
be secondary to ectopic release of gastrin by the tumor.
Since its original description, it has been apparent that
all patients have two fundamental aspects of their disease
that must be managed: the profound gastric acid hyperse-
cretion and the malignant nature of the gastrinoma.2I"

Initially, attention was primarily directed at controlling
the life-threatening gastric acid hypersecretion, which, if
left improperly treated, led to perforation and hemor-
rhage. 3'4 For many years, total gastrectomy was the only
effective treatment for the gastric acid hypersecretion be-
cause resection of the gastrinoma was almost always not
successful." 3'4'8 In the last few years, however, with the
availability of progressively more potent gastric antise-
cretory agents, medical control of gastric hypersecretion
has become increasingly more effective.5" 1-'7 With the
recent availability of H+-K+-ATPase inhibitors such as
omeprazole, gastric hypersecretion can now be controlled
in all patients, and it is recommended that total gastrec-
tomy currently be used only in the rare patient who can
not or will not take oral antisecretory drugs.','5'-8

In contrast to the control of the gastric acid hyperse-
cretion, where great progress has been made and there is
general agreement in the treatment approach, the ap-
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proach to the gastrinoma remains unclear and contro-
versial.9"0"8 Because gastrinomas, unlike insulinomas, but
similar to glucagonomas, VIPomas, somatostatinomas,
PPomas, or GRFomas, are malignant in 60% to 90% of
patients in older studies3,34"1119,20 most authorities agree
that effective surgical treatment needs to be devel-
oped.6'7'9"12122 This view is reinforced by the fact that
60% of all patients in long-term studies in which acid
hypersecretion is controlled died ofthe malignant nature
of the disease,2'3'23 demonstrating that it will become the
main determinant of long-term survival. Many physicians
still have reservations about sending these patients for
routine surgical exploration, however, because of varied
surgical results. Authorities have varied from recom-
mending routine surgical exploration to recommending
that routine surgical exploration not be done.59"0"18'22'2430
The primary reason for this difference of opinion in
approach to the gastrinoma is that surgical cure rates have
varied from 5% to 35% in different series2,5 6,7-11,22,2428,30,31
and even up to 82% in a recent study,29 and the results
have been limited in various studies because ofa number
of features. First, even in recent series because of the un-
commonness of the disease the number of patients in the
series is small and the studies often are not prospective
in nature. Second, the follow-up is often short, and pro-
vocative tests are not routinely done to assess true long-
term disease-free survival. Third, often the most advanced
imaging studies as well as other, newer localization studies
are not performed, so that it is not apparent whether a
better cure rate could have been obtained with state-of-
the-art localization studies. Fourth, in almost all older
series, a significant percentage of patients had total gas-
trectomy, in contrast to the present, where it is now rarely
needed. Because gastrinomas in some recent studies in
up to 40% of cases are duodenal in location' 1,21"29'32 and
would frequently be removed by chance with the resected
gastroduodenal segment, the true cure rate without such
blind resection, which is not done today, is not established.
The aim of the present study was to address each of

the inconsistencies reviewed above and to attempt to de-
fine the ability to localize gastrinomas and surgically cure
patients with Zollinger-Ellison syndrome. This was ac-
complished by a 10-year prospective study examining the
ability to surgically cure 73 consecutive patients with Zol-
linger-Ellison syndrome who had no evidence of the
multiple endocrine neoplasia type 1 syndrome or meta-
static disease by imaging studies.

Materials and Methods

Since 1980, 121 consecutive patients were referred to
our institution with a diagnosis of Zollinger-Ellison syn-
drome and studied according to an approved protocol.

The diagnosis ofZollinger-Ellison syndrome was initially
confirmed in each patient by measuring fasting serum
gastrin concentration, the increment in serum gastrin level
in response to 2 U/kg of a bolus injection of intravenous
(I.V.) secretin and an I.V. calcium infusion (5 mg/kg/
hour calcium X 3 hours) and the basal and pentagastrin-
stimulated maximal acid output as previously de-
scribed.' 1,32-35
The diagnosis of Zollinger-Ellison syndrome was con-

firmed if at least two of the following three criteria were
present: elevated fasting serum gastrin level > 100 pg/
mL, basal acid output greater than 15 mEq/hour if the
patient had had no previous gastric surgery, or greater
than 5 mEq/hour ifthe patient had had prior gastric sur-
gery, and an increase in serum gastrin level of200 pg/mL
after the I.V administration of secretin, or 395 pg/mL
after an I.V. calcium infusion.'"32-35
The oral antisecretory drug dosage requirement was

determined for each patient, as described previously," 35'36
and was defined as the amount of antisecretory drug re-
quired to suppress acid output < 10 mEq/hour in the
final hour before the next scheduled dose of medication.
If the patient had had prior gastric surgery, then a dose
ofmedication to reduce acid output to <5 mEq/hour was
determined.5 "13537 A parenteral antisecretory drug dose
to control gastric acid output at the time of surgery was
determined as described previously in all patients.384

All patients (n = 121) underwent upper gastrointestinal
series, upper gastrointestinal endoscopy, computed to-
mography, ultrasound, and selective hepatic, gastroduo-
denal, splenic, and superior mesenteric arteriography.32'4'"
Since 1987, patients also underwent magnetic resonance
imaging (MRI) of the abdomen and liver.45

Patients with evidence of liver metastases on imaging
studies that could have biopsies done percutaneously or
laparoscopically (n = 18) were excluded from this study
and placed on protocols for advanced disease."6'47 Patients
with evidence of multiple endocrine neoplasia type I (n
= 22), in whom routine surgical exploration is not gen-
erally recommended,5 l 1,18 were excluded from this study
and placed in a separate protocol.48'49 Patients with severe
concomitant medical problems (n = 8) (severe cardiac
disease [n = 2], chronic obstructive lung disease [n = 1]
or advanced liver disease [n = 5]) that precluded surgery
were excluded. All remaining patients (n = 73) underwent
percutaneous transhepatic venous sampling of the portal
vein and its tributaries for gastrin levels before surgery,50
and 18 patients since 1988 underwent secretin injections
of selective arteries and measurement of gastrin levels in
hepatic venous or other venous samples to localize the
gastrinoma during arteriography, as described recently.5'
The results of the radiographic imaging and localizing

studies were available to the operating surgeon. Surgery
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was performed in the last 67 cases by one surgeon (JAN)
and in the first six cases by another surgeon (JWH).33 On
the basis of the type of exploration done, patients were
prospectively divided into two groups, and the results from
each group were analyzed separately. Group 1 consisted
of patients from 1980 through 1986 (36 patients) who
underwent the standard extensive laparotomy briefly out-
lined below. Patients in group 2 underwent exploration
from 1987 through October 1990 (37 patients), and these
patients underwent an identical standard extensive lap-
arotomy to patients in group 1, but in addition, an en-
hanced search for duodenal gastrinomas using transduo-
denal endoscopic illumination52 and duodenotomy.
Briefly, in the standard extensive laparotomy,32 the liver,
pelvis, small intestine, pancreas, stomach, duodenum,
mesenteric, and retroperitoneal regions in the upper ab-
domen were explored. The pancreatic head and duo-
denum were exposed and mobilized by performing an
extended Kocher's maneuver that included mobilizing the
ascending colon and hepatic flexure. The pancreatic body
and tail were inspected and palpated by opening the gas-
trocolic ligament and exposing the lesser sac. The splenic
flexure of the colon was also mobilized to facilitate in-
spection and palpation of the pancreatic tail, and all
women had careful palpation of the ovaries. After com-
plete operative exposure and careful palpation, since 1982
each patient (n = 62) underwent intraoperative ultrasound
using a 10-MHz real-time transducer as previously de-
scribed.53 Patients in group 2, in addition, underwent in-
traoperative endoscopic transillumination of the duo-
denum, performed as described previously,52 with or
without duodenotomy2l to more carefully examine the
duodenum for any evidence of small duodenal gastrino-
mas not detected by the other methods. Briefly, intra-
operative endoscopic transillumination was performed by
passing an upper gastrointestinal endoscope orally at the
time of surgery and carefully transilluminating the duo-
denum. Biopsies were performed on all abnormalities seen
by the endoscopist or that failed to transilluminate.52 A
3-cm duodenotomy was performed along the antimes-
enteric aspect of the duodenum centered on the second
portion of the duodenum with the option to extend in
either direction. The duodenal wall was carefully palpated
with the index finger inside the duodenum and the thumb
on the outside, and the distal third and fourth parts of
the duodenum were examined similarly by everting them
into the incision. Any suspicious pancreatic, gastric, liver,
duodenal, bowel, or peripancreatic nodule or lymph node
that was identified by any method (palpation, intraoper-
ative ultrasound, transillumination) was removed for
pathologic analysis. In the bowel or stomach wall, a sus-
pected tumor was excised with a full-thickness rim ofnor-
mal gut around the tumor. In the pancreatic head or ad-
jacent lymph node areas, suspected tumors were excised.

In the distal pancreas, suspected tumors were resected
along with the surrounding pancreas and spleen. In one
patient, an ovarian cystadenocarcinoma was identified,
and this patient underwent total abdominal hysterectomy
and bilateral salpingo-oophorectomy. Ifa gastrinoma was
not found, no gastric or pancreatic resection was per-
formed.

After surgery, before discharge, each patient underwent
determination of fasting serum gastrin level and the
change in serum gastrin level after secretin provocation
performed as described previously.32 Each patient was
discharged on the same dose of antisecretory drug as pre-
operatively. Patients then were re-evaluated at 3 to 6
months postoperatively and then yearly for evidence of
tumor recurrence and control of gastric hypersecre-
tion.29'32 At the 3- to 6-month follow-up, tumor recurrence
was assessed by noninvasive imaging studies (ultrasound,
MRI scan, computed tomography [CT] scan), selective
abdominal angiogram, and functional studies (fasting
gastrin concentration, secretin and calcium provocative
studies, basal acid output).29 The criteria for disease-free
survival ofpatients with Zollinger-Ellison syndrome were:
(1) normal fasting serum gastrin concentration (<100
pg/mL), (2) a negative secretin- (<200 pg/mL increase)
and calcium-provocative test (<395 pg/mL increase),34
and (3) no evidence of tumor on follow-up imaging
studies

Disease-free survival and survival were graphed by the
Kaplan-Meier method and analyzed for significant dif-
ferences by the Breslow modification ofthe Kruskal-Wallis
test. Proportions were compared by the Fisher's exact test.
Differences with p < 0.05 were considered significant.

Results

Patient Characteristics, Medications, and Localization
Studies

Seventy-three patients were entered prospectively into
this study. Fifty patients were men, and 23 patients were
women (Table 1). The mean age of all patients was 49
years. Twenty-six patients (36%) had had prior upper ab-
dominal surgery, including either partial gastrectomy or
vagotomy in most these patients. There was a mean time
of 8 years between the onset of symptoms and the diag-
nosis ofZollinger-Ellison syndrome, and one patient had
symptoms of peptic ulcer disease for 35 years before the
diagnosis of Zollinger-Ellison syndrome.
The basal acid output was markedly elevated in all but

five patients who had had prior subtotal gastrectomy and
vagotomy, and the mean basal acid output for all patients
was 58 mEq/hour (Table 1). In most patients, the serum
gastrin level was markedly elevated, with a mean fasting
serum gastrin concentration of 909 pg/mL. All but five
patients had an abnormal serum gastrin response to se-
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cretin or calcium provocation, with a mean increment of
1669 pg/mL and 424 pg/mL, respectively.
Each patient preoperatively had the gastric acid output

successfully controlled by oral antisecretory medication
(Table 1). As the study progressed, we have employed
more potent medications, making the control of the acid
output progressively easier. As the potency of the antise-
cretory medication increased,'""i36 as is evidenced from
Table 1, the dose of antisecretory medication decreased,
with a mean cimetidine dose of 6.0 g/day (n = I 1); ran-
itidine, 2.2 g/day (n = 39); famotidine, 0.3 g/day (n = 9);
and omeprazole, 84 mg/day (n = 14) (Table 1). Currently,
most patients are managed with one daily dose of ome-
prazole, requiring approximately 60 to 120 mg/day (Ta-
ble 1).

In 52% of patients preoperative imaging studies dem-
onstrated a gastrinoma. In 67% ofpatients, a positive gas-
trin gradient (> 50% increase over simultaneous periph-
eral sample50) on portal venous sampling for gastrin was
found. All but two ofthese gastrin gradients were present
in the superior or inferior pancreaticoduodenal vein, sug-
gesting that the gastrinoma was present within either the
pancreatic head or duodenum50 (Table 1). A similar pro-
portion ofpatients had marked increments in hepatic vein
gastrin levels after the injection of secretin into the gas-
troduodenal artery, suggesting similar localization (data
not shown).5'
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Ability to Find Gastrinoma

Gastrinomas were found and resected in 57 of 73 pa-
tients (78%) (Table 2). The addition ofprocedures to more
carefully examine for duodenal gastrinomas (group 2) sig-
nificantly improved the ability to find and resect gastri-
nomas (Table 2). Specifically, before these procedures,
64% of patients (23 of 36) had gastrinomas removed
(group 1, Table 2), whereas subsequently 92% of patients
(34 of 37) had gastrinomas excised (p < 0.01) (group 2,
Table 2). The increase in gastrinomas found in group 2
was entirely due to an increased proportion of duodenal
wall gastrinomas excised and not to an increased ability
to find gastrinomas in the area of the duodenum, within
the pancreas, or in adjacent duodenal lymph nodes (Table
3). Specifically, in the initial 36 patients in group 1, only
four duodenal wall gastrinomas were excised. In contrast,
in group 2, in which an extensive search ofthe duodenum
was added, 16 of the 37 patients had duodenal wall gas-
trinomas excised (43%) (Table 3). This difference was sig-
nificant (p < 0.01), and it implied that duodenal wall
gastrinomas were likely being missed in the 37% of pa-
tients in whom no gastrinomas were found in group 1

(Table 2). The average size of the duodenal gastrinoma
in group 2 was 6 mm, with 38% between 1 and 5 mm,
and the remainder between 6 and 10 mm, whereas the
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TABLE 2. Ability to Find Gastrinoma as a Function ofIntensive
Operative Focus on the Duodenum

Surgical Group*

I II Total
Result of Surgery (n = 36)tt (n = 37)t (n = 73)

Gastrinoma found (n) 23 (64%)tt 34 (92%)t 57 (78%)
Gastrinoma not

found (n) 13 (36%)jt 3 (8%)t 16 (22%)

* Group 1 (1980-1986) and group 2 (1987-October 1990) differed in
that patients in group 2 underwent additional procedures to search for
duodenal gastrinomas as described in Methods.

t Numbers are the number of patients in the indicated surgical group
with the indicated surgical result. Numbers in parentheses are the per-
centage of patients in the indicated group with the indicated surgical
result.

t Significant differences betwen group 1 and group 2 by Fisher's exact
test (p < 0.01).

four duodenal gastrinomas in group 1 had a mean size of
6 mm (range, 4 to 10 mm), with only 1 tumor < 5 mm,
suggesting that small duodenal gastrinomas may have
been missed in group 1. In group 1, the proportion of
patients with pancreatic gastrinomas (33%) was signifi-
cantly higher than those with duodenal gastrinomas (11%,
p < 0.05), whereas in group 2, duodenal wall gastrinomas
were found in 43% ofpatients, and the occurrence of these
tumors was as common as pancreatic tumors (30%)
(p> 0.1) (Table 3).

Ability to Cure

Of the 73 total patients explored, 42 patients (58%) at
3 to 6 months had a normal fasting serum gastrin con-
centration, negative gastrin provocative tests, and negative
imaging, and thus were defined as disease free, as outlined
in Methods. At the 3- to 6-month follow-up after operation
in group 1, 19 of36 patients (52%) were disease free, which
was not significantly different from group 2, with 23 of
37 (62%) patients disease free (p = 0.5). Therefore, al-
though the use of extensive duodenal evaluation signifi-
cantly improved the ability to find and resect gastrinoma
(Table 3), it did not significantly improve the ability to
render patients disease-free. To further investigate this
finding, the ability to render patients disease free was con-
sidered as a function oftumor location (Table 4). The 3-
to 6-month disease-free rate was similar in patients in
groups 1 and 2 for pancreatic gastrinomas (92% vs. 73%,
p = 0.5) and gastrinomas within lymph nodes (83% vs.
71%, p = 1.0). In addition, the percentage disease free for
duodenal gastrinomas was not significantly different in
group 2 (62%) and group 1 (50%, p = 1.0, Table 4). These
results suggest that the failure of the disease-free rate to
increase in patients in group 2 (although more tumors
were found) was likely not due to a failure to render more
patients with duodenal gastrinomas disease-free even

though more duodenal gastrinomas were found in group
2 than in group 1 (Table 3). To investigate the basis for
this further, the malignant potential (as defined by the
presence of pathologically proven lymph node or liver
metastases) of duodenal and pancreatic primary gastri-
nomas was compared. A greater proportion of patients
with duodenal gastrinomas had evidence of metastases,
55% versus 22%, p = 0.05 (Table 5). The higher presence
of metastatic disease in patients with duodenal primaries
may explain the inability to significantly increase the
short-term cure rate in group 2 patients, even though ad-
ditional gastrinomas were found in this group.

Long-term Follow-up and Survival

To assess long-term disease-free survival, each patient
was evaluated yearly. The median follow-up ofall patients
was 45 months (range, 3 to 120 months). Ofthe 42 patients
who were resected and appeared to be disease free at initial
postoperative evaluation, 10 patients have developed ev-
idence of recurrence (Fig. 1, top panel). There appear to
be 2 peak periods for the detection of recurrence, one at
less than 1 year and the second at 5 years (Fig. 1, top
panel). Recurrent Zollinger-Ellison syndrome was man-

ifested by elevated fasting serum levels of gastrin and/or
abnormal gastrin provocative testing results only in 6 pa-
tients and elevated serum gastrin levels and/or gastrin
provocative test abnormalities plus recurrent tumor on

imaging studies in 4 patients. The four patients with re-

current gastrinoma on imaging studies were re-resected
at 8, 5, 2 and 1 year following the initial procedure and
one was again able to be rendered disease-free. These re-

operations included excision of gastrinoma from peri-
nephric nodes, liver, duodenum, and adjacent duodenal

TABLE 3. Location ofPrimary Gastrinoma in Various Surgical Groups

Location of Primary Gastrinomas Resectedt

Lymph
Nodes

Surgical Group* Duodenumtlll Pancreatic Only

Group I (n = 36) 4 (11%) 12 (33%) 6 (17%)
Group 2 (n = 37) 1611 (43%) 11 (30%) 7 (20%)
Both (n = 73) 20 (27%) 23 (32%) 13 (18%)

* Group I (1980-1986) and group 2 (1987-October 1990) differed in
that patients in group I underwent additional procedures to search for
duodenal gastrinomas as described in Methods.

t One patient had an ovarian gastrinoma, and 13 patients had no
tumor found.

t Numbers refer to the number of patients in each group with a gas-
trinoma found in the indicated location. Numbers in parentheses are
the percentage of the total patients in the indicated surgical group with
gastrinomas in this location.

11 Proportion ofduodenal gastrinomas found was significantly greater
in group 2 vs. group 1 patients (p < 0.01).

¶ Proportion of pancreatic gastrinomas found in group 1 was greater
than that of duodenal gastrinomas found in group I (p < 0.05)

12
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TABLE 4. Ability to Initially Surgically Cure Patients With Zolliner-Ellison Syndrome as a Function ofPrimary Tumor Location

Location of Resected Primary Gastrinoma

Duodenum Pancreas Lymph Nodes Total

No. With No. With No. With No. With
Tumor No. Tumor No. Tumor No. Tumor No.

Group* Found Curedt % Curedt Found Cured % Cured Found Cured % Cured Found Cured % Cured

I 4 2 50 12 11 92 6 5 83 22§ 18§ 82
II 16 10 62 11 8 73 7 5 71 34 23 67
Both 20 12 60 23 19 83 13 10 77 56§ 41§ 37

* Group 1 (1980-1986) (n = 36) and group 2 (1987-October 1990)
(n = 37) differed in that patients in group 2 underwent additional pro-
cedures to search for duodenal gastrinomas as described in Methods.

t Cure defined as a normal fasting gastrin concentration, negative im-
aging studies, and negative secretin and calcium provocative tests as
described in Methods at a follow-up evaluation 3 to 6 months after
operation.

nodes. The initial determination at 3 to 6 months post-
operatively of no evidence of disease by normal serum
gastrin level, negative imaging studies, and normal re-
sponse to provocative testing did not predict that an in-
dividual patient will remain free of disease (Fig. 1, top
panel). Long-term follow-up suggests that 50% ofpatients
in this category will develop evidence ofrecurrent disease
at 5 years (Fig. 1, top panel). Furthermore, the tumor
recurrence rate long-term did not differ significantly for
patients with primary tumors successfully resected from
the pancreas or lymph nodes (Fig. 1, bottom panel). Pa-
tients with duodenal gastrinomas had a significantly
shorter median disease-free interval (12 months) than did
patients with pancreatic primary tumors (84 months, p
< 0.01) but not those with lymph node gastrinomas (60
months, p = 0. 1). Specifically, for patients who were ini-
tially found to be disease free with duodenal tumors, the
5-year disease-free rate was only 40%, whereas for patients
with pancreatic tumors who were disease free at 3 to 6
months, the 5-year disease-free rate was 70%; similarly,
for lymph node gastrinomas it was 60% (Fig. 1, bottom
panel).
Of the 16 patients in whom no gastrinoma was found

at operation, each patient retained functional evidence of
Zollinger-Ellison syndrome, but only one patient has

TABLE 5. Presence ofMetastatic Disease* With Duodenal and
Pancreatic Primary Lesions

Location of Primary Gastrinoma n No. With Metastases (%)

Pancreas 23 5 (22)
Duodenum 20 11 (55)t

* Metastatic disease was defined as the percentage of tumor in an
adjacent lymph node (n = 12) or the liver (n = 4) in patients with a
primary gastrinoma at the indicated site in group 1 and group 2.

t A significantly greater proportion ofpatients with duodenal primary
lesions had metastases (p = 0.05).

t Cure refers to the percentage of patients with a gastrinoma found
who were cured.

§ One patient had a primary ovarian gastrinoma and was cured. She
is excluded from this analyusis.

subsequently developed gastrinoma on imaging studies 6
years later. That patient was re-explored and gastrinoma
was excised from the pancreas, and the patient is currently
disease free. Two patients in this group have died on long-
term follow-up (7-year follow-up), but in both cases the
death was not related to Zollinger-Ellison syndrome (one
death due to metastatic colon cancer, and the other to
liver failure) (Fig. 2). Of the 15 patients who had tumor
found and resected but were not rendered disease free on
functional studies, only one has developed recurrent tu-
mor on imaging study. This patient initially had a pan-
creatic body gastrinoma, and 3 years later developed a
mesenteric lymph node near the ligament of Treitz that
was excised, but his serum levels of gastrin remain ele-
vated. Long-term survival (7 years) in this group is ex-
cellent (100%) (Fig. 2). Long-term survival ofpatients dis-
ease free at the 3- to 6-month postoperative follow-up was
also excellent. In follow-up up to 9 years, only one patient
has died of causes unrelated to the Zollinger-Ellison syn-
drome (cancer ofthe oropharynx). There are no apparent
differences in survival in any surgical group (Fig. 2).

In contrast to the 73 patients in the current study un-
dergoing surgical exploration with no evidence of meta-
static disease on the initial evaluation who had excellent
long-term survival (mean survival, 90% at 5 years) (Fig.
2), the 5-year survival in all patients with sporadic disease
who did not enter the study because of metastatic gastri-
noma was less than 20% (p < 0.001) (Fig. 2).

Complications
Of79 operations to excise gastrinoma from 73 patients

(6 patients were operated on for recurrent or metastatic
gastrinoma) with Zollinger-Ellison syndrome, there were
no operative deaths, and nine operations ( 1%) produced
complications. Complications included hemorrhage (n
= 1), colon injury (n = 1), abscess (n = 2), wound infection

VOL. 215.-NO. I
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FIG. 1. Time to recurrence of Zollinger-Ellison syndrome in patients
initially disease free by surgery. (Top) The Kaplan-Meier plot of the
time to recurrence for all patients (n = 42) who were disease free of
Zollinger-Ellison syndrome at the initial (either 3- or 6-mo) postoperative
follow-up. Disease free is defined as no evidence ofgastrinoma on imaging
studies, normal fasting gastrin concentration, and negative secretin and
calcium provocative tests as outlined in Methods. Recurrent disease has
developed in few patients. (Bottom) Kaplan-Meier plot of the time to
recurrence of Zollinger-Ellison syndrome of patients who were rendered
disease free of Zollinger-Ellison syndrome at the initial postoperative
follow-up divided by primary disease site: duodenum (n = 12), pancreas
(n = 19), and lymph node (n = 10). One patient with the primary ovarian
gastrinoma is excluded. Patients with primary duodenal gastrinomas had
a significantly shorter disease-free interval than patients with pancreatic
gastrinomas (p < 0.01). The differences between patients with duodenal
gastrinomas and those with lymph node-only gastrinomas were not sig-
nificant (p = 0.1). The median disease-free survival for patients with
duodenal, pancreatic, or lymph node primary gastrinomas was 12, 84,
and 60 months, respectively.

(n = 2), pulmonary embolus (n = 1), septic thrombo-
phlebitis (n = 1), duodenal leak (n = 1), and small bowel
obstruction (n = 1). One patient had two complications:

wound infection and a small bowel obstruction. Of the
complications that occurred, six required a repeat surgical
procedure. Follow-up suggests long-term sequelae ofonly
one complication, hearing loss and dizziness secondary
to the prolonged use ofgentamicin to treat an abdominal
abscess.

Discussion

When this study was initiated in 1980, a number of
advances had occurred that suggested that a prospective
study to localize and resect gastrinomas for cure in a large
number ofconsecutive patients would provide results that
would clarify the management of the tumor in these pa-
tients. With the widespread use of the gastrin radioim-
munoassay and secretin provocative testing, the ability to
diagnose Zollinger-Ellison syndrome in patients with
peptic ulcer disease was greatly facilitated54s'5 and might
lead to the early detection of smaller, more curable gas-
trinomas. Radiographic methods to localize islet cell tu-
mors also were improving dramatically, including im-
proved CT scanning, 56,57 subtraction angiographic meth-
ods, and improved ultrasound devices. Reports suggested
that selective pancreatic arteriography could accurately
localize 90% of insulinomas and other islet cell tumors
such as gastrinomas, as well as identify metastatic dis-
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FIG. 2. Survival of patients with Zollinger-Ellison syndrome from the
day of diagnosis. Patients were divided into four groups based on pre-
operative evaluation, operative findings, and initial postoperative eval-
uation: patients who had biopsy confirmation of bulky metastatic gas-
trinoma on initial evaluation (n = 18, open squares), patients who had
no tumor found during surgery (n = 16, closed circles), patients who
had all tumor resected and were functionally disease free (cured) at initial
postoperative evaluation (n = 42, open circles), and patients who had
all tumor resected but were functionally not disease free (cured) (n = 15,
closed squares). There were no significant differences seen among the
three groups who did not have metastatic gastrinoma. However, the
group with distant disease survived for a significantly shorter time than
all other patient groups (p < 0.001).
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ease.58160 Studies suggested that transhepatic venous gas-
trin sampling from the portal vein and its tributaries could
greatly improve localization of gastrinomas.61'62 Further-
more, with the increased ability to control gastric acid
hypersecretion medically in all patients, obviating the need
for routine total gastrectomy,'2 it was possible to have
time to both perform detailed imaging studies preopera-
tively and to concentrate on localizing and removing the
gastrinoma at surgery. The detailed imaging studies al-
lowed identification of patients without metastatic disease
who would possibly benefit from surgery as well as more
precise information about the location of the primary
gastrinoma.56'57'59'60 The control of gastric acid hyperse-
cretion preoperatively allowed the effects of long-term
gastric acid hypersecretion such as metabolic and nutri-
tional abnormalities to be corrected to reduce the risks of
extensive surgery, and allowed detailed surgical explora-
tion directed at the tumor to be carried out without the
risks of gastric acid hypersecretion at operation and post-
operatively. Earlier attempts to operatively localize and
resect gastrinomas were limited4 because of the lack of
good preoperative localization methods that could identify
patients who might benefit from surgery and because sur-
geons had to remove the stomach, a procedure that re-
quired a major proportion ofthe operating time, removing
time and energy needed to extensively explore and find
gastrinoma. The present study was designed to incorporate
new state-of-the-art preoperative localization procedures
as they became available. For example, in the mid- 1980s,
a number of studies reported increasing numbers of gas-
trinomas being found in extrapancreatic sites, primarily
within the duodenum.6'7'22'24,63'64 These gastrinomas were
frequently small, missed by preoperative imaging studies,
and could only be found by extensive search of the duo-
denum. Furthermore, one study in the mid-1980s reported
that- in contrast to the original studies of Zollinger and
Ellison, in which gastrinomas occurred at a rate of 20%
in the duodenum and in a pancreatic distribution of 4:1:
4 in the pancreatic head, body, and tail- 90% of gastri-
nomas were in the pancreatic head area, thus suggesting
that many of the gastrinomas not being found in up to
50% of patients in some series might be in this area.22 To
address these issues, beginning in 1987 we added proce-
dures (patients in group 2) to more intensively explore
the duodenum, including intraoperative endoscopy with
transillumination of the duodenum, the secretin angio-
gram with hepatic venous gastrin sampling to functionally
localize gastrinomas,52 and duodenotomy to those pro-
cedures that had been done before 1987 (Group 1). Re-
gardless of the localizing test results in either group of
patients, the current protocol required that a standardized
surgical exploration be carried out in all patients with
sporadic Zollinger-Ellison syndrome without evidence of
liver metastases. Routine surgical exploration was carried
out to find and remove gastrinomas for accurate staging

and prognosis information, for control of the malignant
potential ofthe tumor, and for potential cure ofZollinger-
Ellison syndrome.
The results ofthe ability ofsurgery to cure a large num-

ber of patients with Zollinger-Ellison syndrome provide
important information for physicians who are trying to
manage these patients. First, the overall immediate dis-
ease-free rate as documented by a 3- to 6-month post-
operative evaluation with normal serum gastrin levels,
negative secretin and calcium provocative tests, and no
evidence oftumor on imaging studies was 42 of73 patients
or 58% (Table 2). These results are better than every other
modem prospective series except one recent study29 in-
volving small numbers of cases, which reported an im-
mediate postoperative cure rate of 82%, in which patients
were treated in similar fashion to patients in group 2 in
the present study. The findings of the present study in
combination with this other study29 suggest that the short-
term cure rate is significantly higher than that previously
reported.3 4'7'8'27'30 Second, the ability to find gastrinoma
during the current study significantly improved as the
study focused on the duodenum. Specifically, in the initial
6 years (1980 to 1986, group 1), gastrinomas were found
in 64% of patients, whereas when additional procedures
to localize duodenal gastrinomas were employed (group
2, 1987 to present), gastrinomas were found in 92% of
patients. The increase was entirely due to localizing more
duodenal gastrinomas, frequently ofsmall size (< 6 mm).
Because the preoperative imaging studies rarely localized
these tumors, these results demonstrate that negative im-
aging studies, even when performed by the best experts
available, will not reliably predict whether an experienced
surgeon will find a tumor at surgery. Third, the increased
ability to find and resect duodenal gastrinomas did not,
as yet, result in a statistically significant improvement in
cure rate (Table 2). However, there appears to be an up-
ward trend (62% in group 2 vs. 52% in group 1, p = 0.5).
Previous studies had suggested that extrapancreatic gas-
trinomas were more likely curable.6365 Our findings do
not support this conclusion. In the present study, the abil-
ity to cure patients with duodenal gastrinomas was not
greater than that for gastrinomas arising in other sites. In
fact, the long-term disease-free rate for duodenal gastri-
nomas was lower. These results suggest that as increasingly
more patients with duodenal gastrinomas are found that
would have been missed without detailed duodenal ex-
ploration, the disease-free rate may increase, but not dis-
proportionally to that seen in the patients with pancreatic
gastrinomas. Fourth, the surgical procedure was done with
a 11% morbidity rate and no deaths. Long-term morbidity
rate was very low (1%). Fifth, the ability of gastrinoma
excision to render disease-free patients with Zollinger-
Ellison syndrome is maximum immediately after opera-
tion and decreases with length of follow-up. The long-
term disease-free rate, in other words 5 years, is half the
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initial figure, or approximately 30% of all patients sustain
long-term cure (Fig. 1, lower panel). This percentage is
significantly higher than that suggested in older stud-
ies. 3'4'7'8"1024'25'27'30 When this study was started, the re-
ported long-term cure rate was less than I0%.3,6-8,27,30 The
current results in a large number of patients as well as
data from other recent studies26'29 suggest that the long-
term cure rate may even be greater than 30%. The present
study demonstrates that studies that suggest high cure rate
with minimal follow-up26 29,33,66 are likely to be signifi-
cantly overestimating the true long-term cure rate. Fur-
thermore, studies suggesting cure in which long-term re-
petitive gastrin provocative testing is not done are almost
certainly overestimating the true long-term cure rate. In
the present study of the 10 patients who developed evi-
dence of recurrent Zollinger-Ellison syndrome, in six
there was only functional data suggesting the recurrence
(positive provocative testing with or without an elevated
fasting gastrin concentrations), and in the remaining four,
functional evidence as well as a gastrinoma on imaging
studies. The results suggest that postoperatively all disease-
free patients should have at least yearly evaluations with
imaging studies and functional studies (basal acid output,
fasting gastrin concentration, and gastrin provocative
tests) to evaluate for continued cure.
The long-term disease-free rate in the present study also

provides important information on which further treat-
ment strategies can be based. Despite finding gastrinomas
in 78% of all patients and in 92% of patients in group 2
in which specific additional procedures were added to lo-
calize duodenal gastrinomas, the disease-free rate fell off
to 30% for all patients by 5 years. These results suggest it
will be important to identify factors contributing to the
development of recurrent disease and predicting which
patients have a high risk of recurrence. The present results
demonstrate that the location of the primary gastrinoma
is one factor that is an important determinant of recur-
rence. In the present study the median disease-free interval
was 5 times longer for patients cured after lymph node
gastrinomas were removed (median, 60 months) and 7
times longer after resection of pancreatic gastrinomas
(median, 84 months), than after resection of duodenal
gastrinomas (median, 12 months). This finding is unex-
pected, and the basis for this finding is unclear. Numerous
previous studies suggested that extrapancreatic gastrino-
mas are not only more likely to be curable than pancreatic
tumors, but that duodenal gastrinomas have a lower ma-
lignant rate than do pancreatic gastrinomas.63,65,67'68 This
was proposed because pancreatic tumors were ectopic in
nature, because the normal adult pancreas does not have
G cells, whereas duodenal tumors were entopic, arising
from G cells that are distributed in the adult duo-
denum.67'68 In the present study, however, 55% of duo-
denal gastrinomas and 22% of pancreatic gastrinomas

were associated with metastatic disease. These observa-
tions combined with the high recurrence rates with duo-
denal gastrinomas suggest that duodenal gastrinomas are
more often malignant and are clearly not more likely to
be curable, as proposed previously. It is likely in previous
studies that small duodenal gastrinomas were frequently
missed and that the detection of only lymph nodes led to
an underestimation of the true malignant rate and cur-
ability. In the future, additional management steps di-
rected at improving long-term cure rate in these patients
will need to be identified.

Despite the malignant nature of gastrinoma as docu-
mented by recurrent disease and, in some patients, lymph
node or liver metastases, antisecretory medications and
surgery provide near perfect long-term survival ofpatients
with sporadic Zollinger-Ellison syndrome who present
without evidence of liver metastases (Fig. 2). These long-
term survival results provide information that has a sig-
nificant bearing on current management strategies. First,
in the present study as well as in previous studies,7'9'24,69
patients in whom no gastrinomas were found had survival
rates of 80% to 100%, which was not significantly different
from that for cured patients. The current results suggest
that these missed tumors may most likely be small duo-
denal microgastrinomas. This excellent long-term prog-
nosis contradicts recent studies64'70'7' suggesting the use
of Whipple pancreaticoduodenotomy after selective ve-
nous gastrin gradients that localize tumors to the pan-
creatic head area when no tumor can be located at surgery.
At present, it is not clear that the morbidity rate and po-
tential mortality rate of this procedure do not significantly
outweigh its potential to increase cure and survival rate.
Secondly, it may be argued, because the 5-year survival
is >90% and is not significantly different in patients with-
out a gastrinoma found than in patients with a gastrinoma
resected but not cured, or in patients cured, that surgery
is not indicated. There are, however, that there are a
number of points that argue against this approach. It is
unknown what percentage of the resected patients would
have developed metastatic liver disease during follow-up
if no surgery was done. We have observed other patients
before this study who did not undergo surgical exploration
who developed metastatic gastrinoma in the liver during
follow-up. With the limited information available, the rate
of such change is unknown and which patients will de-
velop metastatic disease is unclear. Studies from carcinoid
tumors that histologically resemble gastrinomas" dem-
onstrate that the rate of developing metastatic disease is
proportional to the size of the primary tumor. In patients
with primary tumors < 1 cm in diameter, between 0%
and 15% develop metastases, and in patients with >2-cm
tumors, as many as 50% develop metastases.'9 Imaging
studies rarely localize gastrinomas < 1 cm in diameter,
50% ofgastrinomas 1 to 3 cm, and 70% > 3 cm43-45; there-
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fore, with the use of radiographic imaging alone, gastri-
nomas < 3 cm are frequently missed and may only be
found at surgery. If such patients had not undergone re-
section and developed metastatic disease, the prognosis
would be generally poor, as shown in the present study
for patients with metastatic disease. In contrast, the risk
of laparotomy is low. Furthermore, in the patients who
are disease free (up to 30%) the surgical procedure has
long-term benefit. In these patients, antisecretory drugs
can be stopped or markedly decreased, and the long-term
potential risk of chronic hypergastrinemia or taking life-
long antisecretory agents can be avoided. In patients
treated for up to 5 years with histamine H2-receptor an-
tagonists or omeprazole, there have been no drug-related
side effects. All patients need to take these agents at least
daily, however, and few patients have been maintained
on these drugs longer than 5 years. Lastly, chronic hy-
pergastrinemia can cause gastric carcinoid tumors in both
humans and animals, some of which are malignant'7'72-74
and the long-term, lifetime risk of chronic hypergastrin-
emia has not been clearly defined. Therefore, for the 30%
of patients disease free, long-term surgical removal may
have significant long-term benefit.

In conclusion, this study of laparotomy and gastrinoma
resection in patients with sporadic Zollinger-Ellison syn-
drome and no evidence of liver metastases suggests that
tumors can be found in a higher proportion of patients
than previously thought possible. In the last 37 consecutive
patients, gastrinomas were found and excised in 34. This
result was different from the findings in the initial 36 pa-
tients, and it became evident that the use of techniques
to find duodenal gastrinomas accounted for the observed
difference. The short-term disease-free rate was 58%.
Careful long-term follow-up indicated that 50% of patients
initially disease free developed recurrent disease by 5 years.
Patients who developed evidence of recurrent disease by
radiographic imaging studies still were able to have all
recurrent tumor removed for control. Surgery was per-
formed with acceptable morbidity and mortality rates.
This strategy of medical management of gastric acid hy-
persecretion and surgical resection ofgastrinoma resulted
in no deaths from Zollinger-Ellison syndrome or treat-
ment during the current follow-up period (>4 years). This
study suggests that patients with Zollinger-Ellison syn-
drome can be effectively and safely managed by antise-
cretory medications to control gastric acid hypersecretion
and surgery to control malignant potential of tumor in
nearly all patients and to cure 30% of patients.
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