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From 1971-1986, 24 patients were diagnosed as having Zollin-
ger-Ellison syndrome (ZES) and 22 patients had laparotomy.
Of this group, gross tumor was identified in 15 of 22 patients.
Ten of 15 patients had resection of their gastrinomas with the
specific aim of curing the disease. This group had responded
favorbly to either cimetidine or ranitidine before operation.
Preoperative transhepatic portal venous sampling (PVS) with
gastrin determinations was performed in six patients; three pa-
tients had this procedure twice. The tumor was correctly localized
by PVS in five of six patients. In four of six patients, the tumor
was easily found at surgery. In two of six patients (33%) PVS
was vital to intraoperative decisions. Criteria for biochemical
cure are normal periodic fasting pstrin and secretin infusion
tests. Of the 10 patients who had resection for potential cure,
two patients failed within 48 hours of surgery on the basis of an
elevated fasting serum gastrin level in one patient and a positive
secretin infusion test in the other patient. Eight patients were
considered cured with follow-up from 6 months through 15 years.
Of the eight cured patients, the tumors were located as follows:
four were extraintestinal and extrapancreatic, four were in the
duodenal wall, one patient had a tumor located in the uncinate
process of the pancreas, and one tumor was located in a lymph
node along the lesser curve of the stomach. Two patients had
mobilization of the pancreas and duodenum for a "blind" pan-
creatoduodenectomy based on preoperative PVS (2 procedures
each patient). In one patient a 3-mm gastrinoma was enucleated
from the posterior uncinate process. The second patient had
pancreatoduodenectomy with findings of two duodenal wall gas-
trinomas. Both patients remained cured ofZES beyond 2 years.
It is concluded that PVS does indeed locate some tumors before
operation, even those not easily found at surgery. ZES can be
cured by an aggressive approach combining preoperative tumor
localization and tumor resection. Of the eight patients biochem-
ically and perhaps biologically cured, follow-up was greater than
four years in five patients, greater than two years in two patients,
and beyond six months in one patient.
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R ECENT REVIEWS HAVE BOTH DOCUMENTED AND
DISCUSSED the changing trends in the treatment
of Zollinger-Ellison syndrome (ZES). Thera-

peutic options have ranged from the early palliation or
"cure"9 of the physiologic gastric hypersecretory state by
total gastrectomy to the more recent attempts at cure of
a potentially malignant (50% 10-year survival rate) disease
by aggressive surgical resection.1- The excellent success
of drugs such as cimetidine, ranitidine, famotidine, and
omeperazole in treating the gastric hypersecretion of
ZES7-'0 and decreasing the threat of postoperative hem-
orrhage and perforation have now allowed a more ag-
gressive approach to resection ofgastrinomas without total
gastrectomy at the initial operation.

In an attempt to localize gastrin-secreting tissue before
operation, transhepatic portal vein catheterization and
venous sampling with gastrin determinations has been
advocated to better locate tumor tissue, especially gastri-
nomas that are not easily identified at surgery. Although
the ultimate efficacy and cost-effectiveness of this proce-
dure remains to be established, portal venous sampling
(PVS) does indeed locate tumors and may help the difficult
intraoperative decisions as to the magnitude of resection
of gastrinomas and their metastases.I'12
We have previously documented the presence ofextra-

pancreatic and extraintestinal gastrinomas and their ul-
timate resection for cure.6 Since our initial experience
supported the concept that ZES can be cured, we have
continued the trend of adequate documentation of the
disease, evaluation of the response to medical therapy,
preoperative localization ofgastrinomas, and an aggressive
surgical approach to resection of gastrinomas.
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TABLE 1. Gastrinoma Resection

Patient Gastrin
Year Location (pg/mL) Therapy Cure

1 1971 Liver-left lobe 1500 Resection, TG Yes
2 1977 Lesser curve 760 Resection, TG Yes
3 1978 Below mid-pancreas 310 Resection, TG Yes
4 1981 Splenic hilum 275 Resection Yes
5 1982 Duodenum 710 Resection Yes
6 1984 Pancreas 450 Enucleation Yes
7 1984 Duodenal wall (2) 740 Whipple procedure Yes
8 1984 Duodenum + node 9000 Resection No
9 1985 Duodenum + node 3000 Resection Yes
10 1986 Lesser curve (node) 850 Resection No

TG = total gastrectomy.

This review evaluates our total experience with ZES
and a subgroup of patients who had laparotomy with a
specific goal of curing the potentially malignant disease
without resorting to total gastrectomy.

Materials and Methods

Twenty-four patients with documented ZES were eval-
uated at the University of Florida College of Medicine
from 1971-1986. The diagnosis ofZES was initially con-
firmed in all patients with measurements offasting serum
gastrin levels, and basal and maximal gastric acid secre-
tion. Serum gastrin response to secretin infusion was
evaluated in most patients. Criteria for the diagnosis of
ZES were a fasting serum gastrin determination greater
than 150 pg/mL, a secretin infusion response of 200 pg/
mL above baseline levels, and basal acid secretion of
greater than 15 mEq/h. Methods for serum gastrin eval-
uation and secretin infusion testing have previously been
reported. 13

All patients have undergone at least one barium upper
gastrointestinal examination, upper gastrointestinal en-
doscopy, and in the years since the medications were
available, aggressive initial medical therapy with either
cimetidine or ranitidine to evaluate the degree of acid
secretory suppression.

In recent years, all patients had abdominal ultrasound
examination, computed tomography and, in many pa-
tients, celiac and superior mesenteric arteriography. Six
patients recently had percutaneous transhepatic venous
sampling of the portal vein and its tributaries for gastin
analysis before anticipated surgery. Three patients had
this procedure twice. Transhepatic PVS was performed
using the Hawkins needle guide technique in which the
22 gauge needle guide itselfwas used to locate the portal
vein. '4 A small 3 or 4 French catheter was subsequently
used to obtain samples from the main portal, splenic, and
superior mesenteric trunks and their tributaries. Criterion
for a positive test was a very demonstrable gastrin gradient.

Twenty-two of 24 patients eventually had exploratory
laparotomy with gross biopsy-proven tumor identified in
15 patients. Ten ofthese 15 patients had resection oftheir
gastrinomas with the aim of curing the disease. The re-
mainder of the patients had total gastrectomy both with
and without tumor resection.

All patients had fasting serum gastrin determinations
and secretin infusion tests in the early postoperative pe-
riod. Without long-term follow-up on all patients, it is
difficult to define the criteria for curing ZES. Our criteria
were fasting serum gastrin determinations below 100 pg/
mL and biochemical response to secretin infusion of less
than 200 pg/mL during the follow-up period.

Results

Since 1971, 24 patients were evaluated and diagnosed
as having ZES. Twenty-two patients had exploratory lap-
arotomy with tumor identified in 15 patients. Of this
group, 10 patients had resection for potential cure. The
remaining five patients had total gastrectomy with and
without resection ofgross tumor. In the patients in whom
no tumor was found, all had total gastrectomy. There
were no postoperative deaths from total gastrectomy and/
or tumor resection.

Table 1 lists the 10 patients who had resection for
cure. Patients 1-4 have previously been reported and rep-
resented four extraintestinal and extrapancreatic lesions."
As noted, patients 1-3 had resection of the tumor and
total gastrectomy. All patients in this group are cured with
a minimum follow-up of 5 years. Of the remaining six
patients operated on since 1981, four gastrinomas were
located in the duodenum (patient 7, 2 gastrinomas), one
pancreatic lesion was located in the uncinate process, and
one tumor was found within a lymph node located along
the lesser curve of the stomach. Figure 1 demonstrates
the location of gastrinomas in this group of 10 patients.
The gastrinoma found in patient 4 appeared to be an ac-
cessory spleen at initial observation. Gastrinoma was
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FIG. 1. The location of 10 gastrinomas in patients who had tumor re-
section for "cure." Open circle denotes the two patients who failed within
48 hours based on serum gastrin determinations. The black circles indicate
the eight patients who have remained "cured" of their disease.

confirmed on frozen section. Two ofthe duodenal lesions
(patients 8 and 9) also had tumor in adjacent lymph nodes.
Both were resected with their nodes for potential cure.
Although resected for cure, patients 9 and 10 represented
early failures on the basis of postoperative gastrin deter-
minations. The serum gastrin response in patient 9 was
greatly decreased but still abnormal. Patient 10 had a
postoperative normal fasting serum gastrin determination
but a positive secretin infusion test. After operation, the
lesion in patient 10 was noted to be within a rim oflymph
node tissue. Patient 9 had a duodenal wall gastrinoma
with a positive adjacent lymph node. A similar condition,

GASTR I NOMA RESECTION

(7)

mm Tumor found
and resected

(6) Two patients mobilized for
'Blind" resection based on

Portal Venous sampling X 2

FIG. 2. The peak gastrin determination after PVS in two patients (6 and
7) who had mobilization for a "blind" pancreatic duodenectomy. In one
patient (6) a small tumor was found and enucleated before major resec-
tion.
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FIG. 3. Preoperative and postoperative serum gastrin determinations in
10 patients who had gastrinoma resection for "cure." Two patients failed
within 48 hours and eight patients remained "cured" with a follow-up
of 6 months to 15 years.

that ofa duodenal wall gastrinoma with a positive adjacent
node, was found in patient 8, but the postoperative serum
gastrin determinations and secretin infusion tests have
remained normal since surgery.

At laparotomy and after extensive search for tumor
tissue, two patients (6 and 7) had mobilization ofthe duo-
denum and pancreas in preparation for a "blind" pan-
creatoduodenectomy based on preoperative portal venous
sampling (Fig. 2). Immediately before transection of the
head of the pancreas, a small 3-mm nodule was palpated
deep in the posterior portion ofthe uncinate process. This
tumor mass was enucleated and a frozen section was con-
sistent with the primary gastrinoma. Serum gastrin de-
terminations and response to secretin infusion have re-
mained normal since surgery (2 years). Patient 7 had a
pancreatoduodenectomy with two duodenal wall gastri-
nomas identified by the pathologist.

Overall, 8 of 15 patients in whom gross tumor was
found or 8 of 10 patients who had resection of their gas-
trinomas for cure were believed to represent a cure of
ZES. Figure 3 demonstrates follow-up serum gastrin de-
terminations in all eight patients. With the exception of
two patients who biochemically failed within 2 days of
surgery, all remaining patients demonstrated serum gas-
trin determinations below 100 pg/mL throughout their
years of follow-up. Secretin infusion tests have remained
normal after operation in all patients in this group since
1978. There have been no deaths throughout the post-
operative period and no evidence of metastatic disease.
The two patients with abnormal gastrin determinations
after operation remain asymptomatic on medical therapy
with ranitidine. No decision has been made yet as to sec-
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ond attempts at portal venous sampling or possible sec-
ond-look surgery.

Transhepatic venous sampling of the portal vein with
serum gastrin determinations was performed in six pa-
tients. Three patients had the procedure twice. The lo-
cation of the tumors in these patients are noted in Figure
4. The results in one patient were considered false-positive.
The gastrin gradient in this patient demonstrated high
levels near the takeoff of the superior mesenteric vein.
The tumor, however, was found in the wall of the duo-
denum with no evidence oftumor in or around the pan-

creas. Postoperative serum gastrin determinations after
resection of this duodenal tumor have remained normal.
The results in five patients were considered to be true-
positives with gradients coinciding with the areas where
tumor was found. In one patient, however, the lesion in
the body ofthe pancreas was found to be both metastatic
and unresectable due to local invasion and distant spread.
Total gastrectomy was performed. In two of six patients
(6 and 7) the tumor was not easily identified at surgery.
As described, both patients had the pancreas and duo-
denum mobililized for a major resection, but a small gas-
trinoma was palpated and enucleated in patient 6. Patient
7 had a Whipple procedure with two separate gastrinomas
located in the wall of the duodenum (Fig. 5). These were

not palpated at surgery even with the duodenum opened.
Figure 6 demonstrates the PVS gastrin gradient in patient
6 in which the 3-mm gastrinoma was found in the uncin-
ate process. Of the entire group of six patients who had
PVS, gastrinoma tissue was easily identified in four pa-

tients. In only two ofsix patients, therefore, PVS was con-
sidered essential in locating the gastrinoma and vital in
considering major resection in patient 7.
A total ofeight patients ofthe entire group of24 patients

were considered cured of their disease. This represented
36% of the 22 patients who had laparotomy and 53% (8/
15) in whom tumor was found at surgery. The overall

follow-up period was 8, 9, and 15 years in three patients,
4 and 5 years in two patients, 2 years in two patients, and
beyond 6 months in one patient.

Discussion

The early treatment of ZES by total gastrectomy has
evolved in several stages. These have included intensive
medical therapy for most if not all patients, preoperative
localization of tumors using various modalities, and, fi-
nally, an aggressive approach to resection of the primary
tumor, metastases, and even blind pancreatoduodenal re-

section based on the results of PVS.
The evolving trends were made possible by the success

of cimetidine, ranitidine, and newer drugs in controlling
the gastric hypersecretion of ZES.9Y'0 After this stage, the

TRANSHEPATIC PORTAL VENOUS SAMPLING
6 PTS

i True Positive - 5

\< , 0 False Positive - 1

4/6 Tumor easily identified
at surgery

FIG. 4. Location of tumor in six patients who had preoperative trans-
hepatic PVS. Tumor was resected in five of six patients.

FIG. 5. Photomicrograph demonstrating the two duodenal wall gastri-
nomas identified and resected in patient 7.
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FIG. 6. Transhepatic PVS and gastrin determinations in pg/mL in patient
6. A 3-mm gastrinoma was resected from the posterior uncinate process.

emphasis changed to localization ofthe tumor before and
during operation.

In recent reviews, and in up to 40% ofpatients in whom
ZES was well documented, gastrinomas were not found
during laparotomy. 5",6 Norton et al., however, reported
that 73% of documented ZES patients had gastrinomas
found either by preoperative imaging studies or laparot-
omy.' Stabile et al. documented greater than 80% of gas-
trinomas found in a "Triangle" encompassing the area

in and around the head of the pancreas as opposed to
earlier reviews demonstrating a more widespread location
throughout the pancreas.3 In our series, 15 of 22 patients
who had laparotomy (68%) had tumor found at surgery,

but in only 10 of22 patients (45%) resection for potential
cure was attempted and performed. Of the 10 patients
who had resection for cure, at least six or seven tumors
were located within the anatomic triangle reported by
Stabile et al.3 This included one of four extrapancreatic,
extraintestinal tumors with the remaining three outside
the reported area. Since 1981, however, all ofthe resected
lesions appear to be within this triangle. Whether this rep-

resents a trend to earlier diagnosis of curable lesions as

discussed by Thompson et al. is unclear as yet.'7 They
reported finding only 26% ofpatients with metastatic dis-
ease over a 12-year period.
The role oftranshepatic PVS in locating tumors before

operation remains controversial. Burcharth et al. localized
gastrinomas in 10 of 12 patients with ZES with five of six
patients who were operated on undergoing pancreatodu-
odenal resection. They considered four resections prob-

ably curative." The review by Roche et al. was quite in-
teresting, provocative, and controversial in terms of
"blind" pancreatoduodenal resections based on preop-
erative PVS.'2 Although gastrinomas were not found at
laparotomy by the surgeon, even with positive preoper-
ative gastrin gradients, they were, however, demonstrated
by the pathologist after blind pancreatoduodenal resec-
tions. In our small series of six patients, tumor was easily
identified at surgery in four patients, retrospectively sug-
gesting that PVS was not cost effective. In two patients,
however, tumor was not easily identified, and both pa-
tients had mobilization of the pancreas and duodenum
for "blind" resection. One small tumor was eventually
found, and only one patient had a Whipple procedure.
Blind resection is quite controversial and, although we
accept the concept, we would agree with Norton et al.
that the 37% mortality reported by Roche et al. is too
high to accept even when resecting for potential cure.2
Ten of 22 patients had resection for cure of the poten-

tially malignant syndrome. In eight of 22 patients (36%)
or eight of 10 patients who had attempted resection we
believe that, at the very least, biochemical cure was
achieved and, at the most, permanent cure in the patients
followed for more than 4 years. Resection was attempted
in two patients with duodenal tumors who had adjacent
positive lymph nodes. One patient failed in the early post-
operative period, but one patient remains cured. This is
similar to the review by Friesen who reported "probable
cure" in four of 10 patients with tumor in the lymph
nodes.5 On the basis of his experience and others in re-
porting "primary" gastrinomas in lymph nodes, our tenth
patient had extensive resection of a lesser curve lymph
node mass. Unfortunately, although postoperative serum
gastrin determinations returned to normal, the patient
demonstrated a positive secretin infusion response. We
plan on restudying this patient in approximately 6 months
to 1 year with both computed tomography (CT) and PVS.
The second ofour failures will similarly be restudied with
CT and PVS. This patient had resection of a duodenal
wall tumor and adjacent positive lymph node. No other
tumor was palpable at surgery and the patient is now
asymptomatic on a regimen of ranitidine therapy 1 year
after laparotomy.
Our experience with CT scanning has been somewhat

poor compared with the excellent results reported by
Norton et al.2 None of the 10 patients who had resection
for cure had demonstrable lesions on CT scan. It is cer-
tainly possible that we are finding patients with ZES at
an earlier stage with smaller tumors in the head of the
pancreas or the anatomic triangle previously described.
We may, however, be identifying fewer patients in recent
years with ZES than we did a decade ago. As discussed
by Wolfe et al. there has been a gradual decrease in the
number of requests for serum gastrin determinations in
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commercial laboratories.'8 They postulated that this de-
cline was coincidental with the increasing availability of
histamine H2 antagonists and that many patients with
peptic ulcer disease symptoms but underlying ZES may
be adequately treated by empirical cimetidine or ranitidine
therapy. We would suggest that most, if not all, patients
with documented peptic ulcer disease should have at least
one serum gastrin determination, even though their dis-
ease responds well to medical therapy.
Of the eight patients reported in this series whom we

consider potentially cured, five patients have follow-up
beyond 4 years. Although long-term follow-up beyond 10

years is necessary to consider the patients biologically
cured, we believe that, in the seven patients beyond 2
years, normal serum gastrin determinations and normal
responses to secretin infusion suggest both a biochemical
and biological cure. Malagelada et al. recently reported
what they considered permanent cure in seven of 18 pa-

tients in whom resection for cure was performed (39%).4
Norton et al. reported a biochemical cure in 12 of 28
patients who had resection. Within 6 months, however,
the "cure" rate fell to 30% (7 of23 patients). They believed
that this group might represent permanent cures and rec-

ommended an aggressive approach to tumor resection
when possible.2

In conclusion, we believe that the data presented sup-
port the concept that ZES can be cured (33%) even with
tumor in nodes or when tumor is not easily identified at
surgery. Although controversial and not necessarily cost
effective, we believe that PVS does, indeed, identify some
tumors, even those that are not easily found at surgery.
Similarly controversial is the role of "blind" pancreato-
duodenal rpsection. If this procedure can be performed
with low morbidity and mortality, then it indeed removes
tumors that were not identified at initial laparotomy.
Based on these data and other recent reviews, we support
an aggressive approach to tumor resection involving initial
evaluation of the response to medical therapy, preoper-
ative localization of the tumor, laparotomy, and, finally,
resection of tumors with metastases when present. It is
likely that with the newer, more powerful drugs available,
and perhaps with future gastric secretory suppressants,
there may be little or no need to consider either total

gastrectomy or highly selective vagotomy at initial explo-
ration for ZES.

References

1. Norton JA, Doppman JL, Collen MJ, et al. Prospective study of
gastrinoma localization and resection in patients with Zollinger-
Ellison syndrome. Ann Surg 1986; 204(4):468-479.

2. Norton JA, Sugarbaker PH, Doppman JL, et al. Aggressive resection
of metastatic disease in selected patients with malignant gastri-
noma. Ann Surg 1986; 203:352-359.

3. Stabile BE, Morrow DJ, Passaro E. The gastrinoma triangle: operative
implications. Am J Surg 1983; 147:25-31.

4. Malagelada JR, Edis AJ, Adson MA, et al. Medical and surgical
options in the management ofpatients with gastrinoma. Gastro-
enterology 1983; 84:1524-1532.

5. Friesen SR. Treatment ofthe Zollinger-Ellison syndrome: a 25-year
assessment. Am J Surg 1982; 143:331-338.

6. Wolfe MM, Alexander RW, McGuigan JE. Extra-pancreatic, extra-
intestinal gastrinoma. N Engl J Med 1982; 306:1533-1536.

7. McArthur KE, Collen MJ, Maton PN, et al. Omeprazole: effective,
convenient therapy for Zollinger-Ellison syndrome. Gastroen-
terology 1985; 88(4):939-944.

8. Howard JM, Chremos AN, Collen MJ, et al. Famotidine, a new,
potent, long-acting histamine Hrreceptor antgonist: comparison
with cimetidine and ranitidine in the treatment of Zollinger-El-
lison syndrome. Gastroenterology 1985; 88(4):1026-1033.

9. Brennan MF, Jensen RT, Wesley RA, et al. The role of surgery in
patients with Zollinger-Ellison syndrome (ZES) managed med-
ically. Ann Surg 1982; 196:239-245.

10. Jensen RT, Gardner JD, Raufman J-P, et al. Zollinger-Ellison syn-
drome: current concepts and management. Ann Intern Med 1983;
98:59-75.

11. Burcharth F, Stage JG, Stadil F, et al. Localization of gastrinomas
by transhepatic portal catheterization and gastrin assay. Gastro-
enterology 1979; 77:444-450.

12. Roche A, Raisonnier A, Gillon-Savouret MC. Pancreatic venous
sampling and arteriography in localizing insulinomas and gas-
trinomas: procedure and results in 55 cases. Radiology 1982;
145:621-627.

13. McGuigan JE, Wolfe MM. Secretin injection test in the diagnosis
of gastrinoma. Gastroenterology 1980; 79:1324-1331.

14. Andrews RC, Hawkins IF. The Hawkins needle-guide system for
percutaneous catheterization: 1. Instrumentation and procedure.
AJR 1984; 142:1191-1195.

15. Deveney CW, Deveney KE, Stark D, et al. Resection ofgastrinomas.
Ann Surg 1983; 198:546-563.

16. Bonfils S, Landor JH, Mignon M, Hervoir P. Results of surgical
management in 92 consecutive patients with Zollinger-Ellison
syndrome. Ann Surg 1981; 194:692-697.

17. Thompson JC, Lewis BG, Wiener I, Townsend CM. The role of
surgery in the Zollinger-Ellison syndrome. Ann Surg 1983; 197:
594-607.

18. Wolfe MM, Devendra KJ, Edgerton JR. Zollinger-Ellison syndrome
associated with persistently normal fasting serum gastrin con-
centrations. Ann Intern Med 1985; 103:215-217.

DISCUSSION

DR. JAMES C. THOMPSON (Galveston, Texas): I would like to con-
gratulate Dr. Woodward, Dr. Vogel and their colleagues on this very
good study.
As far as I can tell, their experience with transhepatic selective pan-

creatic vein catheterization is the best yet reported in the world since
the original report from Flemming Stadel's group in "Gastroenterology"
in 1979. I do not believe anyone has approached this degree ofaccuracy
and certainly we have not.

We have studied 10 ofour 36 patients with Zollinger-Ellison syndrome
by this technique, and the examination was truly helpful in only one
patient. We had three false-positives, three false-negatives, and in three
patients the localization of the tumor was obvious at operation and we
did not need the technique.
We have certainly had a much more difficult time finding the single

isolated tumor than most seem to.
We have, like everyone else, lost many of our patients to the growth

ofmetastatic tumors. I believe that we need to be very selective in talking
about these. We have never been able to render a patient eugastrinemic,
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