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ABSTRACT 
Context The surgical management of pancreatic endocrine tumors in patients with multiple endocrine neoplasia type 1 (MEN-1) is 
controversial and complicated by the fact that these tumors are frequently multifocal. The degree of tumor resection is determined by 
weighing the risk of malignancy or tumor recurrence against the risks of endocrine/exocrine insufficiency with complete gland 
removal. Methods A retrospective review was performed identifying 4 patients with MEN-1 and pancreatic endocrine tumors 
treated with pancreatic resection over a 2-year period at our institution. Results Mean age at operation was 35 years. Surgical 
approach was determined by size of tumor(s) and presence of multifocality. MRI and EUS were performed in all patients. While 
EUS identified a greater number of tumors when compared to MRI (median 5 versus 1), both studies grossly underestimated the total 
number of tumors found on final pathology. Three patients underwent laparoscopic total pancreatectomy for multifocal disease with 
diffuse pancreatic involvement, finding a median of 12 tumors. One patient underwent laparoscopic subtotal pancreatectomy for a 
presumed single pancreatic tail mass, but was found to have multifocal disease on final pathology consisting of 7 tumors. The 
average number of tumors found on final pathology was 13.5 with an average size of 2.6 cm. The median number of lymph nodes 
analyzed was 14. Diffuse, multifocal disease was present in all 4 patients. No major postoperative complications were observed. 
Conclusion In patients with MEN-1 and pancreatic endocrine tumors, preoperative workup underestimates extent of disease and 
total pancreatectomy should be considered for complete tumor removal. 
 
INTRODUCTION 
 
Multiple endocrine neoplasia type 1 (MEN-1) is an 
autosomal dominant syndrome characterized by 
functioning or nonfunctioning tumors of the 
parathyroid glands, anterior pituitary gland, and the 
pancreatic islet cells or duodenum. MEN-1 results from 
a mutation of the MEN-1 tumor-suppressor gene 
located on chromosome 11q13 encoding the MENIN 
protein [1]. Over 600 different germline mutations 
have been found to cause MEN-1, which occurs in an 
estimated 1 in 30,000 people, with equal incidence in 
males and females [2]. 
Hyperparathyroidism is the most common 
manifestation of MEN-1 found in 95% of patients by 
40 years of age [3, 4, 5, 6, 7]. Endocrine tumors of the 

pancreas or duodenum are the second most common 
manifestation affecting up to 75% of patients [8, 9, 10, 
11]. Approximately 30% of patients develop pituitary 
adenomas, most commonly prolactinoma [8]. Less 
common manifestations include adrenal tumors, thymic 
and bronchial carcinoids, lipomas, angiofibromas, 
thyroid neoplasms, pheochromocytoma, melanoma, 
and teratomas [8, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21]. 
Pancreatic endocrine tumors may be functional or 
nonfunctional. Of all pancreatic endocrine tumors two-
thirds are functional but in patients with MEN-1 most 
are nonfunctional. Among MEN-1 patients with 
functioning pancreatic endocrine tumors, gastrinoma is 
the most commonly observed malignant tumor (20-
70%) [8, 22, 23, 24]. Patients with pancreatic 
endocrine tumors present with a wide range of gastro-
intestinal symptoms or they may be asymptomatic with 
pancreatoduodenal tumors discovered incidentally on 
imaging or during workup of known or suspected MEN 
syndrome. Early detection of functional pancreatic 
endocrine tumors through biochemical screening is 
important to ameliorate the development of clinical 
symptoms. Annual biochemical surveillance is 
recommended including serum calcium, PTH, glucose, 
gastrin, insulin, proinsulin, chromogranin A, pancreatic 
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polypeptide, vasoactive intestinal polypeptide, 
glucagon, prolactin, and IGF-1 [4, 5, 7, 15]. 
Imaging modalities used to identify functional or 
nonfunctional pancreatic endocrine tumors include 
computed tomography (CT), magnetic resonance 
imaging (MRI), positron emission tomography, 
somatostatin receptor scintigraphy, and endoscopic or 
intraoperative ultrasound [25]. The frequently 
multifocal nature, small size, and similarity to 
pancreatic tissue of pancreatic endocrine tumors in 
MEN patients make accurate assessment of tumor 
burden difficult. EUS and intraoperative ultrasound are 
thought particularly useful for identifying small 
tumors, but are known to be operator dependent. 
Surgical options for treatment of pancreatic endocrine 
tumors include simple enucleation, partial 
pancreatectomy (distal, central, subtotal, or near-total 
pancreatectomy), pancreaticoduodenectomy, total 
pancreatectomy, and the Thompson procedure (distal to 
subtotal pancreatectomy, enucleation of pancreatic 
head tumors, peripancreatic lymph node dissection, 
duodenal exploration with tumor excision for patients 
with gastrinoma, and cholecystectomy) [23]. The 
degree of tumor resection is determined by weighing 
the risks of malignant transformation or tumor 
recurrence against the risks of pancreatic gland 
removal with subsequent development of endocrine or 
exocrine insufficiency [23]. Surgical decision making 
is complicated by the fact that these tumors are 
frequently multifocal and distributed throughout the 
pancreatic parenchyma. In addition, the potential for 
malignant transformation of pancreatic endocrine 
tumors in this subgroup is difficult to predict. Surgical 
and autopsy series have demonstrated pre-neoplastic 
changes distributed throughout the pancreas in affected 
patients, limiting chances of cure with partial resection 
alone [26, 27]. 
We present our experience at a tertiary referral center 
for patients with MEN-1 and pancreatic endocrine 
tumors over the course of a 2-year time period. 
Sensitivity of preoperative imaging studies, extent of 
resection, and number of pancreatic endocrine tumors 
found in the specimen were specifically addressed. 
 
METHODS 
 
A retrospective chart review of a prospectively 
maintained pancreatic surgery database was conducted 
for patients with MEN-1 and pancreatic endocrine 
tumors treated from December 2008 to May 2011 at 
the Mayo Clinic Jacksonville, FL, USA. All patients 
met accepted criteria for diagnosis of MEN-1 [28]. 
Standard clinicopathologic parameters were analyzed 
including presence of symptoms, functionality of 
tumors determined by laboratory analysis, radiographic 
findings, surgical procedure, final pathology including 
number of tumors found, involved lymph nodes, and 
tumor size, postoperative complications, and morbidity 
at follow up. Surgical resection was guided by 
anticipated location of tumor(s) based on preoperative 
imaging. All patients underwent laparoscopic resection. 

The development of post-operative endocrine and 
exocrine insufficiency requiring insulin and/or enzyme 
supplementation is also described. 
 
Preoperative Workup 
 
Patients with known or suspected MEN-1 underwent 
biochemical and radiographic testing to determine 
presence and functionality of pancreatic tumors as well 
as determine extent of disease. Biochemical testing for 
pancreatic endocrine tumors was conducted after 
diagnosis of MEN-1 and consisted of serum gastrin, 
baseline glucose, insulin, proinsulin, chromogranin A, 
pancreatic polypeptide, vasoactive intestinal 
polypeptide, glucagon, prolactin, and IGF-1. 
Radiographic testing consisted of MRI and EUS to 
delineate location and extent of pancreatic involvement 
for surgical planning. Additional radiologic testing 
with CT or somatostatin receptor scintigraphy was left 
to the discretion of the referring physician. All patients 
were referred preoperatively for nutritional assessment 
and for diabetes education. Post-splenectomy vaccines 
were administered 2 weeks before operation. 
 
Postoperative Care 
 
At the conclusion of the procedure, a jejunostomy tube 
was placed and maintained for 4-8 weeks 
postoperative, with the decision to remove the feeding 
tube based on nutritional status at follow up. 
Postoperative, patients are placed on an insulin drip 
and enzyme supplementation is initiated with diet 
advancement or initiation of enteral feeding. Exocrine 
insufficiency is assessed by the number of bowel 
movements per day and overall nutritional status, with 
changes to enzyme supplementation made as needed. 
 
ETHICS 
 
This study was approved by the Mayo Clinic 
Institutional Review Board. Written consent was 
obtained from each patient. This study protocol 
conforms to the ethical guidelines of the “World 
Medical Association Declaration of Helsinki - Ethical 
Principles for Medical Research Involving Human 
Subjects.” 
 
STATISTICS 
 
Descriptive statistics only were computed: mean, 
median, range and frequency. 
 
RESULTS 
 
Four patients were identified to have MEN-1 and 
pancreatic endocrine tumors requiring pancreatic 
resection over a 2-year time period. Preoperative 
characteristics, imaging findings, operation performed, 
and pathology results are listed in Table 1. Ages of our 
patients were 29, 35, 37, and 42 years. Gastrointestinal 
symptoms were present in 1 of 4 patients. All patients 
were previously diagnosed with pituitary adenoma, 1 
patient additionally had a history of gastrinoma and 
gastric carcinoid. Preoperative imaging with MRI and 
EUS showed a median of 1 and 5 tumors, respectively. 
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Octreoscan was performed in 3 patients, identifying 2 
pancreatic endocrine tumors in a single patient. Three 
patients underwent laparoscopic total pancreatectomy 
and 1 patient underwent laparoscopic subtotal 
pancreatectomy for predominantly distal pancreatic 
disease. Additional procedures as required are listed in 
Table 1. A mean of 13.5 tumors were found on final 
pathology (range: 5 to 30), with an average size of 2.6 
cm (range: 0.8 to 6 cm). Only one patient had lymph 
node positive disease with median 14 lymph nodes 
analyzed for the group. 
The operative time for laparoscopic subtotal 
pancreatectomy was 200 minutes with an estimated 

blood loss of less than 100 mL. Mean operative time 
for laparoscopic total pancreatectomy was 567 minutes, 
with a mean estimated blood loss of 267 mL. 
Postoperative blood transfusion of 2 units was required 
in a single patient after total pancreatectomy. 
Postoperative complications, development of endocrine/ 
exocrine insufficiency, and state of disease at last 
follow up are listed in Table 2. Average length of 
hospitalization was 8.7 days (range: 3 to 13). One 
patient developed prolonged ileus postoperatively 
requiring discharge home with jejunostomy tube feeds. 
One patient required reoperation 6 months later for 
biopsy-proven metastatic neuroendocrine tumor to 

Table 1. Preoperative and operative details for 4 patients with multiple endocrine neoplasia (MEN) undergoing pancreatectomy for pancreatic 
endocrine tumors. 
Patient #1 #2 #3 #4 

Age 29 years 35 years 37 years 42 years 

Sex Female Female Female Male 

Symptoms None Gastritis, 
abdominal distention 

None None 

Multiple endocrine neoplasia 
(MEN) manifestations 

Primary 
hyperparathyroidism, 

pituitary adenoma 

Primary 
hyperparathyroidism, 

prolactinoma, gastrinoma, 
gastric carcinoid 

Primary 
hyperparathyroidism, 

pituitary adenoma 

Primary 
hyperparathyroidism, 

pituitary adenoma 

Laboratory Gastrin: 40 pg/mL, 
PP: 86 pg/mL 

Gastrin: 319 pg/mL, 
PP: 1,410 pg/mL 

Gastrin: 50 pg/mL, 
PP: 118 pg/mL 

Gastrin: <10 pg/mL, 
PP: <40 pg/mL 

Imaging studies performed 
(no. of tumors identified) 

MRI (1), 
EUS (1), 

octreoscan (0) 

MRI (5), 
EUS (several), 
octreoscan (2) 

MRI (1), 
EUS (5), 

octreoscan (0) 

MRI (1), 
EUS (5) 

Operation performed Laparoscopic subtotal 
pancreatectomy 

Laparoscopic total 
pancreatectomy 

Laparoscopic total 
pancreatectomy 

Laparoscopic total 
pancreatectomy 

Additional procedures None En-bloc duodenectomy, 
splenectomy, 

distal gastrectomy 

Splenectomy, 
cholecystectomy, 

partial gastrectomy 

Splenectomy, 
transverse colectomy, 
partial duodenectomy, 

distal gastrectomy, 
cholecystectomy, 

omentectomy, appendectomy

No. of tumors on path 
(no. of micro/macro tumors) 

7 
(5/2) 

30 
(did not specify) 

5 
(0/5) 

12 
(6/6) 

Nodes (positive/total) 0/3 3/29 0/7 0/21 

Largest tumor (cm) 2.4 0.8 1.3 6 

Other findings None 2 NETs in distal stomach, 
one gastrinoma in duodenum

None Pancreatic tail tumor 
infiltrating transverse colon 

mesentery, 
resolving pancreatitis 

Gastrin (normal range: 0-99 pg/mL); PP: pancreatic polypeptide (reference range: 0-248 pg/mL) 

Table 2. Postoperative details for 4 patients with multiple endocrine neoplasia (MEN) undergoing pancreatectomy for pancreatic endocrine tumors. 
Patient #1 #2 #3 #4 

Post-operative 
complications 

None Need for prolonged enteral 
nutrition, labile blood sugars

None None 

Length of stay 3 days 13 days 7 days 12 days 

Re-operation No No No Yes, cervical lymph node 
excision for metastases 

Hemoglobin A1c (HbA1c) 5.5% 7.8% 6.8% 8.1% 

Insulin regimen None Infusion pump Infusion pump Infusion pump 

Enzyme replacement None Pancrelipase Pancrelipase Pancrelipase 

Post-operative MRI 7 months, no recurrence 6 month, unremarkable 1 year, unremarkable 20 months, no progression 

Recurrent symptoms No No No Yes, to R neck 

Last follow-up 18 months 21 months 27 months 26 months 
Hemoglobin A1c (reference range: 4.0-6.0%) 
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cervical chain lymph nodes. No patients required 
reoperation for recurrent abdominal disease or due to 
postoperative complication. All patients who had total 
pancreatectomy required an insulin pump for glucose 
management as well as pancreatic enzyme 
supplementation. Metastatic disease was identified in a 
single patient with no mortalities observed at last 
follow up (range: 18 to 27 months). 
 
DISCUSSION 
 
Most patients with MEN-1 develop endocrine tumors 
of the pancreas or duodenum. Unique to the pancreatic 
involvement of pancreatic endocrine tumors in this 
population is their diffuse nature and predisposition 
towards multifocal disease [8]. Gauger et al. and 
Kouvaraki et al. examined 49 and 38 patients with 
MEN-1 and pancreatic endocrine tumors finding 
multiple pancreatic endocrine tumors in 100% and 71% 
of patients, respectively [11, 23]. There is no clear 
evidence delineating the timeline or risk of malignant 
transformation of small pancreatic endocrine tumors in 
these patients, therefore the proper timing and extent of 
resection remains controversial. 
The most important cause of death in patients affected 
with MEN-1 is malignant transformation of pancreatic 
endocrine tumors [4, 5]. Gauger et al. found that 46% 
of patients in this group died as a result of their 
pancreatic neoplasm(s) [23]. A second group identified 
a median survival of 19.5 years after treatment for 
pancreatic endocrine tumors, noting a better survival in 
patients with functioning tumors, no metastatic disease, 
and after complete surgical resection [11]. In patients 
with advanced pancreatic endocrine tumors, 50-80% 
died within 5 years of tumor progression [29, 30]. 
Higher morbidity was noted in patients with 
nonfunctional pancreatic endocrine tumors due to the 
development of locally advanced or metastatic tumors 
coupled with more difficult reoperative procedures 
when performed [31]. It is known that the majority of 
disease-related complications and death in MEN-1 
gene mutation carriers relates to malignant 
duodenopancreatic and intrathoracic tumors (bronchial 
and thymic carcinoids) [32, 33]. Metastatic potential in 
functional pancreatic endocrine tumors (gastrinomas) 
has been shown to correlate with size of tumor and is 
the basis for the practice of early surgical excision of 
functional pancreatic endocrine tumors in these 
patients [34]. An estimated 1/3 of patients with 
pancreatic endocrine tumors have metastases at initial 
presentation [35]. The presence of lymph node 
involvement and metastases to the liver are known to 
be major factors limiting survival [36]. Lymph node 
metastases have been found with increased frequency 
in patients with tumors greater than 3 cm, but no 
correlation has been shown between the size of the 
primary pancreatic endocrine tumor and incidence of 
metastases [8, 37]. The development of liver 
metastases has been found to occur in up to 50% of 
patients with malignant pancreatic endocrine tumors 
and is a significant cause of morbidity and mortality 

[32, 38, 39, 40]. Pancreatic endocrine tumors larger 
than 3 cm have also been shown to have a higher 
prevalence of malignancy. 
Current imaging modalities have specific limitations in 
their ability to detect small, multifocal pancreatic 
endocrine tumors characteristic of the MEN syndromes 
[41]. CT and somatostatin receptor scintigraphy have 
been shown to identify 59-69% of pancreatic endocrine 
tumors, but are known to underestimate overall tumor 
burden when compared to the number of tumors found 
at operation [8]. The sensitivity of MRI in detecting 
pancreatic endocrine tumors has ranged from 75 to 
85% with a recent study by Caramella et al. finding 
95% sensitivity for detecting these tumors, though this 
high sensitivity may represent selection bias [42, 43, 
44]. Endoscopic ultrasound is particularly sensitive at 
early detection of pancreatic endocrine tumors in 
patients with MEN (70-90%), revealing lesions as 
small as 5 mm [45, 46, 47]. In our cohort, when 
compared to findings at pathology, preoperative 
imaging studies identified only macrotumors (greater 
than 0.5 cm), with size limitation alone the most likely 
explanation for lack of identification of microtumors. 
Additionally, none of the “occult” lesions identified at 
pathology had more malignant characteristics than the 
index lesion or lesions. Intraoperative ultrasonography 
has also been shown highly sensitive in identifying 
pancreatic endocrine tumors (up to 83%) with the 
ability to identify tumors as small as 3 mm [3]. 
Although highly sensitive at detection, this method is 
notably operator dependent [3]. Our group utilizes 
intraoperative ultrasonography both for open and 
laparoscopic cases, finding high resolution imaging 
helpful at determining the required degree of pancreatic 
resection, ability to achieve adequate margins, and 
define the relationship to adjacent structures. 
Subjectively we note no difference in the ability to 
identify macro- or micro-tumors when ultrasound is 
performed laparoscopically compared to open. Despite 
advanced imaging techniques, tumor burden in patients 
with MEN and multifocal disease remains 
underestimated [8, 41]. 
Management strategies for pancreatic endocrine tumors 
in patients with MEN-1 are aimed at early detection 
and resection before metastatic spread. Considerable 
controversy exists relating to the timing of metastatic 
spread or development of recurrence [11]. 
Conservative management has been proposed for 
small, asymptomatic nonfunctional pancreatic 
endocrine tumors, emphasizing the low risk of death 
from islet cell tumors of the pancreas (15%), the 
significant morbidity of pancreatic surgery, and the 
inability to prevent new tumor development unless 
total pancreatectomy is performed [8, 32, 33, 38, 48, 
49, 50, 51]. A different recommended strategy 
emphasizes early resection when the diagnosis of 
pancreatic endocrine tumors are made whether via 
imaging or laboratory analysis (i.e., elevated pancreatic 
polypeptide) to prevent the risk of malignant 
transformation [10, 38, 52, 53, 54, 55]. An even more 
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aggressive approach recommends early surgical 
exploration with resection based on suggestive 
biochemical analysis alone, even before tumors are 
detected on imaging [56, 57, 58, 59]. Our current 
practice shadows that of Lairmore et al. who 
recommends resection of any functional pancreatic 
endocrine tumor at diagnosis or of any nonfunctional 
pancreatic endocrine tumor larger than 1 cm [8]. Cure 
rates are unfortunately low secondary to the diffuse 
nature of pancreatic involvement in these patients 
coupled with high rates of recurrence, even if complete 
resection is performed [11, 23]. Gauger et al. examined 
49 patients with MEN-1 with recurrent pancreatic 
endocrine tumors after Thompson procedure, noting a 
need of 8/49 (16%) for completion pancreatectomy and 
duodenectomy [23]. Despite complete resection, 
recurrence has been seen in up to 30% of patients as far 
as 8 years after operation [11]. 
Modern pancreatic enzyme supplementation and 
improved diabetes education and insulin administration 
via infusion pumps has decreased the overall morbidity 
associated with total pancreatectomy [42]. At our 
institution, a team approach is ensured through a 
clinical pathway for patients undergoing total 
pancreatectomy. We emphasize preoperative diabetes 
education and provide a diabetic counselor to answer 
questions and design an insulin regimen while the 
patient is hospitalized to improve compliance and 
glucose control in the outpatient setting. Our pathway 
also includes preoperative nutritional assessment and 
nutritional support that continues during hospitalization 
with pancreatic enzyme supplementation and a 
multivitamin with frequent assessment of nutritional 
intake upon discharge. A feeding jejunostomy is placed 
and kept for 4-8 weeks postoperatively at which time a 
nutritional assessment is performed with the decision to 
remove the feeding tube based on whether a patient is 
meeting adequate caloric needs. In our experience, 
even if not used, the jejunostomy serves as a safety net 
for those patients having difficulty maintaining 
adequate nutrition. Thus far, our pathway has helped to 
decrease re-hospitalization rates and reduce the 
morbidity associated with the metabolic derangements 
expected after total pancreatectomy. 
By decreasing the severity of metabolic derangements 
associated with total pancreatectomy and improving 
patient compliance and comfort with supplementation 
and insulin administration, we believe the utility of 
total pancreatectomy for multifocal pancreatic 
endocrine tumors in patients with MEN-1 may be 
worth revisiting. The laparoscopic approach is safe in 
experience hands and may be the preferred route for 
selected patients. This approach may be associated 
with faster recovery times and less postoperative 
complications when compared to open total 
pancreatectomy. 
The use of laparoscopy may also cut down on the 
historic morbidity of total pancreatectomy. We believe 
for some patients, the laparoscopic approach may be 
preferred to the more traditional operation in the hands 

of a skilled laparoscopist, decreasing hospitalization, 
patient discomfort, and minimizing postoperative 
complications. Our group has also shown improved 
lymph node harvest during laparoscopic compared to 
open pancreatic resections, analyzing a 5-year 
experience comparing pancreaticoduodenectomy/total 
pancreatectomy and distal pancreatectomy for 
adenocarcinoma [60]. This analysis demonstrated a 
statistically significant increase in mean number of 
lymph nodes analyzed via the laparoscopic approach 
(23.8 vs. 14.7 for pancreaticoduodenectomy/total 
pancreatectomy, and 26.3 vs. 11.8 for distal 
pancreatectomy) [60]. Compared to patients who have 
partial pancreatic resection for pancreatic endocrine 
tumors, total pancreatectomy will further minimize the 
risk of local recurrence and the need for lifelong 
screening via MRI or EUS. 
Our study has several important limitations. The 
retrospective nature of the review and lack of a control 
group allows inherent bias. We detail a single center, 
single surgeon experience with a preference for 
laparoscopic surgery, leaving no comparison to total 
pancreatectomy performed open. The small number of 
patients included in our series is a significant limitation 
but mirrors the relative paucity of patients in the 
general population with MEN-1. 
 
CONCLUSION 
 
In patients with MEN-1 and multifocal pancreatic 
endocrine tumors, current imaging modalities may 
underestimate overall tumor burden. Total 
pancreatectomy may be considered as a drastic but 
potentially curative measure in these patients. With the 
help of modern insulin monitoring and delivery 
systems, enzyme supplementations, and a minimal 
access surgical technique, the morbidity of a total 
pancreatectomy may have significantly decreased over 
the past few years to the point where this may become 
a preferred treatment for this rare disease. 
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