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ABSTRACT 

In this report, nine patients with insulinoma who were operated on be
tween 19H5 and I <J<J3 at the Shohada Medical Center affiliated to the Shahid 
Beheshti University of Medical Sciences in Tehran are presented. There 
were three males and six females (male to female ratio I :2) and the patients' 
age ranged from 23 to 60 years old (mean age 37.6 years old). Duration of 
symptoms was from three months to three years (average 18.2 months) and 
consisted of weakness, fainting, cold sweats, tremor, syncope, seizures and 
coma. 

Preoperative localization procedures consisting of sonography, CT scan 
and selective angiography were performed for all patients and at least one of 
them was positive in five patients (55%), with CT scan being the most 
helpful. 

At surgery, II tumors were found in seven patients, (78% positive sur
gical findings), of which two were in the head, four in the body and five in 
the tail of the pancreas. Of the two patients in whom no tumor was found at 
surgery, one patient who underwent <J5% pancreatectomy with preservation 
of the spleen was cured and nonnoglycemic postoperatively, but the second 
patient, despite a distal pancreatectomy up to the level of the superior mesen
teric vein, remained symptomatic. Thus our overall success rate is HR.<J%. 
The surgical procedures performed consisted of distal pancreatectomy with 
splenectomy in three patients, enucleation alone in three patients, distal 
pancreatectomy preserving the spleen in two patients and distal 
pancreatectomy with enucleation in one patient. 

Insulinoma is a surgically correctable disease, but requires a high index 
of suspicion if 'diagnosis is not to be delayed and severe neurological 
sequelae prevented. Tumor enucleation when possible or distal subtotal 
pancreatectomy preserving the spleen as described in detail are recom
mended by the authors as the procedures of choice, and with careful tech
nique, excellent results are possible. In this paper, we present nine patients 
treated at our center and compare our results with that reported in the litera
ture. 
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Insulinoma 

INTRODUCTION 

Insulinoma is the most common endocrine tumor of 
the pancreas. In up to 90% of cases, it is caused by a 
solittry benign pancreatic beta-cell adenoma amenable to 
surgical treatment. Malignant insulinoma is present in 10-
15% of patients.'·12.J3 

Clinical symptoms are characteristic and may be ei
ther mainly due to release of catecholamines induced hy 
hypoglycemia (tremor, palpiwtion, tachycardia, hunger. 
sweating) or inadequate glucose for mettbolism by the 
brain (he..'ldache, confusion, obtundation. seizures, coma). 
depending on the rate of fall in blood sugar. 

Insulinoma is generally stated to occur equally in both 
sexes with most patients presenting in the 4th-7th de
cades.2 Diagnosis is based on documentation of insulin 
levels inappropriately elevated with respect to blood glu
cose levels, or onset of hypoglycemic symptoms during a 
n-hr fasr.' 

The only pennanent cure for org:mic hyperinsulin'::m 
is surgical removal of the offending lesion. Preoperative 
loc:dization studies consisting of ultrasound, CT scan, se· 
lective pancreatic arteriography and percutaneous 
trans hepatic ponal venous srunpling are recommended 
prior to surgery, and a combination of these studies are 
positive in up to 80% of patients. Even \f :dl are negative 
however, exploratory surgery is indicated. I�· 7 

In this article, nine patients with biochemically-docu
mented hyperinsulinism who were treated at the Shohada 
Medical Center in Tehran between 1985 :md 1993 are 
presented and the relative clinical features and recom
mended surgical technique for m:magement are discussed. 

MATERIAL AND METHODS 

Patients 
Nine patients, six female and utree male (male to fe

male ratio, I :2) with age ranging from 23 to 60 years old 
(mean age, 37.6 ye.,rs old) who presented with symptoms 
and signs suggestive of hyperinsulinism to the Shohada 
Medical Center from 1985-1993 were evaluated. The 
main symptoms were weakness, fainting, tremor, sweat
ing. syncope, seizures, and coma. Duration of symptoms 
was from three months to three years (average 18.2 
months). Weakness and diaphoresis ("cold sweats") were 
the most common symptoms, present in 66.7% of pa
tients, followed by convulsions (55.5%), syncope 
(44.4%), coma (44.4%), tremor (22.2%), blurred vision 
(22.2%), and history of treatment for presumed epilepsy 
(22.2%) (Tables I, II). 

Diagnosis 
Aside from meeting the criteria of Whipple's triad (see 
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Tahir I. ('haraderislil"s of t) palienls wilh insulinollla 

I'ulienl AJ.:e Sex Mujur sYlllplUlns 

2.' F �yll"PJ1o.:. �\h,ah. hluno.:d \'1�Il'n, o.:ollla 
2 .:!4 F llt.:lllur . . �wt.:ats. o.:ullvulsions 
] 24 M weakness, syno.:upe 
4 ]4 F wt.:aknt.:ss, syno.:opt.: 
5 ]5 M we"J01es�, syno.:opt.:, hlUITt.:d vision. swe:1t� 
6 ]0 F 0..:11111:1, o..:unvulsilll\.�, hrOlin damage 
7 49 F weakncs.�, .�yno.:ope. sweats. MEN-! 
8 ;4 M weak/lL'ss, cunvulsilln.�. hrain dal1l;lgt.: 
" 00 F cOl\vulsiun�. o.:nma 

2 2 

,:.: .. ,f.;:� . . ,'.i,�,:.,f.,!.; .
.. �,i

.,�.,�. � .•• :r.::: .. ,.,'
,:.; : .. ,:,:.', '. ,;:�.,::;.:',:.,. ".,' .:�.:,':',".'.;.,�.: ... ,:.:.:.,',:, :,:.,; 

,. , . :
.
" . 

','-. ", Iii P'",-.y "'=--Y 

o male 

• female 

211·2Y 30·3Y 40-49 50-59 60-69 

Shohadn Mc:dic.::al Cc:ntcr, 19R5-199� 

Table II. Age and sex dislribulion of the patienls 

Discussion), diagnosis of organic hyperinsulinism was 
made by simult...'lneous measurement of serum insulin ami 
glucose levels, and demonstration of inappropriately el
evated insulin levels with respect to' serum glucose in all 
patients. The lowest recorded blood sugar level of the 
patients ranged from Img/dl to 27 mg/dl (average lowest 
blood sugar level 15.8 mg/dl). Serum insulin levels 
r:mged from 44 !lU/ml to 84!lU/ml (max. normal. 25 !lU/ 
mI). Pcrfonning a n-hr fast W:LS not required in 'my of 
our patients for diagnosis. 

Preoperative localization 
All of our patient� underwent at lema one preoperative 

localization study bn."ed on availability. These consisted 
of sonography, CT scan. and selective visceral 
arteriography. At least one orthe�e studies was positive in 
rive of nine patients (55% sensitivity), with CT sc:m be
ing the most helpful (55% sensitivity). Sonography w:" 
perfonned in seven patients. and was positive in only one 
patient (14.3% sensitivity). Angiography was perfonned 
in two patients :md was negative in both. These rigures 
are consistent with the current litemture which cite sensi
tivities of 26-61% for sonographyY 17-73% for CT 
scan,'.4·11 and 35-66% for angiography.'·4.10.11 
Transhepatic ponal venous sampling, a new technique for 
localization of insulinornas, is claimed to be the most ac-
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Table III Tumor dala and surgkal procedure 

Patient Tumor size, place Surgical procedure Result 

I 3x3 em. boJy Jistnl pancreatectomy + splenectomy curell 
2 2xl.5 ern, lail distal pancreatectomy + splenectomy cured 
3 .5x.5 em. tail enucleation cured 
4 not found 95% pancreatectomy saving spleen cured 
5 2xl.5 em, tail enucleation cured 
6 I head. 2 body. I tail distal pancreatectomy + splenectomy cured 
7 2.5x2cm tail, I x 1 em body distal pancreatectomy + splenectomy cured 
8 not found distal pancreatectomy saving spleen not cured 
9 t.5xJ.5cm. head enucleation cured 

Shohnda Medical Center. 1985-1993 

Table IV. Classirkaliun ur pancrealic enducrine tumurs 

Name Hormone Cell Syndrome Malignancy 

insulinoma insulin bela hypoglycl!mia < 15% 

gastrinoma gnslrin non-heta peptic ulcer, 50 - 60% 
diarrhea 

vipoma VIP non-hela WDHA majority 
gIucagonoma glucagon alpha 

somatostatinoma somatostatin delta 

curate localization study with sensitivity of 75-100% be
ing reported,3.5,6,9-ll but was not available to us. 

Surgical technique 
Patients were prepared for surgery by giving an infu

sion of 10% dextrose in water solution and three patients 
also required diazoxide to prevent hypoglycemia. TIle-bi
lateral subcostal (chevron) incision was used most often 

and in our opinion provides the best exposure to the pan
creas. After initial exploration of the abdominal cavity 
and palpation of the liver for metastases. a wide Kocher 
maneuver is performed .md the head of the pC:Ulcreas is 
carefully palpated for tumor. The body and tail of the 
pancreas are explored by dividing the gastrocolic liga
ment dose to the transverse colon and entering the lesser 
sac. It cannot be overemphasized tlmt the entire pancreas 

must be carefully explored and palpated. Common 

extrapancreatic sites for tumor such as the duodenum. 
small bowel mesentery and lymph nodes should also be 
examined. 

For stmul benign adenomas not in proximity to the 

plUlcreatic duct lUld located superficiluly anywhere in the 
gland. simple enucleation of the tumor is sufficient. For 

93 

hyperglycemia, majority 
dennatitis 
hyperglycemia, majority 
steatorrhea 

larger lesions located more deeply in the body and· tail. 
dist:u piUlcreatectomy with splenectomy is traditionally 
perfonned. For lesions in the he.1d and uncinate process 
not mnenable to enucleation, a pancfe.1ticoduodenectomy 

may be required. 
Our preferred procedure for resection is a 95% disllu 

pancreatectomy with preservation of the spleen. This is a 
technically demanding procedure and requires great skill 

in carefully dividing and ligating the many fine branches 

of the splenic artery which supply the body and !lui of the 
pancreas. but the benefit of splenic preservation witll its 
concomitiUlt lower morbidity makes this procedure defi

nitely wonhwhile. 

RESULTS 

In this series of nine patients with biochemically
documented organic hyperinsulinism who underwent ex
ploratory laparotomy. II tumors were found ·in seven pa
tients (78% positive exploration). Two patients had mul

tiple tumors (22.2%). TIle size of the tumor was from 
O.5cm to 3cm in diameter and two were in the head 
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Insulinoma 

(18%), four in the body (36%), and five in the tail of the 
pancreas (45%). All tumors were confirmed by 
intraoperative frozen-section biopsy to be islet-cell tumor. 
Enucleation alone was done in three patients, distal 
pancreatectomy with splenectomy in three patients, distal 
pancreatectomy with preservation of the spleen in two 
patients and distal pancreatectomy plus enucleation was 
done in one patient (Table III). 

In two patients, no tumor was found at surgery despite 
detailed exploration. In such a situation, intraoperative 
real-time sonography has been helpful in finding an 
adenom;� 1.3,7 and in one study, detected a tumor in seven 
patients in whom the tumors were non-palpable at Sur
gery.3 If this is not available or non-informative, a blind 
disud pancreatic resection to the level of the superior 
mesenteric vein has been recommended in the hope of 
excising a previously undetected adenoma.12 

One of the patients in this series in whom no tumor 
was found at surgery underwent 95% disL'l1 subtotal 
p;Ulcreatectomy with preservation of the spleen and was 
completely cured although pathological examination 
failed to find an islet-cell tumor or diffuse islet-cell 
hyperplasia, but the second patient who had a distal 
pancreatectomy to the level of the superior mesenteric 
vein continued to have atL�cks of hypoglycemia and re
ceived diazoxide therapy. Neither of these patients devel
oped diabetes postoperatively, but were prescribed pan
creatic extract for minor symptoms of indigestion. 

Overall, our success rate was 88.9%. The pathology 
report was islet cell tumor in ;dl seven patients in whom 
the tumor was found at surgery, and was negative in the 
two patients in whom no tumor was found. One of our 
patients had Wenner's syndrome (MEN-I), with a pitu
iulI)' adenoma and hyperparathyroidism. This patient had 
two adenomas at operation, one in the body and the sec
ond in the tail of the pancreas, and was treated by dist;d 
pancreatectomy and cured. 

DISCUSSION 

Endocrine tumors of the pancreas are rare, with an 
;Ulnual incidence of 5 per I million population. However, 
their prevalence in unselected autopsies approximates I 
per 100.1 

Functional endocrine tumors of the pancre"s me clas
sified according to the major honnone produced by the 
tumor, and consist of insulinoma, gastrinoma (Zollinger
Ellison syndrome), vipoma (Verner-Morrison syndrome), 
glucagonoma, somatosmtinoma "nd others (Table IV). 

Insulinoma is the most common endocrine tumor of 
the pancreas, I and Ole first recognition of the insulinoma 
syndrome is accredited to Whipple and associates.' 
Insulinoma is associated with Whipple's triad, which con-
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sislS of I) aU;lcks of hypoglycemia precipitated by fasting 
or exertion, 2) blood sugar levels less than 50 mg/dJ. and 
3) relief of symptoms following oral or intravenous ad
ministration of glucose. 

Insulin is nonnally secreted by beul cells of the p;Ul
creatic islets in response to elevated blood glucose levels. 
Insulinomas secrete insulin autonomously even in the 
presence of low blood glucose levels, causing spont;Ule
ous hypoglycemia and characteristic clinical symptoms. 
These symptoms can be divided into two groups as fol
lows: 

I. If the blood sugar falls rapidly, the main symptoms 
will be related to the release of catecholamines such as 
epinephrine due to hypoglycemia, resulting in sweating, 
hunger, weakness, tachycardia, tremor, and irrit"bility. 

2. If the decrease in blood sugar is more gradual, 
"neuroglycopenic" symptoms such as hemiache, mental 
confusion, vismd disturbances_ obtundation, convulsions 
::md coma may occur, dUI! to inadequate glucose for me
tabolism by the brain. 

Patients gmdually learn that aU"cks may be prevented 
by consuming large amounts of carbohydrates, 'Uld many 
eventually become obese.' 

In regard to diagnosis, aside from fulfilling the criteria 
of Whipple's triad, valuable infonnation may be acquired 
by simultaneous serum insulin and glucose level measure
ment, with ;Ul inappmpriately elevated insulin level with 
r�spect to serum glucose. An insulin/glucose ratio of 
greater than 0.4 has also been noted. I The most reliable 
method for diagnosis has been the perfonn'Ulce of a n-hr 
fast with monitoring of blood insulin and glucose levels 
every 4-6 hrs and particularly when symptoms develop. 
However. this has rart!ly been necessary nowadays. 

After the diagnosis has been made, preoperative stud
ies for localization of the offending lesion(s) have been 
recommended. These have consisted of sonography, CT 
scan, selective visceral arteriography, and more recently, 
percutaneous transhepatic P0rL'l1 vein sampling which h'" 
been shown to be safe and reliable and up to 100% "ccu
rate. 

All patients should undergo exploratory lapmotomy 
with the intent of excision of the lesion and cure of the· 
patient. Even patients with advanced malign:Ult dise;"e 
cmd hepatic metastases may benefit from palliative tumor 
debulking and resection of metastases.I,',14 For patients 
with residual tumor who despite frequent feeding develop 
hypoglycemic symptoms, medical treatment with 
diazoxide which directly inhibits the release of insulin 
from beta cells can be beneficial. I,' The role of adjuvant 
chemotherapy or honnonal therapy has also been shown 
to be benefici,d.'-' and streptozotocin and octreotide have 
been tested clinically in this regard. 

For simple benign adenomas, simple enucleation is 
appropriate as stated previously, but for deeply situated 
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lesions. resection of pancreas harboring the lesion is usu
ally necessary. For lesions in the body and tail, distal 
pancreatectomy with preservation of the spleen as pointed 
oUI earlier is Ule procedure of choice. Lesions located 
deeply in the head and uncinate process may require a 
pylorus-preserving pancreaticoduodenectomy for cure. 

For the situation in which no tumor is found at sur
gery, we recommend a 95% pancreatic resection with 
splenic preservation. Recently, intraoperative real-time 
ultrasound has been shown to significantly locate 
unpalpable tumors, and is emerging as a valuable tool in 
difficult operations for islet-cell tumors. 

In this study, despite the unavailability of new tech
niques such as transhepatic portal vein sampling and 
intraoperative ultrasound, we had a success rate of 88.9% 
and only one failure using the operative technique out
lined before. None of our patients developed diabetes and 
i�l, except one patient who continues to have attacks of 
hypoglycemia, are well on follow-up of up to nine years. 
Furthermore, our complication rate of 11.1 % (one patient 
who developed a pseudocyst postoperatively which re
solved spontaneously) and 0% mortality compares favor
ably with that of the world literature (31.5% complication 
rate, 6.4% requiring reoperat:ion, and 2% mortality).]] 
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