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Introduction
Pancreatic neuroendocrine (PNET) tumors are originated 

from islet cells of pancreas and also known as islet cells tum-
ors. They are a rare form of endocrine neoplasms and report-
ed in 1 to 4% of all pancreatic tumors [1,2]. Their diagnosis 
rate has increased due to developments in imaging and his-
topathologic methods [3,4]. PNETs can be a functional and 
non-functional tumor. The most common functional PNET is 
sporadic insulinoma, accounting for 70-80% of the cases. Its 
incidence has been reported as 3-10 cases per million people 
per year [5,6]. Insulinomas are insulin-secreting tumors and 
are located almost exclusively in the pancreas especially in 
the body and the tail of the pancreas. Most of them are be-
nign and solitary [7].

Insulinoma causes a distinct syndrome characterized by 
symptoms due to hypoglycemia. The symptoms are head-
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Abstract
Introduction: Insulinoma mostly located at the body and the tail of the pancreas and are ideal candidates for minimal 
invasive surgery. This article presents our patients with diagnosis of insulinoma and discusses strategic and technical 
aspects of their surgical managements.
Patients: All three patients were female 31, 49 and 66-years-old presented with the symptoms of hypoglycemia and lab-
oratory of insulinoma. CT and MRI demonstrated solid lesions 11 × 9 mm, 10-15 mm, and 15 mm in size. We performed 
laparoscopic enucleation procedures in all three patients. Patients were discharged with improved clinical symptoms and 
normal blood glucose levels without any surgical complications.
Discussion: Laparoscopic enucleation of insulinoma has been performed only in half of the cases due to difficulty in local-
ization of the tumor during the surgery and also the risk of pancreatic leakage. We performed laparoscopic enucleation 
procedures in all three patients. Even though one of them was located at surgically difficult site, with the help of radio-
logic images we could find precise localization. Moreover, having experiences on pancreatic and laparoscopic surgery, 
recognizing their distinct nodularity and feeling the texture of tumor help surgeon to perform laparoscopic enucleation 
of tumor. One of them was located at posterior to body of pancreas, nearby the SMV and splenic vein, and their con-
fluence. Despite of its close proximity to important structures, this tumor was successfully enucleated by laparoscopy. 
We demonstrated possibility, feasibility and safety of laparoscopic enucleation of insulinoma even it locates at difficult 
anatomical sites.
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aches, confusion, visual disturbances, sweating, tremor, pal-
pitations and typically associated with fasting due to central 
nervous system effects of hypoglycemia or catecholamine ex-
cess secondary to hypoglycemia. Clinical symptoms of hypo-
glycemia occur early in the course of the disease make them 
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insulin levels of 11.5 µU/mL, glucose 45 mg/dL, and C-peptide 
2.49 ng/mL. The diagnosis of insulinoma was established by 
demonstrating inappropriately high serum insulin concentra-
tions during hypoglycemia. Further evaluation of patient for 
MEN syndrome revealed pituitary adenoma and she was fur-
ther evaluated for multiple endocrine neoplasm type 1.

The radiologic modalities we used to evaluate all patients 
were contrast enhanced computed abdominal tomography 
and dynamic magnetic resonance imaging. Moreover, we per-
formed contrast enhanced three phase abdominal computed 
tomography, magnetic resonance cholangiopancreatography 
and endosonography, if they were available or needed at that 
time, to show and document precise localization and size of 
the tumor, its anatomic relation to superior mesenteric and 
splenic vessels, and also the pancreatic duct. We also evalu-
ated the multiple or malignant PNET with these radiological 
modalities.

Tri-phasic contrast enhanced computed tomography of 
abdomen revealed a solid 11 × 9 mm lesion in close proximity 

small in size at the time of diagnosis and also suitable for sur-
gery [5]. Surgical treatment options include tumor enuclea-
tion or regional pancreatic resection [8]. The small, benign, 
and solitary natures make insulinoma ideal candidates for 
laparoscopic and robotic approaches. First use of laparoscopy 
in resection of PNETs was reported by Gagner, et al. in 1996 
[9].

This article presents our patients with diagnosis of insuli-
noma and discusses both the strategic and technical aspects 
of their surgical managements.

Patients

Case one
A 31-years-old female patient presented with the symp-

toms of the headaches, confusion, visual disturbances, sweat-
ing, tremor, palpitations after fasting. She reported that these 
symptoms were relieving after sugar based meal. Laboratory 
investigations with the suspicion of insulinoma had result in 
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Figure 1: Radiologic images and laparoscopic views of patients operated for insulinoma. C1a, C1b, and C1c are the radiologic images 
of the first patient and demonstrate a solid lesion at close proximity to SMV and splenic vein and their confluence posterior to body of 
pancreas. C1d is a view of surgical field during laparoscopic surgery and shows a nodular lesion nearby to SMV and splenic vein and their 
confluence posterior to body of pancreas. C2 is an operative view of second patient demonstrating distinct nodularity of the tumor. C3a 
and C3b are the radiologic images of third patient and demonstrate a lobulated solid lesion with close relation to splenic vein on anterior 
surface of pancreatic tail. C3c is the operative view of third patient with a distinct nodularity of tumor.
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We found all the tumors at exactly the same locations de-
scribed by radiological evaluations. Tumor of the first patient 
was located nearby to both superior mesenteric and splenic 
veins and their confluence at posterior to body of the pancre-
as (Figure 1C1d). The tumor of second patient was found at 
inferior border of the distal pancreatic tail (Figure 1C2). The 
tumor of third patient was found on anterior surface of the 
pancreatic tail and closely proximal to splenic vein (Figure 
1C3c).

With the ultrasonic dissector, tumors were enucleated 
with a thin rim of pancreas to minimize the risk of fragmen-
tation of tumors. After tumors were taken out of abdomen 
within an endoscopic bag, frozen sections were evaluated to 
verify that lesion was a PNET and also ensure clear margins 
of the tumor. Tumor sites were irrigated and cleaned well 
with saline solution. Careful observation was done to check 
integrity of pancreatic duct and to observe any leakage from 
pancreas. Some tissue adhesive materials were put on enu-
cleated sites to prevent leakage if any missed pancreatic duct 
injury was present [10]. Non-suctioning closed system drains 
were put near the wound of the enucleated sites and opera-
tions were ended.

Clinical and laboratory evaluations after surgery
All the patients were evaluated for clinical symptoms of 

hypoglycemia and blood glucose levels were closely moni-
tored. We preferred to delay the withdrawal of drains after 
discharging from hospital to ensure no pancreatic leakage 
present. We did not encounter any pancreatic leakages and 
all symptoms of patients were revealed.

Histopathologic analysis
Histopathological evaluations of tumors were reported as 

PNET in all of the patients. Their sizes were 20 × 20 × 15, 20 × 
15 × 15 and 12 × 10 × 10 mm, in order of case presentation, 
with a thin rim of normal pancreatic tissue or some capsules. 
Immunohistochemical staining of the all tumors was report-
ed chromogranin and synaptophysin and insulin, if available, 
positivity; histochemical analysis revealed congo red stained 
tissues with abandoned amyloidal deposits. All of three cases 
were diagnosed as well differentiated PNET.

Discussion
Surgery is the treatment of choice for insulinoma and 

cures in over 90% of patients. If surgery is not mandible, inter-
ventional ablative procedures or medical treatments can be 
used to control of insulin over secretion [11]. As most of the 
insulinomas are in benign nature, enucleation is the preferred 
and recommended procedure to preserve pancreas, but un-
fortunately, nowadays enucleation performed only half of the 
cases due to the difficulty in localization of the tumor during 
the surgery and also the risk of pancreatic leakage [12,13]. 
On the other hand, it should be kept in mind that enucleation 
prevents the risk of pancreas insufficiency [14].

With the introduction of laparoscopic resection, patients 
have shorter postoperative stay and pain without increased 
prevalence of pancreatic fistula and recurrence rate or postop-
erative mortality [12,15,16]. Many studies have recommend-

to SMV and splenic vein confluence posterior to the body of 
pancreas. Dynamic contrast enhanced MRI demonstrated a 
lobulated solid 13 × 15 mm lesion and shown isointensity with 
pancreas at T1 and T2-weighted images, but after contrast 
injection, it became a contrast enhanced lesion at arterial and 
late phases. Its localization was compatible with the location 
in computed tomography. Magnetic resonance cholangio-
pancreatography was performed to evaluate the relationship 
of the tumor with pancreatic duct. No relation with pancre-
atic duct was demonstrated (Figure 1C1a, Figure 1C1b and 
Figure 1C1c).

Case two
A 49-years-old female patient presented with the symp-

toms hypoglycemia after fasting and relieving these symp-
toms after sugar based meal. Laboratory evaluation revealed 
insulin level 35.4 µU/mL, glucose 43 mg/dL after fasting period 
and C-peptide level 3.15 ng/mL. Contrast enhanced comput-
ed tomography of abdomen demonstrated a hyperdense 13 
mm lesion at the tail of pancreas. Dynamic contrast enhanced 
MRI revealed a 10 mm solid hypointense lesion at T1-weight-
ed scans, similar intensity with pancreas at T2-weighted scans 
but after contrast injection, tumor has not lose signals even at 
the portal phase. Linear EUS revealed a solid 15 mm lesion at 
the tail of pancreas. All these radiologic modalities revealed 
no relationship of the tumor with pancreatic duct.

Case three
A 66-years-old female patient presented with the symp-

toms hypoglycemia after fasting and relieving these symp-
toms after sugar based meal. Laboratory evaluation revealed 
insulin level 10.8 µU/mL, glucose 40 mg/dL after supervised 
fasting period with C-peptide 1.87 ng/mL. Further evaluation 
of patients for MEN syndrome revealed pituitary adenoma 
and evaluated for multiple endocrine neoplasm type 1. Al-
though contrast enhanced computed tomography of abdo-
men revealed no pathology, dynamic contrast enhanced MRI 
revealed a lobulated 15 mm solid lesion which shown isoin-
tensity with pancreas at T1 and T2-weighted scans, but after 
contrast injections, it became a highly contrast enhanced at 
both arterial and late phases. It had close proximity to splenic 
vein on anterior surface of pancreatic tail. Radiologic modali-
ties demonstrated no relationship of the tumor with pancre-
atic duct (Figure 1 C3a and Figure 1C3b).

Surgical procedures
After insufflations of the abdomen, gastrocolic and gas-

trosplenic ligaments were open with the preserving of gastro-
epiploic vessels and approached to lesser omental sac. Up to 
location of the tumor, inferior border of pancreas dissected 
from retroperitoneal attachments. Tumor was investigated 
at pancreas on its assumed localization with the aids of its 
preoperative radiological images, its distinct nodularity, and 
their slightly different colour from the back ground of pan-
creatic tissue. I could also feel the some tactile differences 
of the tumors from other normal pancreatic tissues through 
the laparoscopic instruments. They had rough texture than 
normal pancreatic tissue.
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ed laparoscopic enucleation of insulinoma as the treatment 
of choice in patients with sporadic, single and benign tumors 
because of its feasibility and safety [12,17]. Even Al-Kurd, et 
al. published a review article at 2014 and concluded that the 
rate of major complications is higher in those undergoing open 
surgery than minimal invasive surgery [17]. However, the open 
approach remains the most common method for insulinoma 
enucleation due to lack of digital palpation during laparoscopic 
enucleation of the tumor. Performing intraoperative laparo-
scopic ultrasonography would help to identify the tumor dur-
ing laparoscopic and also robotic surgery [18-20].

We performed laparoscopic procedures in all three pa-
tients. We evaluated location and proximity of tumor to adja-
cent structures like SMV, splenic vein, and especially to pan-
creatic duct by preoperative radiological studies. These imag-
ing technics also help us to detect multifocal and malignant 
tumors. On the other hand, we could feel the rough texture 
of tumor from normal pancreatic tissue with laparoscopic in-
struments. They also had distinct nodularity that helped us 
to localize the tumors. In addition we are very experienced 
on laparoscopic procedures and perform laparoscopic obesi-
ty, adrenal and splenic procedures and also open pancreatic 
surgery that help us to precisely identify anatomic structures 
during laparoscopic surgery. Although Belfiori, et al. recom-
mended that all benign sporadic insulinoma localized ventral 
in the head and body should be approached with a laparo-
scopic or robotic enucleation intention, we also successfully 
performed laparocopic enucleation of an insulinoma in 20 
mm size and closely proximal to superior mesenteric and 
splenic vein and their confluence at posterior to body of the 
pancreas [20].

The results presented in these studies demonstrate the 
feasibility and safety of laparoscopic enucleation of insulino-
ma in experienced hands with complete cure of patients with-
out postoperative complications. Careful evaluation of the 
radiological images before operation and having experiences 
on laparoscopic pancreatic surgery are the important points 
for laparoscopic enucleation of insulinoma. The distinct nod-
ularity and texture of the tumor, some tactile feeling through 
the laparoscopic instruments also help to localize the tumor.
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