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INTRODUCTION
An insulinoma is a rare neuroendocrine tumour of the pancreas, 
with a reported incidence of about 1–4 per million per year,(1,2) 
a female predominance (60%)(3) and a mean age at diagnosis of 
about 50 years.(3) Insulinomas make up 70%–80% of all functional 
neuroendocrine tumours of the pancreas. Most insulinomas are 
benign, solitary and small; at diagnosis, 90% of insulinomas 
measure less than 2 cm and only 4% are larger than 3 cm.(4,5) 
Malignant involvement increases with tumour size, and about 
one-third metastasise to the liver.(3) Insulinomas can cause 
considerable morbidity and are diagnosed when increases in 
insulin and C-peptide levels in association with hypoglycaemia 
are observed. In obese adults, the leptin level is elevated, leading 
to a decrease in plasma insulin level. Thus, in obese adults with 
asymptomatic hypoglycaemia, the diagnosis of insulinoma is 
often delayed.

Herein, we report the case of an obese young man with a 
6-cm pancreatic tumour detected by computed tomography 
(CT) and magnetic resonance (MR) imaging. Insulinoma was 
diagnosed using an intra-arterial calcium-stimulating test with 
hepatic venous sampling (IACS), which showed no occult lesions.

CASE REPORT
A 30-year-old man with asymptomatic hypoglycaemia, diagnosed 
during a routine health examination about three years previously, 
presented to our outpatient department with a two-week history 
of intermittent dizziness and morning cold sweats. A random 
serum glucose test revealed hypoglycaemia (blood glucose level 
57 mg/dL) and body weight gain of about 5–6 kg in the preceding 
six months. At admission, the patient measured 183 cm in height 
and weighed 94 kg, giving a body mass index of 33.6 kg/m2. He 

showed normal vital signs with no anomalous findings in physical 
and neurological examinations. Biochemical measurements, 
including complete blood count and levels of thyroid hormone, 
parathyroid hormone, calcium and prolactin, were also normal. 
In a seven-hour fasting test, the patient developed hypoglycaemic 
symptoms such as dizziness and cold sweats, low plasma glucose 
level (32 mg/dL), and abnormally elevated levels of insulin 
(8.1 μIU/mL) and C-peptide (1.8 ng/mL).

Dynamic CT of the abdomen revealed a mild lobulated 
homogeneous mass measuring 6.0 cm × 4.7 cm in size in the 
uncinate process of the pancreas, with strong enhancement in the 
arterial phase, persistent enhancement in the portal venous phase, 
and attenuation similar to normal pancreas in the delayed phase 
(Fig. 1). MR imaging showed the mass to be mildly hypointense 
on T1-weighted (T1-W) images and mildly hyperintense on 
T2-weighted (T2-W) and diffusion-weighted (DW) images 
(Fig. 2). As in the CT images, MR images showed homogeneous 
enhancement on dynamic study, and hence, a neuroendocrine 
tumour was suspected.

To localise the tumour, an IACS was performed on the 
patient. A 4.1 French (Fr) catheter with a side hole at the tip was 
positioned through the left femoral vein into the middle hepatic 
vein. Catheterisation with another 4.1 Fr catheter was done for the 
right femoral artery, after which standard pancreatic arteriography 
was performed with selective injections of nonionic contrast 
agent into the superior mesenteric artery (SMA), gastroduodenal 
artery (GDA), proper hepatic artery (PHA), proximal splenic artery 
(PSA) and distal splenic artery (DSA). Following each selective 
arteriogram, 10% calcium gluconate solution was diluted with 
normal saline into a 5 mL bolus and injected into the selective 
artery at a dose of 0.010–0.025 mEq Ca2+/kg. A twofold or higher 
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step-up in hepatic vein insulin concentration from the baseline at 
30 s, 60 s, 90 s, 120 s, or 180 s after the arterial calcium injection 
was defined as a positive response.(2,4,6-11)

During the IACS, pancreatic angiography revealed a 
hypervascular mass lesion in the uncinate process of the pancreas, 
which the venous sampling test showed as positive during 
calcium injection into the SMA and GDA (Fig. 3). A diagnosis of 

insulinoma was reached. No occult lesion over the pancreas or 
metastatic lesion in the liver was identified.

Following the diagnosis of insulinoma, localisation of the 
lesion and confirmation of the absence of other occult lesions, 
a pylorus-preserving pancreaticoduodenectomy (Whipple 
procedure) was performed. The resected tumour was well 
encapsulated, without extracapsular invasion in the pancreatic 

Fig. 1 Non-contrast-enhanced axial CT images show (a) a 6-cm mass in the uncinate process of the pancreas 
(arrow); (b) strong enhancement in the arterial phase (arrow); (c) persistent enhancement in the portal 
venous phase (arrow); and (d) contrast washout of the mass, with attenuation similar to the normal pancreas 
in the delayed phase (arrow).
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Fig. 2 MR imaging of the abdomen. (a) Axial T1-W MR image shows mild hypointensity of the lesion over the uncinate process of the pancreas (arrow); 
and axial (b) T2-W fat-saturated and (c) diffusion-weighted MR images show mild hyperintensity of the lesion (arrow).
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Fig. 3 (a) Gastroduodenal and (b) superior mesenteric angiography images show a hypervascular lesion in the uncinate process of the pancreas (arrow); 
and (c) graph of intra-arterial calcium stimulating test with hepatic venous sampling results shows a twofold or higher increase of the insulin level 
from baseline in the SMA and GDA. DSA: distal splenic artery; GDA: gastroduodenal artery; PHA: proper hepatic artery, PSA: proximal splenic artery; 
SMA: superior mesenteric artery
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uncinate process. Immunohistochemical study showed that the 
tumour was positive for insulin (Fig. 4). This finding was consistent 
with insulinoma. Postoperatively, the patient’s plasma glucose 
level and insulin concentrations returned to normal, and his 
symptoms resolved without further hypoglycaemic events in the 
subsequent three years.

DISCUSSION
Insulinoma, a rare endocrine tumour, is the most common 
cause of hyperinsulinaemic hypoglycaemia in adults. It usually 
presents between the ages of 25 and 75 years and shows a 
female predominance. Insulinoma is diagnosed on the basis of 
Whipple’s triad, which includes a low plasma glucose level, the 
appearance of symptoms during fasting, and symptom relief after 
glucose administration.(3,12) Clinically, insulinoma presents with 
oversecretion of insulin, neuropsychiatric symptoms (e.g. loss 
of consciousness, confusion and dizziness), cardiovascular 
symptoms (e.g. sweating, palpitation and tachycardia) and 
obesity.(12)

Insulinomas are relatively small tumours with a mean size 
of 1.5 cm – 90% of insulinomas are less than 2 cm at the time 
of diagnosis.(1) Most insulinomas are benign, but tumours larger 
than 3 cm are associated with malignancy.(5,13) Insulinomas can be 
classified as sporadic or familial. Sporadic insulinomas are usually 
solitary, whereas familial insulinomas occur as multiple lesions 
and are associated with multiple endocrine neoplasia type 1 
(MEN-1) syndrome. The peak incidence of sporadic insulinomas 
occurs between the third and fifth decades of life and women 
are more frequently affected. In the case of familial MEN-1, the 
peak incidence is reported to occur during the third decade, with 
a male predominance. In the current study, the patient was a 
young man with a 6-cm sporadic pancreatic insulinoma, which 
is an uncommon clinical presentation. Currently, there are no 
histological or morphological criteria that distinguish benign 
insulinomas from malignant ones. The diagnosis for malignancy 
can only be made by detecting the presence of metastases in the 
liver or regional lymph nodes, or evidence of local invasion.(13)

A number of techniques are available to detect pancreatic 
insulinomas, including abdominal ultrasonography (US), CT, MR 
imaging, nuclear medicine, endoscopic ultrasonography (EUS), 
percutaneous port venous sampling and IACS.(3,10,14) Abdominal 
US, one of the first imaging techniques to be used to detect 
insulinomas, has a poor detection rate due to the small size of 
the tumour, interference by other intra-abdominal organs, and 
obesity. CT is a safe, noninvasive and operator-independent 
imaging modality that can detect the location of a tumour, its 
relationship to vital structures and the presence of metastases. 
Neuroendocrine tumours such as insulinomas, glucagonomas 
or VIPomas are hypervascular lesions and thus show good 
enhancement on arterial phase images. Like CT, MR imaging is 
safe and noninvasive, with the ability to detect the number and 
location of tumours, as well as the presence of metastases. MR 
imaging is, however, more sensitive than CT in detecting lesions. 
On MR imaging, neuroendocrine tumours can be visualised as 
low signal intensity on T1-W images, high signal intensity on 

T2-W and DW images, and as strong enhancement in dynamic 
contrast-enhanced studies. 

More recently, functional imaging with radiolabelled isotopes 
such as octreotide is used as another tool for the detection 
and evaluation of insulinomas, with a sensitivity of 60% being 
reported by McAuley et al.(3) EUS, an intraoperative imaging 
technique with a reported sensitivity of 93%,(3) is however an 
invasive, operator-dependent procedure. Transhepatic portal 
venous sampling, another invasive procedure, has a reported 
sensitivity of 84% in detecting insulinomas. Compared to IACS, 
it is less sensitive (84% vs. 94%), more invasive, and has possible 
serious complications such as intra-abdominal bleeding.(2,10) 
However, it should be noted that the role of abdominal US, CT, 
MR imaging and EUS is not to diagnose insulinomas but to identify 
and localise tumour(s), and that nuclear medicine has a limited 
role in the evaluation of the operability of malignant lesions and 
the presence of metastatic disease.(3,10,14)

An insulinoma is often recognised as a small tumour that 
is difficult to locate via conventional imaging. Localisation 
of pancreatic insulinomas via IACS was first reported by 
Doppman et al in 1991.(6) IACS plays a role in functional imaging 
and can also diagnose pancreatic insulinomas.(2,14,15) A twofold 
or higher step-up from the baseline in the hepatic vein insulin 
concentration after arterial calcium injection constitutes a positive 
response, confirming the diagnosis of insulinoma. IACS is reported 
to be the most sensitive and powerful tool for preoperative tumour 
localisation in patients with insulinoma, and is helpful in the 
evaluation, management and treatment planning of insulinoma.(2,8) 
In the case of our patient, malignant transformation of familial 
insulinoma could not be ruled out on the basis of CT and MR 
imaging because of the patient’s uncommon clinical presentation 
(i.e. young age of 30 years and tumour size of approximately 
6 cm). In view of these factors, IACS was done to detect possible 
malignancy presenting as occult hepatic metastases or pancreatic 
lesions and to confirm the diagnosis of insulinoma before surgery 
was performed. Many surgeons emphasise the importance of 
preoperative localisation of insulinomas, as 10%–20% of these 

Fig. 4 Photomicrograph of tumour cells shows positive staining with insulin 
(Haematoxylin & eosin, × 400).
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lesions are not detected during surgery and their presence may 
result in inappropriate surgical resection, thereby increasing the 
need for reoperation. Therefore, IACS plays an important role in 
preoperative localisation of insulinoma.(1)

Insulinoma can be treated by both medical and surgical 
management. Medical management is recommended for patients 
at high risk for surgery and for patients unwilling to undergo 
surgery. Other treatment options include dietary management 
and treatment with diazoxide, calcium channel blockers and 
somatostatin analogues.(1) Surgical management has an extremely 
high success rate and is the treatment of choice for insulinomas. 
In this case, our patient showed symptom relief for three years 
after the tumour resection.

In conclusion, pancreatic insulinoma has specific CT and MR 
imaging findings. However, in the case of our patient who had 
an uncommon clinical presentation (i.e. a young age of 30 years 
and a large pancreatic tumour measuring 6 cm), the possibility of 
malignant changes, such as the presence of hepatic metastases 
or occult pancreatic lesions, could not be ruled out. IACS is 
recommended for preoperative diagnosis of pancreatic insulinoma 
and treatment planning for patients with suspected malignant 
transformation.
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