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Learning objectives

The purpose of our educational exhibit is to:

• explain the main characteristics of pancreatic insulinoma and its potential
complications;

• give an overview of the imaging methods available for localization of
insulinomas;

• describe main imaging characteristics of insulinoma in each mentioned
diagnostic method;

• reveal how to detect an occult insulinoma - explain the indications,
contraindications and method of arterial stimulation and venous sampling
(ASVS), used for preoperative localization of occult cases.
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Background

Neuroendocrine tumors of the pancreas (PNETs) may be functional or non-functional
and are mostly sporadic, although some are associated with other genetic diseases.

Functional PNETs often secrete active substances, such as insulin, somatostatin, gastrin,
glucagon, or vasoactive intestinal peptide, which may allow them to be presented
and discovered earlier. Biochemically active neuroendocrine tumors are preceded by
hormone related symptoms before metastasis.

Insulinoma is most common functioning neuroendocrine islet cell tumor of the pancreas
with an incidence of 1-4 per million per year.

Insulinomas are usually solitary, and the vast majority of insulinomas are intra-pancreatic
in location. 90% are pathologically benign, but can potentially be fatal due to severe
hypoglycemia.

HYPOGLYCEMIA caused by an insulinoma is not well controlled by medical therapy, and
surgery is the only potentially curative treatment.

Since insulinomas are generally benign, simple enucleation of the tumor is the goal, with
preservation of the normal pancreas and adjacent tissue.

Precise preoperative localization of tumors facilitates successful surgical therapy and
minimizes the risk of complications that may be associated with blind pancreatic
resections. In addition, many tumors are small, making precise operative localization
difficult.
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Findings and procedure details

EPIDEMIOLOGY AND PATHOLOGY

• Most common neuroendocrine pancreatic tumor (50 % insulinoma, 20 %
gastrinoma)

• Estimated incidence of 1-4/1 000 000 per year
• 5 % of all primary tumors of pancreas
• Mean age at presentation is 45 (range 8-82) years
• Nearly all are intrapancreatic in location and solitary in 90% of cases, with

multiple most commonly found in multiple endocrine neoplasia (MEN) type I
syndrome

• 16 % MEN 1 syndrome (hypophysis, pancreas, parathyroid glands)
• Distribution is equal between head, body and tail of pancreas
• It is malignant in up to 10% of cases and 80-90% are less than 2cm in size

CLINICAL PRESENTATION

Clinical presentation is due to hypoglycemia secondary to excessive and uncontrolled
secretion of insulin and involves neuroglycopenic (neuronal glucose deprivation, can
cause death) and neurogenic (autonomic nervous system discharge) symptoms.

• neuroglycopenic symptoms: confusion, personality changes, diplopia,
blurring of vision, loss of consciousness, dizziness, tiredness, difficulty
speaking, headache and poor concentration

• neurogenic symptoms: sweating, trembling, anxiety, hot flashes, nausea,
weakness and tachycardia

There is often a typical history of recurrent hypoglycaemic collapse and dizzy spells.

On average requires 2 years before correct diagnosis is established.

Clinical diagnosis is based on Whipple triad and it consists of:

• symptomatic hypoglycemia induced by fasting (a supervised fast which may
last up to 72 h),

• blood glucose level below 2.48 mmol/L (0.45 g/L) and
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• prompt relief of symptoms following administration of IV glucose.

The diagnosis of hyperinsulinaemic hypoglycaemia is established by demonstrating
inappropriately high serum insulin concentrations during fasting hypoglycaemia,
specifically a prolonged supervised fast.

IMAGING METHODS

The optimal therapy for pancreatic insulinomas is curative surgical excision.

Therefore, preoperative or intraoperative localization of the lesion is important for
determining proper surgical treatment.

Lesions to the left of the midline are usually treated with distal pancreatectomy
or enucleation and lesions to the right of the midline are treated with
duodenopancreatectomy or enucleation.

Many surgeons emphasize the importance of preoperative localization of insulinomas
because these lesions cannot be identified during surgical exploration in 10-20% of the
cases.

The role of imaging is to detect and provide precise anatomical localization and staging
of tumours prior to surgery. Due to their small size at clinical presentation, they are
notoriously difficult to localize radiologically, and specifically designed protocols are
necessary to aid detection.

Imaging studies for localization should only be used after the diagnosis has been
confirmed biochemically.

Available imaging methods are:

• TRANSABDOMINAL ULTRASOUND
• COMPUTED TOMOGRAPHY (CT)
• MAGNETIC RESONANCE IMAGING (MRI)
• ENDOSCOPIC ULTRASOUND (EUS)
• INTRAOPERATIVE ULTRASOUND (IOUS)
• ASVS
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• NUCLEAR MEDICINE (SCINTIGRAPHY, PET)

1. TRANSABDOMINAL ULTRASOUND

Transabdominal ULTRASOUND with frequency probes of 7.5-12 MHz can demonstrate
the tumor as a hypervascular nodus but with variable sensitivity (9-64%).

• Widest range of sensitivity of all methods

• Non-invasive, available, inexpensive, anatomically precise method, no
ionizing radiation

• Highly dependent on operator experience and on patient's constitution

• Appropriate in detecting liver metastases- hyperechogenic lesion in the liver

• CEUS- contrast enhanced US (better sensitivity) - hypervascular nodus

2. COMPUTED TOMOGRAPHY (CT)

• Dual-phase COMPUTED TOMOGRAPHY due to its availability still
remains the main imaging method

• Sensitivity 35-65 % (up to 94%)

• Hyper-isodense lesion on pre-contrast images (Fig. 1)

• Arterial phase 25 seconds and venous phase 50 seconds after
iv.contrast administration

• Rich vascularisation- typically homogeneous hyperattenuating lesion
on arterial and venous phase; insulinomas are mostly hypervascular
enhancing lesions on early arterial phase images (Fig. 2 and 3)

• Functional and non-functional insulinomas have the same appearance

• Atipical appearance- calcified or cystic lesion, hypoattenuating lesion
after iv. contrast administration

Page 6 of 24



BIPHASIC HELICAL CT can be a solution for achieving increased sensitivity of CT.
Images are obtained during three phases relative to the injection of the contrast
agent: unenhanced, arterial, and portal venous phases. There are attenuation
differences between tumors and normal pancreas during the arterial and portal
venous phases.

Because insulinomas are usually hypervascular and the pancreas is exclusively
perfused by the arterial system, scanning during the arterial phase has been
suggested to increase the contrast between the tumor and normal pancreas
(results in a higher sensitivity for the detection of small hypervascular
insulinomas).

MULTIPHASIC CT has a moderate sensitivity in the detection of insulinomas.
Most tumors are more conspicuous on the earlier phases of enhancement. The
phases of enhancement are classified as arterial, pancreatic or portal venous. The
pancreatic phase may be more useful than the arterial phase. Potential sources
of false-negative results include tumors adjacent to vessels, pedunculated
morphology, or nonhyperattenuating lesions.

MDCT enables coverage of large volumes in short times using a thin-collimation
and high-resolution protocol. The main limitations of single-detector helical CT,
specifically, the compromise between volume coverage and slice thickness, are
eliminated with MDCT. The use of MDCT improves the detection of endocrine
tumors, especially insulinomas, with three-dimensional reformatting in any plane,
which most likely increase the conspicuity of small pancreatic and hepatic lesions.

3. MAGNETIC RESONANCE IMAGING (MRI)

• MRI enables detection of smaller lesions with the use of contrast enhanced
techniques and fat saturation

• Higher sensitivity than CT- 80-90% (tumours smaller than 1 cm in size still
remain undetectable)

• Tipically hypointense on T1WI (Fig. 4) and hyperintense on T2WI

• T1 fat suppression- normal pancreatic tissue is hyperintense

• Gadolinium raises sensitivity- homogeneous enhancement of the tumor)

Page 7 of 24



MRI sensitivities have been described of 79% for delayed enhanced T1-weighted images
or with the use of combined sequences up to 85%.

The routine MR sequences including axial T1-weighted, axial T2-weighted and axial T1-
weighted images with fat saturation before and after i.v. administration of gadolinium are
obtained.

T1-weighted SE sequence with fat suppression is the best sequence for depicting small
islet cell tumors. This is thought to be due to the higher conspicuity of the lesion as
compared with the normal part of the pancreas, which has a high hydrogen concentration
(Fig. 5).

The signal intensity on T2-weighted images may be different, with the result that lesions
are either missed or recognized as masses of low signal intensity on T2-weighted SE
images (Fig. 6).

Such a change in signal intensity on T2-weighted images may be due to a substantial
amount of collagen present within the tumor. A large amount of fibrous tissue may be
caused by long-standing tumor. Because most patients with an islet cell tumor develop
symptoms early, when the tumor is still small, it is considered rare to have a substantial
amount of fibrous tissue within an insulinoma.

Collagen within the tumor also may be responsible for the variable appearance of the
tumor with gadopentetate dimeglumine enhancement.

T1 C+ (Gd): typically shows enhancement, although contrast enhancement may not
improve tumour visualisation compared with non-contrast images (Fig. 7).

Reasons for missing islet cell tumors:

• patient obesity associated with irregular breathing that causes poor image
quality;

• inability of the patient to cooperate;
• very small size of the lesion;
• extensive fibrosis within the lesion and
• ectopia (such as in the duodenal wall).

Ectopic masses are found more often in patients with MEN and MR imaging may not be
successful in demonstrating these lesions.
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A recent prospective MRI investigations, taking advantage of improved sequence design
and better gradients and coils that enable faster imaging sequences and higher signal-
to-noise ratios, reported a high sensitivity for depicting functional islet cell tumors that are
2 cm or less in diameter.

4. ENDOSCOPIC ULTRASOUND (EUS)

• sensitivity of up to 94% that goes to 100% when combined with CT

• can depict lesions of up to 5 mm, but only for the lesions in the head
and body

• using high- frequency probes (7,5 -10 MHz) to observe pancreatic
tissue from a short distance

• possibility of histological diagnosis (fine needle aspiration biopsy)

• blind spot- the splenic hilum

Several studies have shown that endoscopic sonography is the most accurate
method available for the diagnosis of islet cell tumors with an excellent sensitivity
and specificity to localize PNETs approaching 100%, especially in early stages
aiding in early diagnosis and potential treatment.

Since its early introduction in the early 1990's, EUS has emerged as a safe and
accurate technique for the diagnosis, stage, and treat a variety of lesions. A
particularly useful aspect of EUS is the enhanced imaging of the pancreas.

Preoperative detection of small pancreatic tumors in patients in whom
transabdominal ultrasonography and CT have not detected such tumors but only
after the presence of such lesions has been virtually assured by laboratory testing.

This method allowes high-resolution imaging of the pancreas that can distinguish
structures as small as 2 to 3 mm in diameter.

The echoendoscope is introduced into the descending duodenum, and starting at
the level of the ampulla of Vater, the different parts of the pancreas are carefully
scanned by slowly withdrawing the instrument. The head of the pancreas is
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visualized from the duodenum and the body and tail from the stomach. A water-
filled balloon at the tip of the instrument is used to create the necessary fluid
interface between the transducer and the gastrointestinal wall.

Endoscopic sonography has been shown to be highly accurate for the localization
of pancreatic endocrine tumors.

However, the results of some studies suggest that endoscopic sonography is
operator-dependent, a factor that can adversely affect the accuracy of detection.

Furthermore, the sensitivity of endoscopic sonography is higher for detecting
tumors in the head or the body compared with the tail of the pancreas. This
difference in sensitivity is most likely because of differences in the ability to
visualize these parts of the pancreas on endoscopic sonography.

Endoscopic sonography is not considered accurate in the detection of liver
metastases because of the limited penetration depth of sonography.

5. INTRAOPERATIVE ULTRASOUND (IOUS)

INTRAOPERATIVE ULTRASOUND can identify tumors from 2-3 mm in size but is
very operator dependent.

• Detection of small tumors during surgical procedure

• Visualization of the relationship between the tumor and surrounding
structures- the main pancreatic duct and blood vessels

• It should be combined with palpation when it can have sensitivity of up
to 100%

Besides enabling tumor localization, intraoperative sonography may also serve as
a guide to the decision between enucleation and resection because it delineates
the relationship between the tumor and the main pancreatic duct.
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However, this technique prolongs surgery and has an associated risk of rupture of
the splenic vessels due to mobilization of the pancreas. Preoperative identification
of the tumor would avoid these risks and also lead to selection of a better surgical
strategy.

Preoperative invasive localization procedures with intraoperative ultrasound (IOUS) can
result in successful surgical treatment of occult insulinomas when noninvasive imaging
study results are equivocal or negative.

6. ASVS (Selective arterial calcium stimulation with hepatic venous sampling)

Several series reported of occult insulinomas that remain undetected in 10% to 27% and
preoperative localization is considered essential to successful surgical treatment even
though in the past blind distal or subtotal pancreatectomy were performed.

Selective arterial calcium stimulation with hepatic venous sampling has been proposed
as the most sensitive (over 90%) preoperative localization technique based on the fact
that calcium is a potent secretagogue for abnormal # cells.

• (-) invasive procedure, technically complicated, more expensive
• (+) short procedure time, less tissue trauma

Even though it is invasive, technically demanding and relatively expensive it can reduce
the duration of open surgery and minimize trauma to the tissue.

CONTRAINDICATIONS:

Except for contraindications related to the angiography the only procedure related relative
contraindication is renal failure and cardiac glycosides therapy since the inotropic effects
of cardiac glycosides and calcium are synergistic and dysrhythmia may occur.

COMPLICATIONS are very rare and include hypoglycemia and pancreatitis after calcium
injection.

Blood sugar levels are checked before the procedure to minimize the risk of
hypoglycemia.
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A diagnostic catheter is first placed in the right hepatic vein (Fig. 8) close to its junction
with the inferior vena cava through a puncture site in the right femoral vein. This catheter
is used for obtaining 5 ml of hepatic venous blood before and 30,60,90,120 and 180
seconds after calcium injection.

• An arterial catheter is placed through the femoral artery into the coeliac
axis for subselective angiography followed by selective cannulation of the
splenic, superior mesenteric and gastroduodenal arteries (Fig. 9)

• Selective presampling angiography was performed using nonionic contrast
agent to search for abnormal staining

• After the angiography a 4-ml bolus of calcium gluconate (0,025 µg/kg)
diluted in saline is rapidly injected through the catheter in each selectively
catheterized artery

• Interval between injections should be at least 5 minutes
• Hepatic venous blood samples are labeled and centrifuged to obtain a

serum that can be assayed for insulin concentration
• A twofold rise in insulin levels in the 30 or 60 second samples (or both)

suggest location:
GDA- head and neck

SPLENIC- body and tail

SMA- uncinatus and head

Although not routinely used in most centres as it is, invasive selective arterial calcium
stimulation with hepatic venous sampling has a high detection rate and may be
appropriate when an insulinoma is strongly suspected but all non-invasive imaging tests
are negative.

Its sensitivity can be further increased if combined with intraoperative ultrasonography.

7. SCINTIGRAPHY

Somatostatin receptor scintigraphy (SRS) has become the noninvasive imaging study
of choice for neuroendocrine tumors, as most gastrinomas and carcinoid tumors are
detected based on receptor density.

However, insulinomas are rarely imaged with SRS because of a low density of type 2
somatostatin receptors and somatostatin receptor scintigraphy is not generally useful for
localisation.
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Images for this section:

Fig. 1: Pancreatic insulinoma in 62-year-old man: pre-contrast CT scan fails to
conclusively show tumor, only minimal nodularity is seen at location of tumor (arrow)

© University Hospital, Sisters of Charity University Hospital - Zagreb/HR
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Fig. 2: Insulinoma on arterial phase CT imaging: 3 mm (left) and 5 mm (right) slice
thickness; presented as homogeneous hyperattenuating lesion of 16 mm in size in body
of pancreas

© University Hospital, Sisters of Charity University Hospital - Zagreb/HR

Fig. 3: Insulinoma on venous phase CT imaging: 3 mm (left) and 5 mm (right) slice
thickness

© University Hospital, Sisters of Charity University Hospital - Zagreb/HR
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Fig. 4: MRI of insulinoma: T1WI- tipically hypointense lesion

© University Hospital, Sisters of Charity University Hospital - Zagreb/HR
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Fig. 5: MRI of insulinoma: T1 fat saturation- normal pancreatic tissue surrounding tumor
is hyperintense

© University Hospital, Sisters of Charity University Hospital - Zagreb/HR
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Fig. 6: MRI of insulinoma: T2WI trufi- mass of low signal intensity

© University Hospital, Sisters of Charity University Hospital - Zagreb/HR

Page 18 of 24



Fig. 7: MRI of insulinoma: contrast enhanced T1 fs depicting hypervascular lesion

© University Hospital, Sisters of Charity University Hospital - Zagreb/HR
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Fig. 8: ASVS: a diagnostic catheter is placed in the hepatic vein

© University Hospital, Sisters of Charity University Hospital - Zagreb/HR

Page 20 of 24



Fig. 9: ASVS: subselective angiography followed by selective cannulation of the hepatic
(left), gastroduodenal (middle) and splenic (right) arteries

© University Hospital, Sisters of Charity University Hospital - Zagreb/HR
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Conclusion

Potential curative treatment of insulinomas can be achieved only with surgical resection,
and most surgeons attempt to localize the tumor preoperatively.

However, the preoperative diagnosis of insulinomas remains a challenge because of
the small size of these tumors with approximately 66% being less than 2 cm in size at
presentation.

In addition, there is no imaging test being clearly superior.

• Cross-sectional imaging techniques such as computed tomography (CT)
scanning and magnetic resonance imaging (MRI) have been extensively
used.

• Endoscopic ultrasound (EUS) is evolving and improving, and may provide
an opportunity for histological diagnosis, but this semi-invasive technique is
highly dependent on operator experience.

• Selective intra-arterial injection of the pancreatic arteries with calcium and
hepatic venous sampling for insulin correlates anatomy with function, and in
many series, it appears to be the most sensitive method for regionalization
of insulinoma.

Radiologic assessment of exact tumor localization reduces duration of surgical
procedures, size of the resected pancreatic tissue and need for additional interventions.
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