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ABSTRACT
Context Insulinomas, which are generally smaller than 2cm, may be difficult to detect by routine imaging modalities including abdominal 
ultrasonography, computed tomography, and magnetic resonance imaging. Although preoperative detection of insulinomas is essential for 
operative planning, it is often challenging due to their small size. While arterial stimulation and venous sampling has been used in patients 
with insulinomas it has been largely supplanted by early-phase thin-slice computed tomography. Case Report We report three patients 
with insulinomas, which were not detected by routine computed tomography scan, but were successfully imaged using early-phase thin-
slice computed tomography. Enucleation was performed in all patients based on preoperative imaging. All three patients had an unremark-
able postoperative course. Conclusion Early-phase thin-slice computed tomography is recommended for the preoperative identification 
of insulinomas. This non-invasive imaging technique should be considered before performing arterial stimulation and venous sampling.
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INTRODUCTION
Insulinomas are the most frequent subtype of pancreatic 
neuroendocrine tumors (pNETs), representing about 70% 
of these lesions [1-3]. They are derived from islet B-cells 
and cause diverse symptoms which are attributable to 
hypoglycemia. About 90% of insulinomas are benign and 
more than 90% are sporadic [3, 4]. Most patients with 
insulinomas are curable by surgical resection, except 
for patients with multiple and malignant tumors, which 
are usually seen in association with multiple endocrine 
neoplasia syndrome, type I [3].

Insulinomas are suspected in patients with the clinical 
findings of Whipple’s triad, which includes hypoglycemic 
symptoms while fasting, documented serum glucose less 
than 50 mg/dl, and an improvement in symptoms with the 
administration of glucose [5]. Hypoglycemia, high serum 
immunoreactive insulin (IRI), and high serum C-peptide 
immunoreactivity (CPR) while fasting are typical in 
patients with insulinomas. Although the preoperative 
identification of an insulinoma is important to develop an 
optimal surgical strategy, it is often challenging because of 
the small tumor size. The majority of insulinomas are less 
than 2 cm in diameter at initial diagnosis [3, 4]. Abdominal 
ultrasonography (US), computed tomography (CT), and 
magnetic resonance imaging (MRI) are often unable to 

detect insulinomas. If these non-invasive studies fail to 
detect the tumors, invasive methods can be performed, 
such as angiography and arterial stimulation and venous 
sampling (ASVS) [6-14]. 

CT technology has improved dramatically in the past two 
to three decades. The time required to obtain a scan has 
become shorter and thinner collimations are possible 
after the introduction of helical and multi detector row 
CT (MDCT) technology. MDCT scanners use multiple 
detector rows, are 10 times faster, and can obtain 16–64 
slices per rotation with a slice thickness of 0.5 mm. MDCT 
scanning also allows three-dimensional reformatting with 
multiplanar reconstruction, which was used in the patients 
described here. Thus, small tumors, such as insulinomas, 
may be detected more readily than before [15]. 

MDCT permits image acquisition in the arterial (early) phase, 
pancreatic phase and portal venous phase at various times 
after injection. The timing of imaging following injection 
can be optimized for each patient based on diffusion of the 
contrast agent. Insulinomas are hypervascular tumors and 
usually well-enhanced in the early-phase after intravenous 
administration of the contrast agent [16]. In this report, we 
describe three patients with insulinomas, which were not 
detected by routine CT scan or ASVS, but were successfully 
imaged using early-phase thin-slice CT scan.

CASE REPORT
Patient 1

A forty-three-year-old woman was referred due to 
hypoglycemia. She had repeated episodes consistent with 
hypoglycemia for one year. Laboratory findings were 
unremarkable except for a serum glucose of 49 mg/dl. 
Serum hormone levels were within normal limits. Anti-
insulin antibody was negative. Non-invasive imaging 
modalities including abdominal US, MRI, and routine 
abdominal CT scan were unremarkable. Angiography 
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showed a tumor stain in the tail of the pancreas. ASVS 
revealed an elevated insulin level in the hepatic vein but 
did not effectively localize the lesion. Early-phase thin-
slice CT scan (SOMATOM Sensation 64®, Siemens; detector 
setup 0.75 · 16 mm, helical pitch 10.5/16 rows, acquired 
1.0-mm slices were reformed by 1.0 mm) was performed. 
Contrast, at a density of 300 mg/ml (Iopamiron 300®, 
Bayer, Leverkusen Germany) was administered at a dose 
of 600 mg/kg (for all patients in this report). Timing for the 
imaging was individualized for each patient. Early phase 
series at 35 seconds with multiplanar reconstruction after 
injection of contrast material demonstrated an enhancing 
10mm lesion on the dorsal side of the tail of the pancreas, 
definitively only on one image (Figure 1, yellow arrow). 
Intraoperative ultrasonography (IOUS) confirmed an 
8mm well-demarcated tumor in the tail of the pancreas, 
and enucleation of the tumor was performed. Pathological 
findings showed an insulinoma grade G2 with an MIB-1 
index<5%. Immunohistochemistry showed chromogranin 
A(+), synaptophysin(+), insulin(+), EMA(epithelial 
membrane antigen)(-), and lipase(-). She had an uneventful 
postoperative course and is without recurrence 39 months 
postoperatively.

Patient 2

A seventy-five-year-old woman who experienced an 
episode of unconsciousness due to hypoglycemia with a 
serum glucose level 34 mg/dl was referred. Laboratory 
findings were within normal limits except for a fasting 
serum glucose level of 48 mg/dl. IRI, CPR, and other 
hormone levels were within normal limits. Anti-insulin 
antibody was negative. Routine abdominal CT scan 
showed no remarkable findings. ASVS was performed 
which suggested a tumor in the head/body of the pancreas. 
Early-phase thin-slice CT showed a distinct well-enhanced 
9 mm tumor in the head of the pancreas during the 
arterial phase at 45 seconds (timing individualized for this 
patient) after the administration of contrast definitively 
only on one slice (Figure 2, yellow arrow). A tumor in 
the head of the pancreas was palpable intraoperatively 
and IOUS demonstrated a low echoic mass in the same 
area. Enucleation of the 12-mm tumor was performed 
and the tumor was diagnosed as an insulinoma, grade 
G1 with an MIB-1 index <1%. Immunohistochemistry 
showed synaptophysin (+), insulin (+), glucagon(-), 
somatostatin(-), and pancreatic polypeptide(-). She was 
discharged from the hospital uneventfully and has had no 
recurrence 61 months after operation. 

Patient 3

A sixty-seven-year-old man was referred for further 
examination and treatment of hypoglycemia. He underwent 
a left nephro-ureterectomy for renal pelvis carcinoma two 
years prior to admission. During routine follow-up, he 
was found to have symptomatic hypoglycemia with serum 
glucose less than 50 mg/dl. Laboratory data showed no 
abnormalities except a serum glucose level of 52 mg/dl. IRI 
and CPR were not suppressed. Anti-insulin antibody was 
negative. Routine imaging studies including abdominal US, 

CT, MRI, and EUS failed to image a lesion. ASVS suggested 
an insulinoma in the body/tail of the pancreas. Early-phase 
thin-slice CT revealed a 10-mm nodular lesion, which was 
well enhanced and circumscribed in the tail of the pancreas 
on several slices in the 45-second series (Figure 3). IOUS 
revealed a low echoic tumor in the area suggested by images 
from the early-phase thin-slice CT scan, and enucleation of 
the 10-mm tumor was performed. The tumor was grade 
G1, with an MIB-1 index <1%. Immunohistochemistry 
showed chromogranin A(+), synaptophysin(+), insulin(+), 
glucagon(slightly +), somatostatin(-), and pancreatic 
polypeptide(-). His postoperative course was uneventful 
and is without recurrence 15 months after operation.

DISCUSSION

We report three patients with insulinomas, which were 
not detectable by routine CT scan. All three patients 
underwent ASVS, and the tumors then imaged using early-
phase thin-slice CT scan. These results support the use 
of early-phase thin-slice CT in patients with insulinomas, 
instead of ASVS. Surgical treatment, such as enucleation 
with limited resection of the pancreas, is regarded as the 
initial treatment because about 90% of insulinomas are 
benign and sporadic [3, 4]. However, conventional non-
invasive imaging modalities often fail to detect small 
insulinomas. Tsuzuki et al.  reported that the detection rate 
of insulinomas by abdominal US, CT, and MRI were 49%, 
58%, and 57%, respectively [4]. 

ASVS for the detection of insulinomas was introduced by 
Doppman et al.  in 1991 [6], and is a sensitive modality 
for localizing insulinomas. Blood samples from the 
hepatic vein are obtained before and at 30, 60, 90, and 
120 seconds after the injection of calcium to measure 
the plasma insulin concentration [6, 13, 14]. While ASVS 
showed a high diagnostic yield for insulinomas, from 97-
100% [4, 9, 10], its use in the localization of insulinomas 
has been supplanted by early-phase thin slice CT scan 
in many institutions. ASVS does not provide the exact 
location of an insulinoma. The exact tumor location is 
important for surgeons to make a decision regarding the 
operative procedure [17]. For example, the distance from 
the main pancreatic duct to the tumors is a key factor for 
safe conduct of pancreatic surgery.

IOUS is reported to be the most sensitive procedure 
for tumor detection in a recent systematic review of 
insulinomas [3]. The utility of IOUS in detection of 
insulinomas was also reported in other studies, with a 
sensitivity of about 90% [18, 19]. However, IOUS also 
has some limitations. One limitation is that IOUS is an 
intraoperative procedure, meaning that the detailed 
information about tumor location is not available 
preoperatively. In addition, an over- or under-resection 
may be performed in patients with unsuccessful tumor 
detection by IOUS, or with multiple insulinomas related to 
MEN-I syndrome.

CT scan was introduced by Hounsfield in the early 1970s 
[20]. With continued progress of CT technology including 
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helical and MDCT, the time required to obtain a scan is 
markedly reduced, and thin-slice CT can detect small 
tumors such as insulinomas. In addition, the detection rates 
for insulinomas have improved using dynamic CT scan 
techniques [4, 15, 21]. Insulinomas are characteristically 
hypervascular on contrast-enhanced imaging studies. The 
value of CT scans with arterial phase imaging was reported 
some time ago. King et al.  reported seven patients whose 
tumors were imaged with high-resolution arterial phase 
acquisition of pancreas images in 1998 [21]. Liu and 
colleagues reported on 46 patients with insulinomas, and 
concluded that dual phase CT scan is a sensitive modality, 
and that image acquisition in the arterial phase is more 
helpful [22]. Zamboni et al.  reported that pancreatic 
endocrine tumors were well enhanced in the early 
(arterial) phase after intravenous injection of contrast 

material by means of time density curves obtained from 
perfusion CT scans [23]. 

In these three patients, pancreatic insulinomas were 
well enhanced in the early phase, which ranged from 25-
45 seconds after administration of the contrast agent. 
We suggest that early-phase thin-slice CT is a valuable 
procedure for detecting insulinomas. Using routine CT 
scans, the enhanced images are usually taken more than 
60 seconds after administration of the contrast agent, and 
it is the main reason why the detection rate using routine 
CT scans is low. The thickness of the CT images on routine 
scan may also contribute to the low detection rate. 

Early-phase thin-slice CT has some additional advantages 
for the localization of insulinomas. First, tumor localization 
allows surgeons to perform less invasive surgery such as 

Figure 1. Axial CT scan of patient 1 (slice thickness: 3 mm) at 0 seconds (pre-contrast) (a), 35 seconds (b), 55 seconds (c), and 80 seconds (d) after the 
administration of contrast agent, respectively. Although images of (a), (c), and (d) show no remarkable findings, only one slice in series (b) shows a well-
enhanced small mass in the tail of the pancreas (indicated by a yellow arrow).

Figure 2. Axial CT scan of patient 2 (slice thickness: 3 mm) at 0 seconds (pre-contrast) (a), 45 seconds (b), and 80 seconds (c) after the administration of 
contrast agent, respectively. Only in one slice of the 45-second scan, a 9 mm high density lesion in the pancreatic head is demonstrated (indicated by a yellow 
arrow), whereas the same slice in the 80-second scan shows no abnormality.

Figure 3. Axial CT scan of patient 3 (slice thickness: 1 mm), at 25 seconds (a), 45 seconds (b), and 80 seconds (c) after the administration of contrast agent, 
respectively. In the series at 45-seconds a 10 mm well-enhanced tumor is recognized more clearly than in other series, and this tumor is hard to discern in 
the series at 80-seconds.
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enucleation and/or a limited resection of the pancreas. 
Wide resection of the pancreas has the potential to cause 
diabetes mellitus and is associated with higher morbidity 
and mortality [24]. Therefore, the precise preoperative 
localization of tumors, particularly benign tumors such 
as insulinomas, is essential. Second, early-phase thin-
slice CT is also useful to evaluate patients for recurrent 
insulinomas. Early-phase thin-slice CT is far less invasive 
than ASVS, and easy to use as a follow-up examination. 
Whereas the use of early-phase thin-slice CT is suggested, 
some limitations should be noted and interpretation 
carefully undertaken. In patients 1 and 2, the tumors were 
definitively detected on only one slice of the CT images 
with a collimation of 3 mm in spite of the tumor size (both 
tumors were measured at about 10 mm in diameter). 
Although there was an opacity visible on CT images before 
and after the image showing the tumor in patients 1 and 
2, definitive identification of the tumor was made on only 
one slice. The tumor was more conspicuous and identified 
as a high-density area on several images of the early–phase 
thin-slice CT scan for patient 3, most likely because of the 
use of thin collimation used at 1mm. It is conceivable that 
both CT scanning with thin slices and careful radiographic 
interpretation in several enhanced series are essential to 
avoid oversight of small insulinomas. Another problem 
remains in the exposure to radiation required for such 
studies. A further limitation in this report is that the 
administration rate of contrast agent and optimal scanning 
time point for detection of insulinomas remains unclear. 
Additional studies are needed to determine the optimal 
conditions.

In conclusion, early-phase thin-slice CT scanning is 
valuable for the detection of small insulinomas. The optimal 
approach to the workup of these patients is important for 
all physicians involved in their management. Early-phase 
thin-slice CT scan should be considered in patients with 
symptoms of an insulinoma as the first-line imaging study 
before performing invasive procedures such as ASVS. 
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