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Patient:

Final Diagnosis:
Symptoms:
Medication:
Clinical Procedure:
Specialty:

Objective:

Female, 46-year-old
Metastatic insulinoma

Altered mental status ¢ anxiety ¢ hypoglycemia ¢ unsteadiness

EUS-guided ablation ¢ EUS-guided FNA
Endocrinology and Metabolic

Rare disease

Background: Hypoglycemia is rare in individuals without drug-treated diabetes mellitus. In a seemingly well individual, the dif-
ferential diagnosis of hypoglycemia narrows to 2 major categories: 1) accidental, surreptitious, or intentional
hypoglycemia, or 2) endogenous hyperinsulinism (EHH). Insulinomas are the most common cause of EHH.
Localization of insulinomas can be challenging, as most tumors are less than 2 cm in size and may be present
in any part of the pancreas. In fact, almost 30% of neuroendocrine tumors (NET) cannot be located preopera-
tively by traditional imaging techniques such as computerized tomography (CT) or magnetic resonance imag-
ing (MRI).

Case Report: This report describes a case of metastatic insulinoma in a patient with a complex medical history. CT with con-
trast of the abdomen identified 1 lesion located in the pancreas body. Endoscopic ultrasound (EUS) identified
an additional 3 to 4 hypoechoic lesions in the pancreatic neck and body. 68-Gallium Dotatate scanning identi-
fied 3 distinct lesions within the pancreas and a right posterior rib sclerotic lesion.

Conclusions: Reliance upon traditional imaging techniques (CT/MRI) for tumor localization would not have identified the
multifocal pancreatic lesions and the metastatic bone lesion. Accurate identification of multifocal, metastatic
insulinomas requires multiple imaging modalities, including first-line non-invasive imaging (CT or MRI) followed
by second-line imaging (EUS or nuclear imaging).
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Neuroendocrine Tumors ¢ Nuclear Medicine ¢ Tomography, X-Ray Computed
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Background

Hypoglycemia is rare in individuals without drug-treated dia-
betes mellitus [1], but many adults, particularly women, report
symptoms attributed to reactive hypoglycemia, a postprandial
hypoglycemic state occurring within 2-5 h after eating [2].
In the absence of bariatric surgery, there are multiple causes
of postprandial hypoglycemia, including insulinoma [3,4]. As
insulinomas have the potential to be definitively treated by
surgery [4], insulinoma identification is important.

To do so, it is important to consider satisfying Whipple’s triad
(hypoglycemia symptoms, documentation of hypoglycemia on
testing, and symptom resolution with glucose administration)
before pursuing a hypoglycemia workup. Patients who satisfy
Whipple’s triad and are otherwise “seemingly well” typically
have hypoglycemia arising from either: 1) accidental, surrep-
titious, or intentional hypoglycemia or 2) endogenous hyper-
insulinism (EHH) [1]. Insulinomas, a type of islet cell tumor,
are the most common cause of EHH [5], although insulinomas
remain quite rare, with an incidence of 1 in 250 000 patient-
years [1]. Patients with insulinomas demonstrate hypoglyce-
mia exclusively in the fasting state (73%), exclusively in the
postprandial state (6%), and in fasting and postprandial state
(21%) [4]. Less than 10% of patients with insulinomas have
multiple tumors. Here, we present a case of a patient with a
metastatic insulinoma and compare the various imaging mo-
dalities needed to identify metastatic insulinoma tumors.

Case Report

A 46-year-old woman presented to the Emergency Department
(ED) via ambulance after coworkers noticed her odd behavior
at work. At the workplace, the paramedics used a glucose me-
ter and reported her capillary fingerstick glucose at 29 mg/dL.
She was given a %2 ampule of D50 and her glucose level in-
creased to 111 mg/dL. When she arrived at the ED 30 min later,
her glucose level had dropped to 32 mg/dL. The ED evaluation
was significant for a urinary tract infection (UTI). Therefore,
her hypoglycemia was attributed to the UTI and she was dis-
charged home with Bactrim and a home glucometer. Two
days later, she returned to the ED with self-reported anxiety.
Her fasting glucose values using her home glucometer were
33 mg/dL, 59 mg/dL, 55 mg/dL, and 70 mg/dL. Upon arrival
to the ED, her capillary fingerstick glucose was 79 mg/dL. Her
medications included levothyroxine, lisinopril, olanzapine, cita-
lopram, vitamin D3, and fish oil. Her medical history was sig-
nificant for legal blindness, hypothyroidism, and multiple be-
havior and psychiatric issues which prevented her from living
independently from her family. Her family history was sig-
nificant for nephrolithiasis, “thyroid tumor” of unknown eti-
ology in the patient’s mother, and episodes of unevaluated
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Table 1. Laboratory findings supportive of endogenous
hyperinsulinemia.

Pattern in
patient

Pattern in

Elading insulinoma

Insulin (uU/ml) >3 23.2

C-peptide (nmol/liter) >0.2 1.72

Proinsulin (pmol/liter) >5 82.3

Not obtained

. <

B-Hydroxybutyrate <27 b

Glucose increase after 525 82

glucagon (mg/dl)

Circulating c.’ral No No

hypoglycemic agent

Antibody to insulin Neg Neg

hypoglycemia in the patient’s sister, and negative for diabetes
in the immediate family. She is a never smoker and had no al-
cohol or substance use. During her second ED evaluation, she
indicated that she noticed having spells of odd behavior with
associated unsteadiness, which had been progressive over the
last few months. She reported that these symptoms improved
upon the ingestion of “sugar water.” The patient was exten-
sively interviewed regarding her medical history and her prox-
imity to diabetes medications/other individuals with diabetes.
A physical exam was unremarkable.

The medical team felt that the patient’s presentation met the
criteria for Whipple’s triad [1] with documented hypoglycemia.
As she was not acutely ill and had no history of diabetes mel-
litus, she fell into the category of a “seemingly well patient”,
presenting with hypoglycemia either due to accidental, surrepti-
tious, or malicious hypoglycemia or endogenous hyperinsulinism.

Evaluation

The patient’s initial presentation strongly supported Whipple’s
triad, as the presentation was characterized by neuroglycope-
nic symptoms, evidence of hypoglycemia (glucose <60 mg/dL
measured on home blood glucose monitoring), and resolution
of her neuroglycopenic symptoms with glucose treatment. By
the time she was evaluated by the Endocrinology consult ser-
vice, she was already receiving treatment for her hypoglyce-
mia, which included being placed on a hypoglycemia protocol
(12.5 g IV D50 injection for blood glucose less than 50 mg/dL
in an alert patient). Glucose, C-peptide, and proinsulin levels
were obtained when the patient had symptoms of hypoglyce-
mia (Table 1). Although these results (Table 1) do not strictly
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pancreatic neuroendocrine tumor composed of cells
with uniform round nuclei (hematoxylin-eosin (H&E)
stain, magnification 40x).

meet the definition of endogenous hypoglycemia (plasma glu-
cose <55 mg/dL if Whipple’s triad was previously documented),
the results are supportive of hyperinsulinemic hypoglycemia [1].

In addition, her CT scan at the time of admission evaluation
identified a pancreatic tumor highly suspicious for insulinoma.
Because she satisfied Whipple’s triad and her CT imaging was
suspicious for insulinoma, the 72-h fast was not performed.

Computed tomography of the abdomen/pelvis with IV con-
trast identified a 1.5x0.9 cm enhancing lesion in the body of
the pancreas. An invasive endoscopic ultrasound (EUS) was
conducted to more accurately localize this lesion, and identi-
fied an additional 3 to 4 hypoechoic lesions in the pancreatic
neck and body. EUS-guided fine-needle biopsy in the pancre-
atic body and neck was highly suspicious for a neuroendo-
crine tumor (NET) (Figure 1). Tumor cells were positive for
synaptophysin, chromogranin, and CD56, which are all mark-
ers for NETs. Ki-67 showed low proliferation index, estimat-
ed as <3%. The tumor cells were weakly positive for insulin
stain (Figure 2). A 68-Gallium Dotatate scan was conducted,
which showed 3 distinctive tumor sites within the pancreas
(Figures 3, 4), a right posterior rib sclerotic lesion (Figure 5),
and small bilateral pleural effusions and extensive bilateral
posterior lower lobe atelectasis/consolidation.

Given the multicentric nature of the lesions, MEN-1 syndrome
was considered. However, as multiple measurements of her
calcium level had produced normal results, the Endocrinology
team felt that the possibility of primary hyperparathyroid-
ism was extremely low; therefore, the MEN-1 mutation was
not measured.
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Figure 2. Histopathology: Tumor cells show cytoplasmic
reactivity for insulin immunostain (magnification 40x).

Treatment plan

The surgical team felt that the patient was not a good surgical
candidate due to her multiple comorbidities. These included
the inability to live independently due to behavior and psychi-
atric issues, legal blindness, EUS-identified multifocal insuli-
noma, and potential bone metastasis. Thus, the patient was
started on diazoxide (88 mg/ml TID) to control her hypogly-
cemia. For treatment of the noted metastatic insulinoma, we
offered EUS-based ablation. EUS-guided ablation of the larg-
est lesion was conducted; however, remaining lesions were
left alone. The next day, after the ethanol ablation, the pa-
tient was discharged on the diazoxide program (88 mg/ml TID).
The patient’s family was contacted by phone several times (at
2 weeks, 4 weeks) after discharge. Per family report, the pa-
tient did not take any more diazoxide after her prescription
ran out, roughly 10 days after discharge. When contacted 4
weeks after discharge, the patient’s family reported that the
patient had no further episodes of hypoglycemia with neuro-
glycopenic symptoms.

Discussion

The teaching point of this case is that multiple imaging modal-
ities are required for the detection of metastatic insulinoma
tumors and that identification of metastatic insulinomas will
alter management. In this case, CT imaging of the patient was
positive for 1 lesion in the pancreatic body but was unable to
localize the additional lesions present in the pancreatic neck
that were identified by EUS. In fact, almost 30% of NETs are
not located preoperatively by traditional imaging techniques
such as CT, US, or MRI [6], as most insulinoma tumors are sol-
itary and < 2 cm in size. As compete surgical resection of tu-
mors is the only curative treatment, inaccurate localization of
tumors can result in persistence of symptoms and need for
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Figure 3. Ga68Dotatate PET demonstrating 3 foci of intense uptake in the body and tail of the pancreas, consistent with a multifocal
insulinoma (arrows). Images arranged from caudal to cranial.

Figure 4. Ga68Dotatate PET demonstrating foci of intense
uptake in the body and tail of the pancreas, consistent
with a multifocal insulinoma (arrows).

re-resection. Thus, multiple imaging modalities are required
for detecting metastatic insulinoma tumors.

CT/MRI

First-line imaging for insulinoma localization is by non-inva-
sive modalities such as CT or MRI. Dual-phase CT scans have
>90% sensitivity for detecting insulinomas [7]. CT scans are
simple to perform, relatively cheap, and can detect liver metas-
tases. As we observed in this case, CT was unable to identify
smaller tumors and tumors that extend into extra-pancreatic
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Figure 5. Ga68Dotatate PET demonstrating focus of intense
uptake in the right posterior rib (arrow).

tissue, similar to previous observations [8]. MRI is superior to
CT in the ability to detect extra-pancreatic extension of tu-
mors. Some studies have shown that diffusion-weighted MRI
can detect tumors that CT scans have missed, with detection
rates of 75% compared to 64%, respectively [9]. However,
the sensitivity of detecting insulinoma with MRI is lower and
more variable than that of CT, ranging between 40% and
90% [10]. Additionally, MRI is more expensive than CT. Other
non-invasive modalities include transabdominal sonography
(USG) and contrast-enhanced sonography (CEUS), and these
imaging techniques are also advantageous due to their gen-
eral availability and low cost. However, the average sensitiv-
ity of USG in localizing lesions is less than 70% [11]. Barriers
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to detection specific to USG include localization difficulty due
to bowel gas, operator dependency, and increased abdomi-
nal fat, which is commonly observed in insulinoma patients.
Consequently, USG remains a rarely used non-invasive insuli-
noma imaging modality [8].

EUS

Invasive imaging is often the next step needed for accurate
localization of the multiple tumors that may be present in an
insulinoma patient’s disease pathology. Endoscopic ultrasound
(EUS) is one such imaging method that was used in the di-
agnosis of this patient. The sensitivity and accuracy of diag-
nosing insulinomas in patients with hypoglycemia is signifi-
cantly higher in EUS than CT, at 100% and 60% vs. 95.4% and
68%, respectively [6]. EUS allows identification of lesions as
small as 4 mm, with the additional advantage of tissue sam-
pling. However, CT scans have distinct advantages in identify-
ing distant metastases; therefore, these 2 imaging modalities
are best used complementarily [6]. The additional benefit pro-
vided by EUS is its ability to provide local therapy for insulin-
oma via EUS-guided alcohol injection of the noted lesions in
patients who are not surgical candidates [8].

Nuclear medicine imaging

Nuclear medicine imaging can also be valuable in insulinoma
imaging. The radiopharmaceuticals approved by the FDA in-
clude the Octreoscan (1994), 18F-fluorodeoxyglucose (18FFDG)
PET/CT (2004), and, most recently, the 68-Gallium Dotatate
scan (2016), which was used for imaging in this patient [8].
The 68-Gallium Dotatate scan is an imaging modality that tar-
gets somatostatin receptors (SSTR) expressed on NETs. It has
a high affinity to SSTR 2, which is present in up to 80% of in-
sulinoma cases [12]. An advantage of the 68-Gallium Dotatate
scan its ability to exclude the presence of additional pancre-
atic NETs not detected by anatomic imaging in syndromes like
MEN1 [12]. A large prospective study evaluated the clinical util-
ity of 68-Gallium Dotatate scans for management of NETSs. In
131 patients, of at least 18 years of age, and with biochem-
ical or radiologic suspicion and/or known diagnosis of NET,
the 68-Gallium Dotatate scan was found to have a higher sen-
sitivity for detecting NETs compared to conventional anatomic
imaging (i.e., CT/MRI) and to 111-In pentetreotide SPECT/CT im-
aging [13].The 68-Gallium Dotatate scan detected significantly
more tumors than anatomic imaging and 111-In pentetreotide
SPECT/CT (95%, 45%, and 30.9% respectively). The 68-Gallium
Dotatate scan also had the highest true-positive rate compared
to 111-In pentetreotide and anatomic imaging (72%, 22%, and
39%, respectively). Adding the 68-Gallium Dotatate scan sig-
nificantly altered clinical management of 33% of patients by
increasing clinical surveillance, surgical intervention, and tar-
geted chemotherapy of tumors [13].
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Since many insulinomas have high concentrations of gluca-
gon-like peptide-1 (GLP-1) receptors [14], GLP-1 radioligands
that bind to the GLP-1 receptor have been developed to fa-
cilitate insulinoma localization. Recently, a small prospective
study enrolled 8 patients with biochemically-proven insulin-
oma and with negative or inconclusive conventional imag-
ing (CT, MRI, EUS, and somatostatin receptor scintigraphy).
Whole-body single-photon emission tomography/computed
tomography (SPECT/CT) imaging was performed 4 h after in-
jection of a Tc-99m-labelled GLP-1 receptor agonist. Surgical
resection was performed based on imaging findings. In all pa-
tients, surgical pathology confirmed the insulinoma diagnosis.
None of the patients had any further recurrence of their hypo-
glycemia during post-surgical follow-up (range 1-75 months,
median 24.5 months) [15].

We acknowledge several limitations of this case report. First,
the evaluation for hypoglycemia did not include the 72-h fast
and her laboratory evaluation did not meet the classic guide-
lines for an insulinoma [1]. Given the patient’s concurrent
behavior/psychiatric issues which prevented her from being
able to fast for 72 h, the presence of ongoing treatment of
her hypoglycemia, her initial presentation fulfilling the crite-
ria for Whipple’s triad, and abdominal imaging suspicious for
an insulinoma, we felt that there was sufficient clinical evi-
dence to support more definitive diagnosis by further imag-
ing/EUS than meeting the classic laboratory evidence for an
insulinoma. Another limitation is that the follow-up was by
self-report, as the patient did not return to our institution for
formal reassessment. Despite these limitations, the teaching
point remains that additional imaging options should be con-
sidered prior to definitive management, as identification of a
multifocal or metastatic insulinoma will alter management.

Conclusions

Insulinomas are pancreatic lesions that are the primary cause
of most cases of endogenous hyperinsulinism. Localization of
insulinomas can be challenging, as most tumors are often less
than 2 cm and may be present in any part of the pancreas.
Identification of multifocal, metastatic insulinomas require
multiple imaging modalities, including first-line non-invasive
imaging (CT or MRI) followed by second-line imaging such as
EUS and nuclear imaging. As demonstrated in this case, iden-
tification of multifocal, metastatic insulinoma directly altered
clinical management of the patient.
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