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67-year-old man presented to the emergency depart-

ment with a 2-hour history of generalized weakness,

nausea and confusion. The patient had no diaphoresis,
palpitations or tremors, and felt well earlier in the day. He had a
medical history of congestive heart failure with reduced ejection
fraction, chronic kidney disease and pulmonary hypertension,
and was taking apixaban, atorvastatin, furosemide, metoprolol
and sacubitril-valsartan. There were no signs or symptoms of
infection, adrenal insufficiency, liver failure or decompensated
heart failure, and his vital signs, including heart rate and blood
pressure, were normal. His serum glucose was 3.3 mmol/L and
this presentation was attributed to decreased oral intake. After
treatment with intravenous dextrose (50% in water), his glucose
increased to 13 mmol/L. Over the course of an hour, his symp-
toms resolved with no recurrence of hypoglycemia and he was
discharged.

Three weeks later, the patient presented to the emergency
department with a spontaneous seizure and was found to have a
serum glucose of 1.6 mmol/L. He had no other acute symptoms.
After treatment with intramuscular glucagon for rapid correction
of his hypoglycemia, he was admitted to internal medicine.

The patient had also been feeling weak for the previous
month, which he attributed to heart failure. At home, he had
been eating usual portions of his traditional Lebanese diet. He
normally ate lunch at 14:00 and both presentations to hospital
occurred around 17:00. He did not have any early morning
symptoms. He had no history of mental illness or access to anti-
hyperglycemic medications (e.g., insulin or sulfonylureas) and
did not consume alcohol. He had no previous surgeries, includ-
ing gastric surgery.

Initial investigations, including blood count, blood cultures,
electrolytes, liver enzymes and morning cortisol, were normal.
The patient’s renal function was at his baseline with an esti-
mated glomerular filtration rate of 40 mL/min. Of note, his
hemoglobin A, was 5.5%, which had decreased from 6.2% the
year before at an annual screening visit. Results from a urine sul-
fonylurea screen were negative for acetohexamide, chlorprop-
amide, tolazamide, tolbutamide, glimepiride, glipizide, gly-
buride, nateglinide and repaglinide. As the patient had
presented with a first seizure, we performed computed tomog-
raphy (CT) of his head, which was normal.

Key points

® The approach to hypoglycemia in patients without diabetes
differs depending on whether the patient is unwell and
requires admission to hospital, or well and can be managed in
the community.

e Assess the patient for the presence of Whipple triad.

e Ask about diet, medications and symptoms of neuroglycopenia,
including generalized fatigue, visual disturbances, confusion,
seizures and autonomic dysfunction.

® To aid diagnosis during a hypoglycemic episode, first-line
investigations include laboratory investigations for levels of
serum glucose, C-peptide, insulin and B-hydroxybutyrate; also
consider screening for sulfonylurea and meglitinide and
insulin antibodies.

e Although surreptitious medication effects should be considered,
insulinoma is the most serious diagnosis to exclude in patients
who appear otherwise well.

At this admission to hospital, the patient continued to have
hypoglycemia over the course of the day, which necessitated
continuous infusions of intravenous dextrose. Further investiga-
tions found an elevated serum insulin of 187 (normal range
35-140) pmol/L and C-peptide of 8.18 (normal range 0.30-
1.32) nmol/L, despite a low serum glucose of 2.1 (normal 3.3-
11.0) mmol/L. Given that he appeared well, and with history and
initial investigations not finding common causes of hypoglyce-
mia such as sepsis, alcohol or medications, our working diagno-
sis was endogenous hyperinsulinemia possibly secondary to an
insulinoma.

A conventional, noncontrast CT scan of the patient’s abdo-
men was unremarkable. However, given high suspicion of an
insulinoma, he underwent an indium-111 pentetreotide single-
photon emission computed tomography (SPECT)-CT scan that
showed a 5.9 cm x 4.1 cm intensely octreotide-avid mass near
the pancreatic tail, and a small octreotide-avid hepatic mass
(Figure 1). These findings were consistent with a large pancreatic
insulinoma with metastatic liver deposit.

We deemed the patient to be a high-risk surgical candidate
because of his cardiopulmonary comorbidities and we initially man-
aged his condition with diazoxide, a nondiuretic benzothiadiazine.
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Figure 1: Indium-111 pentetreotide single-photon emission computed
tomography-computed tomography (SPECT-CT) scan showing (A) an
abnormal large octreotide-avid mass near the tail of pancreas (red circle)
in a 67-year-old man who presented to the emergency department with a
2-hour history of generalized weakness, nausea and confusion and (B) a
small hepatic deposit with octreotide activity suggestive of metastasis
(red circle). Other bright masses are the normal appearance of kidneys
and spleen on SPECT-CT.

Despite higher-level dosing of diazoxide, he continued to
require intravenous dextrose infusions. We then switched to
short-acting subcutaneous octreotide, a potent synthetic soma-
tostatin analogue. With a standard starting dose of 100 ug,
immediate resolution of hypoglycemia was achieved, and the
dosage was titrated to 6 ug twice daily to achieve normoglyce-
mia. Under outpatient follow-up with neuroendocrine oncology,
the patient was switched to long-acting intramuscular octreo-
tide at a dosage of 20 mg monthly, which continues to be effec-
tive in preventing hypoglycemia. Owing to renal insufficiency, he
was not eligible for radionuclide therapy with ’Lu-DOTA-TATE
but did receive external beam radiation to the mass near his
pancreatic tail. We continue to monitor the mass with positron
emission tomography-CT every 6 months, and its size has
decreased following radiation.

Discussion

Hypoglycemia is a common presentation in the primary care
setting and accounts for about 16 of every 1000 visits to the
emergency department.’ In patients without diabetes, it is
important to rule out common precipitating factors such as
medications (e.g., indomethacin or antibiotics), alcohol, caloric
restriction and systemic illness. In the absence of an obvious
cause, further investigation for causes of endogenous hyper-
insulinemia is warranted.

Although uncommon with an incidence of 4 per 1 million person-
years, insulinomas are the most common functioning pan-
creatic neuroendocrine tumour and the most common cause of
endogenous hyperinsulinemia.? Most insulinomas are benign,
well-differentiated tumours; malignant disease occurs in
5%-10% of cases.® Patients usually present with fasting hypo-
glycemia, which may manifest with neuroglycopenic symp-
toms such as generalized fatigue, visual disturbances, confu-
sion and seizures or autonomic symptoms including tremors,
palpitations and diaphoresis. Our patient never had fasting
hypoglycemia; both episodes occurred within hours after
lunch. His second presentation with seizure and markedly low
serum glucose suggested underlying pathology, prompting
further workup for endogenous hyperinsulinemia.

Approach to the patient with hypoglycemia
Hypoglycemia, defined by Whipple triad, includes a serum
glucose level of less than 3.1 mmol/L, symptoms or signs con-
sistent with hypoglycemia and resolution of the symptoms
with correction of the hypoglycemia.*

One approach to determining the cause of hypoglycemia
involves dividing patients into 2 groups: those who are sys-
temically unwell and those who appear well (Table 1).* The
differential diagnosis in unwell patients includes organ fail-
ure (i.e., hepatic, cardiac or renal), sepsis, adrenal insuffi-
ciency, prolonged malnutrition and non-islet cell tumours
producing insulin-like growth factor Il. The differential diag-
nosis for patients who appear well includes insulinoma, insu-
lin autoimmunity, noninsulinoma pancreatogenous hypo-
glycemia syndrome and hypoglycemia after gastric bypass.
Clinicians should ask if the patient has taken medications
known to cause hypoglycemia such as antihyperglycemic
agents (e.g., sulfonylureas or meglitinides), exogenous insu-
lin and other non-diabetic medications. More than 160 differ-
ent medications have been associated with hypoglycemia,
but the most common offending agents are quinolone anti-
biotics, pentamidine and quinine.> Excessive alcohol use
leading to hypoglycemia in a patient who does not use insu-
lin is uncommon and a diagnosis of exclusion. Hypoglycemia
after gastric bypass is characterized by episodic postprandial
hypoglycemia. This occurs because of dumping syndrome,
which is caused by rapid gastric emptying that leads to over-
secretion of pancreatic hormones. Hypoglycemia after gastric
bypass is primarily managed with dietary modifications, and
pharmacotherapy is reserved for those with refractory
disease.*
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Table 1: Differential diagnosis for hypoglycemia in the well

and unwell patient**

Appears well

1. Endogenous hyperinsulinemia

-Insulinoma

-Insulin secretagogue

-Non-insulinoma pancreatogenous hypoglycemia
-Post-gastric bypass hypoglycemia

-Insulin autoimmune hypoglycemia

2. Accidental, surreptitious or malicious hypoglycemia
Appears unwell

1. Medications/drugs

-Exogenous insulin

-Insulin secretagogues (sulfonylureas, meglitinides)
-Alcohol

-Other (indomethacin, pentamidine, quinine, lithium)
2. Critical illness

-Sepsis

-Cardiac, renal or hepatic failure

3. Hormone deficiency

-Adrenal insufficiency

-Glucagon deficiency

-Growth hormone deficiency

4. Non-islet cell tumour

*Reprinted from European Journal of Medicine, Vol. 25(5), Pieter Martens, Jos Tits,

Approach to the patient with spontaneous hypoglycemia, p. 415-421, Copyright
(2014), with permission from Elsevier.

Hypoglycemia workup

After confirming Whipple triad, laboratory investigations for the
cause of hypoglycemia, including endogenous insulin overpro-
duction, should be ordered. Initial investigations at the time of a
hypoglycemic episode include levels of serum glucose, C-peptide,
insulin and B-hydroxybutyrate. A sulfonylurea and meglitinide
screen and insulin antibodies should also be ordered for patients
without an identifiable cause of hypoglycemia.* The results for
the medication screen and insulin antibodies were negative in
this patient.

Insulin is generated in the pancreas when its precursor, pro-
insulin, is cleaved into insulin and C-peptide. -Hydroxybutyrate is a
measurable ketone produced in the liver by the breakdown of fat in
an insulin-deficient state when the supply of glucose is too low for
metabolic processes, such as during periods of prolonged exercise,
starvation or a carbohydrate-low diet. In patients with insulin resist-
ance, insulin and C-peptide may be elevated without low serum glu-
cose; therefore, insulin and C-peptide levels are uninterpretable
without a corresponding glucose level. In patients with insulinoma,
endogenous insulin overproduction occurs independent of serum
glucose level, resulting in elevated insulin and C-peptide levels,
which precipitates hypoglycemia (Table 2). Conversely, patients
with exogenous hyperinsulinemia have high serum insulin levels
with low C-peptide levels because pancreatic insulin production is
inhibited.® B-Hydroxybutyrate is suppressed in both instances
because of the antiketogenic effects of insulin, which can differen-
tiate insulin-mediated from non-insulin-mediated hypoglycemia. As
many laboratories do not detect insulin analogues, discussion with
the local biochemistry department regarding available assays is sug-
gested if exogenous insulin use is suspected.

A 72-hour fast may be required to reproduce hypoglycemia in
a patient who is not symptomatic at the time of examination. This
involves a protocolized supervised fast with serial measurements
of glucose, insulin, C-peptide and B-hydroxybutyrate at regular
intervals until the patient has documented hypoglycemia. This
test is 99% sensitive for insulinoma.”

Table 2: Interpretation of laboratory results during an episode of hypoglycemia (serum glucose < 3.0 mmol/L)**

Insulin C-peptide
Diagnosis (pmol/L) (nmol/L)
Normal <20.8 <0.2
Exogenous insulin >>20.8 <0.2
Insulinoma, NIPHS, PGBH >20.8 >0.2
Sulfonylurea overdose >>20.8 >0.2
Insulin autoimmune >>20.8 >>0.2
IGF mediated <20.8 <0.2
Non-insulin mediated <20.8 <0.2

3-OH butyrate Insulin Circulating
(mmol/L) antibody oral antihyperglycemic
>2.7 Negative No
<27 Positive or No
negative
<2.7 Negative No
<2.7 Negative Yes
<27 Positive No
<27 Negative No
>2.7 Negative No

NIPHS = non-insulinoma pancreatogenous hypoglycemia syndrome, PGBH = postgastric bypass hypoglycemia.
*Reprinted from European Journal of Medicine, Vol. 25(5), Pieter Martens, Jos Tits, Approach to the patient with spontaneous hypoglycemia, p. 415-421, Copyright (2014), with

permission from Elsevier.
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Localization of suspected insulinoma
Noninvasive imaging modalities for localization include abdominal
ultrasonography, conventional CT and magnetic resonance imaging
(MRI), with MRI historically being the most sensitive of the conven-
tional modalities.® Nuclear medicine studies with somatostatin-
labelled radiotracers, such as octreotide scintigraphy, have been
effective in localizing neuroendocrine tumours. %Ga-Exendin-4 PET-
CT is 84.6% sensitive for insulinomas when used alone, and 92.3%
sensitive in combination with MRI, but has limited availability in
North America.® Invasive approaches such as endoscopic ultra-
sonography or hepatic vein sampling are generally reserved until
after noninvasive measures have been explored.® As we did not use
contrast dye in this patient because of his impaired renal function,
the initial CT did not detect the lesions. Thus, we proceeded with an
octreotide scan that detected the pancreatic and hepatic masses.
Tissue biopsy is typically performed for confirmation of sus-
pected insulinoma. However, we did not pursue biopsy for our
patient because it would have required endoscopic ultrasonog-
raphy and his medical comorbidities placed him at a high risk of
complications. We made the diagnosis on the biochemical evi-
dence of endogenous insulin overproduction, absence of other
hormone overproduction and a positive result for the functional
octreotide scan.

Management of insulinoma
The definitive treatment of insulinoma is surgical resection.
Most insulinomas are benign and confer an excellent prognosis
after tumour resection, with disease-specific survival of 98% at
1 year, 92% at 5 years and 90% at 10 years. However, patients
with unresectable malignant disease have a much poorer long-
term prognosis, with disease-specific survival of 82% at 1 year
and 25% at 5 and 10 years.®

When surgery is not possible, the goal of treatment is to miti-
gate hypoglycemia with dietary modification, pharmacotherapy
(e.g., diazoxide, somatostatin analog or everolimus) or minimally
invasive cytoreductive therapies. Diazoxide is first-line pharmaco-
therapy; somatostatin analogs such as octreotide are reserved for
when diazoxide is ineffective at maintaining euglycemia. Long-
acting octreotide formulations are used for maintenance therapy,
asinour patient.t

Everolimus is a mammalian target of rapamycin (mTOR)
inhibitor that has been used infrequently for the treatment of
metastatic pancreatic neuroendocrine tumours. Chemotherapy
agents such as streptozocin and doxorubicin have also been
reported to have varying effectiveness.!* However, few cases
included in studies have been specific to insulinoma, and more
data on the application of these agents are required.!!
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The section Cases presents brief case reports that convey clear,
practical lessons. Preference is given to common presentations of
important rare conditions, and important unusual presentations of
common problems. Articles start with a case presentation (500
words maximum), and a discussion of the underlying condition fol-
lows (1000 words maximum). Visual elements (e.g., tables of the dif-
ferential diagnosis, clinical features or diagnostic approach) are
encouraged. Consent from patients for publication of their story is a
necessity. See information for authors at www.cmaj.ca.
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