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a b s t r a c t

Background/Objective: Patients with an insulinoma, a type of pancreatic neuroendocrine tumor, typically
present with fasting hypoglycemia but can rarely present exclusively with postprandial hypoglycemia.
Case Report: A 69-year-old man presented with episodes of postprandial blurry vision, sweating, and
confusion for the last 2 years that were becoming more frequent over the last several weeks. Home blood
glucose measurements revealed postprandial hypoglycemia (glucose level, 45-70 mg/dL), and symptoms
were consistent with the Whipple triad. Continuous glucose monitoring revealed only postprandial
hypoglycemia within 2 hours following meals. An outpatient fast was conducted with detectable insulin
(6 mIU/mL) and C-peptide (2.0 ng/mL) levels with an elevated proinsulin (20.8 pmol/L) level when the
serum blood glucose level dropped to 47 mg/dL (21 hours after the initiation of the fast). A computed
tomography scan of the abdomen and pelvis showed a 1.6-cm hyperenhancing lesion in the distal body
of the pancreas. He underwent endoscopic ultrasonography with fine-needle aspiration. Pathology
revealed a low-grade, well-differentiated, neuroendocrine tumor with lymphovascular invasion and
regional lymph node metastases, confirming the diagnosis of a pancreatic neuroendocrine tumor.
Discussion: Exclusive postprandial hypoglycemia is estimated to occur in 6% of the insulinomas. Patients
with postprandial hypoglycemia may be initially managed as those with reactive hypoglycemia; how-
ever, this case highlights the importance of evaluating for an insulinoma in a patient who has failed
treatment for reactive hypoglycemia. This case also demonstrates the importance of including proinsulin
levels in that evaluation.
Conclusion: Pancreatic neuroendocrine tumor should be considered in postprandial hypoglycemia, even
in the absence of fasting hypoglycemia. Measuring proinsulin levels is essential in the diagnostic workup
of insulinoma causing hypoglycemia.
© 2022 Published by Elsevier Inc. on behalf of the AACE. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction with episodes of postprandial blurry vision and confusion that
Patients with an insulinoma, a type of pancreatic neuroendo-
crine tumor (NET), typically present with fasting hypoglycemia.1e9

Hypoglycemia is caused by inappropriate secretion of insulin and/
or its precursors such as proinsulin.We present the case of a patient
with metastatic proinsulin-secreting tumor presenting with
exclusive postprandial hypoglycemia.
Case Report

A 69-year-old man with a medical history of hypertension and
obstructive sleep apnea presented to his primary care physician
aher, Department of Internal
lor Plaza, Houston, TX 77030.
Maher).

lf of the AACE. This is an open acce
were occurring for the last 2 years. Although the symptoms began 2
years prior, theywere becomingmore frequent over the last several
weeks and would occur 2 to 3 hours after eating. He was asymp-
tomatic during the night. His primary care physician recommended
that he begin to measure his blood glucose level when the symp-
toms would occur, using a home glucose monitor. Blood glucose
values during these symptomatic episodes at home ranged from 30
to 55 mg/dL. His symptoms would improve with having juice or
fruit, with blood sugar levels correcting to 60 to 80 mg/dL. He was
then referred to the endocrinology department for further evalu-
ation. At his first endocrinology consultation (performed as a tel-
ehealth appointment), he had a body mass index of 25.7 kg/m2

(obtained from prior visits) and normal skin color without pallor.
He was alert and oriented, with coherent and linear thought pro-
cess. He was breathing normally and did not appear to be in any
distress. He was prescribed a continuous glucose monitor and
counseled on dietary changes with a diagnosis of reactive hypo-
glycemia. Laboratory investigations performed at approximately
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Highlights

� Although insulin-secreting neuroendocrine tumors (NET)

classically present with fasting hypoglycemia, they can

occasionally present with postprandial hypoglycemia.

� If insulin levels are low or normal, a proinsulin-producing

NET should be suspected.

� It is important to obtain both insulin and proinsulin levels

when evaluating for an insulinoma.

Clinical Relevance

Our case is a unique presentation of pancreatic neuroen-

docrine tumors for two reasons: (1) hypoglycemia occurred

postprandially, and (2) this was a proinsulin-producing tu-

mor. For this reason, insulin and proinsulin levels should be

obtainedwhen insulinoma is being considered as a cause of

postprandial hypoglycemia.
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8:00 AM showed normal adrenocorticotropic hormone and cortisol
levels as well as normal renal and thyroid function. With a fasting
blood glucose level of 97 mg/dL (reference range, 70-99 mg/dL), his
insulin level returned at 7.8 mIU/mL (reference range, 2-21 mIU/mL),
C-peptide level was 1.67 ng/mL (reference range, 1.1-4.4 ng/mL),
and acetone levels were undetectable (reference undetectable)
(Table 1). His proinsulin level was 39.1 pmol/L (reference value,
�18.8 pmol/L).

Continuous glucose monitoring over 14 days revealed only
postprandial hypoglycemia within 1 to 2 hours after meals (Fig. 1).
An oral glucose tolerance test was performed after the ingestion of
75 g of glucose, and it showed the lowest glucose level at 3 hours of
45 mg/dL and an insulin level of 17 mIU/mL (reference range, 2-21
mIU/mL). An outpatient fast was then conducted in the clinic, and
when the serum blood glucose level dropped to 47mg/dL (21 hours
after the initiation of the fast), all appropriate laboratory in-
vestigations were performed, which revealed an insulin level of 6
mIU/mL, C-peptide level of 2.0 ng/mL, and proinsulin level of 20.8
pmol/L, supporting the presence of inappropriate insulin and pro-
insulin secretion (Table 2). A computed tomography scan of the
abdomen and pelvis showed a 1.6-cm hyperenhancing lesion in the
distal body of the pancreas (Fig. 2). He underwent endoscopic ul-
trasonography with fine-needle aspiration, which confirmed the
presence of a pancreatic NET. Distal pancreatectomy and splenec-
tomy were performed to resect the tumor, which led to resolution
of his symptoms. Surgical histopathology showed the tumor posi-
tive for synaptophysin and chromogranin with a Ki-67 index of
2.3%, with lymphovascular invasion and 5 of 22 regional lymph
nodes positive. He was diagnosed with a proinsulin-secreting
metastatic NET. He has had no recurrent symptoms following sur-
gery. After the surgery, continuous glucose monitoring showed an
average blood glucose level of 112 mg/dL, with 99% of values in
rangewithout anymeasured hypoglycemia. At 6 months and 1 year
following his diagnosis, repeat computed tomography scan and
positron emission tomography scan did not show any residual
disease. Prolactin and calcium levels were also evaluated to screen
for other multiple endocrine neoplasia type 1erelated tumors with
the values of 8.9 ng/mL (reference range, 4-26 ng/mL) and 9.7 mg/
dL (reference range, 8.5-10.5 mg/dL), respectively.

Discussion

Insulinomas are NETs that present with hypoglycemia due to
inappropriate secretion of insulin and/or its precursors. Patients
usually present with the Whipple triad, defined as symptoms of
hypoglycemia, plasma glucose concentration of <55 mg/dL, and
Table 1
Patient’s Initial Laboratory Values After His First Endocrinology Consultation

Test 8:30 AM Reference range

Glucose 97 mg/dL 70-99 mg/dL
Blood urea nitrogen 19 mg/dL 6-20 mg/dL
Creatinine 0.78 mg/dL 0.76-1.27 mg/dL
Sodium 138 mEq/L 134-144 mEq/L
Potassium 4.6 mEq/L 3.5-5.2 mEq/L
Chloride 104 mEq/L 96-106 mEq/L
Carbon dioxide 26 mEq/L 20-29 mEq/L
Calcium 9.4 mg/L 8.7-10.2 mg/dL
Acetone blood None detected None detected
Adrenocorticotropic hormone 20 pg/mL 6-50 pg/mL
Total cortisol 13.4 mg/dL 7-9 AM: 4.0-22.0 mg/dL
Insulin 7.8 mIU/mL 2-21 mIU/ML
Proinsulin 39.1 pmol/L �18.8 pmol/L
C-peptide 1.67 ng/mL 1.1-4.4 ng/mL
Thyroid-stimulating hormone 1.38 mIU/L 0.350-5.500 mIU/mL
Free thyroxine 1.0 ng/dL 0.8-1.8 ng/dL
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resolution of those symptoms with increased blood glucose
levels.10 In patients with insulinoma, these symptoms classically
occur in a fasting state; however, as exemplified by this case report,
these symptoms may be present postprandially (ie, within 4 hours
of a meal). Symptoms of hypoglycemia include autonomic and
neuroglycopenic symptoms. Autonomic symptoms include palpi-
tations, diaphoresis, tremors, and irritability; these generally occur
when the plasma glucose levels are <60 mg/dL.2 Neuroglycopenic
symptoms include dizziness, paresthesia, changes in vision, con-
centration difficulties, seizures, and loss of consciousness; these are
generally seen with the plasma glucose levels of <50 mg/dL.2

In cases in which hypoglycemia occurs outside the medical
setting, hypoglycemia is “induced” by either a 72-hour fast or a
mixed-meal test under the supervision of health care providers,
followed by drawing of venous blood for plasma glucose, insulin, C-
peptide, proinsulin, and hydroxybutyrate concentrations and
screening for oral hypoglycemic agents and insulin antibodies.3

Therefore, a 72-hour fast has long been considered the “gold
standard” diagnostic test, with endogenous hyperinsulinism
confirmed by the insulin levels of >3.0 mIU/mL (18 pmol/L), C-
peptide levels of >0.6 ng/mL (0.2 nmol/L), and proinsulin levels of
>5.0 pmol/L.1 If insulin levels are low or normal, a proinsulin-
producing NET should be suspected.4,11e13 Once endogenous hy-
perinsulinism is confirmed, localization of inappropriate insulin
production, usually from a NET, is then pursued. This is usually
done with imaging, followed by acquisition of a tissue sample.5,14,15

When tissue sample is achieved, staining for chromogranin and
synaptophysin confirm that tissue is composed of neuroendocrine
cells, with more specific staining confirming pancreatic origin.
Additionally, staining for Ki-67 and calculation of Ki-67 index al-
lows for staging of the tumor, with a higher proliferation index
having poorer prognosis.16,17 Management of insulinoma depends
on the location of the tumor, the size of the tumor, and the presence
of metastases. Surgical resection of the tumor is the first-line
treatment for localized tumors.6 In metastatic or unresectable
cases, a multimodal approach is considered with radiofrequency
ablation, chemoembolization, and/or liver resection.6 Hypoglyce-
mia related to the insulinoma can be managed with diazoxide and/
or octreotide until definitive treatment is completed or if remission
cannot be achieved.3

Although insulin-secreting NETs classically present with fasting
hypoglycemia, there is growing evidence that postprandial hypo-
glycemia may be the only presenting symptom of an insulinoma.
According to the retrospective data from Mayo Clinic, which
reviewed data of 237 patients with insulinoma, fasting



Fig. 1. Excerpts from the G6 Continuous Glucose Monitoring System (Dexcom) reading demonstrating postprandial hypoglycemia.

Table 2
Outpatient Fasting Challenge Laboratory Values

Test Result Reference range

Glucose 47 mg/dL 70-99 mg/dL
Insulin 6 mIU/mL 2-21 mIU//mL
Proinsulin 20.8 pmol/L �8.0 pmol/L
C-peptide 2.0 ng/mL 1.1-4.4 ng/mL
Insulin autoantibody <0.4 U/mL <0.5 U/mL
Acetohexamide Not detected Not detected
Chlorpropamide Not detected Not detected
Glimepiride Not detected Not detected
Glipizide Not detected Not detected
Glyburide, serum Not detected Not detected
Nateglinide Not detected Not detected
Repaglinide Not detected Not detected
Tolazamide Not detected Not detected
Tolbutamide Not detected Not detected

Fig. 2. A computed tomography scan of the abdomen and pelvis with and without
contrast showing a 1.6-cm hyperenhancing tumor in the distal body of the pancreas.
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hypoglycemia occurred 73% of the time, exclusive postprandial
hypoglycemia occurred 6% of the time (total of 13 patients), and
both occurred 21% of the time.1 There was a male predominance in
those with exclusive postprandial hypoglycemia. The diagnosis was
made using 1 of the following 3 ways in this patient group: a
mixed-meal test, laboratory testing during an episode of sponta-
neous hypoglycemia, or a 72-hour fast.1 Several case reports discuss
exclusive postprandial hypoglycemia as a presentation for a
pancreatic NET.7e9 Shreenivas et al7 reported the case of a 47-year-
old woman with postprandial hypoglycemia with isolated insuli-
noma diagnosed by a mixed-meal test, with insulin being the
predominant hormone during hypoglycemia. Madathil et al8 re-
ported the case of a 60-year-old man with type 2 diabetes mellitus
with elevated insulin levels at the time of postprandial hypogly-
cemia. Qian et al9 discussed postprandial hyperinsulinemic hypo-
glycemia in a 63-year-old man who underwent fundoplication; he
was diagnosed with a mixed-meal test. To our knowledge, ours is
the only case that describes exclusive postprandial hypoglycemia
with a tumor that predominantly secretes proinsulin.
156
Wiesli et al18 described the cytoplasmic distribution of pro-
insulin in tumor cells obtained from a patient with postprandial
hypoglycemia. They found that proinsulin is located in secretory
granules that are released by calcium signaling as a response to
glucose or glucagon, which may explain a theoretical mechanism
for postprandial hypoglycemia in proinsulin-predominant insu-
linomas.18 However, this does not clinically seem to be the case
for other proinsulin-secreting tumors that presented with fasting
hypoglycemia.4,11,13 In a case series by Murtha et al reviewing 16
cases of proinsulinomas, all cases presented with fasting
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hypoglycemia, with the exception of 2 cases in which the pre-
sentation involved both fasting and postprandial hypoglycemia.4

Hence, our case was unique as there was only postprandial hy-
poglycemia. Similar to the patient in our case, the patient in the
case reported by Gutelius et al13 was also initially managed as
reactive hypoglycemia but hypoglycemia persisted.

Our case highlights the importance of considering insulinoma
when evaluating postprandial hypoglycemia in the absence of
fasting or overnight hypoglycemia in a patient with normal
weight, without a history of bariatric surgery, and who has
persistent postprandial hypoglycemia despite diet changes. A
thorough investigation with a fasting test should be done in
patients presenting with exclusive postprandial hypoglycemia
with a clinical suspicion of a NET. In these patients, failure to
measure proinsulin levels may lead to a missed or delayed
diagnosis.
Disclosure

The authors have no multiplicity of interest to disclose.
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