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Abstract:

A 7Tl-year-old woman previously diagnosed with reactive hypoglycemia was transferred to our emergency
unit because of loss of consciousness. Her plasma glucose level was 27 mg/dL, and continuous glucose
monitoring (CGM) revealed postprandial asymptomatic hypoglycemia. A hypervascular tumor was identified
via computed tomography in the distal pancreas, and the diagnosis of insulinoma was confirmed using the se-
lective arterial calcium stimulation test. Although no episodes of hypoglycemia were observed during CGM
after resection, a pathological examination identified regional lymph node metastasis. It is important to con-
sider insulinoma as a cause of postprandial hypoglycemia, and CGM is useful for evaluating treatment out-

comes.
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Introduction

Insulinoma is a rare tumor of the pancreas, with an an-
nual incidence of 4 per 1 million population per year (1).
Since more than 80% of patients with insulinoma demon-
strate fasting hypoglycemia (2), it is difficult to distinguish
insulinoma from reactive hypoglycemia if patients only have
postprandial hypoglycemia. Furthermore, patients with re-
current hypoglycemia may be unaware of the condition,
making it more difficult to diagnose the disease (3). There
have been some reports of patients with insulinoma wherein
continuous glucose monitoring (CGM) was used for a diag-
nosis (4-6) and throughout the resection process (7, 8).
However, there have been no case reports of insulinoma
manifesting as postprandial hypoglycemia in which CGM
was used throughout the diagnosis, before and after tumor
resection. We herein report a case of insulinoma with re-
gional lymph node metastasis in a patient previously diag-
nosed with reactive hypoglycemia due to the presence of
postprandial hypoglycemia. CGM suitably reflected the ef-

fects of surgical resection in this case.

Case Report

A 71-year-old woman had struggled for 5 years with fre-
quent episodes of dizziness and anxiety, which usually oc-
curred 1 hour after a meal and were resolved with intake of
sugary food. She had neither diabetes nor a history of gas-
trectomy. Her body mass index was 26.7 kg/m’. When she
was 66 years old, a 75 g oral glucose tolerance test was per-
formed in a clinic. In this test, her fasting, 2-hour, and 3-
hour plasma glucose levels were 83, 89, and 63 mg/dL, re-
spectively (Table 1). Based on rapid and hyper-response of
insulin secretion, she was diagnosed with reactive hypogly-
cemia. She was then given dietetic advice and prescribed
miglitol for the treatment of postprandial hypoglycemia.

However, the frequency of the symptoms did not change,
and five years after the diagnosis of reactive hypoglycemia,
she was transferred to the emergency unit in our hospital be-
cause of loss of consciousness.

On arrival, her levels of blood glucose, serum insulin, and
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Table 1. 75 g Oral Glucose Tolerance Test Performed 5 Years before
Admission.
Omin 30min  60min  90min 120 min 180 min
PG (mg/dL) 83 64 54 57 89 63
IRI (uU/mL) 2.9 1,098 188.3 65 40 n.t.

PG: plasma Glucose, IRI: immune reactive insulin, n.t.: not tested

Table 2. Laboratory Data on Admission.

WBC 1,240 /uL K 3.3 mEq/L
RBC 402x10* /uL CRP 0.02 mg/dL
Hb 12.6 g/dL TG 102 mg/dL
Ht 38.8 % T-Chol 207 mg/dL
Plt 21.5x10* /uL HDL-Chol 90 mg/dL
Alb 4.1 g/dL Glucose 28 mg/dL
T-Bil 0.7 mg/dL  HbAlc 4.6 %
AST 21 U/L IRI 14.6 uU/mL
ALT 15 U/L CPR 1.99 ng/mL
LDH 188 U/L TSH 2.010 pU/mL
ALP 288 U/L Free-T3 2.66 ng/mL
y-GTP 11 U/L Free-T4 1.05 ng/dL
CPK 138 U/L Cortisol 19.2 ug/dL
BUN 17.0 mg/dL.  Insulin antibody <0.4 %

Cr 0.45 mg/dL  Glucagon stimulation test

Cl 108 mEg/L  CPR (0 min) 1.79 ng/mL
Na 143 mEq/L  CPR (6 min) 184.3 ng/mL

CPR: C-peptide immunoreactivity

serum C-peptide were 27 mg/dL, 14.6 pU/mL and 1.99 ng/
mL, respectively (Table 2). Those data confirmed hypogly-
cemia without suppression of insulin secretion and met
Service’s criteria (blood glucose <40 mg/dL, serum insulin
>6.0 pU/mL, serum C-peptide >0.6 ng/mL) (9). Based on
the normal values for serum cortisol level and insulin auto-
antibody (Table 2), both adrenal insufficiency and insulin
autoimmune syndrome were excluded. Computed tomogra-
phy (CT) revealed a ring-enhancing lesion, indicating a hy-
pervascular tumor, with a diameter of 18 mm (Fig. 1). Fur-
thermore, following selective arterial calcium stimulation
(SACI) targeting the splenic artery (10), the serum insulin
level rapidly increased from 61 pU/mL to over 5,000 pU/
mL (Fig. 2), confirming that the hypervascular lesion seen
on CT was an insulinoma.

Seven days after the diagnosis by SACI, she underwent
laparoscopic resection of the distal pancreatic lesion. A
pathological examination revealed that the tumor size was
25.0x23.0x13.0 mm (Fig. 3A). The tumor was neuroendo-
crine, well-differentiated, and stained positive for synapto-
physin, insulin (Fig. 3B), and chromogranin A (Fig. 3C),
histological features compatible with an insulinoma. Al-
though the Ki-67 index of the tumor was 1.0%, a single re-
gional lymph node metastasis, located under the pancreas
lymph node, was identified. Neither recurrence nor distant
metastasis was detected by CT or somatostatin receptor (oc-
treotide) scintigraphy (SRS) conducted 3 and 5 months after
surgery, respectively.

Figure 1. Contrast-enhanced computed tomography image
of the abdomen. The arrowhead indicates a hypervascular tu-

mor with a diameter of 18 mm.

In this case, CGM was performed throughout the diagno-
sis, before and after tumor resection, for a total of 14 days
during her hospitalization. Before surgery, her blood glucose
levels were 8116 (mean =+ standard deviation) mg/dL and
dropped below 70 mg/dL 22 times in 7 days, even with con-
tinuous intravenous glucose administration (Fig. 4A). Many
of the episodes of hypoglycemia were asymptomatic, and
50% of the total hypoglycemic episodes happened postpran-
dially or after rapid glucose infusion, indicating reactive hy-
poglycemia on CGM (Fig. 4B). After surgery, CGM re-
vealed blood glucose levels of 123+23 mg/dL and no hypo-
glycemia (<70 mg/dL), findings that were consistent with a
surgical cure of insulinoma (Fig. 4B). These data suggest
that CGM is useful for evaluating the treatment outcome of
insulinoma. This patient did not complain of further hypo-
glycemic symptoms during the subsequent
follow-up period.

six-month

Discussion

While there have been some reports of insulinoma in
which CGM was used for a diagnosis (4-6) and during the
resection process (7, 8), our case is the first report of insuli-
noma presenting with postprandial hypoglycemia in which
blood glucose fluctuation was monitored via CGM through-
out the diagnosis and management, before and after tumor
resection.

Major causes of postprandial hypoglycemia are gastric
surgery, reactive hypoglycemia due to hyperinsulinemia in
insulin-resistant subjects, and pancreatogenic hypoglycemia,
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Figure 2. Insulin secretion responses after selective arterial

calcium stimulation. RHA: right hepatic artery, CA: celiac ar-
tery, SA: splenic artery, GDA: gastroduodenal artery, PHA:
proper hepatic artery, SMA: superior mesenteric artery

such as nesidioblastosis (11). Our patient was not obese and
did not have a history of diabetes, gastrectomy, or gastric
bypass. Furthermore, insulin autoimmune syndrome was ex-
cluded, as the serum insulin auto-antibody levels were unde-
tectable. Although the typical symptom of insulinoma is
fasting hypoglycemia, a retrospective review indicated that
27% of patients with insulinoma displayed postprandial hy-
poglycemia (2). Our case illustrates the importance of con-
sidering insulinoma as a cause of postprandial hypoglyce-
mia. Very little is known about why some insulinomas cause
postprandial hypoglycemia. A previous report noted an in-
crease in the frequency of postprandial hypoglycemia re-
ported in cases of insulinoma over time, from 2% (1987-
1992) to 10% (2003-2007) (2). Those data led us to specu-
late that environmental factors and changes in dietary habits
over time might be responsible for the increased frequency
of postprandial hypoglycemia. Furthermore, some reports
have suggested that diversity of the glucose transporter
(Glut) might contribute to the mechanism of postprandial
hypoglycemia in insulinoma (12-14). While insulinoma cells
usually express Glut-1, original pancreatic B cells normally
express Glut-2. However, in patients presenting with
postprandial hypoglycemia, the expression of Glut-2 in the
tumor cells might increase, leading to excessive insulin se-
cretion after glucose intake (15).

Some patients with insulinoma, including our patient, are
unaware of their hypoglycemia as a result of recurrent hypo-
glycemia. In such cases, CGM is useful for detecting hypo-
glycemic events, leading to a diagnosis (6, 8). Interestingly,
our CGM analysis detected asymptomatic hypoglycemia af-
ter meals and even after rapid intravenous glucose infusion.
Therefore, intravenous glucose should be administered care-
fully in patients with insulinoma to prevent reactive hypo-
glycemia.

Insulinoma is classified as a neuroendocrine tumor by the
WHO criteria revised in 2010 (16). In our case, tumor cells
were well differentiated, and the cell proliferation rate was
low, but regional lymph node metastasis was detected. The
incidence of malignant insulinoma is only 5-15% (17), and
malignant insulinoma with postprandial hypoglycemia has

Figure 3. A pathological examination of the pancreatic tu-
mor. A) Resected pancreatic tumor measuring 25.0x23.0x13.0
mm, B) immunostaining for insulin, C) immunostaining for
chromogranin A.

never been reported. Thus far, the tumor morphology of in-
sulinoma has not been useful for predicting the pattern of
hypoglycemia (fasting or postprandial), although the clinical
prognosis can be estimated well based on the rate of tumor
cell proliferation, evaluated by the mitotic count and Ki-67
staining (18, 19). In addition, tumor size may affect the
magnitude of insulin secretion (20). Although the distant
metastasis lesion was not detected by CT scan or SRS in the
present case, follow-up examinations are important for de-
tecting or ruling-out tumor recurrence, since the clinical
course of well-differentiated insulinoma with a metastatic le-
sion can be highly variable.

As a limitation of this study, there are conflicting data
about the accuracy of CGM at low glucose levels. For in-
stance, a euglycemic hyperinsulinemic clamp study showed
that interstitial glucose concentrations could fall even when
plasma glucose levels remained unchanged. Conversely, sen-
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Figure 4. Continuous glucose monitoring before (A) and after (B) laparoscopic resection of the

distal pancreatic tumor. A black arrow indicates a rapid decline in the blood glucose after excessive

glucose infusion.

sor glucose levels might remain lower than plasma glucose
levels during mild hypoglycemia and recovery from hypo-
glycemia (21). More accurate glucose sensors are needed for
next-generation CGM in the near future.

In conclusion, it is important to consider insulinoma as a
cause of postprandial hypoglycemia. CGM is useful not
only for the detection of asymptomatic hypoglycemic
events, including reactive hypoglycemia, but also for the
evaluation of the treatment outcome.

The authors state that they have no Conflict of Interest (COI).

References

1. Service FJ, McMahon MM, O’Brien PC, Ballard DJ. Functioning
insulinoma-incidence, recurrence, and long term survival of pa-
tients: a 60-year study. Mayo Clin Proc 66: 711-719, 1991.

2. Placzkowski KA, Vella A, Thompson GB, et al. Secular trends in
the presentation and management of functioning insulinoma at the
Mayo Clinic 1987-2007. J Clin Endocrinol Metab 94: 1069-1073,
2009.

3. Heller SR, Cryper PE. Reduced neuroendocrine and symptomatic
responses to subsequent hypoglycemia after 1 episode of hypogly-
cemia in nondiabetic humans. Diabetes 40: 223-226, 1991.

4. Sapountzi P, Charnogursky G, Emanuele MA, et al. Case study:

10.

11.

12.

13.

14.

3070

diagnosis of insulinoma using continuous glucose monitoring sys-
tem in a patient with diabetes. Clinical Diabetes 23: 140-143,
2005.

. Baldeweg S, Hope S, Tibbals J, et al. Use of continuous glucose

monitoring system in the medical management of insulinoma. En-
docrine Abstracts 6: DP23, 2003.

Wang X. Application of the Continuous Glucose Monitoring Sys-
tem (CGMS) in the 72-hour fast test in two patients with hypogly-
cemia. Diabetes Technol Ther 6: 883-886, 2004.

. Kawasaki A, Suzuki K, Miyamoto M, et al. Disruptive nocturnal

behavior due to insulinoma revealed by continuous glucose moni-
toring. Eur J Neurol 21: e46-e47, 2014.

. Munir A, Choudhary P, Harrison B, Heller S, Newell-Price J. Con-

tinuous glucose monitoring in patients with insulinoma. Clin En-
docrinol 68: 912-918, 2008.

. Service FJ. Hypoglycemic disorders. N Engl J Med 332: 1144-

1152, 1995.

Doppman JL, Miller DL, Chang R, Shawker TH, Gorden P,
Norton JA. Insulinomas: localization with selective intraarterial in-
jection of calcium. Radiology 178: 237-241, 1991.

Brun FJ, Fedou C, Mercier J, et al. Postprandial reactive hypogly-
cemia. Diabetes Metab 26: 337-351, 2000.

Seino Y, Yamamoto T, Inoue K, et al. Abnormal facilitative glu-
cose transporter gene expression in human islet cell tumors. J Clin
Endocrinol Metab 76: 75-78, 1993.

Boden G, Murer E, Mozzoli M. Glucose transporter proteins in
human insulinoma. Ann Intern Med 121: 109-112, 1994.
Hohmeier HE, Beltrandel Rio H, Clark SA, Henkel-Rieger R,



Intern Med 56: 3067-3071, 2017 DOI: 10.2169/internalmedicine.8766-16

15.

16.

17.

18.

19.

Normington K, Newgard CB. Regulation of insulin secretion from
novel engineered insulinoma cell lines. Diabetes 46: 968-977,
1997.

Tida K, Ohara T, Hino Y, Nobuhara M, Ishida J, Chihara K.
Glucose-responsive insulinoma in a patient with postprandial hy-
poglycemia in the morning. Intern Med 49: 2123-2127, 2010.
Bosman FT, Carneiro F, Hruban RH, et al. WHO World Health
Organization classification of tumours of the digestive system.
fourth edition. IARC Press, Lyon, 2010.

Mathur A, Gorden P, Libutti SK. Insulinoma. Surg Clin North Am
89: 1105-1121, 2009.

Ter-Minassian M, Chan JA, Hooshmand SM, et al. Clinical pres-
entation, recurrence, and survival in patients with neuroendocrine
tumors: results from a prospective institutional database. Endocr
Relat Cancer 20: 187-196, 2013.

Khan MS, Lunog TV, Watkins J, Toumpanakis C, Caplin ME,

Meyer T. A comparison of Ki-67 and mitotic count as prognostic
markers for metastatic and midgut neuroendocrine neoplasms. Br J
Cancer 108: 1838-1845, 2013.

20. Vezzosi D, Bennet A, Fauvel J, et al. Insulin levels measured with
an insulin-specific assay in patients with fasting hypoglycemia re-
lated to endogenous hyperinsulinism. Eur J Endocrinol 149: 413-
419, 2003.

21. Monsod TP, Flanagan DE, Rife F, et al. Do sensor glucose levels
accurately predict plasma glucose concentrations during hypogly-
cemia and hyperinsulinemia? Diabetes Care 25: 889-893, 2002.

The Internal Medicine is an Open Access article distributed under the Creative
Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. To
view the details of this license, please visit (https://creativecommons.org/licenses/
by-nc-nd/4.0/).

© 2017 The Japanese Society of Internal Medicine
Intern Med 56: 3067-3071, 2017

3071



