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Insulinoma with a History of Epilepsy:
Still a Possible Misleading Factor in the Early
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Abstract:

A delayed diagnosis of insulinoma remains a clinical issue. Hypoglycemic symptoms can mimic neuropsy-
chiatric disorders such as epilepsy. A 27-year-old woman with a history of epilepsy and anti-epileptic drugs
(AEDs) developed repeated seizures and neuropsychiatric symptoms after a 9-year asymptomatic interval.
She had received transient treatment with AEDs before the possibility of hypoglycemia was considered. Fol-
lowing a clinical diagnosis of insulinoma, distal pancreatectomy was performed; her seizures didn’t occur
again. The early diagnosis of insulinoma requires vigilance not only for hypoglycemia in patients with neu-
ropsychiatric symptoms but also for the possible masking effects of a history of epilepsy and preceding AED
usage.
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Introduction

Insulinoma is a very rare tumor with a reported incidence
of 0.5-5 per million person-years (1). A nationwide epidemi-
ological survey in Japan showed that insulinoma comprised
65.5% of all pancreatic neuroendocrine tumors (2). The
clinical clues suggesting insulinoma continue to be based on
the physician’s recognition of the presence of hypoglycemic
symptoms, which are included in Whipple’s triad (3, 4). If
the relationship between patient symptoms and possible hy-
poglycemia are missed, blood glucose levels may not be
checked in clinical settings. In addition, hypoglycemic
symptoms are varied and lack specificity. They can mimic
many common neuropsychiatric disorders, such as epi-
lepsy (5). Furthermore, a previous diagnosis of epilepsy and/

or a drug history of anti-epileptic drugs (AEDs) can obscure
the clinical relationship between patient symptoms and pos-
sible hypoglycemia. The clinical effects of a history of epi-
lepsy and AED prescription have not been fully examined,
despite several cases of insulinoma initially misdiagnosed as
epilepsy being reported (6-11).

Repeated and prolonged hypoglycemic episodes also can
reduce the awareness of neurogenic and neuroglycopenic
symptoms (12). In addition, normal blood glucose levels are
sometimes found, especially in outpatient clinics or post-
seizure situations (5). These factors can very well mask hy-
poglycemia and therefore delay a diagnosis of insulinoma.
Regarding this issue, the utility of continuous glucose moni-
toring (CGM) has been reported in cases with hypoglycemia
unawareness (13).

We herein report a case of insulinoma with a history of

'Department of Diabetes, Endocrinology and Nutrition, Kyoto University Graduate School of Medicine, Japan, *Department of Hepato-Biliary-
Pancreatic Surgery and Transplantation, Kyoto University Graduate School of Medicine, Japan and *Department of Diagnostic Pathology, Kyoto

University Graduate School of Medicine, Japan

Received: January 25, 2017; Accepted: April 12, 2017; Advance Publication by J-STAGE: October 11, 2017

Correspondence to Dr. Nobuya Inagaki, inagaki @kuhp.kyoto-u.ac.jp

3199



Intern Med 56: 3199-3204, 2017 DOI: 10.2169/internalmedicine.8932-17

epilepsy in whom recurrent seizures developed. CGM was
useful for understanding the clinical condition. Our present
case highlights potentially misleading factors in the early di-
agnosis of insulinoma.

Case Report

A 27-year-old woman was referred to our clinic for the
evaluation and treatment of hypoglycemia. At the referral,
she had suffered from repeated seizures during the recent six
months after a nine-year asymptomatic interval. She had no
family history of hypoglycemia, neuropsychiatric disorders
or multiple endocrine neoplasia type 1 (MENI)-related ab-
normalities. She did not have any dietary restrictions and de-
nied alcohol consumption. Her medical history revealed
symptomatic epilepsy related to viral encephalitis at 16
years of age. She had developed generalized tonic-clonic
seizures with epileptic electroencephalogram (EEG) patterns.
At that time, treatment with phenytoin was started and well
tolerated. As she experienced no attack recurrence for more
than 2 years, phenytoin was withdrawn at 18 years of age.
Hypoglycemia was not documented during the follow-up pe-
riod.

However, at 27 years of age, she developed generalized
chronic seizure and was transferred to the emergency depart-
ment in our hospital 6 months before the above-mentioned
referral. On arrival, she was semi-conscious, with a Glasgow
Coma Scale (GCS) score of 14. Laboratory test results re-
vealed normal serum glucose levels (87 mg/dL). Brain mag-
netic resonance imaging (MRI) and EEG showed no signifi-
cant abnormalities. She was able to recall that during the
seizure, she felt uncomfortable in almost the same way as
she had during previous ones. Levetiracetam was adminis-
tered, and she was followed-up at a neurological clinic.

Five months before the referral, her husband noticed that
she had developed confusion early in the morning, but she
could not recall these episodes. The frequency of such epi-
sodes was about once a week. Considering the possibility of
an adverse event, levetiracetam was switched to lamotrigine
and folic acid four months before the referral. However, she
later experienced intermittent episodes of seizures lasting
less than one minute, as well as slurred speech and hypos-
thenia. Their frequency gradually increased in the morning
and began to occur also in the afternoon and evening. Al-
though no apparent hypoglycemia was documented in a day-
time neurological clinic, her husband found that prompt car-
bohydrate intake on waking in the morning seemed to im-
prove these behavioral abnormalities. Hypoglycemia was
therefore suspected as a cause of the repeated episodes, and
she was referred to our clinic.

At her first visit, she appeared alert and asymptomatic but
her laboratory test results showed a low plasma glucose
level (29 mg/dL) and relatively high serum levels of insulin
(8.13 pU/mL) and C-peptide (2.61 ng/mL). She reported no
increased appetite and no bodyweight gain during the past
six months. Although early hospitalization for the evaluation

and treatment of hyperinsulinemic hypoglycemia was
planned, she soon afterward lost consciousness and was im-
mediately admitted to our department a few days before the
scheduled date. On admission, the point-of-care glucose
level was 39 mg/dL. Her mental status immediately im-
proved with intravenous injection of glucose. Her GCS score
was 15; height, 160 cm; weight, 48.6 kg; axillary tempera-
ture, 37.4C; pulse, 75 bpm,; saturation of peripheral blood
oxygen, 100% (room air); and blood pressure, 103/66
mmHg. There were no remarkable findings on a physical
examination except for bruises to her head.

The results of fasting blood samples analyzed the day af-
ter admission are shown in Table 1. The concentrations of
B-hydroxybutyric acid, adrenalin, noradrenalin, glucagon,
and cortisol were 112 uMol/L, 77 pg/dL, 215 pg/dL, 138
pg/mL, and 8.9 pg/dL, respectively. Since she had no his-
tory of anti-diabetic agents and none of the laboratory data
suggested other endocrine diseases (Table 1), she was exam-
ined for insulinoma. Other MENI-associated abnormalities
were not suggested (Table 1). She was subjected to a 72-
hour fasting test, which was stopped approximately 7 hours
after beginning the test because her plasma glucose level
reached <45 mg/dL (Table 2, Fig. la). Although she re-
mained asymptomatic, we stopped the test for her safety due
to the possibility of hypoglycemia unawareness. Despite the
low glucose level (45 mg/dL), serum levels of insulin (10.9
pU/mL) and C-peptide (3.09 ng/mL) were not suppressed
(Fajans index 0.24, Grunt index 4.13, Turner index 72.7 and
Taminato index 434.5). While abdominal computed to-
mography (CT) scans showed no obvious abnormalities in
the pancreas (Fig. 2a and b), abdominal MRI revealed a 10-
mm nodule in the tail of the pancreas that showed a moder-
ate signal intensity on T2-weighted images (Fig. 2c) and a
high signal intensity on diffusion-weighted ones. Endoscopic
ultrasonography also showed a hyperechoic homogenous tu-
mor in the tail of the pancreas.

Selective arterial calcium injection (SACI) testing also
was performed. A significant selective increase in insulin
from a baseline level of 24.6 pU/mL to a peak level of
172.1 pU/mL at 40 seconds after stimulation was observed
in the splenic artery but not in the gastroduodenal, dorsal
pancreatic, or inferior pancreaticoduodenal arteries. These
findings support the localization of the insulinoma in the tail
of the pancreas.

Although diazoxide (300 mg per day in three divided
doses each 8 hours) and frequent snacks seemed to elimi-
nate her apparent symptoms, CGM revealed hypoglycemia
in the early morning, a time at which she had often shown
various before admission
(Fig. 1b). Seven weeks after admission, distal pancreatec-
tomy was performed because intraoperative ultrasonography
showed that the tumor was close to the main pancreatic
duct. A pathological examination revealed a tumor 12 mm
diameter in the proximal part of the pancreatic tail
(Fig. 3a and b). Immunochemical studies demonstrated posi-
tive staining for chromogranin A (Fig. 3c) and synapto-

neuropsychiatric ~ symptoms
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Table 1. Laboratory Data of the Patient at Fasting.
Complete blood count Cl
WBC 9,600 /uL Ca
RBC 426x10* /uL IP
Hb 13.3 g/dL T-Chol
Plt 24.9x10* /uL CK
CRP
Biochemistry
AST 20 IU/L Plasma glucose
ALT 11 IU/L HbAlc
ALP 149 TU/L Insulin
LDH 176 TU/L C-peptide
T-Bil 0.8 mg/dL  Fajans index
TP 6.5 g/dL Turner index
ALB 4.2 g/dL Lactate
Amy 235 IU/L Pyruvic acid
BUN 6 mg/dL  Acetoacetic acid
Cr 0.74 mg/dL  3-f- hydroxybutyric acid
Na 139 mEq/L  Anti-insulin antibody
K 3.6 mEq/L

103 mEqg/L Selected hormones

8.6 mg/dL TSH 2.99 plU/mL
4.1 mg/dL free T4 1.1 ng/dL
108 mg/dL ACTH 25.3 pg/mL
177 mg/dL Cortisol 18.5 pg/dL
<0.1 mg/dL GH 4.62 ng/mL

IGF-1 338 ng/mL

63 mg/dL PRL 25.2 ng/mL
49 % LH 8.0 mIU/mL
10.1 pU/mL FSH 2.9 mlU/mL
3.31 ng/mL Estradiol 53.3 pg/mL
0.16 (normal range<0.3)  Glucagon 110 pg/mL
30.6 (normal range<50) Gastrin 87 pg/mL
6.3 mg/dL PTH-intact 54 pg/mL
0.53 mg/dL Adrenalin 36 pg/dL
30.1 umol/L Noradrenalin 200 pg/mL
48.5 umol/L Dopamine <20 pg/dL
<125 nU/mL

Fasting blood samples were analyzed the next day after admission to our hospital for investigation of hypoglycemia. WBC: white blood cell,

RBC: red blood cell, Hb: hemoglobin, Plt: platelet, AST: aspartate aminotransferase, ALT: alanine aminotransferase, ALP: alkaline phospha-

tase, LDH: lactate dehydrogenase, T-Bil: total bilirubin, TP: total protein, Alb: albumin, BUN: blood urea nitrogen, Cr: creatinine, T-Chol: to-

tal cholesterol, CK: creatine kinase, CRP: C-reactive protein, HbAlc: hemoglobin Alc, IGF-1: insulin like growth factor-1

Table 2. Results of 72-hour Fasting Test.

7hr 30 min after glucagon
Plasma glucose (mg/dL) 45 123
Insulin (uU/mL) 10.9 15.4
C-peptide (ng/mL) 3.09 3.31

The 72-hour fasting test was performed the next day after admission
to our hospital for investigation of spontaneous hypoglycemia. Glu-
cagon (1 mg) was administered after confirming plasma glucose
<45 mg/dL.

physin as well as insulin (Fig. 3d). The tumor was found to
be negative for gastrin and glucagon on an immunohisto-
chemical analysis. The tumor was therefore pathologically
confirmed to be an insulinoma. The Ki-67 proliferative indi-
ces of these tumors were 4.2%. The patient’s pathological
staging was determined to be TIbNOMO (stage IA) and TIN
OMO (stage I), according to the American Joint Committee
on Cancer/Unio Internationalis Contra Cancrum (AJCC/
UICC) and European neuroendocrine tumor society tumor-
node-metastasis (TNM) staging system, respectively. Postop-
eratively, the patient experienced no further hypoglycemic
symptoms, including various neuropsychiatric ones. CGM
also showed improved glycemic fluctuations (Fig. 1c). Sev-
enteen weeks after the surgery, lamotrigine was withdrawn;
there have been no recurrent seizures since then.

Discussion

Insulinoma is a rare neuroendocrine tumor that produces
excess endogenous insulin, resulting in hypoglycemia (4). A

misdiagnosis or delayed diagnosis of insulinoma can readily
progress to coma or death (6, 14). The clinical diagnosis of
insulinoma requires confirmation of the presence of hypo-
glycemia with inappropriate insulin secretion and identifica-
tion of a tumor mass. In terms of the latter, novel and prom-
ising technologies for localization have been developed re-
cently (15). However, a necessary clinical first step is a phy-
sician’s high suspicion of hypoglycemia. Although previous
studies have shown that the median time to a diagnosis is 24
months, with a range from 1 month to 30 years (16), a de-
layed diagnosis remains a clinical issue (17). Thus, any fac-
tors that might wrongly allay a physician’s suspicion of hy-
poglycemia and its associated symptoms should be high-
lighted.

A delay in a diagnosis can be caused by several fac-
tors (5). First, insulinoma can exhibit various neurogenic
and neuroglycopenic symptoms. These can mimic neuropsy-
chiatric symptoms, including unconsciousness, confusion,
seizure, personality change, and bizarre behavior in most pa-
tients (16, 18). In addition, over half of patients with these
symptoms are initially misdiagnosed with neuropsychiatric
disorders, such as epilepsy (5, 16). However, a correct diag-
nosis of epilepsy is also challenging in clinical settings and
can lead to inappropriate treatment with AEDs (5, 7, 16).
Furthermore, although EEG is one of the most common di-
agnostic tools for epilepsy, it is well known that severe hy-
poglycemia also can cause epileptic discharge in vivo and
abnormal results on EEG (19). While several previous re-
ports have described cases of insulinoma initially misdiag-
nosed as epilepsy (6-11), our case developed repeated sei-
zures after a nine-year asymptomatic interval. EEG and
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Figure 1. Representative daily summaries of continuous glucose monitoring (CGM) findings. (a)
On the day of the fasting test, (b) before the operation while taking diazoxides, (c) three months after
the operation. Meals are shown with arrows, oral glucose intake for hypoglycemia with a white ar-
rowhead, 1 mg glucagon administration with a black arrowhead.

ram

Figure 2. Abdominal early-phase (a) and delayed-phase contrast-enhanced (b) computed tomogra-
phy images showing no obviously abnormal findings. (c) T2-weighted magnetic resonance imaging
showing a moderate-signal-intensity pancreatic tumor (shown with arrow).
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Figure 3. Pathological examinations confirmed the tumor in the pancreatic distal region to be insu-

linoma. (a) Macroscopic image (arrow), (b) Hematoxylin and Eosin staining, (c) diffusely positive

chromogranin A staining on an immunostaining analysis, (d) diffusely positive insulin staining on an

immunostaining analysis.

brain MRI in addition to the history of epilepsy did not ex-
clude the possibility of recurrent epilepsy and thereby inhib-
ited further exploration of her hypoglycemia. Her symptoms
were found to be resistant to AEDs at the time, although she
had been highly responsive to AEDs nine years earlier. This
suggested that the pathogenesis of her recent seizures dif-
fered from that of nine years earlier, in addition to her epi-
leptic EEG patterns with viral encephalitis and long asymp-
tomatic interval. We should therefore note that in current
clinical settings, simply a high suspicion for hypoglycemia
induced by insulinoma in patients with neuropsychiatric
symptoms is insufficient, and the early and accurate detec-
tion of an insulinoma additionally requires attention to the
possible masking effect of a history of epilepsy and AED
use.

Second, repeated and prolonged hypoglycemic episodes
can induce unawareness of neurogenic and neuroglycopenic
symptoms (12). As previously reported (20),
showed no neurogenic symptoms, which might have ob-
scured the clinical relationships between the symptoms and
possible hypoglycemia due to the lack of specificity of
neuroglycopenic symptoms. In addition, normal serum glu-
cose levels may be found at an outpatient clinic even in pa-
tients with insulinoma, due to dietary intake effects and
counterregulatory hormones (5). Indeed, in our case, hypo-
glycemia was not revealed in routine laboratory examina-
tions performed at a daytime neurological clinic. Our case

our case

showed symptoms especially in the early morning, so a fast-
ing blood sampling in the morning should be considered
during follow-up once the possibility of a relationship be-
tween symptoms and hypoglycemia is recognized. However,
in actual clinical settings, some patients have difficulty trav-
eling to the hospital for a fasted blood sample early in the
morning. On this point, CGM shows potential utility in re-
vealing the presence and tendency of hypoglycemia in our
case, as previously reported (13).

In addition, our case did not show any increased appetite
or body weight gain, although these are also characteristic
symptoms of insulinoma (16, 21). AEDs can also cause a
masking effect on hunger and weight gain, possibly through
a reduced appetite (10). While our case was taking leveti-
racetam and lamotrigine, new-generation AEDs with supe-
rior efficacy and tolerability (22), these AEDs may have
masked the increased appetite and body weight gain associ-
ated with insulinoma.

Finally, the negative results of CT scans in our case are
also suggestive. As previously shown, CT scans have an ac-
curacy rate of only 55% for diagnosing insulinoma (23), and
multiple modalities are required for the accurate detection of
this entity. Given that CT is one of most frequently used
tools for abdominal screening, especially in emergency de-
partments, a physician’s vigilance for insulinoma remains
essential.

In summary, we reported a case of insulinoma with vari-

3203



Intern Med 56: 3199-3204, 2017 DOI: 10.2169/internalmedicine.8932-17

ous potentially misleading factors that might have impeded
an early diagnosis of the disease, including a history of epi-
lepsy and AEDs, unawareness of hypoglycemic symptoms,
blood sampling at an outpatient clinic, usage of AEDs and
negative results on CT.
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