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Clinical Features and Causes of Endogenous
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Background: Endogenous hyperinsulinemic hypoglycemia (EHH) is characterized by an inappropriately high plasma insulin
level, despite a low plasma glucose level. Most of the EHH cases are caused by insulinoma, whereas nesidioblastosis and insulin
autoimmune syndrome (IAS) are relatively rare.

Methods: To evaluate the relative frequencies of various causes of EHH in Korea, we retrospectively analyzed 84 patients who
were diagnosed with EHH from 1998 to 2012 in a university hospital.

Results: Among the 84 EHH patients, 74 patients (88%), five (6%), and five (6%) were diagnosed with insulinoma, nesidioblas-
tosis or IAS, respectively. The most common clinical manifestation of EHH was neuroglycopenic symptoms. Symptom duration
before diagnosis was 14.5 months (range, 1 to 120 months) for insulinoma, 1.0 months (range, 6 days to 7 months) for nesidio-
blastosis, and 2.0 months (range, 1 to 12 months) for IAS. One patient, who was diagnosed with nesidioblastosis in 2006, under-
went distal pancreatectomy but was later determined to be positive for insulin autoantibodies. Except for one patient who was
diagnosed in 2007, the remaining three patients with nesidioblastosis demonstrated severe hyperinsulinemia (157 to 2,719 ulU/
mL), which suggests that these patients might have had IAS, rather than nesidioblastosis.

Conclusion: The results of this study suggest that the prevalence of IAS may be higher in Korea than previously thought. There-
fore, measurement of insulin autoantibody levels is warranted for EHH patients, especially in patients with very high plasma in-
sulin levels.
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INTRODUCTION

Endogenous hyperinsulinemic hypoglycemia (EHH) is charac-
terized by low blood glucose due to excessive endogenous insu-
lin without injected insulin. Insulinoma, an islet cell tumor, is
the most common cause of EHH [1]. The incidence of insulin-
omas are approximately 4 per one million person-years [2].
Approximately 90% of insulinomas are benign, single, <2 cm
in diameter and can be cured by surgical resection [2,3]. Nesid-
ioblastosis, a disease characterized by pancreatic B-cell hyper-

plasia and hypertrophy, is usually reported in infants but is rare
in adults [4,5]. Insulin autoimmune syndrome (IAS) is another
cause of EHH and is characterized by the presence of autoanti-
bodies to native insulin or the insulin receptor [6]. IAS is also
extremely rare, and only scattered cases have been reported
worldwide [7,8].

The clinical manifestations of EHH result from hypoglyce-
mia. Hypoglycemic symptoms can be grouped into two major
categories, adrenergic or neuroglycopenic. The release of cate-
cholamines in response to glucose levels <55 mg/dL (3 mmol/
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Clinical features and causes of endogenous hyperinsulinemic hypoglycemia

L) causes adrenergic symptoms, such as diaphoresis, weakness,
hunger, tremor, nausea, warm sensations, anxiety, and palpita-
tions [2]. However, the most common and convincing symptom
of EHH is neuroglycopenia, including loss of consciousness,
diplopia, blurred vision, confusion, abnormal behavior, and am-
nesia. Although it was originally thought that these symptoms
would only become evident during fasting or after exercise, a
portion of patients with EHH also develop postprandial symp-
toms. Therefore, concomitant <45 mg/dL (2.5 mmol/L) plasma
glucose and >3 uIU/mL plasma insulin on immunoradiomet-
ric assay (IRMA) is required to diagnose EHH, regardless of
whether hypoglycemic symptoms occur in the fasting or post-
prandial state.

We previously reported the clinical manifestations of EHH
patients who visited our hospital between 1990 to 1997 [9]. At
that time, we reported that among 16 EHH patients, three pa-
tients had neisidioblastosis. Because nesidioblastosis is highly
rare in adults, we extended this observation and reanalyzed
the clinical characteristics and causes of EHH in patients who
visited our hospital between 1998 and 2012. We confirmed
that a relatively high proportion of patients did have noninsu-
linoma, but we observed that a large portion of these patients
may have had IAS (which we did not consider in our previous
report [9]), rather than nesidioblastosis.

METHODS

Patients and classification

In this retrospective study, we reviewed the medical records of
84 adult patients who were diagnosed with EHH between 1998
and 2012 at Asan Medical Center, a tertiary referral center in
South Korea. The data collected included demographic features,
clinical presentations, biochemical laboratory data, the findings
of any localization studies, operative data, histological reports,
and treatment outcomes. Since 2007, we have routinely exam-
ined the presence of anti-insulin antibodies and anti-insulin re-
ceptor antibodies in patients in whom tumors could not be lo-
calized using noninvasive studies, including computed tomog-
raphy (CT) or magnetic resonance imaging (MRI). CT exami-
nations were performed using either 8, 16, 64, or 128-row mul-
tidetector CT (Siemens Medical Systems, Erlangen, Germany)
and MRI was performed using Abanto 1.5T (Siemens Medical
Systems). Anti-insulin antibodies were measured using radio-
immunoassay (Cobra 5010; Biosource Europe, Nivelles, Bel-
gium), and insulin receptor antibodies were measured using a
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radioreceptor assay (BML, Tokyo, Japan). Determination of the
duration of hypoglycemic symptoms and the amount of weight
gained after symptom occurrence was based on each patient’s
self-reports.

Procedures for diagnosis of endogenous hyperinsulinemic
hypoglycemia

All patients suspected of having EHH were biochemically diag-
nosed, except for patients who had a documented episode of
hypoglycemia at another hospital prior to admission to our
center. When the clinical symptoms of a patient suggested
postprandial hypoglycemia, we first performed an extended
5-hour 75-g oral glucose tolerance test (OGTT). This was fol-
lowed by 72-hour fasting test, which was conducted according
to standardized procedures [3]. Plasma glucose, insulin, and C-
peptide levels were measured every 4 hours. The fasting tests
were terminated when the plasma glucose level dropped <45
mg/dL (2.5 mmol/L), or if hypoglycemic symptoms developed.

Plasma insulin levels were measured using a commercial
IRMA kit (TFB, Tokyo, Japan). The detection sensitivity of this
kit is between 0.1 and 200 uIU/mL (0.7 and 1,435 mmol/L).
The samples were diluted and re-measured when insulin con-
centrations were >200 uIU/mL (1,435 mmol/L).

To localize the source of hyperinsulinemia, CT or MRI was
initially used to examine all patients. If these tests did not iden-
tify a tumor, endoscopic ultrasound (EUS; GF-UE 260; Olym-
pus, Tokyo, Japan) or selective angiography was subsequently
performed. Since 2007, we have preferred CT over MRI, and
EUS over angiography. A portion of patients who had negative
results with these studies underwent trans-hepatic portal vein
sampling (THPVS) or selective arterial calcium stimulation test
as alternative localization methods (Fig. 1) [1,2]. Intraoperative
ultrasonography was performed on select patients when tumor
localization failed. All procedures were performed by experi-
enced radiologists.

Statistical analysis

The data presented in the text and tables are shown as the me-
dian and range values (minimum to maximum) because most
of our data were not normally distributed, and we could enroll
only a small number of patients with nesidioblastosis and IAS.
The biochemical characteristics of the study population were
compared using a Kruskal-Wallis and Fisher exact tests. All
statistical analyses were performed using SPSS version 17.0
(SPSS Inc., Chicago, IL, USA). P<0.05 was considered to be
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Fig. 1. Flow diagram of the localization strategies used to identify endogenous hyperinsulinemic hypoglycemia (EHH) patients.
OGTT, oral glucose tolerance test; CT, computed tomography; MRI, magnetic resonance imaging; EUS, endoscopic ultrasound;
THPVS, trans-hepatic portal vein sampling; SACS, selective arterial calcium stimulation.

statistically significant.

RESULTS

Demographic and biochemical data and diagnosis

We diagnosed 84 patients with EHH. Of them, 74 patients had
insulinoma, five patients had nesidioblastosis, and five patients
had IAS. Among the 74 patients with insulinoma, four had mul-
tiple endocrine neoplasia type 1. One patient with insulinoma
was diagnosed with low-grade malignancy. No patients with
nesidioblastosis had a history of gastric bypass surgery [4].

A total of 70 patients with insulinoma were surgically con-
firmed by pancreatic resection and immunohistochemical stain-
ing against insulin. Two patients were diagnosed by EUS-guided
fine-needle aspiration, and the other two patients were diag-
nosed by confirming EHH and localizing of the insulinoma on
EUS or THPVS. Nesidioblastosis was diagnosed in the patho-
logical specimens obtained at surgery according to the following
histological criteria: no evidence of insulinoma, hypertrophic
B-cells within enlarged or normal-appearing islets, small scat-
tered clusters of endocrine cells, and ductuloinsular complexes
[10].

The median duration of symptoms, which was defined as the
time from symptom onset to diagnosis, was 14.5 months (range,
1 to 120 months), and the average was 24.3 months among in-
sulinoma patients. Conversely, the median duration of symp-
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toms was 1.0 month (range, 0.2 to 7 months) and 2.0 months
(range, 1 to 12 months) in patients with nesidioblastosis and
IAS, respectively (P=0.006) (Table 1). Of the 84 EHH patients,
76 (90.5%) presented with hypoglycemic symptoms, such as
neuroglycopenia. There was no statistically significant differ-
ence in terms of the number of patients who presented with hy-
poglycemic symptoms among the three groups (Table 1).

A total of 38 patients did not undergo the 72-hour fasting
test because their relatively high insulin levels during sponta-
neous fasting-induced hypoglycemia clearly indicated EHH.
Of the remaining 46 patients who underwent the 72-hour
fasting test, 42 patients (91.3%) developed hypoglycemia. Of
them, 39 (92.9%) developed hypoglycemia within 24 hours, 2
(4.8%) developed hypoglycemia during the next 24 hours and
1 (2.4%) developed hypoglycemia after 48 hours (Table 1). In-
terestingly, all patients with insulinomas developed hypogly-
cemia during the 72-hour fasting test, but only three of seven
noninsulinoma patients developed fasting hypoglycemia.

As shown in Fig. 2, the median insulin levels were 14.1 uIU/
mL (97.9 pmol/L) in patients with insulinoma, in comparison
with 1,000.0 pIU/mL (6,945 pmol/L) and 4,820.0 uIU/mL
(33,474.9 pmol/L) in patients with nesidioblastosis and IAS,
respectively. The median insulin levels were markedly higher
in patients with IAS and nesidioblastosis compared with insu-
linoma patients (P=0.002).

The characteristics of the individual IAS and nesidioblasto-
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Table 1. Clinical and biochemical characteristics of patients with insulinoma, nesidioblastosis, and insulin autoimmune syndrome

Characteristic Insulinoma (n=74) Nesidioblastosis (n=5) IAS (n=5) Pvalue
Age, yr 48 (16-79) 52 (37-73) 66 (41-82) 0.175
Duration of symptoms, mo 14.5 (0-120.0) 1.0 (0.2-7.0) 2(1-12) 0.006
Weight gain, kg 6.5 (2.0-30.0) 4(3.0-12.0) 45(2-7) 0.57
Sex male 31 (42.0) 0 4(80) 0.042
Autonomic symptoms® 46 (62.2) 2 (40) 4 (80) 0.448
Neuroglycopenic symptoms” 68(91.9) 4(80) 4(80) 0.241
Onset of hypoglycemia on 72-hour fasting test, hr® 39/39 (100) 1/3 (33) 2/4 (50) <0.001¢

<24 36/39 (92.3) 1/3 (33) 2/4 (50)

24-48 2/39 (5.1) 0 0

48-72 1/39 (2.6) 0 0
Hypoglycemia during OGT T 3/7 (42.9) 1/1 (100) 2/3 (66.7) >0.999

Values are presented as median (range) or number (%).

IAS, insulin autoimmune syndrome; OGT'T, oral glucose tolerance test.

*Number of patients who developed autonomic hypoglycemic symptoms (e.g., sweating, palpitation, anxiety, hunger, nausea, and paresthesia),
*Number of patients who developed neuroglycopenic hypoglycemic symptoms (e.g., loss of consciousness, disorientation, fatigue, seizure, hy-
persomnia, blurred vision, and change in behavior), ‘Number of patients who developed hypoglycemia on 72-hour fasting test/total number of
patients who received a 72-hour fasting test, “Number of patients who developed hypoglycemia during OGTT/total number of patients who
underwent OGTT, Statistically significant development of hypoglycemia on 72-hour fasting test.

10,000 . negative if the titer is <7%. After 2007, five patients were diag-
- $ nosed with IAS and only one patient was diagnosed with ne-
: * sidioblastosis. The examination of the stored samples from a
5 1,000 | . patient who was diagnosed with nesidioblastosis in 2006 by
g surgical biopsy (case no. 9 in Table 2) were actually positive for
= . insulin autoantibody.
= * *
3 100 - 3
@« *
= ¢ DISCUSSION
g
<
A 10 - ; % In this retrospective study, we determined that the incidence of
. noninsulinoma or IAS was higher than that previously reported
¢ in other studies [5,11]. The reason for the relatively high preva-
1 : : : lence of noninsulinoma at our center is uncertain. Our hospital
Insulinoma Nesidioblastosis ~ AIS is a tertiary referral center, and this may have resulted in selec-
Median (range) 14.1(2.3-155) 1,000 (4.6-3,000) 4,820 (255-7,660)

tion bias. Specifically, patients with negative localization results
Fig. 2. Plasma insulin levels in patients diagnosed with insuli-  at other hospitals may have been transferred to our hospital.
noma, nesidioblastosis, and insulin autoimmune syndrome  However, we cannot exclude the possibility that the incidence of
(IAS). The case indicted by the arrow demonstrated positive
results on the insulin autoantibody test (3,000 uIU/mL, case
no. 9 in Table 2). The other case indicated by the head of arrow

demonstrated negative results on the insulin autoantibody test
(5 uIU/mL, case no. 10 in Table 2). in Korea and countries are needed to answer this question.

noninsulinoma EHH/IAS in Korea is higher than in other coun-
tries, or that the incidence is higher than previously thought
[7,8]. Comparisons with EHH patients treated at other centers

IAS is caused by autoantibodies to insulin or the insulin re-
sis patients are shown in Table 2. Our center began to measure  ceptor [8,12]. This syndrome is a relatively common cause of

the levels of insulin autoantibody in 2007, which is reported as  hypoglycemia in Japan but has rarely been reported in other
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Table 2. Characteristics of patients with insulin autoimmune syndrome and nesidioblastosis

Case Sex/Age, . Year of Neurologif:/ Fastigg/ Plasma insulin Antibody

o, v Disease Diagnosis Autonomic Reactive _level, pIU/mL Treatment Outcome titer, %
symptoms hypoglycemia

1 F/56 IAS 2007 Both Both 4,820 Steroid Resolved 71.7

2 M/41 IAS 2007 Both Reactive 7,660 Diet therapy Resolved 85

3 M/68 IAS 2010 Neurologic Fasting 2,550 Steroid Improved 86.9

4 M/82 IAS 2011 Autonomic NA 5,870 Diet therapy Improved 96.1

5 M/67 IAS 2011 Both NA 255 Diet therapy NA 83.6

6 F/49  Nesidioblastosis 2001 Both Both 2,719 Distal pancreatectomy Improved NA

7 F/86  Nesidioblastosis 2001 Neurologic NA 157 Distal pancreatectomy NA NA

8 F/80 Nesidioblastosis 2005 Neurologic Fasting 1,000 Subtotal pancreatectomy Resolved NA

9 F/59  Nesidioblastosis 2006 Autonomic Fasting 3,000 Distal pancreatectomy  Resolved 59

10 F/48  Nesidioblastosis 2007 Neurologic Fasting 5 Subtotal pancreatectomy Resolved 1

E, female; TAS, insulin autoimmune syndrome; M, male; NA, not available.

populations [7]. As reported here, we identified five IAS pa-
tients after we started to check insulin autoantibodies in 2007.
On the other hand, only one patient was diagnosed with ne-
sidioblastosis during the same period.

Consistent with previous studies [6], our current IAS patients
demonstrated markedly higher plasma insulin levels than insuli-
noma patients. The binding of endogenous insulin to antibodies
may decrease the level of bioavailable insulin. This may cause hy-
perglycemia, but in subjects whose pancreatic 3-cell function is
intact, insulin is over-secreted to compensate for the decreased
bioavailability of insulin. In some instances, insulin bound to an-
tibodies is subsequently released, resulting in inappropriately high
free insulin concentrations and causing hypoglycemia [6,13]. In-
sulin secreted immediately after a meal may be bound to autoan-
tibodies and may cause early postprandial hyperglycemia and ex-
aggerated insulin secretion from the pancreas. If insulin is then
dissolved from the complex, this may cause late postprandial hy-
poglycemia [6,14]. In our series of five IAS patients, this phenom-
enon was observed in two patients. However, as other IAS pa-
tients presented with fasting hypoglycemia, this may not apply to
all IAS patients. Although 42.9% of insulinoma patients (three of
seven patients) also developed postprandial hypoglycemia, 75%
of noninsulinoma patients (three of four patients) developed
postprandial hypoglycemia during OGTT (Table 1). Interestingly,
the plasma insulin level of the patient with nesidioblastosis who
had hypoglycemia during OGTT was 2,719 uIU/mL, which is
markedly higher than the highest insulin level observed in insuli-

noma.
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Nesidioblastosis is a common entity in neonates with EHH,
but is considered very rare in adults, representing only approxi-
mately 0.5% of EHH cases [15-18]. Nesidioblastosis is frequent-
ly found in patients who have undergone gastrectomy [4,19,20].
However, none of the patients with nesidioblastosis identified in
this series had a history of gastric surgery. It should be noted
that the number of patients diagnosed with nesidioblastosis de-
creased after our center began measuring insulin autoantibody
levels. One patient was diagnosed with nesidioblastosis by sur-
gical biopsy in 2006 but had positive insulin autoantibody re-
sults. Although hyperplasia of the islet 3-cells was previously re-
ported in some IAS patients [21], there have been no case(s) re-
porting nesidioblastosis and IAS in a patient. Therefore, in the
case of this patient, IAS was most likely misdiagnosed as nesid-
ioblastosis.

Among the four remaining cases of nesidioblastosis, three
patients demonstrated notably higher plasma insulin levels (Fig.
2). Although insulin autoantibody levels were not measured in
these patients, it is also possible that these patients may have had
IAS. This assumption is supported by previous studies showing
modest hyperinsulinemia in nesidioblastosis [4,5].

In our current series, all patients with insulinomas demon-
strated hypoglycemia on prolonged fasting tests. On the other
hand, only three of seven noninsulinoma patients demonstrat-
ed hypoglycemia during the fasting test. Thus, if hypoglycemia
is not confirmed by 72-hour fasting test, noninsulinoma can be
considered an alternative cause of EHH. In support of this, a
previous study performed in the United States reported that 19
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of 44 patients with IAS demonstrated postprandial hypoglyce-
mia, but not fasting hypoglycemia [6].

Our present study has obvious limitations, in that all data were
retrospectively collected. However, to the best of our knowledge,
this study is the first to report that the prevalence of IAS may be
higher in Korea than previously thought. Among EHH patients
whose tumors cannot be easily localized, and particularly among
patients who show inappropriately high plasma insulin levels,
the measurement of insulin autoantibody is recommended.
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