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Abstract Nesidioblastosis is rare in adults and accounts
for 0.5-5% of cases of organic hyperinsulinemia. The di-
agnosis of nesidioblastosis should be considered when
peroperative imaging modalities fail to localize a lesion
in patients with hyperinsulinism. Two female patients,
aged 55 and 16 years, with hyperinsulinemic hypoglyce-
mia are reported. Somatostatin receptor scintigraphy
showed slight focal activity in both patients. The first pa-
tient underwent a Whipple procedure and became diabet-
ic. The second patient underwent a distal hemi-pancre-
atectomy and suffered from recurrent hypoglycemic epi-
sodes 3 months after surgery, for which she is presently
being treated with octreotide. Histological examination
of the resected pancreata revealed focally increased islet
tissue and a number of slightly hypertrophic beta cells.
Such histological abnormalities have been related to
functional changes of p-cells. In infantile nesidioblasto-
sis, aproportion of cases has been associated with muta-
tions in one of several genes. Whether such mutations,
leading to hyperinsulinism, also play a role in adult ne-
sidioblastosis is presently unknown.
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Introduction

Hyperinsulinism, although rare, is the most common
cause of persistent neonatal hypoglycemia. Neonates
with hyperinsulinism may have either focal or diffuse
abnormalities of the pancreatic beta cells [5, 14]. In
adults, insulinoma is the most common cause of persis-
tent hyperinsulinemic hypoglycemia (PHH), while dif-
fuse beta cell abnormalities are the exception.

Laidlaw coined the term nesidioblastosis in 1938 to
characterize the neogenesis of islet cells from pancreatic
duct epithelium [11], but the term is now usually used as
adiagnostic term in patients with hyperinsulinemia with-
out localized pancreatic lesions such as insulinomas.

Nesidioblastosis in adults has been described in hy-
perinsulinemic conditions and in association with other
disorders. chronic pancreatitis, pancreatic duct obstruc-
tion, cystic fibrosis, gastrinoma, multiple endocrine neo-
plasia (MEN 1) and sulfonylurea therapy. In adults with
hyperinsulinemic hypoglycemiathere are so few cases of
nesidioblastosis that their relationship is still a matter of
controversy [25]. The diagnosis of nesidioblastosis
should be considered when imaging modalities fail to
localize a lesion. The use of somatostatin receptor
scintigraphy (SRS) in patients with nesidioblastosis has
never been described in the literature. There is also
little experience in the use of octreotide in adult-onset
PHH.

In this report we describe the clinical and histological
characteristics of two patients with PHH in the absence
of an insulin-producing tumor and discuss the diag-
nostic (e.g. SRS, venous sampling) and therapeutic
options.

Case histories
Casel
A 55-year-old woman was admitted after she had been found un-

conscious by her husband. For 1 year before admission she had
had episodes of profound weakness associated with sweating,



482

Fig. 1 Measurement of insulin
levels by venous sampling

portal vein (A)
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case 2 51

*Insulin levels in mU/I

®NM = not measured

tremors and confusion. The attacks resolved after eating, and she
had gained 10 kg in weight in 1 year. There was a family history
of diabetes in her mother and grandmother. Her medical history
revealed: urolithiasis, Guillain-Barré syndrome, hypertension, pri-
mary hypothyroidism. Her medication list included: omeprazol,
felodipine and levo thyroxine. She had never used sulfonylureas.
She smoked 40-50 cigarettes a day. Her serum glucose in the
emergency room was 2.6 mmol/l. Following an intravenous injec-
tion of hypertonic glucose she promptly regained consciousness.
During a 24-h fast she developed tonic-clonic movements of her
extremities with a serum glucose of 1.1 mmol/l and serum insulin
89.6 mu/ml. The C-peptide level measured excluded an exogenous
source of insulin. A few days later she was transferred to the Uni-
versity Hospital Rotterdam, with a putative diagnosis of insulino-
ma. Parenteral glucose infusion was started, and the patient re-
mained euglycemic. Physical examination revealed no other ab-
normalities than obesity. Baseline biochemistry and hematology
laboratory values were unremarkable, as were TSH and AM corti-
sol levels. An ACTH stimulation test was normal. Ultrasound ex-
amination and a dynamic CT scan did not show any nodulesin the
pancreas. SRS revealed slightly higher activity in the pancreatic
head. To determine a localized lesion a laparoscopy with intraop-
erative ultrasound was performed, but no tumor was found. Subse-
quently an exploratory laparotomy was performed, with intraoper-
ative ultrasound and manual palpation of the pancreas. Again no
tumor was found. Venous sampling showed elevated insulin con-
centrations in the pancreatic head, especialy in the uncinate pro-
cess (Fig. 1). Because of the elevated insulin concentrations in the
pancreatic head, 2 days later a pancreaticoduodenectomy was per-
formed, removing 80% of the pancreas. On palpation there was a
possible nodule in the pancreatic head. Frozen section examina-
tion of the suspected lesion revealed no insulinoma. Macroscopic
examination of the pancreas showed mild chronic pancreatitis.
The patient had an uneventful recovery. Three and half weeks af-
ter surgery the patient had a normal diet and was euglycemic.
However, 4 months after discharge she developed insulin-depen-
dent diabetes with blood sugars >10 mmol/I, for which she is be-
ing treated with insulin.

Splenic vein(B)

uncinate vein (C) inf.mes.vein(D)  sup.mes. vein(E)

70 480 NM® 370
496 NM NM 16
Case 2

In April 1995, a 16-year-old girl was admitted because of a sudden
loss of consciousness. Three months before she had had an episode
of weakness, dizziness and heavy sweating, which relieved sponta-
neously. Otherwise she was in good health with no relevant past
medical history and was not taking any medication. Her father suf-
fered from type Il diabetes mellitus. An EEG showed epileptic ac-
tivity. She underwent a brain CT, which revealed no abnormalities.
Meningitis was excluded. Baseline biochemistry and hematology,
including blood glucose (3.0 mmol/l), TSH and AM cortisol levels
were normal. An ACTH stimulation test was normal. Subsequently
she had several seizures accompanied by low blood glucose levels
(0.8-1.5 mmol/l) and a serum insulin of 298 mu/l. The C-peptide
level measured excluded an exogenous source of insulin. A glucose
infusion was started. Abdominal ultrasound, CT, MRI scans and
pancreatic arteriogram revealed no abnormalities. The patient was
then transferred to the University Hospital Rotterdam with a diag-
nosis of hyperinsulinemic hypoglycemia with no detectable insuli-
noma. A SRS reveaded slightly higher activity in the pancredtic tail
(Fig. 2). An exploratory laparotomy was performed, and intraoper-
ative ultrasound was normal. The pancreas was also palpated but
no tumor was found. Venous sampling showed an elevated insulin
concentration in the region of the pancreatic tail (Fig. 1). The next
day a hemi-pancreatectomy was performed with resection of the
tail and a part of the body of the pancreas, amounting to 50% of the
parenchyma. Macroscopic examination of the resected pancreas re-
vealed no focal abnormalities. She had an uneventful recovery, and
during a 24-h fast her lowest blood glucose level was 2.6 mmol/l.
Six months later she was admitted again with symptoms of hypo-
glycemia. Her blood glucose level was 2.2 mmol/l and the insulin
level, 182.7 mu/l. Diazoxide therapy was initiated (1 daily dose
100 mg), and the girl became euglycemic (blood glucose levels
remained in the range of 5.3-7.5 mmol/l). After 3 months' diazoxide
therapy she had gained 18 kg in weight. Therefore this therapy was
stopped and octreotide treatment (50-50-100 Lg s.c.) was started. At
present, the patient’s weight is stable, her blood glucose levels are
within the normal range, and she has ho symptoms of hypoglycemia.
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Fig. 2 SPECT images from SRS in patient 2. Images run from
cranial (top left) to caudal (bottom right). Right side of image is
left side of patient. Normal uptake in the liver and spleen (top
row), gallbladder (second row), and kidneys (lower three rows). In
images 2—4 in the second row, slightly increased uptake is seen
ventral to the left kidney

Materials and methods

Both histological and immunohistochemical methods were used.
Pancreatic resection specimens were sliced completely in slices
2-4 mm thick. Multiple blocks were taken from all regions of the
pancreatic resection specimens. All blocks were step-sectioned.
Sections 5 pm thick were deparaffinized and stained with hema-
toxylin and eosin according to standard methods. For immunohis-
tochemistry, sections were incubated for 30 min at room tempera-
ture with antibodies to insulin (1:500, Dako, Glostrup, Denmark),
glucagon, somatostatin, chromogranin-A and pancreatic polypep-
tide (21:40, 1:2000, 1:150, and 1:10.000 respectively, Dako). Then
sections were washed and a biotinylated goat-anti-multilink (1:50,
Klinipath Biogenex, Uden, The Netherlands) with 2% normal hu-
man serum and 2% normal goat serum (Dako) was added for 30
min, followed by the avidin—biotin complex (1:50, Klinipath Bio-
genex) for 30 min. Sections were developed with diamino-benzi-
dine tetrahydrochlorate (Fluka, Neu-UIm, Germany) with 0.3%
H,O, for 7 min, counterstained, dehydrated, and mounted. Nega-
tive controls included replacement of primary antisera by phos-
phate-buffered saline.

Results

Histopathology of the pancreatic resection specimens
showed similar findings in all samples from both cases.
There were many islets of Langerhans, some of which
appeared to be irregular in outline and increased in size
(Fig. 3A). Also, the total amount of endocrine tissue (is-
lets of all sizes and smaller endocrine cell clusters) ap-
peared to be increased (Fig. 3B). In some idlets, nuclei of
a proportion of the insulin-producing R-cells were en-
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larged (Fig. 3C). In the immunohistochemical analysis,
insulin showed strong immunoreactivity in al slides, in-
dicating that the majority of the histologically identified
islets of Langerhans and endocrine cell groups were
composed of insulin-producing B-cells. Many single in-
sulin-reactive cells were identified, even in the walls of
ducts, as were so-called ductulo-insular complexes (Fig.
3D). The numbers and distribution of glucagon, somato-
statin-reactive and pancreatic polypeptide cells were nor-
mal.

Discussion

Since the clinical and biochemical presentation of nesid-
ioblastosis in adults mimics insulinoma, the diagnosis is
usually made postoperatively by histology [13]. Fasting
hypoglycemia is present in most patients with organic
hyperinsulinism. When it is absent, a prolonged fast (be-
tween 14 and 72 h) will revea hypoglycemia in nearly
100% of cases [25]. With a putative diagnosis of insuli-
noma, localization studies, such as dynamic CT scan-
ning, celiac angiography, endoscopic ultrasonography
and transhepatic portal venous sampling, are undertaken.
However, none of these methods is completely adequate,
and each may result in diagnostic errors [8]. In fact, pre-
operatively, it may be impossible to distinguish nesidio-
blastosis from insulinoma in adults. Percutaneous trans-
hepatic selective intravenous sampling and direct intra-
operative pancreatic venous sampling have both been
used to differentiate hyperinsulinism caused by an insuli-
noma from that caused by nesidioblastosis [16]. Portal
transhepatic venous sampling did detect two of five re-
ported cases with nesidioblastosis, but sometimes nesid-
ioblastosis presents an insulinoma-like gradient [13].
The present cases both presented with an insulinoma gra-
dient. SRSis atechnique that has been shown to localize
both primary islet cell tumors and metastases with high
sensitivity (80%) [2]. The detection rate for insulinomas
is about 50% and is related to the low incidence of so-
matostatin receptor subtype 2A on insulinoma cells. Pos-
itive scan results predict a suppressant effect of octreo-
tide on hormone secretion from endocrine-active tumors
[10]. In both cases presented in this paper there was a
dlightly higher activity on SRS in the pancreatic head or
tail, with subsequent higher insulin levels on venous
sampling. The role of SRS in diagnosing adult nesidio-
blastosis should be evaluated further.

Frozen section examination has been reported not to
be useful in most instances of nesidioblastosis in adults
[16], in contrast to infants [14, 19]. In infants, partial
pancreatectomy with excision of the diseased focusis the
treatment of choice for patients with focal nesidioblasto-
sis [5, 15, 18], whereas neonates with diffuse lesions re-
quire near-total pancreatectomy [5, 14].

In adults a lesser (~70%) pancreatectomy has been
recommended, utilizing diazoxide if postoperative hypo-
glycemia recurs, and reserving extensive resection when
the limited operation and medication fails [22]. Our first






patient underwent a pancreatoduodenectomy and became
diabetic, indicating a too-extensive resection. However,
there have been many reports of recurrent hypoglycemia
even after 95% resection of the pancreas [22]. Since
there was a family history of type Il diabetes and the pa-
tient remained obesg, it is possible that the partial pan-
createctomy not only cured the patient of hyperinsulin-
ism, but also precipitated diabetes. Our second patient
underwent a distal hemi-pancreatectomy and was suffer-
ing from hypoglycemic episodes again 3 months after
surgery. She is now euglycemic with octreotide therapy.
There is little experience with the use of octreotide in
adult-onset nesidioblastosis. In insulinoma, Lamberts et
al. [12] have reported that its use is associated with exac-
erbations of hypoglycemia.

While the initial morphometric evaluations seemed to
reveal an increase in islet tissue and insulin cells [6, 9,
23], more recent studies have demonstrated that in the
majority of patients the volume density of endocrine tis-
sue or insulin-producing B-cells is not significantly in-
creased [7, 20, 27]. Although histological examination of
the resected specimen appeared to show an increase in
the amount of endocrine tissue in our cases, this cannot
be concluded without morphometrical analysis. Because
somatostatin normally exerts a negative paracrine effect
on islet cell function, it has been suggested that islet pro-
liferation may result from reduced somatostatin secretion
by pancreatic D-cells [3]. In our cases no abnormalities
of islet non-beta-cells were noted.

In agreement with previously published cases of adult
and infantile nesidioblastosis, the nuclei of a proportion
of the insulin-producing -cells were enlarged [1]. In ad-
dition, there were many islets of Langerhans, some of
which appeared to be irregular and increased in size.
Such histological abnormalities have been related to
functional defects of B-cells. In infantile nesidioblasto-
Sis, a proportion of cases have been associated with mu-
tations in genes encoding the sulfonylurea receptor type
| (SUR1), the inward-rectifying potassium channel
(K\g6.2), and the glucokinase (GK) or glutamate dehy-
drogenase (GLUD) gene[4, 17, 24, 26]. It has been spec-
ulated that histological abnormalities such as those de-
scribed in the present two adult patients may be related
to gain-of-function mutations in the GK or GLUD genes
[21]. Whether such mutations indeed lead to hyperinsu-
linism in adults remains to be analyzed.
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Fig. 3 A Pancreatic resection specimen from patient 1, showing a
large islet of Langerhans with irregular outline and shape. Hema-
toxylin and eosin B Pancreatic resection specimen of patient 2. The
increase in iglet tissue is well appreciated in this section. Hematox-
ylin and eosin C Pancreatic resection specimen of patient 1.
Frequently, islets had several B-cell nuclei that were enlarged, com-
pared with neighboring cells. Hematoxylin and eosin D Pancreas of
patient 1, showing an extensive ductulo-insular complex in which
severa ductal structures are surrounded by an endocrine cell
conglomerate. Chromogranin-A, immunohistochemical staining
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