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Clinical Characteristics of Congenital Hyperinsulinemic Hypoglycemia in Infant :
A Nationwide Epidemiological Survey in Japan

Rie Kawakita”?, Hironori Sugimine”, Shizuyo Nagai”,
Masahiko Kawai”, Satoshi Kusuda®” and Tohru Yorifuji”
"Department of Pediatrics, Kyoto University Hospital
?Department of Endocrinology and Metabolism, Shiga Medical Center for Children
“Department of Neonatology, Tokyo Women's Medical University Hospital
“Department of Pediatric Endocrinology and Metabolism, Osaka City General Hospital

To clarify the clinical features of congenital hyperinsulinemia in Japan, we conducted a nationwide epide-
miological study. Data from 188 patients with hyperinsulinemic hypoglycemia who were born between Octo-
ber 2007 and September 2009 were collected from 624 hospitals with Departments of Pediatrics or Neonatol-
ogy and more than 300 beds. The collection rate was 59.0%.

One hundred twenty seven patients showed transient hyperinsulinemic hypoglycemia (THI) that was cur-
able within 3 months and 61 patients showed persistent hyperinsulinemic hypoglycemia (PHI). The annual inci-
dence per live births was approximately 1 in 17,000 infants for THI, approximately 1 in 35400 infants for PHI.
Birth weight percentile by gestational age was lower in the THI group than in the PHI group, and it was con-
sidered that infants with small for gestational age and transient stress-induced hypoglycemia accounted for a
large share of THI group.

There were no differences in blood examination data, such as IRI/BG ratio, total ketone bodies and free
fatty acids, between the THI group and the PHI group. Diazoxide was administered to 106 patients and the ad-
verse effects of congestive heart failure, edema and oliguria were found in 25 patients (23.6%). Octreotide was
administered to 22 patients, and gallstone and gastrointestinal symptoms were found in 2 patients.

Seven patients (11.5%) in the PHI group underwent partial or subtotal pancreatectomy. Five patients
were cured of hypoglycemia, but 2 patients who underwent subtotal or near-total pancreatectomy developed
insulin dependence. Two patients who underwent partial pancreatectomy and subtotal pancreatectomy re-
spectively remained hypoglycemic.

After excluding cases showing obvious other causes, neurological complications due to congenital hyperin-
sulinemia was observed in 15 patients (8.0%) in both groups combined. However, it is difficult to discuss the
neurological prognoses of these two groups because of the short observation period to date. In the future, neu-
rological problems should be clarified by a long-term follow up survey. It is hoped that our survey will contrib-
ute to elucidating the clinical features of hyperinsulinemic hypoglycemia, so that therapeutic strategies for
congenital hyperinsulinism in Japan can be established.
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Molecular and Clinical Analysis of Japanese Patients
with Persistent Congenital Hyperinsulinism:
Predominance of Paternally Inherited Monoallelic
Mutations in the K, Channel Genes

Tohru Yorifuji, Rie Kawakita, Shizuyo Nagai, Akinori Sugimine, Hiraku Doi,
Anryu Nomura, Michiya Masue, Hironori Nishibori, Akihiko Yoshizawa,
Shinya Okamoto, Ryuichiro Doi, Shinji Uemoto, and Hironori Nagasaka

Department of Pediatric Endocrinology and Metabolism (T.Y.), Osaka City General Hospital, Osaka
543-0021, Japan; Departments of Pediatrics (T.Y., R.K,, S.N., AS., H.D., A.N.), Diagnostic Pathology
(A.Y.), and Surgery (5.0., R.D., S.U.), Kyoto University Hospital, Kyoto 606-8507, Japan; Departments of
Pediatrics (M.M.) and Radiology (H.N.), Kizawa Memorial Hospital, Gifu 505-8503, Japan; Department of
Pediatrics (H.N.), Takarazuka City Hospital, Takarazuka 665-0827, Japan

Background: Preoperative identification of the focal form of congenital hyperinsulinism is impor-
tant for avoiding unnecessary subtotal pancreatectomy. However, neither the incidence nor the
histological spectrum of the disease is known for Japanese patients.

Aims: The aim of the study was to elucidate the molecular and histological spectrum of congenital
hyperinsulinism in Japan.

Subjects: Thirty-six Japanese infants with persistent congenital hyperinsulinism were included in the study.

Methods: All exons of the ATP-sensitive potassium channel (K,rp channel) genes (KCNJ71 and
ABCC8), the GCK gene, and exons 6 and 7 and 10-12 of the GLUD1 gene were amplified from
genomic DNA and directly sequenced. In patients with K, channel mutations, the parental origin
of each mutation was determined, and the results were compared with the histological findings
of surgically treated patients. In one of the patients with scattered lesions, islets were sampled by
laser capture microdissection for mutational analysis.

Results: Mutations were identified in 24 patients (66.7%): five in GLUD1 and 19 in the K o1p channel
genes. Sixteen had a paternally derived, monoallelic K .1 channel mutation predictive of the focal
form. In 10 patients who underwent pancreatectomy, the molecular diagnosis correctly predicted
the histology, more accurately than [18F]-3,4-dihydroxyphenylalanine positron emission tomog-
raphy scans. Three patients showed focal lesions that occupied larger areas of the pancreas. Pref-
erential loss of the maternal allele was observed in these islets.

Conclusion: The majority of the Japanese patients with K,rp channel hyperinsulinism (84.2%)
demonstrated paternally inherited monoallelic mutations that accurately predicted the presence
of the focal form. (J Clin Endocrinol Metab 96: E141-E145, 2011)

genes, ABCCS8 or KCNJ11, which code for the two sub-

Persistent congenital hyperinsulinism is the main cause
units of the pancreatic ATP-sensitive potassium (K,p)

of prolonged hypoglycemia in infancy. The most

common etiology is an inactivating mutation in one of two
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channel. The second most common is an activating mu-
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tation in the glutamate dehydrogenase (GLUD1) gene,
which is found in cases of hyperinsulinemia-hyperam-
monemia syndrome followed by an activating mutation
in the glucokinase (GCK) gene with a much rare inci-
dence (1).

Because severely affected infants often experience pro-
found neurological sequelae (2, 3), appropriate manage-
ment of hypoglycemia is critically important. Infants re-
sistant to medical treatment usually undergo subtotal
pancreatectomy. Although the procedure is often effective
at controlling hypoglycemia, residual hypoglycemia is not
uncommon, and many of the infants develop insulin-de-
pendent diabetes mellitus postoperatively (1, 4).

Notably, the recognition of the focal form of persistent
congenital hyperinsulinism has changed clinical practice
because precise pre- and intraoperative identification of
focal lesions allows us to perform a partial resection of the
pancreas, leading to a complication-free cure (1, 5, 6).

Focal lesions are found in individuals with a paternally
inherited, monoallelic K s 1 channel mutation (5-7). Sub-
sequent somatic loss of the maternal allele (most likely
caused by paternal isodisomy) leads to a loss of the
activities of the K,p channel and the adjacent tumor
suppressors (H19 and CDKN1C) normally expressed
by the maternal allele. These cells gain a growth advan-
tage eventually forming a focal lesion of insulin-over-
producing B-cells (8).

It has been reported that approximately 40% of pa-
tients with K,1p channel hyperinsulinism have monoal-
lelic mutations (9, 10) and that up to 40-60% of surgi-
cally treated patients have the focal form (1, 6, 7).
However, to date, neither the incidence of focal lesions nor
the clinical spectrum of persistent congenital hyperinsu-
linism has been reported for Asians.

In this study, we performed a comprehensive muta-
tional analysis of Japanese patients with this disorder and
correlated the results with the histology of surgically
treated patients.

Subjects and Methods

Subjects

The study subjects were 36 Japanese infants with persistent
congenital hyperinsulinism. The inclusion criteria were as fol-
lows: 1) a plasma insulin level of greater than 3 uU/ml in the
presence of hypoglycemia [plasma glucose < 45 mg/dl (2.5
mmol/liter)], 2) hypoglycemia lasting beyond 3 months of age,
and 3) the absence of insulinoma. The patients were born in
2005-2010 except for those with hyperinsulinemia-hyperam-
monemia syndrome who were recruited over a longer period
(bornin 1999-2009). For mutational analysis, written informed
consent was obtained, and the study protocol was approved by
the institutional review board.
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Mutational analysis

Genomic DNA was extracted from peripheral blood leu-
kocytes using a QIAmp DNA blood kit (QIAGEN, Hilden,
Germany) as recommended by the supplier. Then all exons
and the exon-intron boundaries of the KCNJ11, ABCC8, and
GCK genes were amplified from genomic DNA. For the
GLUDI1 gene, only exons 6 and 7 (the antenna domain) and
exons 10-12 (the GTP binding domain) were amplified be-
cause previously reported mutations were exclusively found in
these regions. The amplification conditions and the sequences
of the primers are available as supplemental data, published
on The Endocrine Society’s Journals Online web site at http://
jcem.endojournals.org. The amplified products were purified
using the Wizard PCR Preps DNA purification system (Pro-
mega, Fitchburg, WI) and directly sequenced using the BigDye
Terminator cycle sequencing kit (version 3.1; Applied Biosys-
tems, Foster City, CA).

Deletion mutations that might not have been detected by the
PCR-sequencing strategy described above were analyzed by mul-
tiple ligation-dependent probe amplification (MLPA) of all 39
exons of the ABCC8 gene. The analyses were performed using
SALSA MLPA kit P117 (MRC Holland, Amsterdam, The Neth-

erlands) as recommended by the manufacturer.

[18F]-3,4-dihydroxyphenylalanine (DOPA) positron
emission tomography (PET)

[18F]-DOPA PET studies were performed at the PET facility
of Kizawa Memorial Hospital basically, as described by Ribeiro
et al. (11). The scan results were fused with those of a computed
tomography scan taken at the same time to localize the focal
lesion more accurately.

Laser capture microdissection (LCM)

The scattered islets of patient 10 were sampled by LCM using
the PixCell Ile LCM system (Arcturus, Mountain View, CA).
DNA was extracted from the pooled islets using a FASTPURE
DNA kit (Takara-bio, Ohtsu, Japan). DNA extracted from a
normal pancreatic area on the same slide was used as the control.

Results

Patient profiles and mutations

The profiles of the patients and the results of the mu-
tational analyses are listed in Table 1. In patients with
elevated ammonia at the initial presentation, only patients
1-5 showed persistent hyperammonemia. Those five had
mutations in GLUD1. Of the remaining 31 patients, mu-
tations were identified in 19 (61.3%): 18 in ABCCS, one
in KCNJ11, and none in GCK. No exonic deletions were
identified by MLPA, and the four novel missense muta-
tions were not found in 100 normal controls. p.R836X
and p.R998X in ABCC8 were identified in five and three
unrelated patients, respectively, possibly representing rel-
atively common mutations in Japanese.

Interestingly, of these patients with Kp channel mu-
tations, only two had biallelic mutations, whereas the



J Clin Endocrinol Metab, January 2011, 96(1):E141-E145 jcem.endojournals.org E143
TABLE 1. Profiles of the patients with mutations
Mutation
Glucose Insulin Ammonia
Patient (mg/dl) (nU/ml) (pg/dl) Previousl Parental Medical
no. Gender Onset [mmol/liter] [pmol/liter] [pmol/liter] Gene cDNA Protein reponed¥ origin treatment
1 F 9 months 38[2.1] 4.8(33] 83 [49] GLUD1  c.661C>T p.R221C yes ND F,D
2 M 7 months 30(1.7] 3[21] 132 [77] GLUD1  c.797A>G p.Y266C yes ND E.D
3 F 3 months 29[1.6] 4[28] 246 [144] GLUD1  ¢.1336G>A p.G446S Yes ND F,D
4 M 10 months <45 [2.5] 7.7[53] 154 [90] GLUDT  ¢.1229A>G p.N410S No ND F,D
5 M od 10 [0.6] 10 [69] 250(147] GLUDT  ¢.1229A>C p.N410T Yes ND F,D
6° F 2d 31[1.7] 30.2[210] 78 [46] ABCC8  ¢.382G>A c.3748C>T p.E128K p.R1250X Yes, Yes Biparental
7 M 2d 5[0.3] 7.5[52] 131[77] ABCC8  ¢.2506C>T c.4575_4587del13  p.R836X p.M1524Mfs1539X  Yes, No Biparental F, O
8 M od <45(2.5] 11(76] 58[34]  ABCC8 CA4516G>A p.E1506K Yes Mat F, D
9? F 1 month <20[1.1] 42.4[294] NA ABCC8  c.2506C>T p.R836X Yes Pat
10° M 2d 10 [0.56] 23.5[163] NA ABCC8  c.4412-13G>A = Yes Pat
112 F od 33[1.8] 46.6 [324] 79 [46] ABCC8  ¢.3745G>T p.V1249F No Pat
122 F 3 months 20[1.1] 5.16 [36] 78 [46] ABCC8  ¢.2992C>T p.R998X Yes Pat
132 F od 23[1.3) 101(701] 45(24]  ABCC8 c.4608 + 1G>A - No Pat
142 M od 22[1.2] 22.7[158] 75[44]  ABCC8 ¢.2992C>T p.R998X Yes Pat
152 M 5 months 33[1.8] 5.42 [38] NA ABCC8  ¢.2992C>T p-R998X Yes Pat
167 M od 28(1.6] 38.7 [269] 66 [39] ABCC8 ¢.331G>A p.G111R Yes Pat
17 F 2 months 15[0.8] 9.9 [69] 90 [53] ABCC8  ¢.61_62insG p.V21Gfs88X No Pat EO.
18 M od 19.6[1.1] 44 [306] 79 [46] ABCC8  ¢.2506C>T p.R836X Yes Pat F.O
19 F 7 months 35[1.9] 11.2[78] 97[57]  ABCC8 c2506C>T p.R836X Yes Pat F,0
20 M 4 months <45(2.5] 7.5[52] 84 [49] ABCC8  .3928 3929insG p.A1310Gfs1405X No Pat F.O
21 M 2d 38[2.1] 3.4[24] 91[53] ABCC8  ¢.4186G>T p.D1396Y No Pat F
22 F od 9[0.5] 22 [153] NA ABCC8  ¢.2506C>T p.R836X Yes Pat F,O
23 M 2d 0[0] 17.3[120] 317[186] ABCC8 c.4412-13G>A — Yes Pat F,D
242 M od 33[1.8] 21.9[152] 75[44]  KCNJTT c.637G>A p.A213T No Pat

The clinical data are those at the initial presentation. Of the medically treated patients with monoallelic, paternally inherited K1 channel
mutations (patients 17-23), none reported a family history of hypoglycemia. F, Frequent feeding; D, diazoxide; O, continuous sc injection of
octreotide; M, male; F, female; Pat, paternal; Mat, maternal; NA, not available; ND, not determined.

2 Patients who underwent surgery.

other 17 had monoallelic mutations. Furthermore, 16 of
17 of the mutations were of paternal origin. The single
maternally inherited mutation was identical to a mutation
previously reported by Huopio et al. (12) as a mutation
causing hyperinsulinism in infancy and diabetes mellitus
in adulthood. In fact, the mother of the patient developed
diabetes at the age of 13 yr, and the maternal grandmother
developed a mild form of diabetes during adulthood.
Therefore, from the results of the mutational analyses, the
incidence of a paternally inherited monoallelic mutation
suggesting the presence of a focal lesion appears to be
much higher in Japanese (84.2% of K,1p channel hyper-
insulinism cases).

Clinical studies and LCM studies

None of the patients with paternally inherited K,p
channel mutations responded to diazoxide except for pa-
tient 23 who partially responded at the maximal dose of 25
mg/kg - d. Pancreatectomy was performed on 10 patients
who were resistant to medical therapy, one with a biallelic
ABCCS8 mutation (patient 6) and nine with monoallelic
paternally inherited mutations, eight in ABCCS (patients
9-16),and onein KCNJ11 (patient 24). [18F]-DOPAPET
scans were performed in all patients preoperatively. The
patient with the biallelic mutation (patient 6) showed typ-
ical diffuse uptake. Of the nine patients with monoallelic
mutations, four showed a single focal uptake pattern (pa-
tients 9,12, 15, and 16); two (patients 14 and 24) showed
multifocal uptake; and the other three (patients 10, 11,

and 13) showed irregular uptake throughout the pancreas,
which was difficult to distinguish from that o diffuse le-
sions. The six patients with focal or multifocal uptake
underwent partial resection of the pancreas. Histological
examination revealed a single focal lesion in these patients.
Five were almost completely cured, and one showed re-
sidual but milder hypoglycemia. Of the three patients who
demonstrated irregular uptake during the PET study, two
underwent subtotal pancreatectomy because their intra-
operative findings did not rule out the presence of diffuse
lesions. In one of these two patients (patient 13), postop-
erative histology revealed a large focal lesion in the tail and
the body of the pancreas. In the other patient (patient 11),
abnormal islets were found throughout the pancreas.
The presence of normal islets in part of the pancreas
suggested the diagnosis of a giant focal lesion. In the
third patient (patient 10) with irregular [18F]-DOPA
uptake (Fig. 1B), an arterial stimulation venous sam-
pling study suggested the presence of a lesion in the body
or the tail of the pancreas (Fig. 1A). Intraoperatively, no
focal lesion could be identified by inspection or palpa-
tion. Although the margins of the lesion could not be
clearly determined, partial resection was performed at
2.5 c¢cm from the tail. This patient was also clinically
cured after surgery. Postoperative histology revealed
scattered, relatively large islets with a diameter of up to
700 wm clustered within the tail and the body. Each islet
appeared to be separated by normal acinar cells, and no
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FIG. 1. Results of different diagnostic modalities in patient 10. A,
Results of arterial stimulation venous sampling studies. The insulin
concentration of the right hepatic vein was measured after the
injection of calcium into the splenic (filled circles), gastroduodenal
(filled rectangles), and superior mesenteric (filled triangles) arteries. An
insulin response was observed only after stimulation of the splenic
artery. B, A curved planar reconstruction of a [18F]-DOPA PET scan.
The uptake in the head probably reflects an artifact. C, Chromogranin
A staining of the resected pancreas showing the area in which
abnormal islets were most densely distributed. Magnification, x40
(upper panel), X80 (lower panel). D, Mutational analysis of abnormal
islet samples. The upper two panels show the results of two separate
analyses of 30 (upper panel) and 40 (lower panel) islet samples. The
lower two panels show the results of a similar analysis of an adjacent
normal pancreatic area. The paternally inherited A allele (green)
predominates in the abnormal islets, whereas the A and the wild-type
G alleles (black) have similar intensities in the normal area of the
pancreas.

single lesion composed of a solid B-cell cluster was iden-
tified by serial sections of the specimen (Fig. 1C). LCM
was performed twice to collect samples from 30 and 40
of these islet clusters. Mutational analysis of the pooled
DNA collected from these LCM samples revealed the
predominance of the paternally inherited mutant allele
within these scattered large islets compared with the
surrounding normal pancreatic tissue (Fig. 1D).
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Discussion

The most important finding of this study is the higher
incidence of paternally inherited, monoallelic K s p chan-
nel mutations in Japanese patients with congenital hyper-
insulinism (P < 0.005 by the sign test), which suggests that
the majority of Japanese patients have the focal form. Al-
though the number of patients is small, we believe our
results represent the situation of the whole country for
several reasons. First, a national survey in 2008-2009
conducted by the Ministry of Health, Labor, and Welfare
of Japan estimated the incidence of persistent congenital
hyperinsulinism as 1:35,400 births. Our study captured
23% of all cases during that period. Second, the patients
were referred without geographical biases because ours is
the only laboratory currently offering a comprehensive
molecular diagnosis in Japan. Third, a previous report by
Ohkubo et al. (13) also reported a high frequency (seven
of 10) of monoallelic mutations in Japan. In contrast, pa-
tients with hyperinsulinism-hyperammonemia syndrome
were collected somewhat arbitrarily over a longer period;
therefore, the apparent higher incidence might not repre-
sent the actual incidence in Japan.

Conflicting results have been reported for the diabeto-
genesity of p.E1506K in ABCCS8 (12, 14, 15). The asso-
ciation might be a chance observation or might reflect a
difference in the genetic background. If the association
does exist, that might be due to the specific nature of the
mutation, which confers the instability of the B-cells such
as altered membrane potential of the cells.

Molecular diagnosis correctly predicted the histology
in all patients who underwent pancreatectomy. On the
contrary, the ability of [18F]-DOPA PET scans to identify
focal lesions was inferior compared with the results of
previous reports for other populations (16, 17). Histolog-
ically, at least two patients with ambiguous PET results
had large focal lesions. The third patient (patient 10) ap-
peared to have unusually scattered islets for a focal lesion.
However, there remains the possibility that these islets are
actually interconnected and represents a focal lesion with
greater admixture of exocrine tissues. Although the num-
ber of patients was too small to draw a definite conclusion,
larger lesions might be more common in the Japanese.

The reason that the incidence of the focal form of the
disease is higher in Japanese is unclear. One possibility is
that Japanese have a higher incidence of somatic isodis-
omy. If this occurred during the earlier stages of develop-
ment, it would lead to the development of Beckwith-
Wiedemann syndrome. However, the incidence of this
syndrome caused by paternal isodisomy is not particularly
higher in Japanese (18). Alternatively, cells with mutations
common in Japanese might be more prone to develop into
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a focal lesion, by either promoting a second hit of iso-
disomy or conferring a growth advantage after the di-
somic event. Further studies are necessary to address
this question.
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Summary

Objective We aimed to elucidate the accuracy and limitations of
['®F]-fluoro-L-dihydroxyphenylalanine  (['*F]JDOPA) positron
emission tomography (PET) for Japanese patients with congenital
hyperinsulinism. Although ['*F]DOPA PET is reported to be useful
for precisely localizing the focal form of congenital hyperinsulin-
ism, previous reports are mostly from European and North Ameri-
can centres.

Patients Seventeen Japanese infants with congenital hyperinsulin-
ism.

Measurements ['®F]DOPA PET studies were carried out, and the
results were assessed by simple inspection or by a quantitative mea-
surement termed the ‘Pancreas Percentage’, which expresses the
uptake of the head, body or tail of the pancreas as a percentage of
the total maximum standardized uptake value of the whole pan-
creas. The results were compared with those of other studies,
including genetic analysis and histology.

Results By simple inspection, when a single focal uptake was
obtained, the localization and histology were correct in all cases
that underwent pancreatectomy. However, the overall results were
consistent with the molecular diagnosis and histology in only 7/17
and 6/12 patients, respectively. The inaccuracy of PET studies by
inspection was because of elevated background uptake that mim-
icked a diffuse or multifocal appearance. The accuracy improved
substantially using the Pancreas Percentage; it was consistent with
the molecular diagnosis and histology in 10/17 and 9/12 patients,
respectively.

Conclusions In contrast to the results of previous reports,
["®F]DOPA PET appears to be less efficient for diagnosing Japanese
patients with congenital hyperinsulinism. However, the diagnostic
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accuracy is substantially improved when this technique is com-
bined with the Pancreas Percentage.

(Received 17 January 2011; returned for revision 28 January 2011;
finally revised 4 April 2011; accepted 4 April 2011)

Introduction

Congenital hyperinsulinism in infancy is characterized by pro-
longed hyperinsulinism and severe hypoglycaemia. This disorder is
most often associated with inactivating mutations in one of two
genes, ABCC8 and KCNJ11, which encode the two subunits of the
pancreatic ATP-sensitive potassium (K ATp) channel."?

There are two main histopathological forms of Kyrp channel
hyperinsulinism: diffuse and focal."” In the diffuse form, muta-
tions are present in both alleles of the Kxp channel genes; this form
is associated with insulin oversecretion from all B cells in the pan-
creas. In the focal form, a mutation is present in the paternal
allele.*® The subsequent somatic loss of the maternal allele contain-
ing the Kxrp channel genes and the adjacent paternally imprinted
tumour-suppressor genes lead to a growth advantage for insulin-
overproducing P cells, which eventually form a focal lesion in the
pancreas.

As uncontrolled severe hypoglycaemia causes neurological com-
plications, surgical treatment is required if medical treatment is not
effective. The diffuse form is usually treated by subtotal pancreatec-
tomy. Although this surgery is effective for controlling hypoglyca-
emia, many patients develop insulin-dependent diabetes mellitus
postoperatively. In contrast, the focal form can be cured by a partial
pancreatectomy without complications as long as the localization
of the lesion is known pre- or intra-operatively.

In 2003, Otonkoski et al.® reported that positron emission
tomography (PET) using ['®F]-fluoro-i-dihydroxyphenylalanine
(['*F]DOPA) effectively localizes focal lesions. Since then, several
studies have reported the efficacy of ['*FJDOPA PET scanning for
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detecting the localization of focal lesions.>” "' However, previous
studies mainly focus on Caucasian subjects, there are no compre-
hensive ["*F]DOPA PET studies on Asian subjects.

In a previous study on the molecular analysis of Japanese
patients,” we briefly reported the PET appearance of 10 surgically
treated patients. In the present study, we extended the analysis
to include more patients who were treated with or without sur-
gery. We unexpectedly encountered difficulties in diagnosing
Asian subjects, which was in contrast with previous studies with
subjects of other ethnicities. In an attempt to overcome the
ambiguity of the interpretation of PET results, we employed a
quantitative method for the evaluation of pancreatic ['*FJDOPA
uptake.

Subjects and methods

Subjects

The study population included 17 Japanese infants (nine boys and
eight girls; age 2 years and 37 months) with persistent congenital
hyperinsulinism who were referred to Kizawa Memorial Hospital,
Japan, between July 2005 and June 2010. Diagnoses were based on
the following criteria: (i) plasma insulin level >3 pU/ml in the pres-
ence of hypoglycaemia [plasma glucose <45 mg/dl (25 mm)], (ii)
hypoglycaemia lasting beyond 3 months of age and (iii) the
absence of an insulinoma. The demographic features of the patients
are shown in Table 1. Written informed consent was obtained from

their guardians, and the study protocol was approved by the Insti-
tutional Review Board. In this study, we also included patients with
biallelic mutations in the Kyrp channel genes, in whom diffuse
lesions were expected. The guardians were told that the PET study
would only serve to confirm the diffuse nature of the disease and
that part of the study’s purpose was for this population to serve as a
control for future patients.

["®FIDOPA PET analysis

["®F]DOPA PET studies were performed using an ADVANCE NXi
scanner (GE, USA) at Chubu Medical Center for Prolonged Trau-
matic Brain Dysfunction, as described by Ribeiro et al.®

If the patient was on diazoxide or glucagon, these were discon-
tinued for at least 2 days before the study, whereas octreotide treat-
ment was continued. Prior to the study, patients fasted for 6 h and
normoglycaemia was maintained by intravenous glucose infusion.
PET acquisition was performed under light sedation with thiamylal
sodium.

["*F]DOPA was manufactured on the day of the study using CY-
PRIS-HM18 cyclotron (Sumitomo, Japan). After 3 min of trans- [@
["®F]DOPA (5 MBq/kg) was infused
intravenously over 1 min. Five-minute acquisitions of PET scan-

mission  scanning,
ning (in the two-dimensional acquisition mode) were consecu-
tively performed for up to 60 min. The PET scan results were
incorporated with those of a CT scan taken simultaneously to local-
ize the focal lesion more accurately.

Table 1. ['®*F]DOPA PET analysis of 17 patients with congenital hyperinsulinism, and comparison with genetic, ASVS and histology results

Standardized
uptake value Pancreas %

Diagnosis by Age at PET  Diagnosis by Diagnosis by Diagnosis
Patient/sex Origin/gene histology (months)  inspection Head Body Tail Head Body Tail pancreas% by ASVS
Surgery
1/F Bip/ABCC8  Diffuse 4 Diffuse 63 58 46 100 92 73 Diffuse No
2/M Bip/ABCC8 Diffuse 2 Diffuse 51 3-8 40 100 75 78 Diffuse No
3/F Bip/ABCC8  Diffuse 37 Diffuse 9-0 77 67 100 86 74 Diffuse Focal (H)
4/F Pat/ABCC8  Focal (H) 13 Focal (H) 69 36 2:8 100 52 41 Focal (H) Focal (H)
5/F Pat/ABCC8  Focal (H) 7 Focal (H) 57 3-8 30 100 67 53 Focal (H) No
6/M Pat/ABCC8  Focal (H) 2 Focal (H) 45 29 2:8 100 64 62 Focal (H) No
7/M Pat/KCNJ11 Focal (H) 2 Irregular (H,B) 3-8 2:5 2:5 100 66 66 Focal (H) No
8/M Pat/ABCC8  Focal (B) 2 Irregular (H, B) 44 71 24 62 100 34 Focal (B) Focal (B)
9/M Pat/ABCC8  Focal (H) 8 Not detected 18 21 16 86 100 73  Not detected Focal (H)
10/F Pat/ABCC8  Large focal (B, T) 5 Irregular (H,B) 24 3:7 1-8 65 100 49 Focal (B) No
11/M Pat/ABCC8  Large focal (B, T) 17 Irregular 68 53 50 100 78 74  Diffuse Focal (B, T)
12/F Pat/ABCC8  Large focal (H, B, T) 4 [rregular 40 41 41 98 100 100 Diffuse No
No surgery
13/M Pat/ABCC8 = (complete remission) 9 Focal (T) 2-4 29 50 48 58 100 Focal (T) Normal
14/M Pat/ABCC8  (partial remission) 5 Irregular 5-1 47 7-:0 73 67 100 Diffuse (H, T) No
15/M Pat/ABCC8  (partial remission) 23 Irregular 4-5 37 34 100 82 76  Diffuse No
16/F Pat/ABCC8 16 Irregular 3-8 38 29 100 100 76  Diffuse Diffuse
17/F Pat/ABCC8 26 Diffuse 60 54 63 95 86 100 Diffuse No

M, male; F, female; Bip, biparental mutation; Pat, paternal mutation; Diffuse, diffuse lesion/uptake; Focal, focal lesion/uptake; Irregular, irregular uptake; H,
head of the pancreas; B, body of the pancreas; T, tail of the pancreas; complete remission, without any treatment; partial remission, frequent feeding alone;
ASVS, arterial stimulation venous sampling analysis; ['**F]DOPA PET, ['®F]-fluoro-L-dihydroxyphenylalanine positron emission tomography.
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