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| Introduction

A Guideline target population

1 Patients < 18 yr with congenital
hyperinsulinism (congenital hyperinsulinemic
hypoglycemia)

a Includes both syndromic and nonsyndromic
form (Table 1)

2 Patients not covered by this guideline

a Patients with insulinomas

b Patients with drug-induced hyperinsulinemic
hypoglycemia

¢ Patients diagnosed with hypoglycemia other
than congenital hyperinsulinism

d Patients with adult-onset hyperinsulinemic
hypoglycemia

e Patients with hyperinsulinemia associated
with insulin resistance

B Objectives

To improve the following outcomes:
1 Neurological sequelae (developmental delay,
epilepsy)
2 Development of postsurgical diabetes mellitus
e These guidelines aim to present general
principles. Each patient, therefore, may be
treated on a case-by-case basis, according to
the conditions specific to the patient.

C Intended users

1 General pediatricians and neonatologists
2 Pediatric endocrinologists
3 Pediatric surgeons

D Outline of the disorder
[ J

Congenital hyperinsulinism (CHI) is a group
of disorders causing persistent hypoglycemia,
due to congenital over-secretion of insulin,
and does not include acquired conditions, such
as insulinoma, iatrogenic hyperinsulinemia,
or dumping syndrome. It is the most
common cause of persistent hypoglycemia
in neonates and infants, and was previously
referred to as “nesidioblastosis” or “persistent
hyperinsulinemic hypoglycemia in infancy
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(PHHI)”. However, these terms are not
appropriate as “nesidioblastosis” is a
histopathological condition that can be
observed in normal newborns and patients
with CHI can develop hypoglycemia beyond
infancy (1, 2).

There are two forms of CHI: a transient form,
which develops soon after birth and generally
resolves by 3—4 mo of age, and a persistent
form, with a more protracted duration. In
some cases, the symptoms of persistent CHI
may manifest after infancy. According to the
2009-2010 National Survey in Japan, the
incidence of transient CHI is estimated at 1
in 17,000 births and that of persistent CHI
at 1 1n 35,400 births (3).

Hypoglycemia may manifest loss of
consciousness or convulsions and, most
importantly, recurrent or persistent
hypoglycemia may result in severe
neurological sequelae, such as epilepsy or
developmental delay. Optimal control of blood
glucose, therefore, is of crucial importance (4,
5).

Medical treatment for CHI includes nutritional
support by hypertonic glucose infusion,
continuous feeding through gastrostomy or
nasogastric tube, or the use of cornstarch
or formula for glycogen storage diseases.
Furthermore, oral administration of diazoxide,
a pancreatic B cells Kypp channel opener, has
been approved for the treatment of CHI. For
patients with diazoxide unresponsive CHI,
the following therapies have been attempted:
off-label use of octreotide, as multiple daily
Injections or continuous infusion; glucagon, as
a continuous infusion; intravenous injection
of glucocorticoids; or oral administration of
nifedipine (6-16).

When euglycemia cannot be maintained by
medical treatment, pancreatectomy has been
performed to avoid neurological sequelae.
However, the majority of patients who
underwent subtotal pancreatectomy developed
postsurgical insulin-dependent diabetes
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Table 1. Known causes of pediatric hyperinsulinemic hypoglycemia (including acquired causes) (6—16).

Congenital or

acquired Type Causes Inheritance
Congenital ~ Persistent Krp channel mutation AR, AD, .
(CHI) (non-syndromic) SUR1 (ABCCS) Paternally-inherited
Kir6.2 (KCNJ11) monoallelic mutation +
loss of maternal allele
(focal form)
Glutamate dehydrogenase (GLUDI) mutation AD
HNF4A mutation AD
Glucokinase (GCK) mutation AD
HADH (hydroxyacyl-CoA dehydrogenase) AR
UCP2 mutation AD
Insulin receptor mutation AD
Exercise induced (SLC16A1 mutation) AD
6q24-TNDM (post remission)
Persistent or Beckwith-Wiedemann syndrome
transient Congenital disorder of glycosylation 1a, 1b, 1t
(Syndromic) Sotos Syndrome
Mosaic Turner syndrome
Kabuki syndrome
Transient Infant of diabetic mother
Small-for-gestational age (SGA)
Stress-induced hyperinsulinemia
Maternal use of Ritodrine
HNF4A mutation
HNFIA mutation
Acquired Insulin overdose
Insulinoma

Insulin autoimmune syndrome (Hirata disease)
Noninsulinoma hypoglycemia syndrome (NIPHS)
Post-gastric bypass

Post-fundoplication for gastro-esophageal reflux

AD, autosomal dominant; AR, autosomal recessive.

mellitus. This is consistent with the study
showing that, after 11 yr of operation, diabetes
mellitus developed in 96% of 45 patients
who underwent > 95% pancreatectomy (17).
A further study reported that, after 14 yr,
glucose intolerance and insulin-dependent
diabetes mellitus developed in 100% and
91% of 58 patients who underwent subtotal
pancreatectomy for the diffuse form of CHI,
respectively (18). In individuals with a
paternally-inherited monoallelic mutation
in one of the Kapp channel genes, the focal

form of CHI can develop as a consequence of
the somatic loss of the maternal allele in a
developing pancreatic B cell. The focal form of
CHI can be diagnosed by mutational analysis
and an '8F-DOPA PET scan (19-24). When a
focal lesion is successfully resected by partial
pancreatectomy, the patient can be cured
without postsurgical sequelae. However, the
resection should be performed with caution,
particularly when the focal lesion is located
in the head of the pancreas, as these lesions
are in close proximity to the common bile
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duct and the main pancreatic duct. Resection
of the head of the pancreas and distal
pancreatojejunostomy using a Roux-en-Y loop
have been proposed as treatment for lesions
in the head of the pancreas that cannot be
enucleated (25). Mechanisms other than the
paternally-inherited monoallelic mutation
of the K,ypp channel genes cause a diffuse
form of CHI. However, atypical cases with
scattered patchy clusters of abnormal B cells
have been reported (atypical CHI) (26-28).
Furthermore, reports have described a case
of Costello syndrome, with a mutation in the
HRAS gene, presenting with a typical focal
lesion indistinguishable from that caused by
Karp channel mutations (29, 30).

Even in patients with persistent CHI, the
severity of hypoglycemia tends to improve
over time and patients often achieve
spontaneous remission without the need for
medical treatment (31). Diabetes mellitus can
develop after medical treatment (32), although
the incidence is much lower compared with
that observed in patients following subtotal
pancreatectomy (5).

Il Etiology * Pathophysiology * Diagnosis

A Etiology ¢« Pathophysiology (Table 1)

1 Pathophysiology
CHIis a group of disorders that causes persistent
hypoglycemia due to congenital over-secretion
of insulin. The transient form of CHI develops
soon after birth and generally resolves by 3-4
months of age, while the persistent form has
alonger duration. The symptoms of persistent
CHI may manifest after infancy.

2 Etiology

Transient CHI often develops in infants of

diabetic mothers, neonates classified as

small for gestational age (SGA), or neonates

with cardiorespiratory problems. Excluding

mutations in HNF4A or HNF'1A, or syndromic

hypoglycemia, the causes of transient CHI are

largely non-genetic. Conversely, it has also
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been postulated that the causes of persistent
CHI are largely genetic. A number of different
causative gene mutations have recently been
identified, although there remain a number
of patients whose genetic backgrounds are
not known (6-16).

Diagnosis is based on the finding of
Inappropriate relative hyperinsulinemia in
the context of hypoglycemia. However, the
insulin cutoff values for the different levels
of hypoglycemia are not clear, and at times, it
may be challenging to demonstrate elevated
insulin levels of the hypoglycemic critical
samples.

Clinical question (CQ) pertaining to di-
agnosis. (Fig. 1)

CQ1: Tests and clinical findings for the
diagnosis of hyperinsulinemic hypoglycemia ?

e Recommendation

* Obtain hypoglycemic critical samples “before”
treatment in order to perform the tests
shown in Table 2. [Recommendation level 1,
Evidence level A]

* When hypoglycemic critical samples are not
obtained, the controlled fasting test is useful
to induce a hypoglycemic state and obtain
critical samples. The fasting test can also be
used to assess the patient’s glycemic response
to glucagon. Before performing the fasting
test, fatty acid oxidation disorders or defects
in carnitine metabolism should be excluded
by screening for serum acylcarnitine profiles.
[Recommendation level 2, Evidence level A]

* Diagnostic criteria for hyperinsulinemic
hypoglycemia based on the critical samples
obtained at hypoglycemia (blood glucose <
50 mg/dL).

(1) Definite

Fulfills > 2 of the criteria in Table 3, or
Fulfills one of the criteria + either
identification of the presence of the causes
of acquired hyperinsulinemic hypoglycemia
in Table 1, or identification of a mutation in
one of the known causative genes.
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YES —»

NO =----

Paternal mutation in Katp channel?
CQ6: Need of surgery?

Focal on 18F-DOPA PET?

Focal lesion in body or tail?

\ 4

Partial resction possible?
CQ8: Optimal procedure
for head lesion?

A 4

Partial pancreatectomy

CQQ:Intraoperative localization?
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in neontates/infants

C Persistent hypoglycemia )

Congenital hyperinsulinism ?
CQ1,2 How to diagnose
CHI?

Treatment of
other disorders

Responsive to diazoxide?
CQ3:Target glucose?
CQ4 :First line treatment?

SC octreotide
CQ5:Second line
treatment?

Continue medical treatment?
CQ6:Conditions to pursue
pancreatectomy?

., ,. 70-90% pancreatectomy?
CQ7: Optimal
procedure for diffuse lesion?

Stable with postsurgical
medical treatment?

Continue medical treatment?
CQ6:Conditions to pursue
pancreatectomy?

N

A 4 A 4

Continued medical treatment;
CQ3:Target glucose range?
CQ5:Optimal second line
treatment?

> 95% pancreatectomy

CURE
€Q10: Conditions
\to stop treatment?,

Fig. 1. Flow chart for the management of congenital hyperinsulinism.
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Table 2. Laboratory tests for hypoglycemic critical samples
Source Tests
Blood CBC, CRP, Blood chemistry, Electrolytes
Blood glucose® **
Insulin* « C-peptide
Blood gas analysis*
Free fatty acids
Ammonia*
Ketone bodies (B-hydroxybutyrate)*
Lactate * pyruvate
ACTH - cortisol
FT4 - TSH
GH - IGF-1
Serum acylcarnitine profile (tandem mass spectrometry)
Serum stored frozen*
Urine Urinalysis*
Urine organic acids (gas chromatography-mass spectrometry)
Urine stored frozen*
* Mandatory. ** Blood glucose is better measured by using a tube with fluoride
than by a point-of-care glucometer.
Table 3. Diagnostic criteria of hyperinsulinemic hypoglycemia (at blood glucose < 50
mg/dL)
1. Blood insulin >1pU/mL
2. Glycemic response by 0.5—-1 mg glucagon (IM, IV)* > 30 mg/dL (15—45 min)
3. Glucose infusion rate to maintain euglycemia (mg/kg/min) > 7 (before 6 mo)
3—7 (after 6 mo)
> 3 (adult)
[Supportive findings]
Blood B-hydroxybutyrate (BHB)** < 2 mmol/L (2000 pmol/L)
Blood free fatty acids (FFA, NEFA)** < 1.5 mmol/L (1.5 mEq/L)
* Glucagon may be given intravenously at 0.03 mg/kg. ** When B-hydroxybutyrate (BHB) is
low and free fatty acids (FFA) are high, disorders of fatty acid oxidation or defects in carnitine
metabolism should be excluded. Within 48 h of birth, BHB and FFA are difficult to assess
because of the physiological hyperinsulinemic state. In some cases, hyperinsulinemia may
not be the only cause of hypoglycemia and other co-morbidities should be considered.
) Possible hyperinsulinism, endocrine abnormalities, or inborn

Fulfills one of the criteria in Table 3.
[Recommendation level 1, Evidence level B]
NOTES
While the majority of cases of persistent hypoglycemia
in adults are caused by iatrogenic insulin overdose,
insulinoma, or dumping syndrome, there are a range
of causes in pediatric patients, including congenital

errors of metabolism. Some of these conditions can
only be identified by abnormal results of tests taken
during hypoglycemia. Therefore, it is important to
obtain hypoglycemic critical samples before treatment
while the patient is still in the hypoglycemic state (<
50 mg/dL).

* When hypoglycemic critical samples are not available,

the controlled fasting test is a useful alternative to
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induce hypoglycemia (33); however the test should
be performed in an experienced center under strict
monitoring. In patients with disorders of fatty acid
oxidation or with defects in carnitine metabolism, the
fasting test could induce fatal arrhythmia. Therefore,
before the test, a serum acylcarnitine profile by tandem
mass spectrometry should be obtained, as this can
identify most of these disorders, even in the non-fasting
state.

In neonates, there is a physiological decline of fasting
blood glucose within the first 1-2 h, followed by a gradual
increase and stabilization at approximately 80 mg/dL
by 72 h after birth (34). After 48 h, the threshold for
the counter-regulatory reaction against hypoglycemia
is the same as that of adults. However, children tend
to develop hypoglycemia with blood glucose < 70 mg/
dL due to limited glycogen reserves or the source
for gluconeogenesis (33). After 72 h, the response of
glucose stimulated insulin secretion is also the same
as that of older children (33). Physiological transient
hypoglycemia after birth is likely to be caused by relative
hyperinsulinemia at this stage in life (35), and the decline
could be significant in low birth weight neonates or in
preterm neonates, causing transient CHI hypoglycemia.
By definition, hyperinsulinemic hypoglycemia is
hypoglycemia resulting from an over-secretion of
insulin. The definition of hypoglycemia, therefore,
is a starting point to diagnose hyperinsulinemic
hypoglycemia. Considering the physiological fluctuation
of blood glucose after birth, hypoglycemia can be defined
as blood glucose < 60 mg/dL beyond 48 h after birth
(33) or blood glucose < 50 mg/dL for up to 48 h after
birth. However, normal blood glucose is affected by a
number of factors, including birth weight or gestational
age. Therefore, the diagnosis of hypoglycemia could be
extended until after 48 h of birth.

The definition of “over-secretion” of insulin during
hypoglycemia is controversial. Some reports have stated
that any detectable level of insulin during hypoglycemia
is abnormal (6) while others set a higher threshold
for insulin levels during hypoglycemia (11, 36). While
measurable insulin levels during hypoglycemia are
generally indicative of hyperinsulinemic hypoglycemia,
in some cases, patients presenting with measurable
insulin levels during hypoglycemia were diagnosed
with other hypoglycemic disorders (11). Insulin levels
> 3 pU/mL during hypoglycemia were associated
with a sensitivity of 93% and specificity of 95% for the
diagnosis of insulinoma (37). Other proposed indices for
the diagnosis of insulinoma include insulin (pmol/L) /
(blood glucose (mmol/L)-1.7) > 53.6, with a sensitivity
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and specificity of 98%; C-peptide (nmol/L) / (blood
glucose (mmol/L)-1.7) > 0.61, with a sensitivity of 95%
and a specificity of 94%; or insulin / B-hydroxybutyrate
< 2.7 mmol/L, with a sensitivity and a specificity of
100% (38). In cases of congenital hyperinsulinism, it has
been suggested that C-peptide > 0.5 ng/mL is a better
index than insulin (39). However, this guideline uses
insulin as a diagnostic test, as C-peptide or proinsulin
are not routinely measured in hypoglycemia in many
emergency care centers.

Similarly, different cut-off values for ketone bodies
and free fatty acids (FFA) in hypoglycemia have been
proposed, including B-hydroxybutyrate (BHB) < 1.5
mmol/LL and FFA < 1-1.5 mmol/L (33); BHB < 0.5
mmol/L and FFA <0.5 mmol/L (36); BHB < 1.8 mmol/L,
and FFA < 1.7 mmol/L (39); or BHB < 2.0 mmol/L and
FFA < 1.5 mmol/L (40). In cases of adult insulinoma,
it was found that BHB < 2.7 mmol/LL with a blood
glucose < 60 mg/dL has a sensitivity and a specificity
of 100% (37). Van Veen et al. (41) reported BHB levels
of 0.91-3.31 mmol/LL (mean 2.23) and FFA levels of
1.03-3.24 mmol/LL (mean 2.15) in normal infants < 2 yr
of age after 20 h of fasting. We therefore set the criteria
of BHB and FFA accordingly.

Conversely, undetectable insulin at hypoglycemia
does not necessarily exclude a diagnosis of CHI (36,
42). Secretion of insulin could be episodic and insulin
has a short half-life (2%/min) in the blood. Compared
with insulin, C-peptide has a longer half-life and is
more suitable for diagnosis although it is not measured
routinely in the emergency setting. Glycemic response
by the glucagon test is another useful index. Glycemic
response > 30 mg/dL during hypoglycemia by the
glucagon test strongly suggests the diagnosis of CHI
(6, 33, 36, 43).

The glucose infusion rate (GIR) to maintain euglycemia
matches the rate of gluconeogenesis at the age of the
patient. GIR is 4-6 mg/kg/min in neonates, and 1-2
mg/kg/min in adults. The values applicable to children
are in between these values. Patients with CHI could
develop symptoms after infancy; therefore, GIR cutoffs
of 8-10 mg/kg/min for neonates cannot be applied to
older children (6, 11). We therefore set age specific
cutoffs for GIR.

Laboratory test standardization between centers
is insufficient; therefore, it is important to make a
diagnosis of hyperinsulinemic hypoglycemia taking
the clinical findings into account and not to stick to
the cutoffs too rigorously.
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2 CQ 2: How congenital hyperinsulinism is
diagnosed in patients with hyperinsulinemic
hypoglycemia ?

e Recommendation

* When the diagnosis of hyperinsulinemic
hypoglycemia is made, acquired
hyperinsulinemia should be excluded by
the followings: [Recommendation level 1,
Evidence level A]

- History of gastric bypass, fundoplication
for gastroesophageal reflux, use of insulin
or oral hypoglycemia agents for diabetes
mellitus.

- Blood insulin/C-peptide ratio, anti-insulin
antibody, imaging studies of the pancreas
(contrast enhanced CT, contrast enhanced
MRI, endoscopic ultrasound)

e NOTES
* To diagnose congenital hyperinsulinism, it is important
to exclude acquired causes of hyperinsulinemic
hypoglycemia (Table 1). These include insulin overdose
for diabetes, insulinoma, insulin autoimmune syndrome
(Hirata disease), noninsulinoma pancreatogenous
hypoglycemia syndrome (NIPHS), post-gastric bypass,
post-fundoplication for gastroesophageal reflux, or
dumping syndrome with postprandial hypoglycemia
(10).

+ Therefore, in addition to meticulous history taking, the
following tests and investigations are useful: exogenous
insulin, measured by the inconsistent insulin/C-peptide
ratio; imaging studies of the pancreas, including CT,
MRI, and endoscopic ultrasound; or anti-insulin
antibody tests.

Il Treatment Goals ¢ First Line Treatment
(Fig. 1)

A CQs pertaining to treatment goals and
the first line treatment.

1 CQ 3: What is the target blood glucose for
congenital hyperinsulinism ?
e Recommendation
* Treatment goals should be set at blood glucose
> 70 mg/dL for CHI. [Recommendation level
1, Evidence level B]
* The threshold of blood glucose to circumvent
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neurological sequelae cannot be set because
it is patient specific. [Recommendation level
1, Evidence level A]

e NOTES

2

* In hyperinsulinemic hypoglycemia, glycogenolysis

and gluconeogenesis are suppressed and patients
tend to develop profound hypoglycemia, compared
with hypoglycemia from other causes. Therefore, blood
glucose should be maintained above 70 mg/dL, which
corresponds to the level at which physiological secretion
of counter-regulatory hormones normally starts (33,
44, 45).

* There is no evidence-based blood glucose threshold for

the prevention of hypoglycemic neurological sequelae
(33). In addition to blood glucose levels, a number of
factors affect neurological outcome in hypoglycemia,
including patient age; presence or absence of convulsions
or loss of consciousness; and co-morbidities, such as
infection, fever, hypoxemia, or ischemia (46). Repeated
exposure to mild hypoglycemia, slightly below 45 mg/
dL, could cause significant developmental delay (47).
On the contrary, in normal term-late preterm neonates,
maintaining blood glucose above 47 mg/dL. was not
associated with neurological sequelae at 2 yr of age (48).
The recommended blood glucose target of > 70 mg/dL
has a “margin of safety” such that inability to achieve
the target level does not necessarily cause neurological
sequelae.
CQ4: What is the recommended first line
treatment?
Recommendation
* Maintain blood glucose above the target
range by continuous glucose infusion.
[Recommendation level 1, Evidence level A]
* When blood glucose is successfully
maintained by continuous glucose infusion,
nutritional support by frequent feeding,
continuous feeding, cornstarch (after 9 mo),
or formula for glycogen storage diseases
should be attempted. [Recommendation level
1, Evidence level A]
When blood glucose is not maintained by
continuous glucose infusion, or when it is
difficult to withdraw glucose infusion for an
extended period, a 5 d trial of oral diazoxide,
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in 2—-3 divided doses, at 515 mg/kg/d should
be attempted, unless contraindicated by
cardiac failure or pulmonary hypertension.
[Recommendation level 1, Evidence level A]
When diazoxide is effective in stabilizing
blood glucose levels, intravenous glucose
infusion should be withdrawn and transfer
to nutritional support (frequent feeding,
continuous feeding, or cornstarch formula
for glycogen storage diseases) should be
attempted. [Recommendation level 1,
Evidence level A]

While on diazoxide, the patient should be on
a glucose self-monitoring regimen to detect
episodes of hypoglycemia. Furthermore, CBC,
blood chemistry, and physical examination
should be performed to detect frequent
adverse events, such as hypertrichosis,
tachycardia, or edema. [Recommendation
level 1, Evidence level B]

When euglycemia is not achieved by
the first line treatment and continuous
glucose infusion cannot be withdrawn, the
second line treatment should be initiated.
[Recommendation level 1, Evidence level A]

e NOTES

The brain can use glucose, ketone bodies, and lactate
for ATP sources but not fatty acids. Under normal
conditions, the main source of ATP is glucose (49).
Therefore, the aim should be to achieve blood glucose
levels > 70 mg/dL by continuous glucose infusion. Blood
glucose < 45 mg/dL should be avoided, even temporarily
(47, 48).

Generally, a central venous catheter is required when
continuous glucose infusion above 7 mg/kg/min is
necessary.

Continuous glucose infusion may result in hypoglycemia
caused by an incidental infusion problem. Furthermore,
administration through a central venous catheter,
poses additional risks of septicemia or thrombosis and it
would be more difficult to care for the patients at home.
Therefore, after stabilization of glycemic control, early
transition to enteral nutritional treatment, including
frequent feeding, use of cornstarch or formula for
glycogen storage diseases, continuous feeding through
nasogastric tube or gastrostomy is required (9, 50).
In patients with glycogen storage disease type 1,
cornstarch is reported to be more effective in preventing
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nocturnal hypoglycemia than continuous feeding (51).
The efficacy of cornstarch for severely affected CHI is
limited, but is used frequently for patients with CHI
after 9—12 mo of age (50, 52—55). Similarly, the formula
for glycogen storage diseases, especially the night-time
formula mostly composed of carbohydrates (GSD-N),
(50, 52—-55) is often used for younger infants with CHI.
The use of cornstarch and formula for glycogen storage
diseases is described in detail in reference (56).
Diazoxide is a Kyrp channel opener and is effective
against the causes of CHI, except for those mutations
in the Kapp channel genes, glucokinase gene, and
SLC16A1 gene. Unfortunately, the majority of cases of
neonatal onset persistent CHI are caused by mutations
in the Kyrp channel genes; therefore, diazoxide is
often ineffective in these patients (6—16). Even when
good glycemic response is achieved, the effect could
be transient, reverting to pretreatment levels within
a few days. Since the half-life of diazoxide is 9.5-24
h in pediatric patients (52), the efficacy of diazoxide
should be assessed after at least 5 d from initiation.
Patients with no response to doses of 15 mg/kg/d are
considered unresponsive to diazoxide (6, 9-12, 31, 50,
52). Major side effects of diazoxide are hypertrichosis
and water retention with long-term use. Other reported
side effects include neutropenia (57), pulmonary
hypertension (57, 58), or paradoxical hypoglycemia
(59). The most serious side effects are tachycardia,
cardiac failure, or reopening of patent ductus arteriosus
caused by water retention (57, 58, 60). Therefore, care
should be taken when administering diazoxide to low
birth weight infants, and it is desirable to prescribe
diazoxide along with diuretics. As diuretics, thiazides
are preferred over loop diuretics (9).

IV Second Line Treatment

A CQs pertaining to second line treatment

(Fig. 1)

1 CQ 5: What are the optimal second line

treatments for diazoxide unresponsive CHI?

e Recommendation

In patients unresponsive to diazoxide,
subcutaneous octreotide, intravenous
glucagon, or oral calcium antagonist should
be sequentially attempted as second line
therapies. [Recommendation level 1, Evidence
level A]

Glucocorticoid is not recommended as a
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Nutritional therapy IV glucose infusion

Cornstarch, formula for glycogen storage diseases

Frequent feeding, continuous feeding through nasogastric tube or gastrostomy
Medication Octreotide

5-25 ng/kg/day, SC in 3—4 divided doses or by continuous SC infusion.

Glucagon

1-20 pg/kg/h, continuous IV.

Nifedipine

Oral administration of 0.25-2.5 mg/kg/day, divided into 3 doses.

(Hydrocortisone)

(2.5 mg/kg/dose, IV 2—3 times a day)

* SC, subcutaneous; IV, intravenous. * Start from the lowest dosage and titrate according to the response.
* Hydrocortisone is no longer recommended.

second line therapy. [Recommendation level
2, Evidence level B]

In patients unresponsive to diazoxide,
etiological diagnosis should be performed.
[Recommendation level 1, Evidence level A]
In patients unresponsive to diazoxide,
mutational analysis of the K rp channel genes
(ABCCS8, KCNJ11) should be performed.
[Recommendation level 1, Evidence level B]
In patients unresponsive to diazoxide, a
I8F.DOPA PET scan should be performed.
[Recommendation level 1, Evidence level A]

e NOTES

When the patient is unresponsive to diazoxide, and
blood glucose cannot be stabilized by the first line
treatment, second line treatment should be initiated
promptly to establish stable blood glucose control and
avoid long-term hospitalization.

When the patient is responsive to diazoxide, the
treatment should be continued and supplemented by
nutritional therapy, if required. If the patient responds
well to nutritional therapy, diazoxide can be gradually
decreased and eventually withdrawn (CQ10).

In patients with diazoxide unresponsive CHI whose
blood glucose cannot be stabilized by the first line
treatment, second line treatments should be initiated
without delay (Table 4). While stabilizing blood glucose
levels, mutational analysis and '8F-DOPA PET scans
should be performed to explore the possibility of cure
by partial pancreatectomy. Currently, none of the
medication for the second line therapy is approved in
Japan for this indication.

« I8F.DOPA PET scans are available only at limited

centers at the time of writing these guidelines.
Octreotide is a long acting somatostatin analog acting
through somatostatin receptors 2 and 5 to suppress
secretion of insulin from the B cells. Octreotide is the
most commonly used second line treatment. Its efficacy
for congenital hyperinsulinism has been reported since
the 1990s (31, 61, 62). Yorifuji et al. reported that
continuous infusion of octreotide was effective in all
patients (n = 13) with biallelic or paternally-inherited
monoallelic mutation in the Kpp channel genes (63).
Similarly, Demirbilek et al. (64) reported the efficacy of
octreotide in 28 patients with diazoxide unresponsive
CHLI. In their series, octreotide was effective in 42.8%
of the patients and, in 12 patients with long term
treatment, liver dysfunction, cholelithiasis, and
cholecystitis were the major adverse events.

The half-life of octreotide is 100—105 min; therefore,
multiple daily subcutaneous injections or continuous
subcutaneous infusion is necessary to control
hypoglycemia. Because of the relatively short half-life,
titration of octreotide is possible within a short period
of time.

Common side effects of octreotide include gastrointestinal
symptoms, such as whitish-colored stools, abdominal
discomfort, formation of gall stone or biliary sludge, and
hypotension (12%, most common adverse effect) (31,
64, 65). Furthermore, rare but more severe side effects
include liver dysfunction (66—68), thrombocytopenia,
hyperkalemia, leukocytosis, elongation of the QT
interval on ECG (69), necrotizing enterocolitis (70),
and growth deceleration after prolonged use (63). The
most important of these adverse effects is necrotizing
enterocolitis, which can be fatal (65). To date, most cases
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of necrotizing enterocolitis were reported in patients
receiving octreotide up to 30 d following birth, although
a case involving a child has also been reported (71).
Therefore, the use of octreotide in neonates should be
approached with particular care (9) and physicians
should be alerted by abdominal symptoms, even beyond
infancy. Other problems include attenuating efficacy
after extended period of administration (tachyphylaxis)
or paradoxical hypoglycemia (72). Physicians should be
aware of these side effects and look for signs of the side
effects at each visit.

Glucagon is counter-regulatory to the effect of insulin
and causes elevation of blood glucose by promoting
hepatic glycogenolysis and gluconeogenesis.
Intramuscular or subcutaneous injection of 0.5—1 mg
is commonly used for the treatment of hyperinsulinemic
hypoglycemia. In addition, continuous IV infusion of
glucagon is often used for the glycemic control of CHI,
alone or along with octreotide (31). There are reports
of successful glycemic control of CHI by continuous
subcutaneous infusion of glucagon (73, 74). However,
currently available preparations of glucagon tend to
precipitate in the infusion tube making long term
treatment impractical (9).

Nifedipine is a calcium antagonist, which is thought to
act by blocking the influx of calcium into the pancreatic
B cells (31). The efficacy is usually limited but successful
glycemic control for residual hypoglycemia after
pancreatectomy has been reported (75-77).
Approximately 90% of patients with diazoxide
unresponsive CHI have mutations in the Krp channel
genes, ABCCS8 or KCNJ11) (78, 79). Patients with
paternally-inherited monoallelic mutations in the
Karp channel genes may have a focal lesion, potentially
amenable to cure by partial pancreatectomy without
postsurgical sequelae. Therefore, it is important to
identify focal lesions in patients who still require
glucose infusion or whose blood glucose cannot be
stabilized after the initiation of second line treatment
(6-16, 80). Some patients with a paternally-inherited
monoallelic mutation are known to have a diffuse
lesion, but the possibility of a focal lesion is at least
50% (9). Furthermore, 84.2% of Japanese patients
with K,pp channel mutations were reported to have
a paternally-inherited monoallelic mutation (81).
Unlike tumors, focal lesions do not have a mass effect
to compress surrounding structures. Therefore, they
are rarely identified by conventional imaging studies
including CT, MRI, or angiography. 18-Fluoro-
dihydroxy phenylalanine (*F-DOPA) is known to be
selectively incorporated into the pancreatic B cells.
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The 18F-DOPA PET scan has been demonstrated to be
superior to arterial stimulation venous sampling (ASVS)
or transhepatic selective venous sampling in identifying
focal lesions, and is currently the first choice for the
localization of focal lesions (19, 22, 82—88). Although
highly accurate and specific, a weakness of 'F-DOPA
PET scans is the identification of a focal lesion in
the head of the pancreas, where artifact uptakes are
commonly observed. Furthermore, '¥F-DOPA PET scans
cannot easily identify a large focal lesion (89) or a small
lesion without strong uptakes (90).

2 CQ 6-1: When pancreatectomy should be

considered for a focal lesion?

e Recommendation
* Partial pancreatectomy should be performed

when a focal lesion in the body-tail of the
pancreas is identified by 'F-DOPA-PET
scan and blood glucose cannot be stabilized
by nutritional support and diazoxide.
[Recommendation level 1, Evidence level A]

* Partial pancreatectomy should be considered

when a focal lesion in the head of the pancreas
isidentified by '®F-DOPA-PET scan and blood
glucose cannot be stabilized by nutritional
support and diazoxide. [Recommendation
level 1, Evidence level A]

e NOTES

+ Patients with a focal lesion can be cured by partial

pancreatectomy without development of postsurgical
diabetes mellitus (6—16). In patients with inadequate
glycemic control by medical treatment, the possibility
of surgical treatment should be considered by weighing
the risks of postsurgical complication against the risks
of hypoglycemic neurological sequelae and the burden
of continued medical treatment itself.

The pooled accuracy of 3F-DOPA PET scans by meta-
analysis has been reported as 82% (22). Furthermore,
according to a standardized protocol for 'SF-DOPA PET/
CT published in 2005, a focal lesion could be accurately
localized (sensitivity 94%, specificity 100%) (84). It is
hypothesized that the specificity of '8F-DOPA PET scan
is very high for a focal lesion in the body and the tail,
where artifact uptake usually does not pose difficulties.
For a focal lesion in the body and the tail, the risk of
damage to the main pancreatic duct or the bile duct is
low. Even when the focal lesion cannot be identified
intraoperatively, the patient can be cured by resection of
the pancreas distal to the area identified by *F-DOPA
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PET scan.

On the contrary, for a focal lesion in the head of the
pancreas, enucleation could be difficult because of the
risks of damaging the main pancreatic duct or the bile
duct during surgery. Particularly in neonates, damage
to the main pancreatic duct can only be known when
it is damaged (91), and leak of pancreatic juice cannot
be prevented intraoperatively. For these patients,
resection of the head of the pancreas and distal
pancreatojejunostomy using the Roux-en-Y loop is
recommended (25). Since the surgical stress associated
with this operation is considerable, a therapeutic
strategy should be planned, carefully weighing the
risks of the surgery against the risks of continued
medical treatment until spontaneous remission (92) by
a multidisciplinary team including pediatric surgeons.
There have been reports of laparoscopic pancreatectomy
for CHI (93-96). Although the evidence is limited,
laparoscopic pancreatectomy can be considered in
experienced centers.

CQ6-2: When should pancreatectomy be
considered for the diffuse form of CHI?
Recommendation

Consider pancreatectomy for a diffuse
lesion diagnosed by mutational analysis
or by 18F-DOPA-PET scan that is resistant
to medical treatment, including second
line treatments. [Recommendation level 1,
Evidence level B]

Itis desirable to avoid > 95% pancreatectomy.
[Recommendation level 2, Evidence level B]

NOTES

Definitions of the extent of partial pancreatectomy is
shown in the NOTE in CQ7.

Even after > 95% pancreatectomy, residual
hypoglycemia is commonly observed. The incidence
of postsurgical insulin dependent diabetes mellitus
is also high and euglycemia is achieved in only the
minority of the patients (17, 18, 91). In a report by
Beltrand et al. (18), out of 105 patients who underwent
subtotal pancreatectomy, hypoglycemia remained
in 59%, hyperglycemia immediately after surgery
in 53%, hyperglycemia after 13 years in 100%, and
insulin dependent diabetes mellitus after 14 yr in
91%. Similarly, Arya et al. (17) reported the incidence
of diabetes mellitus after 11 years as 96% among 45
patients who underwent 95% pancreatectomy.
Hypoglycemia in CHI tends to reach remission with
age, and often patients reach complete remission after
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a long period of medical treatment (54, 63, 97). Post
treatment diabetes mellitus is reported in patients who
were treated by medical treatment alone. The incidence
of diabetes, however, is much higher in patients who
underwent pancreatectomy (98). Furthermore, it has
been reported that neurological prognosis did not differ
between patients who underwent pancreatectomy and
those treated only by medical treatment (5, 99).
Some investigators recommend performing 50-75%
pancreatectomy for patients whose glycemic control
is not satisfactory after introduction of the second line
treatment to make the medical management easier (9,
91). No data exist on the risk of future diabetes mellitus
as it relates to the extent of pancreatectomy.

V Surgical Treatment (Fig. 1)

1 CQ 7: What is the optimal surgical procedure

for a diffuse lesion resistant to medical
treatment?

o Recommendation
* Optimal extent of pancreatectomy for a

diffuse lesion has not been established.
[Recommendation level 0, Evidence level C]

e NOTES

» By definition, 85% pancreatectomy is a resection of

the distal pancreas at the right margin of the superior
mesenteric vein; 95% pancreatectomy is a resection
at the left margin of the common bile duct, removing
most of the head, uncus, body, and tail of the pancreas;
and 98% pancreatectomy is a resection of most of
the pancreas, leaving only the pancreatic tissues
surrounding the pancreaticoduodenal arteries (100).

+ After near total (98%) pancreatectomy, euglycemia is

achieved in only 7-50% of patients, while hypoglycemia
remains in 17-59% of patients and hyperglycemia in
17-100%. Postsurgical glycemic control after near
total/subtotal pancreatectomy is difficult to predict
before surgery (18, 100~102). Furthermore, it has been
reported that, after prolonged follow up until puberty,
100% of the patients developed diabetes mellitus with
91% of them being insulin dependent (18).

Lord et al. reviewed 97 children with diffuse CHI who
underwent near-total pancreatectomy (median extent:
98%), and found that only 23% of them were discharged
with euglycemia, 51% (40 cases) required additional
medical treatment for residual hypoglycemia, and 36%
(35 cases) required treatment for hyperglycemia at
discharge (103).
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* Research on patients who underwent 95%
pancreatectomy, found that 60% had residual
hypoglycemia, which was comparable to the cases of
98% pancreatectomy. After a long interval between
7.3 and 13 yr of age, diabetes mellitus developed in
45-100% of patients (17, 104—106).

A study on 45 patients who underwent 95%
pancreatectomy found that 22 (49%) developed
hyperglycemia requiring insulin. Ten of these required
insulin immediately after surgery, although insulin was
only transiently required in 4 patients. The proportion
of patients requiring insulin was 77% after 7 yr and
96% after 11 yr (17).

A meta-analysis of 422 cases from 12 reports between
1997 and 2009 identified 103 cases of diffuse CHI. Of
these, 36% had residual hypoglycemia and 31% had
hyperglycemia or diabetes mellitus following 80—-98%
pancreatectomy (107).

A report from a single-center experience involving

250 cases after pancreatectomy of diffuse CHI, found
that 50% of patients had residual hypoglycemia, 25%
required insulin for hyperglycemia, and only 25% had
euglycemia. However, glycemic control was easier
following pancreatectomy (108).

In a further report on 10 cases of diffuse CHI, all
patients who underwent 95% pancreatectomy developed
diabetes mellitus, three of them immediately following
surgery and seven after a median of 8 yr (106).

The most common postsurgical complication was
bleeding. Bile ducts damage was more common after
95% pancreatectomy or redo-operation than after
subtotal pancreatectomy <80% (11.9-22.2%) (109).
After 95% pancreatectomy, abnormalities of exocrine
function were common, with abnormalities of fecal
elastase [in 72% of patients and symptomatic exocrine
insufficiency in 49% (17).

For patients resistant to medical treatment, > 95%
pancreatectomy is useful for the control of hypoglycemia.
However, extremely high incidence of postsurgical
diabetes mellitus has also been reported. Considering
the self-remitting nature of CHI, some investigators
recommend avoiding > 95% pancreatectomy as far as

possible. Furthermore, the optimal extent of resection
has not been established; therefore, no recommendation
can be made at the moment.

2 CQ 8: What is the optimal surgical procedure

for a focal lesion in the head of the pancreas?

e Recommendation

* For a focal lesion in the head of the pancreas,
total removal of the lesion by resection of
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the head of the pancreas or enucleation
of the focal lesion should be considered.
[Recommendation level 1, Evidence level C]
* For resection of the head of the pancreas,
distal pancreatojejunostomy using a Roux-
en-Y loop should be performed to preserve the

normal pancreas. [Recommendation level 1,
Evidence level C]

e NOTES

+ A focal lesion in the head of the pancreas should be
completely removed either by pancreas head resection
or by enucleation. These procedures allow optimal
control of euglycemia without the need for intravenous
glucose, and can be achieved without major postsurgical
complications (25, 110, 111).

* The majority of the focal lesions have a diameter of <
1 cm and 50% of them are located in the head of the
pancreas (25, 107).

* Pre- and intra-operative localization of a focal lesion
is extremely important (108). A focal lesion may
have tentacles of diseased tissue, extending to form
a large lesion. Therefore, intraoperative pathological
evaluations are important to determine the extent of
resection. Laparoscopic surgery is not recommended
for a focal lesion in the head of the pancreas (112).

* In patients with diazoxide-unresponsive CHI and a
paternally-inherited monoallelic mutation in one of the
Karp channel genes, detected by molecular analysis,
the possibility of a focal lesion should be considered
and an ¥F-DOPA PET scan should be performed.

* Previously, arterial stimulation venous sampling
(ASVS) was performed to detect a focal lesion (113).

+ However, 18F-DOPA PET/CT scan is superior to ASVS
and is the first choice for the detection of a focal lesion
(114, 115). The pooled accuracy of F-DOPA PET
scan by meta-analysis has been reported as 82% (22).
Furthermore, according to a standardized protocol of
I8F.DOPA PET/CT published in 2005, a focal lesion
could be accurately localized with a sensitivity of 94%
and a specificity of 100% (84). Conversely, it has been
reported that focal lesions in the head of the pancreas
could be accurately diagnosed by ¥F-DOPA PET/CT
in 70-75% of cases (88, 115).

+ Palladino et al. reported that approximately 2/3 of
the focal form of CHI could be identified by visual
inspection or by palpation (108). Similarly, Adzick et
al. reported that 24 out of 38 cases with a focal lesion
could be visually identified and that the chances of
visual identification were higher with increasing
experiences of the surgeons, highlighting the need for
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greater surgical expertise (111).

Von Rohden et al. reported the usefulness of
intraoperative ultrasound showing that in 3 out of 5
cases of the focal form CHI, the findings obtained by
ultrasound were almost identical to those obtained by
preoperative '8F-DOPA PET scans (116). In some of the
patients, ultrasound detected a lesion which could not
be identified by 8F-DOPA PET scans. Furthermore,
important structures, such as the pancreatic duct or
bile duct, could also be identified by intraoperative
ultrasound, providing useful information for surgery.
The authors also highlighted the weakness of ultrasound
in detecting a large segmental lesions. Generally, focal
lesions are characterized by hypoechogenicity relative
to the surrounding normal pancreas (116).

When a focal lesion cannot be identified by intraoperative
visual inspection, palpation, or ultrasound, the extent of
the resection can only be determined by intraoperative
pathological diagnosis of multiple biopsies taken from
each part of the pancreas (102).

In summary, for surgical treatment, it is important
to localize a focal lesion by combining the information
of preoperative imaging studies by *F-DOPA PET
scan with intraoperative visual inspection, palpation,
ultrasound, and pathological diagnosis.

When a patient has a large focal lesion in the head
of the pancreas or has a focal lesion close to the
pancreatic duct or the bile duct, resection of the
head of the pancreas in association with distal
pancreatojejunostomy using a Roux-en-Y loop is
recommended. Pancreaticoduodenectomy has not been
reported for a focal lesion in the head.

No clear evidence exists on the ideal timing for the
resection of the head of the pancreas with distal
pancreatojejunostomy. However, when medical
treatment cannot maintain normoglycemia, the
procedure can be performed at any age. Since
the procedure has a substantial risk for neonates
and infants, the decision should be made by close
communication between neonatologists, pediatric
endocrinologists, and pediatric surgeons.

Adzick et al. performed resection of the head of the
pancreas with distal pancreatojejunostomy in 19 out
of 38 patients with focal CHI (111). For this procedure,
it is important to avoid damaging the bile ducts and
to preserve blood supply to the duodenum from the
superior pancreatic arteries. Fekete et al. (110)
reported their experience of a similar procedure in 19
patients with a focal lesion in the head of the pancreas.
Hypoglycemia improved in all cases. However, after
surgery, 2 patients had stenosis of the common bile
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duct, 1 developed chylous ascites, and another had
anastomotic stenosis of the pancreatic duct. Conversely,
Laje et al. (25) reported their experience of near-total
pancreatic head resection and pylorus-preserving
pancreatico-duodenectomy for focal CHI in the head
of the pancreasin 21 and 2 cases, respectively, reporting
the achievement of euglycemia in all cases without
postsurgical complications.

CQ 9: What are the useful procedures to
1dentify a focal lesion intraoperatively?
Recommendation

* The pancreas should be visually inspected
and palpated to identify a focal lesion.
[Recommendation level 1, Evidence level C]

* Intraoperative ultrasound can be useful to
1dentify a focal lesion. [Recommendation level
2, Evidence level C]

* When a focal lesion cannot be identified
by wvisual inspection or by palpation,
intraoperative biopsies should be taken
from multiple parts of the pancreas for rapid
diagnosis by frozen section. [Recommendation
level 1, Evidence level B]

NOTES
+ Palladino et al. reported that approximately 2/3 of
the focal form of CHI could be identified by visual
inspection or by palpation (108). Similarly, Adzick et
al. reported that 24 out of 38 cases with a focal lesion
could be visually identified. They also stated that the
chances of visual identification rose with increasing
experiences of the surgeons stressing the need to have

more experiences of surgery (111).

Intraoperative pathological diagnosis is almost

mandatory when a focal lesion cannot be identified by

visual inspection or palpation. Biopsy samples of 3—5

mm in diameter should be taken from the head, body,
and tail of the pancreas (111). Pathological diagnosis
should be performed by experienced pathologists (114).
* Von Rohden et al. reported on the usefulness of
intraoperative ultrasound showing that in 3 out of 5
cases of the focal form CHI, the findings obtained by
ultrasound were almost identical to those obtained by
preoperative 'SF-DOPA PET scans (116). In some of the
patients, ultrasound detected a lesion which could not
be identified by *F-DOPA PET scans. Furthermore,
important structures, such as the pancreatic duct or
bile duct could also be identified by intraoperative
ultrasound providing useful information for surgery.
The authors also highlighted the weakness of ultrasound
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in detecting a large segmental lesion. Generally, focal
lesions are characterized by hypoechogenicity relative
to the surrounding normal pancreas (116).

* To summarize, pancreatectomy should be guided by
preoperative imaging studies and intraoperative visual
inspection, palpation, ultrasound, and pathological
diagnosis. Intraoperative pathological diagnosis is
particularly important and an experienced pathologist,
who can make an accurate intraoperative diagnosis
by frozen section samples, is indispensable to the
treatment team.

VI End of Treatment (Fig. 1)

1 CQ 10: What are the conditions to withdraw
from medical treatment?

e Recommendation

* The dosage of diazoxide can be gradually
decreased unless hypoglycemia does not recur,
and withdrawal can be attempted when the
dosage is below 1 mg/kg/d. [Recommendation
level 2, Evidence level C]
Reduction in the dosage of diazoxide should
be attempted based on monitoring of blood
glucose. However, when the patient has a
history suggestive of transient CHI, such
as maternal diabetes mellitus or SGA birth,
dose reduction can be attempted every 2 wk—1
mo, as long as blood glucose levels are stable.
[Recommendation level 2, Evidence level C]
After withdrawal from diazoxide, relapse of
hypoglycemia should be monitored either
by frequent blood glucose monitoring or by
continuous blood glucose monitoring for 7 d.
[Recommendation level 2, Evidence level C]
After withdrawal from diazoxide, fasting
tolerance should be tested by 8-18 h (could
be shorter for infants below 6 mo) of fasting
tests according to the age of the patient.
[Recommendation level 2, Evidence level C]
After withdrawal from nutritional therapy,
relapse of hypoglycemia should be monitored
either by frequent blood glucose monitoring
or by continuous blood glucose monitoring for
7 d. Furthermore, fasting tolerance should be
tested by 8-18 h of fasting tests, according
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to the age of the patient. [Recommendation
level 2, Evidence level C]
e NOTES

* In many patients with CHI, even those with persistent
CHI, hypoglycemia gradually resolves and patients no
longer require medication (7, 10, 52). However, remission
may require several months to several years, and some
patients still require treatment after adulthood. The
decision to discontinue medical treatment is a 2-step
process, considering (1) whether medication could be
discontinued and (2) whether nutritional therapy could
be discontinued. It is important to carefully assess
whether each therapy can be discontinued without
increasing episodes of hypoglycemia.

+ Some investigators propose that diazoxide could be
discontinued when the dosage is below 5 mg/kg/d (117).
However, we are aware of patients who developed
hypoglycemia upon withdrawal of diazoxide when the
dosage was decreased to 2 mg/kg/d. We therefore set
the dosage of diazoxide at 1 mg/kg/d as the threshold to
consider discontinuation of therapy. As in the majority
of cases, relapse of hypoglycemia occurs within 7 d of
diazoxide withdrawal (118), careful monitoring of blood
glucose should be performed during the 7 d period.

* Itisimpossible to diagnose transient CHI by laboratory
test results alone. A history of maternal diabetes
mellitus or SGA birth weight strongly suggests
transient CHI (3).

VIl Future Perspectives

Novel therapies for CHI include long-acting
octreotides (119), GLP1 receptor antagonists
(120), Lanreotide (121, 122), insulin receptor
antagonists (123), Pasireotide (124), w3
unsaturated fatty acids (125), or mTOR inhibitors
(126). In addition, water soluble glucagon is
under development. These guidelines may
require further revision in the near future to
incorporate these advances in the treatment.
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Process of guideline generation
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D. Process of generation

1. Understanding of the current situation

Understanding of the current situation was based on the results of the National Survey
conducted in 2008-2009 by a research grant from the Ministry of Health, Labour, and
Welfare of Japan to T.Y. (Research on Measures for Intractable Diseases, No. 2013-070).
2. Systematic review and generation of recommendation
(1) Systematic review
a. Pubmed (before March 31, 2016)
Out of the 1698 references identified by a search of ((congenital) AND hyperinsulinism)
OR ((hyperinsulinemic) AND hypoglycemia), non-English literature, review article
before 2005, articles on different topics (e.g., lipodystrophy, diabetes mellitus, non-
human, insulin resistance) were excluded and the remaining 718 papers were reviewed
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b. Igaku Chuo Zassi (Japan’s largest medical literature database)
Out of the 254 references screened by (congenital hyperinsulinism), meeting abstracts
were excluded. The remaining 95 papers were reviewed by the committee members.
c. Literature added by the committee members (especially those published after March
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31, 2016 before completion of the guideline generation).
(2) Evidence level of references
1. (HIGH) Systematic review (SR), Meta-analysis(MA), Randomized controlled trial
(RCT)
2. (MEDIUM) Observational study (OS), Cohort study, Case-control study
3. (LOW) Case series (CS), Case report, Expert opinion (EO)
(3) Strength of Evidences
1. Level A (strong):Strongly confident in the conclusion.
2. Level B (medium):Moderately confident in the conclusion.
3. Level C (weak):Weakly confident in the conclusion.
4. Level D (very weak):No confidence in the conclusion.
(4) Strength of Recommendation
1. Level 1 (Strong Recommendation)
2. Level 2 (Weak Recommendation)
3. Level 0 (No Recommendation)
3. External reviews
a. Review in the board of directors, The Japanese Society for Pediatric Endocrinology
(July 5-15, 2016)
b. Approved in the Board of Directors, The Japanese Society for Pediatric Endocrinology
(July 16, 2016)
c. Public comment, The Japanese Society for Pediatric Endocrinology (July 19-31, 2016)
d. Assessment in the Guideline Committee, The Japanese Society for Pediatric
Endocrinology guideline (July 19-31, 2016)
e. Public comment, The Japanese Society of Pediatric Surgeons (August 1-15, 2016)
f. Assessment in the Academic Survey and Advanced Medical Science Committee, The
Japanese Society of Pediatric Surgeons (August 15—September 4, 2016)
g. Review in the Board of Directors, The Japanese Society of Pediatric Surgeons (September
5-12, 2016)
h. Approved in The Japanese Society of Pediatric Surgeons (September 13, 2016)

E. Revision

These guidelines will be revised within 5 years of release. Members of the revision committee
will be appointed by the board of directors of the Japanese Society for Pediatric Endocrinology
and the Japanese Society of Pediatric Surgeons. The revision committee could include other
multidisciplinary health care professionals from outside the Societies. When a novel finding
emerges that could affect the content of these guidelines, minor-revisions may be performed,
with the approval of the board of directors of both Societies.
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