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Summary
The purpose of this overview is to increase the awareness of clinicians regarding familial hyperinsulinism 
(referred to as FHI in this GeneReview) and its genetic causes and management. The following are the goals of 
this overview.

Goal 1
Describe the clinical characteristics of FHI.

Goal 2
Review the genetic causes of FHI.

Goal 3
Provide an evaluation strategy to identify the genetic cause of FHI in a proband (when possible).

Goal 4
Inform (when possible) medical management of FHI based on genetic cause and evaluation of relatives at risk.

Goal 5
Inform risk assessment and surveillance of at-risk relatives for early detection and treatment of FHI.

1. Clinical Characteristics of Familial Hyperinsulinism

Clinical Manifestations
Familial hyperinsulinism (FHI) is characterized by hypoglycemia that ranges from severe neonatal onset to 
childhood onset with mild symptoms. Neonatal-onset disease manifests within hours to days after birth. In the 

Author Affiliation: 1 Hadassah Hebrew University Hospital, Jerusalem, Israel; Email: dgillis@hadassah.org.il.

Copyright © 1993-2024, University of Washington, Seattle. GeneReviews is a registered trademark of the University of 
Washington, Seattle. All rights reserved.

https://www.ncbi.nlm.nih.gov/books/n/about/copyright/


newborn period, presenting symptoms may be nonspecific, including seizures, hypotonia, poor feeding, and 
apnea. Childhood-onset disease manifests during the first months or years of life and can present with an 
unprovoked seizure or laboratory evidence of hypoglycemia noted during acute illness during which nutritional 
intake is reduced. Some individuals may be asymptomatic. Even within the same family, disease manifestations 
can range from mild to severe and clinical presentation can range from immediately after birth to late in 
childhood.

Laboratory Features
In most individuals, FHI can be definitively and rapidly diagnosed if the appropriate laboratory tests are done on 
blood and urine samples during an episode of spontaneous hypoglycemia or during monitored fasting (glucose 
<50 mg/dL) (see Table 1).

Table 1. Diagnostic Tests for Documentation of Hyperinsulinism

Specimen Type Laboratory Test Expected Result in Hyperinsulinism

Blood

Insulin Inappropriately elevated

C-peptide Elevated

Free fatty acids Inappropriately low

β-hydroxybutyrate Inappropriately low

Acetoacetate Inappropriately low

Lactic acid Normal

Carnitine Normal

Growth hormone Elevated due to hypoglycemia

Cortisol Elevated due to hypoglycemia, although not always, particularly if 
hypoglycemia is of short duration 1

T4, T3, TSH Normal

Ammonia Elevated in hyperinsulinism/hyperammonemia syndrome only

Urine

Ketone bodies (at time of hypoglycemia) Negative

Reducing substances Negative

C-peptide Elevated

TSH = thyroid-stimulating hormone
Reprinted from Glaser et al [1999] with permission from Elsevier
1. Hussain et al [2003]

Glucagon stimulation test. A glycemic response of >30 mg/dL following injection of 0.03 mg/kg glucagon 
excludes a primary hepatic or metabolic defect and is virtually pathognomonic for hyperinsulinism.

Calculate glucose requirement. A requirement of >15 mg/kg/min is highly suggestive of HI (normal 
requirements: neonate 5-8 mg/kg/min; older infant or child 3-5 mg/kg/min).

Note: Provocative tests with insulin secretagogues may be dangerous and are contraindicated.

Severe disease. In a newborn or young infant with severe disease that appears shortly after birth, the diagnosis 
of FHI can be based on documentation of inappropriately elevated plasma insulin concentration (>14.4 pmol/L 
[2 μU/mL]) in the presence of symptomatic hypoglycemia (plasma glucose concentration <2.7 mmol/L [50 mg/
dL]).
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Note: (1) "Inappropriately elevated insulin levels" are difficult to define, largely because of marked differences in 
specificity and sensitivity of commercial insulin assays. The concentrations mentioned here and in the literature 
must not be taken as hard cutoffs. (2) Pathologic hypoglycemia levels are not defined in any age group, 
particularly newborns.

Mild disease. In some individuals, particularly those with milder disease appearing after the first few days or 
weeks of life, fasting plasma insulin concentrations may fluctuate greatly, and the presence of pathologically 
elevated insulin concentrations may be difficult to demonstrate convincingly. In these individuals, the following 
surrogate measurements of insulin action can be useful:

• Inappropriate hypoketonemia (free fatty acid concentration <1.5 mmol/L)
• Exaggerated glycemic response to glucagon (>1.7 mmol/L [30 mg/dL] at a time of hypoglycemia)
• A markedly elevated glucose requirement to prevent hypoglycemia (i.e., exogenous glucose requirements 

that may exceed 15-20 mg/kg/min [normal: 5-8 mg/kg/min])

Imaging
Fluoro-DOPA positron emission tomography (F-DOPA-PET) has been used successfully for the preoperative 
localization of focal lesions [Otonkoski et al 2006, Mohnike et al 2008a].

Histology
Pancreatic beta cells (comprising <2% of all pancreatic cells) synthesize, store, and secrete insulin. Beta cells are 
located within the islets of Langerhans. Two major pancreatic histologic types ("diffuse" and "focal") have been 
described in individuals with FHI. A third histologic form ("atypical" or "mosaic") has also been described, 
although the genetic etiology of this form of FHI has not yet been discovered [Sempoux et al 2011]:

• Diffuse involvement of beta cells throughout the pancreas. Seen in approximately 60%-70% of individuals, 
diffuse disease is characterized by essentially normal neonatal pancreatic architecture. All beta cells are 
affected and many have large nuclei, abundant cytoplasm, and histologic evidence of increased metabolic 
activity.

• Focal pancreatic adenomatous hyperplasia. Seen in approximately 30%-40% of individuals, focal changes 
involve a limited region of the pancreas, with the remainder of the tissue being both histologically and 
functionally normal. A focal lesion is the confluence of apparently normal islets. Focal lesions typically are 
not macroscopically visible; they differ from true adenomas, which can be identified on gross inspection of 
the pancreas. Beta cells outside the focal lesion have small nuclei and sparse cytoplasm-histologic evidence 
that they are suppressed and not actively producing and secreting insulin.

• Mosaic involvement of the pancreatic islets. Pancreatic histology reveals the coexistence of two types of 
islets: large islets with cytoplasm-rich beta cells and occasional enlarged nuclei alongside shrunken islets 
with beta cells exhibiting little cytoplasm and small nuclei. Large islets are mostly confined to a few 
lobules, suggesting that removal of these particular lobules by partial pancreatectomy could result in a 
cure [Sempoux et al 2011]. The genetic etiology of this form of FHI is not known.

• Note: With the current availability of imaging and molecular genetic testing, diagnosis and management 
decisions do not require histology. Biopsy is not part of the initial evaluation, and the pancreatic histology 
is only known if surgical management is warranted.

Prognosis
If medical treatment can be safely maintained, glycemic control usually becomes easier with time, and most 
individuals treated medically enter clinical remission after several months or years of treatment [Mazor-
Aronovitch et al 2009]. It is generally accepted that those individuals who respond well to medical treatment can 
be treated chronically without undue risk for long-term complications. Long-term follow up of medically treated 
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individuals shows that some eventually develop glucose intolerance, which can be effectively managed with mild 
dietary restrictions [Mazor-Aronovitch et al 2009].

2. Genetic Causes of Familial Hyperinsulinism
Familial hyperinsulinism (FHI) is the most common cause of persistent neonatal hypoglycemia and should be 
considered in every infant presenting with unexplained hypoglycemia. Pathogenic variants in 14 genes have 
been associated with FHI (Table 2). However, 40% of probands with FHI do not have an identified molecular 
cause.

Table 2. Familial Hyperinsulinism: Genes and Distinguishing Clinical Features

Gene 1, 2
% of FHI
Attributed to
Pathogenic Variants in
Gene

MOI Distinguishing Clinical Features

ABCC8 3 40%-45% 4, 5

AR

• Large for gestational age
• Severe refractory hypoglycemia in the 1st 48 hrs of 

life
• Respond only partially to diet or diazoxide & may 

require pancreatic resection
• 40% have focal form.
• Diabetes may develop later in life.
• Founder variants in Ashkenazi Jewish & Finnish 

populations 6

AD

• Appropriate for gestational age at birth
• Present at age ~1 yr (range: 2 days – 30 yrs)
• Respond to diet & diazoxide therapy, exceptions 

reported
• Variable penetrance

CACNA1D 1 person 7
• Persistent diazoxide-responsive hypoglycemia
• Mild aortic insufficiency
• Severe hypotonia & developmental delay

GCK <1% 8 AD

• Ranges from mild diazoxide-responsive 
hypoglycemia to severe, diazoxide-unresponsive 
hypoglycemia.

• Insulin secretion in response to elevation & 
suppression of glucose levels is qualitatively 
normal, but the glucose set-point at which insulin 
secretion is turned off is abnormally low.

GLUD1 5% 9 AD

Hyperammonemia/hyperinsulinism syndrome:

• Mild-to-moderate hyperammonemia (1.5-4.0x 
upper limit of normal)

• Ammonia levels are not related to ambient glucose 
levels or to duration of fasting & appear to be 
benign.

• Mild hypoglycemia usually presents after neonatal 
period.

• May be assoc w/exquisite sensitivity to leucine 
challenge

• Most respond well to diazoxide; only a minority 
require surgery to prevent recurrent 
hypoglycemia.
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Table 2. continued from previous page.

Gene 1, 2
% of FHI
Attributed to
Pathogenic Variants in
Gene

MOI Distinguishing Clinical Features

HADH <1% 10, 11 AR

• ↑ urine 3-hydroxyglutaric acid & serum 3-
hydroxybutyryl-carnitine

• Severe hypoglycemia after leucine administration
• Mild diazoxide-responsive hypoglycemia; severe 

hypoglycemia has been reported.
• Normal urinary 3-hydoxyglutaric acid & normal 

plasma acylcarnitine profile does not exclude the 
diagnosis.

HK1 1 family 12 AD

• Diagnosed w/FHI before age 1 yr
• 40% presented w/seizure
• Diazoxide responsive
• Failed to adequately suppress insulin secretion 

following oral glucose tolerance test or prolonged 
fasting

• Not leucine sensitive

HNF1A Unknown AD

• Large for gestational age
• Mild diazoxide-sensitive hypoglycemia
• Hypoglycemia usually resolves in childhood.
• MODY3 develops in adolescence or adulthood.

HNF4A 5% 13 AD

• Large for gestational age
• Mild diazoxide-sensitive hypoglycemia
• Hypoglycemia sometimes transient
• Insulinopenic diabetes mellitus during 

adolescence

KCNJ11 3 5% 15

AR

• Large for gestational age
• Severe refractory hypoglycemia in 1st 48 hrs of life
• Affected infants usually respond only partially to 

diet or diazoxide therapy; may require pancreatic 
resection.

• 40% have focal form.

AD

• Appropriate for gestational age at birth
• Present at age ~1 yr (range: 2 days – 30 yrs)
• Respond to diet & diazoxide therapy; exceptions 

reported
• Variable penetrance

PMM2 11 families 14

• Assoc w/polycystic kidney disease in all persons
• ~50% also have hepatic cysts.
• Diazoxide responsive
• Assoc w/late-infantile seizures w/o neurologic 

damage

SLC16A1 Unknown AD
• Hypoglycemia occurs during childhood or later.
• Severe hypoglycemia occurring after anaerobic & 

not aerobic exercise

UCP2 2% of diazoxide-responsive 
HI 16 AD

• Mild diazoxide-responsive hypoglycemia
• Children reported w/hypoglycemia 4 hrs after 

glucose intake
• Recently questioned as a monogenic cause of 

hypoglycemia 17
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Table 2. continued from previous page.

Gene 1, 2
% of FHI
Attributed to
Pathogenic Variants in
Gene

MOI Distinguishing Clinical Features

Unknown 40% NA

1. Genes are listed alphabetically.
2. See Table A. Genes and Databases for chromosome locus and protein.
3. ABCC8- and KCNJ11-related FHI are also known as FHI-KATP.

4. Nestorowicz et al [1998], Aguilar-Bryan & Bryan [1999], Meissner et al [1999], Fournet & Junien [2003], Tornovsky et al [2004]
5. A few exon or multiexon deletions have been reported in ABCC8 (see Table A).
6. In the Ashkenazi Jewish population, two ABCC8 founder variants, p.Phe1387del and c.3989-9G>A, are responsible for 
approximately 97% of FHI [Glaser et al 2011]. ABCC8 founder variants present in the Finnish population include p.Val187Asp and 
p.Glu1506Lys [Otonkoski et al 1999, Huopio et al 2000].
7. Flanagan et al [2017]
8. Glaser et al [1998], Christesen et al [2002], Cuesta-Muñoz et al [2004], Sayed et al [2009]
9. Stanley et al [2000], Bahi-Buisson et al [2008]
10. Clayton et al [2001], Molven et al [2004], Di Candia et al [2009]
11. Rare large deletions including exon 1 have been reported [Flanagan et al 2011].
12. Pinney et al [2013]
13. Flanagan et al [2010]
14. Cabezas et al [2017]
15. Thomas et al [1996], Nestorowicz et al [1997], Tornovsky et al [2004]
16. Ferrara et al [2017] have recently shown variable phenotype by age with children developing post-glucose-challenge hypoglycemia.
17. Laver et al [2017] claim, based on studies including large numbers of variants in this gene, that the variants may act as low-effect 
risk factors, and that in vitro evidence of a role in insulin secretion for this protein is not proof of monogenic disease.

Other Disorders to Consider in the Differential Diagnosis of Familial 
Hyperinsulinism
Hyperinsulinemic hypoglycemia can be seen in disorders other than FHI. Furthermore, neonatal hypoglycemia 
can be caused by non-insulin-mediated mechanisms, in which case plasma insulin concentrations are low and 
plasma glucose concentrations can be readily corrected with normal replacement doses of glucose (5-8 mg/kg/
min).

Table 3. Other Disorders to Consider in the Differential Diagnosis of Familial Hyperinsulinism (FHI)

Disorder Gene(s) or Locus MOI Clinical Features of the Disorder Distinguishing from 
FHI

Hyperinsulinemic hypoglycemia

Infants of diabetic mother NA NA Hypoglycemia is transient, resolving w/in days to wks 
after birth.

Transient hyperinsulinemic 
hypoglycemia of infancy Unknown NA

• Typically responds well to diazoxide therapy
• May occur after history of perinatal stress or 

asphyxia

Beckwith-Wiedemann syndrome CDKN1C
11p15 AD or sporadic Typically mild & responds to medical treatment w/

diazoxide

Familial hyperinsulinemic 
hypoglycemia type 5 (OMIM 609968) INSR AD Postprandial hypoglycemia occurs 3-5 hrs after meals.

INSR-related severe syndromic insulin 
resistance 1 INSR AR Fasting hypoglycemia assoc w/insulin resistance 

syndrome

Insulinoma (sporadic or due to 
multiple endocrine neoplasia type 1) MEN1 AD or sporadic Onset typically age >1 yr
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Table 3. continued from previous page.

Disorder Gene(s) or Locus MOI Clinical Features of the Disorder Distinguishing from 
FHI

Hypoglycemia w/o hypersinulinemia

21-hydroxylase-deficient congenital 
adrenal hyperplasia CYP21A2 AR

• Typically ketotic hypoglycemia, suppressed 
plasma insulin levels, & blunted glycemic 
response to glucagon. Hypoglycemia typically 
mild

• Congenital deficiency of cortisol
• Responds to steroid therapy

NR0B1-related adrenal hypoplasia 
congenita NR0B1 XL • Primary adrenal insufficiency

• Hypogonadotropic hypogonadism

Pituitary hormone deficiencies 
(OMIM PS613038) Many AR

AD
• Hypoglycemia typically mild
• Responds to growth hormone

Glycogen storage diseases (See 
Glycogen Storage Disease Type I.) Many AR

XL Fasting hypoglycemia

Gluconeogenesis disorders (See 
fructose 1,6-biphosphatase deficiency, 
OMIM 229700)

Many AR Hypoglycemia primarily during fasting or intercurrent 
illness w/lactic acidosis

Hyperammonemia/hyperinsulinism

Disorders of fatty acid oxidation (See 
MCAD Deficiency.) Many

AR
AD
XL

• Fasting hypoketotic hypoglycemia
• Myopathy &/or cardiomyopathy
• Acute symptoms precipitated by fasting or acute 

illness
• Acylcarnitine profile on tandem mass 

spectrometry may be diagnostic.

Urea cycle disorders Many AR
XL

• Hyperammonemia
• Absence of hyperinsulinism

AD = autosomal dominant; AR = autosomal recessive; MOI = mode of inheritance; NA = not applicable; XL = X-linked
1. Ben Abdelaziz et al [2016]

3. Evaluation Strategies to Identify the Genetic Cause of Familial 
Hyperinsulinism in a Proband
Establishing a specific genetic cause of familial hyperinsulinism (FHI):

• Can aid in discussions of prognosis (which are beyond the scope of this GeneReview) and genetic 
counseling;

• Usually involves a medical history, physical examination, laboratory testing, family history, and genomic/
genetic testing.

Medical history. There are few points in the history that can help differentiate specific genetic causes of FHI. 
However, ethnic background can increase the probability of some forms (e.g., ABCC8 founder variant in 
Ashkenazi Jewish individuals). Hypoglycemia occurring postprandially, particularly after protein-rich meals, 
with relatively stable overnight glycemia may suggest a GLUD1 pathogenic variant. A robust response to a low 
dose of diazoxide is unusual in individuals with biallelic ABCC8 or KCNJ11 pathogenic variants but typical of 
most other types of FHI. See Table 2 for additional findings that may suggest specific types of FHI. A history of 
severe hypoglycemia occurring after anaerobic exercise is suggestive of FHI type 7 (see Table 3).
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Physical examination. There are no phenotypic findings on physical examination that can differentiate the 
different genetic causes of FHI.

Family history. A three-generation family history should be taken, with attention to relatives with 
manifestations of FHI and documentation of relevant findings through direct examination or review of medical 
records, including results of molecular genetic testing.

Molecular genetic testing approaches can include a combination of gene-targeted testing (multigene panel or 
single-gene testing) and comprehensive genomic testing (exome sequencing, genome sequencing). Gene-
targeted testing requires the clinician to hypothesize which gene(s) are likely involved, whereas genomic testing 
does not.

A multigene panel that includes some or all of the genes listed in Table 2 is most likely to identify the genetic 
cause of the condition while limiting identification of variants of uncertain significance and pathogenic variants 
in genes that do not explain the underlying phenotype. Note: (1) The genes included in the panel and the 
diagnostic sensitivity of the testing used for each gene vary by laboratory and are likely to change over time. (2) 
Some multigene panels may include genes not associated with the condition discussed in this GeneReview. (3) In 
some laboratories, panel options may include a custom laboratory-designed panel and/or custom phenotype-
focused exome analysis that includes genes specified by the clinician. (4) Methods used in a panel may include 
sequence analysis, deletion/duplication analysis, and/or other non-sequencing-based tests.

For an introduction to multigene panels click here. More detailed information for clinicians ordering genetic 
tests can be found here.

Serial single-gene testing can be considered if clinical findings and/or family history indicate that pathogenic 
variants in a particular gene are most likely (see Table 2).

• Individuals of Ashkenazi Jewish descent: ABCC8 pathogenic founder variants
⚬ p.Phe1387del
⚬ c.3989-9G>A

• Individuals of Finnish descent: ABCC8 pathogenic founder variants
⚬ p.Val187Asp
⚬ p.Glu1506Lys

• Individuals with elevated serum ammonia: GLUD1 pathogenic variants. Note: Sequencing of exons 6, 7, 
10, 11, and 12 identifies virtually all pathogenic variants in this gene, although it is possible that causative 
variants occur in other exons as well.

Comprehensive genomic testing (which does not require the clinician to determine which gene[s] are likely 
involved) may be considered. Exome sequencing is most commonly used; genome sequencing is also possible.

For an introduction to comprehensive genomic testing click here. More detailed information for clinicians 
ordering genomic testing can be found here.

4. Medical Management of FHI Based on Genetic Cause

Initial Treatment
Once initial diagnostic blood samples are obtained, the hypoglycemia must be corrected immediately using 
intravenous glucose at a dose sufficient to prevent further hypoglycemia and irreversible brain damage. The dose 
of glucose may be high (>15 mg/kg/min) and frequently requires central venous access. The definition of 
adequate glucose control has been the subject of discussion. Most investigators recommend maintaining all 
glucose levels >3.3 mmol/L (60 mg/dL), a level that leaves a sufficient margin to prevent frequent episodes of 
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neuroglycopenia (i.e., transient or permanent brain dysfunction caused by inadequate glucose supplies) [Burns 
et al 2008, Inder 2008].

Long-Term Medical Management
The next phase of treatment, designed to decrease and eliminate parenteral glucose requirement, is empiric and 
involves a combination of medical therapies. Some individuals, particularly those with GLUD1-, HADH-, or 
GCK-related FHI or dominant pathogenic variants in either ABCC8 or KCNJ11, respond very well to medical 
therapy. Individuals with severe FHI-KATP (autosomal recessive pathogenic variants in ABCC8 or KCNJ11) may 
also respond to medical therapy; however, these individuals often require aggressive medical management, 
including a combination of several of the drugs mentioned below along with dietary intervention (that may even 
require the use of frequent gastrostomy feeds for several years) to maintain plasma glucose concentration in a 
clinically safe range without the use of parenteral glucose administration. This management protocol may be 
extremely demanding and, even if successful in the hospital setting, may not be appropriate for many families on 
an outpatient basis. The overall success of medical management in FHI-KATP is extremely variable [Mazor-
Aronovitch et al 2009].

• Diazoxide, which binds to the ABCC8 subunit of the KATP channel, increases the channel's probability of 
being open, resulting in membrane hyperpolarization and inhibition of insulin release. Some evidence 
suggests that diazoxide binding to mutated channels may correct abnormal protein folding and thus 
facilitate the transit of more channels to the membrane. The effective therapeutic dose varies but may be as 
high as 20 mg/kg/day in divided doses. A thiazide diuretic should be given along with diazoxide with 
doses >8-10 mg/kg/day to prevent fluid retention, which may be severe [Hussain et al 2004].

• Somatostatin analogs (e.g., octreotide or lanreotide) suppress insulin secretion by binding to specific 
beta-cell receptors and initiating a number of intracellular signaling pathways. The clinical efficacy of 
octreotide may be limited by the relatively short duration of inhibition of insulin secretion after 
subcutaneous bolus injection (~3 hours) and by the fact that these drugs also inhibit glucagon and growth 
hormone secretion, thus impairing hepatic glucose production. Careful attention to dosage (typically 
10-15 μg/kg/day for octreotide) as well as the use of continuous subcutaneous injection using a portable 
pump greatly enhances clinical efficacy [Hussain et al 2004]. Simultaneous treatment with glucagon may 
enhance efficacy. Long-acting analogs including LAR octreotide [Le Quan Sang et al 2012] and lanreotide 
[Modan-Moses et al 2011] can be used after the hypoglycemia becomes manageable and stable, usually 
after age three to four years.

• Nifedipine, which acts as an inhibitor of the voltage-dependent calcium channels present in the beta cell, 
inhibits insulin secretion by decreasing calcium influx [Hussain et al 2004]. In vitro, this drug effectively 
suppresses insulin secretion depending on the pathogenic variant; however, in vivo side effects are usually 
dose limiting, and the drug is only rarely clinically effective.

• Glucagon, which increases hepatic gluconeogenesis, helps prevent hypoglycemia. The drug can be used 
acutely to treat severe hypoglycemia, or chronically as replacement therapy to counteract suppression by 
somatostatin analogs, but this therapy is hampered by crystallization of the glucagon in continuous 
subcutaneous infusion sets [Mohnike et al 2008b].

• Recombinant IGF-I has been shown to suppress insulin secretion in individuals with FHI [Katz et al 
1999]; however, therapeutic success has not been confirmed.

• Glucocorticoids induce resistance to endogenous insulin and correct the inadequate cortisol response 
sometimes seen in affected individuals. Their use in the treatment algorithm of FHI is, however, very 
limited.

• Growth hormone may be given in combination with somatostatin analogs in order to counteract growth 
hormone suppression by the analogs. However, this is rarely needed as the dose of somatostatin analogs is 
usually reduced during childhood as the condition improves, so that growth suppression is not a 
significant clinical issue.
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• Dietary intervention
⚬ Frequent high-carbohydrate feedings, including formula supplemented with glucose polymer
⚬ Nighttime continuous gastric drip containing glucose or glucose polymer
⚬ Feeding gastrostomy to simplify the process of continuous nighttime feeding and to provide access 

for emergency home treatment of hypoglycemia

Surgical Management
Once an individual is stabilized, a decision must be made as to the need for surgical intervention and the extent 
of such intervention. In some severe cases, even the most aggressive medical management fails to maintain 
plasma glucose concentration consistently within the safe limits (>60 mg/dL). In such individuals, surgery must 
be considered. Prior to surgical intervention, differentiation between focal and diffuse disease using one of the 
following techniques is important, as the surgical approach and the clinical outcome are quite different:

• Genetic studies, in certain circumstances, can be useful in differentiating focal from diffuse disease:

⚬ Finding two recessive pathogenic variants or a single dominant pathogenic variant is diagnostic of 
diffuse disease.

⚬ Finding a single recessive pathogenic variant on the maternal allele suggests diffuse disease; it is 
assumed that the other pathogenic variant on the paternal allele was missed because of technical 
limitations of the molecular genetic testing.

⚬ Finding a single recessive pathogenic variant on the paternal allele is consistent with and highly 
suggestive of focal disease, although it cannot be considered diagnostic, as molecular genetic testing 
methods could have failed to detect a pathogenic variant on the maternal allele. In such individuals, 
further testing to diagnose and localize focal disease is indicated.
Because of the large size of ABCC8 and KNCJ11, complete sequencing and analysis of all variants 
discovered is expensive and time-consuming and may not be completed in time to aid in clinical 
decision making for a severely ill individual. With the incorporation of modern sequencing 
techniques, rapid complete sequencing of all relevant genes is becoming feasible. In contrast, for a 
person from an ethnic group with a known founder variant (e.g., Ashkenazi Jews), targeted analysis 
for pathogenic variants can provide rapid and inexpensive clinically useful information.

• Fluoro-DOPA positron emission tomography (F-DOPA-PET) has been used successfully for the 
preoperative localization of focal lesions [Otonkoski et al 2006, Mohnike et al 2008a] (see Clinical 
Manifestations). While the scan itself is relatively easy to perform, the radiopharmaceutical is not readily 
available in many centers and the scan can be difficult to interpret, requiring extensive experience to 
obtain reliable results.

• Intraoperative histologic evaluation of a pancreatic biopsy in very experienced hands can be used to 
differentiate between diffuse FHI and a normal, suppressed pancreas in an individual with a focal lesion. 
Since intraoperative identification of the focal lesion can be very difficult or impossible, resection of the 
lesion is usually only possible if its location is determined preoperatively.

Individuals with diffuse disease require extensive (80%-95%) pancreatic resection and are at risk for persistent 
hypoglycemia postoperatively and/or insulin-requiring diabetes mellitus later in childhood. Individuals with 
focal disease can be cured by localized resection of the hyperplastic region. Although the apparent risk for 
postoperative diabetes appears to be very low after limited pancreatectomy, very long-term follow up is not yet 
available on these individuals [Beltrand et al 2012]. Since focal lesions can only rarely be identified grossly at the 
time of surgery, perioperative diagnosis and localization of focal lesions is needed.
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Surveillance
In persons with clinically mild disease, episodes of subtle, undiagnosed hypoglycemia can cause permanent 
brain damage. Therefore, close monitoring and vigilance is just as critical in mild cases as it is in severe cases. 
Furthermore, in persons with mild disease and in those with severe disease in clinical remission, severe 
hypoglycemia may be precipitated by intercurrent viral illness. Thus, it is imperative that parents monitor 
glucose concentrations closely especially during intercurrent illness, even in the absence of symptomatic 
hypoglycemia. Identification of the genetic cause of FHI can help guide the frequency of blood glucose testing. 
Individuals who are diazoxide responsive and take their medication regularly will need less frequent glucose 
monitoring than non-diazoxide-responsive individuals. In the first few years of life, use of continuous glucose 
monitoring is recommended for children with very unstable glucose levels regardless of the genetic cause.

Agents/Circumstances to Avoid
Prolonged fasting of any sort should be avoided. Emergency treatment options for hypoglycemia must be 
available at all times in case of an unexpected hypoglycemic episode.

Pregnancy Management
Affected individuals who previously underwent near-total or sub-total pancreatectomy typically have insulin-
requiring diabetes by the time they become pregnant. In this case, treatment is the same as for individuals with 
preexisting diabetes from any cause. There is little, if any, experience with pregnancy in individuals who were 
treated conservatively or who underwent limited pancreatectomy for focal FHI, as these treatments are relatively 
new. In this situation, close monitoring of glucose to detect both recurrent hypoglycemia and hyperglycemia is 
warranted. If hyperglycemia is documented, treatment should be instituted as for any woman with gestational 
diabetes. A fetus at risk for FHI should be monitored for size and weight. Excessive fetal weight gain during the 
last trimester of pregnancy increases the risk of obstetric complications and of cesarean delivery. In pregnant 
women with a history of FHI and gestational hyperglycemia due to prior surgical treatment, the fetus should be 
monitored as for any case of preexisting type 1, preexisting type 2, or gestational diabetes.

See MotherToBaby for further information on medication use during pregnancy.

5. Risk Assessment and Surveillance of At-Risk Relatives for 
Early Detection and Treatment of FHI
Genetic counseling is the process of providing individuals and families with information on the nature, mode(s) of 
inheritance, and implications of genetic disorders to help them make informed medical and personal decisions. The 
following section deals with genetic risk assessment and the use of family history and genetic testing to clarify genetic 
status for family members; it is not meant to address all personal, cultural, or ethical issues that may arise or to 
substitute for consultation with a genetics professional. —ED.

Genetic Risk Assessment
Familial hyperinsulinism (FHI) can be inherited in an autosomal recessive or autosomal dominant manner.

• FHI-KATP, caused by pathogenic variants in either ABCC8 or KCNJ11, is most commonly inherited in an 
autosomal recessive manner, and rarely in an autosomal dominant manner.

• FHI-CACNA1D, FHI-GCK, FHI-GLUD1, FHI-HK1, FHI-HNF1A, FHI-HNF4A, and FHI-UCP2 are 
inherited in an autosomal dominant manner.

• FHI-HADH and FHI-PMM2 are inherited in an autosomal recessive manner.
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• The focal form of FHI is caused by pathogenic variants in ABCC8 or KCNJ11 and is inherited in what can 
be defined, officially, as an autosomal dominant manner; however, the focal form of FHI is associated with 
markedly reduced penetrance and is a biologically low-risk occurrence among individuals who are 
heterozygous for a paternal pathogenic variant.

Autosomal Recessive Inheritance – Risk to Family Members
Parents of a proband

• The parents of an affected child are obligate heterozygotes (i.e., carriers of one pathogenic variant).
• Heterozygotes (carriers) are typically asymptomatic.

Sibs of a proband

• At conception, each sib of an affected individual has a 25% chance of being affected, a 50% chance of being 
heterozygous, and a 25% chance of being unaffected and not a carrier.

• Sibs heterozygous for a paternally derived ABCC8 or KCNJ11 pathogenic variant are at a 1:540 risk for 
focal FHI (see AD Focal Form – Risk to Family Members, Sibs of a proband) [Glaser et al 2011]. This risk 
is expected to be independent of the specific pathogenic variant involved [Glaser et al 2011].

Offspring of a proband

• The offspring of an individual with autosomal recessive FHI are obligate heterozygotes (carriers) for a 
pathogenic variant.
Heterozygous offspring of a male proband are at risk of developing focal FHI (see AD Focal Form – Risk 
to Family Members, Offspring of a proband).

• The risk to offspring of being affected with autosomal recessive FHI depends on the carrier frequency in 
the reproductive partner's ethnic group. In most cases, the carrier frequency appears to be approximately 
1% or less; however, genetic isolates with very high carrier frequency have been reported. In Ashkenazi 
Jews, for example, the carrier rate is estimated at 1:52; the risk to the child of a proband and an individual 
of Ashkenazi Jewish descent would be approximately 1:104, or 1% [Glaser et al 2011].

Other family members. Each sib of the proband's parents is at a 50% risk of being a carrier.

Carrier detection. Carrier testing for at-risk relatives requires prior identification of the pathogenic variants in 
the family.

Autosomal Dominant Inheritance, Diffuse Form – Risk to Family Members
Parents of a proband

• One of the parents of an affected child may be heterozygous for a pathogenic variant, and thus be affected 
by FHI.

• More typically, a proband with HI has the disorder as the result of a de novo gene pathogenic variant.
⚬ The proportion of cases caused by de novo pathogenic variants is estimated at approximately 75% 

for HA/HI.
⚬ Neither of the two families with FHI-GCK reported by Glaser et al [1998] or Christesen et al [2002] 

were de novo in the proband's generation. However, Cuesta-Muñoz et al [2004] and Martinez et al 
[2017] each reported de novo activating GCK pathogenic variants that resulted in severe 
hyperinsulinemia in female infants.

• Recommendations for the evaluation of parents of a proband with an apparent de novo pathogenic variant 
include molecular genetic testing, and, if positive, clinical testing for fasting and postprandial 
hypoglycemia.
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• If the pathogenic variant found in the proband cannot be detected in the leukocyte DNA of either parent, 
possible explanations include a de novo pathogenic variant in the proband or germline mosaicism in a 
parent. Though theoretically possible, no instances of germline mosaicism have been reported.

• The family history of some individuals diagnosed with autosomal dominant FHI may appear to be 
negative because of failure to recognize the disorder in family members, reduced penetrance, early death 
of the parent before the onset of symptoms, or late onset of the disease in the affected parent. Therefore, an 
apparently negative family history cannot be confirmed unless appropriate clinical evaluation and/or 
molecular genetic testing has been performed on the parents of the proband.

Sibs of a proband. The risk to the sibs of the proband depends on the clinical/genetic status of the proband's 
parents:

• If a parent of the proband is affected and/or is known to have the pathogenic variant identified in the 
proband, the risk to the sibs is 50%.

• If the proband has a known pathogenic variant that cannot be detected in the leukocyte DNA of either 
parent, the recurrence risk to sibs is estimated to be 1% because of the theoretic possibility of parental 
germline mosaicism [Rahbari et al 2016].

• If the parents have not been tested for the pathogenic variant but are clinically unaffected, the risk to the 
sibs of a proband appears to be low. However, sibs of a proband with clinically unaffected parents are still 
presumed to be at increased risk for FHI because of the possibility of reduced penetrance in a parent or 
the theoretic possibility of parental germline mosaicism.

Offspring of a proband. Each child of an individual with FHI has a 50% chance of inheriting the pathogenic 
variant.

Other family members. The risk to other family members depends on the status of the proband's parents: if a 
parent is affected and/or has the pathogenic variant, the parent's family members are at risk.

Autosomal Dominant Inheritance, Focal Form – Risk to Family Members
Parents of a proband

• The fathers of individuals with focal FHI are heterozygous for an ABCC8 or KCNJ11 pathogenic variant. 
Given the low risk for a person with such a variant of having focal disease (estimated at 1:540 due to a 
somatic loss of maternal allele in a single cell [Glaser et al 2011]), the chance that both father and child 
will be affected is less than 1:250,000. Thus, for practical purposes the fathers do not have focal FHI. The 
pathogenic variants responsible for autosomal dominant diffuse FHI are not associated with focal HI.

• Although no instances of focal FHI caused by a de novo pathogenic variant on the paternally derived 
ABCC8 or KCNJ11 allele have been reported, it remains a possibility.

Sibs of a proband

• Sibs of a proband with focal FHI have a 50% chance of inheriting the pathogenic variant from their father. 
However, the focal form of FHI manifests only when the pathogenic variant occurs on the paternally 
derived allele and a separate, independent somatic event results in the loss of the maternal allele (loss of 
heterozygosity).

• The risk for focal FHI in a sib of a proband has been estimated at 1:540 [Glaser et al 2011].

Offspring of a proband

• Each child of an individual with focal FHI has a 50% chance of inheriting the pathogenic variant.
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• The risk to offspring of having the diffuse form of hyperinsulinemia is related to the carrier frequency in 
the reproductive partner's ethnic group, as offspring will have this form of hyperinsulinemia only if they 
inherit a pathogenic variant from both parents.

• Each child of a male proband with focal FHI is also at risk of developing focal FHI. To develop FHI, the 
individual must inherit the pathogenic variant from the father (50% chance) and a second somatic event 
must occur, the latter being quite uncommon. The estimated risk for focal FHI to the offspring of a male 
proband with focal FHI is 1:540 [Glaser et al 2011].

Other family members. The sibs of the father of a proband with focal FHI may also carry an ABCC8 or KCNJ11 
pathogenic variant. However, the focal form of FHI manifests only when the pathogenic variant occurs on the 
paternally derived allele and a somatic event resulting in the loss of the maternal allele occurs (loss of 
heterozygosity).

Evaluation of Relatives at Risk
It is appropriate to clarify the clinical/genetic status of sibs of an affected individual so that appropriate 
evaluation and treatment can be initiated before hypoglycemia occurs. Because of the severe neurologic 
consequences of delayed diagnosis and treatment, it is imperative that at-risk newborns be followed closely from 
birth and a definitive diagnosis made as rapidly as possible. Evaluations can include the following:

• Molecular genetic testing if the pathogenic variant(s) in the family are known. (Note: If the causative 
pathogenic variants have been identified in a proband, it is prudent to test all at-risk relatives; depending 
on the findings, more extensive family investigations may be warranted.)

• If the pathogenic variant in the family is not known, careful glucose monitoring of newborns thought to 
be at risk based on the inheritance pattern should be undertaken and parents should be aware of signs of 
hypoglycemia that would require investigation during childhood.

See Genetic Counseling for issues related to testing of at-risk relatives for genetic counseling purposes.

Related Genetic Counseling Issues
Mode of inheritance when no pathogenic variant is identified. Approximately 40% of individuals with HI do 
not have an identifiable pathogenic variant in any of the genes known to be associated with HI. Risk to family 
members in these families is not known.

Family planning – autosomal recessive inheritance

• The optimal time for determination of genetic risk, clarification of carrier status, and discussion of the 
availability of prenatal testing is before pregnancy.

• It is appropriate to offer genetic counseling (including discussion of potential risks to offspring and 
reproductive options) to young adults who are affected, are carriers, or are at risk of being carriers.

• Because of the relatively high prevalence of two specific ABCC8 pathogenic variants in the Ashkenazi 
Jewish population, preconception genetic screening may be considered in this specific ethnic group. 
Similarly, such genetic screening may be considered in any ethnic group with a high carrier rate of known 
pathogenic variants.

Family planning – autosomal dominant inheritance

• The optimal time for determination of genetic risk and discussion of the availability of prenatal testing is 
before pregnancy.

• It is appropriate to offer genetic counseling (including discussion of potential risks to offspring and 
reproductive options) to young adults who are affected or at risk.
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DNA banking. Because it is likely that testing methodology and our understanding of genes, pathogenic 
mechanisms, and diseases will improve in the future, consideration should be given to banking DNA from 
probands in whom a molecular diagnosis has not been confirmed (i.e., the causative pathogenic mechanism is 
unknown). For more information, see Huang et al [2022].

Prenatal Testing and Preimplantation Genetic Testing
Once the pathogenic variant(s) have been identified in an affected family member, prenatal testing and 
preimplantation genetic testing for a pregnancy at increased risk for the diffuse form of FHI-KATP (involvement 
of beta cells throughout the pancreas) or for a pregnancy at increased risk of inheriting pathogenic variants 
causative of other types of diffuse FHI are possible. Parents who elect to continue a pregnancy in which the fetus 
has been determined to be affected have the advantage of initiating treatment immediately following birth, thus 
preventing early, severe hypoglycemia.

In families of individuals with focal FHI (pancreatic adenomatous hyperplasia that involves a limited region of 
the pancreas), prenatal testing is not informative: while the paternal pathogenic variant can be identified in the 
DNA of an at-risk fetus, no testing can identify which fetuses will also have a somatic event leading to loss of the 
maternal allele.

Resources
GeneReviews staff has selected the following disease-specific and/or umbrella support organizations and/or registries 
for the benefit of individuals with this disorder and their families. GeneReviews is not responsible for the 
information provided by other organizations. For information on selection criteria, click here.

• Congenital Hyperinsulinism International (CHI)
Phone: 973-544-8372
Email: jraskin@congenitalhi.org
www.congenitalhi.org

• National Library of Medicine Genetics Home Reference
Congenital hyperinsulinism
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