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Summary

Clinical characteristics

Individuals with clinical manifestations of isovaleric acidemia (IVA) have either classic IVA identified on
newborn screening or classic IVA with a later diagnosis due to a missed diagnosis or later onset of clinical
manifestations. Classic IVA is characterized by acute metabolic decompensations (vomiting, poor feeding,
lethargy, hypotonia, seizures, and a distinct odor of sweaty feet). Acute metabolic decompensations are typically
triggered by fasting, (febrile) illness (especially gastroenteritis), or increased protein intake. Clinical
deterioration often occurs within hours to days after birth. Additional manifestations of classic IVA include
developmental delay, intellectual disability and/or impaired cognition, epilepsy, and movement disorder (tremor,
dysmetria, extrapyramidal movements). Early treatment in those identified by newborn screening can
significantly reduce morbidity and mortality in individuals with classic IVA.

Diagnosis/testing

The diagnosis of classic IVA is established in a proband by identification of C5-carnitine metabolites by tandem
mass spectrometry and isovalerylglycine (IVG) and 3-hydroxyisovaleric acid (3-HIVA) on analysis of urinary
organic acids by gas chromatography-mass spectrometry, or identification of biallelic pathogenic variants in IVD
by molecular genetic testing.

Management

Targeted therapy: Low-leucine/protein-reduced diet and the supplementation of a leucine-free formula in infants
or leucine-free amino acid mixture in older children; carnitine and/or glycine supplementation.

Supportive care: Routine daily treatment includes education of affected individuals and caregivers about the
natural history, maintenance and emergency treatment, prognosis, and risks of acute encephalopathic crises;
emergency treatment letter and MedicAlert®; management of movement disorder per neurologist; physical
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therapy and aggressive rehabilitation therapy for gross motor delay; notify metabolic center prior to planned
surgeries; consult metabolic disease specialist with any emergency surgery/procedure.

Emergency outpatient treatment includes carbohydrate supplementation orally or via tube feeding, transient
reduction of natural protein intake, elevation of carnitine supplementation, and glycine; antipyretics for fever;
antiemetics for vomiting.

Acute inpatient treatment includes stopping protein intake, intravenous glucose, and hydration with normal
saline; adjusting treatments for new or evolving neurologic manifestations; consider buffers as needed for life-
threatening metabolic acidosis; nitrogen scavengers for hyperammonemia.

Surveillance: Quantitative analysis of plasma amino acids at least every three months until age one year, every six
months from age one to six years, and annually in those age six years and older; blood gases, albumin, calcium,
phosphate, parathyroid hormone, complete blood count, and vitamin By at least annually in those on a protein-
restricted diet; measurement of growth and head circumference at each visit throughout childhood; monitor
weight throughout adulthood; monitor developmental milestones at each visit; neuropsychological testing and
standardized quality-of-life assessments as needed; assessment of movement disorder at each visit.

Agents/circumstances to avoid: Excess of dietary protein or protein malnutrition inducing catabolic state;
prolonged fasting; catabolism during illness.

Evaluation of relatives at risk: Biochemical or molecular genetic testing of all at-risk sibs of any age is warranted
to allow for early diagnosis and treatment of classic IVA.

Genetic counseling

Classic IVA is inherited in an autosomal recessive manner. If both parents are known to be heterozygous for an
IVD pathogenic variant, each sib of an affected individual has at conception a 25% chance of being affected, a
50% chance of being an asymptomatic carrier, and a 25% chance of being unaffected and not a carrier. Once the
IVD pathogenic variants have been identified in an affected family member, carrier testing for at-risk relatives
and prenatal and preimplantation genetic testing are possible.

Diagnosis

Suggestive Findings

Scenario 1: Abnormal Newborn Screening (NBS) Result

NBS for classic isovaleric acidemia (IVA) is based on the quantification of the first-tier analyte
isovalerylcarnitine (as C5-carnitine) in dried blood spots.

C5-carnitine (C5) values above the cutoff reported by the screening laboratory are considered positive and
suggest a diagnosis of classic IVA; additional testing of urinary organic acids is required to establish the
diagnosis. An algorithm has been proposed for elevated C5 NBS result (see Figure 1).

Additional testing to decrease false positives includes C5 isobar analysis (when available), which can distinguish
isovalerylcarnitine from other isobaric carnitines (pivaloylcarnitine, 2-methylbutyrylcarnitine, and N-
valerylcarnitine) that cannot be distinguished by tandem mass spectrometry [Murko et al 2022]. Such testing
can be performed in regions with increased use of pivalic acid-containing antibiotics (taken by mother and
child) and pivalic acid-containing skin cream derived from pivaloylcarnitine. Analysis of urinary organic acids
(see Establishing the Diagnosis) can also exclude false positive results on tandem mass spectrometry due to
pivaloylcarnitine, or due to unrelated metabolites secondary to 2-methylbutyrylglycinuria [AWMEF 2019] (see
Differential Diagnosis).
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The majority of individuals with classic IVA present acutely with life-threatening metabolic decompensation
during the first two weeks of life. Therefore, infants with C5 >4 pmol/L on the first NBS sample that do not have
access to C5 isobar analysis should begin the following medical interventions while urine organic acids are
performed to establish the diagnosis of classic IVA [Miitze et al 2021, Miitze et al 2023b]:

« Promotion of catabolism and avoidance of fasting

« Clinical assessment by a pediatrician or at a pediatric metabolic center including measurement of
ammonia and blood gases

 Consideration of carnitine supplementation (50-100 mg/kg/day orally or intravenously)

Scenario 2: Symptomatic Individual

A symptomatic individual can have delayed diagnosis of classic IVA or untreated classic IVA due to any of the
following: NBS not performed, false negative NBS result, or caregivers not adherent to recommended treatment
following a positive NBS result. Supportive — but nonspecific — can include the following clinical, preliminary
laboratory, brain MRI, and family history findings.

Clinical findings [Schiff et al 2022]

 Acute metabolic decompensation (vomiting, altered mental status, reduced consciousness or coma,
lethargy). An odor of sweaty feet can be present during these episodes.

o Feeding difficulties and episodic vomiting

« Hypotonia

« Developmental delay / intellectual disability

« Movement disorder (tremor, dysmetria, extrapyramidal movements)

+ Ataxia

« Seizures

Preliminary laboratory findings [Schift et al 2022]

« Metabolic acidosis with elevated anion gap

« Ketonuria

« Hyperammonemia

« Hematologic abnormalities (e.g., bone marrow suppression resulting in leukopenia, thrombocytopenia,
and/or anemia)

Brain MRI findings. In contrast to other organic acidurias (e.g., propionic acidemia, methylmalonic acidemia,
and glutaric acidemia type 1) there are no characteristic MRI findings. During metabolic decompensations
intraventricular and/or cerebellar hemorrhage and edema are possible [Schiff et al 2022].

Family history is consistent with autosomal recessive inheritance (e.g., affected sibs and/or parental
consanguinity). Absence of a known family history does not preclude the diagnosis.
Establishing the Diagnosis

The diagnosis of classic IVA in a proband with suggestive biochemical and/or clinical findings is established by
identification of:

o« C5-carnitine (C5) metabolites, isovalerylglycine (IVG), and 3-hydroxyisovaleric acid (3-HIVA) on analysis
of urinary organic acids by gas chromatography-mass spectrometry [Tavares de Almeida & Ribes 2022];

OR

« Biallelic pathogenic (or likely pathogenic) variants in IVD by molecular genetic testing (see Table 2).
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Figure 1. Proposed algorithm following newborn screening (NBS) result suggestive of isovaleric acidemia (IVA)
CO0 = free carnitine; C5 = C5-carnitine; DBS = dried blood spot; IVA = isovaleric acidemia; IVG = isovalerylglycine; NBS = newborn
screening; NH3 = ammonia

* Cutoft values are provided from the Heidelberg University Hospital laboratory to assist the reader in comparing the data of their own
laboratories. Due to differences between NBS programs worldwide, this algorithm should be adapted to the respective national NBS
organization structures and cutoffs prior to use. Statistically derived absolute cutoffs should be used with caution.

1. False positive results on tandem mass spectrometry can be caused by exposure to pivaloylcarnitine, a derivative of pivalic acid-
containing antibiotics (taken by mother and child) and pivalic acid-containing skin cream. If available without time loss, a second-tier
using ultra-performance liquid chromatography-tandem mass spectrometry to analyze C5 isobars significantly reduces such false
positives [Murko et al 2022]. Postanalytic tools and machine learning methods can also reduce false positives [Hall et al 2014, Miitze et
al 2023b, Zaunseder et al 2023].

2. Confirmatory diagnostics consist of a second NBS dried blood sample and the analysis of urine organic acids to confirm or exclude
classic IVA.

Republished with permission from Miitze et al [2023b]

Note: (1) Some IVD variants are known to be associated with attenuated IVA (e.g., p.Ala311Val; see
Genetically Related Disorders). Attenuated IVA should be distinguished from classic IVA because infants
with classic IVA need immediate and continuous treatment and infants with attenuated IVA do not need
aggressive treatment and should be protected from overtreatment [Miitze et al 2021]. Of infants identified
on NBS in Germany, 80% had attenuated IVA. Biochemical findings (e.g., only mild elevations in
metabolites) may be helpful to distinguish classic IVA from attenuated IVA [Miitze et al 2023b]. (2) Per
ACMG/AMP variant interpretation guidelines, the terms "pathogenic variant” and "likely pathogenic
variant" are synonymous in a clinical setting, meaning that both are considered diagnostic and can be used
for clinical decision making [Richards et al 2015]. Reference to "pathogenic variants" in this GeneReview is
understood to include any likely pathogenic variants. (3) Identification of biallelic IVD variants of
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uncertain significance (or of one known IVD pathogenic variant and one IVD variant of uncertain
significance) does not establish or rule out the diagnosis.

Molecular Genetic Testing

Single-gene testing. Sequence analysis of IVD is performed first to detect missense, nonsense, and splice site
variants and small intragenic deletions/insertions. Note: Depending on the sequencing method used, single-
exon, multiexon, or whole-gene deletions/duplications may not be detected. If only one or no variant is detected
by the sequencing method used, the next step is to perform gene-targeted deletion/duplication analysis to detect
exon and whole-gene deletions or duplications.

Table 2. Molecular Genetic Testing Used in Classic Isovaleric Acidemia

Proportion of Pathogenic Variants 2
1 P 8
Gene Method Identified by Method
Sequence analysis 3 >90% 4
IVD

Gene-targeted deletion/duplication analysis ° <10% 4

1. See Table A. Genes and Databases for chromosome locus and protein.

2. See Molecular Genetics for information on variants detected in this gene.

3. Sequence analysis detects variants that are benign, likely benign, of uncertain significance, likely pathogenic, or pathogenic. Variants
may include missense, nonsense, and splice site variants and small intragenic deletions/insertions; typically, exon or whole-gene
deletions/duplications are not detected. For issues to consider in interpretation of sequence analysis results, click here.

4. Data derived from the subscription-based professional view of Human Gene Mutation Database [Stenson et al 2020]

5. Gene-targeted deletion/duplication analysis detects intragenic deletions or duplications. Methods used may include a range of
techniques such as quantitative PCR, long-range PCR, multiplex ligation-dependent probe amplification (MLPA), and a gene-targeted
microarray designed to detect single-exon deletions or duplications.

Clinical Characteristics

Clinical Description

The clinical spectrum of classic isovaleric acidemia (IVA) is broad and differs according to age of onset and
severity of disease. Classic IVA is characterized by early onset of acute metabolic decompensations (vomiting,
poor feeding, lethargy, hypotonia, seizures, and a distinct odor of sweaty feet), epilepsy, developmental delay,
intellectual disability and/or impaired cognition, and movement disorder. Individuals with classic IVA (not
identified on newborn screening) may have delayed diagnosis if acute metabolic decompensations occur later in
childhood and/or they have nonspecific poor weight gain, growth deficiency, and developmental delay.

Table 3. Select Features of Classic Isovaleric Acidemia

% of Persons w/Feature

Not identified by NBS
Feature . 1
Identified by NBS . . Delayed diagnosis (missed diagnosis
Early onset w/prompt diagnosis
or later onset)

Acute metabolic decompensations ~ 70% 2 90%-100% 3 80% 4

Seizures 15% 1 Prevalent ° Prevalent °

Speech/language delay 15%-20% 1> © 25% 4 Prevalent °

Gross/fine motor delay 5%-16% 1> 0 Prevalent 4 ° Prevalent

Intellectual disability / 10% 1 15%-180% 4 550-56% 4

impaired cognition
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Table 3. continued from previous page.

% of Persons w/Feature

Not identified by NBS
Feature
Identified by NBS ! Delayed diagnosis (missed diagnosis
Early onset w/prompt diagnosis
or later onset)

Muscular hypotonia 5% 1 Prevalent 4 ° Prevalent

Movement disorder 15% ! Prevalent % > Prevalent

Infantile mortality 0% ! 33% 4 39% 47

NBS = newborn screening

1. Miitze et al [2021]

2. In those with classic IVA identified on newborn screening, 50% of decompensations occur in the neonatal period [Miitze et al 2021].
3. In those with classic IVA not identified on newborn screening, most present with metabolic decompensation [Griinert et al 2012,
Kolker et al 2015b].

4. Grunert et al [2012]

5. Kolker et al [2015b]

6. Heringer et al [2016]

7. This frequency is quite likely to be underestimated, as a relevant number of infants and children might have died without correct
diagnosis.

Acute metabolic decompensations in individuals with classic IVA can occur either early in the neonatal period
or later in life. These life-threatening episodes are typically triggered by fasting, (febrile) illness (especially
gastroenteritis [Griinert et al 2012]), or increased protein intake. During metabolic decompensation, individuals
may exhibit various manifestations reflecting metabolic derangement (partially compensated metabolic acidosis,
elevated lactate, ketosis, hyperammonemia), including vomiting, poor feeding, lethargy, hypotonia, seizures, and
a distinct odor of sweaty feet [Dionisi-Vici et al 2006].

« Diagnosis through newborn screening (NBS) and early treatment can reduce the incidence of
metabolic decompensations in individuals with classic IVA, although neonates can present with metabolic
decompensation before NBS results are available (see Figure 2) [Miitze et al 2021]. Recurrent
decompensations are less frequent in individuals identified through NBS compared to those diagnosed
based on symptoms alone, and the frequency of decompensations tends to decrease with age, with no
instances reported after early adolescence [Griinert et al 2012, Miitze et al 2021].

o Individuals with classic IVA not identified by NBS usually develop the first manifestations of acute
metabolic decompensation after a short symptom-free period after birth. Clinical deterioration often
occurs within hours to days after birth with feeding refusal, recurrent vomiting, progressive weight loss,
generalized hypotonia, abnormal posturing, and abnormal movements, and a distinctive odor of sweaty
feet can be present. Laboratory abnormalities include severe metabolic acidosis with elevated anion gap,
elevated lactate, ketosis, and hyperammonemia [Dionisi- Vici et al 2006, Kolker et al 2015a, Kolker et al
2015b]. Subsequently, individuals may exhibit lethargy, seizures, and coma, leading to death within a few
days or resulting in severe neurologic damage if diagnosis of classic IVA is not identified and/or treatment
is not started.

Metabolic decompensations can occur any time throughout childhood in individuals with classic IVA
(regardless of age of diagnosis). Metabolic decompensations did not occur after early adolescence in 21
children with classic IVA [Griinert et al 2012]. However, some individuals have had acute metabolic
decompensations in adulthood [Schlune et al 2018, Tuncel et al 2018].

Seizures have been reported in individuals with classic IVA detected through NBS [Miitze et al 2021] and those
diagnosed later [Kolker et al 2015b]. However, data on the proportion of individuals affected, age of onset,
seizure types, seizure frequency, and EEG findings are limited. One child, age five months, was described with
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infantile spasms and hypsarrhythmia observed on EEG during a metabolic decompensation [Sezer & Balci
2016].

Developmental delay. Delays in gross and fine motor development and speech and language have been reported
in individuals with classic IVA detected through NBS, particularly those with neonatal metabolic
decompensation despite early diagnosis by NBS [Miitze et al 2021]. However, in individuals with classic IVA
diagnosed after the onset of symptoms, developmental disorders affecting motor and cognitive functions are
more prevalent, particularly in those with a late diagnosis (>50% had developmental delay) [Griinert et al 2012].
Delayed motor development is often accompanied by muscular hypotonia and movement disorders.

Intellectual disability / impaired cognition. In one cohort, individuals with classic IVA identified on NBS had
lower IQ levels than the general population (mean IQ: 91£10), and IQ levels were even lower in those who had
experienced severe neonatal metabolic decompensation [Miitze et al 2021]. In another cohort of 16 affected
individuals with classic IVA, cognitive function was within the normal range for those identified through NBS
and clinically diagnosed individuals [Couce et al 2017].

Among individuals with a later diagnosis, approximately 60% were reported to have normal neurocognitive
outcomes. Learning disabilities were observed in approximately one quarter of affected individuals. Severe
cognitive dysfunction was reported in 5% of individuals.

Early diagnosis and treatment in those who survive the initial metabolic decompensation tends to result in
better neurocognitive outcomes [Griinert et al 2012]. A multicenter study showed that early diagnosis and
treatment significantly impact the clinical and neurocognitive outcomes of individuals with classic IVA
[Heringer et al 2016].

Movement disorder (tremor, dysmetria, extrapyramidal movements). The onset of a movement disorder usually
occurs early in the disease course, particularly in infants and children with recurrent acute metabolic
decompensations prior to diagnosis and the start of treatment. Depending on the extent of brain damage, the
severity of the movement disorder can vary; however, it is mostly mild to moderate. Since the movement
disorder is the neurologic sequelae of preceding brain damage, the movement disorder is stable unless brain
damage is aggravated through recurrent severe metabolic decompensations.

Behavioral problems. No behavioral abnormalities have been reported in cohorts of individuals with classic
IVA identified through NBS [Heringer et al 2016, Schlune et al 2018, Miitze et al 2021]. Although data is limited,
behavioral problems such as attention-deficit/hyperactivity disorder have been reported in individuals with
classic IVA not identified on NBS [Hertecant et al 2012]. These issues may arise during episodes of metabolic
derangement or due to the impact on the central nervous system.

Hematologic manifestations have not been reported in individuals with classic IVA detected through NBS
[Vockley & Ensenauer 2006, Schlune et al 2018, Miitze et al 2021], unlike in other forms of organic acidemias,
particularly methymalonic acidemia and propionic acidemia. Pancytopenia as well as isolated neutropenia,
thrombocytopenia, or anemia can occur as a result of bone marrow suppression during acute metabolic
decompensations. However, these hematologic abnormalities have not been consistently reported in cohorts in
the literature [Vockley & Ensenauer 2006, Kolker et al 2015b].

Pancreatitis has not been reported in individuals with classic IVA detected through NBS [Koélker et al 2015a,
Kolker et al 2015b, Couce et al 2017, Schlune et al 2018, Miitze et al 2021]. Pancreatitis has been reported in
some individuals with late-onset IVA and in some with early onset but delayed diagnosis and may complicate
the disease course [Dionisi-Vici et al 2006, Kolker et al 2015a, Kolker et al 2015b, Schlune et al 2018].

Growth. Information regarding growth in individuals with classic IVA is limited; growth deficiency has not been
consistently reported and may vary among aftected individuals. Feeding problems and gastrointestinal
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manifestations (e.g., vomiting) do not appear to cause growth deficiency in individuals with classic IVA [Kolker
et al 2015b], but long-term protein restriction might negatively impact growth [Miitze et al 2023a].

Other features

 Fanconi syndrome (1 individual) [Vockley & Ensenauer 2006]

o Cardiac arrhythmias during general and local anesthesia (1 individual) [Vockley & Ensenauer 2006]
 Abnormalities of the globus pallidus (1 individual) [Vockley & Ensenauer 2006]

 Optic nerve atrophy (1 individual) [Kolker et al 2015b]

Prognosis. Early treatment in those identified by NBS can significantly reduce mortality in individuals with
classic IVA [Miitze et al 2021]. Although there is limited data on older individuals with classic IVA detected
through NBS, there is no apparent disease progression or evidence of multisystem organ dysfunction, which is
frequently observed in individuals with other organic acidemias such as propionic acidemia and methylmalonic
acidemia, suggesting a more favorable prognosis in individuals with classic IVA [Tuncel et al 2018].

Untreated individuals with classic IVA can develop metabolic decompensation resulting in cerebral edema and
hemorrhage, coma, and death [Vockley & Ensenauer 2006]. Mortality is high in neonates during initial
metabolic decompensation (about 30%). However, infants who survive benefit from prompt initiation of
treatment, resulting in better neurocognitive outcomes compared to individuals with delayed diagnosis and
treatment [Griinert et al 2012].

Metabolic decompensations rarely occur in individuals with classic IVA after adolescence, with only a few
reports of metabolic decompensation in adulthood [Griinert et al 2012, Tuncel et al 2018].

Classic IVA with delayed diagnosis. Before the implementation of tandem mass spectrometry-based NBS that
included the diagnosis of IVA, individuals with classic IVA were diagnosed at a median age of four years, most
often following an acute metabolic crisis or in an individual with unexplained developmental delay [Griinert et
al 2012]. However, the majority of these individuals had preceding acute metabolic crises as neonates. Similarly,
early literature originally suggested two forms of IVA, a neonatal group presenting with acute life-threatening
encephalopathy and a second group presenting in childhood with nonspecific poor feeding with selective refusal
of protein-rich foods, recurrent vomiting, poor weight gain, growth deficiency, intermittent ataxia, abnormal
behavior, and/or neurodevelopmental delay [Tanaka 1990]. Individuals who survived the first neonatal episode,
however, were indistinguishable from those presenting in childhood, suggesting that there is a continuous
phenotypic disease spectrum [Vockley & Ensenauer 2006], and delayed diagnosis may be due to missed
diagnosis or later onset.

Genotype-Phenotype Correlations

Limited information is available regarding genotype-phenotype correlations [Vockley & Ensenauer 2006, Miitze
et al 2023b].

The pathogenic variant p.Ala311Val is particularly common in individuals identified through NBS and is
associated with attenuated IVA in individuals who are homozygous or compound heterozygous for this variant
(see Genetically Related Disorders). These individuals exhibit only mild elevations in metabolites and have an
asymptomatic disease course [Ensenauer et al 2004, Miitze et al 2021, Miitze et al 2023b]. Additional IVD
pathogenic variants can also result in attenuated IVA [Miitze et al 2021].

Nomenclature

Classic isovaleric acidemia/aciduria refers to the presence of elevated levels of isovaleric acid in the blood/
urine.
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Figure 2. Age at first metabolic decompensation

Kaplan-Meier analysis of age at onset of first metabolic decompensation. Individuals with attenuated IVA (red; n = 67) experienced no
metabolic decompensations (see Genetically Related Disorders), whereas the majority of individuals with classic IVA (turquoise; n =
24) had at least one metabolic decompensation. Vertical lines indicate censored data; color-shaded areas indicate the 95% confidence
intervals.

Republished with permission from Miitze et al [2021]

Isovaleryl-coenzyme A dehydrogenase deficiency refers to inherited deficiency of the mitochondrial FAD-
dependent enzyme isovaleryl-coenzyme A dehydrogenase resulting in isovaleric acidemia.

Prevalence

Prevalence of classic IVA is 1:100,000 newborns [Moorthie et al 2014, Miitze et al 2021]. There are no known
founder variants or populations with high disease prevalence.

Genetically Related (Allelic) Disorders

Attenuated IVA (also known as "attenuated disease variant"; formerly referred to as "mild IVA"). Individuals
with biallelic IVD variants can present with mild elevations in C5-carnitine (<~6 umol/L on NBS) and absence
of typical clinical manifestations of classic IVA (acute metabolic decompensations, seizures, motor delay,
hypotonia, and movement disorder). This phenotype occurs predominantly (>80%) in homozygous or
compound heterozygous individuals with the common I'VD missense variant NM_002225.5:¢.932C>T
(p-Ala311Val). These individuals have normal cognitive function (mean IQ: 105+16), even without dietary
treatment and/or medication [Ensenauer et al 2004, Miitze et al 2021, Miitze et al 2023b]. Infants with
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attenuated IVA do not need aggressive treatment and should be protected from overtreatment [Miitze et al
2021]. These individuals can follow a normal diet without any restrictions with avoidance of prolonged and/or
excessive fasting. In those with severely increased or prolonged catabolism, treatment includes intravenous
glucose, rehydration with normal saline, and consideration of transient use of carnitine.

Differential Diagnosis

Scenario 1: Abnormal Newborn Screening (NBS) Result

Table 4a. Genes of Interest in the Differential Diagnosis of an Infant with NBS Results and/or Other Laboratory Findings Suggestive of
Classic Isovaleric Acidemia

Gene(s) Disorder MOI Laboratory Findings Clinical Findings
« DD
Short/branched-chain acyl-CoA  Seizures
ACADSB dehydrogenase deficiency (2- AR tcs! « Autism
methylbutyrylglycinuria) (OMIM 610006) » Majority of persons remain
asymptomatic
ETFA .« 1C5 « Muscular hypotonia & weakness

Multiple acyl-CoA dehydrogenase deficiency Ca . .
ETFB (MADD, glutaric aciduria I AR o Metabolic acidosis + Liver dysfunction

ETFDH « Hypoglycemia ! o Cardiomyopathy

C5 = C5-carnitine; AR = autosomal recessive; CoA = coenzyme A; DD = developmental delay; MOI = mode of inheritance
1. Schlune et al [2018]

Of note, pivaloylcarnitine, a derivate of pivalic acid-containing antibiotics (taken by mother and child) and
pivalic acid-containing skin cream, can cause a false positive newborn screening (NBS) for isovaleric acidemia
(IVA), as pivaloylcarnitine is isobaric for isovalerylcarnitine and can also cause elevated C5-carnitine values on
tandem mass spectrometry of dried blood spots [Schlune et al 2018, Murko et al 2022]. False positive results on
tandem mass spectrometry due to pivaloylcarnitine can be excluded by C5 isobar analysis (where available)
[Murko et al 2022] or analysis of urinary organic acids.

Scenario 2: Symptomatic Individual

Table 4b. Genes of Interest in the Differential Diagnosis of a Symptomatic Individual with Findings Suggestive of Late-Onset or
Untreated Infantile-Onset Classic Isovaleric Acidemia

Gene(s) Disorder MOI Laboratory Findings Clinical Findings
o Acute encephalopathic crises
GCDH Glutaric acidemia type 1 AR Metabolic acidosis 1> 2 o Macrocephaly
o Seizures
MCEE + Metabolic acidosis
MMAA . « Hyperammonemia
MMAB Isc(i)iiat;i methylmalonic AR + Methylmalonic acid in urine
MMADHC “'¢¢™M# » Propionylcarnitine on acylcarnitine
MMUT analysis 13 o Metabolic decompensations
+ Cardiomyopathy
e Metabolic acidosi.s « Kidney failure
» Hyper ammonemia « Pancreatitis
peca Propionic acidemia AR : 3—hydr0).(y—pr(.)p10n.1c acid &2-
PCCB methylcitrate in urine
o Propionylcarnitine on acylcarnitine
analysis 1> 3
+ Hyperammonemia  Altered level of consciousness
ARG1 Arginase deficiency AR « Targinine in plasma « Encephalopathy
o T liver enzymes 1,4 « Seizures


https://omim.org/entry/610006
https://www.ncbi.nlm.nih.gov/books/n/gene/madd/
https://www.ncbi.nlm.nih.gov/books/n/gene/glutaric-a1/
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https://www.ncbi.nlm.nih.gov/books/n/gene/arg1/
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Table 4b. continued from previous page.

Gene(s)

ASL

ASS1

CPS1

oTC

NAGS

SLC25A13

SLC25A15

Disorder

Argininosuccinate lyase
deficiency

Citrullinemia type I

Carbamoylphosphate
synthetase I deficiency (See
Urea Cycle Disorders
Overview.)

Ornithine transcarbamylase
deficiency

N-acetylglutamate synthase
deficiency (See Urea Cycle
Disorders Overview.)

Citrin deficiency

Hyperornithinemia-
hyperammonemia-
homocitrullinuria syndrome

MOI Laboratory Findings

AR

AR

AR

XL

AR

AR

AR

Hyperammonemia
Argininosuccinic acid in plasma or
urine

? liver enzymes 1> 4

Hyperammonemia
1 citrulline in plasma
* liver enzymes 1> 4

Hyperammonemia

Low citrulline in plasma
Normal/low orotic acid in urine
? liver enzymes 14

Hyperammonemia

Low citrulline in plasma
1 orotic acid in urine

? liver enzymes >4

Hyperammonemia

Low citrulline in plasma
Normal/low orotic acid in urine
? liver enzymes 1> 4

Hyperammonemia

* citrulline, arginine, methionine,
threonine, tyrosine, & lysine in
plasma

? liver enzymes 1> 4

Hyperammonemia
T homocitrulline in urine
* liver enzymes 1> 4

AR = autosomal recessive; MOI = mode of inheritance; XL = X-linked

1. Kolker et al [2015a], Kolker et al [2015b]

2. Boy et al [2023]
3. Forny et al [2021]
4. Haberle et al [2019]

Management

Clinical Findings

o Vomiting
o Cognitive impairment
o Hepatomegaly

When classic isovaleric acidemia (IVA) is suspected during the diagnostic evaluation, that is, because of
increased C5-carnitine concentrations in dried blood spots (acylcarnitine profile) or isovalerylglycine in urine
(urine organic acids), metabolic treatment should be initiated immediately.

Development and evaluation of treatment plans, training and education of affected individuals and their
families, and avoidance of side effects of dietary treatment (i.e., malnutrition, growth failure) require a
multidisciplinary approach including multiple subspecialists, with oversight and expertise from a specialized
metabolic center.

Evaluations Following Initial Diagnosis

To establish the extent of disease and needs in an individual diagnosed with classic IVA, the evaluations
summarized in Table 5 (if not performed as part of the evaluation that led to the diagnosis) are recommended.


https://www.ncbi.nlm.nih.gov/books/n/gene/args-aciduria/
https://www.ncbi.nlm.nih.gov/books/n/gene/args-aciduria/
https://www.ncbi.nlm.nih.gov/books/n/gene/ctlm/
https://www.ncbi.nlm.nih.gov/books/n/gene/ucd-overview/
https://www.ncbi.nlm.nih.gov/books/n/gene/ucd-overview/
https://www.ncbi.nlm.nih.gov/books/n/gene/otc-def/
https://www.ncbi.nlm.nih.gov/books/n/gene/otc-def/
https://www.ncbi.nlm.nih.gov/books/n/gene/ucd-overview/
https://www.ncbi.nlm.nih.gov/books/n/gene/ucd-overview/
https://www.ncbi.nlm.nih.gov/books/n/gene/citrin-def/
https://www.ncbi.nlm.nih.gov/books/n/gene/hhhs/
https://www.ncbi.nlm.nih.gov/books/n/gene/hhhs/
https://www.ncbi.nlm.nih.gov/books/n/gene/hhhs/
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Table 5. Classic Isovaleric Acidemia: Recommended Evaluations Following Initial Diagnosis
Evaluation Comment

 Transfer to specialist center w/experience in mgmt of inherited metabolic

. . - diseases (strongly recommended)
Consultation w/metabolic physician / . . RN . . .
. . .. . 1. » Consideration of short hospitalization at center of expertise for inherited
biochemical geneticist & specialist

1 metabolic conditions to provide caregivers w/detailed education (natural

metabolic dietitian . . . .
history, maintenance & emergency treatment, prognosis, & risks for acute
encephalopathic crises)
Nutrition / In symptomatic children w/feeding problems, need for tube feeding should be carefully
Feeding assessment evaluated by metabolic specialist & nutritional specialist.

In symptomatic persons, neurologic phenotype should be carefully assessed by child

Consultation w/neurologist neurologist (in children & adolescents) or neurologist (in adults)

Developmental assessment Consider referral to developmental pediatrician.

Consultation w/psychologist &/or social ~ To ensure understanding of diagnosis, assess parental / affected person's coping skills &

worker resources, and provide sociolegal advice

Consultation w/physical therapist, To ensure long-term benefit from treatment & to guide support of development (if
occupational therapist, & speech therapist necessary)

Genetic counseling by genetics To inform affected persons & their families re nature, MOI, & implications of classic
professionals 2 IVA to facilitate medical & personal decision making

IVA = isovaleric acidemia; MOI = mode of inheritance
1. After a new diagnosis of classic IVA in a child, the closest hospital and local pediatrician should also be informed.
2. Medical geneticist, certified genetic counselor, certified advanced genetic nurse

Treatment of Manifestations

All children with classic IVA require supervision of a specialist metabolic dietitian with experience in managing
the diet recommended for those with classic IVA. The main principles of treatment are aimed at reducing leucine
and enhancing physiologic detoxification of isovaleryl-coenzyme A, which is considered the main endogenous
toxin of individuals with classic IVA.

Targeted Therapy

In GeneReviews, a targeted therapy is one that addresses the specific underlying mechanism of disease causation
(regardless of whether the therapy is significantly efficacious for one or more manifestation of the genetic condition);
would otherwise not be considered without knowledge of the underlying genetic cause of the condition; or could lead
to a cure. —ED

Low-leucine diet in infants

« Reduction of total natural protein (leucine) intake via breast milk or conventional formula

 Leucine-free formulas to provide adequate supply of essential amino acids with minerals, trace elements,
and vitamins

« Diet must balance reduced leucine intake while maintaining sufficient intake of essential nutrients.

« Total protein prescription is according to safe levels of protein recommended by the World Health
Organization / Food and Agriculture Organization of the United Nations / United Nations University
(WHO/FAO/UNU)

« Natural protein intake for individuals with classic IVA is adjusted to the individual leucine tolerance. For
the first year of life this accounts for a natural protein intake of about 0.8-1 g/kg/day plus protein from
leucine-free formulas (1-1.5 g/kg/day).

Pharmacologic detoxification
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 Conjugation of isovaleryl-coenzyme A using carnitine or combined carnitine and glycine
« Carnitine supplementation dose: 50-100 mg/kg/day
+ Glycine supplementation dose: 150 mg/kg/day

Supportive Care

Supportive care to improve quality of life, maximize function, and reduce complications is recommended. This
involves multidisciplinary care by specialists in relevant fields for routine daily treatment (see Table 6a),
emergency outpatient treatment (see Table 6b), and acute inpatient treatment (see Table 6¢).

Table 6a. Classic Isovaleric Acidemia: Routine Daily Treatment

Principle/Manifestation

General

Nutrition /
Dietary management

Acute metabolic
decompensation

Movement disorders

Gross motor delay

Treatment

Intense & ongoing education of affected persons
& caregivers re natural history, maintenance &
emergency treatment, prognosis, & risks of acute
encephalopathic crises

Low-leucine diet in infants (See Targeted
Therapy.)

After being given prescribed quantities of
leucine-free formula, infants can breastfeed on
demand.

 Protein-controlled diet in adolescents &
adults to avoid excess protein

o Adequate supplies of specialized dietary
products should always be maintained at
home.

o Treatment protocols & provision of
emergency letters or cards to include
guidance for care in the event of illness
while on holiday/vacation

«  MedicAlert® bracelets/pendants or car
seat stickers

Referral to neurologist for ongoing mgmt

« Physical therapy
« Aggressive rehab therapy

Considerations/Other

Breastfeeding should be encouraged.
Leucine content in breast milk is 130 mg
per 100 mL.

Daily leucine intake can be calculated
when breast milk is the only natural
protein source & breast milk intake is
calculated & stable.

After school age the dietary mgmt is usually
relaxed. With increasing age, the risk of acute
metabolic decompensations declines. Metabolic
decompensations are usually not present after
adolescence (except for a few reported instances).
The natural protein intake can be adjusted to the
WHO/FAO/UNU safe levels of protein to avoid
protein malnutrition.

Written protocols for maintenance &
emergency treatment should be provided
to parents, primary care providers /
pediatricians, teachers, & school staff. 1> 2
Emergency letters/cards should be
provided summarizing key information &
principles of emergency treatment for
classic IVA & containing contact
information for primary treating
metabolic center.

For any planned travel or vacations,
consider contacting a center of expertise
near the destination prior to travel dates.
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Table 6a. continued from previous page.
Principle/Manifestation Treatment Considerations/Other

» Notify designated metabolic center in
advance of procedure to discuss

perioperative mgmt w/surgeons & Consider placing a "flag” in the affected person's
Surgery or procedure anesthesiologists. medical record such that all care providers are
(including dental o Emergency surgeries/procedures require aware of the diagnosis & the need to solicit
procedures) planning input from physicians w/ opinions & guidance from designated metabolic

expertise in inherited metabolic diseases specialists in the setting of certain procedures.

(w/respect to perioperative fluid &
nutritional mgmt).

Based on British Inherited Metabolic Diseases Group, European registry and network for Intoxication type Metabolic Diseases (E-
IMD), Pinto et al [2017], Miitze et al [2021], Schiff et al [2022]

IVA = isovaleric acidemia; WHO/FAO/UNU = World Health Organization / Food and Agriculture Organization of the United
Nations / United Nations University

1. Essential information including written treatment protocols should be provided before inpatient emergency treatment might be
necessary.

2. Parents or local hospitals should immediately inform the designated metabolic center if: (1) temperature rises >38.5 °C; (2)
vomiting/diarrhea or other symptoms of intercurrent illness develop; or (3) new neurologic manifestations occur.

Table 6b. Classic Isovaleric Acidemia: Emergency Outpatient Treatment
Manifestation Treatment Consideration/Other

o Carbohydrate supplementation orally or

via tube feeding 2
o Transient reduction of natural protein o Trial of outpatient treatment at
; 3
Mildly increased catabolism 1 intake . . home for up to 12 hours
o Increase carnitine supplementation (up to o Reassessment (~every 2 hours) for
200 mg/kg/day) clinical changes 4
o Glycine supplementation (up to 300
mg/kg/day)
Administration of antipyretics (acetaminophen,
Fever . . . o
ibuprofen) if temperature rises >38.5 °C
Occasional vomiting Antiemetics >

Based on British Inherited Metabolic Diseases Group, European registry and network for Intoxication type Metabolic Diseases (E-
IMD), Pinto et al [2017], Schiff et al [2022]

1. Fever <38.5 °C (101 °F); enteral or gastrostomy tube feeding is tolerated without recurrent vomiting or diarrhea; absence of
neurologic symptoms (altered consciousness, irritability, hypotonia, dystonia)

2. Stringent guidelines to quantify carbohydrate/caloric requirements are available to guide nutritional arrangements in the outpatient
setting, with some centers recommending frequent provision of carbohydrate-rich, protein-free beverages every two hours, with
frequent reassessment.

3. Some centers advocate additional steps such as reducing natural protein intake to zero or to 50% of the normal prescribed regimen
for short periods (<24 hours) in the outpatient setting during intercurrent illness.

4. Alterations in mentation/alertness, fever, and enteral feeding tolerance, with any new or evolving clinical features discussed with the
designated center of expertise for inherited metabolic diseases

5. Some classes of antiemetics can be used safely on an occasional basis to temporarily improve enteral tolerance of food and beverages
at home or during transfer to the hospital.


https://bimdg.org.uk/site/index.asp
https://www.e-imd.org/
https://www.e-imd.org/
https://bimdg.org.uk/site/index.asp
https://www.e-imd.org/
https://www.e-imd.org/
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Table 6¢. Classic Isovaleric Acidemia: Acute Inpatient Treatment

Manifestation Treatment

Increased catabolism (due to » Transient stop of protein intake
fever, perioperative/peri-  Intravenous glucose to restore
interventional fasting periods, anabolism

repeated vomiting/diarrhea) + Normal saline for rehydration

Adjust treatment after careful exam of

New or evolving neurologic .
J & secondary causes & following

manifestations X . .
neurologic consultation & cranial MRI.
s Consider use of buffers (in case of life-
Metabolic acidosis . 1 (
threatening acidosis).
Hyperammonemia Nitrogen scavengers

15

Consideration/Other

» Do not stop protein for >24 hours to avoid
protein catabolism.

o Glucose should be administered according to
age, aiming to cover the gluconeogenesis rate of
the liver (e.g., 12-15 g/kg/day in newborns).

o Fluid intake is adjusted to age-dependent
demands & should consider additional losses
(e.g., vomiting, diarrhea).

Sodium benzoate: starting dose 250 mg/kg/day
intravenously;, consider intravenous bolus or dose
escalation in case of life-threatening hyperammonemia
(usually rare).

British Inherited Metabolic Diseases Group, European registry and network for Intoxication type Metabolic Diseases (E-IMD), Pinto et

al [2017], Schiff et al [2022]

Surveillance

In addition to regular evaluations by a metabolic specialist and metabolic dietician, the evaluations summarized
in Table 7 are recommended to monitor existing manifestations, the individual's response to supportive care,

and the emergence of new manifestations.

Table 7. Classic Isovaleric Acidemia: Recommended Surveillance

Manifestation Evaluation Frequency/Comment
« Atleast every 3 months until age 1
Quantitative analysis of plasma amino acids (ideally sent after a 3- year

hour protein fast)

o Every 6 months from ages 1-6 years
« Annually age >6 years

Nutriti . . . . .
G:oixlr tﬁm/ Laboratory testing (blood gases, albumin, calcium, phosphate, At least annually in those on protein-
parathyroid hormone, complete blood count, vitamin B17) restricted diet
At each visit throughout childhood;
Measurement of growth & head circumference continue to monitor weight throughout
adulthood
Monitor developmental milestones. At each visit
« Neuropsychological testing using age-appropriate
Development standardized assessments As needed
« Standardized quality-of-life assessment tools for affected
persons & parents/caregivers
Assessment for clinical manifestations of movement disorders,
Movement disorder severity, & response to treatment (physical therapy & At each visit

pharmacologic interventions)


https://bimdg.org.uk/site/index.asp
https://www.e-imd.org/

16 ®

GeneReviews

Agents/Circumstances to Avoid
Avoid the following:

 Excess of dietary protein or protein malnutrition inducing catabolic state
« Prolonged fasting
« Catabolism during illness (intercurrent infection; brief febrile illness post vaccination)

Evaluation of Relatives at Risk

IVA biochemical or molecular genetic testing of all at-risk sibs of any age is warranted to allow for early
diagnosis and treatment of classic IVA.

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

Therapies Under Investigation

Search ClinicalTrials.gov in the US and EU Clinical Trials Register in Europe for access to information on
clinical studies for a wide range of diseases and conditions. Note: There may not be clinical trials for this
disorder.

Genetic Counseling

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.

Mode of Inheritance

Classic isovaleric acidemia (IVA) is inherited in an autosomal recessive manner.

Risk to Family Members

Parents of a proband

o The parents of an affected child are presumed to be heterozygous for an IVD pathogenic variant.

« Once a molecular diagnosis has been established in the proband, molecular genetic testing is
recommended for the parents of the proband to confirm that both parents are heterozygous for an IVD
pathogenic variant and to allow reliable recurrence risk assessment. If a pathogenic variant is detected in
only one parent and parental identity testing has confirmed biological maternity and paternity, it is
possible that one of the pathogenic variants identified in the proband occurred as a de novo event in the
proband or as a postzygotic de novo event in a mosaic parent [Jonsson et al 2017]. If the proband appears
to have homozygous pathogenic variants (i.e., the same two pathogenic variants), additional possibilities
to consider include:

o A single- or multiexon deletion in the proband that was not detected by sequence analysis and that
resulted in the artifactual appearance of homozygosity;

o Uniparental isodisomy for the parental chromosome with the pathogenic variant that resulted in
homozygosity for the pathogenic variant in the proband.

 Heterozygotes (carriers) are asymptomatic and are not at risk of developing the disorder.

Sibs of a proband


https://clinicaltrials.gov/
https://www.clinicaltrialsregister.eu/ctr-search/search
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o If both parents are known to be heterozygous for an IVD pathogenic variant, each sib of an affected
individual has at conception a 25% chance of being affected, a 50% chance of being an asymptomatic
carrier, and a 25% chance of being unaffected and not a carrier.

« The neurologic phenotype of classic IVA and the frequency of acute metabolic crisis can vary widely
among untreated individuals and family members with the same biallelic IVD pathogenic variants. This
discrepancy is mostly explained by differences in the time of diagnosis as well as the start of and
adherence to treatment.

 Heterozygotes (carriers) are asymptomatic and are not at risk of developing the disorder.

Offspring of a proband. Unless an affected individual's reproductive partner also has classic IVA or is a carrier,
oftspring will be obligate heterozygotes (carriers) for a pathogenic variant in IVD.

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

Carrier Detection

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

Related Genetic Counseling Issues

See Management, Evaluation of Relatives at Risk for information on evaluating at-risk relatives for the purpose
of early diagnosis and treatment.

Family planning

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

o Itis 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.

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 IVD pathogenic variants have been identified in an affected family member, prenatal and
preimplantation genetic testing are possible.

Differences in perspective may exist among medical professionals and within families regarding the use of
prenatal testing. While most centers would consider use of prenatal testing to be a personal decision, discussion
of these issues may be helpful.

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.

o British Inherited Metabolic Disease Group (BIMDG)
TEMPLE (Tools Enabling Metabolic Parents LEarning)


https://www.ncbi.nlm.nih.gov/books/n/gene/app4/
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United Kingdom
IVA

o MedlinePlus
Isovaleric acidemia

« International Society for Neonatal Screening (ISNS)
WWww.isns-neoscreening.org

o Newborn Screening in Your State
Health Resources & Services Administration
www.newbornscreening.hrsa.gov/your-state

» Organic Acidemia Association
Phone: 763-559-1797
Fax: 866-539-4060 (toll-free)
Email: kstagni@oaanews.org; menta@oaanews.org
WWW.0aanews.org

« European Registry and Network for Intoxication Type Metabolic Diseases (E-IMD)
www.e-imd.org/en/index.phtml
Molecular Genetics

Information in the Molecular Genetics and OMIM tables may differ from that elsewhere in the GeneReview: tables
may contain more recent information. —ED.

Table A. Classic Isovaleric Acidemia: Genes and Databases

Gene Chromosome Locus Protein Locus-Specific HGMD ClinVar
Databases
IVD 15q15.1 Isovaleryl-CoA IVD @ LOVD IVD IVD
dehydrogenase,
mitochondrial

Data are compiled from the following standard references: gene from HGNC; chromosome locus from OMIM; protein from UniProt.
For a description of databases (Locus Specific, HGMD, ClinVar) to which links are provided, click here.

Table B. OMIM Entries for Classic Isovaleric Acidemia (View All in OMIM)
243500 ISOVALERIC ACIDEMIA; IVA
607036 ISOVALERYL-CoA DEHYDROGENASE; IVD

Molecular Pathogenesis

Biallelic IVD pathogenic variants result in reduced enzyme activity in the mitochondrial isovaleryl-conenzyme
A dehydrogenase and, subsequently, in accumulation of isovaleryl-conenzyme A and its metabolites.

Mechanism of disease causation. Loss of function

®


https://bimdg.org.uk/store/temple//B20030_Temple_Update_IVA_DIGITAL_711468_21062021.pdf
https://medlineplus.gov/genetics/condition/isovaleric-acidemia/
https://www.isns-neoscreening.org/
https://newbornscreening.hrsa.gov/your-state
http://www.oaanews.org
https://www.e-imd.org/event/european-registry-and-network-intoxication-type-metabolic-diseases
https://www.ncbi.nlm.nih.gov/gene/3712
https://www.ncbi.nlm.nih.gov/genome/gdv/?context=gene&acc=3712
http://www.uniprot.org/uniprot/P26440
http://www.uniprot.org/uniprot/P26440
http://www.uniprot.org/uniprot/P26440
http://databases.lovd.nl/shared/genes/IVD
http://www.hgmd.cf.ac.uk/ac/gene.php?gene=IVD
https://www.ncbi.nlm.nih.gov/clinvar/?term=IVD[gene]
http://www.genenames.org/index.html
http://www.omim.org/
http://www.uniprot.org/
https://www.ncbi.nlm.nih.gov/books/n/gene/app1/
https://www.ncbi.nlm.nih.gov/omim/243500,607036
https://www.ncbi.nlm.nih.gov/omim/243500
https://www.ncbi.nlm.nih.gov/omim/607036
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Chapter Notes
Author Notes

Ulrike Miitze is consultant for Pediatric Metabolic Medicine (Clinical Care, Metabolic and Newborn Screening
[NBS] Laboratory) in the Division of Child Neurology and Metabolic Medicine at Heidelberg University
Hospital, Germany. Her major research topic is the systematic evaluation of long-term outcome and lifelong care
of individuals with inherited metabolic diseases identified by NBS, with a special focus on individuals with
isovaleric acidemia (IVA). Her research goal is to set up long-term observation as a standard in NBS programs as
a tool to iteratively evaluate and improve NBS programs and case definitions, allow guideline development, and
inform long-term stratified treatment and care for established and future NBS conditions.

Anna Reischl-Hajiabadi is a pediatric resident with a special interest in pediatric metabolic medicine, NBS, and
long-term observational studies.

Stefan Kolker is head of the Division of Child Neurology and Metabolic Medicine at Heidelberg University
Hospital, Heidelberg, Germany. His major clinical and scientific interest is on inherited metabolic diseases and
NBS programs. He is vice-coordinator of the European Reference Network for Hereditary Metabolic Disorders
(MetabERN). With his team he has designed and established a set of interoperable patient registries (U-IMD, E-
IMD, E-HOD) that are used for long-term observational studies on individuals with inherited metabolic diseases
aiming to improve the knowledge base on these rare diseases, to improve diagnostic and therapeutic strategies,
and to inform guideline development.

Long-term observational registries for individuals with inherited metabolic diseases that also includes
individuals with IVA:

 European registry and network for Intoxication type Metabolic Diseases (E-IMD)
o Unified Registry for Inherited Metabolic Disorders (U-IMD)

Long-term outcome of individuals with inherited metabolic diseases after diagnosis by expanded newborn
screening (NGS2020/NGS2025) - German Clinical Trials registration DRKS00013329

Drs Ulrike Miitze and Stefan Kolker are actively involved in clinical research regarding individuals with IVA.
They would be happy to communicate with persons who have any questions regarding diagnosis of IVA or other
considerations.
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