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ABSTRACT

Isovaleric Acidemia (IVA) is an autosomal recessive Inborne Error of Metabolism (IEM), i.e.,
caused by the mutation of isovaleric-CoA dehydrogenase. Two phenotypes of IVA are reported;

Article info: :  acute and chronic.

R_ecei"eq: _27 Aug 2019 :  Thecase was a 3-year-old boy with chronicintermittent presentation. Elevated 3-hydroxybutyric
First Revision: 15 Sep 2019 :  acid and isovaleric glycine in urinary acid profile was reported. We also performed a brief
Accepted: 02 Nov 2019 . review about the presented case; IVA in international databases for English language articles
Published: 01 July 2020 : on children.

Key Words: :  Several manners exist to screen IVA patients and the best one is GC-MS in urine analysis. The

Isovaleric acidemia. Chronic prognosis of the disease depends on the early interventions.

phenotype, Isovaleric-CoA

dehydrogenase
1. Introduction 15q14-15 (2, 3). Human IVD was extracted in 1987.
Fibroblasts and lymphocytes are used to measure VD
sovaleric Acidemia (IVA), as an autosomal activity for genetic analysis (4-12). IVA is an organic aci-
recessive Inborne Error of Metabolism demia of branched-chain amino acid leucine. The prev-
(IEM), is the first organic acidemia to be alence of the disease was estimated to be 1/1000000 in

described (1). The disease is caused by Europe (1, 2, 9, 13).
the mutation of mitochondrial enzyme,

Isovaleric-CoA Dehydrogenase (IVD) (1). IVA is classified in group 2 of IEM and has two forms
IVD gene is located on the chromosome of acute and chronic (14). During crises of the disease,
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urine contains isovaleric glycine, 3-hydroxyisovaleric
acid, and other metabolites. Therefore, employing Gas
Chromatography/Mass Spectrometry (GC-MS) became
the mainstay for identifying organic academia in routine
practice (15, 16). For practical purposes, the disease
could metabolically be classified into mild, intermedi-
ate, and severe types. Both groups of acute and chronic
IVAs are prone to an intermittent acute episodes of de-
compensation with minor illness (16). Additionally, a
third type was described that may represent as a bio-
chemical phenotype without clinical symptoms (16).

Infants with this condition appear well at birth; how-
ever, in the acute form, in first days or weeks of life, iso-
valeric-CoA derivatives cause nonspecific and variable
clinical features. Such presentations include vomiting,
lethargy, acidosis, ketosis, hyperammonemia, dehydra-
tion, failure to gain weight, seizures, odor of sweaty
feet, progressing to coma, and death (4, 17-19).

In the late-onset form, recurrent attacks with dehydra-
tion and ketosis are triggered with infections and high pro-
tein. This type, combined with reactive hyperglycemia, is
misdiagnosed as Diabetic Ketoacidosis (DKA) (2, 17, 20).

Staphylocococcal Scalded Skin Syndrome (4S) occurs
predominantly in infants and children aged <5 years.
It includes a range of conditions from localized bullous
impetigo to generalized cutaneous involvement with
systemic illness. The onset of the rash may be preceded
by malaise, fever, irritability, and exquisite skin tender-
ness. Scarlatiniform erythema develops diffusely and
is accentuated in flexural and periorificial areas. The
conjunctivae are inflamed and occasionally become
purulent. The brightly erythematous skin may rapidly
acquire a wrinkled appearance; in severe cases, sterile,
flaccid blisters, and erosions develop, diffusely (21).

2. Case Presentation

A 34-month-old boy was admitted to the pediatric de-
partment due to altered consciousness and vomiting.
Three day before admission, the patient started vomit-
ing. First vomiting was nonbilious; however, it gradually
increased in frequency and became bilious and force-
ful vomiting occurred with each meal. From the admis-
sion day, he was sleepy and had swelling and redness
around eyes. There was no history of fever, abdominal
pain, and diarrhea. He had normal defecation 5 days be-
fore admission. He was born by cesarean section. His
birth weight was 3750 gr. He had a history of hospitaliza-
tion, due to vomiting at the age of 10 and 16 months, as
well as encephalitis at 25 months of age. In the disease
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course, his clinical presentations progressed to 4S mani-
festations, like the recent admission. He was the second
child of non-consanguineous Iranian parents. His older
sister was 13 years old with healthy intelligence level.
She presented no similar symptoms or known diseases.
On physical examination, his weight was 14 kg (50% per-
centiles) and his height was 100 cm (90" percentiles),
and he was lethargic. Tachycardia was also noted. Axil-
lary body temperature of him was equal to 37.3°C. Oral
mucosa was dry and his abdomen was soft and flat. His
skin turgor and tonus was at low level. The laboratory
analysis suggested the following values: WBC: 800/,
(PMN=70%, LYMPH=17%, BASO=3%, monocyte=10%),
RBC=4450000/ul, HB=10.5 gr/dL, MCV=75, MCH=21,
PLT=183000, urea=44 mg/dL, Cr=0.7 mg/dL, Na=134
megq/lit, k=3.9 meqg/L, Ca=8 mg/dL, ammonia=110,
and lactate=3.84. The blood gas analysis data were as
follows: PH: 7.29, PO2:75 mmHg, PC0O2:27.8 mmHg,
HCO03:13.4 meg/L, and base deficit: -11. Liver function
tests revealed normal result. Abdominal radiography
and ultrasound sonography findings were normal. Brain
CT and CSF analysis were also normal.

After 48 hours of admission, the patient presented
high fever and tremor and was erythrodermic. Gradu-
ally, erythroderma was spread from the face to the
trunk, i.e., accompanied by scaling and hair loss. In the
laboratory analysis, the values were found as follows:
WBC:800/uL (PMN=38%, lymph=50%, monocyte=4%,
eosinophil=8%, RBC=3410000/uL, PLT=30000, NA=134
meq/L, K=2.3 meq/L, Ca=5.6 mg/dL, & P=2.5 mg/dL),
According to the continuation of leukopenia, hypo-
calcemia, hypokalemia, metabolic acidosis; urine and
plasma assessment for amino-acids were provided with
the suspicion of IEM. Besides, the GC-MS of urine re-
vealed grossly elevated (1325 time increase) isovaleric
glycine suggestive of IVA. Special diet by formula spe-
cific for IVA and carnitine was started; his protein intake
was restricted. The patient tolerated feed well and was
discharged on a special diet. Surprisingly, in the third
admission (after the last one), because of mild crisis,
he demonstrated the same clinical presentation of 4S.
However, because of his past history and vigorous man-
agement, these signs and symptoms did not progress.

3. Discussion

IVA is an autosomal recessive disorder caused by the
mutation of IVD (16). Itis a part of group 2 IEM, i.e., man-
ifested as an acute (periodic vomiting, abnormal liver
function) or chronic intermittent (failure to gain weight)
(14). The attacks may be triggered by inter-current ill-
nesses or other physiologic stressors, like fasting (16, 17).
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We reported a case of a 3-year-old boy presented with
the chronicintermittent form of IVA. Increased isovaleric
glycine, as an indicator of IVA, was detected in the urine
analysis with GC-MS method. Furthermore, ketosis was
mentioned, i.e., because of elevated 3-hydroxy butyric
acid. Variable clinical findings are originated from the
amount of conjugated metabolites with genotype (4).
For example, missense mutation, ¢.932C>T usually pre-
sented well without any cure (4, 16, 21). The patients
may present dehydration, hypothermia, and the odor of
sweaty feet. The laboratory findings were metabolic aci-
dosis, hyperammonemia, hyper- or hypoglycemia, and
hypocalcemia. Pancytopenia, due to bone marrow sup-
pression, could occur as well as isolated neutropenia,
and thrombocytopenia (16, 17, 22).

The odor is smelled because of the unconjugated me-
tabolites in urine. The odor could be detected best in
body fluids, especially by sweat or cerumen from the
ear (1,2, 13, 16, 23-27).

The characteristic smell of dirty socks may be present
when the patient is acutely sick. Surprisingly, the urine
has not odor; unlike other organic acidemias, i.e., be-
cause the unconjugated isovaleric acid responsible for
the odor is inadequately excreted in urinel. Second-
ary hyperammonemia is caused by the restraint of N-
acetylglutamate synthetase activity with isovaleric-CoA
and the evacuation of acetyl-CoA (28, 29). Patient’s
mental development depends on the age of diagnosis
(30). Intellectual development may be affected by the
frequency of attacks and the time of receiving cure. Glo-
bus pallidus may also be involved (31). The uncured pa-
tients are prone to intra-cerebral bleeding and edema
that may lead to coma and death (16, 32).

Moreover, the disease presentations might be simi-
lar to diabetic ketoacidosis (33). Patients who survive a
neonatal or other acute crisis at any time may be clini-
cally indistinguishable from children diagnosed later in
life, with more chronic conditions than the others.

The latter group presentations are relatively non-specif-
ic, such as failure to thrive, developmental delay, or intel-
lectual disability. Accordingly, a specific diagnosis for these
children is suggested; it must be considered in all patients
with this clinical picture. During crisis, acute pancreatitis,
myeloproliferative syndrome, Fanconi syndrome, and car-
diac arrhythmias, and ketoacidosis were reported (16).

Several methods are available to evaluate IEM pa-
tients. These approaches includ blood and urine analy-
sis, genetic counseling, diet assessment, and obtaining
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family history. Elevated lactate, pyruvate, and ammonia
may manifest mitochondrial involvement (14). New-
born screening, by MS/MS, demonstrate the elevations
of the C5 acylcarnitine metabolite markers in dried
blood spots. Through this method, the majority of pa-
tients are diagnosed pre-symptomatically. Furthermore,
C5 acylcarnitine represents a mixture of isomers (isova-
leric carnitine, 2 methylbutyryl carnitine, & pivaloyl car-
nitine); thus, for confirming diagnosis, further diagnos-
tic evaluation is required (16).

In differential diagnosis by biochemical laboratory,
pivaloyl carnitine must be considered as derived from
a component of several antibiotics named pivalic acid;
and the elevation of 2-methylbutyryl glycine urine due
to an inborn error of leucine catabolism caused by a de-
ficiency of Short/Branched-Chain Acyl-CoA Dehydroge-
nase (SBCAD), through the deficiencies of the electron
transfer flavoprotein and its dehydrogenase, isovaleric-
CoA intermediates could be observed (16). The hallmark
metabolites of IVD in plasma and urine, i.e., elevated
regardless of patient’s metabolic condition are isovale-
ric carnitine and isovaleric glycine (16). The Gas Chroma-
tography (GS-MS) and Mass Spectrometry (MS-MS) are
used for diagnosing IVA patients to detect organic acid
in urine and acylcarnitine in blood (4, 34, 35). These me-
tabolites in blood and urine are also used to diagnosis
between IVA and DKA conditions (5). There is no way
to detect sickness period; only protein restriction could
be evaluated by measuring prealbumin and albumin17.
Amniotic fluid analysis, cultured amniocytes, and detect-
ing acylcarnitine by MS/MS are used to prenatal screen-
ing (16, 36). In addition, B-oxidation impairments, urea
cycle impairments, and other organic acidemia should
be considered for the differential diagnosis (16, 37).
There are different approaches for IVA treatment.

Three goals must be addressed in the treatment of IVA,
regardless of the IVA type (16, 37). The first is preventing
metabolic decompensation. The key point is a clinical ob-
servation of the patient. During metabolic stress, achiev-
ing anabolism is the main therapeutic approach (16). This
situation must be preserved with high-calorie intake and
decreased protein level, especially leucine intake to ap-
proximately 50% of patient’s usual daily minimum; with
the promotion of protein anabolism, this condition re-
turns to normal after 24 hours (16, 17). Next step is con-
suming oral solutions, containing simple sugars, leucine
free formula (if oral intake is interrupted), and IV glucose
infusion; thus, this goal could be easily accomplished (11,
16, 18, 23, 24, 38, 39). The second goal is reducing the
production of isovaleric-CoA rrom leucine catabolism in
long time by controlling patients’ dietary.
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Children need an adequate intake of protein and
calorie for healthy growth; accordingly, in many cases,
lower protein intake of approximately 1.5 gr/kg/day
with natural foods may be sufficient (16). Protein in-
take should be regulated according to the patient’s age
necessity (30). For this reason, daily requirement after
restricting leucine, especially in patients with recurrent
clinical symptoms, natural proteins provided with leu-
cine-free formula (LFAA) is recommended (16). Gener-
ally, treatment with carnitine, glycine, and a restricted
protein diet (with or without LFAA), especially after the
early childhood years (39, 40), could lead to a relative
metabolic stability (41). Additionally, companies that
produce LFAA for IVA only supply a limited range (41).

The IVA E-IMD guidelines recommend that natural
protein intake should be restricted to reduce the isova-
leric acid level; however, at least the safe levels of pro-
tein intake advocated by WHO/FAO/UNU 2007 must
be supplied (42). An over-restriction of natural protein
could lead to catabolism and metabolic instability (43).
Leucine is an essential amino-acid; thus, it significantly
impacts the regulation of metabolism. This process oc-
curs by signaling an increase in translation, promoted
global protein synthesis, promoted insulin release, and
inhibited autophagic protein degradation (44-46). There
is a potential for adverse side effects, including anorexia,
triglyceride lipolysis, weight loss, amino-acid imbalance,
and muscle wasting from the rigorous restriction of leu-
cine; i.e., because of the specific role of this amino-acid
in protein synthesis promotion (16, 47-49). Leucine pro-
vides 10% of amino-acid content of animal protein and
only 6% of plant protein (49). Indeed, in IVA, the empha-
sis is on protein intake; however, the maintenance of
energy intake may be as essential as protein restriction.
Moreover, it demonstrated the main cause for produc-
ing toxic metabolites in IVA, i.e., the turnover of endog-
enous protein, rather than dietary protein intake (4, 38).

Eliminating harmful metabolites is the third goal of
treatment (16, 50, 51). This purpose could be achieved
by standing isovaleric-CoA. Conjugated materials should
be used, such as glycine and carnitine for isovaleric-CoA
toward reactions that produce presumed nontoxic me-
tabolites that could be easily excreted. Isovaleric-CoA is
enzymatically conjugated to glycine. This reaction could
be augmented by supplementation with exogenous
glycine to supra-physiologic levels. This supplementa-
tion decreases the accumulation of toxic metabolites
of IVA following a leucine load and reduces the severity
of symptoms during intercurrent illness or may be pre-
vented from these morbidities (16). Initial dosing in the
range of 150 mg/kg/day to 250 mg/kg/day (150-600
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mg/kg/day) given orally in divided 3-4 equal doses led
to a dose sensitive increase in the excretion of urinary
isovaleric glycine. The optimum dose is unclear, i.e., be-
cause at least in one report, high doses decreased the
excretion of toxic metabolites. This is presumably due
to the inhibition of glycine-N-acylase by glycine that also
may result in secondary hyper ammonia (13, 16, 52-54).

Toxic metabolites conjugate with carnitine in blood
and urine; accordingly, the secondary deficiency of
carnitine could be detected. Treatment with carni-
tine supplementation has promoted in these patients.
Moreover, combined therapy with glycine and carnitine
is more effective than therapy with one medication (16,
50, 51, 55, 56). However, the clinical benefits of this
manner were not established in the collected studies
(56-58). The recommended dose of carnitine is 100mg/
kg/day divided in two or three equal parts (16). Further-
more, controlling age-appropriate weight gain, growth,
and development, as well as avoiding specific protein
malnutrition in the patients with protein restriction is
of importance. There is also no established laboratory
marker for monitoring disease state or controlling ther-
apy; however, the analysis of amino-acids, albumin, and
prealbumin in plasma is recommended. Even without
treatment, due to irreversible oxidative decarboxylation
occurring earlier in the leucine degradation pathway,
the plasma levels of leucine in IVA were not elevated
(16). For monitoring and determining the necessity of
carnitine supplementation analysis of plasma, free car-
nitine concentration may be helpful (16).

4. Conclusion

IVA is a type of group 2 IEM that could be presented
acute or chronic. The key point is the age of diagnosis.
Delayed diagnosis and treatment could lead to severe
complications, such as coma or death. Thus, the identi-
fication of spectrum signs and symptoms could help cli-
nicians to extent the definite diagnosis in a patient with
the unusual presentation or course of the disease; also,
among those with pear response to routine manage-
ments for a routine or unusual presentation. This is be-
cause the late onset of the disease may be progressed
to coma and death by trigger factors, including high pro-
tein intake and infections.
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