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Short-chain Acyl-CoA Dehydrogenase
Deficiency in a Child: A Case Report
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ABSTRACT

Short-chain 3-Hydroxyacyl-CoA Dehydrogenase (SCHAD) enzyme deficiency is an autosomal recessive inborn error of metabolism
affecting mitochondrial Fatty Acid Oxidation (FAO). In this condition, the body fails to produce energy from fats during times of
stress. Effective energy production relies on the mitochondrial B-oxidation of fatty acids, which is especially crucial during periods
of fasting, infections, and other metabolic stressors. Children with this deficiency often present with transient and nonspecific
symptoms. Here, we present the case of a five-year-old male child with a recurrent history of seizures, persistent hypoglycaemia,
metabolic acidosis with hypotension requiring inotropic support, and a deteriorating Glasgow Coma Scale score necessitating
mechanical ventilation. Upon evaluation, he was found to have hypoinsulinemia, and his electroencephalogram suggested
encephalopathy. After ruling out sepsis, hyperinsulinaemia, and meningoencephalitis, inborn errors of metabolism were suspected,
with a fatty acid oxidation defect being the most likely diagnosis. The patient was ultimately diagnosed with SCHAD deficiency
using Gas Chromatography-Mass Spectrometry Tandem Mass Spectrometry (GCMS-TMS). The potential for rapid deterioration
associated with SCHAD deficiency underscores the need for prompt evaluation and intervention, which are essential for early
diagnosis and favourable outcomes to prevent morbidity and mortality. The serious complications associated with this condition
also highlight the necessity for newborn screening for inborn errors of metabolism.
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CASE REPORT exhibited low serum insulin levels, confirming hypoinsulinemia and
A five-year-old male child, the third born in a non consanguineous ~ fuling out hyperinsulinaemia. Arterial Blood Gas (ABG) analysis
marriage, presented with a normal birth history, age-appropriate indicated metabolic acidosis (pH of 7.23, bicarbonate 5.9, and
development, and good nourishment, exhibiting a normal Pco?2 14), for which bicarbonate correction was administered. Urine
appetite. He was brought to the pediatric emergency department  tests for ketones and reducing substances returned positive results
of a tertiary care hospital with complaints of sudden onset [T@ble/Fig-1]. The child also displayed low magnesium and vitamin D
high-grade intermittent fever and non projectile vomiting (8-10  levels, which were corrected with Injection Magnesium Sulfate at a
episodes over three days), along with multiple episodes of  dosage of 50 mg/kg/day for three days and Cholecalciferol 60,000
generalised tonic-clonic seizures with eyes rolling upward lasting U per week for six doses. Despite these interventions, the patient
5-6 minutes within the last 24 hours. The patient had a history ~ continued to experience persistent metabolic acidosis, requiring
of loss of consciousness lasting five minutes and one episode ~ Multiple bicarbonate corrections.

of vomiting six months ago. Additionally, he experienced fever, - —

. . X R . Lab investigations Value Reference range
vomiting, and a generalised tonic-clonic seizure one year ago, for
which he was admitted and treated as a simple febrile seizure. | 12emegiobin 18.7 gmval 12-14 gmval
At that time, he was not started on any antiseizure medication, | Total leucocyte count 26240/meL 4000-9500/meL.
as it was considered only a simple febrile seizure, and clobazam Neutrophil 86%
prophylaxis had been advised. There was no family history of Lymphocyte 9%
seizures or similar complaints, and the child had received only the Platelet 4.00 lacs/mcl. 1.5-4.1 lacs/mcL
birth dose of his vaccinations. Uric acid 11.8 mg/dL 3.5-7.2 mg/dL
Upon presentation, the patient was found to be drowsy with poor Ammonia 249 mog/dL 20-120 mog/dL
regpwatory effort, exh|b|t|ngl a respiratory rate of '18 cycles per Loctate 253 mg/mL 5618 mg/dL
minute and oxygen saturation of 84% on room air. He had low
volume pulses and a blood pressure of 76/46 mmHg. His Random |75 20 mg/dL 70-150 mg/dL
Blood Sugar (RBS) level was 20 mg/dL. He was promptly started | Serum insulin 2.5 ulu/mL 15-150ulU/mL
on intravenous normal saline and D10 boluses, after which his RBS Serum cortisol 61.6 mcg/dL 3-21 meg/dL
improved to 86 mg/dL. However, he then experienced two additional Serum magnesium 1.50 1.80-2.40 mg/dL
episodes of generalised tonic-clonic seizures, each lasting 6-7 Serum calcium 7.90 mg/dL 8.8-10.8 mg/dL
minutes, for which he was loaded with levetiracetam at a dosage o

) ) ) . ) 25-OH vitamin D <10 ng/mL- severe

of 20 mg/kg. The patient continued to deteriorate, resulting in a 8.90 ng/mL. deficiency
low Glasgow Coma Scale score of 8/15, necessitating intubation no growth of
and mechanical ventilation. He was subsequently transferred to the | Blood culture microorganisms
pediatric Intensive Care Unit (ICU). Urine for ketones and bositive
Sepsis was ruled out after obtaining negative results from blood, | educing substance

urine, and cerebrospinal fluid tests. Upon evaluation, the patient — Iikkdhias Sl CECNES IS
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Intravenous antibiotics were initiated, including Injection Ceftriaxone
at 100 mg/kg/day and Injection Vancomycin at 20 mg/kg every
six hours, along with antiviral medication, Injection Acyclovir at
60 mg/kg/day, administered for 14 days due to suspected acute
encephalitis syndrome. The patient also displayed hypotensive
readings, which necessitated the initiation of intravenous adrenaline
infusion. After ruling out hyperinsulinaemia and acute encephalitis
syndrome, samples were sent for GCMS-TMS analysis, and the
patient was started on intravenous carnitine at 100 mg/kg/day, oral
biotin at 20 mg/day, Vitamin B12 at 1 mg/day, and Coenzyme Q
supplements at 10 mg/kg/day (the metabolic cocktail), suspecting
an inborn error of metabolism.

Routine microscopy and culture of the cerebrospinal fluid did
not indicate any infectious etiology [Table/Fig-2], which ruled out
meningoencephalitis. The patient continued to experience multiple
seizure episodes, leading to the administration of injection phenytoin
at a loading dose of 20 mg/kg and a maintenance dose of 5 mg/
kg/day. The patient was extubated one week later and gradually
weaned off oxygen support. The electroencephalogram showed
high-amplitude delta waves, suggestive of encephalopathy [Table/
Fig-3]. An Magnetic Resonance Imaging (MRI) of the brain, both
plain and with contrast, revealed mild diffusion restriction on Diffusion
Weighted Imaging (DWI) and hyperintense signals on T2-weighted
images [Table/Fig-4,5].

Cerebrospinal fluid analysis Value Normal range
Cobweb Absent Absent
Deposits Absent Absent
Total leucocyte count 2/cu.mm 0-10/cu.mm
Lymphocytes 100%

Proteins 155.40 mg/dL 15-45 mg/dL
Glucose 43 mg/dL 40-80 mg/dL
Adenosine deaminase <0.5 0-5u/ltr
Cerebrospinal fluid culture No growth of microorganisms

[Table/Fig-2]: CSF analysis.
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[Table/Fig-3]: EEG showing high amplitude delta waves.

Due to recurrent seizures and hypoglycaemia associated with
persistent metabolic acidosis, further evaluation for inborn errors
of metabolism was conducted; the GCMS-TMS study ultimately
revealed SCHAD [Table/Fig-6]. The parents were counseled regarding
whole-exome sequencing, which could not be performed due to
financial constraints. The patient was discharged on levetiracetam
at a dosage of 40 mg/kg/day, phenytoin at 5 mg/kg/day, and a
metabolic cocktail. The parents were counseled regarding dietary
and lifestyle modifications as well as the importance of regular follow-
up. One month postdischarge, during a follow-up appointment, the
child was seizure free and had no further episodes of hypoglycaemia.
Consequently, he was advised to taper phenytoin to 2.5 mg/kg/day
for one week, with the plan to discontinue phenytoin altogether if he
remained seizure free.

www.jcdr.net

[Table/Fig-4]: MRI (Brain)- Bilateral cerebellar hemispheres involving dentate nuclei
showing mild diffusion restriction on DW1.

[Table/Fig-5]: MRI (Brain)- hyperintense signal in bilateral frontal periventricular
white matter on T2.

Observed value Reference
Analytes (umol/L) range (umol/L)
Alanine 698.44 74-613
Valine 247.37 41-233
Amino Acid o .
Leucine-isoleucine 271.79 26-250
Analytes
Methionine 70.11 1-54
Tyrosine 398.58 17-250
- Malonylcarnitine+3-
ﬁg;;g:mmne OH-Butyrylcarnitine 2,52 <0.45
(C3-DC+C4- OH)
Disorder Result
Fatty Acid Oxidation (FAO) Short Chain 3- Hydroxy
defect screening acyl-CoA Dehydrogenase Abnormal
(SCHAD)Deficiency
Amino acid profile Abnormal
Result and interpretation
Acylcarnitine profile Abnormal

Result: Screen positive.

DISCUSSION

The SCHAD deficiency is a rare metabolic autosomal recessive
disorder affecting the B-oxidation of fatty acids, caused by loss-
of-function mutations in the Hydroxy Acyl-CoA Dehydrogenase
(HADH) gene [1]. The SCHAD enzyme, which is found in the
mitochondrial matrix, is encoded by the HADH gene located on
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chromosome 4g22-g26 [1]. The conversion of L-3-hydroxyacyl-
CoA to 3-ketoacyl-CoA is catalysed by Medium-chain 3-Hydroxy
Acyl-CoA Dehydrogenase (MCHAD) and SCHAD, both of which
are nicotinamide adenine dinucleotide (NAD+)-dependent enzymes
[2]. SCHAD is highly expressed in pancreatic beta cells and is
also present in lymphoblasts, adipocytes, and kidney tissue [3].
This enzyme catalyses the third step of fatty acid degradation [4].
SCHAD was first isolated from rat liver and later cloned from human
brain tissue [9].

Mitochondrial Fatty Acid Oxidation (FAO) is crucial for producing
Adenosine Triphosphate (ATP) when the body demands more
energy due to conditions such as hunger, fever, or increased
muscle activity [6]. Through a series of cyclic steps, fatty acids are
oxidised to yield acyl-CoA and acetyl-CoA [2]. Acetyl-CoA serves
as a direct metabolic fuel in tissues, including the heart and skeletal
muscles, and is also a substrate for ketogenesis in the liver [6]. The
acetyl-CoA intermediates with shorter chains re-enter the cycle until
they undergo complete degradation. Numerous FAO steps related
to genetic abnormalities have been thoroughly described at the
biochemical and molecular levels, leading to the development of
metabolic indicators for newborn screening in the population [6].
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FAO defects can produce a wide variety of symptoms at any age, which
may include skeletal myopathy, cardiomyopathy, liver failure, hepatic
encephalopathy, and sudden infant death. Hepatic ketogenesis failure
can also lead to hypoketotic hypoglycaemia [9]. In cases of HADH
deficiency, hyperinsulinaemia is also associated with hypoketotic
hypoglycaemia. Elevated levels of medium-chain dicarboxylic
acids, 3-hydroxydicarboxylic metabolites, and 3-hydroxyglutarate
are noted from the urinary organic acid profile. Plasma acylcarnitine
analysis typically shows increased Hydroxybutyrylcarnitine (C4-
OH). A decreased activity of C4-hydroxyacyl-CoA dehydrogenase in
fibroblasts, lymphocytes, and tissues, along with the demonstration of
HADH gene mutations, confirms the diagnosis [9].

In patients with SCHAD deficiency and hyperinsulinism, diazoxide is
recommended as a treatment [10]. Diazoxide activates KATP (ATP-
sensitive potassium) channels, which remain unaffected in SCHAD
patients, making it helpful in controlling hypoglycemic episodes [3].
In the non-hyperinsulinemic form of SCHAD deficiency, prevention
of fasting is advised, as there is a lack of evidence regarding other
treatment modalities [10]. A comparison of the findings in the
present study with contrasting studies is shown in [Table/Fig-7]
[1,6,7,9,11,12].

Authors name Place/year of the
(ref no) study Age/gender Findings/symptoms Conclusion
Hyvoer insulinemic hyooketotic hypodlvcasmia Identified a novel mutation in SCHAD gene causing hyper
Popa Fl et al., [1] Italy/ 2012 Not specified Vo : v P gy’ ’ insulinemic hypoglycaemia and metabolic disturbances.
altered organic acids and acylcarnitine’s : o . : .
Management with metabolic interventions is essential.
i - . Identified novel mutations in SCHAD gene causing Reye-
Bennett MJ et USA/2006 Not specified Reye ||kg syndrome, vomiting, lethargy, fiver like syndrome. Immediate treatment with glucose and
al., [6] dysfunction : . ) .
supportive care is needed during crises.
Repic Lampret B Biochemia Not specified/ Hypoglycaemia, failure to thrive f/li:flj I?ac(ij ?i%egice%; ori]rfwlgrs:n%{)r?se r;itclior:gfallésc;ﬁé
etal, [7] Medica/ 2015 male chid Ypogly ' 9 Y
support.
Clinical symptoms include hypoglycaemia, Early diagnosis is crucial for managing the disease
elevated acylcarnitine levels, and organic acid effectively. The report of four new cases emphasises the
Martins E et al., [9] | not specified/2011 | Not specified disturbances. All patients had variable severity of importance of considering SCHAD deficiency in cases of
symptoms, some presenting with failure to thrive unexplained hypoglycaemia. Early treatment and metabolic
or developmental delay. management are key to improving outcomes.
) 15-year-old/ Respiratory distress and loss of consciousness Sxmptoms .Of metabolic disease can be seen with delay
Mohammadi M - o ! " ; ) in infants with normal development. Because of the low
Iran/ 2013 Not specified with intermittent vomiting and early fatigue with " ) o
etal, [11] L recognition of symptoms particularly cardiac involvement,
normal activity for 2 years I ; ’ ;
delay in diagnosis can be life threatening.
. . . Identified a homozygous C773T mutation in the SCHAD
Hypoglycaemic convulsions, hypoketotic . : . L o
. . ] gene, leading to hyperinsulinism. This is the first time fatty
Clayton PT et al., London, United 19 months/ hypoglycaemia, poor appetite. ) o " . o
: . . . acid B-oxidation defect has been linked to hyperinsulinism.
[12] Kingdom/ 2001 Female Elevated plasma insulin concentrations, elevated . o )
- The condition was controlled with diazoxide and
blood spot hydroxybutyrylcarnitine. chiorothiazide

[Table/Fig-7]: Comparison of multiple studies on SCHAD deficiency [1,6,7,9,11,12].

The mitochondrial short-chain B-oxidation pathway is catalysed
by the SCHAD enzyme, which dehydrogenates C4 and C6 fatty
acids. Due to impaired SCHAD function, butyryl carnitine (C4-
carnitine), butyryl glycine, ethylmalonic acid, and methyl succinic
acid accumulate in the blood and urine. It is important to note that
two other hereditary disorders, Isobutyryl-CoA Dehydrogenase (IBD)
deficiency and ethylmalonic encephalopathy, can also result from
the accumulation of C4-carnitine, specifically four-carbon carnitine
esters [7].

A Dutch retrospective study reported a prevalence of 1 in 50,000 at
birth, with most cases presenting around three years of age [8]. This
disorder can affect individuals of all ages, including adults, children,
and newborns. Due to extensive diagnostic evaluations conducted
on children with nonspecific symptoms such as developmental
delay, failure to thrive, and myopathy, most cases of SCHAD
deficiency have been identified [7]. Genome-wide association
studies have found genetic variations linked to relative amounts
of C4-carnitine. Additionally, several proteomic investigations
are underway to identify biomarkers that can help distinguish
asymptomatic individuals with SCHAD deficiency from those at risk
of developing symptoms [7].
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CONCLUSION(S)

This case emphasises the necessity of considering inborn errors
of metabolism, such as SCHAD deficiency, in pediatric patients
presenting with recurrent episodes of seizures, hypoglycaemia,
persistent metabolic acidosis, and a variety of nonspecific symptoms.
Early recognition and intervention, prevention of metabolic stressors,
and symptomatic management- including the prevention of seizures
and hypoglycaemia- are crucial for improving long-term outcomes.
However, further studies are needed to explore the association
between SCHAD deficiency and neurodevelopmental outcomes
and prognosis.
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