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Keywords: Upon admission, investigations revealed prominent ketosis and elevated 2,3-dihydroxy-2-
ECHS1 methylbutyric acid excretion. Brain magnetic resonance imaging revealed symmetrical T2
Ketosis prolongation with restricted diffusion in the basal ganglia. Magnetic resonance spectroscopy
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be beneficial, and early diagnosis is desirable. Severe ketosis and the ketone body magnetic
resonance spectroscopy spectrum during acute exacerbation may aid in the diagnosis of

this disease.

© 2024 The Authors. Published by Elsevier Inc. on behalf of University of Washington.
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Introduction

Short-chain enoyl-CoA hydratase (SCEH), encoded by ECHS1
(MIM*602292), plays a major role in valine catabolism and mi-
tochondrial fatty acid g-oxidation. SCEH deficiency caused by
ECHSI1 variants leads to Leigh syndrome with acute episodes
of encephalopathy, neurological deterioration, severe develop-
mental delay, movement disorders, and epilepsy [1,2]. Leigh
syndrome is typically associated with defective oxidative
phosphorylation due to mitochondrial or nuclear gene muta-
tions, and its clinical manifestations differ from those of other
fatty acid g-oxidation disorders [3,4]. Although hyperintensi-
ties on T2-weighted images in the bilateral basal ganglia and
elevated lactate levels on magnetic resonance spectroscopy
(MRS) are common in SCEH deficiency, as in Leigh syndrome
[1], specific radiologic findings have not been reported. In SCEH
deficiency, as accumulation of toxic intermediates from valine
catabolism induces neurodegeneration, some patients benefit
from a valine-restricted diet, and prompt diagnosis is desir-
able to initiate effective early treatment [5,6]. Herein, we report
a case of SCEH deficiency with acute episodes of encephalopa-
thy and neurological deterioration, in which MRS revealed
a prominent ketone body spectrum that may be key for
diagnosis.

Case presentation

A 6-month-old boy, born to healthy, nonconsanguineous par-
ents with no reported perinatal problems, was hospitalized
with disturbed consciousness and hypercapnia without prior
infection or feeding failure. This patient was intubated and
required ventilatory management for 5 days after admission.
The patient’s weight (6.8 kg, -1.4SD), height (65 cm, -1.2SD),
and head circumference (44 cm, +0.5SD) at 6 months were
within the normal range. Mild motor developmental delays
had been observed during infancy. The patient had held his
head up at 4 months while not yet rolling over and sitting up
independently.

Biochemical analyses upon admission indicated promi-
nent ketosis (blood pH 6.9, total ketone bodies, 15,200 pmol/L)
and slightly elevated serum lactate levels (24 mg/dL) with-
out hypoglycemia (blood glucose, 77 mg/dL). Urinary organic
acid profiling revealed elevated excretion of 2,3-dihydroxy-2-
methylbutyric acid. Although the newborn hearing test re-
sults were normal, the auditory brainstem response after
disease onset showed severe bilateral sensorineural hear-
ing loss. No hepatomegaly, cardiomyopathy, or ocular ab-
normalities, such as optic atrophy or corneal clouding, were
observed.

Brain magnetic resonance imaging (MRI) on the third day
of admission revealed symmetrical T2 prolongation with re-
stricted diffusion in the caudate nucleus, putamen, globus
pallidus, medial thalamus, and substantia nigra (Figs. 1A-
C). MRS (point resolved spectroscopy, repetition time/echo
time/number of excitations = 5,000/30/32, volume of inter-
est = 15 x 15 x 20 mm?) spectra from the white matter were
quantitatively analyzed with LCModel. MRS spectra from the
basal ganglia were semi-quantitatively analyzed as ratios with
creatine (Cr) to prevent underestimation of the metabolite
concentration shown on LCModel due to high proton and pro-
longed T2 values. Values deviating from mean =+ 2SD for age-
matched controls were considered abnormal. Brain MRS on
the same day revealed a peak at 2.2 ppm in the cerebral white
matter (1.37 mM; nil in controls) (Fig. 2A) and in the basal

Fig. 1 - Brain MRI findings of the patient. (A-C) Brain MRI at
6 months of age on the third day of admission (A, B:
T2-weighted image, C: ADC) reveals symmetrical T2 signal
prolongation with restricted diffusion in the caudate
nucleus, putamen, globus pallidus, medial thalamus, and
substantia nigra (white arrow). (D-F) Brain MRI on the 26th
day of admission (D, E: T2-weighted image, F: ADC) shows
progression of liquid degeneration of the basal ganglia and
cerebral atrophy. (G-I) Brain MRI at 1 year and 9 months
after onset (G, H: T2-weighted image, I: ADC) shows severe
liquid degeneration of the basal ganglia and cerebral
atrophy.

MRI, magnetic resonance imaging; ADC, apparent diffusion
coefficient.
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Fig. 2 - Brain MRS findings of the patient. (A and B) Brain MRS on the third day of admission (A: left white matter; B: left
basal ganglia) revealed a peak at 2.2 ppm, which was assumed to be the ketone body spectrum. Elevation of glutamine
level, mild reduction of NAA level in the white matter, marked elevation of lactate level, and a decrease in NAA level in the
basal ganglia were also observed. (C and D) MRS on the 11th day of admission (C: left white matter, D: left basal ganglia)
showing disappearance of the ketone body peak in the white matter and basal ganglia.

MRS, magnetic resonance spectroscopy; NAA, N-acetylaspartate; Cho, choline; Cr, creatine; Gln, glutamine; Lac, lactate.

ganglia (ketone bodies/Cr 1.25; nil in controls) (Fig. 2B), indi-
cating the presence of ketone bodies. By this time, serum pH
and ketone bodies (200 pmol/L) had normalized. Elevation of
glutamine (5.53 mM; age-matched control, 2.10 + 0.28 mM)
and mild reduction of N-acetylaspartate (NAA) (4.12 mM; age-
matched control, 6.60 £ 0.50 mM) levels in the white mat-
ter (Fig. 2A), and marked elevation of lactate/Cr (2.26; nil in
controls) and a decrease in NAA/Cr (0.33; age-matched con-
trol, 1.06 + 0.07) levels in the basal ganglia (Fig. 2B) were also
observed. Follow-up brain MRI and MRS on the 11th day of
admission showed the disappearance of diffusion restriction
and the ketone body peak in the white matter and basal gan-
glia (Figs. 2C and D). MRI on the 26th day showed progres-
sion of cystic degeneration of the basal ganglia and cere-
bral atrophy (Figs. 1D and F). The findings at 1 year and 9
months after the onset did not change significantly (Figs. 1G
and I).

Mitochondrial respiratory chain enzymatic activity in skin
fibroblasts on the 35th day was normal; however, the oxygen

consumption rate, measured using a Seahorse XF96, showed
a significant reduction in oxidative metabolism. Maximum
respiration rates were low—58% in presence of glucose (cut-
off, 71.6%) and 65% in the presence of galactose—compared
with those in the control. Exome sequencing and sequencing
chromatograms identified compound heterozygous variants
in NM_004092.4 (ECHS1), c.833C>T: p.Ala278Val and c.489G>A:
p.Prol63=, leading to a diagnosis of ECHS-1 related Leigh syn-
drome. Parents were carriers of 1 variant.

Upon admission, the tentative diagnosis of acute en-
cephalopathy led to vitamin supplementation (B1, C, E,
biotin, carnitine, and CoQ10). The MRI findings and oxygen
consumption rate measurements indicated mitochondrial
encephalopathy. A low-protein diet was initiated on the 10th
day, but no neurological improvement was observed. Develop-
ment regressed; at the age of 2 years; the patient was unable
to hold his head up, was bedridden, and tube-fed, although
he was able to follow objects and smile. Nystagmus was also
observed. Based on the genetic analysis, a valine-restricted
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diet was initiated at the age of 2 years and 2 months, and its
effectiveness is currently being verified.

Written informed consent was obtained from the
guardians for their participation in the study and publi-
cation of images. Genetic analyses were only used for clinical
diagnosis and did not require approval from the ethics
committee of our institution.

Discussion

The patient presented with Leigh syndrome, marked ketosis,
and characteristic MRS findings of ketone bodies in the brain
even after normalization of blood ketone body levels during
acute exacerbation. The MRS findings of this patient are con-
sidered to reflect severe ketosis, and severe ketosis has been
reported in cases with acute episodes of ECHS1-related Leigh
syndrome. Leigh syndrome, caused by variants in other genes,
was not linked to severe ketosis or changes in the ketone body
MRS spectrum. Therefore, MRS can be useful for diagnosing
ECHS1-related diseases, even when blood ketone body levels
are normalized.

Patients with acute episodes of encephalopathy and neu-
rological deterioration in SCEH deficiency sometimes present
with marked hyperketonemia, similar to our findings [7,8].
One of the causes of hyperketonemia in SCEH deficiency is
presumed to be impaired ATP production, possibly through
several mechanisms. The first mechanism is impaired mi-
tochondrial fatty acid B-oxidation in SCEH deficiency [9].
Second, inadequate conversion of methacrylyl-CoA into
3-OH-isobutyryl-CoA,and acryloyl-CoA into 3-OH-propionyl-
CoA, caused by the disruption of key SCEH activity, results
in accumulation of toxic precursors [1]. Intramitochondrial
methacrylyl-CoA reacts with mitochondrial enzymes con-
taining cysteine residues, including pyruvate dehydrogenase
complex and respiratory chain enzymes, and reduces their
activities and ATP production [10,11]. A study using ECHS1
“knockout” cells demonstrated reduced mitochondrial oxi-
doreductase activity and mitochondrial oxygen consumption
rates [9]. Third, accumulation of methacrylyl-CoA depletes
mitochondrial pools of thioredoxin and glutathione, which
are involved in mitochondrial redox reactions [11]. It, however,
remains unclear whether hyperketonemia in patients with
SCEH deficiency results solely from impaired ATP production,
because other genetic variants that cause Leigh syndrome
may also impair ATP production without hyperketonemia. Ad-
ditionally, since ketone bodies are produced from acetyl-CoA,
impaired g-oxidation is expected to decrease the production
of acetyl-CoA and ketone bodies. Therefore, the mechanism
underlying ketosis during SCEH deficiency remains unclear.
Blood glucose (4.3 mM) multiplied by the total ketone body
(15.2 mM) in our case was 65, and the ratio of free fatty
acid to total ketone bodies was less than 0.3 [12], indicating
impaired ketone body utilization, which requires further
investigation.

MRS is often useful for the diagnosis of numerous in-
born errors of metabolism and neurodegenerative disorders,
including amino acid metabolism disorders, urea cycle dis-
orders, organic acid disorders, lysosomal disorders, peroxi-

somal disorders, mitochondrial disorders, fatty acid oxida-
tion disorders, lactic acidosis disorders, leukodystrophies,
lipid metabolism disorders, and so on [13]. Additionally, MRS
is also effective as a predictor of outcomes for perinatal
hypoxic-ischemic encephalopathy [14] and acute excitotoxic
encephalopathy [15], as well as for the differentiation of brain
tumors [16]. Moreover, MRS can serve as a biomarker for eval-
uating treatment effectiveness in metabolic diseases, and it
also provides valuable insights into the pathophysiology of
various disorders to support the development of new thera-
pies [17]. MRS is an effective noninvasive method for exam-
ining various brain metabolites and a valuable diagnostic tool
for pediatric metabolic and neurological disorders.

In conclusion, SCEH deficiency requires early diagnosis. Se-
vere ketosis and ketone body MRS spectrum during acute ex-
acerbation may help diagnose SCEH deficiency early.

Patient consent

Written informed consent was obtained from the guardians
for their participation in the study and publication of images.
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