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Abstract Mitochondrial short-chain enoyl-CoA hydratase

deficiency (ECHS1D) is caused by mutations in ECHS1

(OMIM 602292) and is a recently identified inborn error of

valine and fatty acid metabolism. This defect leads to

secondary mitochondrial dysfunction. The majority of

previously reported patients had the Leigh syndrome, with

a median life expectancy of approximately 2 years. We

report two siblings born 3 years apart with prenatal findings

including facial dysmorphia, oligohydramnios, intrauterine

growth restriction, and premature delivery. They had severe

lactic acidosis with onset within the first hours of life, had

congenital dilated cardiomyopathy, and died at 16 h of life

and 2 days of life, respectively.

Biochemical evaluation of these patients showed ele-

vated butyryl-carnitine in the blood and elevated methyl-

malonyl/succinyl-CoA and decreased hydroxybutyryl-CoA

in frozen liver of patient 2, confirming abnormal short-

chain fatty acid metabolism. Elevated butyryl-carnitine has

been reported only in a single previous case of ECHS1

deficiency, which also had neonatal onset. Pyruvate and

lactate levels were both elevated with a normal pyruvate-

lactate ratio. This supports the previous hypothesis that

lactic acidosis in these patients results from secondary

inhibition of the pyruvate dehydrogenase complex. The

biomarker 2,3-dihydroxy-2-methylbutyric acid was

detected in patient 2, but at lower levels than in previously

reported cases.

These cases extend our understanding of the severe end

of the phenotypic spectrum of ECHS1 deficiency, clarify

the range of biochemical abnormalities associated with this

new disorder, and highlight the need to suspect this disease

in patients presenting with comparable metabolic derange-

ments and dysmorphic features.

Introduction

Mutations in ECHS1 causing deficiency of the short-chain

enoyl-CoA hydratase have been recently reported to cause

an inborn error of valine and fatty acid metabolism

resulting in the Leigh syndrome (Peters et al. 2014). In

particular, the formation of the highly reactive metabolites

methyacrylyl-CoA and acryloyl-CoA is suspected to be the

primary cause of toxicity through secondary disruption of

the pyruvate dehydrogenase complex and electron transport

chain (Peters et al. 2014; Haack et al. 2015).

Nineteen families (21 patients) affected with ECHS1

deficiency have been reported to date (Peters et al. 2014;

Ferdinandusse et al. 2015; Sakai et al. 2015; Haack et al.

2015; Tetreault et al. 2015; Yamada et al. 2015). Previously

affected patients have had predominant features of lactic

acidosis, epilepsy, and death at a young age. The age of

onset has varied; however, most cases have presented in

early infancy. The median age of reported cases at either
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death or at time of report is 36 months (mean 69 months).

Only two previously reported patients (who were siblings)

died in the neonatal period (Ferdinandusse et al. 2015).

Here we report two children from a single family

affected by severe ECHS1D with evidence of prenatal

onset, preterm delivery, severe and rapid onset of metabolic

acidosis, and death within the first 2 days of life. Given the

rarity and relatively new discovery of ECHS1D as a cause

of disease, the full spectrum of disease is still not well

understood. The purpose of this report is to extend

understanding of the severe end of the spectrum of

ECHS1D.

Clinical Case Report

Patient 1

Patient 1 was born to non-consanguineous Caucasian

parents via an urgent Cesarean section at 34 weeks of

gestation following a pregnancy complicated by intrauter-

ine growth restriction (IUGR) and severe oligohydramnios.

Complete agenesis of the corpus callosum was detected in

the prenatal period.

Kussmaul respiration developed around 1 h after birth

and an arterial blood gas showed severe metabolic acidosis

(pH 6.85, lactate 20.8 mmol/L.) Acidosis was refractory to

multiple administrations of intravenous bicarbonate.

On exam, the infant was dysmorphic with epicanthus,

low-set ears, long philtrum, and flat midface. He did not

have the facial features of Potter’s sequence. He was

severely hypotensive. He had hypospadias, large joint

contractures, and absence of flexion creases. Echocardio-

gram showed severe dilated cardiomyopathy.

Despite intravenous glucose, bicarbonate, multiple pres-

sor support, nitrous oxide, and high flow oscillator

ventilation, the infant persisted with severe hypotonia, then

developed wide-complex bradycardia, and passed away at

16 h of life.

Acylcarnitine profile was remarkable for mildly elevated

butyryl-carnitine (1.42 mmol/L; normal <1.00). A simulta-

neous draw of lactate and pyruvate showed an essentially

preserved ratio (lactate 18.11 mM, normal <1.6; pyruvate

0.84 mM, normal <0.14; ratio 22, normal 10–20). Plasma

amino acids showed a striking elevation of alanine

(1,425 mmol/L; normal <571). Urine organic acids were

unable to be obtained as the patient had lifelong anuria.

Whole mitochondrial sequencing and sequencing of 101

nuclear genes associated with mitochondrial disease were

negative. Clinical whole-exome sequencing identified two

variants in ECHS1: p. A3D (c.8C>A; predicted possibly

damaging by PolyPhen-2 (Adzhubei et al. 2010) and

predicted damaging by SIFT (Kumar et al. 2009)) and p.

V130D (c.389T>A; predicted probably damaging by

PolyPhen-2 and predicted damaging by SIFT), which were

in trans. These rare mutations were seen in 0/11072 and 4/

120696 alleles in the Exome Aggregation Consortium,

respectively (http://exac.broadinstitute.org, accessed

November 2015). No mutations in other genes were

reported by whole-exome sequencing.

Patient 2

Patient 2 is the younger sister of patient 1. She was born via

vaginal delivery at 29 weeks of gestation following a

pregnancy complicated by IUGR and oligohydramnios. She

had milder lactic acidosis following delivery (6.4 mmol/L;

normal <1.6); however, it worsened throughout the first

day of life to a peak of 14 mmol/L. She additionally had

complications of prematurity, including bilateral intraven-

tricular hemorrhage.

Due to the severity of disease seen in her brother, and the

poor neurologic outcome portended by her intraventricular

hemorrhage, the family elected to withdraw care at 24 h of

life.

Autopsy was performed and showed dilated cardiomy-

opathy, hepatosplenomegaly, a preauricular tag, incomplete

separation of the right upper and middle lung lobes, and

two splenules. Kidney morphology was normal.

Her biochemical testing was similar to that of her

deceased sibling, patient 1. She had a very subtle elevation

of butyryl-carnitine (1.05 mmol/L; normal <1.00) and

elevated alanine (738 mmol/L, normal <571). Urine organic

acids showed elevation of 2,3-dihydroxy-2-methylbutyric

acid to 10 mmol/mol creatinine (normal is below the limit

of detection, which is 1 mmol/mol creatinine.) Molecular

testing for the known familial mutation was confirmed that

she carried both of the ECHS1 mutations identified in her

brother.

Although not all features were shared between these

patients, they were felt to have the same underlying

condition because of the clinical similarity (oligohydram-

nios, IUGR, and dilated cardiomyopathy), the biochemical

similarity (neonatal lactic acidosis and elevated butyryl-

carnitine), and their shared mutations in ECHS1, with

overlap in phenotype with previously reported patients with

ECHS1D.

Additional family history is notable for uncomplicated

pregnancies delivering normally sized term infants for two

unaffected full siblings of patient 1 and patient 2, one

delivered prior to patient 1 and one between patient 1 and

patient 2.
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Material and Methods

Tissue Extraction for Acyl-CoA Analysis

Human liver tissues from patient 2 and control samples

were collected and immediately flash frozen in liquid

nitrogen. Acyl-CoA profiling on tissue samples was

performed and analyzed for acyl-CoA species as previously

described (Palladino et al. 2012). The patient and control

samples were done in triplicate. Acyl-CoA profiling

identifies long, medium, short, and 3-hydroxyacyl-CoA

species in tissues using flow-injection tandem mass

spectrometry. The complete acyl-CoA profiles are identified

using neutral loss of m/z 507 (Palladino et al. 2012). The

student’s t-test was used for statistical analysis.

Results

Acyl-CoA Analysis

The free acyl-CoA profile demonstrated a pattern consistent

with fasting in the liver. There was elevated methylmalonyl/

succinyl-CoA (C4-DC) (patient (measure in triplicate),

1208 � 736 nmol/g; control (measure in triplicate),

776 � 136 nmol/g; p ¼ 0.2884), although these results

did not reach statistical significance. 3-Hydroxybutyryl-

CoA (C4-OH) was significantly decreased (patient (mea-

sure in triplicate), 1456 � 512 nmol/g; control (measure

in triplicate), 5306.3 � 958.6 nmol/g; p ¼ 0.0016) using

student’s t-test. Although this result was significant, it

was not replicated in the previously published patient

(Ferdinandusse et al. 2015).

Discussion

Here we report two siblings with prenatal onset of

ECHS1D manifesting as severe oligohydramnios resulting

in fetal akinesia sequence, intrauterine growth retardation,

and dysmorphic facial features reminiscent of fetal alcohol

syndrome, as well as multiple minor anomalies including

hypospadias and splenule formation. Severe and ultimately

fatal biochemical deterioration occurred within the first day

of life in both cases.

These siblings are the first reported cases of prenatal

onset of disease in ECHS1D; compared to previously

reported cases, their presentation and death occurred rapidly

after birth (Table 1.) Despite previously reported intra-

familial variability, both of these patients had similar and

severe manifestations. In their severity, these two cases

extend the range of the previously reported phenotype

associated with ECHS1D. The underlying genotype-pheno-

type correlation remains unclear. Both mutations in this

case are missense mutations and do not alter import into the

mitochondria, so the cause of their severity is not readily

apparent (Claros and Vincens 1996). More cases will help

clarify mutations associated with severe disease.

Striking components of the phenotype included dys-

morphic features and multiple minor congenital anomalies.

This underscores the importance of considering inborn

errors of mitochondrial metabolism in children with

structural anomalies. ECHS1D should be considered in

children with dysmorphia or congenital anomalies and

lactic acidosis.

Acyl-CoA profiling is a very sensitive assay used for

identifying subtle changes in specific biomarkers linked to

disease. The analysis of the CoA data for patient 2 indicated

accumulation of the abnormal short-chain CoA species C4-

DC and decreased C4-OH. One previously reported patient

with ECHS1D on whom CoA analysis has been performed

had similar results. The meaning of these findings is limited

because of small number of patients, but over time collection

of these data from additional patients will allow for

identification of consistent variations that will contribute to

our understanding of the pathobiochemistry of this disease.

Diagnosis in patient 1 was made by whole-exome

sequencing; however, the biochemical diagnosis was

strongly suspected in the second sibling due to elevations

in butyryl-carnitine on the acylcarnitine profile and 2,3-

dihydroxy-2-methylbutyric acid on urine organic acids.

Elevated lactate and pyruvate with a preserved ratio in this

case support the previously hypothesized mechanism of the

disease: the inhibition of the pyruvate dehydrogenase

enzyme (Peters et al. 2014). Elevated butyryl-carnitine

was noted in the previously reported family with neonatal

onset (Ferdinandusse et al. 2015), suggesting that this

marker is more sensitive in the severe cohort. Taken

together, these biochemical features suggest that this

condition is diagnosable on standard biochemical testing,

JIMD Reports 35
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which has the possibility for providing families with a more

rapid diagnosis than molecular testing.
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Synopsis
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