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Dear Editor,

Mitochondrial diseases comprise a heterogeneous group of disorders
due to dysfunction of mitochondrial respiratory chain caused by mu-
tations in both mitochondrial and nuclear genes. EARS2 encodes mi-
tochondrial glutamyl t-RNA synthetase responsible for attaching glu-
tamate to its cognate mitochondrial t-RNA. Hence, EARS2 is critical for
protein translation in mitochondria. Homozygous or compound het-
erozygous EARS2 pathogenic variants are associated with a neurolo-
gical disorder characterized by leukoencephalopathy with thalamus
and brain stem involvement and high lactate (LTBL) [1]. Patients with
EARS2-related mitochondrial disease become symptomatic in infancy
with characteristic MRI findings of diffuse white matter changes and
symmetrical signal abnormalities in the thalamus and brain stem. Their
clinical presentations fall into two groups- severe and mild. Patients in
the severe group present before 6months of age with marked neuro-
logical regression followed by clinical stagnation. Patients in the mild
group present later in infancy with neurological regression, but they
regain some milestones and follow a stable clinical course thereafter.
We describe here a patient with an atypical presentation without the
characteristic neuroimaging findings of LTBL.

1. Case presentation

The patient is a 2 year old girl who presented at 3months of age
with generalized tonic seizures. Her growth and development were age-
appropriate at presentation. On physical examination, hepatomegaly
was noted. Laboratory evaluation was significant for abnormal liver
function tests: AST 237 U/L (reference range: 8–62), ALT 146 U/L (re-
ference range:12–78), alkaline phosphatase 920 U/L (reference range
38–400), GGT 356 U/L (reference range 5–55), total bilirubin 3.3 mg/dl
(reference range 0–1.1), direct bilirubin 2mg/dl (reference range
0–0.3), and prothrombin time 20.6 s (reference range 12–15). Blood
ammonia was 27 micromol/L (reference range 11–32). In addition,
high lactate in the blood (9.8mmol/L, reference range 0.4–2.2) and
cerebrospinal fluid (9.4mmol/L, reference range 0.6–2.2) was identi-
fied. Abdominal ultrasound showed a diffusely echogenic enlarged

liver. CT head at 3months of age was unremarkable and no calcifica-
tions or abnormal mass density were noted. The MRI of the brain ob-
tained at 3months of age showed normal basal ganglia, thalami, and
brain stem. There was clear symmetrical abnormal signal and restricted
diffusion in the cerebral white matter, including the corpus callosum,
optic radiations, and centrum semiovale (Fig. 1A-C). MR spectroscopy
showed abnormal lactate peak in the basal ganglia. Because of the high
blood and cerebrospinal fluid lactate levels, a mitochondrial disease
was suspected. Combined nuclear and mitochondrial gene panel testing
for mitochondrial diseases showed two previously reported pathogenic
variants in the EARS2 gene, c.322C>T (p.R108W) and c.328G>A
(p.G110S) (NG_027752.2) [1]. The patient was started on an anti-
epileptic medication (Levetiracetam) and mitochondrial cocktail (ri-
boflavin 50mg daily, thiamine 50mg daily, coenzyme Q10 20mg twice
a day, and levocarnitine 100mg twice a day). Hypotonia and mild
motor delay were noted on follow up at 6months of age. Her physical
growth, language and social development were normal. The patient was
referred for physical therapy for minor motor delays. A repeat brain
MRI at 13months of age showed persisting normal appearance of the
basal ganglia, thalami, and brainstem. There was progressing symme-
trical, abnormal signal and restricted diffusion in larger areas of the
supratentorial white matter sparing the subcortical U-fibers. There was
relative preservation of a symmetrical rim of periventricular white
matter (Fig. 1D–F). At 16months of age, generalized hypotonia, motor
delays, and speech delays were noted. The patient was able to crawl,
but could not stand without support. The patient had no specific words
other than “mama”. However, the patient was very interactive. She was
receiving supportive therapies and making progress. Her physical
growth was optimal. Blood lactate was trending down and liver en-
zymes had normalized. Levetiracetam was discontinued as the patient
was seizure free for over a year.

2. Discussion

Here we report a patient with biallelic EARS2 pathogenic variants
with developmental delay without typical “LTBL” presentation. The
previously reported patients have presented with neuroregression and
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high lactate and characteristic neuroimaging finding of leukoencepha-
lopathy with thalamus and brain stem involvement earning the ac-
ronym of “LTBL”. The patient described here had normal thalamus,
basal ganglia and brain stem structures on neuroimaging. However,
there was diffuse white matter involvement. Thalamus involvement has
been reported in all previously described patients. Absence of thalamus
involvement in our patient expands the spectrum of neruoradiological
findings in EARS2-related mitochondrial disease. The first description
of “LTBL” was based on targeted testing on a cohort of patient with
similar neuroimaging findings [1]. The neuroradiological finding in our
patient suggests that involvement of thalamus and brain stem are not
pathognomonic for this condition and targeted testing for EARS2 in
only typical “LTBL presentation” may miss the diagnosis. Although,
diffuse white matter involvement was noted on first neuroimaging at
3months of age, it was more severe in the repeat imaging at 13months
of age. The white matter disease in most of the previously described
patients improved or remained unchanged on follow up [1]. In a patient
with a severe form of EARS2-related disease, supratentorial white
matter was normal at 2months of age [2]. It is possible that white

matter changes may be missed in very young infants due to immature
myelination at this stage. Hence, neuroimaging findings are dependent
on the age of the patient as well as the timing of the imaging following
the initial metabolic crisis. On the other hand, presence of structural
abnormalities, such as agenesis or dysgenesis of corpus callosum in-
dicates antenatal insult and a severe presentation [1,3].

Hepatopathy has been described in patients with EARS2-related
disease [2,4,5]. However, hepatopathy has always been associated with
neuro-regression or severe neurological abnormalities such as severe
generalized hypotonia and global developmental delay. The main
concern at presentation in our patient was elevated liver enzymes,
abnormal coagulation profile, and hepatomegaly. Although the patient
did have seizures and abnormal neuroimaging, her development and
neurological examination were normal at presentation. Hence, EARS2-
related mitochondrial conditions may present primarily as hepato-
pathy. Association of high lactate, abnormal neurological findings such
as seizures, or abnormal neuroimaging with unexplained hepatopathy
should raise the concern for EARS2-related mitochondrial disorder.

EARS2 related LTBL are described to follow two clinical patterns-

Fig. 1. MR imaging of proband at 3 and 13months reveals symmetrical white matter changes, but sparing of basal ganglia and thalamus.
A–C.MR images taken at 3months of age. A. Axial T2 image demonstrates normal signal intensity in the multiple nuclei of the thalami and the basal ganglia. There is
thickening and reduced T2 signal in the optic radiations (arrows). B–C. Two planes of axial diffusion-weighted imaging (DWI) demonstrate no abnormal diffusion in
the basal ganglia or thalami, but clear restricted diffusion in the genu and splenium of the corpus callosum and in the optic radiations (C - arrows). D–F. MR images
taken at 13months. D–E. Axial T1 inversion recovery image (D) and corresponding axial diffusion weighted image (E) demonstrate persisting normal signal intensity
in the multiple nuclei of the thalami and the basal ganglia. There is symmetric, markedly abnormal low T1 signal (D) and restricted diffusion (E) in the white matter
of both frontal lobes sparing the subcortical U-fibers and rim of periventricular white matter. The optic radiations remain abnormal. F. Coronal T2 image de-
monstrates normal signal in the basal ganglia and high T2 signal in the white matter of both frontal lobes with sparing of the subcortical U-fibers. There is relative
sparing of a periventricular rim of white matter (arrow heads). There is selective involvement of the fibers of the corpus callosum with sparing of early migrating
fibers from the cingulate gyrus and greater involvement of the later migrating fibers.
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early onset severe neuroregression followed by stagnation, or late in-
fantile onset neuroregression followed by partial recovery. Our patient's
clinical course does not fit either of these two patterns. The patient had
early onset of symptoms before 6months as in severe cases, but the
main concerns were seizures and liver dysfunction rather than neu-
roregression. Global developmental delays manifested later. Thus, ty-
pical biphasic presentation seen with other EARS2 patients is not pre-
sent. The clinical severity in this patient can be considered intermediate
as the symptoms started before 6months as in severe cases, but pro-
gression of symptoms followed the pattern of mild cases. A similar in-
termediate presentation but with characteristic neuroimaging finding of
LTBL has been described before [6]. Prenatal presentation leading to
absence of thalami has been reported in one patient with EARS2-related
disease [7]. Another patient with EARS2-related disease presented
shortly after birth with lactic acidosis and recurrent hypoglycemia [3].
A patient with homozygous EARS2 pathogenic variants presented at
16months of age with delayed motor development [8]. Thus, EARS2-
related disease is not confined to previously described infantile onset
severe and mild LTBL, but encompasses a wide spectrum of prenatal to
early childhood presentations. This is not unexpected as the phenotype
associated with this gene continues to evolve because of increasing
utilization of whole exome/genome sequencing in the current genomic
era.

Of note, a patient with the same genotype as our patient has been
previously described who presented at 8months of age and was noted
to have severe thalamus abnormalities in addition to extensive deep
white matter changes and brain stem involvement on neuroimaging
[1]. The clinical and radiological features of these two patients have
been summarized in Supplementary Table 1. Of note, the presentations
of these two patients are remarkably different despite the same geno-
type. Intrafamilial variability has also been described suggesting addi-
tional genetic or environmental modifiers [1,9].

In conclusion, the clinical spectrum of EARS2-related disease is
wider than currently recognized. EARS2 deficiency should be con-
sidered in any child with developmental delay, neuroregression, or
unexplained hepatopathy when associated with high lactate, even in
the absence of characteristic neuroimaging findings.

Author contribution

Dr. Pankaj Prasun drafted the initial and all subsequent versions of
the manuscript, was involved in patient care, laboratory interpretation,
and revising the manuscript critically for important intellectual content.

Dr. Cassie Mintz was involved in patient care, laboratory inter-
pretation and revisions of each draft.

Emalyn Cork was involved in patient care, laboratory interpretation
and revisions of each draft.

Dr. Thomas P. Naidich was involved in radiology interpretation and
revisions of each draft.

Dr. Bryn D. Webb was involved in patient care, laboratory inter-
pretation and revisions of each draft.

All authors have approved the article as it is written.

Funding

Dr. Bryn D. Webb receives support from National Institutes of
Health National Institute of Child Health and Human Development
(K08HD086827).

Declaration of Competing Interest

None.

Acknowledgements

We acknowledge Dr. Timothy A. Carlon for his help with the
images.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.jns.2019.116448.

References

[1] M.E. Steenweg, D. Ghezzi, T. Haack, T.E. Abbink, D. Martinelli, C.G. van Berkel,
et al., Leukoencephalopathy with thalamus and brainstem involvement and high
lactate 'LTBL' caused by EARS2 mutations, Brain. 135 (2012) 1387–1394.

[2] R. Oliveira, E.W. Sommerville, K. Thompson, J. Nunes, A. Pyle, M. Grazina, et al.,
Lethal neonatal LTBL associated with Biallelic EARS2 variants: case report and re-
view of the reported neuroradiological features, JIMD Rep. 33 (2017) 61–68.

[3] K. Danhauser, T.B. Haack, B. Alhaddad, M. Melcher, A. Seibt, T.M. Strom, et al.,
EARS2 mutations cause fatal neonatal lactic acidosis, recurrent hypoglycemia and
agenesis of corpus callosum, Metab. Brain Dis. 31 (2016) 717–721.

[4] E.A. Sellars, T. Balmakund, K. Bosanko, B.L. Nichols, S.G. Kahler, Y.A. Zarate, Severe
metabolic acidosis and hepatopathy due to leukoencephalopathy with thalamus and
brainstem involvement and high lactate, Neuropediatrics. 48 (2017) 108–110.

[5] B. Talim, A. Pyle, H. Griffin, H. Topaloglu, A. Tokatli, M.J. Keogh, et al., Multisystem
fatal infantile disease caused by a novel homozygous EARS2 mutation, Brain. 136
(2013) e228.

[6] R. Biancheri, E. Lamantea, M. Severino, D. Diodato, M. Pedemonte, D. Cassandrini,
et al., Expanding the clinical and magnetic resonance spectrum of leukoencephalo-
pathy with thalamus and brainstem involvement and high lactate (LTBL) in a patient
harboring a novel EARS2 mutation, JIMD Rep. 23 (2015) 85–89.

[7] S.H. Kevelam, F.C. Klouwer, J.M. Fock, G.S. Salomons, M. Bugiani, M.S. van der
Knaap, Absent thalami caused by a homozygous EARS2 mutation: expanding disease
spectrum of LTBL, Neuropediatrics. 47 (2016) 64–67.

[8] B.D. Taskin, Z.S. Karalok, E. Gurkas, K. Aydin, U. Aydogmus, S. Ceylaner, et al.,
Early-onset mild type leukoencephalopathy caused by a homozygous EARS2 muta-
tion, J. Child Neurol. 31 (2016) 938–941.

[9] S. Şahin, A. Cansu, E. Kalay, T. Dinçer, S. Kul, I.M. Çakır, et al., Leukoencephalopathy
with thalamus and brainstem involvement and high lactate caused by novel muta-
tions in the EARS2 gene in two siblings, J. Neurol. Sci. 365 (2016) 54–58.

Pankaj Prasuna,⁎, Cassie Mintza, Emalyn Corka, Thomas P. Naidichb,
Bryn D. Webba

a Department of Genetics and Genomic Sciences, Icahn School of Medicine at
Mount Sinai, New York, USA

bDepartment of Radiology, Icahn School of Medicine at Mount Sinai, New
York, USA

E-mail address: Pankaj.Prasun@mssm.edu (P. Prasun).

⁎ Corresponding author at: Department of Genetics and Genomic Sciences, Icahn School of Medicine at Mount Sinai, One Gustave L. Levy Place, Box 1497, New
York, NY 10029, USA.

Letter to the Editor Journal of the Neurological Sciences 406 (2019) 116448

3

https://doi.org/10.1016/j.jns.2019.116448
https://doi.org/10.1016/j.jns.2019.116448
http://refhub.elsevier.com/S0022-510X(19)30380-6/rf0005
http://refhub.elsevier.com/S0022-510X(19)30380-6/rf0005
http://refhub.elsevier.com/S0022-510X(19)30380-6/rf0005
http://refhub.elsevier.com/S0022-510X(19)30380-6/rf0010
http://refhub.elsevier.com/S0022-510X(19)30380-6/rf0010
http://refhub.elsevier.com/S0022-510X(19)30380-6/rf0010
http://refhub.elsevier.com/S0022-510X(19)30380-6/rf0015
http://refhub.elsevier.com/S0022-510X(19)30380-6/rf0015
http://refhub.elsevier.com/S0022-510X(19)30380-6/rf0015
http://refhub.elsevier.com/S0022-510X(19)30380-6/rf0020
http://refhub.elsevier.com/S0022-510X(19)30380-6/rf0020
http://refhub.elsevier.com/S0022-510X(19)30380-6/rf0020
http://refhub.elsevier.com/S0022-510X(19)30380-6/rf0025
http://refhub.elsevier.com/S0022-510X(19)30380-6/rf0025
http://refhub.elsevier.com/S0022-510X(19)30380-6/rf0025
http://refhub.elsevier.com/S0022-510X(19)30380-6/rf0030
http://refhub.elsevier.com/S0022-510X(19)30380-6/rf0030
http://refhub.elsevier.com/S0022-510X(19)30380-6/rf0030
http://refhub.elsevier.com/S0022-510X(19)30380-6/rf0030
http://refhub.elsevier.com/S0022-510X(19)30380-6/rf0035
http://refhub.elsevier.com/S0022-510X(19)30380-6/rf0035
http://refhub.elsevier.com/S0022-510X(19)30380-6/rf0035
http://refhub.elsevier.com/S0022-510X(19)30380-6/rf0040
http://refhub.elsevier.com/S0022-510X(19)30380-6/rf0040
http://refhub.elsevier.com/S0022-510X(19)30380-6/rf0040
http://refhub.elsevier.com/S0022-510X(19)30380-6/rf0045
http://refhub.elsevier.com/S0022-510X(19)30380-6/rf0045
http://refhub.elsevier.com/S0022-510X(19)30380-6/rf0045
mailto:Pankaj.Prasun@mssm.edu

	Broad spectrum of clinical presentation in EARS2 beyond typical “leukoencephalopathy with thalamus and brain stem involvement”
	Case presentation
	Discussion
	Author contribution
	Funding
	mk:H1_5
	Acknowledgements
	Supplementary data
	References




