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Section 1
A 12-month-old girl was referred to the pediatric neuromuscular clinic for evaluation of hy-
potonia and weakness based on concerns from her pediatrician. The patient was born at term
following an uncomplicated pregnancy, but developed failure to thrive and gross motor delays
(unable to lift head in prone position) around 4 months of age. By 7 months of age, she began
having episodes of bradypnea, tiring during feeds, acrocyanosis, and perioral cyanosis during
periods of agitation.

During the clinic visit, the patient developed apnea and hypoxemia, and was subsequently
admitted to the pediatric intensive care unit for respiratory failure requiring mechanical ven-
tilation. On admission, her weight was approximately 50th percentile for a 6-week-old child,
length was approximately 50th percentile for a 3-month-old child, and head circumference was
approximately 50th percentile for a 6-month-old child. Her neurologic examination was re-
markable for decreased mental status. She would respond to parents’ voice with eye opening
without ptosis, but was somnolent without vocalizations, and had a weak cry prior to intubation.
She had minimal spontaneous movements in distal upper extremities and no spontaneous
movements in her lower extremities. She was able to grip fingers with very little strength. She
had diffuse hypotonia, complete head lag, and diminished deep tendon reflexes. No cherry red
spot or optic atrophy was noted on ophthalmologic examination. Initial laboratory studies
including electrolytes, complete blood count, infectious studies, pH, and lactate were normal.
An echocardiogram showed borderline right ventricular (RV) dilation and mildly elevated RV
and pulmonary artery pressures. A 2-day video EEG was notable for diffuse slowing without
focal or epileptiform abnormalities.

Questions for consideration:
1. What are possible localizations and diagnoses for this infant’s hypotonia and weakness?
2. What testing would you consider?
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Section 2
Some plausible differential diagnoses based on localization
include the following.

Anterior horn cells
The patient was referred for evaluation of spinal muscular
atrophy (SMA), a genetic disorder causing progressive loss
of anterior horn cells within the spinal cord. This patient’s
hypotonia, pattern of weakness (proximal > distal), and
decreased reflexes support this diagnosis. However, the
acuity of the respiratory decompensation, cardiac in-
volvement, and degree of failure to thrive would be
atypical.1

Infantile spinal muscular atrophy with respiratory distress
type 1 (SMARD1) is a distinct genetic disorder presenting
with intrauterine growth retardation, progressive distal
weakness of the legs, and apnea. Our patient’s weakness,
failure to thrive, and rapid respiratory decline could fit this
disorder. However, most cases present between 1 and 6
months of age with apneic respiratory failure.

Diagnostic testing
Molecular testing for the most common causes of SMA in-
clude deletion/duplication studies of SMN1 and SMN2 exon
7. SMARD1 is caused by biallelic pathogenic variants in the
IGHMBP1 gene. Creatine kinase (CK) level is usually normal.
Genetic testing has largely obviated the need for muscle bi-
opsy or EMG testing.2

Peripheral nerves
There are rare causes of polyneuropathies with onset in in-
fancy that can present with hypotonia and diminished reflexes.
One subtle difference is the pattern of weakness and atrophy,
which is usually more distal than proximal in contrast to an-
terior horn cell disease and myopathies. Decreased sensation
is variable. Our patient’s pattern of weakness did not fit this
pattern, and sensation was intact.3

Diagnostic testing
EMG shows abnormal nerve conduction velocities, in con-
trast to SMA, which is associated with acute denervation and
fibrillation potentials. Genetic testing panels for hereditary
neuropathies are available.

Myopathies
Given the abnormal echocardiogram, myopathies, in-
cluding glycogen storage disease type II (Pompe disease),
should be considered. Infantile Pompe disease is charac-
terized by weakness, hypotonia, cardiomegaly, and elevated
CK. It is caused by a deficiency in the lysosomal enzyme
acid α-glucosidase (GAA), which leads to abnormal gly-
cogen accumulation in skeletal, cardiac, and smooth mus-
cle. Glycogen accumulation is also seen in the CNS, leading
to a mixed central and peripheral nervous system
presentation.4

Diagnostic testing
CK elevation is a strong indication for additional testing.
GAA enzyme activity and gene sequencing confirm the di-
agnosis. With the possibility for enzyme replacement ther-
apy, Pompe disease is now included on the newborn screen
in some states.

Similarly, mitochondrial myopathies could also be considered.
Mitochondrial diseases include a range of disorders that can
affect various organ systems, preferentially affecting systems
with high metabolic demands such as muscle. Other features
of mitochondrial disorders include stroke-like episodes,
deafness, diabetes, or optic atrophy, which would not be
expected in an infant with a mitochondrial disorder.

Diagnostic testing
Screening laboratory studies include lactate, pyruvate, plasma
amino acids, and urine organic acids. CSF testing includes
lactate, pyruvate, and amino acids. Combined mitochondrial
and nuclear sequencing can be definitive,5 but genetic testing
may need to be done on affected tissue such as muscle.

Congenital myopathies typically involve elevated CK levels
and more prominent facial weakness and ptosis compared to
our patient.6

Central causes
Mixed central and peripheral nervous system processes
include the broad category of leukodystrophies. Often

Figure MRI examination of brain and cervical spine

(A–C) Axial MRI brain diffusion-weighted imaging. (D) Sagittal cervical spine
MRI T2-weighted sequence with arrow indicating abnormality.
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these present with spasticity and increased reflexes (upper
motor neuron signs given white matter involvement), but
also affect the peripheral nervous system, leading to
a mixed clinical picture (table e-1, links.lww.com/
WNL/B126).

Diagnostic testing
MRI brain with spectroscopy is needed. Further biochemical
and genetic testing can be performed depending on clinical
presentation and pattern of imaging abnormalities.

Lysosomal storage disorders can present with leukodystrophy
(see table e-1, links.lww.com/WNL/B126) or with mixed
localization findings. Tay-Sachs disease and Niemann-Pick
disease types A and B are associated with the distinct cherry
red spot on ophthalmologic examination, which our patient
did not have. The lack of cherry red spots does not exclude
these diagnoses in older patients given that it can disappear
over time.7

Within 2 days of admission, SMA testing was normal, prompting
consideration of a broader differential diagnosis. Plasma amino
acids were notable for low essential amino acids and mildly
elevated glycine. Plasma lactic acid was normal. Plasma metab-
olomics showed evidence of liver dysfunction and supported the
findings of low essential amino acids and mild elevations in
glycine. Numerous CSF studies were sent including neuro-
transmitters, lactate, pyruvate, and metabolomics. CSF lactate,
amino acids, andmetabolomics showedmarkedly elevated levels
of lactate and glycine, in contrast to the plasma studies.

Brain and spine MRI with spectroscopy was performed
(figure). Magnetic resonance spectroscopy demonstrated
a large lactate doublet.

Questions for consideration:
1. How would you interpret the MRI results?
2. Based on the results of theMRI, howwould you prioritize

further testing at this point?
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Section 3
MRI brain revealed extensive, symmetric diffusion restriction
prominent in the bilateral basal ganglia and thalami, extending
into frontoparietal white matter, brainstem, cerebral pedun-
cles, and midbrain. MRI of the spinal cord showed intra-
medullary, longitudinally extensive T2 signal hyperintensities
throughout the central cord. The elevated lactate on magnetic
resonance spectroscopy and symmetric involvement of the
basal ganglia and thalami suggested a primary metabolic or
mitochondrial process. This pattern can be seen in maple
syrup urine disease (MSUD), although the patient’s clinical
presentation and biochemistry did not fit with MSUD.

Additional genetic testing included whole exome sequencing
(WES) with mitochondrial sequencing. Before the results of
WES returned, the patient had another episode of de-
compensation and developed fixed, unresponsive pupils. With
her progressive clinical presentation, the family elected to
pursue comfort care and she died shortly after extubation (8
days after admission). Her autopsy revealed a small for age,
nondysmorphic, female infant with subacute thalamic infarcts,
acute global hypoxic ischemic brain injury, cardiomegaly,
hypertensive changes in the pulmonary vasculature, and type
2 fiber atrophy of skeletal muscle.

HerWES identified 2 variants of uncertain significance (VUS)
in the NFU1 gene. VUS often require additional evidence in
order to confirm pathogenicity. The paternally inherited VUS
(NM _001002755.2 c.398T > C; p.Leu133Pro) has not been
reported in large population cohorts, but is predicted to be
damaging. The maternally inherited VUS (NM
_001002755.2 c.299C > G; p.Ala100Gly) is present in large
population cohorts at a very low frequency.8 There were
conflicting computational predictions regarding the effect of
the maternal VUS on protein structure and splicing, which
made the significance of this VUS challenging to interpret.

Discussion
Multiple mitochondrial dysfunctions syndrome (MMDS) is
associated with 6 autosomal recessive genes including NFU1.
All genes associatedwithMMDS are involved in the production
of iron–sulfur clusters that are required for multiple mito-
chondrial enzymes including enzymes responsible for glycine
breakdown and involved in MSUD. Patients usually present
within 18 months of life with early-onset encephalopathy, hy-
potonia, developmental delays, pulmonary hypertension, acute
neurologic decompensation with apnea, and cavitating leu-
koencephalopathy, which fit our patient’s presentation.9

Our case highlights the differential for a profoundly hypotonic
infant with diminished reflexes. Rare genetic disorders like
MMDS can be challenging to diagnosewithoutWES. TheVUS
detected were not diagnostic alone, but metabolomic profiling
provided additional biochemical evidence confirming the di-
agnosis of NFU1-related MMDS. Metabolomic profiling is

a promising technology in the diagnosis of biochemical dis-
orders.10 The use of an untargeted metabolic assay in this case
allowed for detection of abnormalities that were diagnostic of
a rare biochemical disorder and provided additional evidence
that theNFU1 VUS were pathogenic. The differences between
plasma and CSF is another notable feature of this case, em-
phasizing that CSF studies can provide further diagnostic in-
formation for neurologic and mitochondrial disorders.
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