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Section 1
A 20-year-old man presented with progressive dysphagia for 6 months to both liquids and solids
with intermittent choking episodes. There was no nasal regurgitation, fatigability, or diurnal
variation of dysphagia or difficulty in chewing. He had lost about 80 pounds in 6months. He felt
short of breath after walking for a short distance and climbing 2 flights of stairs and could not lie
flat. He described muscle twitching in his face as well as arms and legs. He denied weakness of
the upper or lower limbs, sensory symptoms, bladder or bowel problems, or uncontrollable
laughing or crying. He had Lyme disease 5 years ago with left-sided facial palsy. The patient was
of Hispanic ancestry and family history over 3 generations was negative for neuromuscular
disorders, dementia, or prominent psychiatric disorders. On neurologic examination, he had
a flat affect but normal bedside screening cognitive functions. His speech was nasal and his voice
was hoarse. He had residual left lower motor neuron facial palsy. Cranial nerve V (motor and
sensory) functions were normal. Palatal movements and gag reflex were normal. He had
bilateral tongue atrophy, weakness, and fasciculations (video 1); perioral fasciculations were
also present. There was mild lower limb spasticity and weakness in the following muscles: first
dorsal interosseous (FDI) 4+/5, triceps 5−/5, deltoids 4+/5, gluteus maximus 4+/5, neck
flexion 4/5. There was wasting of the periscapular muscles and FDI. There was no split hand
phenomenon. Fasciculations were present in shoulder, biceps, thighs, and calves. Reflexes were
3+ and symmetrical at the biceps, triceps, brachioradialis, patellae, and ankles with flexor plantar
responses; increased finger flexor and crossed adductor reflexes were present. Jaw jerk and
snout reflexes were absent. Sensory and cerebellar examination results were normal.

Question for consideration:
1. What is the localization and differential diagnosis for the patient’s presentation?
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Section 2
The patient presented with progressive bulbar palsy. Neuro-
logic causes of dysphagia can be due to central or peripheral
nervous system disorders.1 Central causes include stroke
(chronic course made it unlikely), brainstem tumors, neuro-
degenerative disorders (leukodystrophies [e.g., adult-onset
Alexander disease]), mitochondrial disorders (e.g., mito-
chondrial myopathy, encephalopathy, lactic acidosis, and
stroke-like episodes causing brainstem stroke), and structural
lesions at the cranio-cervical junction (progressive course and
upper motor neuron signs might suggest the latter 3 causes).
CNS infections (bacterial/viral/fungal) need to be ruled out.
Neuromuscular causes include motor neuron disorders, neu-
ropathies, neuromuscular junction disorders, and myopathies.
Among the motor neuron disorders, amyotrophic lateral scle-
rosis (ALS) was high on the differential as our patient had
a progressive course and both upper and lower motor neuron
signs without sensory symptoms. Riboflavin transporter de-
ficiency neuronopathy (Brown-Vialetto-Van Laere [BVVL]
syndrome) can present with bulbar palsy.2 However, deafness
is a common symptom and tendon reflexes are usually de-
pressed due to sensory neuronopathy, none of which was

present in our patient. Fazio-Londe syndrome is similar to
BVVL but without deafness and presents in the first decade.2

Spinobulbar muscular atrophy (Kennedy disease) is an
X-linked recessive disorder that presents with atrophy and
fasciculations of the bulbar and limb muscles and gyneco-
mastia (absent in our case).3 Typically the course is more
insidious in the third to fifth decades and tendon reflexes are
depressed or absent, making this less likely in our case. Adult-
onset spinal muscular atrophy does not present with bulbar
symptoms; also hyperreflexia was against this diagnosis. Dif-
fuse hyperreflexia made peripheral neuropathy unlikely in our
case. Myasthenia gravis, particularly MuSK-positive myas-
thenia, could present with bulbar symptoms, tongue atrophy,
and neck weakness, but hyperreflexia and fasciculations made
this unlikely. Finally, various muscle disorders, genetic myo-
pathies (myotonic dystrophy, oculopharyngeal muscular
dystrophy), or inflammatory myopathies could present with
dysphagia but lack of characteristic pattern of weakness, fas-
ciculations, and hyperreflexia made myopathy unlikely.

Question for consideration:
1. What investigations can help to narrow the differential

diagnosis?
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Section 3
MRI brain was normal, ruling out stroke, brainstem tumor,
structural lesions of the cranio-cervical junction, and some of
the neurodegenerative disorders like adrenoleukodystrophy.
Lumbar puncture was negative for infections (routine culture
and meningitis/encephalitis PCR panel) with normal cell
count and chemistry. The patient had normal blood counts,
liver function tests, creatine kinase, thyroid function tests, B12,
paraneoplastic panel, HIV, rapid plasma reagin, Lyme titers,
copper, and hexosaminidase A (low level seen in GM2 gan-
gliosidosis or Tay-Sachs disease, which can be ALS mim-
icker).3 Nerve conduction studies showed normal motor and
sensory conductions in the upper and lower extremities.
Sensory nerve action potentials are typically reduced or ab-
sent in BVVL syndrome and Kennedy disease due to sensory

neuronopathy, making these disorders unlikely in our case.2,3

Needle EMG showed fasciculations and fibrillations in the
bulbar (genioglossus and masseter), cervical, thoracic, and
lumbosacral myotomes. Chronic neurogenic changes (re-
duced recruitment of large motor unit potentials) were
present mainly in the bulbar and cervical myotomes. Modified
barium swallow study showed diffusely diminished pharyn-
geal contraction with silent aspiration of thin liquids. Pul-
monary function testing (PFT) showed reduced forced vital
capacity at 37% predicted; maximal inspiratory and expiratory
pressures were low. Based on exertional dyspnea, inability to
lie flat and abnormal PFT suggested possible diaphragmatic
involvement.

Question for consideration:
1. Based on these findings, what is the most likely diagnosis?
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Section 4
The patient had clinically probable (juvenile onset) ALS per
El Escorial criteria: definite lower motor neuron (LMN) signs
(tongue atrophy, fasciculations) in bulbar region, upper mo-
tor neuron (UMN) (hyperreflexia) and LMN signs (atrophy,
fasciculations) in cervical region, and UMN (hyperreflexia,
spasticity) and LMN signs (fasciculations) in lumbar and
sacral regions. Next-generation sequencing panel for ALS
genes (ALS2, ANG, C9orf72, CHMP2B, DCTN1, FIG4, FUS,
OPTN, PFN1, SETX, SIGMAR1, SOD1, SQSTM1, TARDBP,
UBQLN2, VAPB, VCP) did not show pathogenic mutations.
He was referred to a multidisciplinary ALS clinic, counseled
regarding potential gastrostomy tube placement and non-
invasive ventilation, and was started on riluzole.

Discussion
ALS is a progressive neurodegenerative disorder characterized
by diffuse muscle weakness and wasting.2 The average age at
onset of symptoms in sporadic onset ALS is about 56 years.4

The diagnosis of juvenile ALS (JALS) should be based on the
development of a clinical syndrome that meets diagnostic
criteria for ALS with an age at onset less than 25 years.2 JALS
is extremely rare, with an estimated prevalence of 1 in
1,000,000.5 It is sometimes challenging clinically to make an
accurate diagnosis in JALS due to phenotypic variability and
a broad differential diagnosis needs to be considered (dis-
cussed in Sections 2 and 3).2 Eventually all patients with JALS
develop both upper and lower motor dysfunction, cognitive
functions and sensory symptoms are spared, and pseudo-
bulbar signs can be present.2

Familial ALS accounts for about 5%–10% of ALS cases.5 JALS
is thought to bemore frequently associated with genetic forms
of ALS.5 JALS could be autosomal recessive (ALS2, SPG11,
and SIGMAR1), autosomal dominant (SETX, SOD1), X-lined
(UBQLN2), or due to de novo mutations (FUS).5–10 In
a recent cohort of 12 patients with JALS of Chinese descent,
the authors identified 5 likely pathogenic mutations (1
TARDBP and 4 FUS), 2 in familial probands and 3 in sporadic
patients.5 Unlike previously reported patients with FUS
mutations, who had rapid disease progression and early death,

this study found a wider range of survival (mean 58.2
months).5

JALS, though rare, should be considered in the appropriate
clinical context in a patient with dysphagia. A thorough neu-
rologic examination may detect UMN and LMN signs in
clinically asymptomatic areas and will help in early diagnosis
and appropriate management.
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