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Section 1
A 6-month-old boy born to nonconsanguineous parents presented with intractable seizures
from the fourth month of age. Oligohydramnios was detected in the last trimester of pregnancy.
He was born at term by normal delivery (birthweight 2.9 kg). At birth he had weak cry,
microcephaly (head circumference 31 cm, <third centile), micrognathia, prominent nasal
bridge, and radial deviation of both hands. Cranial and abdominal ultrasonogram and echo-
cardiogram were normal.

The patient developed infantile spasms at 4 months of age recurring every hour in clusters of
3–5 spasms, each lasting 1–2 minutes. Developmental milestones were limited to partial head
control at 5 months. At 6 months, he had head circumference of 37 cm (<third centile),
metopic ridging, hypertelorism, puffy cheeks, high-arched palate, micrognathia, short stubby
digits, basal syndactyly of second and third toes, bilateral ankle contracture, and a small café-au-
lait spot on his left leg anteriorly. He had pendular nystagmus, poor visual tracking, normal
fundi, generalized spasticity, bilateral ankle clonus, and extensor plantar response.

Questions for consideration:
1. What are the possible etiologies you will consider in this child?
2. What are the investigations that help to narrow down the differential diagnoses?
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Section 2
The clinical features in this child are consistent with epileptic
encephalopathy (EE).1 The etiologies are heterogeneous
and include birth insults, structural brain malformations, and
inborn errors of metabolism in the majority.2 When these
most common etiologies are addressed, a genetic cause
should be investigated.1

EEG or video EEG helps to delineate the epilepsy syndrome.
Brain MRI is useful in detecting congenital malformations,
tuberous sclerosis, and perinatal hypoxic or hypoglycemic
injury. Magnetic resonance spectroscopy can identify specific
metabolic defects.2 A tiered approach is useful for in-
vestigation of metabolic etiologies.3

When MRI and metabolic testing do not point to a definite
etiology, other genetic EEs should be considered. The
investigations include testing for copy number variations by
high density single nucleotide polymorphism array, compar-
ative genomic hybridization array, and exome sequencing.
The selection of the testing depends on the clinical charac-
teristics, seizure phenotypes, and syndromic diagnosis.

MRI in this child demonstrated hypomyelination, and hypo-
plasia of brainstem and cerebellum (figure, A–C). EEG showed
hypsarrhythmia with episodes of attenuation (figure, D).
Metabolic testing including serum ammonia, lactate, bio-
tinidase, homocysteine, uric acid, amino acids, and acyl carni-
tine profile, and urine organic acids were negative. Karyotyping
and fluorescence in situ hybridization analysis of chromosome
22 was negative. Chromosomal microarray was not carried out.
The patient was diagnosed with West syndrome with ponto-
cerebellar hypoplasia (PCH) and hypomyelination.

The patient was treated with optimal dosages of levetiracetam,
sodium valproate, and clonazepam along with pyridoxine (120
mg), without substantial benefit. Administration of intramuscular
ACTH for 6 weeks led to partial seizure control. No specific
antispasticity medications were given. At 1 year of age, he had
profound psychomotor retardation, uncontrolled generalized,
myoclonic, and tonic seizures, and persistent hypsarrhythmia.

Questions for consideration:
1. Based on these findings, what are the differential

diagnoses?
2. What testing could clarify the diagnosis?
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GO TO SECTION 3

Figure SPTAN1 encephalopathy: MRI, EEG, and genetic findings

(A–C) MRI at 6 months of age (A) and 1 year (B, C). (A) T2-weighted axial view shows diffuse hypomyelination. (B) T2-weighted coronal image demonstrates
cerebellar hypoplasia (arrows). (C) T1-weighted sagittal image shows pontine and cerebellar hypoplasia (arrows). (D) EEG at 6 months of age shows
hypsarrhythmiawith episodes of attenuation (arrows). (E–G) Sequence chromatogramand alignment to the reference variation in parents (E, F) and the index
patient (G) show 9bp insertion only in the patient. (H) Conservation of the region across species. (I) Variations reported in SPTAN1. Adapted from Sybre et al.9

Mutation described in the present report is shown in red.
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Section 3
To further narrow down the differential diagnoses in this child,
the specific MRI findings—PCH and hypomyelination—are
helpful.

What are the differential diagnoses of PCH on MRI?

Genetic etiologies of PCH can be divided into 2 groups4:

1. Cerebellar hypoplasia and variable cortical atrophy: PCH
types 1–10, phosphoserine aminotransferase deficiency,
progressive encephalopathy with edema, hypsarrhyth-
mia, and optic atrophy (PEHO) syndrome, SPTAN1
encephalopathy, and congenital disorders of glycosyla-
tion IA and ID.

2. Cerebellar hypoplasia plus neocortical dysplasia:
dystroglycanopathies, CASK-related disorders, and
tubulinopathies.

The clinical features of the main PCH syndromes include the
following: PCH1—severe hypotonia, bulbar dysfunction, re-
spiratory insufficiency, congenital contractures with anterior
horn cell involvement; PCH2—dystonia and extrapyramidal
disorder and seizures; PCH 3—progressive microcephaly,
optic atrophy, seizures, and hypotonia; PCH4—severe peri-
natal symptoms, congenital contractures, primary hypo-
ventilation, and early postnatal death; PCH5—intrauterine
seizure-like activity and a predominantly affected vermis;
PCH6—EE, hypotonia, and elevated lactate levels. Of all the
PCH types, the presence of EE in this child favors a diagnosis of
PCH6.

Phosphoserine aminotransferase deficiency is a rare inborn
error of serine synthesis.5 Typical presentation is that of an
infantile encephalopathy with refractory seizures, pro-
gressive microcephaly, and MRI demonstrating PCH and
poor white matter development. A normal plasma amino
acid profile along with CSF serine levels would help to
exclude this.

PEHO syndrome is another condition with PCH where an
association with RARS2 and SPTAN1 gene variations has
been suggested.4 Congenital disorders of glycosylation rarely
cause EE and MRI shows cerebellar hypoplasia along with
a bright cerebellum.

While the second group of disorders is unlikely in view
of the absence of cortical malformations, CASK-related
disorder is still a possibility. A severe phenotype with
intellectual disability, microcephaly and PCH (MCPCH),
and early infantile EE (EIEE) has been described in boys.6

The next step will be to consider the second MRI feature in
this child; namely, hypomyelination.

What are the differential diagnoses for hypomyelination?

Hypomyelinating disorders are divided into the following:

1. Primary hypomyelinating disorders: Pelizaeus-Merzbacher
disease, Pol III-related leukodystrophy, hypomyelination
with congenital cataract, 18q-syndrome, fucosidosis. Even
though isolated seizures occur in some of these disorders,
EE as a dominant clinical manifestation is generally not
a feature of these disorders.

2. Neuronal disorders with secondary hypomyelination7:
neuronal ceroid lipofuscinosis, EIEE 39 caused by
SLC25A12, AIMPI-related disorder, GM1 and GM2
gangliosidosis, SPTAN1 encephalopathy, and PCH
subtypes.

Among the above disorders with variable combination of EE,
PCH, and hypomyelination, PCH subtypes, especially type 6,
and SPTAN1- and CASK-related disorders might be consid-
ered high in the differentials, given the predominant clinical
manifestation of EE in this child. Based on these broad dif-
ferential diagnoses, a clinical exome-sequencing panel that
covers the EE, PCH, and other metabolic disorders not cov-
ered in the metabolic screening was requested.

Exome sequencing revealed a heterozygous 9 base pair in-
sertion in exon 53 of the SPTAN1 gene (c.6896_
6897insGGACCAGCT) that resulted in insertion of 3 amino
acids between codon 2,299 and 2,300 (p.Trp2299_
Asp2300insAspGlnLeu) that was validated by Sanger se-
quencing. This is situated in the functionally important het-
erodimer domain of the SPTAN1. This variation was not
present in the 1,000 genomes, gnomad, or ExAC database. It
was not detected in the parents, suggesting a de novo oc-
currence (figure, E–G). The variation was predicted to be
damaging by Mutation Taster 2. The region is conserved
across the species (figure, H).

Discussion
Mutations in SPTAN1, implicated in etiology of EIEE-5
(OMIM #613477), were first described in 2010.8 Since then,
34 patients with SPTAN1 mutations with mild and severe
phenotypes have been reported.9 EIEE represents the severe
form. The main seizure type is infantile spasms with a median
age at onset of 4 months. Patients have seizures refractory to
various modes of treatment, leading to developmental arrest.
EEG shows hypsarrhythmia, which may persist up to 2–3
years or may evolve into multifocal epileptiform abnormali-
ties. Premature and sudden unexpected death has been
reported. Patients with mild phenotypes have childhood-
onset myoclonic or focal seizures and less severe intellectual
disability. Systemic features include edematous extremities
simulating PEHO syndrome, coloboma of optic discs, atrial
septal defects, and myocarditis.8–10

MRI demonstrates a variable combination of cerebral, brain-
stem, and cerebellar atrophy, hypomyelination, and thin
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corpus callosum. Patients with EIEE often exhibit progressive
atrophy and hypomyelination, while patients with milder
phenotype may have normal MRI or mild atrophy.9

The mutational spectrum of SPTAN1 includes missense, in-
frame deletions/duplications (figure).10 All patients with
EIEE have amino acid changes and in-frame deletions/
duplications located in α-II spectrin repeats α 16–20, as ex-
emplified in this patient. They demonstrate severe progressive
brainstem and cerebellar atrophy with hypomyelination.
Mutations have also been described outside the heterodimer
domain and these patients have less severe phenotype and
MRI abnormalities.9

SPTAN1 (spectrin α, nonerythrocytic 1) codes for α-II
spectrin, which is a major component of the membrane cy-
toskeleton. It has an important role in stabilizing nascent
sodium channel clusters and assembling the mature node of
Ranvier.10 Mutant α-II spectrins cause aggregation and failure
of heterodimerization of α and β spectrins, leading to severe
functional disruption in neurons resulting in the neurologic
manifestations.8 α-II spectrin mutants also show impaired
myelination in motor nerves and dorsal spinal cord, suggest-
ing their role in myelination. Pathobiology in patients with
milder phenotypes has not been elucidated so far.

SPTANI encephalopathy comprises a broad spectrum of de-
velopmental disorders with epilepsy. Familiarity with its
phenotypes and MRI may facilitate early recognition, genetic
counseling, and prognostication.
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