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ABSTRACT

Vanishing white matter disease (VWMD) is an autosomal recessive neurodegenerative disease often present during
childhood and is exacerbated by trauma and other stressors. VWMD is caused by EIF2B gene mutation, which encodes
eukaryotic initiation factor 2 B (EIF2B), a transcription factor activated by insulin that is a major protein synthesis
regulator during the integrated stress response. Autosomal recessive combined saposin deficiency is a metachromatic
leukodystrophy, a progressive neurological disorder characterized by motor delay, regression of gained skills, and nerve
demyelination. Here, we present the case of an 11-year-old Hispanic male presenting with ataxia, dysphagia, and global
developmental delay which was found to have VWMD on imaging. A genetic panel reveals the PSAP gene, a novel
presentation in the setting of VWMD.
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INTRODUCTION

Vanishing white matter disease (VWMD) has the
dichotomy of being an incredibly rare condition while also
one of the most common inherited childhood
leukoencephalopathies.! Clinical presentation, coupled
with imaging, genetic testing, or both, has proven
successful in identifying patients with VWMD. However,
the factors affecting the onset and degree of morbidity
remain unknown. Unfortunately, the mortality rate is high
within a few years of symptom onset, and a potential cure
has yet to be discovered.? The primary characteristics of
VWMD are progressive neurological deterioration,
cerebellar ataxia, and spasticity.® Due to its rare nature, it
is often not considered among the differential diagnosis for
developmental delay. In this case, we will not just discuss
a rare presentation of developmental regression but also
advocate for diagnosis-orientated parental education and
informed decision-making, especially in patients with
social and financial challenges.

CASE REPORT

An 11-year-old Hispanic male presented to the hospital
with profound global developmental regression over the
past two years. His parents reported that he had been
developmentally appropriate until two years ago when he
sustained a head injury due to an unprovoked fall at school.
The mother endorsed that after this head injury, the patient
began regressing developmentally, becoming nonverbal,
oppositional, incontinent for urine and stool, and
progressive dysphagia. Upon a detailed review of his
developmental milestones, we discovered that he has a
global developmental delay.

The patient was a cheerful and playful child without
syndromic features. He was reasonably cooperative with
our physical examination. He was only able to verbalize
his name and ‘mama’. There was significant muscular
atrophy of the lower extremities with spastic muscular
tone. He had a tip-toe gait with significant ataxia that
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required two-person support. We estimated his
development to be consistent with a 1-year-old child at
verbal and communication and a three to four-year-old at
motor skills. He showed no signs of failure to thrive with
age-appropriate growth percentiles.

A speech consult and video fluoroscopic swallowing
study revealed a significant delay in the oral and
pharyngeal phases of swallowing without any anatomical
defects. Physical therapy indicated that the patient required
moderate  assistance to  ambulate.  Laboratory
investigations were within normal limits, including
complete blood count, complete metabolic panel, and
ammonia levels. Laboratory panel for inborn error of
metabolism, urine amino acids, and organic acids showed
elevation in urine aspartic acid, 3-hydroxybutyrate, and
acetoacetate in the absence of acidosis or hyperglycemia.
Lumbar puncture was unremarkable, with cerebrospinal
fluid studies demonstrating normal levels of myelin basic
protein and lactic acid and no growth on culture. Magnetic
resonance imaging (MRI) revealed severe diffuse
profound white matter disease extending from the
subcortical white matter to the deep white matter,
involving the cerebellum and cerebrum with relative
sparing of the temporal lobes (Figure 1).

Figure 1: MRI brain with contrast shows severe
diffuse profound white matter disease extending from
the subcortical white matter to the deep white matter
involving the cerebellum and cerebrum with relative

sparing of the temporal lobes.

Diagnosis
Given the clinical presentation and relative temporal lobe

sparing, patient’s radiological findings were concerning
for vanishing white matter disease.

However, such cases have a very broad differential such as
inborn  errors of metabolism disorders, severe
demyelinating disease, leukodystrophies, nonketotic
hyperglycemia, 3-hydroxy-3-methylglutaryl-coenzyme A
lyase deficiency, urea cycle disorders, collagen vascular
diseases, viral infections, and end-stage white matter
disease. The patient was later found to have the PSAP gene
associated with autosomal recessive combined saposin
deficiency.

Social needs awareness

Our patient and his family live in a trailer in an
unincorporated community miles away from the nearest
specialty care center. The family requires food stamps and
other state-sponsored assistance to supplement the
mother's income and make ends meet. Despite initial
adherence to treatment plans, his mother appeared to have
significant gap in understanding the severity of his
developmental regression and the specialized care he
required, which led to a relapse in his case. Over a series
of finely scheduled follow-ups and well-established
interdisciplinary team planning led by our team with
neurology, genetics, and ophthalmology, the patient’s
mother finally realized the diagnosis and its prognosis,
which made inclusive parental decision-making more
adherent to the general plan. That orientation allowed for
more cooperation from the parents which helped facilitate
the patient to receive therapies such as occupational,
physical, and speech. In addition, social workers were
continuously involved ensuring the patient’s parents were
not met with financial burdens from the extensive
therapies.

Patient course

Over the course of a few months after diagnosis, the
patient’s disease progression worsens as expected.
However, adherence to therapies remains, and close
monitoring via scheduled physical exams and virtual visits
to ensure any acute deterioration is met with appropriate,
timely intervention. As the patient clinically progresses,
further discussions to prepare the parents for long-term
plans are being routinely done. The importance of
palliative care in pediatric patients such as ours and
parental education on its roles and values is one of the core
pillars in understanding and establishing a long-term
management plan.

DISCUSSION

One of the most important cornerstones in such rare
diseases is an early index of suspicion that leads to
appropriate diagnosis and early onset intervention.
Palliative care medicine’s role and value in pediatrics and
early discussion about prognosis is always essential to set
realistic goals and expectations for not just the parents and
patients but also for the multiple care providing team.
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VWMD hallmark characteristics are progressive
neurological deterioration, cerebellar ataxia, and
spasticity.® Additionally, seizures, late-stage optic atrophy,
and progressive macrocephaly have been noted in only a
handful of cases.*® The typical onset is in early childhood,
specifically at ages two-six years.? A later onset often
correlates with a milder disease course. Even in the more
typical early childhood presentation, the initial
development of the patient is often normal, and they may
achieve the most motor and mental milestones in a timely
manner.* VWMD exhibits an autosomal recessive mode of
inheritance. Eukaryotic translation initiation factor 2 B, a
principal regulator of the integrated stress response, has
five genes (EIF2B1-5), each encoding a unique
subunit.®* When mutated, any of these genes can cause
VWMD, although EIF2B5 is the most commonly
mutated.*”® The effects of mutations are predominantly
observed in the brain, but there have been occasional
documentation of systemic involvement.%°

Owing to defects in the principal integrated stress response
regulator EIF2B, the pathogenesis of VWMD involves
significant vulnerability to trauma, as in our case, or other
stressors, such as infection.? Interestingly, the first
identified case of VWMD was in a 36-year-old woman
with gait difficulties who demonstrated rapid deterioration
after minor physical trauma.** Whether any intervention
could have precipitated deterioration was unclear in our
case. Although such measures are unlikely to prevent the
disease from presenting, it has been theorized that they
may decrease the severity of acute attacks that lead to rapid
white matter destruction.?

MRI is the imaging modality of choice for VWMD. The
disease has a characteristic pattern of diffuse
disappearance of white matter with relative sparing of the
temporal lobes, which is especially consistent among
affected children.2 MRI may be used periodically
throughout the disease to assess the progression of
degeneration.? As the disease progresses, the white matter
begins to be replaced by fluid, correlating with the massive
loss of myelin seen on autopsy.® Astrocytic dysfunction
can be used as a proxy for disease severity at the cellular
level. VWMD cases with more severe symptoms often
present with cystic decay on imaging, whereas adequate
gliosis is a sign of proper neuronal response to injury in
less severe cases. Astrocytes and oligodendrocytes are
glial cells that are predominantly affected by this disease.?
Relatively few biomarkers have been proposed for
VWMD. Elevated CSF glycine is a marker found in many
cases of VWMD and may be derived from a primary
derangement in glycine metabolism or secondary to
excitotoxic damage to cells.*'* Decreased CSF
asialotransferrin concentrations have also been proposed
as biomarkers thought to arise from either abnormal
turnover of CSF transferrin or reduced de novo production
from local cells.*® Upon review of the literature, we did not
encounter any other documented cases of VWMD
presenting with ketonuria in the absence of hyperglycemia
or other evidence of diabetes. We found one case of

diabetic ketoacidosis in a patient with VWMD.!® The
pathogenesis of VWMD involving mutations in EIF2B1-5
may provide a clue regarding the presence of ketonuria in
our patient. EIF2B is a transcription factor vital for the
initiation of protein  translation. Under normal
circumstances, insulin, in the presence of glucose and
amino acids, activates EIF2B, leading to increased protein
synthesis.t” With a mutation in EIF2B genes, EIF2B has
been shown to confer decreased resilience to oxidative
stress in oligodendrocytes, astrocytes, and their
progenitors, resulting in chronic low ATP status despite
compensation efforts.!® Astrocytes have been identified as
primary cells capable of cytogenesis in the brain.’® It is
possible that the increased metabolic demand in these cells
caused by oxidative stress in the setting of EIF2B mutation
is a trigger for ketogenesis, even with adequate glucose
supply. Hypoammonemia is likely secondary to ketone-
induced inhibition of renal ammoniagenesis.?’ PSAP-
related autosomal recessive combined saposin deficiency
(PSAD), a metachromatic leukodystrophy due to saposin
B deficiency, can present with severe neurological disease,
hyperkinetic movement disorder, myoclonus, and
respiratory insufficiency. In addition, PSAP is associated
with a progressive neurological disorder characterized by
motor delay, regression of gained skills, and nerve
demyelination.?* Combined saposin deficiency is an
extremely rare condition that almost only reported in
literature close to eleven times.???* It has been described
as a rapidly progressive neurovisceral lysosomal storage
disorder due to accumulated substrates in visceral cell
types that ultimately lead to end organ death.® It is
reported that intact prosaposin has a neuroprotective role
by preventing the aforementioned substrate accumulations
in both central and peripheral nervous systems, which can
lead to a neuronal survival crisis. In addition, it prevents
the accumulation of glycosphingolipids in non-neuronal
tissue as well. Subcortical white matter lesions and cortical
atrophy have been reported on neuroimaging.

Treatment and prognosis

The current state of disease management revolves around
avoiding stressors that can precipitate an acute
deterioration attack, such as the liberal use of antibiotics
and antipyretics and avoidance of contact sports.? Given
his advanced medical needs and poor prognosis, our
patient was referred for speech, occupational, and physical
therapy. In addition, a close follow-up was performed at
our outpatient pediatric clinic. Early involvement in social
work for assistance with referrals and obtaining necessary
supplies. Our treatment focused on maintaining the current
level of functioning to sustain maximal independence in
activities of daily living. Although gene therapy with
CRISPR/Cas-9 and targeting the integrated stress response
for the treatment of VWMD are promising areas of study,
there is no current treatment that can halt or slow disease
progression.?” Owing to the uncommon nature of VWMD,
parents and healthcare providers may not recognize the
constellation of symptoms due to progressive white matter
loss. The devastating fact of VWMD is that after

International Journal of Contemporary Pediatrics | June 2023 | Vol 10 | Issue 6 Page 948



Aly A et al. Int J Contemp Pediatr. 2023 Jun;10(6):946-950

symptoms are present, patients like ours rarely survive for
more than a few years, as proven by his rapid clinical
deterioration during subsequent outpatient visits.

CONCLUSION

Medical providers’ awareness with such rare progressive
neurological disease is pertinent to early diagnosis and
high index of suspicion. Understanding of social
determinants of health come into play, as lower health
literacy coupled with socioeconomic challenges and the
resultant lack of access to expert care lead to difficulty
obtaining services that can improve a patient's quality of
life.

Recommendations

As with many neurodegenerative conditions, early
diagnosis and subsequent steps to maintain the remaining
function are essential in prolonging the quality of life in
patients with VWMD. Early establishment of
multidisciplinary care conferences with close follow-ups
for both medical and social adherence to the management
plan is crucial for timely interventions for acute
deterioration and long-term care planning.
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