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Abstract
Purpose The goal of this study was to better understand vanishing white matter (VWM) disease, which is one of the most
common hereditary white matter disorders, and its relationship to radiologic features, genetic analyses, and clinical findings.
Methods We performed a study on 11 patients to describe the clinical and neuroimaging features of VWM. Patients were
grouped into “infantile,” “early childhood,” and “juvenile” based on their onset age. EIF2B1–5 genes encoding five subunits
of eukaryotic translation initiation factor 2B (eIF2B) were analyzed in all patients with clinically suspected VWM disease.
Results In brain magnetic resonance imaging (MRI), all patients showed white matter abnormalities with various degrees. The
initial clinical presentation in five of patients was ataxia, with severe refractory epilepsy in three patients. In children with
infantile-onset VWM, a rapid deterioration of motor function was detected, and the frequency of epilepsy was higher. Two
patients showedmanifestations of end-stage VWMdisease, and one of them had chronic subdural hematoma. One of our patients
and his father were diagnosed with Brugada syndrome. Sequencing of the exons and exon-intron boundaries of the EIF2B1–5
genes revealedmutations in the genes EIF2B5 (5 cases), EIF2B3 (3 cases), and EIF2B4 (2 cases).We also found a novel mutation
in one patient: c.323_325delGAA in the EIF2B1 gene.
Conclusions In this study, in addition to classical clinical and radiological findings, we wanted to emphasize that we may be
confronted with refractory epilepsy (early infancy), cardiac problems, and intracranial complications that may occur in advanced
stages.
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Introduction

VWM disease is one of the most common hereditary white
matter disorders. It is also known as childhood ataxia accom-
panied by central hypomyelination [1]. The disease typically
manifests itself by progressive neurological deterioration
caused by certain triggers like infections and trauma in a
completely healthy child [2, 3]. VWM disease may be seen
in all age groups, including antenatal, infantile, early child-
hood, juvenile, and adult, and shows a wide phenotypic vari-
ation [4, 5]. Early childhood type is the most common type of
VWM. As far as we know, more than 250 cases and 150
mutations of EIF2B1–5 have been reported in the literature
[6, 7]. MRI shows significant widespread abnormalities on T1
and T2 in almost all the cerebral white matter. It is also ac-
companied by progressive cystic degeneration and a rarefac-
tion leading to complete disappearance of white matter. There
are genetic studies showing that there is a relationship between
molecular mutations in five genes (eIF2B1–5) encoding the
five subunits of eukaryotic translation initiation factor eIF2B
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(eIF2Ba-ε) with VWM disease [3]. In our study, we aimed to
stress that children with VWM may present with resistant
epilepsy, different intracranial pathologies or cardiac arrhyth-
mias. Therefore, we wanted to emphasize the importance of
the contribution of MR imaging to the diagnostic process and
adding electrocardiographic imaging to patients with
suspected cardiac pathology.

Materials and methods

VWM patients were taken from the pediatric neurology de-
partment between 2013 and 2018. We have retrospectively
studied all cases, and VWM was diagnosed on the basis of
clinical findings, neuroimaging, and genetics tests. We cate-
gorized our patients as infantile (onset before 2 years of age),
early childhood VWM (onset age 2–6 years), and juvenile
(onset later than 6 years of age) types [3, 8, 9]. Eleven patients
were followed for 1–5 years. During that period, clinical signs,
episodic attacks (progression of neurological deterioration),
radiological images, and genetic analysis were examined.
Patients’ follow-ups were performed via telephone calls,
home visits, and routine outpatient clinic visits.

Patients’ progression of motor deterioration, seizures, and
episodic aggravation (chronic progressive or rapid) were
assessed. All triggering conditions, such as infections and mi-
nor head trauma, have been reported. The evaluation of motor
function was classified according to the Gross Motor Function
Classification System (GMFCS) which was leveled between I
and V [10].

Genotype analysis

Next generation sequencing analysis (Miseq-İllumina Inc.) of
the coding exons and exon-intron boundaries of the EIF2B1–5
genes were performed in all of our patients except for patient
5. We screened EIF2B5 gene firstly based on the high muta-
tion rate reported by previous studies. When no mutations
were found in the EIF2B5 gene, we continued to analyze the
remaining four genes (EIF2B1–4). Patient 5 was diagnosed
through next generation sequencing analysis using TruSight
One Panel (Illumina Inc., San Diego, California).

Analysis of brain MRI

All brain MRI examinations were performed with 1.5T. MRI
protocols included axial T1-weighted image, axial/sagittal T2-
weighted image, and axial T2 fluid-attenuated inversion re-
covery (FLAIR) weighted image. Additionally, some patients
were examined with coronal T2 FLAIR, axial diffusion-
weighted imaging (DWI), and apparent diffusion coefficient
(ADC). Having a hypointense appearance on T1-weighted
images and hyperintense on T2-weighted images was defined

as white matter involvement. Rarefaction was described as
hypointensity on both T1WI and T2 FLAIR images.
Diffusion limitation was indicated by high signals in DWI.

Results

A total of 11 patients (5 female and 6 male) with VWM dis-
ease were included in the study. Age of symptom onset was
35.18 ± 19.13 months, and the current mean age was 75.66 ±
28.92months. Of all patients, 36.3% (4/11) had infantile-onset
disease and 63.6% (7/11) had early childhood-onset disease.
Case numbers 1 and 2 were maternal first cousins, and cases 7
and 8 were paternal first cousins. Case numbers 1, 4, and 8 had
a history of parental consanguineous marriage. The elderly
brother of a case with infantile onset had died at the age of
7 months due to an unknown cause. The siblings of the other
cases were alive and healthy. The follow-up duration was
32.73 ± 16.42 months. Five of our cases presented with gait
disturbance, two with convulsions, two with neuromotor de-
lay, one with speech disturbance, and one with dystonia.
Seven (63.6%) out of 11 patients had a progressive chronic
course while 36.3% (4/11) showed an acute and rapidly pro-
gressive course. Rapid or progressive motor deterioration was
more commonwith the infantile (75%, 3/4) type than the early
childhood (14.2%, 1/7) type. Children having a chronic pro-
gressive course suffered 1 to 5 attacks of deterioration (mean
1.13 episodes). Episodic attacks were caused by an upper
respiratory tract infection at least once in every patient, pneu-
monia was the culprit in 3 children, urinary tract infection in 2
children, and mild head trauma in 2 children. Among the
surviving children, 27.2% (3/11) could independently walk
(GMFCSI-II) while (27.2%, 3/11) children lost their ability
to walk (GMFCSIV-V). Patient 5 and patient 6 died at the
age of 2.5 and 3 respectively. Neuromotor delay preceding
disease onset was more common in infantile patients than
the early childhood cases. Two of our patients with infantile
onset presented with convulsions which were controlled by a
triple antiepileptic drug regimen. Other patients with infantile
onset started having convulsions 2 months after they had been
diagnosed, and their convulsions were controlled by a dual
antiepileptic drug regimen. Two of our patients with early
childhood type had convulsions which started after the
second year of follow-up. Mainly, they were tonic or
myoclonic seizures. Antiepileptics used were valproate,
topiramate, levetiracetam, and lamotrigine. Other rare
signs that became manifest in some of our cases were
optic atrophy and macrocephaly. Gene analysis revealed
eIF2B5 (5 cases), eIF2B3 (3 cases), eIF2B4 (2 cases), and
eIF2B1 (1 case) mutations (Table 1). A mutation (in the
SCN5A gene) that is consistent with Brugada syndrome
was found in patient 5.
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Discussion

Our study demonstrated a higher infantile-onset epilepsy rate
comparedwith childhood-onset epilepsy.Moreover, it was not
an expected finding that some of our infantile-onset epilepsy
patients had convulsions as the initial symptom and they were
diagnosed with VWM disease while etiologies for epilepsy
syndromes were investigated. Epileptic seizures are common
in patients with VWM, and in 30% of infancy and childhood
cases, epileptic seizures occur 1–2 years after the onset of the
disease [9]. Our infantile patients presenting with convulsions
were brought under control by triple antiepileptic therapy (re-
sistant epilepsy). Such seizures are easily controlled by med-
ications. Zhou et al. [11] reported an epilepsy rate of 37.5%,
Turón-Viñas et al. [12] 42.8%, and Zhang et al. [8] reported an
epilepsy rate of 50%. In all those studies, time to onset of
epilepsy was at least 1–2 years after diagnosis; control of
seizures with antiepileptic drugs is generally successful.

VWM disease is a genetic disorder with autosomal reces-
sive transmission [12]. One of our patients had an elderly
brother that died during the investigation of neuromotor de-
velopment delay before the diagnosis has been established. As
the prevalence of consanguineous marriage is high in our re-
gion, the risk of having genetic disorders is equally high.
Three of our cases had a family history of consanguineous
marriage.

In VWM patients, developmental delay and motor deteri-
oration are inevitable consequences in the long-term follow-

up. Fogli et al. [4, 13] demonstrated by a Kaplan-Meier scale
that 95% of infantile patients and 76% of early childhood
patients would develop severe disability within a 10-year fol-
low-up period. In a study led by Zhang et al. [8], 21.7% of the
subjects walked independently at 3-year follow-up, which de-
creased to 9.1% at 5 years and zero at 8-year follow-up.
Among our cases with 1–5 years of follow-up, none of the
ones with infantile onset could gain the ability to walk. Three
of 7 patients with childhood onset lost their ability to walk.
Our follow-up times were shorter; had they been longer, we
could have detected loss of ability to walk at higher rates.

In Cree leukoencephalopathy, which is a phenotypic vari-
ant of VWM disease that manifests at the age of 3–9 months
and has a rapidly fatal course, 100% of patients die by the age
of 2 years [14, 15]. A study led by Zhang et al. [8], 79% of
patients with infantile onset died at 1.2 years and 14% of
patients with early onset died at 2.8 years. Half of our patients
with infantile-onset disease died at a 1.7-year follow-up. In
those two patients (patients 5 and 6), the disease had no rap-
idly progressive course and both died after the age of 2.

Every episodic attack causes neuromotor impairment to
worsen; however, the incidence of such an attack frequency
is unclear. There is usually a history of infection or trauma at
the time of symptom onset [12]; all our patients had a similar
history. Labauge [16] reported that episodic attacks emerged
in 38% of adult VWM patients. Turón-Viñas et al. [12] report-
ed that a chronic progressive course with episodic attacks was
observed in 16 of 21 patients while 5 patients had a rapidly

Table 1 Characteristics of
EIF2B1–5 mutations in 11
patients

No Gene cDNA Protein Type Exons Mutation IDRS (https://www.ncbi.nlm.
nih.gov/SNP/)

1 EIF2B5 943C>G R315G M Exon
7

Reported rs113994063

2 EIF2B5 943C>G R315G M Exon
7

Reported rs113994063

3 EIF2B5 943C>G R315G M Exon
7

Reported rs113994063

4 EIF2B5 943C>G R315G M Exon
7

Reported rs113994063

5 EIF2B4 1151G>A R384Q M Exon
10

Reported rs113994034

6 EIF2B4 1091G>A R384Q M Exon
11

Reported rs113994034

7 EIF2B3 674G>A R225Q M Exon
7

Reported rs113994024

8 EIF2B3 674G>A R225Q M Exon
7

Reported rs113994024

9 EIF2B3 674G>A R225Q M Exon
7

Reported rs113994024

10 EIF2B1 323_
325delG-
AA

108delR ID Exon
4

Novel No rs

11 EIF2B1 806G>A R269Q M Exon
6

Reported rs113994057

M, missense; ID, inframe deletion
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progressive course. Zhang et al. [8] reported that episodic
attacks occurred in 90% of patients with infantile disease
and 71.4% of early childhood disease. This study demonstrat-
ed that episodic aggravations were more common in infantile
and early childhood onset VWM. However, it is still unclear
why this disease can lead to an acute or chronic course.

Schiffmann and van der Knaap [3, 17] defined some MRI-
based radiological criteria for VWM diagnosis. There is a
homogenous T2-weighted and FLAIR hyperintense signal
and T1-weighted hypointense signal in cerebral white matter.
This neuroimaging finding remains constant throughout the
disease course. Nevertheless, there may be signs of cystic
degeneration showing CSF-like signal intensity that causes
progressive rarefaction and complete loss of nearly whole ce-
rebral white matter [4, 12, 18] (Fig. 1a–j). Moreover, other
criteria include relative preservation of temporal lobes and
the absence of cysts in cerebellar white matter and parenchy-
mal contrast enhancement [3]. In early childhood brain, MRI
is strongly recommended for clinical diagnosis of VWM [3,
19].

Other imaging patterns may be seen especially in the
newborn and early infantile forms as well as in the early
stages of other forms. Selective involvement in the inner
edge of the corpus callosum may be a clue in the early
stages of the disease (Fig. 2a). Additionally, symmetrical
central tegmental tract hyperintensity is a prominent sign
at disease onset but it lacks specificity [19]. In contrast,
MRI features in infantile patients are not so informative
for diagnosis. In the early disease stages, white matter

“may not be vanishing” and repeat radiological studies
may be done [20].

The tigroid appearance of the white matter, which is caused
by the protection of perivascular nerve fibers, can also be seen
in VWM, metachromatic leukodystrophy and other disorders
[21] (Fig. 2b). Furthermore, neither cranial nor spinal nerves
play a role in differential diagnosis of imaging studies for
VWM.

Brain MRI is characterized by extensive and symmetrical
involvement of white matter. Also, internal capsules, subcor-
tical fibers, and outer part of the corpus callosum are spared [3,
11, 19]. FLAIR images show markedly hypointense areas in
deep white matter regions probably corresponding to cavita-
tions [22] (Fig. 3a, b). A band-like pattern may be found in
rarified and cystic white matter. Brain stem and cerebellar
white matter can also be involved, but cystic degeneration
has not been reported [23] (Fig. 4a, b). Additionally, variable
cerebellar atrophy primarily affecting the vermis and involve-
ment of pontine tegmentum tracts are prominent [20].

Dissociation of the U fibers may be present to a variable
degree and is better seen in T1-weighted images. Even at the
end stage, when almost all white matter becomes cystic, it is
noteworthy that atrophy, if present, is usually of mild degree.
These abnormalities of white matter are unique and they are
completely different from other neuropsychiatric disorders in
which the white matter abnormalities on brain and cerebellum
are seen diffuse and homogeneous [12].

Proton MR spectroscopy is normal at the onset, but it is
typical that it gradually features a CSF-like spectrum [12].

Fig. 1 Brain MRIs of infantile (patient 6, a–e) and early childhood
(patient 10, f–j). VWM patients images were taken at 8 months of age
and were taken at 4 years of age, respectively. Axial T1-weighted and T2-
weighted images show a more extensive white matter involvement
(arrow) in the infantile patient (a, b, f, g). Also, the infantile patient
shows early subcortical rarefaction (stars) in the coronal and axial T2

FLAIR images (c, h). Cerebellar white matter regions (stars) were
related in infantile and early childhood cases in the axial T2-weighted
images (d, i). Brain stem was only involved (white arrow) in the infantile
patient axial and sagittal T2-weighted image (d, e, i, j). Additionally, there
is marked atrophy of the corpus callosum (black arrow) in the infantile
patient on the sagittal T2-weighted image (e, j)
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DWI properties in VWM have been rarely described [22, 24].
Several studies have suggested that diffusion limitation is seen
in regions with higher cell density [25] or that this effect is
secondary to cytotoxicity or myelin edema [26]. We are of the
opinion that it is difficult to comment on to identify if the
effect is transient because of the limited existence of follow-
up brain MRI studies in our patients (Fig. 5). We presume that
hyperintensities in DWI may possibly occur in parallel to
acute aggravation episodes under stress.

While carrying out clinical or MRI follow-up of late-stage
patients, one should also be careful about possible intracranial
complications that may occur. One of our infantile-onset cases
developed a subdural hematoma (Fig. 6). As in this example,
since MRI findings are not very specific in the end stages of
the disease, it is very difficult to diagnose VWM at this stage.

Leukoencephalopathy with VWM (OMIM # 603896) is a
rare autosomal recessive transmitted disorder caused by mu-
tations in any of the five genes: EIF2B1, EIF2B2, EIF2B3,
EIF2B4, and EIF2B5. These genes are localized to chromo-
somes 12q24.3, 14q24, 1p34.20, 2p23.3, and 3q27. EIF2B1–

5 genes encode five subunits of eukaryotic factor 2B (eIF2B):
EIF2Bα, EIF2Bβ, EIF2Bγ, EIF2Bδ, and EIF2Bε. eIF2B as-
sumes a task in the initiation of mRNA translation. Under
stress conditions, protein synthesis is inhibited via eIF2B in-
activation [27].

EIF2B5 is the most frequently mutated gene; mutations in
EIF2B5 are detected in 57% of the patients. Mutation rates of
the other genes are EIF2B4 (17%), EIF2B2 (15%), EIF2B3
(7%), and EIF2B1 (4%) respectively [12]. In this study, we
had five patients with mutations in EIF2B5 (45.4%), two pa-
tients with mutations in EIF2B4 (18.1%), three patients with
mutations in EIF2B3 (27.2%), and one patient with a mutation
in EIF2B1 (9.1%). We did not find any mutation in the
EIF2B2 gene. In our cohort, the most prevalent mutation is
in the EIF2B5 gene which is compatible with previous reports
although our sample size is too small to reach any
conclusions.

Fogli et al. [13] investigated 93 patients with VWM dis-
ease, 64% of the patients had mutations affecting the EIF2B5
gene. They observed that the most frequent mutation in

Fig. 2 Axial T2-weighted images
of patient 1and patient 4. a There
is hyperintensity on the inner rim
of the corpus callosum (arrow). b
In another patient, there are
radially oriented stripes called
tigroid pattern within abnormally
hyperintense deep cerebral white
matter (arrow)

Fig. 3 Axial FLAIR images of
different patients (9 and 3) with
VWM. a There are confluent
parietal subcortical areas of
hyperintensity (star) with
periventricular cystic
degeneration (arrow) (patient 9).
b In another patient, an axial
FLAIR image shows parietal
subcortical cystic formation
(arrow) that occurred in advanced
stage (patient 3)
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EIF2B5 was the R113H substitution [13]. In this study, we
had five patients with mutations in EIF2B5 (45.4%); four of
them were carrying R315G mutation; one patient had R269Q
mutation. Two of the patients were siblings (patients 1 and 2),
and two of them were distantly related individuals (patients 3
and 4).We did not find R113Hmutation in any of our patients.

A novel homozygous mutation in the EIF2B1 gene was
detected in patient 10: c.323_325delGAA (p.108delR).
Confirmation and segregation analysis of parents performed
by Sanger sequencing revealed that both parents were hetero-
zygous. The deletion in the EIF2B1 gene was neither found in
Exome Aggregation Consortium nor 1000 Genomes

databases. The prediction score in PROVEAN (http://
provean.jcvi.org/index.php) [28] was found to be “− 12.00”
(deleterious). According to Human Splicing Finder (http://
www.umd.be/HSF/) [29], HSF score was “− 39.68” showing
potential alteration of splicing. Mutation taster (http://www.
mutationtaster.org/) [30] prediction was disease-causing. The
affected nucleotide seemed to be conserved among species
with a phyloP score of 3.058 and phastCons score of 0.992.

Most of the mutations reported in VWM are point mutations
(88%), followed by deletions and insertions (10%). Splice site
mutations are found in only 2% of the cases [31]. All of the
mutations we detected in our patients were missense except for

Fig. 5 DWI findings of an
infantile patient 11. There are
initial MRIs at 12 months of age
(a–f). On the initial DWI images
(a–c), there are hyperintensities in
the central and subcortical white
matter, internal capsule, corpus
callosum, and medulla (arrows).
On the ADC images (d–f),
hypointensities were seen in the
same regions (arrows)

Fig. 4 Axial T2-weighted images
of the patient 2. a There are
bilateral pontine tegmental
hyperintense lesions (arrow). b
There is symmetrical T2
hyperintensity in the deep white
matter of the cerebellum (star)
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the novel in frame deletion in the EIF2B1 gene. Both homozy-
gous and compound heterozygous mutations were stated in the
literature; the inheritance pattern of the disease is autosomal
recessive [6]. In our cohort of patients, all of the mutations in
the EIF2B1–5 genes were in the homozygous state.

Patient 5 was diagnosed through next generation sequenc-
ing analysis using TruSight One Panel (Illumina Inc.). We
found c.1151G>A mutation in the EIF2B4 gene and a hetero-
zygote c.2893C>G mutation (p. R965G) in the SCN5A gene.
This mutation was reported before in Brugada syndrome [32].
The patient’s father had also a heterozygous c.2893C>G mu-
tation in the SCN5A gene, but the mother’s mutation analysis
was normal. We detected this mutation incidentally in our
patient and her father. We referred the family to the cardiology

department for further examination. While his father’s electro-
cardiography (ECG) findings were consistent with Brugada
syndrome, our patient’s ECG findings were normal (Fig. 7).
They did not have any cardiac symptoms. This syndrome
should be closely monitored clinically because it is an
inherited disease with an increased risk of sudden cardiac
death [33]. To our knowledge, this is the first report of a
patient with VWM disease and Brugada syndrome.

Limitations

1- The number of infantile-onset patients was low, and we
lacked juvenile-onset patients. Therefore, the compari-
sons between the disease groups became inadequate.

Fig. 6 Axial T2-weighted
images(a, b) of the patient 6. The
first brain MRI at the age of
8 months shows cystic
degeneration (cerebrospinal
fluid–like signal intensity) that
causes progressive rarefaction
and complete loss of nearly whole
cerebral white matter. The image
obtained at the age of 15 months
exhibits that subdural hematoma
(star) developed in both
hemispheres, with the left one
being more diffuse

Fig. 7 Father’s
electrocardiography of the patient
5 with Brugada syndrome. There
is a ST elevation (concave) in the
V1, V2, and V3
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2- As the disease portends a worse prognosis and lacks ther-
apy, follow-up appointments were not regular. Therefore,
motor function and cognitive process assessments could
not be performed in detail.

3- With an increased number of patients, it would be wise to
group patients on the basis of age at symptom onset. As
more cases are gathered, we will conduct more detailed
analyses and more comprehensive follow-ups.

Conclusion

VWM disease shows a quite wide range of phenotypic varia-
tions. It affects all age groups. Especially, the contribution ofMR
imaging to the diagnosis process in early childhood is more
valuable than infantile patients. We suggest that our study is
noteworthy of remembering by documenting that the initialman-
ifestation was convulsion followed by resistant epilepsy and by
detecting the Brugada syndrome in a family for the first time.
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