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Introduction
Vanishing white matter disease (VWMD), also known as 
childhood ataxia with central hypomyelination (CACH),1 is 
one of the most prevalent hereditary white matter diseases.2 
It typically appears in a previously healthy child, and it pro-
duces a progressive neurological deterioration with some acute 
exacerbations in reaction to certain stimuli, such as infections, 
cranial trauma, and acute fright.3,4 It can also produce optic 
atrophy and progressive macrocephaly.5

The most frequent clinical forms of the disease have their 
onset during childhood: the early childhood-onset appears 
before five years of age and the late childhood-onset between 
ages 5 and 15.4,6 The disease may have a chronic progres-
sive course or an acute form, and it is difficult to predict the 
evolution that each patient will follow even though some 
efforts to find a correlation between genotype and phenotype 
have been made. As published before, the evolution can be 
different even among affected members of the same family.6
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MRI images show important diffuse abnormalities of the 
signal on T1 and T2 of almost all the cerebral white matter, 
with progressive rarefaction and cystic degeneration that leads 
to its complete disappearance. These findings are better seen 
on proton density and Fluid attenuated inversion recovery 
(FLAIR) images, where within the rarified and cystic white 
matter a stripe-like pattern can be found, which represents 
remaining tissue strands.

Proton magnetic-resonance spectroscopy shows normal 
signals at the beginning, but they progressively disappear and 
a spectrum similar to that of cerebrospinal fluid (CSF) can be 
recognized.7–11 Sparing of the U fibers can be found to a vari-
able extent, and it is best seen on T1-weighted images.

It is remarkable that even in the end-stage, when almost 
all white matter is cystic, atrophy is usually mild if any.

These abnormalities of the white matter are unique and 
completely different from those seen in other neuropsychiatric 
disorders because they diffuse and are homogeneous affecting 
brain and cerebellum.12

Radiological criteria for the diagnosis of VWM have been 
described for MRI studies such as Van der Knaap et al,4 and 
there is an MRI-based approach to the diagnosis of leukodystro-
phies made by Schiffmann and Van der Knaap in 2009.13

Other examinations are of little help in the diagnosis of 
VWM. There has been reported to be only a slight increase in 
glycine level in CSF, with a glycine CSF/plasma ratio mildly 
elevated, much lower than that of the nonketotic hyperglycin-
emia, but this determination has not proved either to be con-
stant through all the evolution of the disease or present in all 
confirmed patients.6,14

EEG is normal at the beginning of the disease and pro-
gressively shows diffuse lentification of basal activity with 
multifocal paroxysms. Visual- and auditory-evoked response 
potentials appear normal at onset and later show an increase 
in latencies until disappearance of all waves. All these findings 
are unspecific and can be seen in several neurodegenerative 
diseases. Electromyography and motor conduction veloc-
ity are normal, in contrast to other leucodystrophies such as 
metachromatic leukodystrophy.6

Genetic studies have proved an association between this 
disease and molecular mutations in five genes (eIF2B1–5) 
encoding the five subunits of eukaryotic translation initiation 
factor eIF2B (eIF2Bα–ε), with the mutations in eIF2B5 being 
the most frequent ones in previous reports.15–17

It is known that eIF2B is responsible for initiating mRNA 
translation to polypeptides, and therefore it is essential to 
protein synthesis.17,18 It is also known that cells are prepared 
for protein synthesis inhibition in stress situations, to save 
energy, and to prevent denatured proteins from accumulat-
ing. Under stress, eIF2B is inactivated, and therefore mRNA 
translation cannot begin.17 It has been reported that muta-
tions in the genes encoding eIF2B could affect protein synthe-
sis inhibition, rendering the cell more vulnerable to stress.18 
Knowing that eIF2B is distributed among different types of 

cells, it is surprising to find that only glia cells are affected 
by this vulnerability to stress while neurons and other cells 
are spared.4,18,19 These cells are responsible for forming myelin 
and providing support and protection for neurons; therefore, 
their vulnerability may produce an alteration of the myelin.

Histopathological studies confirmed the diagnosis, 
though nowadays, thanks to advances in genetics and neu-
roimaging, it is not necessary to take cerebral biopsies or 
necropsy studies to diagnose this disease.

Until now no curative treatment has been found. What 
seems to be effective is the prevention of the acute deteriora-
tion, avoiding cranial trauma and treating infection aggres-
sively because this seems to prevent or at least foreshorten the 
deterioration associated with the disease, and it may increase 
survival.1,6 Nevertheless, chronic progression is unavoidable.

Molecular genetic studies are of great help in confirming 
the diagnosis and providing genetic counseling and prenatal 
diagnosis to the families.

Our aim was to register all the cases diagnosed to date in 
Spain and compare them to other series.

Material and Methods
We have retrospectively studied all cases with clinical find-
ings, neuroimaging and, more recently, genetics that appear 
to be compatible with VWMD in the last 30 years. All infor-
mation was confidentially compiled according to the Declara-
tion of Helsinki, and no personal data were used. We found  
21 patients throughout the country; 2 of them were diag-
nosed 30 years ago after a necropsy study. We obtained and 
re-examined some samples from their necropsies. The next 3 
were diagnosed by both clinical and radiological criteria, fol-
lowing van der Knaap radiological criteria,4 and in recent years,  
16 were genetically confirmed. We revised clinical signs, com-
plementary study outcomes, and survival of all 21 children.

The first patients (cases 1, 2, 3, and 4) were diagnosed 
before 1980s, and they underwent tomographies and necrop-
sies. The rest of the children have magnetic resonance images 
although some of them have tomography images too. When 
collecting the images, we chose T1 and T2-weighted MR 
images to show abnormalities in the intensity of the white 
matter, and FLAIR images to show the cystic degeneration in 
it. Besides, we collected information of spectroscopy studies 
when available.

Regarding genetic studies, they were mostly carried out 
in the Department of Pediatrics and Child Neurology, VU 
University Medical Center, Amsterdam, Netherlands Van der 
Knaap et al, and consisted of sequence analysis of the entire 
coding region of the five genes. Once in a child was found a 
mutation, genetic family testing was performed. Sequencing 
of primers is described elsewhere.20

Finally, with respect to necropsy studies, we found it 
difficult because only few samples from patients 1 and 2 were 
available and dated from 1980s. We examined macroscopic 
and microscopic samples, being the latter preserved in two 
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kinds of staining: hematoxylin—eosin staining and Kluver—
Barrera staining.

We are aware that we were limited by the fact that some 
cases were retrospectively compiled, and we only had medical 
reports in some of them.

Results
We found 21 confirmed VWMD cases, 13  girls and 8 boys. 
Age at diagnosis was between 18 months and 8 years. Among 
all these patients, there were 3 children (2 girls and 1 boy) who 
could be cataloged in the late-childhood-onset form (with 5.5, 6, 
and 8 years of age at the first clinical signs, respectively). The rest 
were included in the early childhood-onset form. No prenatal or 
juvenile onset forms have been found in our country to date.

There were two pairs of affected siblings; one of these 
pairs had consanguineous parents. The rest of the children did 
not have affected brothers or sisters but one of them had a 
brother who died at a premature age of unknown cause.

None of these children had antecedents of personal his-
tory but in three a mild developmental delay (motor delay in 
two and speech delay in one of them) had been observed.

Among them, 10 children have survived to the present 
date, with ages from 2.7 to 13 years. A total of 10 children 
died at 2.1–32 years of age. The longest survival was that for a 
patient who was diagnosed with VWMD at 2 years of age and 
died at 32 years of age.

Most of our patients (16 out of 21) suffered a chronic pro-
gressive course with episodes of deterioration, and 5 presented 
an acute and rapid course. Children with chronic progressive 
course underwent from 1 to 12 episodes of deterioration (mean 
6.6 episodes). These episodes were because of banal infections 
(17 patients suffered at least one) or mild cranial trauma (15 chil-
dren). Only one child was reported to have episodes secondary to 
intense fright. In all, 7 of the 15 children with a chronic course 
had already died after 4–30 years of progressive deterioration.

Among the patients who followed an acute course, four 
have already died, all of them during the course of a banal 

respiratory infection, which led in two cases to a status epi-
lepticus with a quick deterioration and death a few days after. 
The fifth one is still alive but it is only seven months on from 
his diagnosis.

The most important clinical findings were progressive 
pyramidal signs. At the onset of the disease, 16 of the 21 
patients showed progressive ataxia (6 of them considered to be 
“severe”), one girl had bilateral palpebral ptosis, another girl 
had dystonia, and yet another one showed hemiparesis, but 
the main symptom in all of them was progressive spasticity.

In all, 16 patients lost autonomous deambulation between 
18 months and 11 years of age. Five children are still able to 
walk (2–12 years of age at present).

Cognitive functions were preserved some time after 
motor loss was established. Children with a rapid progres-
sion of the disease began the cognitive impairment when they 
were 2–4 years old, while patients with a chronic course had 
normal functions until 6.5–16 years of age. We have nine 
children still with normal cognitive function, ranging in age 
from 2.5–12 years.

Nine patients suffered seizures during the evolution of 
the disease. Three of them had a rapid progression, and they 
had seizures at 2–3 years of age; the other six patients fol-
lowed a more chronic course with epilepsy at 4–12 years of 
age. Mainly they were generalized tonic—clonic seizures, 
which may have had a focal origin in some patients, and the 
EEG showed from normal to very slow activity with parox-
ystic events. There were two children who developed a status 
epilepticus in the course of a banal respiratory infection resis-
tant to antiepileptic treatment.

Other clinical signs found were optic atrophy and macro-
cephaly. Optic atrophy was detected in four children, unrelated 
to age at onset or type of evolution. We also detected progres-
sive macrocephaly in three children.

All patients underwent neuroimaging. The first four 
cases, who were diagnosed in the 1970s and 1980s, underwent 

Figure 1. (A) Axial FSE T2-weighted image. Diffuse high signal intensity 
of the white matter can be seen. Basal ganglia and cortex show no 
abnormalities. No cystic areas can be identified on this sequence (patient 
n.11, five years old). (B) Age-matched control image.

Figure 2. (A) Coronal FLAIR T2-weighted image. White matter has a 
diffuse high signal intensity. There are subcortical areas of hypointensity 
that correspond to white matter rarefaction with cystic degeneration 
that cannot be identified in A. Note the presence within these areas of 
preserved tissue strands. Cerebellar white matter is also affected  
(patient n.11, five years old). (B) Age-matched control image.
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cranial tomography. The rest of the children underwent one or 
more brain MRI (15/21) (Figs. 1 and 2). These examinations 
showed an important, diffuse alteration of the white matter 
signal, with cystic degeneration in children at the end-stages.

Proton magnetic-resonance spectroscopy showed stage-
dependent abnormalities; in the initial stages, the white mat-
ter signals appeared normal, but at the final stages signals of 
normal white matter had disappeared and only a spectrum 
similar to that of the CSF is seen in chronic forms.

In the 1980s, glycine determinations in CSF and blood 
in four patients and a glycine CSF/plasma ratio were mildly 
elevated in all of them (0.055–0.092).

Genetic studies showed mutations in the eIF2B5 (in 
13 cases), eIF2B3 (in 2 cases), and eIF2B4 (in 1 case) genes 
(see Table 1). We found 10 different mutations in eIF2B5 gene: 
c.338G.A with the amino acid substitution R113H (9  in 7 
patients, 2 of them in homozygosis) and c.318A.T with the 
amino acid substitution L106F (8 in 6 patients, 2 of them in 
homozygosis) being the most frequent ones.

We also detected two children with mutations in eIF2B3 
(c.136G.A corresponding to the protein change V46I). 

These were two siblings with consanguineous parents, and 
one child with mutations in eIF2B4 (mutations c.1090C.T 
and c.1120C.T, with amino acid substitutions R364 W and 
R374C, respectively).

We also have found novel mutations: c.1090C.T in 
eIF2B4, c.314A.G in eIF2B5, and c.877C.T in eIF2B5. 
We did not find any mutations in eIF2B2 or eIF2B1 genes. 
Table 2 reflects genetics results of our patients. All mutations 
have been indicated with the internationally accepted form 
included in Human Genome Variation Society Web (http://
www.hgvs.org/mutnomen/recs-DNA.html).

No genetics studies could be made on five patients who 
died before 2001 as DNA was not available. The diagnosis of 
the first two children was made with necropsy study and in the 
latter three cases with the radiological and clinical criteria.

The necropsy findings were consistent with previously 
reported and included brain atrophy, which spared both the 
cortex and the cerebellum and was associated with ventricle 
dilation, with a decrease in the white matter of the centrum 
semiovale and the corpus callosum, while some of the U 
fibers were better preserved. Microscopically, we found that 

Table 1. Summarizes clinical and ancillary data of our patients.

Patient Gender Aff. siblings Age onset Age exitus Initial  
motor dev

Course Episodes Prov. factors Ataxia Spasticity Agelost  
walking

Cognitive  
deterior.

Epilepsy Opticatrophy Macroceph. Age 1st  
neuroim.

Gly B/CSF Necropsy

1 F N°2 2,5y 11,5y Normal C+E 2 CT+inf N Y+++ 3,2y 9y N N N 2,5y (T) N Y

2 M N°1 2,7y 6y Normal RP 4 CT+inf Y+ Y+++ 3y 4y Y_3y N N 2,7y (T) N Y

3 M N°4 1,5y 3y Normal RP 2 Inf Y+++ Y+++ 18 m 2y N N N 1,5y (T) N N

4 M N°3 1,5y 4y Normal RP 2 Inf Y+ Y+++ 18 m 3y N Y N 1,5y (T) 72/780 (0.092) N

5 F N 6y 18y Normal C+E 5 Inf N Y+++ 9y 12y Y_8y N N 6,1y (T) N N

6 F N 2,3y 19y Normal C+E 9 Inf N Y+++ 7,8y 16y Y_8y Y N 5,6y N N

7 M N 3,5y 11y Normal C+E 12 CT+inf Y++ Y+++/ ptosis 4,1y 9y N N N 3,5y (T) 21/382 (0.055) N

8 F Y? 1,7y 30y Mild  
delay

C+E 4 CT+inf N Y+++ 3,4y 6,4y N N Y 2y N N

9 F N 1,7y 2,1y Normal RP 2 CT+inf Y+ Y+++ 1,7y 2y Y_2y N N 1,7y 14/191 (0.073) N

10 M N 2,5y (7y) Normal C+E 4 CT+inf Y+ Y+++ 3y No_5y Y_4.1y N N 3,7y N N

11 F N 2,3y (3y) Normal RP 1 Inf Y+ Y+ 2,6y No_2,6y Y_2,6y N N 2,3y N N

12 M N 2,7y (12,5y) Normal C+E 6 CT+inf+
stress

Y+++ Y+++ 3,1y 6y N Y Y 2,8y N N

13 F N 3,6y 4,3y Normal RP 1 Inf Y+ Y+ N_4,6y No_4,6y N N N 3,6y N N

14 F N 2,5y 7y Normal C+E 3 CT+inf Y Y+++ 6y N Y_6,8y N N 3,5y N N

15 M N 2,5y (4y) Normal C+E 3 CT+inf N Y++ N_4y N N N N 2,7y N N

16 M N 5,5y (12y) Normal C+E 1 CT Y Y+++ N N N N N 5y (T) N N

17 F N 3,5y (4,5y) Normal C+E 3 CT Y+++ Y N N N N N 3,5y 14.5/216  
(0.067)

N

18 F N 2,7y 7y Normal C+E 2 Inf Y+++ Y++ 4y 6y Y_3y Y N 2,7y N N

19 F N 8y (13y) Normal C+E 3 CT+inf Y+++ Y+++ 11y 8y Y_12y N N 8y N N

20 F N 3,6y (4,9y) Mild  
delay

C+E 1 CT Y+++ Y+ 3,9y N N N Y 3,9y N N

21 F N 2,5y (3y) Normal C+E 2 CT Y++ Left hemipar. N N N N N 2,6y N N
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the cortex was quite preserved, but the affected white mat-
ter showed important myelin loss, vacuolation, and cystic 
changes, with some glial septa inside the cysts. There was also 
an infiltration of T lymphocytes and astrocytes, which mostly 
affected the white matter and also the cortex. The cerebellum 
was less affected (Figs. 3–6).

We tried corticosteroids in the first three patients to 
diminish the potential inflammation secondary to the white 
matter destruction, but we saw no clinical improvement. We 
did not try this treatment in the rest of the patients because of 
its limited benefits and adverse effects.

Discussion
VWM leukoencephalopathy is a disease of cerebral white 
matter. It was described by Van der Knaap and colleagues 
in 1996 after the finding of cystic degeneration of the cere-
bral white matter in the necropsy of nine patients. Some 
case reports in the 1960s and 1970s might correspond to 
this disease.1,7,21,22

VWM disease has an autosomal recessive mode of 
inheritance. In our series, we found two pairs of siblings, 

and the family of one of these pairs was consanguine-
ous. Nevertheless, some autosomal dominant forms have 
been reported, such as one described by Labauge et  al in 
2005.23

Typical signs and symptoms comprise an initial motor 
deterioration, with pyramidal signs and cerebellar ataxia, 
with the pyramidal signs being the most evident. Cognitive 
impairment is less evident and appears later.1 We reported 
nine patients with normal cognitive functions nowadays, 
and it may be because they are following a chronic course 
and only few years have passed since their diagnoses. There 
can also be epileptic seizures all along the course of the 
disease; in our cases, 42% of the children suffered from 
them. Other clinical forms can develop tremor, dystonia, or 
chorea. Additional signs have been reported, such as optic 
atrophy (only seen in four of our children) and progressive 
macrocephaly (seen in three cases in our series). We did not 
find an association between these findings and the course of 
the disease, because they appear both in chronic and acute 
forms with similar proportions. One of our children had 
bilateral palpebral ptosis at the onset of the disease, which 

Table 1. Summarizes clinical and ancillary data of our patients.

Patient Gender Aff. siblings Age onset Age exitus Initial  
motor dev

Course Episodes Prov. factors Ataxia Spasticity Agelost  
walking

Cognitive  
deterior.

Epilepsy Opticatrophy Macroceph. Age 1st  
neuroim.

Gly B/CSF Necropsy

1 F N°2 2,5y 11,5y Normal C+E 2 CT+inf N Y+++ 3,2y 9y N N N 2,5y (T) N Y

2 M N°1 2,7y 6y Normal RP 4 CT+inf Y+ Y+++ 3y 4y Y_3y N N 2,7y (T) N Y

3 M N°4 1,5y 3y Normal RP 2 Inf Y+++ Y+++ 18 m 2y N N N 1,5y (T) N N

4 M N°3 1,5y 4y Normal RP 2 Inf Y+ Y+++ 18 m 3y N Y N 1,5y (T) 72/780 (0.092) N

5 F N 6y 18y Normal C+E 5 Inf N Y+++ 9y 12y Y_8y N N 6,1y (T) N N

6 F N 2,3y 19y Normal C+E 9 Inf N Y+++ 7,8y 16y Y_8y Y N 5,6y N N

7 M N 3,5y 11y Normal C+E 12 CT+inf Y++ Y+++/ ptosis 4,1y 9y N N N 3,5y (T) 21/382 (0.055) N

8 F Y? 1,7y 30y Mild  
delay

C+E 4 CT+inf N Y+++ 3,4y 6,4y N N Y 2y N N

9 F N 1,7y 2,1y Normal RP 2 CT+inf Y+ Y+++ 1,7y 2y Y_2y N N 1,7y 14/191 (0.073) N

10 M N 2,5y (7y) Normal C+E 4 CT+inf Y+ Y+++ 3y No_5y Y_4.1y N N 3,7y N N

11 F N 2,3y (3y) Normal RP 1 Inf Y+ Y+ 2,6y No_2,6y Y_2,6y N N 2,3y N N

12 M N 2,7y (12,5y) Normal C+E 6 CT+inf+
stress

Y+++ Y+++ 3,1y 6y N Y Y 2,8y N N

13 F N 3,6y 4,3y Normal RP 1 Inf Y+ Y+ N_4,6y No_4,6y N N N 3,6y N N

14 F N 2,5y 7y Normal C+E 3 CT+inf Y Y+++ 6y N Y_6,8y N N 3,5y N N

15 M N 2,5y (4y) Normal C+E 3 CT+inf N Y++ N_4y N N N N 2,7y N N

16 M N 5,5y (12y) Normal C+E 1 CT Y Y+++ N N N N N 5y (T) N N

17 F N 3,5y (4,5y) Normal C+E 3 CT Y+++ Y N N N N N 3,5y 14.5/216  
(0.067)

N

18 F N 2,7y 7y Normal C+E 2 Inf Y+++ Y++ 4y 6y Y_3y Y N 2,7y N N

19 F N 8y (13y) Normal C+E 3 CT+inf Y+++ Y+++ 11y 8y Y_12y N N 8y N N

20 F N 3,6y (4,9y) Mild  
delay

C+E 1 CT Y+++ Y+ 3,9y N N N Y 3,9y N N

21 F N 2,5y (3y) Normal C+E 2 CT Y++ Left hemipar. N N N N N 2,6y N N
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Table 2. Epidemiological and clinical data of our patients.

Patient Age  
Onset

Age  
Exitus

Evolution Mutation Aminoacid Change ID rs (http:// 
www.ensembl.org/)

1 2,5y 11,5y Chronic+epis Not done

2 2,7y 6y Acute progr. Not done

3 1,5y 3y Acute progr. eIF2B3: c.136G.A/c.136G.A p.Val46Ile/Val46Ile rs113994021

4 1,5y 4y Acute progr. eIF2B3: c.136G.A/c.136G.A p.Val46Ile/Val46Ile rs113994021

5 6y 18y Chronic+epis Not done

6 2,3y 19y Chronic+epis Not done

7 3,5y 11y Chronic+epis Not done

8 1,7y 32y Chronic+epis eIF2B5: c.338G.A/c.468C.G p.Arg113His/Ile156Met rs113994049/no rs

9 1,7y 2,1y Acute progr. eIF2B4: c.1090C.T/c.1120C.T p.Arg364Trp/Arg374Cys No rs/no rs

10 2,5y Alive_7y Chronic+epis eIF2B5: c.314A.G/c.338G.A p.His105Arg/Arg113His No rs/rs113994050

11 2,3y Alive_3y Acute progr. eIF2B5: c.406C.T/c.406C.T p.Arg136Cys/Arg136Cys rs113994051/rs113994051

12 2,7y Alive_12,5y Chronic+epis eIF2B5: c.318A.T/c.338G.A p.Leu106Phe/Arg113His rs113994048/rs113994049

13 3,6y Alive_4,3y Chronic+epis eIF2B5: c.896G.A/c.943C.T/ 
c.877C.T

p.Arg299His/Arg315Cys/ 
Ala293Ser

rs113994060/rs113994063

14 2,5y 7y Chronic+epis eIF2B5: c.338G.A/c.805C.T p.Arg113His/Arg269Stop rs113994049/no rs

15 2,5y Alive_4y Chronic+epis eIF2B5: c.318A.T/c.318A.T p.Leu106Phe/Leu106Phe rs113994048/rs113994048

16 5,5y Alive_12y Chronic+epis eIF2B5: c.338G.A/c.338G.A p.Arg113His/Arg113His rs113994049/rs113994049

17 3,5y Alive_4,5y Chronic+epis eIF2B5: c.318A.T/c.318A.T p.Leu106Phe/Leu106Phe rs113994048/rs113994048

18 2,7y 7y Chronic+epis eIF2B5: c.318A.T/c.406C.T p.Leu106Phe/Arg136Cys rs113994048/rs113994051

19 8y Alive_13y Chronic+epis eIF2B5: c.318A.T/c.338G.A p.Leu106Phe/Arg113His rs113994048/rs113994049

20 3,6y Alive_4,9y Chronic+epis eIF2B5: c.338G.A/c.338G.A p.Arg113His/Arg113His rs113994049/rs113994049

21 2,5y Alive_2,7y Chronic+epis eIF2B5: c.318A.T/c.395G.C p.Leu106Phe/Gly132 Ala rs113994048/no rs

Notes: In Cursive, Novel Mutations. In parenthesis, still alive.
Abbreviations: Gender: M, male; F, female; N, no; Y, yes; y, years; C+E, chronic+ episodes; RP, rapid progressive.

is an infrequent but already described symptom24; another 
girl showed hemiparesis as her first symptom, which is also 
uncommon.25

It still remains to be revealed why clinical signs start at 
a particular moment though there is evidence of altered white 
matter signal in magnetic resonance in pre-symptomatic 
patients17; all our children had suffered from respiratory infec-
tions or mild trauma before the onset of the disease, and they 
had not deteriorated after those episodes. At a particular stage, 
there is some change that makes the child vulnerable to these 
episodes. It is still unknown why the course can be very fast 
or slower, with no clear relation to genetic mutations or age 
at onset. In our series, as mentioned above, we had a pair of 
brothers, one of whom followed an acute progressive course 
and the other a chronic progression.

It is of interest that two of our children underwent a sta-
tus epilepticus during an intercurrent infection with a rapid 
deterioration and demise in a few days time. None of the rest 
of the children suffered from a status epilepticus, but they 
had shorter seizures after which they partially or completely 
recovered their cognitive functions. A girl who was diagnosed 
at 2.5 years of age has to date experienced an acute course and 

has an important cognitive deterioration with seizures, but she 
is still alive at 12 years.

Concerning neuroimaging, there is a homogeneous abnor-
mal signal in the cerebral white matter which is already obvious at 
the onset of the disease (T2-weighted and FLAIR hyperintense 
signal, and T1-weighted hypointense signal) and remains 

Figure 3. Patient n.1: macroscopic detail: hemispheric white matter with 
cystic degeneration from subcortical to periventricular areas.
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Figure 4. Patient n.1: microscopic detail: this image shows a well-preserved cortex (circle), with underlying white matter destruction. In the rarefacted 
white matter, some glial septum appears (small arrows). There is also a disappearance of a part of U-fiber (big arrow).

Figure 5. Patient n.1: hematoxylin—eosin staining: cellular infiltration inside the glial septum; some glial septa are marked with arrows. These cells are 
shown as small, dark, round nucleus and appear to be oligodendrocytes.

constant all through the course of the disease, though there can 
be progressively appearing signs of cystic degeneration.10

The evolution of the proton MR spectroscopy is 
typical, showing a spectrum similar to that of the CSF in 

final stages.9,10,13 We have only observed these findings in 
the children with a chronic course, perhaps because the 
more acute forms may lead to death before these changes 
become evident.
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Figure 6. Patient n.1: Kluver–Barrera staining: glial septum inside the white matter cysts. Some glial septa are marked with arrows. This staining 
highlights myelin fibers.

Other examinations are of little help in the diagnosis 
of VWM. We determined glycine CSF/plasma ratio in four 
patients, and it was mildly elevated in all of them. We did not 
repeat this procedure in the rest of the children because this 
alteration has not been shown to be a consistent marker of the 
disease, as it has proved neither to be constant through all the 
evolution of the disease nor present in all confirmed patients.

There have been important advances in the diagnosis of 
VWM because of genetics since 1996. VWM leukoenceph-
alopathy is caused by mutations in the five genes (eIF2B1–5) 
encoding the five subunits of eukaryotic translation initiation 
factor eIF2B (eIF2Bα, β, δ, γ, and ε).

Epidemiological investigations have proved that the 
most prevalent mutations affect the eIF2B5 (57%), eIF2B4 
(17%), and eIF2B2 (15%) genes.6,15 In 2004, Fogli et  al26 
studied 93 patients (78 families) and found that 89% of them 
had mutations in eIF2B1–5 genes; 64% of them had muta-
tions affecting eIF2B5 and 71% of them had the R113H 
mutation, the most prevalent mutation. A larger series, 
reported in 2006 by Van der Knaap, studied 102 families, 
69 of whom had mutations in eIF2B5, 18  in eIF2B2, 8  in 
eIF2B4, 5 in eIF2B3, and 2 in eIF2B1 genes.4 In our study, 
we found eIF2B5 mutations in 13 patients, eIF2B3 muta-
tions in 2 patients, and eIF2B4 in 1 patient, which results in 
81% of our studied children having a mutation in eIF2B5, 
which is similar to previous  reports. Among children with 
mutations in eIF2B5, we found seven patients with the 
R113H mutation (54%).

We had 13 patients with mutations in eIF2B5 (81%), 
2 patients with mutations in eIF2B3 (12%), and 1 patient with 
mutations in eIF2B4 (6%). We are aware that our series is too 
small to draw any conclusions, but with the exception of the 
consanguineous brothers with mutations in eIF2B3, the rest 
of the children had similar mutation proportions to those in 
previous reports.

We want to remark upon the relatively high frequency of 
the mutation c.318A.T corresponding to the amino acid sub-
stitution L106H; this is a previously known mutation affect-
ing eIF2B5 but it is not defined as a frequent one.14 This amino 
acid substitution results in a truncated eIF2Bε subunit, with 
a loss of its function and a failure to form complexes with the 
other four subunits.

In our series, perhaps because it is located in a different 
country than previous series, it is the second most frequent 
mutation detected, after the mutation codifying R113H. 
These children have been diagnosed in different hospitals in 
several cities, and there is no familial association among them. 
They come from widely separated cities such as Jaén, Almería 
and Cordova (Andalusia), Burgos (Castile), and Barakaldo 
(the Basque Country).

There is evidence of a genotype–phenotype relation, 
as suggested by previous authors, especially in mutations in 
eIF2B5 gene27,28; for instance, it has been proven that the 
c.338G.A mutation in eIF2B5 gene (R113H) in homozygous 
state is associated with a more chronic and slower course of 
the disease.22 All our patients with this well-known mutation 
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had a chronic course, in both heterozygous and homozygous 
states. There are other mutations related to a chronic disease, 
such as c.213E.G and c.1459G.A, in the eIF2B5 gene too.21 
c.584G.A mutation in eIF2B5 (R195H) in homozygous 
state has been associated with the neonatal form, with a rapid 
course (Cree encephalopathy).28

We also found that patients with the mutation c.318A.T 
(amino acid substitution L106F) all followed a chronic slow 
course, both in homozygous and heterozygous states. There 
are no other reports that confirm this observation to date.

No relation has been reported between the eIF2B3 
mutation c.136G.A and a rapid progression of the disease; 
we found that two siblings with this mutation in homozygous 
state underwent a very rapid progression of the disease, but we 
think the present series is too small to draw any conclusion.

We also found some mutations not described in pre-
vious reports: c.1090C.T in eIF2B4 with a rapid progres-
sive course and optic atrophy, c.314A.G in eIF2B5, and 
c.877C.T in eIF2B5. The last two mutations affected two 
children with a more chronic course. None of these three 
patients showed any exceptional symptom, which differs 
from patients with other mutations.

Conclusions
VWM leukoencephalopathy is one of the most prevalent 
hereditary diseases of white matter in childhood. Clinical and 
neuroimaging findings are very typical, and they suggest this 
diagnosis. Molecular genetic studies confirm up to 90% of 
affected patients. Nevertheless, it is still unknown why this 
disease starts up at a particular moment and why it follows 
an acute or chronic form. To date, no curative treatment has 
been found.

With this report, we want to describe the most fre-
quent clinical and genetic traits of the children diagnosed 
in Spain and especially highlight the correlation between 
clinical signs and mutations c.318A.T in eIF2B5 gene and 
c.136G.A in eIF2B3.

We have described mutations not previously reported: 
c.1090C.T in eIF2B4, c.314A.G in eIF2B5, and c.877C.T 
in eIF2B5. This last mutation is the third mutation found in the 
same patient, and therefore, this situation must be taken into 
consideration with caution. In spite of the fact that this muta-
tion is considered to be pathogenic in all the databases con-
sulted, it might be considered as a clinical modulator and not as 
a primary cause of the disease because the patient in question 
already had two other well-known mutations. Functional stud-
ies are still to be made in this case to find out whether it is either 
a pathogenic mutation or a benign polymorphism.

Author Contributions
Conceived and designed the experiments: ETV and MP. 
Analyzed the data: ETV, MP, VC, ELL, RLP, LGGS, 
DCM, CSC, NOH, MMG, JAR, VGA, MOC, JM and 
JAM. Wrote the first draft of the manuscript: ET and MP. 

Contributed to the writing of the manuscript: ETV, MP, VC, 
ELL, RLP, LGGS, DCM, CSC, NOH, MMG, JAR, VGA, 
MOC, JM and JAM. Agree with manuscript results and con-
clusions: ETV, MP, VC, ELL, RLP, LGGS, DCM, CSC, 
NOH, MMG, JAR, VGA, MOC, JM and JAM. Jointly 
developed the structure and arguments for the paper: ETV, 
MP, VC, ELL, RLP, LGGS, DCM, CSC, NOH, MMG, 
JAR, VGA, MOC, JM and JAM. Made critical revisions 
and approved final version: ETV, MP, VC, JM and JAM. All 
authors reviewed and approved of the final manuscript.

References
	 1.	 Schiffmann R, Moller JR, Trapp BD, et al. Childhood ataxia with diffuse central 

nervous system hypomyelination. Ann Neurol. 1994;35:331–40.
	 2.	 Bugiani M, Boor I, Powers JM, Scheper GC, van der Knaap MS. Leukoen-

cephalopathy with vanishing white matter: a review. J Neuropathol Exp Neurol. 
2010;69(10):987–96.

	 3.	 Kaczorowska M, Kucynski D, Jurkiewicz E, Scheper GC, van der Knaap MS, 
Jozwiak S. Acute fright induces onset of symptoms in vanishing white matter 
disease-case report. Eur J Paediatr Neurol. 2006;10(4):192–3.

	 4.	 Van Der Knaap MS, Pronk JC, Scheper GC. Vanishing white matter disease. 
Lancet Neurol. 2006;5:413–23.

	 5.	 Pineda M, R-Palmero A, Baquero M, et al. Vanishing white matter disease asso-
ciated with progressive macrocephaly. Neuropediatrics. 2008;39:29–32.

	 6.	 Shiffmann R, Fogli A, Van Der Knaap MS, Boespflug-Tanguy O. Childhood 
ataxia with central nervous system hypomyelination/vanishing white matter. In: 
Pagon RA, Bird TD, Dolan CR, et al, eds. GeneRewiewsTM. [Internet] [Updated 
2010 Feb 9]; 2003.

	 7.	 Hanefeld F, Holzbach U, Kruse B, Wilichowski E, Christen HJ, Frahm J. Dif-
fuse white matter disease in three children: an encephalopathy with unique 
features on magnetic resonance imaging and proton magnetic resonance spec-
troscopy. Neuropediatrics. 1993;24:244–8.

	 8.	 Lyon G, Fattal-Valevski A, Kolodny EH. Leukodystrophies. Clinical and 
genetic aspects. Top Magn Reson Imaging. 2006;17:219–42.

	 9.	 Sijens PE, Boon M, Meiners LC, Brouwer OF, Oudkerk M. 1H chemical shift 
imaging, MRI, and diffusion-weighted imaging in vanishing white matter dis-
ease. Eur Radiol. 2005;15:2377–9.

	 10.	 Tedeschi G, Schiffmann R, Barton NW, et al. Proton magnetic resonance spec-
troscopic imaging in childhood ataxia with diffuse central nervous system hypo-
myelination. Neurology. 1995;45:1526–32.

	 11.	 De Santos-Moreno MT, Campos-Castelló J. Non-specific leukodystrophy. 
A new case of vacuolizing leukoencephalopathy with megalencephaly. Rev Neurol. 
2002;34(1):19–27.

	 12.	 Serafini G, Pompili M, Innamorati M, et al. White matter hyperintensities and 
self-reported depression in a sample of patients with chronic headache. J Head-
ache Pain. 2012;13:661–7.

	 13.	 Schiffmann R, Van der Knaap MS. Invited article: an MRI-based approach to 
the diagnosis of white matter disorders. Neurology. 2009;72:750–9.

	 14.	 Vanderver A, Schiffmann R, Timmons M, et  al. Decreased asialotransfer-
rin in cerebrospinal fluid of patients with childhood-onset ataxia and central 
nervous system hypomyelination/vanishing white matter disease. Clin Chem. 
2005;51(11):2031–42.

	 15.	 Scali O, Di Perri C, Federico A. The spectrum of mutations for the diagnosis of 
vanishing white matter disease. Neurol Sci. 2006;27:271–7.

	 16.	 Pronk JC, Van Kollenburg B, Scheper C, Van Der Knaap MS. Vanishing white 
matter disease: a review with focus on its genetics. Ment Retard Dev Disabil Res 
Rev. 2006;12:123–8.

	 17.	 Leegwater PAJ, Pronk JC, Van Der Knaap MS. Leukoencephalopathy with 
vanishing white matter: from magnetic resonance imaging pattern to five genes. 
J Child Neurol. 2003;18:639–45.

	 18.	 Schiffmann R, Elroy-Stein O. Childhood ataxia with CNS hypomyelination/
vanishing white matter disease – a common leukodystrophy caused by abnormal 
control of protein synthesis. Mol Genet Metab. 2006;88:7–15.

	 19.	 Van Der Knaap MS, Barth PG, Gabreëls FJ, et al. A new leukoencephalopathy 
with vanishing white matter. Neurology. 1997;48:845–55.

	 20.	 Leegwater PA, Vermeulen G, Könst AA, et al. Subunits of the translation ini-
tiation factor eIF2B are mutant in leukoencephalopathy with vanishing white 
matter. Nat Genet. 2001;29:383–8.

	 21.	 Lee HN, Koh SH, Lee KY, Ki CS, Lee YJ. Late-onset vanishing white matter 
disease with compound heterozygous eIF2B5 gene mutations. Eur J Neurol. 2009 
Mar;16(3):e42–3.

http://www.la-press.com


Author Proof Copy

Turón-Viñas et al

68 Journal of Central Nervous System Disease 2014:6

	 22.	 Maletkovic J, Schiffmann R, Gorospe JR, et al. Genetic and clinical heterogene-
ity in eIF2B-related disorder. J Child Neurol. 2008;23(2):205–15.

	 23.	 Labauge P, Fogli A, Castelnovo G, et  al. Dominant form of vanishing white 
matter-like leukoencephalopathy. Ann Neurol. 2005;58:634–9.

	 24.	 Sharma S, Arya R, Raju KN, et al. Vanishing white matter disease associated 
with ptosis and myoclonic seizures. J Child Neurol. 2011 Mar;26(3):366–8.

	 25.	 Ramaswamy V, Chan A, Kolski H. Vanishing white matter disease with periodic 
(paroxymal) hemiparesis. Pediatr Neurol. 2006;35:65–8.

	 26.	 Fogli A, Schiffmann R, Bertini E, et al. The effect of genotype on the natural 
history of eIF2B-related leukodystrophies. Neurology. 2004;62:1509–17.

	 27.	 Van der Knaap MS, Kamphorst W, Barth PG, Kraaijeveld CL, Gut E, Valk J. 
Phenotypic variation in leukoencephalopathy with vanishing white matter. Neu-
rology. 1998;51:540–7.

	 28.	 Fogli A, Dionisi-Vici C, Deodato F, Bartuli A, Boespflug-Tanguy O, Bertini E. 
A severe variant of childhood atàxia with central nervous system hypomyelination/
vanishing white matter leukoencephalopathy related to eIF2B5  mutation. 
Neurology. 2002;59:1966–8.

http://www.la-press.com



