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Abstract

Introduction Our aim in this study was to analyze the find-
ings of brain magnetic resonance imaging (MRI) and mag-
netic resonance spectroscopy (MRS) of children with vita-
min B, deficiency.

Methods This study included 14 cases. The findings of
brain MRI and MRS in all cases were investigated. Four pa-
tients had been followed up and mean follow-up time 71.8
(59-85) day.

Results Eight patients of the cases (57 %) had at least one
abnormal MRI finding. The most commonly found MRI
findings were thinning of the corpus callosum and brain at-
rophy, respectively. The mean ratio of NAA/Cr and Cho/
Cr were measured in MRS, with values of 1.31+0.17 and
1.04+0.27, respectively. In two of three patients with abnor-
mal MRI studies at presentation, subsequent MRI showed
improvement while one patient remained unchanged. An
increase in the ratios of metabolites were found in one case
with control MRS. There was no lactate peak.

Conclusion Brain MRI was abnormal in more than half of
the cases of children with vitamin B, deficiency. Our radio-
logic findings similar with literature. There was no identifi-
able lactate peak. B, deficiency could be the cause of the
thinning of the corpus callosum and brain atrophy in the
children that were given a brain MRI.
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Introduction

Vitamin B,, is a vitamin that plays a role in different bio-
logical processes in humans. It contributes to myelination
by playing a role in methionine synthesis from homocys-
teine in infants [1, 2]. It has been stated that vitamin B,
deficiency in infants is due mostly to nutritional factors [3,
4]. Honzik et al. pointed out that mothers with subclinical
chronic gastrointestinal disease pose one of the highest risks
due to low levels of vitamin B, in their milk [5]. Nutri-
tional B,, deficiency is very common in our region and it
can reach upwards of 40% in asymptomatic infants [6].
While development of damage in the brain can take months
of deficiency in adults, it can cause severe disorders when
it is lacking for only a few weeks in the first years of life
when brain development is fast [5]. Vitamin B, , deficiency
in adults may present as megaloblastic anemia, polyneu-
ropathy, subacute combined neurodegeneration of the spi-
nal cord, dementia or depression [5]. Vitamin B, deficiency
during childhood can cause disorders besides megaloblas-
tic anemia such as retardation in development of physical
and social neuromotor skills, apathy, and irritability [7].
After therapy, recovery can be variable, with some children
remaining moderately or severely retarded [1]. Late diagno-
sis may result in irreversible psychomotor retardation [8].
In this area, neuroradiological findings are limited. Deter-
mined common radiological findings in the studies that are
mostly case reports have been cerebral atrophy and thinning
corpus callosum [3, 4].

Magnetic resonance spectroscopy (MRS) is a method
that noninvasively measures metabolites such as N-acety-
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laspartate (NAA), choline (Cho), creatine (Cr), and lactate
in selected regions of the brain [9]. The various investigators
have used MRS to evaluate changes in cerebral metabolism
during normal brain maturation and white matter myelina-
tion, which may be useful for assessment of developmental
delay (DD); neurodegenerative, inflammatory, metabolic,
and neuropsychiatric disorders; phakomatosis; hypoxic—
ischemic brain injury; and epilepsy [10]. Although brain
magnetic resonance imaging (MRI) findings of vitamin B,
deficiency have been identified [4], MRS studies made on
this subject are very limited [11].

In this study, our aim is to present brain MRI and MRS
results in patients who received an MRI because of DD and
in patients who were diagnosed with B, vitamin deficiency;
also, to present changes of abnormal radiologic results in
patients who were treated successfully.

Materials and Methods
Case Selection

Brain MR images of 471 consecutive cases diagnosed with
DD by testing and examination made in the polyclinic of
pediatric neurology between November 2009 and Decem-
ber 2011 were reviewed. We noticed that some of these
cases had low levels of serum vitamin B, when we were
investigating the cause of DD in these cases. The cases that
had MRI and MRS images were included into the study.
The patients who had vitamin B,, deficiency due to intrin-
sic factor deficiency, gastric or distal ileal surgical interven-
tions, and Immersland-Grasbeck syndrome were excluded
by the absence of plasma intrinsic factor level and the uri-
nary protein. Also, infants that suffered iron deficiency,
congenital, metabolic, and chronic disease, were excluded
from the study, respectively. MRI and MRS from a total of
14 cases who met the requirements of the study were rein-
vestigated. Four of these cases had control MRI and one
of them had an MRS. Laboratory investigations included
vitamin B, level and the whole blood count of patients.
A diagnosis of vitamin B, deficiency was made for serum
levels below 200 pg/ml [4]. The institutional review board
approved this study.

MR Protocol

Brain MRI and MRS were performed on all patients with a
standard head coil and 3.0-T MRI system (Achieva; Phil-
ips Medical Systems, Best, The Netherlands). In brain MRI
investigations axial turbo spin-echo (TSE) T2-weighted
repetition time/echo time (TR/TE, 2500/80; slice thickness,
4 mm; interslice gap, 1 mm; matrix, 400 x 255) and FLAIR
images (TR/TE/TI, 10,000/125/2800 ms slice thickness,
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4 mm; interslice gap, 1 mm; matrix, 352 % 198), coronal
TSE T2-weighted images (TR/TE, 2624/125; slice thick-
ness, 3 mm; interslice gap, 0 mm; matrix, 336 x210), sag-
ittal T1-weighted volume data set (3D Turbo Field Echo
sequence TR/TE, 8.1/3.7; IT, 1006 ms; slice thickness,
1 mm; interslice gap, 0 mm; matrix, 240 x 240) were used.
Single voxel MRS was performed on all patients. Three
orthogonal baseline images were obtained with automated
magnetic field shimming. Single voxel MRS was performed
using the PRESS technique (TR 2000 ms, TE 144 ms, Flip
angle 90°-180°—180°, averages 256, acquisition time 4:52).
The voxels were placed in the left basal ganglia and the data
set was obtained in each case using 20 x 20 x 20 mm voxels.
After optimal water signal suppression with chemical shift-
selective techniques, MRS data were collected. The total
scanning time was about 18 min per patient. MRI and MRS
were performed on all cases following sedation with oral
chloral hydrate 50—-100 mg/kg.

Analysis of MR Imaging and MR Spectroscopy

All examinations were evaluated by the same workstation
(Philips Extended Brilliance Workspace, Philips Medi-
cal Systems, Best, The Netherlands). The brain MRI and
MRS of the patients were re-evaluated by the radiologist (F.
Ekici) who had 15 years of experience for general radiology
and 4 years for neuroradiology. The thickness of the corpus
callosum was evaluated by measuring the smallest thickness
at the level of the anterior third of the body; the corpus cal-
losum was considered atrophic when this measurement was
less than 5 mm [12].

The myelination situations of the cases were evaluated
by the myelination steps published by Barkovich [13]. The
prevalence of MRI abnormality was investigated. Abnormal
findings were determined in every case recorded.

Results

The study group consisted of 14 cases (10 boys and 4 girls;
mean age: 11.8 months; range: 2—25 months). Eight of these
cases (57.1%) found at least one abnormal MRI finding.
Brain MRI findings included thinning of the corpus callo-
sum in seven (50 %; Fig. 1), atrophy in six (42.8 %; Fig. 2),
delayed myelination in two (14.3 %; Fig. 3) and large syl-
vian fissures in two (14.3 %) patients.

In MRS investigations, the ratios of NAA/Cr and Cho/
Cr in 14 cases were found to be 1.31+0.17 and 1.04+0.27,
respectively (Fig. 4). Lactate peak was not found in any of
the cases.

At follow-up treatment, four of our patients had only brain
MRI and one of the patients had brain MRS. Control MRIs
were performed after an average of 72 days (59-90 days).
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Fig. 1 A 18-month-old boy; sagittal T2-weighted image shows a thin
corpus callosum

Fig. 3 A 10-month-old boy; axial T2-weighted MR image shows no
evidence of the low signal of myelinitaion in the central corona radiata

Fig. 4 Time courses of metabo-
lite peak amplitude ratios versus
age subject

NAA/Cr

Fig. 2 A 10-month-old boy; coronal T2-weighted image shows mark-
edly wide cerebral sulci and ventricles due to significant brain sub-
stance loss in the frontal and temporal lobes

While no changes in findings were determined in one case, a
decrease in the subarachnoid distance in another case and an
increase in the thickness of the corpus callosum in a separate
case (Fig. 5) were found. Before and after treatment MRI of
the last case were normal. After treatment, increases in the
ratios of NAA/Cr and Cho/Cr were determined in the case
who had control MRS investigations (ratios of before and after
treatments: 1.01, 0.85, and 1.39, 0.96, respectively; Fig. 6).
In the study group, the mean serum vitamin B, level
was 103.1£47.3 (20-186) pg/ml. Mean hemoglobin and
mean corpuscular volume levels were 11.1+2.4 g/dL and
95.1+13.8 fL, respectively. Detailed MRI, MRS findings
and laboratory values for all cases are shown in Table 1.

Discussion

Vitamin B , is a vitamin which is required for the develop-
ment of the nervous system. However, the role it plays in
development of the nervous system is still not fully under-

stood[1, 14]. Vitamin B , is known to play arole as a cofactor
in the re-methylation of homocysteine and methyl malonyl

Cho/cr
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Fig. 5 Pre-treatment magnetic resonance (MR) spectroscopy per- 0.85 (a). Post-treatment MR spectroscopy image shows the increased
formed left basal ganglia that shows brain atrophy on MR imaging NAA/Cr and Cho/Cr ratios in the same area (1.39 and 0.96, respec-
and on MR-spectroscopy the NAA/Cr ratio: 1.01, the Cho/Cr ratio: tively) and decreased atrophy (b)

Fig. 6 A 18-month-old boy;
pre-treatment (a), sagittal T2-
weighted image shows a thin
corpus callosum. Post-treatment
(b), thickening of the thin corpus
callosum

Table 1 Summary of the radiological findings and laboratory results of 14 cases with nutritional vitamin B, deficiency

Patient no./ Age(m) MRI findings NAA/Cr Cho/Cr Vitamin B,  Hb (g/dL) MCV (fL) Follow-up Findings on
sex levels (pg/ml) follow-up
imaging
/M 3 Normal 1.14 0.84 102 12.8 102 N/A
2/F 22 Normal 1.40 0.86 141 133 91 N/A
3/F 2 Normal 0.97 1.31 111 11.7 108 N/A
4/M 3 Enlarged silviyan 1.16 1.62 67 12.2 105 N/A
fissiir
S5M 10 Delayed in myelina- 1.19 1.07 120 9.0 104 N/A
tion, atrophy, TCC
6/M 9 Atrophy, TCC 1.49 0.89 47 7.0 105 69d NC
7/F 11 Atrophy, TCC 1.53 1.31 86 7.5 112 N/A
8/M 5 Delayed in 1.39 1.45 135 9.8 87 N/A
myelination
9M 10 Atrophy, TCC 1.20 0.75 71 12.3 76 70d PR
10/M 15 Normal 1.39 1.05 77 12.2 72 N/A
11/M 20 Normal 1.33 0.91 180 15.2 88 85d NC
12/M 18 Atrophy, TCC 1.01 0.85 20 9.6 116 59d PR
13/F 25 Normal 1.44 0.81 186 14.0 88 N/A
14/M 12 Atrophy, thinning of 1.45 1.00 99 9.0 80 N/A

corpus callosum
TCC thinning of corpus callosum, N/4 not available, PR partial resolution, d day, m month, NC no change
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CoA degradation. Vitamin B, deficiency is thought to cause
disturbance of methionine synthesis and accumulation of
guanidoacetate, leading to neurotoxicity. Increased levels of
homocysteine and methylmalonic acid are also a result of
vitamin B,, deficiency. These may lead to demyelination,
axonal degeneration, and neuronal death [2, 15]. Accord-
ing to Dror and Allen [16], another possible mechanism of
neurologic symptoms in B12 deficiency is neurotrophic and
neurotoxic cytokine imbalance, and accumulation of lactate
in brain cells. Eventually, in infants, Vitamin B,, deficiency
may lead to demyelination and brain atrophy [4, 5].

Even though clinical signs of vitamin B,, deficiency have
been described half a century ago [5], studies on radiological
findings are limited [4, 8, 11, 14]. Determined common radio-
logical findings in the studies which are mostly case reposts
has been cerebral atrophy. Taskesen et al., in their recently
published study, determined abnormal MRI in 10 (67 %) of
15 infants with vitamin B,, deficiency, and the most often
determined findings were thinning of the corpus callosum and
brain atrophy [4]. Lovblad et al. [14] found MRI of the brain
revealed severe brain atrophy with signs of retarded myelina-
tion, the frontal and temporal lobes being most severely
affected in their case report. Radiological abnormality was
found in 57% of the cases in our study. Thinning of the cor-
pus callosum, brain atrophy, and delayed myelination were
the most determined MRI findings in our study. Our findings
are consistent with these studies. Another study, Lam et al.
[17] found small pons, partial vermian dysgenesis, abnormal
signal in both basal ganglia with MRI in one patient. We did
not see these findings in our patients.

Neuroradiological studies are used to determine the
response to therapy in addition to investigate the changes
occurred in the brain in the cases of detected vitamin B,,
deficiency [14, 18]. It was reported in these studies in the
form of case reports that the abnormalities detected with
brain MRI disappeared after treatment. The effectiveness of
the treatment response was linked to the age of the case,
which was less than 10 months [8, 15]. According to Honzik
et al., cumulative vitamin B,, deficiency is more likely to
determine the outcome than the age of presentation alone
[5]. While decline in the brain MRI findings were detected
as response to the therapy in two of four cases that had con-
trol MRI in our study, no changes were detected in one of
the cases. Before and after treatment brain MRI of the last
case was normal. The ages of the cases who responded to
therapy were 9 and 18 months while the age of the case who
did not respond to therapy was 9 months. Our findings sup-
port the idea of Honzik et al. [5] for response to treatment.

MR spectroscopy is a noninvasive technique that has
gained wide clinical use and has been found beneficial in
the assessment of neuronal function and metabolite incom-
patibilities in the brain [10]. The PRESS sequence with TE
performed in all cases had a maximum signal/noise ratio. We

were specifically interested in assessment of NAA/Cr and
Cho/Crratios. NAA, which is present in neuronal cells, is con-
sidered to be a marker for neuronal development. Therefore,
it was identified as a neuronal determinant. Neuronal damage
or loss will result in decreased NAA levels [9]. Cho, which is
a membrane component, has been used to infer information
about myelination and cell membrane turnover. In infants, the
Cho/Cr ratio is higher than that of adults. The Cho/Cr ratio
declines rapidly from age 1 month to 1 year, then declines
more slowly until an age of 2 years [18]. Because choline
is present in the structure of myelin-associated macromol-
ecules, increased myelination leads to a decrease in Cho/Cr
ratio [10]. The ratios of NAA/Cr and Cho/Cr were found to
be 1.31+0.18 and 1.05£0.29 in our study. Our study is a ret-
rospective study with no control group. The changes to be
determined in Cho peak used to evaluate myelination may be
helpful in clarifying the pathogenesis of abnormalities occur-
ring in vitamin B, deficiency. The increases in the ratio of
NAA/Cr after treatment in a case with control MRS in our
study group may be physiological changes or it can also sup-
port the increased number of neurons as response to therapy.
Increases in the ratio of Cho/Cr may support the acceleration
in myelination. Nevertheless, it is required that these results
should be shown in more number of patients.

Kreis et al. [19] researched occipital gray matters’ metab-
olites changes with short TE. In this study, Cho peak is dom-
inant in the neonatal period, while the NAA peak gets more
prominent and becomes dominant between 0—36 months of
age period. Conversely, during this time significant decrease
had been found in Cho peak. In our study, the metabolites
ratio changes were similar with Kreis et al. research. How-
ever, metabolite ratios can show extreme variability accord-
ing to selected brain regions and the pulse sequence [19].

The MRS study is limited in cases with vitamin B, defi-
ciency, therefore we could only find two studies in the lit-
erature [11, 17]. In one case study of a 6-month-old infant
with nutritional vitamin B, deficiency, MRS of the white
and gray matter of the brain revealed an accumulation of
lactate and a sustained depletion of choline-containing
compounds, reflecting a disturbance of oxidative energy
metabolism in brain cells. This could be due to an increase
in anaerobic glycolysis. In our recent study, differently,
voxel was located at the basal ganglia in all cases. Patho-
logical signal changes in the basal ganglia with MRI were
not determined in any of our cases. Although increased
diffuse signal was found around periventricular white mat-
ter in one case, abnormal lactate peak was not determined
with MRS investigation in any of the cases. This finding
does not support the study of Horstmann et al. [11]. In our
patients, due to absence of a cystic cavity lesions, lactate
peak may not be detected. Lam WWM et al. reported that
decreased concentration of NAA in MRS [17].
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There are some important limitations of our study. The
most important one is the low number of cases due to the
retrospective nature of our study and the lack of control
group. Therefore, we could not show objectively whether
there were changes in the ratio of metabolites obtained by
MRS. The other limitation is that the single voxel spectros-
copy was made in a single region (left basal ganglia). There-
fore, MRS evaluation was not done for the other regions.
The other limitation was to use the sequences with long
TE value for all cases. Thus, changes in minor metabolites
could not be investigated.

As aresult, at least one abnormal brain MRI finding was
determined in more than half of the cases with a deficiency
of vitamin B, which was required for the development of
the central nervous system in children. Brain MRI thinning
of the corpus callosum and brain atrophy should alert the
radiologist for Vitamin B,, deficiency in patients with DD.
This is important for accurate and effective to start treat-
ment. Observed increased on the rate of Cho/Cr after the
treatment showed that treatment may accelerate the myelin-
ation. After treatment, radiological response was usually
positive. In MRS, a lactate peak was not found in the study
group. Prospective studies which have more cases and have
before and after therapy MRS investigations are needed in
order to use MRS as a neuroimaging indicator to follow-
up the response numerically for the therapy and diagnosis
for the cases with vitamin B , deficiency. And further MRS
studies with large numbers of subjects and of different brain
regions are needed to determine the brain metabolite ratios
and to detect whether metabolite differences are present in
children with vitamin B , deficiency.
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