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Abstract

Objectives The aim of this study is to examine metabolite changes in different brain regions of the children with vitamin B12
deficiency disease using MR spectroscopy.

Methods Eighteen children with serum vit. B12 deficiency and 12 healthy volunteer children were included in the study. All
children were examined with single-voxel spectroscopy examination via 1.5-Tesla MRI. The spectra were obtained from the left
frontal periventricular white matter, left lentiform nucleus and left cerebellar hemisphere. The comparisons between patient group
and control group were made with ratios calculated as NAA/Cr, Cho/Cr, mI/Cr, and GIx/Cr. All brain images were also examined
in terms of brain atrophy, abnormal brain parenchyma intensity changes, or myelination status.

Results The children were between 3 months and 16 years old in the patient group, and between 3 months and 15 years old in the
control group. There were no statistical differences in terms of metabolite ratios in the three different brain regions between the
patients and control group. In two patients, periventricular white matter hyperintensities were observed. In four patients, brain
atrophy was detected.

Discussion MR spectroscopy examination demonstrated that there were no statistical differences in terms of all metabolite ratios
in left frontal periventricular white matter, left lentiform nucleus and left cerebellar hemisphere.
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Introduction

Vitamin B12 (vit. B12) deficiency is the main cause of meg-
aloblastic anemia in childhood. In developing countries, B12
deficiency usually occurs due to a defect in dietary intake, and
it is important to diagnose and to treat this pathology early in
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childhood. Vit. B12 is a crucial factor for development of the
central and peripheral nervous system in childhood. Despite
the low cost of treatment, delayed treatment may cause serious
and sometimes irreversible neurological problems [1, 2].
Lethargy, hypotonia, seizures, mental and psychomotor retar-
dation and behavior disturbance are among the neurologic
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symptoms that can be seen in infancy and childhood [3]. It is
well known that vit. B12 deficiency leads to demyelination in
the brain and spinal cord which is usually reversible with
appropriate treatment [4].

Some brain MRI findings that can be seen in vit. B12 have
been described in the literature. White matter hyperintensities,
basal ganglia lesions, and cerebellar hyperintensities were re-
ported in adults and children [5—7].

Although there are many studies on this issue, the patho-
logic mechanisms of vit. B12 deficiency in the central nervous
system are not fully understood yet [8, 9]. The objective of this
study is to investigate the brain metabolite differences in chil-
dren with vit. B12 deficiency by magnetic resonance spectros-
copy (MRS) examination.

Methods
Patients and controls

This prospective case-controlled study was conducted be-
tween January 2015 and August 2017. Eighteen patients (14
male, 4 female) with vit. B12 deficiency and 14 healthy vol-
unteer children (11 male, 3 female) were included in the study.
The most common complaints of patients were weakness,
hypotonia, and cognitive impairments such as memory weak-
ness and concentration difficulty. The diagnosis of vit. B12
deficiency was made with low levels of serum B12 (<200 pg/
ml). Folate levels were normal in all children (> 5.38 ng/ml).
All patients were evaluated with complete blood count.
Anemia was present in all patients with hemoglobin levels
under 12 g/dl and normocytosis (MCV 80-95 fL) or macro-
cytosis (MCV > 95 fL). Patients with iron deficiency anemia
and/or with microcytosis were not included in the study.
Patients who had undergone any operation or patients with
metabolic, congenital or any chronic disease were also not
included in the study. There was no pathology in the biochem-
ical laboratory tests of patients. The control group consisted of
age-matched healthy children. They were also examined with
complete blood count and serum B12 and folate levels, all of
which were in normal limits. The study was approved by the
local ethics committee (no 74059997.050.01.04/99) and a
written informed consent was obtained from parents of all
children. MRI and MRS studies were performed before being
treated after the diagnosis.

MRI and MR spectroscopy and analysis

Patients and healthy children were imaged with a 1.5-Tesla
MRI scanner (Magnetom Symphony; Siemens, Erlangen,
Germany) using a standard head coil. All children under
6 years old were left sleepless during the night before the
examination. One parent stayed with these children in the
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scanner during the examination. Sedation was not necessary
for any of the patients or control group. Imaging parameters
were as follows: T2-weighted images—repetition time (TR)
3300 ms, echo time (TE) 88 ms; fluid-attenuated inversion
recovery (FLAIR) sequence—TR 7000 ms, TI 2214 ms, TE
93 ms; T1-weighted images—TR 530 ms, TE 8.70 ms. The
slice thickness was 4 mm, the matrix was 256 x 256 pixels,
and the field of view was 200 x 230. All MR images were
examined for parenchymal pathology and myelination status
according to the steps determined by Barkovich [10].

After brain MRI imaging, single-voxel MR spectroscopy
examination was performed from three distinct brain paren-
chyma regions, left periventricular frontal white matter region,
left lentiform nucleus, and left cerebellar region, using sagittal
plane T1-weighted images, axial plane T2-weighted images,
and coronal plane FLAIR images to guide volume selection
(Fig. 1a—c). All the children were right-handed and we select-
ed the dominant hemisphere for sampling. The three brain
regions selected for MRS were brain parenchyma which had
been shown to be affected by vit. B12 deficiency in various
studies [4, 6, 7]. The spectra were obtained with point-
resolved spectroscopy (PRESS) technique. The spectral pa-
rameters were TR, 1500 ms; echo time, 30 ms; flip angle
(FA), 90°—180°-180°. Signal average was 256 and acquisition
time was approximately 6:24. The sizes of the voxels were
20 %20 % 20 mm for each single-voxel spectroscopy exami-
nation. After water signal suppression with chemical shift-
selective techniques, spectroscopic data were obtained. Total
examination time was 25 min per child.

The data were analyzed with a workstation (Leonardo,
Siemens, Forcheim, Germany) which was equipped with
manufacturer-supplied software package. The data were
Fourier transformed and baseline fitted. Metabolite signals
included NAA (2.04 ppm), Cho (3.24 ppm), Cr (3.05 ppm),
Glx (glutamate+glutamine) (3.80 ppm), ml (3.58 ppm), and
lactate (1.33 ppm). We used only short TE to shorten the
examination time because all of our patients and healthy vol-
unteers were children and it was hard to lie immobile in a MRI
scanner for more than half an hour. To determine the quality,
the metabolite peaks were assessed for full width at half
maximum peak height which was < 0.1 ppm for all [11].
Four MRS examinations were repeated because of insuffi-
cient quality. All metabolite ratios to Cr (Cho/Cr, NAA/Cr,
Glx/Cr, and ml/Cr) were calculated. We have used Cr as
the inner standard proven by the arbitrary units in Table 1.
After MRI and MRS examinations, all patients were treat-
ed with parenteral cyanocobalamin therapy 100 mcg daily
for the first week, 100 mcg one in 2 days for 2 weeks, and
one a week for 1 week and one a month for 3 months. We
could obtain control spectra only from 2 patients 3 months
after the treatment. Before the control MRS, serum B12
levels were tested which were higher than 200 pg/ml for
these 2 patients.
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Fig. 1 Single-voxel MR spectroscopy examination was performed from three distinct brain parenchyma regions: left frontal subcortical region (a), left

lentiform nucleus (b), and left cerebellar dentate nucleus (c)
Statistical analysis

For statistical data analysis, SPSS for Windows version 20.0
software package (SPSS Inc., Chicago, USA) was used.
Metabolite ratios were used as quantitative data and they were
expressed as mean + standard deviation (SD). Quantitative da-
ta were normally distributed due to One-Sample Kolmogorov-
Smirnov test results. Student ¢ test was used for analyzing
data. Comparison of the data was performed using
Spearman’s correlation. Pearson correlation test was used for
analyzing correlation between B12 levels and metabolite ra-
tios. Bonferroni correction is also done due to the multiple
testing. A value of p <0.05 was considered statistically
significant.

Results

The mean age of the patients was 7.05+6.41 (3 months—
16 years) and the mean age of the control group was 6.92 +
6.18 (3 months—15 years). There was no statistically signifi-
cant difference in age between the patients and control group
(p>0.05). In the patient group, mean serum vit. B12 level was
83.44 £46.967 pg/ml with a minimum level of 27 pg/ml and a
maximum level of 189 pg/ml. There was no delay in
myelination on the patients’ MR images. In two patients, there
were periventricular white matter hyperintensities on FLAIR
sequence (Fig. 2). These hyperintensities were several focal
foci with dimensions less than 5 mm. Brain atrophy was pres-
ent in four patients (Fig. 3). In the remaining 11 patients, the
brain parenchyma was normal. Brain MR images of the con-
trol group were also normal.

There were no significant differences in terms of NAA/Ccr,
Cho/Cr, GIx/Cr, and mI/Cr in the left periventricular frontal
white matter region, left lentiform nucleus, and left cerebellar
dentate nucleus (p>0.05 for all) (Table 1). There was no

correlation between patients’ serum vit. B12 levels and me-
tabolite ratios (p > 0.05 for all). Lactate doublet was not seen
in any of the spectra. After treatment, we could get control
MRS examination results only from 2 patients. We determined
elevated NAA/Cr and ml/Cr ratios in three brain regions of
these 2 patients (Table 2). The Cho/Cr ratios were raised in
frontal periventricular white matter and lentiform nucleus after
treatment. Reduced ratios of GIx/Cr were also determined in
all three regions after treatment.

Discussion

Vitamin B12 is a crucial factor for the development of hema-
topoietic and nervous systems. Vitamin B12 deficiency causes
impaired DNA methylation in the hematopoietic system and
demyelination in the central nervous system. However, the
effective pathophysiological mechanisms of vitamin B12 de-
ficiency cannot be fully described. To our knowledge, this is
the first prospective study which examines metabolite abnor-
malities in vit. B12—deficient children with MRS. Ekici et al.
retrospectively studied the results of MRS of 14 children with
B12 deficiency performed with long TE (TE = 144) and found
the mean values of NAA/Cr and Cho/Cr in basal ganglia as
1.31+£0.17 and 1.04 +£0.27, respectively. They could not
compare their results with the control group because their
study was retrospective [9]. In our study, the mean values of
lentiform nucleus in children with B12 deficiency were 1.64

+0.46 as NAA/Cr and 0.72+0.11 as Cho/Cr. The most no-
ticeable difference between the two studies is that children
were diagnosed with developmental delay in Ekici et al.’s
study. None of the children had developmental delay in our
study. The difference between these values may also be related
to the age group of children taken into the studies. Ekici et al.
have evaluated infants in their study; we have included older
children. Difference in TE values used in MRS examinations
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Table 1 Mean metabolite ratios in the three different brain regions in
the patient group and control group

Patient group Control group  p
(mean = SD) (mean = SD)
NAA/Cr  Frontal 2.05+0.62 2.44+0.29 >0.05
Lentiformn.  1.64+0.46 1.63+£0.21 >0.05
Cerebellum  2.07+0.88 2.14+0.23 >0.05
Cho/Cr Frontal 0.99+0.22 0.99+0.17 >0.05
Lentiformn.  0.72+0.11 0.75+0.13 >0.05
Cerebellum  0.78£0.47 0.63+0.08 >0.05
ml/Cr Frontal 0.31+0.10 0.39+0.13 >0.05
Lentiformn.  0.24+0.09 0.26+0.05 >0.05
Cerebellum  0.22+0.07 0.21£0.05 >0.05
GIx/Cr Frontal 0.16+0.07 0.14+0.09 >0.05
Lentiformn.  0.17+0.06 0.15+£0.05 >0.05
Cerebellum  0.07£0.03 0.05+0.01 >0.05
Cr Frontal 225.11+£41.28 209.49+27.28 >0.05
(integral)  Lentiformn.  26231+28.82  269.91+32.85 >0.05
Cerebellum  260.26+50.12  274.47+9.46 >0.05

p<0.05 was considered statistically significant

of these two studies may be another reason. Studies have shown
that NAA/Cr ratio increases and Cho/Cr ratio decreases in nor-
mal brain maturation process [12]. After treatment, they exam-
ined one patient’s results of control MRS and found increase in
NAA/Cr and Cho/Cr values. In our study, we could obtain two
patients’ control MRS data after treatment and we found ele-
vated NAA/Cr ratios and Cho/Cr ratios in three brain regions in

Fig. 2 A 15-year-old girl with vit. B12 deficiency. Bilateral parietal
periventricular white matter hyperintensities can be seen in the coronal
FLAIR image
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Fig. 3 A 9-month-old boy with vit. B12 deficiency. In the axial T2-
weighted image, brain atrophy can be seen

concordance with Ekici et al. Increase in the NAA/Cr and Cho/
Cr ratios may be due to the stimulated neural growth and in-
creased myelination promoted by B12 therapy. We did not find
a statistical difference in terms of NAA/Cr, Cho/Cr, Glx/Cr, and
ml/Cr ratios in the left frontal periventricular white matter, left
lentiform nucleus, and left cerebellar dentate nucleus between
the patients and control group. Ford et al. investigated the effect
of 6-month high-dose B-group vitamin supplementation on
neural metabolites (NAA, Cho, Cr, ml, and GIx) and found
no significant differences in the posterior cingulate cortex, be-
tween the vitamin-supplemented group and placebo group, in
concordance with our study [13]. In a comprehensive study
examining brain metabolites (S-adenosylmethionine, S-
adenosylhomocysteine, methionine, cystathionine, choline,
and betaine) in various brain regions in rats fed a B12-poor diet,
no difference was detected in betaine and choline values be-
tween the rats fed B12-poor diet and fed normal diet [14].
Although we did not find a significant relationship between
B12 deficiency and the metabolites we examined, some metab-
olite changes in the two patients’ MRS results before and after
treatment might be presumed as interesting. One of these inter-
esting points was elevated ml/Cr ratios in the three brain regions
after treatment. There were studies showing increased ml levels
in various brain regions in subacute and chronic periods of
neurotrauma and improved depression [15, 16]. In these stud-
ies, it is hypothesized that glial activation had increased during
recovery. Our study supports this hypothesis. The other inter-
esting point was the decrease in the ratio of GIx/Cr in these
three brain regions. The GlIx term is expressed both glutamine
and glutamate metabolites. Glutamate is the metabolite of
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Table 2 Metabolite ratios in the
three different brain regions of Patient 1 Patient 2
two patients before and after
treatment Before therapy After therapy Before therapy After therapy
NAA/Cr Frontal 1.37 2.23 1.37 1.57
Lentiform n. 1.56 1.59 1.03 1.61
Cerebellum 1.96 224 1.81 1.93
Cho/Cr Frontal 0.75 0.87 0.75 1.19
Lentiform n. 0.70 0.72 0.62 0.78
Cerebellum 0.67 0.69 0.77 0.77
ml/Cr Frontal 0.24 041 0.24 0.37
Lentiform n. 0.23 0.25 0.10 0.19
Cerebellum 0.26 0.33 0.28 0.38
GIx/Cr Frontal 0.18 0.13 0.18 0.14
Lentiform n. 0.15 0.14 0.15 0.13
Cerebellum 0.06 0.04 0.09 0.07

glutamatergic system in the brain and spinal cord which is
associated with excitation [17]. It is thought that, in some dis-
eases such as ischemia, Alzheimer, or amyotrophic lateral scle-
rosis, glutamate-induced toxicity is an effective mechanism in
the pathophysiology [18, 19]. It is shown that vit. B12 protects
rat cerebellar granule cells from glutamate toxicity [20]. In an-
other report, the ability of cyanocobalamin to inhibit glutamate
release from nerve terminals was demonstrated in rats [21].
Further studies with a larger sample are needed to determine
the complex mechanisms of vit. B12 and probable interactions
between vit. B12 and neural metabolites in humans.

In a study that evaluated 15 infants’ cranial MRI findings
with B12 deficiency, MRI findings were defined as thinning of
the corpus callosum (40%), cortical atrophy (33.3%), large
Sylvian fissure (33.3%), ventricular dilatation (20%), asymmet-
ric large lateral ventricle (13.3%), and delay in myelination
(13.3%) [8]. Brain atrophy was present in 22% and
periventricular white matter hyperintensities were present in
11% of our patients. Although the mean serum vitamin B12
level was lower in our study, ratio of atrophy and variety of
findings were also low. This is probably because of the fact that
we examined infants and children in the older age group. The
neurological damage due to vit. B12 deficiency presumably
might have revealed more MRI findings in infancy, in which
period development, myelination, and maturation are very rap-
id. In a study by Gupta et al., brain networks related to cognition
control were found to be lower in all cerebrums using resting
state functional MRI in 13 adult patients with B12 deficits and
cognition control studies to evaluate brain networks [22]. The
lower part of these networks was the prefrontal cortex. Roy
et al. found a decrease in all fractional anisotropy (FA) values
measured by diffusion tensor imaging in patients with vit. B12
deficiency [23]. This data points to the structural damage in
brain parenchyma. After appropriate treatment, they reported

recovered FA values as we found elevated NAA/Cr ratios in
the three different brain regions of two patients.

There are some limitations of our study. Firstly, the number
of patient group and control group is small. After therapy, we
could obtain only two patients’ control MRS results and we
could not compare these results statistically and adequately.
Secondly, we could only get GIx levels that mean glutamate +
glutamine together, but not the level of the metabolites sepa-
rately. Third, in the lentiform nucleus, the voxel size was big-
ger than the anatomical region so partial volume effect may
have affected the results in the lentiform nucleus.

In conclusion, MRS examination demonstrated no signifi-
cant difference in terms of NAA/Cr, Cho/Cr, ml/Cr, and GIx/
Cr ratios in the left frontal periventricular white matter, left
lentiform nucleus, and left cerebellar hemisphere in vit. B12—
deficient children.
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