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In Turkey, infantile vitamin B12 deficiency is 
mostly caused by a low intake of vitamin B12 
in the diet. Vegetarian diet, pernicious anemia, 
and low socioeconomic level are common 
etiological factors associated with vitamin B12 
deficiency in breastfeeding mothers and their 
children.1 Vitamin B12 begins accumulating in 
the infant within the first six months after birth 
while mothers often remain asymptomatic and 
the deficiency in the infant may not be noticed 
until the onset of neurological effects.2 Infantile 
symptoms including restlessness, nutritional 
problems, and neuromotor growth retardation 
become pronounced over time. Abnormal 
movements such as tremor, myoclonus, and 
choreoathetosis that are observed before or 
during the B12 vitamin injection treatment or 

due to cobalamin (Cbl) deficiency are rare but 
have been previously reported, particularly in 
infants.3-8 

In a recently published study, nutritional Cbl 
deficiency, particularly during infancy, was 
shown to cause a wide variety of abnormal 
movements such as involuntary eye deviations, 
eyelid twitching, and contraction in the whole or 
part of the body despite normal serum vitamin 
B12 levels and/or neurological development.9 In 
this report, we present two cases with Infantile 
tremor syndrome (ITS) aged less than one year 
old who developed myoclonic movements 
following peroral vitamin B12 replacement 
therapy.

Case 1

An eight-month-old girl with thin brown 
hair was admitted with hypotonia. Her 
parents were distant relatives and she had a 
low socioeconomic status. The patient was 
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being breastfed and she had been born at 
term weighing 3.3 kg after an uncomplicated 
pregnancy and delivery. She started to smile 
at 3 months and had gained head control at 
4 months of age (head circumference: 40 cm 
[25 p]). By the age of 6 months, she gradually 
became less active. On examination, she looked 
pale and hypotonic. Her head circumference 
was 41 cm (<3p), body weight was 8 kg (10 
p), and body height was 68 cm (25p). Cranial 
nerve examination was normal. Although 
she was generally hypotonic, she had normal 
strength and brisk reflexes. A complete blood 
count (CBC) indicated hemoglobin 8.9 (range, 
12-17) g/dL, hematocrit 27.2% (range, 42-52%), 
mean corpuscular volume (MCV) 85.1 (range, 
80-94) fL, ferritin 100 (range, 23.9-336.2) µg/L, 
folic acid 10.56 (range, 3.1-19.9) µg/L, serum 
homocysteine 45 (range, 5-15) µmol/L, serum 
methylmalonic acid 4.85 (range, 0.0-3.60) 
μmol/L, and serum vitamin B12 46 (range, 
126.5-505) ng/L. On the other hand, the mother’s 
vitamin B12 level was also low (98 ng/L [range, 
126.5-505] ng/L). Peripheral blood analysis 
indicated anisocytosis and hypersegmented 
neutrophils. Coronal T2-weighted images 
showed abnormal brain MRI findings including 
enlargement of frontotemporal subarachnoid 
spaces, enlargement of the cerebral sulci, 

and thinning of the cortex by age (Fig 1). 
Electroencephalogram (EEG) showed no seizure 
activity. Peroral cyanocobalamin 1,000 mcg/
day therapy due to vitamin B12 deficiency was 
initiated. Twelve hours after the initiation of the 
therapy, the patient developed a whole-body 
tremor and rhythmic myoclonic movements, 
titubation, and restlessness in the hands and 
feet. She was conscious of her environment 
despite being restless and uneasy. However, 
these symptoms disappeared during sleep. The 
following day, clonazepam 0.1 mg/kg/day was 
initiated due to the persistence of the tremor 
and then the complaints decreased gradually.

Case 2

A ten-month-old boy was referred to our clinic 
with an initial diagnosis of pancytopenia. This 
patient was also being breastfed. Although 
he was conscious of his environment, he was 
apathetic. He had been born at term with a 
birth weight of 3.2 kg after an uncomplicated 
pregnancy and delivery. He started to smile and 
control his head at 2 months of age. However, 
although he could hold his head, he could not sit 
without support. His head circumference was 
43 cm (<3p), body weight was 9 kg (10 p), and 
body height was 70 cm (25p). He had several 
hyperpigmented lesions on the arm, back, sacral 
region and he had weak and sparse hair (Fig 2 
a, b, c). Cranial nerve examination was normal. 
All deep tendon reflexes were present and brisk. 
CBC parameters included hemoglobin 7.6 g/dL, 
hematocrit 26.2%, MCV 82.1 fL, thrombocyte 
132x103/µL, ferritin 200 µg/L, folic acid 8.56 
µg/L, serum homocysteine91 µmol/L, and 
serum methylmalonic acid 3.85μmol/L. Both his 
and his mother’s serum B12 vitamin levels were 
low (38 and 115 ng/L, respectively). Peripheral 
blood analysis indicated hypersegmented 
neutrophils, anisocytosis, and poikilocytosis. 
A peroral cyanocobalamin 1000 mcg/day 
supplementation therapy was initiated. Two 
days later, the tremor and rhythmic myoclonic 
movements in his feet were initially considered 
as seizures and antiepileptic treatment was 
started. Cranial magnetic resonance imaging 

Fig. 1. Coronal T2-weighted image showing 
abnormal brain MRI findings including enlargement 
of frontotemporal subarachnoid spaces.
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(MRI) visualized cerebral atrophy while EEG 
was normal. On the third day, a clonazepam 
therapy was added to the ongoing oral 
cyanocobalamin 1000 mcg/day replacement 
therapy. Two days later, the complaint of 
tremor decreased gradually and the myoclonus 
disappeared completely.

Discussion

Vitamin B12 is an essential vitamin mostly 
ingested via animal products. Vitamin B12 
deficiency can be seen at any age throughout 
life and remains a serious health problem both 
in Turkey and other developing countries. A 
recent study conducted in Turkey reported that 
the rates of maternal and infantile vitamin B12 
deficiency were 76.7% and 60.8% during the 
first month post-delivery, respectively.1 On the 
other hand, although vitamin B12 deficiency has 
been reported extensively, the clinical spectrum 
of abnormal movements due to infantile B12 
deficiency has been shown to be remarkably 
wide.9,10 ITS is characterized by paleness, growth 
retardation, tremor, hyperpigmentation, 
movement disorders, and sparse brown hair.11 
Common neurological complications associated 
with vitamin B12 deficiency include hypotonia, 

optic atrophy, myelopathy, and lethargy. 
Tremor and myoclonus can be associated with 
vitamin B12 deficiency and may recur suddenly 
and worryingly after the initiation of vitamin 
B12 supplementation therapy.4,11-16 Nevertheless, 
the primary cause of abnormal movement that 
occurs after treatment is not fully known.

Chalouhi et al.16 suggested that overstimulation 
of the cobalamin-folate interaction leads to 
a metabolic disequilibrium. Emery et al.17 
proposed that persistent hyperglycemia results 
in movement disorders during vitamin B12 
treatment, and de Souza et al.18 reported that 
there are multiple factors associated with the 
pathophysiology of the hypersensitization 
effect of vitamin B12 deficiency, primarily 
including endothelial dysfunction induced 
by excitatory amino acids and increased 
methyltetrahydrofolate and homocysteine 
levels.16-18 Elevated homocysteine shows a 
similar effect at the N-methyl-Daspartate type of 
glutamate receptor and also activates the basal 
ganglia.19,20 Following vitamin B12 therapy, 
infants may present with tremor, myoclonus, 
and even seizures in addition to neurological 
symptoms.5 In such patients, EEG is often 
normal and is a significant source of information 

Fig. 2. Clinical image showing hypopigmented sparse hair, knuckle pigmentation, and apathy.
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in the differential diagnosis of seizure-like 
symptoms.2,4,5 Various neuroradiological 
findings may be observed in cranial imaging 
in infants with vitamin B12 deficiency, namely 
including cortical atrophy, thinning of the 
corpus callosum, structural abnormalities, and 
retardation in myelination. Taşkesen et al.21 
showed that thinning of the corpus callosum 
was detected in 6 (40%), cortical atrophy in 5 
(33.3%), ventricular dilatation in 3 (20%), large 
sylvian fissures in 5 (33.3%), hydrocephalus in 
3 (20%), asymmetric large lateral ventricle in 
2 (13.3%), and retardation and myelination in 
2 (13.3%) patients while 4 infants had normal 
MRI findings. On the other hand, cranial 
imaging findings are highly useful in the 
differential diagnosis of patients that develop 
ITS following the initiation of vitamin B12 
replacement therapy, particularly due to the 
risk of thromboembolism.22 In such patients, 
myelination problems and basal ganglia lesions 
are commonly seen and cerebral atrophy is the 
most common and reversible problem.15 In our 
report, both patients presented with hypotonia, 
neuromotor and growth retardation, cerebral 
atrophy, and microcephaly. Moreover, 
abnormal movements such as myoclonic 
and tremors were also observed in both cases 
following peroral vitamin B12 replacement 
therapy. These findings were initially confused 
with seizure-like activity although EEG 
examinations were normal in both patients. 
Moreover, both patients were detected with 
bilateral cerebral frontotemporal atrophy and 
enlarged subarachnoid spaces on cranial MRI.

Nutritional vitamin B12 deficiency is effectively 
treated with peroral cyanocobalamin 1000 mcg/
mL (Dodex®).23-25 Bahadir et al.25 noted that the 
vitamin B12 levels did not decrease in children 
aged less than two years during the long term 
after treatment. On the other hand, Sezer et 
al.23,24 found that the intramuscular and oral 
administration of cyanocobalamin had a similar 
effect, and this finding has been reported in 
several book chapters as well. In our clinic, 
vitamin B12 replacement therapy is routinely 
administered peroral due to the effectiveness 
and practicality of this approach. 

Unless treated, infantile vitamin B12 deficiency 
may lead to irreversible problems. Almost 
30% of cases of ITS may be accompanied by 
microcephaly and 75% of them may present 
with changes of pigmentation and sparse 
hair.11 In addition to these symptoms, abnormal 
movement may also be seen following vitamin 
B12 replacement therapy, as seen in both of 
our patients. Although a consensus on the role 
of Vitamin B12 deficiency in children with ITS 
is likely to be developed, it is still debatable. 
Moreover, it remains unclear as to why these 
abnormal movements often manifest as tremor. 
In such cases, myoclonus may also occur as 
a result of increased receptor synthesis. To 
our knowledge, all the ITS cases reported in 
the literature occurred after intramuscular 
administration of drugs while only one case in 
the series of Tunçer et al.12 occurred following 
peroral treatment.

In 2011, the Turkish Society of Hematology 
reported a guideline for B12 replacement 
therapy regardless of age and recommended an 
initial dose of 250-1000 µg/day B12 for the first 
week. The dose range is remarkably wide and 
the initial usage doses proposed in children vary 
across the studies in the literature. Sezer et al.24 
demonstrated the effectiveness of the oral dose 
in their study, in which the treatment of 10 out 
of 142 children started at a dose of 100 mcg/day 
and no side effect was observed. Yılmaz et al.26 
indicated that they converted their treatments 
to hydroxocobalamin as a result of the oral 
cyanocobalamin treatment which was initiated 
at a dose of 250 mcg with 24 infants aged 2-18 
months. Although the reason for the impairment 
in the initial treatment of cases may be caused 
by the use of high-dose cyanocobalamin, 
Bahadir et al.25 started a treatment of 1000 mcg 
cyanocobalamin in patients with a B12 level 
of <50 pg/ml and observed no side effects in 
any patient. Although it is recommended that 
low-dose treatment initiation is a controlled 
condition to prevent the possible side effects 
such as movement disorders and other possible 
side effects that may occur after B12 deficiency 
treatment, there is a need for studies to show 
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the likelihood of dose-related movement 
disorders in children. On the other hand, there 
is not a definite recommended dose for oral B12 
replacement therapy particularly for infants.

In both of our patients, abnormal movements 
occurred following peroral vitamin B12 
replacement therapy. Meaningfully, abnormal 
movements such as tremor and myoclonus may 
be observed during the B12 vitamin treatment 
or particularly due to vitamin B12 deficiency. 
We consider that more care should be taken 
for various movement disorders that may 
occur after the replacement therapy initiated 
in infants and their mothers with vitamin B12 
deficiency. Knowledge of treatment options 
in such patients is of paramount importance 
since these cases are commonly encountered 
in clinical practice. Clonazepam 0.1 mg/kg/
day is the mainstay treatment of ITS while 
propranolol 2 mg/kg/day, piracetam 4.8 g/day, 
and carbamazepine 10 mg/kg have been shown 
to be effective in ITS patients.8,27

Early diagnosis and treatment of vitamin B12 
deficiency accompanied by growth retardation 
and macrocytic anemia are highly important 
for the prevention of infantile tremor. It should 
be noted that the infants of mothers with 
nutritional vitamin B12 deficiency may develop 
sudden abnormal movements following peroral 
vitamin B12 therapy and that the differential 
diagnosis of these disorders is highly important 
for the prevention of long-term neurological 
sequela by treatment. Moreover, extensive 
knowledge of the medications to be used in 
such patients is of paramount importance 
for the prevention of unnecessary drug use. 
Assessment and treatment of maternal vitamin 
B12 levels, especially in the last three months 
of pregnancy or after childbirth, is of vital 
importance for preventing myelination in the 
infants.
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