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Vitamin B12 deficiency in childhood presents with a wide variety of symptoms including
anemia, failure to thrive and developmental delays. It is a diagnostic consideration in
children who are exclusively breastfed or have minimal solid intake, especially if their
mother is vegetarian or has underlying vitamin B12 deficiency. Infantile tremor syndrome
(ITS) has been associated with vitamin B12 deficiency. ITS presents with neurological
symptoms such as developmental delays and tremors. The tremors seen in ITS can
be profound and interfere with daily functioning. Different therapies have been tried for
those tremors without much evidence or information regarding their efficacy and dosing
regimens. We present the case of a 13-month-old girl with vitamin B12 deficiency who
developed ITS with significant tremors after initiation of vitamin B12 therapy. She was
treated with propranolol which resulted in significant improvement in her tremors. This
case highlights the efficacy and safety of propranolol for the treatment of TS in the context
of vitamin B12 deficiency.
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INTRODUCTION

Children with vitamin B12 deficiency can present with anemia, pancytopenia, failure to
thrive, hypotonia and developmental delays and/or regression (1-3). Vitamin B12 deficiency
can be seen in infants who are exclusively breastfed by mothers who are vegetarian or
who are themselves vitamin B12 deficient (1-3). Investigations in children with vitamin B12
deficiency can reveal macrocytic anemia, leukopenia, thrombocytopenia, high serum homocysteine
levels and high lactate dehydrogenase (LDH) levels (4). Peripheral blood smears may show
macrocytic hypochromic oval erythrocytes, anisocytosis, poikilocytosis, and hypersegmentation of
neutrophils (5). Furthermore, head imaging may reveal cerebral atrophy and delayed myelination
patterns for age (1). Early recognition and treatment of vitamin B12 deficiency can lead to
significant improvement in terms of neurodevelopment and prevent long term neurological
consequences (1-3).

Frontiers in Pediatrics | www.frontiersin.org

1 November 2021 | Volume 9 | Article 774747


https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/journals/pediatrics#editorial-board
https://www.frontiersin.org/journals/pediatrics#editorial-board
https://www.frontiersin.org/journals/pediatrics#editorial-board
https://www.frontiersin.org/journals/pediatrics#editorial-board
https://doi.org/10.3389/fped.2021.774747
http://crossmark.crossref.org/dialog/?doi=10.3389/fped.2021.774747&domain=pdf&date_stamp=2021-11-24
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles
https://creativecommons.org/licenses/by/4.0/
mailto:amc986@mail.usask.ca
https://doi.org/10.3389/fped.2021.774747
https://www.frontiersin.org/articles/10.3389/fped.2021.774747/full

Cyr et al.

Propranolol Therapy for Infantile Tremor Syndrome

Infantile tremor syndrome (ITS) has been associated with
vitamin B12 deficiency. ITS is defined as the “tetrad of pallor,
developmental delay/regression, skin pigmentation, and brown
scanty scalp hair” (6). Tremors may occur later in the course of
ITS and tend to be jerky in character. Tremors usually involve
facial muscles and infants can also present with “tremulous
vocalization or cry” (6). It has been documented that tremors
may be triggered by vitamin B12 replacement in children who
are deficient (6). The etiology and pathophysiology of ITS are
still unknown, but several studies have linked ITS to vitamin
B12 deficiency (6). Tremors seen in ITS have been treated
with different modalities such as propranolol, sedatives and
anticonvulsants, but no study has looked at their efficacy and
safety profile (6).

CASE REPORT

A previously healthy 13-month-old girl was referred to a
tertiary pediatric care center for further investigations and
management of her pancytopenia. She was initially seen by a
general pediatrician in the community for concerns of a 2-month
history of tiredness, decreased appetite and failure to thrive.
A complete blood count (CBC) was done after noticing her
pallor which revealed pancytopenia. Her hemoglobin level was 52
(range 105-145) g/L, her platelet count was 120 (range 150-400)
x 10°/L and her leukocyte count was 6.6 (range 7-20) x 10°/L.
Her physical examination was significant for pallor, tachycardia,
hypotonia, and sparse scalp hair. Her weight, length and head
circumference were below the third percentile for gender and
age. Upon review, she was also noted to have gross motor delays:
she still needed assistance to sit or stand and she was unable to
crawl or walk. In terms of diet, she was mostly breastfed. Limited
solids were introduced at 6 months of life, but she then developed
oral aversion secondary to episodes of constipation. The family
history was unremarkable except for her mother having iron
deficiency anemia and hypothyroidism.

Further investigations revealed that her anemia was
macrocytic: her MCV was 107.4 fL (range 79-97 fL). She
also had undetectable vitamin B12 levels (<100 pg/mL, normal
range 160-950 pg/mL), as well as high lactate dehydrogenase
(LDH) levels (>4,300 U/L, normal range 373-618 U/L). Her
reticulocyte count was also inappropriately within the normal
range (61 x 10%/uL, normal range 19-73 x 10°/pnL) given
her significant anemia. Her other nutrients including iron
and folic acid were within normal range. Immunoglobulin
levels were not measured. Her peripheral blood smear showed
marked poikilocytosis as shown in Figure 1. Her work-up for
malignancy including a bone marrow aspirate was negative.
Her work-up for other causes of bone marrow suppression was
also negative (negative Hepatitis, Parvovirus B19 and Epstein-
Barr Virus panels). Given these findings, her pancytopenia
and developmental delays were thought to be secondary to
severe vitamin B12 deficiency. Unfortunately, testing for serum
homocysteine and urine methylmalonic acid was only done after
starting treatment and results were normal. Considering that her

Abbreviations: ITS, Infantile tremor syndrome.
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FIGURE 1 | Marked poikilocytosis on patient’s peripheral blood smear.

oral intake was from breastmilk exclusively, her mother’s vitamin
B12 levels were measured, and she was found to be vitamin B12
deficient as well (undetectable vitamin B12 levels < 100 pg/mL).
Her mother was referred for further evaluation of the underlying
cause of her vitamin B12 deficiency. Pediatric gastroenterology
was also involved to assess for potential gastrointestinal causes
of vitamin B12 deficiency including H. pylori gastritis, small
intestine inflammation and pancreatic insufficiency. These
investigations came back normal, including a negative H. pylori
stool antigen testing, normal stool alpha-1-antitrypsin levels
(195 mg/dL, normal range 95-200 mg/dL), a negative celiac
disease screen, a negative intrinsic factor blocking antibody
testing and normal stool calprotectin levels (62 ug/g). Based on
these findings and her exclusive breastfeeding, the most likely
cause of her vitamin B12 deficiency was thought to be secondary
to dietary deficiency knowing that her mother was vitamin
B12 deficient as well. The patient was started on intramuscular
vitamin B12 injections at 1,000 mcg daily.

Two days after starting her vitamin B12 therapy, she was
noted to have tremors. The tremors involved her arms and
legs and occasionally her lips and tongue. The tremors were
high amplitude, low frequency jerks that were suppressible. They
resembled shaking movements aggravated by action. The tremors
were also present during sleep but at a lesser intensity. She did
not show other movement abnormalities. There were no vital
signs changes associated with these episodes and her pupils were
always reactive. Occasionally, her eyes were wandering during
the tremor episodes. Lorazepam was trialed for possible seizures,
but it did not have any effect. Given her risk of sinus venous
thrombosis related to her profound anemia and dehydration
upon presentation, a head computed tomography venogram
(CTV) scan was done to rule-out any intracranial anomaly.
No acute intracranial pathology was identified but significant
atrophy with decreased white matter volume was seen (Figure 2).
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FIGURE 2 | Axial head CT image showing marked cerebral atrophy with
reduced white matter volume.

The tremors were initially intermittent but could last up to 5h.
At that time, the pediatric neurology team became involved in
the care of this patient. An electroencephalogram (EEG) was
done to rule-out seizure activity and was normal. A magnetic
resonance imaging (MRI) of her head was completed and the
findings were consistent with the head CT results. Her MRI
showed reduced white matter volume resulting in enlargement
of the CSF spaces with age-appropriate myelination pattern
(Figure 3). There was no cerebrospinal fluid analysis done. She
was diagnosed with infantile tremor syndrome (ITS), which was
likely triggered by her vitamin B12 treatment, as described in
the literature (6). Her daily tremors, accompanied with bleating
sounds, worsened at bedtime and were starting to impact her
ability to feed herself. A decision to treat was made given the
functional impairment. Given the lack of robust evidence in
terms of therapy and dosing, propranolol was chosen considering
its good safety profile in infants with hemangiomas and some
reports of efficacy in tremors associated with ITS (2). A starting
dose of 0.5 mg/kg/day divided twice daily was used, which is
a safe, standard starting dose used in infantile hemangiomas.
There was a plan for further titration to 1 mg/kg/day based
on her response, however, after 1 day of treatment, she was
already showing improvement in her tremors. Within a week of
treatment, her tremors had decreased in frequency and intensity
and were no longer interfering with her functioning. Her blood
glucose levels, heart rates and blood pressures were closely
monitored during the initiation of propranolol and she did not
experience any side effects from this therapy.

The patient’s reticulocyte count and vitamin B12 levels showed
great response to the vitamin B12 therapy. Within 5 days of
treatment, her reticulocyte count increased to 436 x 10°/uL
and her vitamin B12 levels were >2,000 pg/mL. From a dietary
perspective, she was started on nutritional supplementation via
a nasogastric tube. Speech language pathology was also involved
to help manage her oral aversion and to slowly introduce solids

FIGURE 3 | Axial T1 MRI images showing reduced white matter volume
resulting in enlargement of the CSF spaces with age-appropriate myelination
pattern.

to her diet. The patient improved dramatically throughout her
stay on the pediatric ward. After receiving blood transfusions
and vitamin B12 injections, her energy had improved. She made
great progress from an oral aversion perspective and by the end of
her stay, some solids were reintroduced to her diet. She restarted
gaining weight while on nasogastric feeds. She was also showing
some progress in terms of gross motor development with better
central tone and head control. At the time of discharge, she still
had mild tremors that were not interfering with her functioning
and she was continued on the same dose of propranolol.

She was closely followed by general pediatrics, hematology
and neurology as an outpatient. She continued to show dramatic
improvements in terms of neurodevelopment: within a month,
she was sitting unsupported, was able to stand with minimal
support and started to crawl. Her oral intake also increased
significantly, and she was transitioned off of nasogastric tubes 4
months after her admission. Given the significant improvement
in her tremors, she was weaned off of the propranolol after 6
weeks of treatment without any rebound in her symptoms.

DISCUSSION

Vitamin B12 deficiency can present with a wide variety
of symptoms including developmental delay and regression.
Vitamin B12 deficiency should be considered in infants mostly
or exclusively breastfed, especially if their mother is vegetarian,
has a diet poor in meat or has an underlying pernicious anemia
(6). Many cases were previously reported in developing countries,
but it is a diagnosis to consider in any setting, especially given
the increasing popularity of vegetarianism and veganism. In fact,
some studies have shown that the prevalence of these diets has
increased substantially in the past decade and can be estimated to
about 2-5% in North Americans (7). This case, along with many
others reported in the literature, stresses the importance of early
detection and treatment of vitamin B12 deficiency in infancy
to improve neurodevelopmental outcomes and avoid permanent
long-term neurological consequences (8).

Infantile tremor syndrome has been associated with many
cases of vitamin B12 deficiency and there is growing evidence
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that this nutritional deficiency could actually be the cause of
ITS (5). Of note, tremors can also be seen in other nutritional
deficiencies such as zinc and magnesium (6). Zanus et al.
reviewed cases of ITS related to vitamin B12 deficiency and
common findings to our case include progressively increasing
shaking movements usually starting 2-8 days after onset of
vitamin B12 replacement (9).

Different treatment options have been tried to address the
tremors associated with ITS such as carbamazepine (10, 11),
sedatives like phenobarbital (9), and propranolol (2). However
there is little information regarding the dosing regimens used and
associated outcomes. Propranolol was selected in this case given
its efficacy reported in some case series of ITS (2) and its relatively
safe side effect profile compared to sedatives and anticonvulsants
trialed in the literature. As there is little reported guidance, the
propranolol dosing regimen in this case along with a monitoring
protocol was based on the one used for infantile hemangiomas
at our pediatric center. The patient experienced significant
improvement in her tremors without any adverse reaction.

This case highlights the efficacy and safety of propranolol for
the treatment of ITS in the context of vitamin B12 deficiency.
From a parental perspective, addressing these tremors provided
reassurance and allowed their daughter to progress in terms of
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