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Caterina Zanus 1, Elena Alberini 1, Paola Costa 1,
Franco Colonna 2, Floriana Zennaro 3, Marco Carrozzi 1

1 Institute for Maternal and Child Health, IRCCS “Burlo Garofolo” Trieste
2 Department of Pediatrics, General Hospital, San Vito al Tagliamento, Pordenone
3 Radiology, Institute for Maternal and Child Health, IRCCS “Burlo Garofolo” Trieste, Italy

Received September 29, 2011; Accepted March 26, 2012

ABSTRACT – Involuntary movements can appear before and after initia-
tion of vitamin B12 treatment. The pathogenesis of involuntary movements
in vitamin B12 deficiency and their relationship with cobalamin injection
remain unclear due to a lack of video-EEG documentation making the elec-
troclinical correlation difficult to ascertain. Here, we report video-EEG and
neuroimaging findings of an 11-month-old girl with vitamin B12 deficiency,
who acutely developed involuntary movements a few days after initiation
of vitamin B12 treatment with normal vitamin plasmatic levels. Abnormal
movements were a combination of tremor and myoclonus involving the

isappeared after discontinuation of
nces]

(vB12 deficiency), encephalopathy,

ing eyes (Grattan-Smith et al., 1997).
It is still not clear whether the move-
ment disorder appearing after the
beginning of treatment with cobal-
amin is a new event or induced
by treatment, or an exacerbation
of a pre-existing milder movement
disorder (Chalouhi et al., 2008).
Moreover, when this movement
is a combination of tremors and
myoclonus, it can be particularly dif-
face, mouth, and left arm, which d
therapy. [Published with video seque
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The clinical manifestations of vita-
min B12 deficiency (vB12 deficiency)
are wellknownandincludedevelop-
mental delay or regression, hypo-
tonia, irritability, lethargy, weakness,
apathy, involuntary movements, and
seizures.
Involuntary movements may be part
of the neurological syndrome at
onset or may acutely and tempora-
rily occur after the beginning of
d
o
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vB12 treatment. The first cases of
involuntary movements during vB12
treatment were reported by Grattan-
Smith et al. who described shaking
movements, myoclonus, tremor,
chorea, twitching, protrusion or
tremor of the tongue, and wander-

ficult to differentiate from seizures
(Yavuz, 2008). The electroclinical
data reported in the literature are
not sufficient to clarify the diffe-
rential diagnosis between involun-
tary movements and seizures; the
EEG recordings reported are often
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the myoclonus of the face, and reappeared during a
naccurate because of a great deal of artefacts and are
onsidered difficult to interpret; moreover, the EEG
valuation frequently refers to the interictal phase.
hus, the EEG is often described as normal or charac-
erised by different EEG patterns, ranging from
ocal/multifocal epileptiform activities to hypsar-
hythmia.

e report the clinical data, video-EEG, neuroimaging
ndings, and follow-up of an 11-month-old female with
B12 deficiency who acutely developed a severe move-
ent disorder five days after starting vB12 treatment.

he video-EEG sequence, in particular, is an important
ontribution to the clinical documentation of a better
escription and understanding of the type and nature
f such a movement disorder.

ase report

n 11-month-old girl was admitted to our emergency
epartment because she suddenly developed tremors
nd myoclonic movements five days after initiation of
B12 injections for vB12 deficiency.
n the preceding week, the child was admitted to the
ospital of her town because of emerging feeding diffi-
ulties, anorexia, and loss of weight. Regression of
re-existing developmental delay, hyptonia and con-

inuous fine tremors, mainly involving trunk muscles,
pileptic Disord, Vol. 14, No. 2, June 2012

ere observed. The girl was exclusively breast-fed and
efused to take any other food. Metabolic assessment
evealed megaloblastic anaemia with levels of vB12 that
ould not be accurately measured (<83 pg/mL, refe-
ence range: 180-1100). Vitamin B12 deficiency was
lso present in the mother, due to atrophic gastri-
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igure 1. EEG recorded on admission, showing a slowing of the basal a
f a 6-8-Hz rhythmic activity at the anterior and central areas of the le
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is undiagnosed up to that point. For the mother’s
edical history, autoimmune thyroiditis was reported.
itamin B12 treatment was started with daily vB12 intra-
uscular injections (cianocobalamin, 1,000 �g/day).
itamin B12 plasmatic levels normalised, the girl

mproved, and she was discharged from the hospital.
he day after, new tremors and myoclonic jerks
uddenly appeared, mainly affecting the left arm
nd persisting during sleep. Myoclonic jerks were
bserved on the left side of the mouth, with protru-
ion and twitching movements of her tongue. The child
ppeared lethargic and hyporeactive without an evi-
ent impairment of consciousness.
he same paediatricians who visited and treated the
irl before urgently sent her to our hospital with the
ypothesis of an epileptic status. At that moment,

he child was only receiving vB12 treatment and no
revious sedation was performed. On admission, the
ideo-EEG revealed slowing of the basal activity, con-
istent with diffuse encephalopathy (figure 1, video
equence 1). It was possible to observe rhythmic
yoclonus on the EMG of flexors and extensor mus-

les of the left arm. A 6-8-Hz rhythmic activity was
resent in the anterior and central areas of the left
emisphere, due to muscular artefact. This focal EEG
hythmic activity disappeared during sleep, as well as
175

 Low pas filter: Hz Garr. 0150 µV/cm

ctivity, consistent with diffuse encephalopathy and the presence
ft hemisphere, due to muscular artefact.
le; EMG 3: left flexor carpi radialis muscle.

rief arousal, while myoclonic jerks of the arm per-
isted. This slow activity became more evident and
ynchronous, and it was possible to observe brief
hythmic sequences of rapid activity and small ampli-
ude on the central-anterior areas, that we interpreted
s sleep spindles (figure 2, video sequence 2). We
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igure 2. EEG recorded during sleep; focal EEG rhythmic activity o
ore evident and synchronous.

MG1: orbicularis oris muscle; EMG2: left extensor carpi ulnaris m

ypothesized a correlation between the corrective
reatment and involuntary movements, and after dis-
ontinuation of the supplementation the involuntary
ovements rapidly disappeared. The video-EEG dur-

ng wakefulness and sleep, performed a few weeks
ater, revealed a progressive reduction of the slow
ctivity and the absence of pathological movements.
n the following months, the girl showed a gradual
mprovement of both psychomotor development
nd relational skills. A normalisation of the electro-
ncephalographic pattern was observed.
uring the acute manifestations, MRI revealed severe

nd diffuse cerebral atrophy with delayed myelination
figure 3). MRI performed at six months of follow-up
howed obvious recovery with a significant reduction
f the cerebral atrophy and an improvement of myeli-
ation (figure 3).

iscussion

nvoluntary movements are a chief component of the
eurological syndrome of vB12 deficiency, together
ith developmental regression. They usually disap-
ear one or two days after treatment, while the

ong-term prognosis of vB12 deficiency in terms of psy-
76

homotor development is thought to depend on the
verall duration of the deficiency and severity of symp-

oms. Infants diagnosed and treated before the age of
year have a better neurological outcome (Chalouhi

t al., 2008).
he appearance of involuntary movements in vB12
eficiency after some days of corrective treatment

t
a
t
o
o
m
T

ved during wakefulness disappears, while slow activity becomes

le; EMG 3: left flexor carpi radialis muscle.

ith cobalamin is a rare and less well-known condi-
ion. In this case, involuntary movements are usually

ore severe, become more intense with tactile stimu-
ation and on arousal, and persist, less evidently, during
leep. These movements have a “hyperkinetic” charac-
er; shaking movements, myoclonus, tremor, chorea,
witching, protrusion or tremor of the tongue, and
andering eyes are described in literature.
here is no agreement (nor sufficient clinical, humoral,
nd neurophysiological data) on the nature of the
ovement disorder. Moreover, it is not clear whether

he rare movement disorder appearing after treatment
ith vB12 is something new, induced by treatment, or

n exacerbation of a pre-existing movement disorder.
n our case, clinical symptoms of low plasmatic levels of
B12 were: psychomotor regression with feeding diffi-
ulties, hypotonia, and a mild tremor mainly involving
runk muscles. This tremor gradually improved and
early disappeared with the normalisation of vB12
lasmatic levels.

nvoluntary movements that acutely developed after
nitiation of corrective treatment were quite different
n severity and localisation. The video-EEG sequence
hows a combination of myoclonus and tremor, more
vident on the left arm and on the face (mouth,
ongue), while the EEG is characterised by a slowing of
Epileptic Disord, Vol. 14, No. 2, June 2012

he background activity, consistent with the lethargic
nd hyporeactive state of the child, without any epilep-
iform activity (video sequence 1). The disappearance
f the muscular artefact related to the disappearance
f the myoclonus of the face during sleep, with arm
yoclonus persisting, remains difficult to interpret.

he lethargic and hyporeactive state could not be
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igure 3. A) MRI performed at admission shows severe and dif
t six months of follow-up showing an important recovery with
yelination.

ttributed to sedation or anaesthesia; in particular, we
id not use nitrous oxide, according to the recommen-
ation in the literature which contraindicates its use in

he investigation of vB12 deficiency (Manson, 2002).
here are few descriptions of involuntary movements
ppearing after vB12 deficiency correction in infancy
Stollhoff and Schulte, 1987; Avci et al., 2003; Casella
t al., 2005; Incecik et al., 2010) and only one case in
dult age (Celik et al., 2003). The EEGs reported are usu-
lly normal (Emery et al., 1997; Ozer et al., 2001; Mathey
t al., 2007; Ozdemir et al., 2010) (table 1), but poly-
raphic video-EEG documentation supporting a more
recise electroclinical correlation is lacking.
rattan-Smith et al. who first described the condition,

aised the question of whether the involuntary move-
ents could be a manifestation of epilepsia partialis

ontinua; however a definite interpretation was not
iven (Grattan-Smith et al., 1997). More recently, Benbir
t al. interpreted the involuntary movements as long-

asting or continuous epileptic status (Benbir et al.,
007). Several theories have been developed regarding
he mechanisms underlying the neurological mani-
estations of vB12 deficiency. Involuntary movements
ppearing after the correction of deficiency are par-
icularly difficult to explain; these could be due to
n imbalance of excitatory versus inhibitory activity
pileptic Disord, Vol. 14, No. 2, June 2012

r to a dysfunction along fibre tracts, during reco-
ery from myelin degradation (Stollhoff and Schulte,
987).
he sudden availability of vB12 after a period of
evere shortage results in intense stimulation of cobal-
min and folate pathways, causing local deficiencies
nd excess of metabolic intermediates (Grattan-Smith

g
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cerebral atrophy with delayed myelination. B) MRI performed
nificant reduction of the cerebral atrophy and improvement of

t al., 1997). Another explanation thought to play a role
n the mechanism of involuntary movements related to
B12 treatment is hyperglycinaemia. Urinary concen-
rations of methylmalonic acid and homocystine are
haracteristically elevated in vB12 deficiency and in
ome cases hyperglycinuria can also be an associat-
d finding. Two previous reports demonstrated that
ethylmalonic aciduria and homocystinuria resolved

apidly after the beginning of vB12 treatment before
he onset of involuntary movements, but hyper-
lycinuria persisted and was present at the start of the
ovements. On the contrary, Emery et al. (1997) did

ot find elevated levels of glycine in blood or urine
efore treatment and at a time when the children were
ymptomatic (Ozdemir et al., 2010).
n our case, we suggest the presence of some

etabolic neurotransmitter modification rather than
tructural changes in the central nervous system,
onsidering the clinical features of the involuntary
ovements appeared after treatment and the brief

uration and timing of involuntary movements relative
o vitamin administration.
he severe, diffuse cerebral atrophy with delay
f myelination, evident at initial MRI, in our opi-
ion, should be considered as expression of an
ncephalopathy due to the chronic deficit which
177

radually recovered in the following six months with
he general improvement of the girl.
or the definitive interpretation regarding the origin of
ovement disorder (cortical, subcortical or epileptic),

urther information is needed including ictal video-
EG with polygraphy, but also plasmatic levels of
itamin B12, amino acids, and neurotransmitters. �
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Table 1. Onset (time between initiation of B12 treatment and development of involuntary movements/seizures),
clinical and EEG features, and therapy of vB12 deficiency cases reported in the literature.

Onset Movements EEG Therapy

Grattan-Smith et al., 1997

2 days shaking movements,
progressively more severe
(limbs, face, tongue, pharynx)

slowing of basic rhythms but
no epileptiform activity
despite a number of staring
episodes during the recording;
movement artefacts; no
epileptiform activity

ns

2 days rapid twitching movements
around the mouth and tongue
and of the orbicularis oculi

ns ns

continuous flexion-extension
movements of right hand

slowing of basic rhythms for
age, with lower amplitudes
over the frontal regions; no
epileptiform activity was
present; epilepsia partialis
continua?

PB

Lundgren et al., 1999

ns after treatment with vigabatrin,
TC convulsions disappeared
and child developed episodes
of non-convulsive loss
of muscular tonus

normal interictal EEG; ictal
registration showing a 2-min
long period of electrographic
seizure activity over the left
frontal region without clinical
symptoms

VGB

Emery et al., 1997

3 days tremor of the right arm
(progressed to the leg
and then the entire body)

EEG on admission: slightly
slow background activity;
during therapy: normal

ns

3 days more prominent protrusion
of the tongue, generalised
tremor, and chorea of the arms

three weeks after, EEG was
normal

ns

Ozer et al., 2001

3 days shaking movements,
combination of tremor
and myoclonus, progressively
involving tongue, face,
pharynx and limbs

EEG did not reveal
epileptiform activity
from the central regions

CZP

2 days shaking movements, involving
hands and then tongue
and face

EEG did not demonstrate
any abnormality

ns

Avci et al., 2003
3 days smacking and twitching

movements of the lips and
marked tremor of the tongue

normal EEG ns

Casella et al., 2005
2 days intense and generalised

tremors and myoclonic jerks
no concurrent EEG
abnormality

ns

Chalouhi et al., 2008

3 days shaking movements,
combination of tremor and
myoclonus, initially affecting
the left hand and forearm,
then the left leg

EEG did not reveal
epileptiform activity from
central regions, although was
contaminated by a great deal
of movement artefact

DZP, CZP
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Table 1. (Continued)

Onset Movements EEG Therapy

Mathey et al., 2007

1 month abnormal paroxystic
movements

normal ns

ns tremors, starting at the left arm
and then diffusing
to the forearms

ns ns

Korenke et al. 2004

at 4 months, drowsiness and
therapy-resistant seizures
(GTC), tremor observed
at 3 months

generalised slow activity
on admission, epileptic
discharges at 8 months,
normal at 1 year

B6, PB

Benbir et al., 2007

4 days twitching on face, multifocal
erratic myoclonic jerks, focal
clonic seizure (left perioral
region and arm)

continuous SW activity
(8-10 Hz) in the right
fronto-central temporal
region, fast activity (medium
voltage) on the left
hemisphere, intermixed with
some sharp and slow elements
on the fronto-temporal region,
no discrete discharges
associated with erratic
myoclonias

CZP

seizures on the 11th day
of treatment (clonic,
right-sided,
with brachio-facial
involvement)

continuous SE activity (high
amplitude, 7-8 Hz) on the left
temporal region. Diffuse,
irregular activity with mixed
frequency in all other regions

CZP

8 days chewing movements along
with clonic jerks of the left
perioral muscles, and
alternating on either,
or both arms

diffuse poly SW discharges
(high amplitude), ictal spiking
localised to the left occipital
region accompanied by clonic
contractions of right arm
and chewing movements

PB, CZP, VPA

Ozdemir, 2010

2 days severe tremor affecting both
hands and chin

normal CZP

5 days shaking movements affecting
both hands and limbs,
progressively increasing and
involving the tongue and face

normal CZP, piracetam

4 days irregular movements involving
hands and tongue

normal CZP

ns: not specified; PB: phenobarbital; VGB: vigabatrin; CZP: clonazepam; DZP: diazepam; VPA: valproic acid.
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Legends for videosequences

1 Video sequence 1

The video-EEG recorded at admission shows the
presence of jerking movements which appeared a
few days after the initiation of treatment and the
normalisation of vB12 plasmatic levels; movements
have a multifocal presentation with tremors and
parcellar myoclonic jerks affecting the left arm, fine
tremors of the left side of the mouth, and protrusion
and twitching movements of her tongue, persist-
ing during sleep. The child appears lethargic and
hyporeactive, without obvious impairment of con-
sciousness. The EEG shows a slowing of the basal
activity, consistent with diffuse encephalopathy and
the presence of a 6-8-Hz rhythmic activity at the
anterior and central areas of the left hemisphere,
due to muscular artefact.

2 Video sequence 2

During sleep, focal EEG rhythmic activity disap-
peared, even if myoclonic jerks persisted, while
slow activity became more evident and syn-
chronous.

Key words for video research on
www.epilepticdisorders.com
Syndrome: not applicable
Etiology: vitamin B12 deficiency
Phenomenology: nonepileptic paroxysmal event
Localization: not applicable
80
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