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Introduction

The newborn infant is prone to a variety of motor
phenomena that are non epileptic in origin. Tremor,
jitteriness and benign neonatal sleep myoclonus are fre-
quently encountered, while other abnormal movements
including neonatal hyperekplexia are less commonly
seen. Many of these phenomena are benign and have
no bearing on the neonate’s eventual neurodevelopmen-
tal outcome. However, some such as jitteriness should
alert the physician to possible pathology that may re-
quire specific investigations and treatment.

Alternately, epileptic seizures in the newborn are
frequently associated with significant intracranial pa-
thology and place the newborn at high risk for poor
neurodevelopmental outcome. Differentiating non epi-
leptic phenomena from epileptic seizures is important
so as to avoid unnecessary parental anxiety, investiga-
tions and treatment with potentially harmful medica-
tions. This often can be done clinically. In some cir-
cumstances this can be difficult, such as differentiating
subtle seizures from brain stem release phenomena. In
these circumstances electroencephalogram ( EEG) and
other neuro-investigations are required.

In this paper, the authors will provide a review of
the various non epileptic motor phenomena seen in neo-
nates. The objectives of this paper are to provide phy-
sicians who care for neonates with a review of these non
epileptic phenomena with special emphasis on differen-
tiating them from epileptic seizures and offer informa-

tion on treatment and prognosis wherever possible.
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Tremor and jitteriness

Tremor can be defined as an involuntary, rhythmical
oscillatory movement of equal amplitude around a fixed
axis. It can be either fine with a high frequency
( >6 Hz) and low amplitude ( <3 c¢m) or coarse with
low frequency and higher amplitude''’. Jitteriness re-

21 In this review the terms

fers to recurrent tremor
tremor and jitter are used interchangeably. Tremor is
the most common abnormal movement encountered in
the neonate. Up to two thirds of healthy newborns will
have some fine tremor in the first 3 days of life and
Parker et al >*' reported that up to 44% of newborns
were jittery.

Although tremor in older children and adults usually
denotes a lesion within the cerebellum, basal ganglia,
red nucleus or thalamus, this does not appear to be the
case in the neonate'*’. One theory is that neonatal
tremor is due to immaturity of spinal inhibitory inter-
neurons causing an excessive muscle stretch reflex. As
the neonate gets older and the interneurons mature, the

[5]

tremor resolves Another theory is that elevated

levels of circulating catecholamines account for the
tremor'® .

Tremor and jitteriness may be benign or pathologi-
cal. Pathological conditions that may be associated with
tremor include hypoglycemia, hypocalcemia, sepsis,
hypoxic-ischemic encephalopathy, intracranial hemor-
rhage, hypothermia, hyperthyroid state and drug with-
drawal'"®'. In general, fine tremor is usually benign or
secondary to metabolic disturbance such as hypoglyce-
mia. Coarse tremor should raise suspicion of intracrani-

al pathology such as hypoxic-ischemic encephalopathy
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and intracranial hemorrhage. Coarse tremor is fre-

13

quently associated with the “neonatal hyperexcitability
syndrome” in mildly asphyxiated neonates with in-
creased tendon reflexes and excessive moro re-
sponse '

The neurological outcome of neonates with tremor is
good as long as there are no perinatal complications
such as asphyxia identified. Two follow up studies
showed that jittery infants without a history of perinatal
complications had normal neurodevelopmental outcome
regardless whether the tremor was fine or coarse .
Jittery neonates with a history of perinatal complications
were at a thirty percent risk of adverse neurodevelop-
mental outcome in particular those with coarse tremor

as part of the * neonatal

9 [4,8]

hyperexcitability syn-
drome

Tremor can be differentiated from seizure if the fol-
lowing characteristics are observed: 1) Tremor can be
brought on with stimuli and can be stopped with gentle
passive flexion and restraint of the affected limb. 2)
Tremor is not associated with ocular phenomena such
as forced eye deviation. 3) Tremor is not associated
with significant autonomic changes such as hyperten-
sion or apneam.

Investigation of the jittery neonate should depend on
the perinatal history and physical examination. If the
neonate appears well and has no history of perinatal
complications, blood glucose measurement alone will
suffice’”’. One can determine if the tremor is benign
by placing the neonate supine with hands free at their
side. A benign tremor will resolve when the neonate is
allowed to suck on the examiner’s finger "', Further
investigations should be performed in those neonates
that appear unwell, have coarse tremor, have a history
of perinatal complications and whose tremor doesn’t
settle with soothing or suckling. Investigations per-
formed ultimately depend on the clinical situation but
consideration should be given towards doing a septic
workup, urine drug screen, neuroimaging, thyroid
screen and metabolic workup'®'.

Special consideration should be given to tremor as
part of a neonatal withdrawal syndrome. Excessive
tremor and jitteriness has been reported in newborns of

[11

mothers who had been prescribed opiates''" and selec-

[12-13]

tive serotonin reuptake inhibitors Maternal abuse

of illicit substances such as marijuana, inhaled volatile
substances and cocaine can also cause a withdrawal
syndrome in which coarse tremor is prominent'>'*"*’.
Interestingly tremor doesn’t appear to be more common
in neonates of alcoholic or nicotine dependent moth-

[3]
ers .

Treatment of neonates with tremor and jitteriness
should be aimed at correcting the underlying cause if
identified. Those that appear unwell or have a history
of perinatal complication should be observed in a NICU
setting. Special care must also be paid to mother-new-
born bonding as jittery neonates tend to have decreased
visual attention and are more difficult to console*’.

A form of tremor that only involves the perioral mus-
cles is familial trembling of the chin which is an auto-
somal dominant condition in which the cutaneous mus-
cles of the chin will tremble. In the neonate it is fre-
quently brought on by crying. Treatment with botuli-
num toxin injections into the perioral muscles is re-
served only for cases where the trembling causes diffi-

culty with eating, drinking or social embarrass-

ment“ﬁ].

Myoclonus

Myoclonus is a brief shock like movement of a limb
caused by muscle contraction. It can be either local-
ized to one body part or generalized. It can be a single
event but is often repetitive. Unlike tremor it is irregu-
lar and arrhythmic. Myoclonus also tends to have high-
er amplitude than tremor. Myoclonus can originate
from any level of the central nervous system in particu-
In the

neonate, epileptic myoclonus is uncommon and infre-

lar the cortex, brainstem and spinal cord'"’.

quently associated with synchronous discharges on the
EEG. This has provoked much debate whether myoclo-
nus in the absence of synchronous EEG discharges can

[9,18-19]

be epileptic or non epileptic Epileptic myoclo-

nus should not be provoked by stimulus, and cannot be
18]

suppressed by restraining the affected body part'

Non epileptic myoclonus may be benign or denote
severe CNS pathology. Neonates with pathological non
epileptic myoclonus have abnormal neurological exami-
nations and abnormal EEG. The most common etiolo-
gies are severe intraventricular hemorrhage , hypoxic is-

20-21

chemic injury and glycine encephalopathy ™', Myoc-

lonus has also been reported in premature neonates af-
.. . . . [22:23]

ter receiving intravenous benzodiazepines . Non

epileptic pathological myoclonus most likely represents

brainstem release phenomena in which cortical inhibi-

tion of normally suppressed brainstem activity is lost
18,21,24]

due to diffuse cerebral injury"

Benign neonatal sleep myoclonus is characterized by
rhythmical myoclonic jerks seen only during sleep. It is
common and frequently misdiagnosed as seizures. Be-

nign neonatal sleep myoclonus can be distinguished
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from epileptic myoclonus by the fact it only occurs in
sleep, and stops abruptly and consistently when the
child is roused. During the myoclonus the EEG is nor-

mal »/ .

It tends to occur in healthy, full term newbo-
rns. While it can be seen in any stage of sleep, it
tends to occur predominantly in quiet sleep'”*!. Un-
like sleep myoclonus in adults, which is usually an
asymmetric single jerk, benign neonatal sleep myoclo-

[26]

nus is bilateral and repetitive Onset is usually in

the first few days of life and usually remits spontane-

ously by four months of age'"”’.

Unlike tremor and jit-
teriness, gentle restraint may worsen the myoclonus.
As the myoclonus can last up to an hour it can be mis-
taken for status epilepticus leading to treatment with
anticonvulsants which provide no benefit and often

71 Like many other forms of

worsen the myoclonus
myoclonus, benign neonatal sleep myoclonus can re-
spond to clonazepam (0. 05-0. 1 mg/kg/day) howev-
er, consideration towards treatment should only be giv-
en to the most severe cases.

The underlying mechanism behind benign neonatal
sleep myoclonus is poorly understood. One proposed
mechanism is immaturity of serotonergic pathways with-
in the brainstem which normally suppress movement
during sleep''?*.

Benign myoclonus of early infancy which has usual
onset between three to nine months has also been repor-
ted in the neonatal period ™. In this condition, the in-
fant will have recurrent clusters of myoclonic jerks when
awake. Typically they are not provoked by stimulus.
They resemble infantile spasms but are not associated
with developmental decline and the EEG is normal even
during events. Resolution is by nine months of age and
there is no apparent effect on neurodevelopment. The

23] Usually treatment

underlying etiology is unknown
is not required.

Stimulus provoked myoclonus resulting in myoclonic
jerking of the extremities with handling or stimulation
can occur in the newborn period. This is poorly de-
scribed in the literature. Our recent experience with a
newborn with severe stimulus provoked myoclonus re-
vealed that the myoclonus is refractory to all anticonvul-
sants with the exception of clonazepam which aborted
the myoclonic jerks at a low dosage (0.1 mg/kg/day).
EEG was recorded during many of these events. The in-
terictal background was normal and during the bouts of
myoclonus showed rhythmic movement artifact only. No
epileptiform discharges were seen. MRI of the brain and
spine and extensive metabolic workup did not reveal an

underlying cause for the myoclonus. By 3 months of age

the myoclonnus had resolved and the medication was
withdrawn successfully. Development to date has been
normal. Although we did not find an underlying cause
for the stimulus provoked myoclonus, we recommend
that these newborns undergo neuroimaging of the brain
and spine and metabolic workup to rule out conditions

such as nonketotic hyperglycinemia.
Neonatal hyperekplexia

Also known as startle disease, hyperekplexia is a
rare disorder characterized by generalized muscle rigid-
ity in the neonate, nocturnal myoclonus and an exag-
gerated startle reaction to auditory, tactile and visual
stimuli. The startle reaction is a normal response to
stimuli that consists of facial grimace and blinking fol-
lowed by flexion of the trunk. The startle response is
exaggerated when it interferes with normal activities,
causes apnea and frequent falls">" .

Hyperekplexia can present in either a minor or major
form. The minor form has an exaggerated startle re-
sponse only. The exaggerated startle response can con-
sist of a generalized tonic spasm with tonic flexion of
the limbs and trunk and clenching of the fists. The
eyes often remain open in an anxious stare. Apnea is
common during the spasms due to chest wall rigidity.
The exaggerated startle response can be elicited by tap-
ping the nasal bridge thus differentiating it from sei-
zures for which it is often mistaken. In the major form,
there is also a generalized muscle rigidity seen only
when the infant is awake and nocturnal myoclo-
nusl39?)

During the first two years of life, the affected infant
is at increased risk of sudden infant death syndrome
due to central apnea secondary to brainstem dysfunc-
tion as well as apnea during the tonic spasms. For this
reason, these infants should have home apnea monito-
ring. Although the muscle rigidity resolves by around
three years of age, the exaggerated startle persists re-
sulting in frequent falls and injury. In some cases,
clonazepam (0.1 mg/kg) can be helpful in controlling
the muscle rigidity and startle episodes ' .

Hyperekplexia is for the most part a familial condi-
tion inherited in an autosmal dominant fashion with
variable expression. The genetic defect is linked to
chromosome 5¢33-35. This results in defective chloride
conduction through the alpha-1 subunit of the glycine
receptor in the caudal pontine reticular formation resul-

ting in defective neuronal inhibition"
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Other transient movement disorders

A movement disorder results from dysfunction within
the basal ganglia circuitry. While many are transient
and benign, some may result from permanent basal
ganglia injury. Up to one third of the transient benign
movement disorders of childhood can be seen in the
first three months of life. Benign paroxysmal torticollis
is characterized by episodes of painless lateral neck
flexion or torticollis often associated with pallor, emesis
and abnormal eye movements. The attacks may last up

[29

to several days. Fernandez-Alvarez ™’ reports that two

of thirteen patients had attacks in the first month of
life.

A hyperkinetic movement disorder resulting in chore-
iform movements of the extremities and abnormal mouth
and tongue movements similar to those seen in oral-
buccal dyskinesia has been reported in premature in-
fants with severe bronchopulmonary dysplasia. These
movements seemed to worsen during periods of respira-
tory failure and are attenuated during sleep. The pro-
posed pathophysiology is chronic hypoxic injury to the

The neurodevelopmental outcome of
[33]

basal ganglia.

these infants was poor

Subtle seizures and brainstem release phe-
nomena

The neonate is prone to a variety of epileptic seizures
including “subtle” and tonic seizures. Volpe'®' defines
subtle seizures as paroxysmal alterations in the neo-
nates’ behavior or motor and autonomic function that
are not associated with tonic, myoclonic or clonic ac-
tivity. Frequently associated changes include abnormal
eye movements ( random, nystagmoid or sustained lat-
eral gaze) and oral-buccal lingual movements such as
sucking chewing or tongue protrusions. Tonic seizures
can either consist of tonic extension of all four extremi-
ties mimicking decerebrate posturing or tonic flexion of
the arms and extension of the legs mimicking decorti-
cate posturingm.

These events are frequently not associated with epi-
leptic changes on the EEG and respond poorly to stand-
ard anticonvulsants. This has led to debate whether
they represent epileptic seizures or non epileptic brain-
28991 Volpe!®! feels  that

these may represent seizures that are not detectable on

stem release phenomena

standard EEG because they arise from deep subcortical

structures such as the diencephalon or from deep within

the limbic structures. While there is evidence derived
from animal studies to support this theory, it has not
been shown in humans. Mizhrahi and colleagues' """’
argue that if these events are not associated with epi-
leptic changes in the EEG and they have features of re-
flexive behavior such as being provoked by stimulation
and suppressed by gentle restraint then they are not epi-
leptic and represent brainstem release phenomena. Sin-
gle photon emission computed tomographic ( SPECT )
imaging obtained in a neonate with severe hypoxic is-
chemic injury with recurrent episodes of tonic posturing
showed that the posturing originated in the brainstem,
thus supporting Mizhrahi’s argument >’

Both seizures and brainstem release phenomena oc-
cur in neonates who have abnormal neurological func-
tioning and can occur concurrently in the same pa-

tient """

Differentiating between the two can be
very difficult on clinical grounds alone making video-
EEG necessary. Electrographic seizure activity in the
neonate tends to be localized most commonly to the
temporal and central head regions. Seizures arising
from the occipital and frontal lobes are very uncom-
mon. The EEG features of a seizure in the neonate can
be quite subtle with features very different from those
seen in adults or older children making them easy to
miss' **'. Therefore the recording must be read by an e-
lectroencephalographer with experience in neonatal
EEG. To optimize detection of seizure activity and in-
terictal discharges, the neonatal montage should be
used when recording the EEG. This montage maximi-
zes recording in the temporal, central and vertex head

) To assist in interpretation of the EEG the

regions
technologist needs to record changes in head position,
state changes or movement. Recently, cerebral func-
tion monitoring has been used with increased frequency
to monitor the cerebral activity of asphyxiated newbo-
rns. Typically, a limited number of electrodes are
placed on the newborn’s scalp, thus limiting the ability
to detect and interpret epileptic events. Therefore, in
our opinion, cerebral function monitoring is not ade-
quate to determine if an event is epileptic in origin or
not.

A common interictal discharge encountered in the
neonate is the sharp transient which is a sharply con-
toured wave that is clearly distinguished from the un-
derlying background activity. These can be benign or
pathological depending on their location, frequency
and persistence. Whether pathological sharp transients
should be used to determine that an event is epileptic

. . 1019,34-35]
or not is controversial .
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