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Is it really a seizure? The challenge of paroxysmal
nonepileptic events in young infants
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Paroxysmal nonepileptic events (PNE) comprise of a variety
of nonepileptic behaviors and are divided into various types. A
more accurate diagnosis is possible by examining the video clip
provided by the caregiver. In infants, physiologic PNE accounts
for the majority of the PNE. It is important to exclude epilepsy,
for which blood tests, electroencephalography, and imaging
tests can facilitate differential diagnosis. Since most PNE have a
benign progress, symptoms often improve with age and without
special treatment. Therefore, it is important to reassure the
caregivers after making an accurate diagnosis.
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Key message

- Paroxysmal nonepileptic events (PNE) in infancy exhibit va-
rious behaviors, mostly accompanied by neurological comor-
bidities and usually disappear naturally.

- Video clips are helpful for accurate diagnosis; video electroen-
cephalography monitoring is a gold standard.

- Breath-holding spells in late infancy may be associated with
iron and the success rate of iron treatment is 59%-95%.

- Jitteriness in newborns, shivering in early infancy, and breath-
holding spells in late infancy are common PNE.

Introduction

A seizure is not a rare symptom and it is experienced by appro-
ximately 10% of the people worldwide." In the case of children,
the greatest concern of caregivers is whether the seizure might
progress to epilepsy. Epilepsy is defined as a disorder of the brain
characterized by an enduring predisposition to generate epileptic
seizures. An epileptic seizure is a transient occurrence of signs
and/or symptoms due to abnormal excessive or synchronous
neuronal activity in the brain.? The most basic element of the
diagnosis is to ascertain whether the symptom is a true epileptic
seizure. Symptoms resembling seizures are just one behavior, but

not a seizure. Therefore, the accurate diagnosis of a seizure is es-
sential for the diagnosis of epilepsy and subsequent treatment.>®

Paroxysmal nonepileptic events (PNE) collectively refer to
symptoms that display a behavior similar to that of a seizure, but
this condition is not a true epileptic seizure.” Previous studies
have reported that approximately 129%-40% of suspected
seizures were PNE (Table 1). These are broadly divided into
psychogenic PNE and nonpsychogenic (physiologic) PNE, of
which nonpsychogenic PNE is dominant in young infants.”'?)
When young infants display abnormal behaviors, their caregivers
tend to panic, fearing seizure and epilepsy. Accurate diagnosis
can thus reduce the unnecessary use of antiepileptic drugs and
ease the anxiety of caregivers. This paper aims to explore PNE
in young infants in terms of pathophysiology, diagnostic strategy,
and representative PNE.

Pathophysiology

The mechanism of PNE is not yet fully known. There are many
different types of PNE, and their pathogenesis is difficult to
perfectly understand. In human brain development, the infantile
period is characterized by dynamic changes especially in synaptic
organization and myelination.!? The newborn is capable of only
little movements such as swallowing and sucking, but as the de-
velopmental process progresses, the infant can walk and play by
1 year of age. Kuiper et al.'? found that hyperkinetic (choreatic,
myoclonic, and dystonic) movements are transiently observed in
0-3 months of age. After 6 months of age, choreatic and myo-
clonic movements disappear with sustained dystonic feature.
This phenomenon was explained by the development of under-
lying motor centers and networks connecting the immature basal
ganglia, cerebral cortex, and cerebellum. PNE might be explained
by an immature and developing infantile brain. Most PNE are
resolved as the child grows and as the brain matures. Some
authors called PNE as “developmental and benign movement
disorders.”!3)

Like other paroxysmal movement disorders, some PNE are
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Table 1. Studies of paroxysmal nonepileptic events including infants

No. of PNE patients

: . Diagnostic Diagnosed as : )
Study Mean age Case size Case selection ) with neurological
ey AL mis) comorbidities”, n (%)

Park et al.*® (2015) <18yr 887 Performed video-EEG EEG 141 (15.9) 62 (44.0)

50 (<6 yr) 26 (52.0,<6yr)
Kim et al.># (2012) <19yr 1,108  Performed video-EEG EEG 143 (12.9) 64 (44.8)

35 (<1 yr)?
Hamiwka et al.> (2007) 8 yr (4 wk-17yr) 127  Referred with first seizure Clinical 31(24) Not specified

characteristic 11 (31, <2 yr)?

Beach and Reading” (2005) 4 wWk=16 yr 684  Suspected epileptic seizure EEG 272 (39.8) Not specified
Kotagal et al.” (2002) 8 wk-18 yr 883  Performed video-EEG EEG 134 (15.2) 59 (44.0)

26 (<5 yr)?
Bye et al?® (2000) 2 Wk-17 yr 666 Performed video-EEG EEG 285 (42.8) 122 (42.8)
Desaiand Talwar®” (1992)  7.37yr (0.12-19 yr) 124 Performed video-EEG EEG 27(21.8) 19(70.0)
Bye and Nunan®® (1992) 3wk-17yr 186  Performed video-EEG EEG 74(39.8) 26 (35.1)

EEG, electroencephalography; PNE, paroxysmal nonepileptic events.

2subgroup of young patients. ?Developmental delay, epilepsy, neurologic deficit.

also associated with genetic mutations.!® The CACNA1A gene
encodes the alA subunit of the voltage gated calcium channel.
The mutation of this gene is associated with early infantile epi-
leptic encephalopathy, episodic ataxia, migraine, and spinocere-
bellar ataxia. Paroxysmal tonic upgaze with ataxia and paroxy-
smal torticollis could be an early symptom of CACNA1A-related
disease.'” Alternating hemiplegia is associated with ATP1A3
gene mutation, which encodes the o3 subunit of Na+/K+
ATPase.!

Some PNE like breath-holding spells (BHS) might be linked to
iron. Iron is known to play an important role as a cofactor in neu-
rotransmitter synthesis and myelin formation, affecting neurode-
velopment.!”2) During the biosynthesis of catecholamines such
as dopamine and adrenaline, iron acts as a cofactor, the deficiency
of which can alter the dopamine synthesis pathway.' It has also
been found that iron has a similar functional structure to that of
dopamine D2 receptor and a study of iron-deficient mice de-
monstrated a decreased dopamine D2 receptor density in the
striatum.???? Tron deficiency in the central nervous system leads
to decreased activation of dopamine D2 receptors, which can
disrupt suppression via the negative feedback and cause hyper-
kinetic movement disorders.>¥

There is also a possible link to oxidant status. Oxidative stress
can affect the occurrence of neurological disorders.?>?% In a study
of 31 patients with BHS, the plasma total antioxidant capacity
was shown to be significantly low and the total oxidant status and
oxidative stress index were higher relative to healthy controls
(P<0.01). The authors believed that in BHS patients, increased
oxidative stress could deteriorate catecholamine metabolism
and neurotransmitter function and that inadequate regulation of
the autonomic nervous system may have increased the oxidative
stress.?”)

In the 1990s, studies were conducted to determine the serum
levels of cortisol and prolactin in PNE patients.?$2” Groups of
50 patients with epilepsy, febrile seizure, syncope, and BHS were
compared with 53 controls. The prolactin level was high in the
epilepsy group, while the cortisol level increased in the epilepsy

and febrile seizure groups.?® Other studies examined 37 patients
with epilepsy, febrile seizure, and syncope and 37 healthy con-
trols. Prolactin increased in the epilepsy group, whereas cortisol
showed a nonspecific increase.”” Convulsive seizures may induce
the release of prolactin via the activation of the hypothalamic-
pituitary axis. Sims et al.3? found higher levels of measured
serum norepinephrine in newborns with jitteriness, of unknown
origin, than in the control group, but could not elucidate a clear
mechanism.

Diagnostic strategy

The PNE behavior in infants is highly diversified. Most of
these events are characterized by various clinical symptoms
induced by physiological processes and which are far from being
characteristics of a seizure. Since the differences are very subtle
and at times difficult to discern, both the situations are likely to be
confused with. In children, the incidence of PNE is much higher,
about 10 times that of seizure. Tests must be conducted and
interpreted properly, considering the condition and circumstances
of the patient, to exclude epilepsy and other organic diseases such
as neurosurgical, metabolic, heart, and digestive disorders. To
detect epileptic seizure, brain waves are the most important pa-
rameters and video electroencephalography (EEG) monitoring
is the most useful test.>®

Parents are referred to pediatric units when their child exhibits
unusual symptoms. The pediatrician must take a detailed patient
history and carefully examine the primary symptom and present
illness. The pediatrician should inspect the video taken by the
parents, if available, and, if not, should ask them to take a video
recording the next time the symptoms develop. Using video
recordings to verify the symptoms enhances not only the diag:
nostic accuracy but is also cost-effective.3!) Moreover, birth
history, past history (trauma, chronic illness, etc.) and family
history need to be considered. The doctor should check whether
the child’s growth and development are normal for his or her
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age and should conduct an age-appropriate neurological exam.
Basic tests to be done include a blood test (complete blood
cell count, electrolyte, iron study, ionized/total calcium) and
an EEG. The possibility of a provoked seizure can be detected
by checking the electrolyte and calcium levels. Some studies
suggest that low iron levels (ferritin <10 ng/mL, iron <22 pg/
dL, transferrin saturation <16%) may be associated with
PNE, which can thus be tested.'®?® The prolactin level can
also help identify seizures.?®*”) If there is an unusual finding in
the neurological exam, cranial ultrasonography, or brain MRI
may also be considered. If an arrhythmia is suspected, a 24-
hour Holter monitoring may be considered as well. In hospitals
where (portable) video-EEG is possible, the video-EEG can be
performed prior to the routine EEG, but (in the case of Korea)
routine EEG is sometimes performed first when the health insu-
rance criteria are not met. If the routine EEG reveals no abnor-
mality and if the symptom is hard to differentiate from a seizure
and occurs frequently, then a video-EEG may help with the
diagnosis.>*? Finally, if all the test and circumstances are normal,
then we can diagnose and differentiate specific PNE (Fig. 1).

Specific PNE

In infants, there are various classes of PNE. Grossly, we can
classify PNE by the age of onset such as neonate, early infancy
(0—6 months), and late infancy (612 months). However, some
overlaps might exist between them. This article explains the
typical PNE (Table 2).5--33-3%)

Neonate

1. Jitteriness

Jitteriness is a phenomenon frequently observed in newborns.
It is characterized by involuntary and rhythmic tremors in the
limbs close to the body’s central axis that ceases when held

Table 2. Common paroxysmal nonepileptic events in infants

Onset Possible associated situation
Neonate

Jitteriness Crying, stimulation

Neonatal sleep myoclonus Sleep

Hyperekplexia Abrupt stimulation

Sleep apnea Sleep
Early infancy (0-6 months)

Shivering Excitement, frustration

Benign infantile myoclonus
Benign paroxysmal tonic upgaze with ataxia
Paroxysmal torticollis

Self-stimulation Facial flushing, diaphoresis,

grunting
Late infancy (6-12 months)
Breath-holding spell
Spasmus nutans
Stereotypes
Body rocking/head banging
Alternating hemiplegia
Other
Sandifer syndrome
Extrapyramidal symptoms to drug

Crying

Excitation, stress

Feeding

Abnormal behavior

History taking
Before, during, after situation
Birth history
Development
Drug history
Review video clip
Physical & Neurologic examination

Possible
seizure?

(Video) EEG
Laboratory test

Normal
Behavior feature
Dystonia
Tremor Neonatgllhgl’:e:o?soclonus Sandifer syndrome
Jitteriness P P My K Benign paroxysmal torticollis
e Benign infantile myoclonis : .
Shivering Hyperekolexia Self-stimulation
M P Extrapyrimidal symptoms of dru
Apnea Repetitive ) Ocular involvement
Sleep apnea Stereotypes Benign paroxysmal tonic up-gaze

Breath-holding spell

Body rocking/Head banging

with ataxia
Spasmus nutans

Fig. 1. Diagnostic approach to paroxysmal nonepileptic events. EEG, electroencephalography.
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firmly.> In an observational study of healthy newborns, tremors
were observed in 449 of cases.*” Tremors can be observed when
the baby cries heavily, mostly at a high frequency of =6 Hz and
low amplitude of <3 cm. Such fine tremors are related to crying
and in many cases, symptoms improve by soothing or breastfee-
ding the baby. Tremors may sometimes resemble a clonus or
myoclonus, but there are some differences. Tremors are generally
of a higher frequency and lower amplitude. Seizures are charac-
terized by faster movements with a slow rebound.'”

Neonatal jitteriness can be divided into 3 groups: (1) mild:
tremor is observed only when the baby is crying; (2) moderate:
tremor is observed as the baby wakes up from sleep; (3) severe:
tremor is observed even when the baby is sleeping quietly or
awake.*? Severe tremors can occur due to metabolic disorders
such as hypoglycemia or hypocalcemia, systemic problems such
as infection or thyroid disease and nervous system damage such
as hypoxic-ischemic encephalopathy or intraventricular hemorr-
hage.*'**¥) In about half the cases, tremors begin after the first day
of birth and last for an average of 7.2 months, even longer if the
tremor is more severe. Late symptom onset does not yield any
significant differences from when symptoms started from post
natal day 1.3%

In most cases, tremor is the only symptom, the cause of which is
not clear. Fine tremor may be interpreted as excessive movement,
low threshold to reflexes or exaggerated Moro reflexes. A study
reported that these patients displayed poor visual monitoring
abilities, high muscle tones (34%) and hyperactive deep tendon
reflexes (5290).3” Tests to determine the cause of tremors often
do not reveal unusual findings. One study found that serum no-
repinephrine was higher in infants with tremors than infants who
were asymptomatic, while epinephrine levels were similar.>®)
Immaturity of the nervous system may affect the pathogenesis
of tremor. Increased sensitivity in the afferent terminal of the
muscle spindle may cause brief muscle contractions and hence,
the tremor can gradually disappear as the inhibitory pathway
matures.>”

There are several factors associated with tremor, such as history
of maternal or perinatal illness including maternal diabetes,
thyrotoxicosis, sepsis, hemorrhage, use of anesthetics or other
drugs, difficult labor, fetal distress, and placental insufficiency.
About 75% of preterm infants associated with preeclampsia
exhibited tremors, while magnesium sulfate injection had no
effect.*? If the mother takes drugs such as serotonin reuptake
inhibitors (fluoxetine, fluvoxamine, sertraline), haloperidol, ben-
zodiazepines, opiates, cannabinoids, and cocaine, the newborn
may display hyperexcitability and tremors due to withdrawal
and thus, care must be taken. Breastfeeding habits should also
be checked. Chocolate, caffeine, and mate tea may be associated
with hyperexcitability in infants.*»* Factors such as vitamin D
deficiency, carminative, heavy metal, and pesticides must also be
considered.*2464%)

Patients without a history of critical perinatal illness are known
to have good prognosis. At postnatal 9 months, tremors disap-
pear in about 70% of the patients and normal development was

confirmed after 2 years.*”) Since newborns with perinatal risk
factors have approximately 30% risk of developing neurode-
velopmental disorders, special care must be taken if these risk
factors are accompanied by symptoms of hyperexcitability

syndrome.*”

2. Neonatal sleep myoclonus

Since 1982, neonatal sleep myoclonus has been commonly
reported in several different countries and more commonly in
male infants.’® It may be mistaken for neonatal seizure.’? In
one report, 96% of the cases were term infants and 4% were
near-term infants.’? In a study of 38 infants, only 2 infants were
born at 36 weeks of gestation and the rest were term infants.>>*3)
Since it is not likely to occur in a highly premature brain, it may
be linked to brain maturation.

Sleep myoclonus typically begins before the age of 2 weeks
after birth. In a study of 12 infants, myoclonus began at 1-15
days after birth and lasted for 6.3 days on an average and rarely
after 8 weeks of birth.>%% Myoclonus tends to increase for up
to 3—4 weeks of birth and then decreases until 6 years of age in
nearly 95% of cases.’ 133336 Myoclonus occurs primarily during
Non-rapid eye movement (NREM) sleep with a frequency of
20-30 per minute persisting for <1 hour on an average.’'»”

Myoclonus is characterized by shaking of the body during
sleep. Clinically, it is commonly observed during stages II-I1I of
NREM sleep on both sides, which disappears completely when
awakened.> Myoclonus usually appears in the arms and legs
either synchronously or asynchronously. It appears across mul-
tiple parts or the entire body and rarely in a single body part.
It is not commonly observed in the face, head, or abdominal
area.’**% It is sometimes induced by stimuli such as sounds and
shaking.

In a study of EEG monitoring in 18 infants, myoclonus was
found in 17 infants. Four infants had a history of receiving treat
ment after being misdiagnosed with seizure. In all 18 patients,
EEG was normal and myoclonus was observed during sleep, but
in 2 of them, it was also observed during the transition from sleep
to awakening,*” Similar findings have been observed in other
studies and in as many as 33% of the cases, it is confused with
epilepsy.>”

EEG results are usually normal and video-EEG monitoring
has been recently recommended for diagnosis.!? Differential
diagnosis includes tremor, provoked seizure (hypoglycemia,
hypocalcemia, meningitis, hemorrhage, pyridoxine deficiency,
and drug withdrawal), and hyperreactivity. Less common diag:
nosis made from the first day of birth includes benign familial
neonatal epilepsy and idiopathic neonatal epilepsy, with normal
findings in the neurological exam and interictal EEG. In severe
cases of epileptic encephalopathy such as early myoclonic
encephalopathy and early infantile epileptic encephalopathy,
abnormal findings are found in neurological exams or EEGs.>"

Sleep myoclonus shows good clinical progress and disappears
after about 5 years of follow-up without any developmental

51,56

abnormalities.’*® No special treatment is required, but benzo-
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diazepine can increase the frequency of myoclonus.’” Although
the pathogenesis of neonatal sleep myoclonus remains unclear,
activation of the reticular system and imbalance of the serotonergic
system may be implicated. Recent studies have reported a pattern
of migraine-related autosomal dominant inheritance, with an
unclear link to the KCNQ2 and KCNQ3 genes.*®)

3. Hyperekplexia

Hyperekplexia was first reported in 1958 as a rare condition of
hypertonia due to the awakening from hypotonia during sleep or
external stimuli. It can occur by birth or later in life, accompanied
by asstartle in the mild case. In severe cases, apnea and cyanosis as
well as hypertonia in the limbs are observed for several seconds.
It may be induced by abrupt acoustics and visual stimuli. EEG
is normal. Central apnea-induced brainstem dysfunction and
laryngospasm-induced peripheral apnea, aspiration, and heart
block can lead to sudden infant death. Hypertonia improves
with age and the tone becomes normal by the age of 3, but it may
recur in adolescence or adulthood due to sudden stimuli, cold,
or pregnancy. Intellectual abilities are intact and patients may
respond to low doses of clonazepam, valproic acid, and levetira-
cetam. Some cases may be accompanied by a developmental
delay or cerebral impairment requiring close monitoring.**¢?

4, Sleepapnea

Itis defined as having a minimum of 10- to 15-second intervals
between breaths during sleep. It is frequently observed during
the first 2 months of life in premature infants. It can be caused
by a premature brain, gastroesophageal reflux, or drug therapy.
In some cases, it occurs in association with epilepsy but the cause
is usually unknown. Since it can lead to sudden infant death in
severe cases, continuous monitoring may be required for several
months until symptoms improve.®!-6?

Early infancy

1. Shivering

Shivering is a short-lived paroxysmal behavior that begins at
around 3—4 months of age, but can continue to occur frequently
throughout infancy. It is characterized by rapid tremors for a
short period of time without the loss of consciousness. In parti-
cular, it may involve flexion or extension of the head and neck
with stiffness and tremor in the head/neck. It may have a trigger,
reoccur several times a day, and be accompanied by no subse:

quent loss of consciousness. EEG is normal with symptoms con-
firmed.®?

2. Benigninfantile myoclonus

Itis usually observed between 3—9 months of age, but may begin
from the neonatal period. The infant, while awakening, may
exhibit neck flexion/extension or limb extension similar to the
spasms in West syndrome. Symptoms can appear several times a
day, sometime similar to myoclonus of the whole body. EEG and

developmental status are normal. In many cases, symptoms natu-
rally disappear at around 9 months. It is frequently observed in
excessively stimulated children, but the cause remains unclear.’”*¥

3. Benign paroxysmal tonic upgaze with ataxia

The symptoms begin between 3 months and 2 years of age,
characterized by ataxia and upward deviation of the eyes lasting
transiently or continuously (from several seconds to days). While
the symptoms are present, if the child tries to look downward,
nystagmus and head flexion are induced in the same direction to
compensate for the deviation. Symptoms disappear during sleep
and may worsen when tired or infected. They disappear sponta-
neously within a few years and developmental or language
delays may be observed in about half of the cases. The etiology is
unknown. L-dopa improves the symptoms in some patients. Ne-

uroimaging results are normal with a possible family history.®3-:6¢)

4, Paroxysmal torticollis

It begins in the first year of life and disappears spontaneously
around 3-5 years of age. Symptoms include repeated painless
torticollis induced by change in posture, sometimes preceded
by abnormal nystagmus. While the symptoms are present, the
infant may undergo discomfort, whining, hypersensitivity, pal-
lidness, or ataxia. Symptoms may originate from one side and
migrate to the other, lasting several minutes, hours, or sometimes
even days. They appear spontaneously and can be repeated at
varying frequencies. The results of neurological exam, brain
MRI and EEG are normal in-between symptoms. It occurs more
frequently in female infants and in the morning. Although the
exact cause is unknown, it sometimes progresses to dizziness,
headache, and ataxia, suggesting a link to channelopathy or
migraine.®”-)

5. Self-stimulation

It begins between 3 months and 5 years of age and may be ma-
nifested in various forms such as dystonia, grunting, sweating,
cyanosis, pallidness, and pelvic movements. Some infants shake
the pelvis or stimulate the genitalia either directly or by rubbing
with their thighs. Infants exhibit this behavior when they are
tired or bored and before falling asleep. The behavior stops when
their attention is diverted. It helps to have the caregiver take a
video using a cell phone, to be used for diagnosis. The prognosis
isgood.”?

Late infancy

1. Breath-holding spells

This is one of the most common types of PNE in infants. It
generally appears between 6-18 months of age and may begin
earlier or last until later. These are classified into 2 types: pallid
and cyanotic. The pallid type is a vasovagal syncope induced by a
neurologically-mediated cardio-inhibitory mechanism. It can be
caused by a head trauma where the infant becomes unconscious,
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limp, and pale. In some cases, it is not induced by trauma and may
be accompanied by myoclonus. Recovery can take a few seconds
to 2 minutes. Some infants may have iron deficiency or iron-
deficiency anemia. The cyanotic type is caused by expiratory
apnea lasting for a long time. Symptoms include crying or screa-
ming, apnea, loss of consciousness, cyanosis, and stiffness. It is
caused by minor trauma, fear, or irritation. The cyanotic type is
more common than the pallid type and family history is observed
in both types. Symptoms improve with age. No special treatment
is required other than reassuring the caregiver.®>’" Since there is
a possible link to iron-related mechanisms, iron is supplemented
in BHS.?*7? If symptoms are severe, other drugs can be tried.
Studies of treatment modalities are shown in Table 3.73%9

2. Spasmus nutans

Head tilt, nodding, or shaking movements are observed as
well as characteristic symptoms such as asymmetric nystagmus.
It lasts for several seconds and tends to repeat. It starts to decline
around the age of one and disappears between the ages of 3 and
6. EEG is normal. If symptoms persist, video monitoring must be
conducted to rule out the possibility of chiasmatic or diencephalic
lesions.?)

3. Stereotypes

This refers to repetitive movements such as shaking of the
hand or leg. It is also observed in healthy infants and more pro-
minently under excitation or stress. Symptoms often improve at
around 2-3 years of age. Symptoms are more marked and per-
sistent in neurological disorders such as intellectual disability or
autism.30)

4, Body rocking/head banging
This behavior is characterized by repeated rocking of the body

Table 3. Studies of treatment modalities for breath-holding spells

or head. It is observed during daytime activity and also during a
nap or nighttime sleep. There can be 1 or 2 motions every 1-2
seconds and the behavior lasts for up to 15 minutes. The beha-
vior is not observed when asleep. It can occur in about 5% of
healthy infants, but since it can also be observed in infants with
developmental disorders or autism, treatment is necessary if
symptoms persist abnormally.5”?

5. Alternating hemiplegia

It often begins before 18 months of age. Subacute flaccid he-
miparesis is accompanied by autonomic nervous symptoms and
unilateral nystagmus on the paretic side. Symptoms arise with a
sense of fear or excitation along with a rigid or dystonic posture.
The head is deviated towards the symptomatic side and as it later
progresses to complete hemiplegia, swallowing and breathing
become difficult. Hemiplegia can last for several minutes to hours
and affects both sides at the same time. Symptoms improve spon-
taneously to achieve complete recovery after sleep. Symptoms
may resemble Todd’s paralysis or transient ischemia after initial
local seizure. EEG conducted while the symptoms are present
may reveal a slow wave lateralized to one hemisphere. As the
patient ages, symptoms tend to improve, but they may develop
cognitive decline, epilepsy, ataxia, choreoathetosis, or heart pro-
blems. Flunarizine may improve the symptoms, but cannot pre-
vent seizures or neurological abnormalities.””

Other

1. Sandifer syndrome

Infants may periodically exhibit abnormal posture of the
neck, trunk, and limbs due to gastroesophageal reflux, hiatal
hernia, or esophagus dysfunction. They may display a sudden

Study Study type Casesize Case selection  Age (mo) Dose (mg/kg/day) Duration (mo)  Response rate (%)
Iron
Dai and Demiryurek’ (2020) PP 34 IDA 12-48 3 3 58.8
Bidabadi et al.”% (2019) PP 42 All 6-24 6 3 929
Gurbuz et al.” (2018) PP 312 Al 1-48 4 3 86.2
Jainetal.”® (2017) PP 100 ID or IDA 6-36 3 3 94.8
Mocan et al.”” (1999) PP 63 IDA 6-40 6 3 84.0
Daoud et al.”® (1997) RCT 33 Al 14.8 (mean) 5 4 87.9
Piracetam
Dai and Demiryurek’ (2020) PP 34 No anemia 12-48 40 3 8.8
Abbaskhanian et al.”® (2012) RCT 150 All 6-60 40 3 91.0
Sawires and Botrous®® (2012)  RCT 40 All 6-60 50 4 83.9
Donma®" (1998) RCT 76 Al 40 2 92.3
Theophylline
Dai and Demiryurek’ (2020) PP 35 No anemia 12-48 10 3 829
Garg and Goraya® (2015) Case 1 120 200 mg 18
Carano et al.®¥ (2013) Case 1 13 160 mg+glycopyrrolate 17
Atropine
Gonzalez Corcia et al.®” (2018) PP 45 Pallid spell 4-18 0.02 3 75

ID, iron deficiency; IDA, iron-deficiency anemia; PP, pre-post study; RCT, randomized controlled trial.
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deviation of the head, tension in the entire body or opisthotonus.
There may be tremors in the limbs, with eyes fixed and pause in
breathing. Typically, it occurs few minutes after a meal and may
not be accompanied by a reflux. If there are no symptoms, then
it is normal. It is likely to occur especially between 18 and 36
months of age. It may resemble an epileptic seizure or dystonia. If
the EEG is normal and reflux is confirmed, then epilepsy can be
ruled out. Treating gastroesophageal reflux helps to improve the

symptoms.®>99)

2. Extrapyramidal symptoms to drugs

It may appear across all age groups but more commonly in
infants. Various drugs can induce acute and transient idiopathic
responses similar to epileptic seizures. The most common symp-
tom is abnormal muscle tone around the neck, face, or lip area.
Commonly associated drugs include metoclopramide, cisapride,

97.98) Tf symptoms are suspected, biperiden or

and neuroleptics.
lorazepam can be used.” To prevent recurrence, the drugs taken
must be identified and the caregiver or hospital that prescribed

the drugs must be notified.

Conclusions

Most PNE show benign progress as previously described.
Therefore, it is important to inform and reassure the caregivers
that it is not a seizure. Video clips taken by caregivers may serve
as highly critical evidence for diagnosis. If a seizure is not strongly
suspected after checking the history, watching the prepared
video clip will help reduce unnecessary testing. If the possibility
of seizure cannot be completely ruled-out, verification by EEG
is necessary. The symptoms of PNE vary by age, but since most
of them disappear without after-effects, it is most important to
make an accurate diagnosis through careful monitoring and
examination, before considering whether to use an antiepileptic
drug or not.
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