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Abstract
Purpose of Review
Paroxysmal nonepileptic events (PNEEs) are a heterogenous group
of time-limited events, characterized by changes in motor or be-
havioral activity beginning abruptly and ending in a short time.
Owing to their manifestation, these conditions can clinically sim-
ulate seizures.

Recent Findings
These episodes belong to different categories, including syncopal
events, psychiatric disorders, andmovement disorders. PNEEs are a
common cause of diagnostic mistakes and families’ concerns, and
the risk of useless and sometimes even injurious treatment is considerable. The high frequency
of these manifestations in clinical practice makes PNEEs a diagnostic challenge for clinicians.

Summary
This review is focused on the distinctive clinical findings and treatment of PNEEs. Illustrative
video recordings of the PNEEs and a video collection as a support tool for differential diagnosis
are provided.

Paroxysmal nonepileptic events (PNEEs) represent a complex condition that affects all age
groups. Due to their presentation with various signs and symptoms, including fainting, loss of
consciousness, headache, vomiting, dizziness, irregular breathing, and emotional and psy-
chiatric problems, PNEEs are often misdiagnosed as epilepsy. In children, physiologic and
organic disorders are the most common diseases that can mimic seizures,1 while in adults,
these conditions are represented by psychogenic seizures and cardiac events. A variable
percentage of patients consistently referred to epilepsy centers presents with nonepileptic
events. Nearly 25% of pediatric patients admitted to epilepsy clinics and monitoring units do
not have epilepsy. A few are further referred for video-electroencephalographic (VEEG)
monitoring to rule out seizures, but among them, up to 43% are diagnosed with PNEEs.2

Thus, these manifestations are frequently observed in the clinical practice but are usually
presented to the family pediatrician or the emergency department, which is a common cause
of diagnostic error and family concern.3 Early and correct diagnosis is then fundamental to
avoid unnecessary treatment and to initiate the right treatment. Although the presentation of
PNEEs has been detailed in the literature, there is little information on differential diagnosis.
Despite accurate clinical history is crucial for a correct diagnosis, video recording is often
mandatory. Although instrumental analysis, as EEG recording, is essential for the differential
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diagnosis between epileptic and nonepileptic episodes, it has
important limitations: a normal interictal EEG does not ex-
clude the diagnosis of epileptic seizures and some patients
may have epileptiform interictal activity without being epi-
leptic.4 This review aims to highlight the most important
diagnostic clues to distinguish PNEEs from epilepsy and to
provide a relevant number of video recordings that can help
clinicians in the differential diagnosis.

Syncopes and Breath-Holding Attacks
Syncope is the paroxysmal eventmost commonlymisdiagnosed
as an epileptic seizure.5 Clinical presentation, a detailed history,
and an event description are crucial for the diagnosis. After
syncope diagnosis, it is important to investigate the cause, first
excluding the most dangerous conditions associated with the
highest mortality, such as cardiovascular disease. PNEEs due to
alterations of the cardiovascular system may derive from dif-
ferent pathophysiologic processes and be associated with dif-
ferent precipitating factors. Indeed, although all syncopal
attacks are characterized by decreased cerebral blood flow with
decreased oxygenation of the cerebral cortex, in some cases,
this leads to a loss of consciousness and postural tone, whereas
in others, this leads to an increase in tone (decortication/
opisthotonus), probably due to corticoreticular inhibition.6

Furthermore, these pathophysiologic processes may manifest
differently depending on age-related triggers. In adults, the
most PNEEs manifest on a cardiovascular basis as situational
and orthostatic reflex syncope, whereas in children, they
manifest as breath-holding spells.7 The latter is usually de-
termined by prolonged apnea or an exaggerated Valsalva ma-
neuver and a resulting increase in intrathoracic pressure with a
reduction in venous return and cardiac output during episodes
of anger and frustration (e.g., cyanotic breath-holding attacks
or excessive bradycardia/asystole on a vasovagal basis after
injury.)8

Vasovagal syncope (VVS) or neurocardiogenic syncope is a
transient loss of consciousness with spontaneous and rapid
recovery.9 A detailed history usually identifies the most fre-
quent triggers as prolonged standing, dehydration, abnormal
posture, and emotional stress.10 Early symptoms include
blurred vision, tinnitus, and dizziness. Autonomic symptoms
such as pallor, flushing, sweating, heat flash, nausea, and gas-
trointestinal symptoms may occur. Visual hallucinations are
observed in both conditions, but in the case of epileptic sei-
zures, these are usually stereotyped. Stiffening and convulsive
movements are reported in about 50% of syncopal episodes but
can be differentiated from tonic and tonic-clonic seizures for
their shorter duration, triggers, accompanying symptoms, and
recovery time. The convulsive movements are typically not
rhythmic. Recovery time of less than 1 minute is typical of
syncope, whereas confusion lasting more than 10 minutes is
suggestive of an epileptic seizure.11

Tongue biting can occur in both conditions; however, in the
case of syncope, it is usually localized to the tip of the tongue,
while lateral tongue biting ismore suggestive of seizure. A family

history of sudden death, drowning, and cardiovascular diseases
are key points of cardiac syncope. Interictal EEG has no di-
agnostic or prognostic value for syncope. However, the EEG
may show the typical findings of cerebral hypoperfusion. Ini-
tially, there is a slowing of background rhythms, usually in the
theta range, maximal in the anterior brain regions, followed by
an increase in amplitudewith a further decrease in activity in the
delta range. However, no paroxysmal epileptiform discharges
are usually recorded. The tilt table test, on the other hand, is
indicated to confirm a suspected diagnosis of reflex syncope or
when evidence of the patient’s clinical susceptibility to reflex
syncope is clinically relevant.12

Reflex anoxic or asystolic syncope usually begins during infancy
and either remits in preschool-age or develops into VVS.13

Alternative names are breath-holding and reflex asystolic syn-
cope.14 Reflex syncope typically occurs after a specific trigger,
such as a painful stimulus that activates the sympathetic or
parasympathetic nervous system (vasovagal pathogenesis) to
induce either hypotension (vasodepressor) or asystole/
bradycardia (cardioinhibitory) or both (mixed). Decerebrate
rigidity may simulate a tonic seizure especially if followed by
involuntarymuscle contractions as flexor spasms. However, the
duration of the episode of a few seconds, and a fast recovery
time, is more suggestive of reflex anoxic syncope. If reflex an-
oxic syncopes are frequent, atropine or a pacemaker can be
taken into consideration. There is a rare condition where an
anoxic seizure can precipitate a secondary convulsive seizure:
the anoxic-epileptic seizure. The 2 phases of the event can be
differentiated by a careful history.

The breath-holding spell is a brief, involuntary cessation of
breathing that occurs in healthy infants between 6 and 48
months of age, triggered by anger, frustration, fear, or injury
(Video 1). The episodes may progress to respiratory arrest,
cyanosis, and syncope. Infants may recover and inhale at this
time or develop syncope with transient loss of consciousness.
The physiopathology of the cyanotic variant of breath-
holding seizures is likely multifactorial.15 Various factors
believed to be responsible for the development of these
crises include hyperventilation and the Valsalva maneuver,
which cause increased intrathoracic pressure, decreased ve-
nous return, and decreased cardiac output, resulting in de-
creased cerebral perfusion and oxygenation. The episodes
are extremely frightening to observe but have benign con-
sequences. The episodes occur more frequently in the case of
iron-deficiency anemia and can be mistaken for respiratory
failure. Their distinction is not determinant except in the
very rare situation where reflex anoxic seizures are so com-
mon that treatment is required.16 Differential diagnosis
among breath-holding attack, syncope, and epileptic seizure
is presented in Table 1.

Movement Disorders
Tics are involuntary, sudden, rapid, repetitive movements
(motor tics) or sounds (vocal tics). They are usually preceded
by a feeling of urgency, discomfort, and a compulsion to
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perform the tic itself17 (Video 2). Most tic disorders are genetic
or of unknown cause and usually occur in childhood18; there-
fore, secondary causes of tics that occur in adulthood must be
ruled out. Tics are divided phenomenologically into motor and
vocal tics.Motor tics are again divided into simple and complex.
Simplemotor tics involve a singlemuscle group and include eye
blinking, head twitching, or shoulder twitching. Tics can be
misdiagnosed as myoclonic seizures, yet there are some dis-
tinguishing features: myoclonic twitches typically do not recur
in the same body part, the tic can be suppressed (to some
degree), and myoclonic seizures are often triggered by sleep
deprivation, fatigue, and alcohol consumption.19

Stereotypies (or mannerisms) are repetitive movements, or
sounds that can be simple, as thumb sucking, or teeth clenching,
or complex (rocking and hand flapping or waving).20 Age at
onset is typically between 2 and 5 years, and they are often
elicited by excitement. Stereotypies are defined primary, in
normal developing children, or secondary, when associated
with autism, intellectual disability, and other conditions, such
as Rett syndrome (Video 3). Stereotypies can be differentiated
from epilepsy automatisms because of their distinctive move-
ments and preserved attention and responsiveness, yet videos
of the events can help support the diagnosis.21

Paroxysmal dyskinesias (PDs) are a group of rare hyperki-
netic disorders characterized mainly by sudden abnormal
involuntary movements with episodic onset manifesting as
dystonia, athetosis, chorea, choreoathetosis, and ballism.
PDs can be classified according to their triggers as (1) par-
oxysmal kinesigenic dyskinesias (PKD), (2) paroxysmal
nonkinesigenic dyskinesias (PNKD), and (3) paroxysmal
exertion-induced dyskinesias.22

PKD is a hyperkinetic movement disorder, usually lasting less
than 1 minute, characterized by recurrent, involuntary bouts
of abnormal movements such as choreoathetosis, ballism,
athetosis, or dystonia.23 It is usually triggered by a sudden
normal movement involving the whole body, including
standing up or stepping out of a car. Patients report some-
times an ‟aura-like” sensation preceding the abnormal
movement described as a ‟rushing” sensation through the
body or a sensation of stiffness or numbness. Sporadic or
familial (autosomal dominant inherited) mutation of the
PRRT2 gene has been identified as the cause of the disease.24

PKD may coexist with epilepsy as part of the infantile con-
vulsion and choreoathetosis syndrome. The seizures may
mimic frontal lobe seizures, but the age at onset in middle
childhood and adolescence, duration of less than 1 minute,
preserved consciousness during the seizure, and overall
sudden voluntary movements as triggers should support the
diagnosis.25 PKD responds dramatically to low-dose carba-
mazepine and may remit after the third decade of life.

PNKD is a hyperkinetic movement disorder characterized by
a mixture of dystonia and choreoathetosis lasting from a few
minutes to several hours, although both shorter and longer
durations up to days have been reported.26 The attacks,
usually beginning in infancy or early adolescence, are typi-
cally not triggered by sudden movements but by emotional
stress, alcohol, or coffee. Approximately 60% of patients af-
fected by PNKD exhibit mutations in the PNKD gene usu-
ally transmitted in an autosomal dominant fashion. Although
rare, symptomatic forms of PNKD have also been reported,
mainly associated with multiple sclerosis.27 Preserved con-
sciousness and specific triggers should avoid misdiagnosis
with epilepsy.

Table 1 Differential Diagnosis Between Breath-Holding Attack, Syncope, and Epileptic Seizure

Features Cyanotic breath-holding attacks Pallid breath-holding attacks Syncope Epileptic seizure

Onset 0–18 mo 12–24 mo Variable Variable

Ending 4–6 y 4–6 y Variable Variable

Trigger
factors

Rage, fear, frustration Painful stimulus Prolonged standing, hunger,
heat, pain, micturition, cough

Sleep deprivation, drugs or
alcohol withdrawal, intermittent
flashes

Semiology Cry, apnea, cyanosis, loss of
consciousness and muscle tone,
opisthotonus, jerks

Weak crying, pallor, loss of
consciousness and muscle tone,
opisthotonus jerks

Flaccidity, with or without brief
myoclonus, opisthotonus (rare)

Strained cry, tonic-clonic jerks,
severe tongue biting,
incontinence, limb posturing

Duration Less than a minute More than a minute Duration: 10–30 s Duration: 1–2 min

Prodrome None None Visual and/or auditory
progressive fading, pallor,
diaphoresis

Olfactory, gustatory
hallucination, epigastric rising
sensation, dysmnesic
phenomena (“déjà vu” etc).
Auditory, visual positive
hallucination

Automatism No automatism No automatism No automatism Oroalimentary, manual
automatisms, complex behavior

Postictal
phase

None None Usually a few s Up to several min
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Benign paroxysmal tonic upgaze occurs in early childhood
and is characterized by episodes of persistent or intermittent
conjugate upward deviation of the eyes that may last hours or
days28 (Video 4). Other clinical features include saccades
with downward squinting, apparently preserved horizontal eye
movements, and a frequent association with accompanying
episodic ataxia (EA) or clumsiness.29 The attacks occur more
frequently in intercurrent illness and are relieved by sleep. In
a significant proportion of individuals, they can be followed
by intellectual disability disabilities or other neurologic
symptoms.30

Hyperekplexia is a rare neurologic disorder characterized by
an overactive startle response (eye blinking or body spasms)
to tactile or auditory stimuli.31 During seizures, patients ex-
hibit massive rigidity of the trunk, limbs, and in some cases,
the respiratory system with laryngospasm, which can lead to
a life-threatening condition. Other symptoms include
twitching and clenched fists. The onset may be in utero, but
it usually occurs after birth or in childhood. Hyperekplexia is
usually inherited as an autosomal dominant trait, but auto-
somal recessive or, rarely, X-linked inheritance has also been
reported, including GLRA1, GPHN, GLRB, and other genes
mostly associated with impairment of the inhibitory glyci-
nergic pathway in the nervous system.32 The startle response
can be a rapid jerk or series of jerks that can simulate a
myoclonic, tonic, or tonic-clonic seizure, and VEEG is
helpful to aid in the diagnosis.

EAs are rare autosomal dominant channelopathies that pre-
sent as sporadic attacks of imbalance and lack of coordination
with or without myokymia (Video 5). Two main categories of
EAs are known: EA type 1 (EA1) and 2 (EA2). EA1 is asso-
ciated with mutations in potassium ion channel gene KCNA1,
and its onset is typically in middle childhood, with episodes
occurring throughout life. EA1 is characterized by brief

episodes of cerebellar ataxia lasting seconds or minutes, as-
sociated with myokymia usually localized in eyelids or fingers,
especially when they are extended. Approximately 10% of
people with EA1 have epileptic seizures. Differential diagnosis
can be based on the presence of myokymia and specific cer-
ebellar involvement.

EA2 is caused by loss-of-function mutations of the calcium
ion channel gene CACNA1A and is characterized by re-
current episodes of cerebellar ataxia triggered by physical and
emotional stress; seizures last longer than in EA1, even up to
several hours. Gait and upper limb ataxia can be associated
with nystagmus and dizziness, and the attacks may last mi-
nutes to hours. Because the seizures are prolonged, it should
be possible to record them on home videos, which should
facilitate differential diagnosis with epilepsy. Acetazolamide
and 4-aminopyridine, a potassium channel blocker, can be
very effective treatments. Differential diagnosis between
epilepsy and movement disorders is presented in Table 2.

Behavioral, Psychological, and
Psychiatric Disorders
Among the manifestations that are most frequently mis-
diagnosed with seizures and whose pathophysiologic bases
and related triggers have not been fully understood, there are
behavioral alterations of psychological origin. To this cate-
gory belong self-gratification, psychogenic nonepileptic sei-
zures, hallucinations, or panic attacks. Evaluating the clinical
history is crucial to recognize any psychiatric features or
specific favoring factors.33

Self-gratification is a self-stimulating behavior that can occur
from childhood onward, more frequently in preschool girls.
Rhythmic movements of hip flexion and adduction associ-
ated with blank look, flushing, and sometimes followed by
sleepiness may be mistaken for epileptic infantile spasms.

Table 2 Differential Diagnosis Between Epilepsy and Movement Disorders

Type of movement disorders Epilepsy type Distinguishing features

TIC Myoclonic epilepsy Tics are repetitive in the same body part and
can be suppressed

Stereotypies Epileptic automatisms Stereotypic movements are ritualistic with
preserved awareness and responsiveness

Paroxysmal kinesigenic dyskinesia (PKD) Frontal lobe epilepsy PKD is triggered by sudden voluntary
movements, the duration lasts less than 1
min, and the awareness preserved

Paroxysmal nonkinesigenic dyskinesia
(PNKD)

Focal epilepsy Mixed dystonia and choreoathetosis typical
of PNKDs usually last for hours, and
awareness is retained

Cry, apnea, cyanosis, loss of consciousness
and muscle tone, opisthotonus, jerks

Weak crying, pallor, loss of consciousness
and muscle tone, opisthotonus jerks

Duration Less than a min More than a min

Pathogenesis Multifactorial Vasovagal

Therapy None None
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The blank look, occasionally associated with straining and
head-turning, may be confused with focal dyscognitive sei-
zures. The relatively high frequency of these episodes and
their occurrences in specific situations, such as when bored or
seated, lend this behavior to home video recording (HVR).
One of the most important diagnostic clues is that the child
may be stopped during gratification if distracted and often
shows anger and annoyance when interrupted and no pos-
tictal state occurs.34

Psychogenic nonepileptic seizures (PNES) have no electro-
physiologic correlation or clinical evidence for epileptic sei-
zures. Approximately 20% of patients presenting to physicians
with seizure-like events receive this diagnosis.35 Despite psy-
chogenic factors that can facilitate the onset of PNES, psy-
chological mechanisms underlying nonepileptic seizures are
poorly understood, and there is a lack of well-established,
evidence-based treatments.36 The seizure-like events may have
motor features or dyscognitive features, but they are often
characterized by a gradual onset and a rapid postictal reor-
ientation compared with seizures. Motor features that differ-
entiate PNES from seizures include a predominance of
proximal or truncal movements, a “waxing-and-waning” pattern
of motion with typical pelvic thrusting, variable rate, the di-
rection of jerking, side-to-side head-shaking, crying during or
after the event with lack of cyanosis, and closed eyelid during
the event with resistance to passive eyelid opening.37 According
to DSM-V, PNES belong to somatic symptom disorders in the
case of maladaptive thoughts, feelings, and behaviors associated
with somatic symptoms with or without a diagnosed medical
condition. A prompt diagnosis of PNES is essential, given the
potential side effects of antiseizure drugs and potentially in-
vasive procedures sometimes adopted for treating seizures as
intubation. Moreover, misdiagnosis with epilepsy also delays
appropriate psychological treatment. VEEG monitoring and
targeted psychological assessment contribute to establishing

the correct diagnosis and treatment. Differential diagnosis be-
tween psychogenic and epileptic seizures is presented in
Table 3.

Migraine
Migraine with aura (MAs) is a highly prevalent disorder af-
fecting 8% of the general population.38 Visual aura symptoms
are by far the most common representing nearly 99% of
MAs. Paresthesia and language disturbances occur in 36%
and 10% of auras, respectively.39 The visual aura of migraine
can take a variety of forms, but it typically regards one visual
field and contains positive phenomena, such as flashes, arcs
of lights (fortification spectra), or flames, and negative
phenomena, such as scotoma with blanking out or graying of
the visual field. Differential diagnosis between MA and epi-
lepsy is common and challenging because the conditions
often coexist as comorbidity disorder. Visual phenomena of
occipital seizures, however, are more likely to be colored and
can include a variety of different shapes including diamonds,
squares, circles, and lines. Migraine attacks might also be
associated with more complex sensory illusions or percep-
tions as the feeling that a body part or parts have grown
dramatically or that everything in the environment is louder.
These feelings may be misdiagnosed as a seizure, but they are
more likely to be a feature of ‟Alice in Wonderland” syn-
drome, considered an aura of migraine variant.40

Benign paroxysmal torticollis is an unusual movement disorder,
considered a migraine variant of early childhood. Attacks of
retrolateral torticollis may last minutes to hours. Autonomic
symptoms, such as pallor and vomiting, or distress may be
associated. Ataxia has also been reported in older children.
Migraine can occur in later childhood of affected individuals.
Rare cases have been associated with mutations of the CAC-
NA1A gene (Video 6). Such cases aremore likely to be found in
children with benign paroxysmal torticollis if accompanied by

Table 3 Differential Diagnosis Between Psychogenic and Epileptic Seizures

Feature Psychogenic seizure Epileptic seizure

Onset Usually gradual Sudden

Duration Often prolonged (several min) Brief (1–2 min)

Injury and tongue biting Rare Common

Ictal eye closure Common (resistance to passive eyelid
opening)

Rare (eyes generally open)

Urinary incontinence Rare Common

Motor activity Variable, forward pelvic thrusting, rolling side
to side, “waxing and waning”

Stereotyped, coordinate tonic-clonic activity

Postictal confusion Rare (a postictal crying is common) Common

Triggers Emotional disturbances No

Reproduction of attack by suggestion Sometimes No

Ictal EEG findings Normal Frequently abnormal
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family histories of familial hemiplegic migraine (HM), EA, or
paroxysmal tonic upgaze.e1

HM is a rare disorder characterized by migraine attacks
preceded by an aura with unilateral weakness always associ-
ated with at least another type of aura, such as scintillating
scotoma, visual field defect, numbness, paresthesia, or
aphasia. Symptoms usually last 20–30 minutes; however, it
may take hours to resolve. HM can be classified as familial
and sporadic depending on the pattern of transmission.

Sporadic HM is referred to patients with no affected family
members. Conversely, familial HM (FHM) is transmitted in
an autosomal dominant pattern. CACNA1A, ATP1A2, and
SCN1A are the most common causes of FHM. In addition to
FHM, ATP1A2 and SCN1A genes have been associated with
several types of epilepsies, including Dravet syndrome,
making the differential diagnosis with epilepsy even more
difficult. Sometimes, HM may be confused with postictal
Todd paralysis. Nevertheless, duration of motor symptoms,
presence of headache and absence of limb jerking, head-
turning, or loss of consciousness usually help to determine
the correct diagnosis.

Other Paroxysmal Nonepileptic Disorders
Benign myoclonus of infancy and shuddering attacks are both
benignvariants of normal behavior in children.The age at onset of
these attacks is typically around 4months, but they can persist up
to the age of 6–7 years, with a relapsing-remitting course. Attacks,
usually self-limiting, can be very frequent and normally last a few
seconds. They can be triggered by feeding or head movements.
During these events, children present brief bilateral jerks, rapid
movements of the head, shoulders, and trunk, sometimes fol-
lowed by amodification in facial expression, and the flexion of the
upper limbs. After these episodes, children return to their pre-
vious activity without loss of consciousness during the event in
contrast to myoclonic seizures (as in the syndrome of myoclonic
epilepsy in infancy), which represent the most common differ-
ential diagnosis. Shuddering attacks are also known as benign
nonepileptic spasms. A video recording of episodes is the most
useful diagnostic tool, and treatment is unnecessary.e2

Jitteriness is a common movement disorder of the neonatal
period, generally transient, self-limiting, and benign. Jitteriness,
however, may also occur as a result of pathologic conditions
such as hypoglycemia, hypocalcemia, hypoxic-ischemic en-
cephalopathy, intracranial hemorrhage, sepsis, hypothermia,
hyperthyroidism, and drug withdrawal reaction. The most im-
portant feature of this movement is a recurrent tremor of the
extremities which increases in intensity with stimuli and stops
with slight flexion of the extremities. It can be distinguished
from epileptic seizures because it is triggered when the infant is
unwrapped, stimulated, or during crying, but it is suppressed
when the infant is wrapped or the affected limb is gently
grabbed. Moreover, movements and autonomic changes (hy-
pertension, apnea) do not accompany jitteriness. The presence
of these changes may suggest epileptic episodes.e3

Sandifer syndrome is an uncommon association of paroxys-
mal dystonic movement with gastroesophageal reflux disease
(GERD) (1% of children with GERD),e4 which should be
considered in the differential diagnosis of infants and chil-
dren presenting with nonepileptic posturing and dystonic
movements (Video 7). Sandifer syndrome usually occurs in
childhood or early childhood and clinically manifested as a
sudden onset of transient (1–3minutes) spasmodic torsional
dystonia with arching of the back and opisthotonic posturing
in patients with GERD or hiatal hernia.e5 The pathogenesis
remains unknown, and movements associated with this
disorder can challenge clinicians because the presentation
can mimic seizures or infantile spasms. However, the arching
of the back and its occurrence during or after feeding are key
features that distinguish this disorder from epileptic seizures.
Early treatment of gastroesophagal reflux may result in the
resolution of symptoms.e6

Nonepileptic head drops may arise during childhood and
may simulate epileptic spasms or atonic seizures. This dis-
order is defined as an abrupt loss of muscle tone of the neck,
causing the head drop (Video 8). Head drops can be more or
less intense and are typically accompanied by crying. These
involuntary movements usually occur several times per day,
up to a 100 episodes, characteristically in a cluster and po-
tentially resulting in head bobbing. Nonepileptic head drops
begin at the age of 3–6 months, and they usually resolve
within the first year of life. Infants develop normally. The
EEG recording can be misleading because the EEG artifact
induced by the head drops might be considered as an ictal
paroxysmal event.e7

Spasmus nutans is characterized by the triad of asymmetric and
pendular nystagmus, head nodding or head tilt, and torticollis.
This disorder is typically observed in infantswith onset between
4 and 12 months of age, and its cause is still unknown. This
normally resolves spontaneouslywith time, but neuroimaging is
usually required to exclude structural brain abnormalities. In-
deed, a substantial proportion of patients with spasmus nutans-
like nystagmus may have underlying ocular, intracranial, or
systemic abnormalities that may require further evaluation and
management. In particular, spasmus nutan symptoms may be
associated with arachnoid cyst, optic nerve hypoplasia, di-
encephalic syndrome, subacute necrotizing encephalopathy,
and intracranial tumors.e8

Paroxysmal extreme pain disorder (PEPD) is a rare autoso-
mal dominant disorder associated with mutations in the
Nav1.7 voltage-gated sodium channel gene (SCN9A), char-
acterized by extremely painful paroxysms. Symptoms begin
during the neonatal period and can be life-long. Gain-of-
function mutations in the SCN9A gene result in abnormal
pain transmission, whereas loss-of-function mutations
commonly result in insensitivity to pain. PEPD manifests
with 4 types of painful episodes: (1) birth crisis: babies
usually appear red and stiff at birth; (2) rectal crisis: triggered
by defecation in infants and young children and by a variety
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of emotional factors in older children and adults; (3) ocular
crisis: it may be provoked by the cold wind, but more fre-
quently it is spontaneous; and (4) mandibular crisis, which is
often triggered by eating and yawning. The distinctive fea-
ture of this condition is paroxysmal pain attacks described as
extreme, burning, or stabbing in the rectal, ocular, and
mandibular areas, accompanied by autonomic manifesta-
tions such as skin flushing, lacrimation, and rhinorrhea.e9

Episodes are most frequent during early childhood, and
bradycardia or asystole may occur, resulting in syncope and a
nonepileptic anoxic seizure with tonic posturing. The events
can be confused with tonic seizures, but a normal EEG and
the identification of the typical triggering factors followed by
the confirmation with the genetic analysis lead to a correct
diagnosis. PEPD has been described in less than 500
patients,e10 but the diagnosis is very important due to the
severity of the symptoms, which can be very debilitating and
can benefit from carbamazepine treatment.e9

Discussion
This review highlights the importance of knowledge about
PNEEs, given their wide variability of presentation and frequent
incidence within the pediatric population. Moreover, accurate
knowledge of these manifestations may avoid unnecessary in-
terventions and misdiagnosis of epilepsy, which would result in
exposing the patient not only to useless therapies but also to
potentially serious side effects. The clinical presentation is often
crucial for the differential diagnosis in epilepsy, and accurate
history combined with the evaluation of HVRs could be suffi-
cient and thus avoid unnecessary investigations to distinguish
epilepsy from PNEEs. For this reason in the era of smartphone
devices that are ubiquitous in society, there is growing interest
in the role of HVRs in the diagnosis of epilepsy. Several studies
have highlighted their noninferiority to VEEG monitoring in
epilepsy diagnosis,e11 and there are already many examples of
smartphone applications assisting clinicians in decision making
and optimal management of patients with epilepsy.e12 HVRs
indeed offer the possibility of detecting at any time semiological
aspects that VEEG might miss due to its dependence on hos-
pitalization time.

To increase their clinical value for a general neurologist or
nonneurologist, it is essential to define generally accepted quality
standards for HVRs.e13 Practical recommendations on the
quality standard of HVRs and safety assessment consist of
demonstrating interactivity with the patient,1,2 recording the
episode from the beginning,3 and providing good lighting and
visibility of the face as well as the rest of the body without
obstruction. Regarding safety standards, time recording of no
more than 2–3 minutes, creation of a safe environment, and
strict observation of a patient’s autonomic changes should not be
ignored.e14 Further studies should be initiated to create a global
video gallery to identify and classify the key points to distinguish
a seizure from PNEEs. Indeed, a more informed and widely
shared approach to PNES could facilitate the development of

practical recommendations to ensure appropriate safety and
quality standards of seizure HVRs to allow accurate diagnosis.
The creation of an online platform accessible to clinicians while
respecting data protection and privacy should be the focus of
future research efforts in this area, given the increasing role of
telemedicine, particularly in the wake of the recent 2019 coro-
navirus pandemic.
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TAKE-HOME POINTS

Paroxysmal nonepileptic events occur frequently in
the pediatric population and are often misdiag-
nosed because of their clinical heterogeneity.

Home-made videos are becoming increasingly
essential to a correct diagnosis, although a detailed
clinical picture and accurate medical history are
mandatory.

Increasing awareness is important for a prompt
diagnostic framing and for avoiding unnecessary
procedures and potentially serious side effects
derived from inappropriate/unneeded treatments.

The use of diagnostic tools such as EEG must be
guided by specific clinical suspicions.

Growing awareness on this topic, together with a
specific video collection widely shared among
physicians, can reduce the risk for diagnostic
mistakes.
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