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Commentary:

Pediatric epileptology is a very important branch of pediatric neurology. The classification of the
epilepsies has changed significantly in recent years, pointing to experience we know from clinical
practice: Is Rolandic epilepsy benign, indeed? Do idiopathic epilepsies always have a good prognosis?
Is it only epileptiform discharges in the EEG that interfere with the neurodevelopment of a child with
epilepsy? There are still many questions; advances in diagnostics, especially genetic, answer some of
them. The genetics of epilepsies have made tremendous progress and elucidated the cause of epilepsy
in many of our patients. It ended a very exhausting and stressing diagnostic oddyssey and relieved many
patients and their families. It also showed us a new path that is a huge challenge for pediatric
epileptologists and a promising outlook for the future - precision medicine strategy. Treating not only
the symptoms of epilepsy, but also its cause sounds like the music of the future and we believe it will

become more and more real.

The author's work is divided into several parts, which are interwoven with her own scientific results and

observations.
The first part deals with the classification of seizure types and epilepsies.

The second part focuses on the description of important epileptic syndromes and outlines the proposal

of the forthcoming ILAE Classification of Epileptic Syndromes.

The last part is focused on the genetic causes of epilepsy and concludes the work on linking genetics
and phenotype to "new genetic epileptic syndromes" with the possibility of applying precision medicine

strategy.

Where relevant, chapters are accompanied by commentaries introducing the topic of each publication,

describing the current state of knowledge and how the author has contributed to knowledge in this field.

The work is based on research activities at the authors’ workplaces, the Department of Pediatric

Neurology, Faculty of Medicine, Masaryk University and University Hospital Brno.

The work is concluded with a collection of author’s published scholarly works with commentary.
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1 Introduction and background

1.1 Incidence and prevalence of epilepsy:

Epilepsy is one of the most common chronic neurological diseases in children. The incidence
of epilepsy in childhood is highest in the first year of age, estimated at 144 / 100,000 in children
aged 0-1 years and 58 / 100,000 in children aged 1-10 years (1). The cumulative incidence (total
proportion of children with epilepsy aged 0-10 years) is reported to be 0.66% (1). Graphically,
the results are shown in Fig. 1. A systematic review and meta-analysis of 222 international
studies on epilepsy incidence and prevalence reported a point prevalence of epilepsy of 6.38
per 1,000 persons (95% CI 5.57-7.30), a pooled lifetime prevalence of 7.6 per 1,000 and an
incidence rate of 61.44 per 100,000 patients / year (95% CI 50.75 - 74.38) (2).

50 75 100 125 150 175

Incident cases per 100,000 person-years

25

Age (years)

Fig. 1: Incidence of epilepsy in children in the first 10 years of age (1).

1.2 Epileptic seizure

In 2005, the International League Against Epilepsy (ILAE) formulated a conceptual definition
of seizures and epilepsy. According to this definition, an epileptic seizure is defined as a
transient occurrence of symptoms resulting from abnormal excessive or synchronous (epileptic)
neuronal activity in the brain (3). According to the new 2017 ILAE Classification of seizure

types (4), seizures are divided into focal, generalized and seizures of unknown origin - all these
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groups are further divided into the category of motor seizures, or seizures without motor

manifestations (see Fig. 2).

ILAE 2017 Classification of Seizure Types Expanded Version !

Focal Onset ‘ ‘ Generalized Onset I [ Unknown Onset

' s /— F il "\\
Aware | 'Mpaired Motor N Motor
l Awareness tonic-clonic tonic-clonic
- . clonic apileptic spasms

/~ Motor Onset tonic Nonmotor

automatisms myoclonic

atonic2 myoclonic-tonic-clonic behavior arrest

clonic myoclonic-atonic

epileptic spasms au?lnic ) )

hyperkinetic epileptic spasms [ — ]

myoclenic Nenmotor (absence) Unclassified

tonic typical

Nonmeotor Onset atypical

autonomic e

lid loni /

behavior arrest \\ Syl mpacionta /f

cognitive e

emotional
\ sensory /

[ focal to bilateral ton Ir,-clonil:]

Fig. 2: ILAE 2017 Classification of seizure types (4)

1.2.1 Focal epileptic seizures

In focal seizures, the initial clinical manifestations and / or EEG changes suggest the onset in
part of one cerebral hemisphere. Localization can be very discrete or widely distributed. Focal
seizures can begin in subcortical structures. For each type of seizure, the ictal onset is given and
unchanged, and there are preferential propagation patterns that can extend into the contralateral
hemisphere (5). A state of awareness can be classified for focal seizures. An aware seizure
means that the affected person is aware of himself / herself and the environment throughout the
course of the course, even though he is, for example, immobile or aphasic. A seizure with
impaired awareness means that consciousness is not maintained during the seizure. Focal
seizures, with or without impaired awareness, are further subdivided into motor or non-motor.
Furthermore, the individual groups are specified, as shown schematically in Fig. 2. The
assignment of a certain term is decided by the first predominant symptom or manifestation of

the seizure (5).
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Focal motor seizures: are characterized by the dominance of motor manifestations. For some,
these are unnatural movements and body positions different from physiological movements for
their unnatural speed, chronology or posture (focal clonic, myoclonic, tonic, etc.). In other
seizures, it is a complex motor activity similar to physiological movement patterns, but which

occurs in an inadequate situation (eg automatisms).

Focal motor seizures with automatisms are characterized by the presence of unconscious
movements - licking lips, clapping, swallowing, scratching, playing with clothes or a blanket,

etc.

Focal atonic seizures are manifested by a short (250ms-1s) and sudden loss or decrease in
muscle tone of the head, body, jaws and limbs without previous myoclonic or tonic

manifestations.

Hyperkinetic seizures are characterized by marked physical agitation or the occurrence of

movements resembling pedaling a bicycle.

Cognitive seizures express a disorder of speech or other cognitive functions or, conversely,
describe positive symptoms reported by a patient, such as déja vu, hallucinations, illusions, or

feelings of distorted perception.

Emotional seizures express subjectively reported anxiety, fear, joy, or other emotions as the
predominant symptom reported at the onset of the seizure, but also the situation around the

observed emotional expression in a patient without subjectively reported emotions.

In a seizure with behavioral arrest, the disappearance of the patient's activity is the

predominant symptom (5).

The 2010 ILAE Revision of the classification (6) and the 2017 ILAE Classification of seizure
types (4) also include epileptic spasms; first in the group of seizures of unknown origin (6),
then according to the new classification either in the group of focal seizures, generalized or with
unknown origin (4). Their correct classification requires detailed analysis of the video-EEG
recording. Because epileptic spasms may continue beyond the age of infancy or even occur de

novo outside this age, it is no longer recommended to use the term infantile spasms as before.

If a focal seizure spreads to both hemispheres and a tonic-clonic seizure develops, the term

"focal to bilateral tonic-clonic seizure - FBTCS" is used (4).
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1.2.2 Generalised epileptic seizures

Generalized seizures are characterized by the fact that the first clinical changes indicate the
involvement of both hemispheres (EEG patterns are bilateral from the beginning). They are also
divided into motor seizures or non-motor seizures (= absences). Generalized seizure
manifestations can be asymmetric, which sometimes makes it difficult to distinguish them from

focal seizures.

1.2.2.1 Generalised motor seizures

Tonic-clonic (GTCS): are characterised by bilateral symmetrical tonic contraction, then
bilateral clonic contractions of somatic muscles usually associated with autonomic phenomena.
Examples of GTCSs in children include most febrile seizures and GTCSs in idiopathic
(=genetic) eplepsies (IGEs, GGEs), such as juvenile myoclonic epilepsy (JME). Focal
epilepsies can manifest with focal seizures evolving to bilateral tonic-clonic seizures (FBTCS).
Investigations of symptoms and precipitating factors immediately before the onset of a GTCS

is a crucial part of the history taking, with significant diagnostic and management implications.

Ictal EEG: Rhythm at > 10 cycles/s decreasing in frequency and increasing in amplitude during

tonic phase. Interrupted by slow waves during clonic phase.

Clonic: manifest by bilateral rhythmic clonic convulsions only. Each clonic event lasts <100ms
at a rate of 1-5Hz. They should be distinguished from myoclonic seizures; clonic seizures are

rhythmic at 1-5Hz, whereas myoclonic seizures are singular or irregular recurrent events.

Ictal EEG: each clonic convulsion corresponds to a generalised discharge of spike and multiple

spikes or, more rarely, a mixture of rapid rhythms and slow waves.

Tonic: convulsive attacks of sustained muscular contractions only, without clonic component.

They are of longer duration than myoclonic jerks and spasms (>2 — 10s).

Ictal EEG: low-voltage, fast activity or a fast rhythm 9-10 cycles/s, decreasing in frequency and

increasing in amplitude.

Myoclonic: myoclonus is termed epileptic when it occurs in combination with cortical
epileptiform discharges. Another possible definition is that myoclonus is epileptic when
generated in the cortex, and non-epileptic, when generated in subcortical structures.

Panayitopoulos proposes the following definition: epileptic myoclonus is a transient (<100 ms)
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involuntary single or multiple muscle jerk due to abnormal excessive synchronous neuronal

activity in the brain (7). Myoclonic seizures are briefer than tonic seizures and epileptic spasms.

Ictal EEG: polyspike and wave or sometimes spike and wave or sharp and slow wave.

Atonic: a sudden loss or diminution of muscle tone without an apparent preceding myoclonic
or tonic event, lasting approximately 1 or 2 s, involving the head, trunk, jaw or limb

musculature.
Ictal EEG: polyspikes and wave or flattening or low-voltage fast activity.

Epileptic spasms: seizures that can be generalised, focal, or of unclear onset. Epileptic spasms
are sudden and brief bilateral tonic contractions of the axial and proximal limb muscles with
abrupt onset and termination. They usually last for around 1 s and thus they are of longer
duration than myoclonic jerks but of shorter duration than tonic seizures. The most common
and characteristic form of epileptic spasm is with West syndrome (WS) but epileptic spasm
may also occur in older children with epileptic encephalopathies. They are usually symmetrical
and may involve widespread muscle groups or only the neck, abdomen or shoulders.
Lateralising features may occur. Subtle spasms may occur as episodes of facial grimacing or
isolated eye movements. The end of the attack is often followed by a cry or laughter. Epileptic

spasms usually occur in clusters, often on awakening (7).

Ictal EEG: is heterogenous; a high amplitude, biphasic, slow wave or spike and wave activity

may occur.

The new ILAE 2017 Classification of seizure types also recognizes the inclusion of seizure

combinations: myoclonic-atonic and myoclonic-tonic-clonic as new types (4).

1.2.2.2 Generalized non-motor seizures

Typical absence seizures: generalized epileptic seizures of abrupt onset and abrupt
termination, clinically manifesting as impairment of consciousness often associated with other
concomitant symptoms, such as myoclonia, automatisms or autonomic distrubances. In 90% of
patients, they are precipitated by hyperventilation. Other specific modes of precipitation include

photic, pattern, video games and thinking.
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Ictal EEG: generalized spike-slow wave discharges of 3 — 4 Hz. Typical absence seizures are
present in childhood absence epilepsy (CAE) and juvenile absence epilepsy (JAE), mild can be

seen in juvenile myoclonic epilepsy (JME) (7).

Atypical absence seizures: clinical symptoms of mild-to-severe impairment of consciousness,
often significant changes in tone with hypotonia and atonia, mild tonic or autonomic alterations.
Their duration ranges from 5-10s to minutes. Atypical absence seizures occur in the context of
severe epileptic encephalopathies, typically in Lennox-Gastaut syndrome (LGS), myoclonic-

atonic epilepsy (MAE) etc.

Ictal EEG: slows generalised spike-wave discharegs (<2.5Hz). These are hererogenous, often

assymetrical.

Absences with eyelid myoclonias could be placed in a group of generalized seizures with
motor manifestations. Because eyelid myoclonias are the most prominent clinical feature of

these seizures, they are placed in the category of absences.

1.2.3 Provoked vs. unprovoked seizures
Seizures can be divided into unprovoked, occurring in the absence of precipitating factors and

provoked — acute symptomatic seizures (ASSs) as explained below.

At this point, it is important to highlight the issue of reflex seizures, which by definition are
ranked among the unprovoked. These are, for example, seizures that occur in response to photo
stimuli and are therefore provoked. However, because there is a clear trend to respond to these
stimuli with repeated seizures, there is an abnormal permanent predisposition to them, and

therefore the occurence of reflex seizures meets the conceptual definition of epilepsy (7).

Provoked seizures - acute symptomatic seizures (ASSs) occur in close temporal connection
with the ongoing CNS structural, toxic, metabolic or inflammatory insult. ASSs have higher
early mortality, which depends on their cause. However, they have lower risk of further

unprovoked seizures and the development of epilepsy (4).

The causes of ASSs are for example as follows (8):
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Hypoglycaemia

In hypoglycemia, we can often see focal seizures that may divert our attention to the search for
the structural cause of the seizures. In the case of the development of any ASS, it is necessary

to consider the possibility of hypoglycemia.

Hypocalcaemia

The level of ionized calcium is crucial, which depends on the blood pH and decreases during
alkalosis (binding to albumin). Therefore, we must be careful with the correction of metabolic

acidosis in patients with limit values of ionized calcium.

Hypomagnesaemia

Diarrhea, insufficient income, malabsorption are the main causes of this condition.

Hyponatremia

Hyponatremia can occur in cardiac or renal edema or iatrogenically in hyperhydration. It can
also have intracranial causes after head injuries or neurosurgical procedures - the syndrome of
inappropriate antidiuretic hormone secretion (SIADH) or cerebral salt wasting syndrome
(CSWS), the mechanism of which is inadequate renal sodium loss accompanied by
hypovolemia. CSWS increases the production of brain natriuretic peptide, leading to increased
sodium excretion and renal loss of sodium and water. This produces a large volume of diluted
urine and reduces the extracellular volume of water. In SIADH, fluid retention and dilution
hyponatremia occur, so the volume of the extracellular fluid is normal, hypervolemia develops,
and highly concentrated urine is formed with a small volume. The cause may be an injury,
infection, stroke, drugs (tricyclic antidepressants, carbamazepine, ACE inhibitors, vincristine,
etc.). Hyponatremia leads to the development of cerebral edema. With hyponatremia below 125
mmol/l, gastrointestinal symptoms (nausea, vomiting) appear, and when sodium falls below
120 mmol/l, mild cognitive dysfunction is added. More severe encephalopathy with ASSs,

delirium and coma occurs when sodium drops below 120 mmol/I.

Cerebral hypoxia and anoxia

This condition can occur for a number of reasons - heart and circulation failure in myocardial

infarction, arrhythmia, bleeding, septic shock, etc. In diffuse hypoxia, the hippocampus and

18



cerebellum are affected first, then the cerebral cortex, the most resistant is the brainstem. Short-
term hypoxia can lead to the development of syncope, which can also be convulsive, then it

acts as an epileptic seizure.

Drug causes

The combination of tramadol with SSRIs, for example, or some chemotherapeutics, which we
often encounter in pediatric oncology patients (methotrexate, ifosfamide), has a proconvulsant

effect.

Withdrawal syndrome

After the withdrawal of barbiturates, opiates or benzodiazepines, especially after a rapid action.

Brain tumor

Supratentorial tumors in children are less common, and even in this location the risk of
developing seizures is relatively low compared to adult patients. Epileptic seizure as an initial
symptom has been described in 15% of children with supratentorial tumor localization (8). Only
1% of children after the first epileptic seizure were diagnosed with a brain tumor as the
underlying cause. Brain tumors in children occur predominantly in the posterior fossa, their
growth is rapid and they are highly malignant. Such tumors often have symptoms other than
seizures, based on their location and the extent of brain tissue involvement. ASSs in these
tumors are caused mainly by decompensation of intracranial pressure, which is caused by rapid
tumor growth and collateral edema. In contrast, slow-growing tumors such as dysembryoplastic
neuroepithelial tumor (DNET) or low-grade gliomas (LGGs) are associated with a risk of
seizures and the development of epilepsy. DNET is often associated with a malformation of
cortical development and epileptogenicity is ensured by cortical dysplasia in its surroundings.
Epileptic seizures in these children can be the first manifestation of the disease. Children are

treated for epilepsy and can be candidates for epileptosurgery.

Stroke

In general, stroke is rare in children. ASSs in this condition occur in 4.2-6.1% of cases. Most
of them take place within 24 hours after the onset of clinical symptoms (9). They are slightly

more common in hemmorhagic stroke. In cerebral venous thrombosis, ASS occurs in up to 40%
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of cases (8). It is necessary to perform brain MRI with venography in these pateints and

carefully search for cerebral venous thrombosis.
CNS infections

As ASSs are concerned, brain abscesses are especially important. As many as a quarter of

patients with a brain abscess manifest with ASS (8).
Posterior Reversible Encephalopathy Syndrome (PRES)

As mentioned above, ASSs also occur, for example, in PRES syndrome, which is a clinico-
radiological syndrome. This is defined as transient cerebral vasogenic edema, which occurs
preferentially in the posterior cerebral circulation. It is clinically characterized by headaches,
seizures, impaired consciousness, visual and other focal neurological symptoms (10). The
radiological finding of vasogenic edema in the posterior cerebral circulation is characteristic,
but other areas may also be affected, especially the basal ganglia, brainstem and white matter
(Fig. 3). The pathophysiology of the syndrome is unclear. Arterial hypertension and endothelial
dysfunction, which lead to a blood-brain barrier disorder and the development of vasogenic
brain tissue edema, are thought to occur (10). Moderate to severe hypertension can be traced in
up to 75% of patients (11). In pediatrics, this syndrome is most commonly encountered in
oncology patients, especially in children with hematological malignancies during the protocol

treatment.

The author studied PRES in children treated at the Department of Pediatric Oncology of the
Faculty of Medicine, Masaryk University and University Hospital Brno in the years 2008-2018
and evaluated a group of 21 patients with this diagnosis (12). ASSs were identified in 17 of 21
patients (80.9%), 4 of 21 patients (19.0%) had seizures even after the acute period, and epilepsy
was present in 2 of 21 children (9.5%) at one-year follow-up. Interestingly, both of these
patients had glial changes on the brain MRI. These two patients were discussed from the point
of pathophysiology. Were there other factors in addition to vasogenic edema at PRES onset?
Vasogenic edema should be reversible and possibly other factors that worsened the patients
prognosis were involved. The key finding was that PRES is mainly reversible with a good

prognosis and seizures in this syndrome are mostly acute symptomatic (12).
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Fig. 3: MRI at PRES onset showing FLAIR (a,b) and T2-weightened (c,d) subcortical
hyperintensities in occipital regions with right predominance.

Images from the archive of the Department of Pediatric Radiology, Faculty of Medicine, Masaryk University,

University Hospital Brno.

Annex 1
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1.3 Epilepsy

Epilepsy was defined in 2005 as a disorder of the brain characterized by an enduring
predisposition to generate epileptic seizures, and by the neurobiologic, cognitive,
psychological, and social consequences of this condition. The definition of epilepsy requires
the occurrence of at least one epileptic seizure (3). In 2014, the ILAE newly proposed an

amendment to the conceptual definition of epilepsy for practical clinical needs (13):
Epilepsy is a disease of the brain defined by any of the following conditions:
1. At least two unprovoked (or reflex) seizures occurring >24 h apart

2. One unprovoked (or reflex) seizure and a probability of further seizures similar to the general

recurrence risk (at least 60%) after two unprovoked seizures, occurring over the next 10 years

3. Diagnosis of an epilepsy syndrome

Epilepsy is considered to be resolved for individuals who had an age-dependent epilepsy
syndrome but are now past the applicable age or those who have remained seizure-free for the

last 10 years, with no antiseizure medication for the last 5 years (13).

Epilepsy is a very heterogeneous group of diseases and their correct classification, including
the determination of etiology, has a major impact on treatment and prognosis (3). The current
ILAE 2017 Classification of the epilepsies is multi-level and, where possible, should be set at
all three levels (14). See Fig. 4.

The first level is the seizure type classification, as discussed in the previous chapter.
Classifications of seizure type and epilepsy also take into account the results of examinations

such as EEG and imaging methods, along with others to reveal the etiology of epilepsy.

The second level is the determination of the type of epilepsy - see the 2014 definition of epilepsy
(13). Thus, we distinguish between focal and generalized epilepsy; since 2017, two new groups
have been added: combined generalized and focal epilepsy and epilepsy of an unknown origin
(14).

A patient with generalized epilepsy typically has generalized discharges of spike and wave
complexes in the EEG. These patients may have different types of generalized seizures:

absence, myoclonic, atonic, tonic, tonic-clonic, etc. The diagnosis is conditioned by a typical
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clinical manifestation and EEG findings. Caution should be exercised if the patient has a history
of generalized tonic-clonic seizures and a negative EEG. The diagnosis may be supported by,

for example, the occurrence of myoclonic jerks or a relevant family history (14).
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Fig. 4: 2017 ILAE Classification of the epilepsies (14)

Co-morbidities

Focal epilepsy can be unifocal or multifocal, or seizures affect one hemisphere, as described in
detail in the previous chapter. In the EEG, we typically find focal epileptiform discharges and

the diagnosis can be based on a clinical picture supported by the EEG finding.

A new group of combined generalized and focal epilepsy, where one patient may experience
both focal and generalized seizures, is essential especially for epileptic encephalopathies.
Typically this type of epilepsy can be found in Lennox-Gastaut syndrome or Dravet syndrome

(14).

Epilepsy of an unknown type indicates a situation where the patient has epilepsy, but we are
unable to determine whether it is focal or generalized because there is a lack of information
about the type of seizures. Likewise, the EEG does not provide enough information or is not

available at all.

The third level is the determination of epileptic syndrome, as discussed below.
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There are several major changes in the new classification of epilepsy compared to the 1989
ILAE Classification (15):

Idiopathic generalized epilepsy (IGE): this is a very well-defined and widely used term for a
group of diseases that include Childhood absence epilepsy (CAE), Juvenile absence apilepsy
(JAE), Juvenile myoclonic epilepsy (JME), and Generalized tonic-clonic seizures alone. The
last group used to be called GTCS on awakening. The circadian rhythm dependence is not
always present, thus the syndrome’s name has been changed. Recently, the name of these
epileptic syndromes has been changed to Genetic generalized epilepsy (GGE). This name has
been supported by clinical research on the inheritance of these syndromes in twin and familial
studies. This does not mean that a pathogenic sequence variant or genetic cause in general
explains the etiology of the disease in patients with GGE. Therefore, it is still possible to use
both IGE and GGE terms (14).

The term "idiopathic" has also been used to indicate that it is a highly pharmacoresponsive
syndrome, often remitting in age and essentially "benign.” Concomitant cognitive and
behavioral changes in patients with these epileptic syndromes have often not been reported (14).
The author studied a group of 46 patients with JAE followed up at the Center for Epilepsy Brno
in the years 2006-2011 (16) and found that almost half of the patients had a high level of drug
resistance with ongoing seizures. On average, patients in this cohort took 4-6 antiseizure drugs.
This is an example of an epileptic syndrome generally considered to be a syndrome with a very

good prognosis, but the results did not support this claim.

Annex 2

A similar question also arose in the group of ,,benign focal epilepsies, where Rolandic eplepsy
(Self-limited epilepsy with centrotemporal spikes) is a typical example. This syndrome was
considered as benign for a long time, as the name suggested (formerly Benign childhood
epilepsy with centrotemporal spikes — BCECTS). The truth is that most patients with this
syndrome have a very good prognosis, but the accompanying cognitive and behavioral changes
in these children cannot be neglected, and this syndrome is typically associated with Attention
Deficit Hyperactivity Disorder (ADHD) (17-19). Even before the announcement of the new
ILAE 2017 Classification of the epilepsies in 2017 (14), the author prepared her dissertation on
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the topic "The influence of EEG-detected nocturnal centrotemporal discharges on the
expression of on core symptoms of ADHD in children with BCECTS" (20). The work evaluated
32 children aged 6-11 years treated at the Department of Pediatric Neurology, Faculty of
Medicine, Masaryk University and University Hospital Brno, with a diagnosis of Rolandic
epilepsy. ADHD was diagnosed in 65.8% of them. Patients with greater activation of
epileptiform discharges in sleep also had a higher rate of attention deficit and impulsivity. The
influence of nocturnal epileptiform discharges on the development of cognitive functions in the
critical period of development of neuropsychological functions was extensively discussed in

the work.

The ILAE 2017 Classification of the epilepsies leaves the labeling of "benign focal epilepsies”
as benign. The renaming this group to "self-limited focal epilepsies” is somewhat more
appropriate, reflects their age and does not emphasize the benign course, which may not always
be a condition. Other self-limited focal childhood epilepsy is Panayitopoulos syndrome and
Self-limited focal occipital epilepsy of Gastaut. Self-limited epilepsis of the frontal lobe,
temporal lobe or parietal lobe have been described with beginning in adolescence or even in
adulthood (14).

Annex 3

1.4 Epileptic syndromes

An epileptic syndrome is a condition characterized by epileptic seizures in which a consistent
cluster of clinical, EEG and investigative features has specific etiological, management and
prognostic implications. An epileptic syndrome may have one or more etiologies. When a single
etiology is associated with a consistent epilepsy phenotype, the etiology, for example a genetic
or structural lesion, may best define the syndrome rather than a single clinical feature or
eponym. The definition would allow hippocampal sclerosis with focal seizures, hypothalamic
hamartoma with gelastic seizures, and CDKL5 developmental and epileptic encephalopathy to

all be classified as epileptic syndrome (21).
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Neonatal

benign familial and non-familial neonatal seizures (BFNS, BNFNS)

early myoclonic encephalopathy (EME)

early infantile epileptic encephalopathy (EIEE)

Infantile

Infantile spasms syndrome (West syndrome - WS)

Lennox-Gastaut syndrome (LGS)

epilepsy of infancy with migrating focal seizures

myoclonic-atonic epilepsy (MAE)

myoclonic epilepsy in infancy (MEI)

Dravet syndrome (previously severe myoclonic epilepsy in infancy SMEI)

febrile seizures +

Childhood

childhood absence epilepsy (CAE)

Epilepsy with myoclonic absences (EMA)

self-limited focal epilepsy with centrotemporal spikes — Rolandic epilepsy

Panayitopoulos syndrome (PS)

Childhood occipital epilepsy of Gastaut (COE-G)

Encephalopathy related to status epilepticus during slow sleep (ESES) incl. Landau-Kleffner
syndrome (LKS)

Adolescence

juvenile absence epilepsy (JAE)

epilepsy with absences with eyelid myoclonia

juvenile myoclonic epilepsy (JME)

generalised tonic-clonic seizures only

Others

Rasmussen syndrome

new-onset refractory  status epilepticus/ febrile infection related epilepsy syndrome
(NORSE/FIRES)

photosensitive epilepsy

reading epilepsy

progressive myoclonic epilepsy (PME)

frontal lobe epilepsy (FLE)

temporal lobe epilepsy (TLE) mesiotemproal limbic epilepsy syndrome (MTLE)

parietal lobe epilepsy

occipital lobe epilepsy

hemiplegia/hemiconvulsions syndrome (HHS)

Tab. 1: Epileptic syndromes divided by age at onset; frequently used in pediatric neurology

practice (taken from (21)).
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A number of epileptic syndromes are currently described, but their formal classification has not
yet been issued by the ILAE.

Tab.1 summarizes the overview of the most important and most common age-related epileptic

syndromes used in pediatric neurological practice.

The next part will be devoted to selected clinically important age-related epileptic syndromes
— adopted and modified from (7) and (21):

All EEG graphs are from the archive of the Department of Pediatric Neurology, Faculty of
Medicine, Masaryk University, University Hospital Brno.

1.4.1 Epilepsy syndromes of neonatal and infantile period

1.4.1.1 Benign familial and non-familial neonatal seizures

Patients have typically neonatal onset of seizures, usually on the second or third day of life, and
spontaneous remission by 6 months of age. Seizures are focal with different motor
manifestations, mainly clonic, never tonic. They are often lateralised, starting on one side then

affecting the other side.

EEG findings: interictal EEG is normal, discontinuous with focal or multifocal abnormalities
or with theta pointu alternant pattern. The ictal pattern is characterised by a generalized
flattening of the background activity followed by focal or bilateral spikes or slow waves lasting

as long as the clinical manifestation.

Etiology: The linkage studies led to the identification of mutations in the voltage-gated
potassium channel genes KCNQ2 and KCNQ3 (22, 23). Spectrum of phenotypes associated
with KCNQ2 and KCNQ3 mutations and gene variants have been also associated to different
epileptic phenotypes, from self-limited to drug-resistant epilepsy associated with
developmental delay. More recently the phenotype of KCNQ2-related developmental and
epileptic encephalopathy has been distinguished into two clinical phenotypes due to the
different impact of the mutation on the channel functionality (gain or loss of function) (24).
Variants that cause the loss of function cause the neonatal onset epileptic encephalopathy, while
variants that cause a gain of function of the potassium channel cause a developmental and

epileptic encephalopathy (DEE) with an infantile onset with epileptic spasms followed by drug-
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resistant focal epilepsy and the occurence of non-epileptic myoclonus during the first months
of life (24).

Treatment: This type of epilepsy syndrome is characterised by good prognosis, seizures are
self-limited independently from the treatment. Nevertheless, seizures may be difficult to control
in the neonatal period, then we use PB or BDZ. Currently, the use of sodium-channel blocker,
such as CBZ and PHT, is preffered (21).

1.4.1.2 Early severe neonatal and infantile epilepsies - Early myoclonic encephalopathy
(EME) and Ohtahara syndrome - Early infantile epileptic encephalopathy
(EIEE)
ILAE described two age-dependent electroclinical syndromes characterised by encephalopathy
which occur in the neonatal period (6): Early myoclonic encephalopathy (EME) and Ohtahara
syndrome, also known as Early infantile epileptic encephalopathy (EIEE). Each of these
syndromes are characterised by a specific clinical seizure type, clinical signs of encephalopathy
and a suppression-burst (S-B) pattern on the EEG (Fig. 5 and 6). Detailed comparison between
EME and EIEE is shown in Tab. 2.

Etiology: Two etiologic factors in EME received the most attention: genetic disorders or inborn
errors of metabolism. Kojima et al. (25) recently summarized reported genetic causes of EME
to include involvement of KCNQ2, ERBB4, SIK1, SLC4A22, and GABRB2. The most
commonly reported inborn error of metabolism connected wth EME is nonketotic
hyperglycinemia (26). Other reported metabolic disorders include hyerglycinemia, D-glyceric

acidemia, methylmalonic acidemia, hyperammonemia, and propionic acidemia (21).

Although genetic factors have been most recently extensively investigated in EIEE, structural
brain abnormalities still represent the most important etiologic factor in EIEE, making detailed
neuroimaging critical component of the evaluation of these infants (21). Several authors
reported cases of EIEE associated with mitochondrial chain deficiency (27,28). In a recent
review, Pearl et al. (29) listed genes which have been associated with EIEE: CDKLS5,
SLC25A22, STXBP1, KCNQ2 and SCN2A.

Treatment: Due to the high degree of farmacoresistance, therapy is usually unsuccessful. If

infants survive, transition to West syndrome is possible.
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erratic myoclonus tonic spasms

generalized myoclonus, focal seizures, generalized
focal seizures, tonic myoclonus (rare), no erratic
spasms (late) myoclonus

abnormal, lateralized in case of
abnormal, hypotonia brain structural abnormalities

S-B with short
paroxysmal bursts and
longer period of

suppression, S-B S-B with longer periods of bursts
enhanced in sleep and shorter periods of suppression
West syndrom or EEG and epilepsy
West syndrome improvement
metabolic disorders; CNS structural abnormalities;
genetic genetic
early death or mental retardation, severe
progressive deterioration | neurological impairment, variable
of survivors epilepsy outcome

Tab. 2: Clinical features of EME vs. EIEE (21)
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Fig. 5: Early myoclonic encephalopathy: Suppression-bursts EEG pattern with myoclonic

jerks associated to the bursts in a neonate with non-ketotic hyperglycinemia.
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Fig. 6: Early infantile epileptic encephalopathy (Ohtahara syndrome): Suppression-bursts
EEG pattern with left-sided accentation in a 3-month-old child with extensive malformation of
the cortical development (focal cortical dysplasia) predominantly in the left temporo-parietal

region.

1.4.1.3 Infantile spasms syndrome (IS; West syndrome)

The development of this syndrome is most common in the first year of age, around 3 to 4 months
of age, then it is called West syndrome. The syndrome is characterized by the occurence of
epileptic spasms and hypsarhytmia on EEG (Fig. 7-11) frequently associated with modification
of behavior or cognitive decline.

Etiology: Etiology of IS is classified as structural, genetic, infectious, metabolic, immune, or
unknown (4). Genetic etiology represents about 25% of IS (30). Several chromosomal
abnormalities have been reported in about a fourth of spasms of genetic etiology and the most
frequent are trisomy 21, XXY, 17p13.3 microdeletion, and 1p36 del (31,32). Moreover,
mutations in X-linked genes have been described such as CDKLS5, particularly in female, and
ARX, usually in male patients (33). Other gene mutation (SCN1A, MAG12, CACNAL1A) have
also been reported (34). IS can also be the first manifestation of tuberous sclerosis with mutation
in TSC1 or TSC2 gene. In about 20% of IS, the underlying cause is unknown (21).
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Fig. 7: West syndrome: High-amplitude slow waves intermingled with spikes with

asynchronous occurence — the EEG pattern of hypsarrhythmia in a 5-month-old child with West

syndrome of unknown etiology.
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Fig.8: West syndrome: Ictal pattern of epileptic spasms in a 4-month-old child with CACNALA-

related DEE. The ictal pattern is an asynchronous high amplitude diffuse slow wave.

Treatment: Hormonal treatment (ACTH or corticosteroids) and vigabatrin (VGB) are now

considered as two standard first line therapies. Earlier the diagnosis and earlier the treatment,
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better the developmental outcome (35). Conventional antiseizure medication is less efficient
than standard therapy, VPA, TPM, or ZNS are frequently used.
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Fig. 9: West syndrome: Left-sided hemihypsarrhythmia in an 8-month-old girl with severe

perinatal hypoxic-ischemic encephalopathy.

Fig. 10: West syndrome: Ictal pattern of epileptic spasms in an 8-month-old girl with severe

hypoxic-ischemic perinatal encephalpathy. Hemihypsarrhythmia is interrupted by a high

amplitude asynchronous slow wave in the lefte hemisphere.
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Fig. 11: Perinatal hypoxic-ischemic encephalopathy with West syndrome: Brain MRI in a
girl with severe hypoxic-ischemic perinatal encephalopathy. T2W axial in 2,5months of age (on

the left) and T2W axial in 8 months of age.

Images from the archive of the Department of Pediatric Radiology, Faculty of Medicine, Masaryk University,

University Hospital Brno.

1.4.1.4 Dravet syndrome (DS; previously Severe Myoclonic Epilepsy in Infancy - SMEI)
Dravet syndrome was first described in 1978 by Professor Charlotte Dravet in France (36). The
development of epileptic seizures typically begins in infancy with a peak around 5 months in
still normally developing children. The incidence is reported as 1:30,000 children (7), boys are
more often affected in a 2: 1 ratio (7). The following types of seizures occur: generalized tonic-
clonic seizures (or often lateralized alternating seizures), myoclonic seizures, atypical absences
and focal seizures with impaired awareness. Status epilepticus is very common, especially in

the initial period, mainly in febrile seizures.

The clinical course of DS can be divided in three stages: a "febrile phase"”, in the first year of

life, then a "catastrophic phase”, of variable duration, and a "sequel phase” (21).

Etiology: In accordance with the ILAE 2017 Classification of the epilepsies, DS ranks
etiologically among epilepsies on a genetic basis. The vast majority of patients carry a mutation
in the sodium channel alphal subunit gene (SCN1A gene), this mutation occurs in 70-80% of

patients (37). There is a reduction in the excitability of GABAergic interneurons in the
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neocortex and hippocampus (38), which results in a reduction in discharges in these inhibitory
interneurons. This will increase the excitability in the neural network and development SCN1A-
DEE. There is a certain variability in these patients in the clinical picture, we speak of DS-

spectrum (37).

Approximately 5% of patients carry a mutation in the PCDH19 gene with X-linked inheritance
(39). It is a gene encoding protocadherin 19, the function of which has not yet been fully
elucidated, but its involvement in neural networks is thought to be involved. The mutation
causes Epilepsy limited to females with mental retardation (EFMR). A characteristic feature
here is a lower incidence of epileptic states and myoclonic seizures rarely occur. In 45% of
patients, mental retardation is only mild, autistic features are common. Mutations in the
GABARG?2 (40) and SCN1B (41) genes have rarely been identified.

Treatment: Therapeutic options are relatively rich, but their effect is limited by high drug
resistance. The drugs of first choice are VPA and BDZ (42), especially CLB. Stiripentol (STP)
is indicated if these do not work. STP is classified as an orphan-drug in DS therapy and is
approved as adjunctive therapy to VPA + CLB. DS therapy has been approved in Europe since
2007. Other therapeutic options are TPM (43) and LEV (effective mainly for myoclonic
seizures (44)), which can be used as adjunctive drugs. LTG, CBZ, VGB and high doses of PB
may worsen seizures and should be avoided. Last but not least, it is necessary to mention the
ketogenic diet, which has a relatively high effectiveness in the treatment of DS in comparison
with other epileptic encephalopathies (45). Vagal nerve stimulation (VNS) also shows

favorable results in DS therapy (46).

1.4.1.5 Myoclonic epilepsies in infancy and early childhood
1.4.1.5.1 Myoclonic epilepsy in infancy (MEI)

MEI is characterized by brief and generalized myoclonic seizures without other seizure types,

in the first three years of life in cognitively normal infants.

The age of onset is usually between 4 months and 3 years, myoclonic seizures are initially often
rare, involving the upper limb and the head. Later, their frequency increases up to several times

a day.

Etiology: the genetic contribution to MEI is unclear.
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Treatment: VPA can lead to seizure freedom in 82.9% of patients and is considered as the first
choice treatment (47). If myoclonic seizures are not completely controlled by VPA, other
options can be chosen: CLB, CLZ, ESM, LTG (7).

1.4.15.2 Epilepsy with myoclonic-atonic seizures (MAE)

MAE is a childhood nonlesional generalized epilepsy with multiple seizure types, including
myoclonic-atonic seizures, absence, atonic, GTCS, and tonic seizures, and with onset between

7 months and 6 years of age.

Myoclonic-atonic seizures are characterized by brief, massive or axial, symmetrical jerks,
involving the neck, shoulders, arms and legs, often resulting in head nodding, abduction of arms
and flexion of the legs at the knees. Each jerk is immediately followed by an abrupt loss of
muscle tone that contributes causing the drop to the floor. Falls in MAE can also result from
purely myoclonic or atonic seizures. The EEG of myoclonic-atonic seizure shows bursts of
spike/polyspike and wave complexes at 2 to 4 Hz (Fig. 12 and 13). EMG recordings show that
the myoclonic potential is usually followed by an EMG silence lasting up to 500ms. The
interictal EEG can be normal at onset. Bursts of 3Hz spike-waves may occur without apparent
clinical manifestations and may be activated by sleep. The most suggestive finding is the 4 to
7 Hz theta rhythm with parietal predominance and the occipital 4-Hz rhythm which is constantly

blocked by eye opening (21).

Etiology: Genetic factors play an important role, dominant mutations have been demonstrated
in the SLC2A1 (GLUT1-deficit) (48), SCN2A (49), GABRB3 (50), and SPTAN1 genes (51).

Treatment: Treatment of myoclonic seizures is primarily with VPA, ESM and BDZ. LTG can
be effective especially in associated GTCSs. Other drugs, such as LEV, TPM and STM can be
effective. The ketogenic diet can be very effective. If a mutation on SCL2A1 has been found,
then the ketogenic diet should be used as the first-line treatment and maintained even with

seizure freedom (21).
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Fig.12: Myoclonic-atonic epilepsy: Ictal recording in a 3-year-old boy with myoclonic-atonic

epilepsy. A myoclonic jerk is correlated with a brief and diffuse spike and wave discharge. Pre-

ictal baskground aktivity is normal. .
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Fig.13: Myoclonic-atonic epilepsy. Sleep EEG
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in a 3-year-old boy with MAE of unknown

etiology. Generalized polyspike wave complexes in NREM 11 sleep.

1.4.1.6 Lennox-Gastaut syndrome (LGS)

The LGS remains one of the most severe epileptic encephalopathies with high seizure

frequency, progressive cognitive impairment

and drug resistence. In the 2017 ILAE
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Classification of the epilepsies, LGS is classified in the new group of combined generalized
and focal epilepsies, because patients have both focal and generalized seizures (14). The typical

LGS is desribed according to the following symptomatic triad:

1) EEG abnormalities: bursts of diffuse slow spike-wave during wakefullness (Fig. 14) and
bursts of fast rhythmic waves and slow polyspikes and above all generalized fast
rhythms at about 10 Hz during sleep (Fig. 15)

2) Epileptic seizures: axial tonic (Fig. 16), atonic (Fig. 17), atypical absence (Fig. 18)

3) Slowing of intellectual growth and associated personality disorders

Etiology: Several common etiologies of LGS have been described: perinatal hypoxic
encephalopathy, cerebrovascular disorders or cerebromeningeal infections. LGS is also caused
by malformations of cortical development or chromosomal disorders. In tuberous sclerosis, the
LGS can occur with or without previous WS (52). Exome studies or case reports of patients
with LGS have shown the role of other gene mutations such as GABRB3, ALG13, SCNS8A,
STXBP1, DNM1, FOXG1, CHD2 (53-55).
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Fig. 14: Lennox-Gastaut syndrome: Interictal EEG in a 15-year-old patient with Lennox-

Gastaut syndrome of unknown etiology. Bifrontal bursts of slow spike-waves.
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Fig. 15: Lennox-Gastaut syndrome: Interictal sleep EEG in a 15-year-old patient with Lennox-

Gastaut syndrome of unknown etiology. Generalized 12-Hz rhythmic activity with anterior

dominance.
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Fig. 16: Lennox-Gastaut syndrome: Ictal EEG in a patient with Lennox-Gastaut syndrome of

unknown etiology. Tonic axorhizomelic seizure with an initially high-amplitude complex,

followed by low-voltage activity with fast rhythms.The discharge ends with slow delta waves

with anterior dominance.
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Fig. 17: Lennox-Gastaut syndrome: Ictal EEG in a 15-year-old patient with Lennox-Gastaut
syndrome of unknown etiology. Atonic seizure with ictal EEG correlate of brief generalized

3Hz spike/polyspike and slow wave complex. Atonic seizure is associated with the slow wave.
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Fig. 18: Lennox-Gastaut syndrome: Ictal EEG in a 15-year-old patient with Lennox-Gastaut
syndrome of unknown etiology. Atypical absence seizure with ictal correlate of fluctuating

generalized slow (1,5-2,5Hz) spike and wave complexes.

Treatment: The LGS is one of the most pharmacoresistant epileptic syndromes. It is currently

acknowledged that antiepileptic drug polytherapy is the most appropriate treatment due to the
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severity of this type of epilepsy and to the wide range of seizure types with varying reaction to
the different molecules. VPA is the first line treatment for LGS and especially in combination
with LTG (56). VPA can also be combined with TPM, CLB, felbamate (FBM), LEV,
rufinamide (RFN), ZNS. Two antiseizure drugs have special status as "orphan drugs" in the
LGS: FBM and RFN. VNS can be very effective in patients with LGS with more than 50%
responders in this group of patients. VNS can also improve cognitive skills, alertness, behavior,
and sometimes intellectual ability and mood control (57). Another possibility of palliative
surgical treatment in patients with LGS is corpus callosotomy. Callosotomy has been discussed
in a large number of publications and clinical improvement was observed in 50 to 90% of
subjects with more than 50% decrease in seizure frequency. It is particuarly effective in
reducing falls during atonic and tonic seizures (58). Deep brain stimulation of the centromedian

nucleus of the thalamus has brought favorable results in LGS subjects (59).

1.4.2 Epilepsy syndromes of childhood period

1.4.2.1 Self-limited focal epilepsies in childhood

Self-limited focal epilepsies affect 25% of children with non-febrile seizures. They comprise
three identifiable electroclinical syndromes recognized by the ILAE: Rolandic epilepsy,
Panayitopoulos syndrome (PS) and the idiopathic childhood occipital epilepsy of Gastaut
(ICOE-G) including the idiopathic photosensitive occipital lobe epilepsy.

1.4.2.1.1 Rolandic epilepsy (self-limited epilepsy with centro-temporal spikes)

Children develop infrequent focal seizures consisting of unilateral facial sensorimotor
symptoms, oropharyngolaryngeal manifestations, speech arrest, and hypersalivation (7).
Rolandic seizures are usually brief lasting for 1-3 minutes. 75% of seizures occur during NREM

sleep, mainly at sleep onest or just before awakening.

EEG: Centrotemporal spikes (CTSs) are the hallmark of this epileptic syndrome. They are
mainly localised in the C3 and C4 electrodes. CTSs are often bilateral activated by drowsiness
and NREM sleep (Fig. 19).
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Fig.19: Self-limited epilepsy with centrotemporal spikes: Left-sided centrotemporal spike and
wave complexes in a 6-year-old child with Rolandic epilepsy, ictal onset of a typical rolandic

focal motor seizure in the second part of the graph in the same region.

CTSs and their impact on the neuropsychological profile of patients: Although Rolandic
epilepsy used to be described as a "benign” epilepsy syndrome, many studies have revealed that
a significant number of patients have some degree of neuropsychological impairment. Despite
a favourable seizure outcome and normal intelligence, children with Rolandic epilepsy often
have difficulties in various domains of neuropsychological functioning, such as behaviour (60),
language (61,62), cognition (18,61,63), attention (17,19), and memory (19), which may lead
to learning difficulties (62,64). A prominent comorbidity in children with Rolandic epilepsy is
attention-deficit/hyperactivity disorder (ADHD) (17-19). The prevalence of ADHD in the
general population is 3% to 7% (65); it is 31% in children with this type of epileptic syndrome
(18).

Despite studies demonstrating the genetic basis of Rolandic epilepsy, the development of
symptoms of this epilepsy syndrome and typical EEG discharges are age related and time
limited. The prerequisite is thus the existence of a developmental window during which
permissive factors appear that cause changes in the processes of the aging of affected brain

areas. This developmental window is associated with cortical functional activity that can be
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defined on the basis of regional cerebral blood flow (66) and local metabolic changes (67,68).
At birth, the regional cortical cerebral blood flow is lower than in adults. After birth, it increases
up to 5-6 years of age to values which are about 50-85% higher than in adults. It then decreases
again and reaches adult values between 5-19 years (69). The time required to reach adult values
varies depending on the area of the cortex. The shortest is in the primary cortex and the longest
in associate cortical areas. The metabolic profile measured by glucose utilization is almost
identical: low at birth, rising to 4 years of age when the child’s brain consumes up to twice as
much glucose as an adult, and then decreasing and reaching adult values at the age of 16-18.
These changes correlate with an initial overproduction and subsequent elimination of excessive
neurons, synapses, and dendrites, which can be seen in the developing brain (69). Early
development of epilepsy can have long-term effects on the developing brain. The vulnerability
of the developing brain emerges from impaired developmental processes such as
synaptogenesis, dendritic branching, neural migration, and differentiation, rather than from
neuronal death, which dominates in the case of development of seizures in adults when the brain
is already matured (70). For this reason, it is possible to see more global autistic regression with
more severe speech deficits in children with early development of ESES than in children with
LKS with relatively later development where isolated speech regression is observed. Very
different impacts of epilepsy can therefore be expected depending on the degree of the brain
maturity when epilepsy becomes active. In a study (20), the author demonstrated that children
with earlier seizure onset had lower 1Qs. In other neuropsychological testing, she found
statistically significantly higher attention deficit and impulsivity in children with earlier onset
of seizures. The results are supported by another study of 25 children with Rolandic epilepsy
that proved that the early onset of seizures leads to worse results in neuropsychological testing
of cognitive functions (71). Another study of 33 children with Rolandic epilepsy demonstrated
that the patients with an average epilepsy onset at around 8 years were at higher risk of
neuropsychological problems (64). In self-limited focal epilepsies, Rolandic epilepsy included,
sleep increases the frequency of epileptiform discharges and the discharges remain high during
the first phase of NREM sleep. During REM sleep, the frequency decreases; this decrease can
also be observed in other NREM sleep cycles (64). The atypical development of Rolandic
epilepsy to "Rolandic epilepsy plus™ conditions shows that ongoing nocturnal epileptiform
activity causes neuropsychological deficit and the level of severity depends on the rate of awake
and sleep pathology (72). Night epileptiform discharges intervening during brain development
may lead to the impaired development of neural networks involved in various neurocognitive

functions. If these sleep discharges last for a certain time, they can lead to extensive
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synaptogenesis with excess growth of the axons that ensure contact with the target cells. This
interferes with the process of branching of neuronal processes, thus maintaining connections
that should be eliminated. The affected neural network replaces the normal functional neuronal
network at the cortical level and frequent epileptiform discharges encourage it to further growth
so that it cannot be recovered (73). Slow wave activity (SWA) is the fundamental characteristic
of NREM sleep on scalp EEG. Its neural correlate is the slow oscillation of membrane potentials
of cortical neurons between depolarization and hyperpolarization. If these oscillations are
synchronized and the majority of cortical neurons in a certain area are affected, they are
detectable as slow waves on scalp EEG. The local increase in SWA during NREM sleep and
the decrease in other phases of sleep is important for the plasticity of learning processes and
synaptic homeostasis (74,75). The normal reduction of SWA during sleep is absent in patients
with ESES. The interference of epileptiform discharges with normal sleep SWA may explain

the cognitive deterioration in these patients (75).

In the author’s study (20), the results of detailed neuropsychological testing showed that the
occurrence of discharges in total NREM sleep led to higher attention deficit and impulsivity in
patients, but without proven statistical significance. The influence of epileptiform discharges in
children with centrotemporal EEG pathology was examined in several studies (63,64,71). These
studies found a significant negative impact of epileptiform discharge activation in patients with

Rolandic epilepsy on their neuropsychological profiles.

Annex 3

Etiology: Rolandic epilepsy is genetically determined but the genetic factors are complex. The
first clue to the epileptic cause of Rolandic epilepsy has led to pathogenic variants in the ELP4
gene (76), but other variants also appear in other locations: KCNQ2, KCNQ3 (77), GRIN2A
(78), GABRG2 (79) or ZDHHC9 (80). Still, recent studies have yielded genetic and phenotypic

heterogeneties supporting polygenic and complex inheritance pattern.

Treatment: In general, patients with infrequent, mild or nocturnal seizures may not need the
antiseizure medication. STM, VPA or LEV can be used in specific cases. Sometimes we

observe aggravation after CBZ or LTG administration (21).
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1.4.2.1.2 Panayitopoulos syndrome

It is a common childhood-related idiopathic benign susceptibility to autonomic seizures and
autonomic status epilepticus. Seizures comprise an unusual constelation of autonomic, mainly
emetic symptoms, behavioral changes, unilateral deviation of the eyes etc. Autonomic status

epilepticus can be observed.

EEG: Interictal EEG shows great variability in functional focal spikes at various electrode
locations. Spikes are usually of high amplitude similar to CTSs. Two-thirds of patients have at
least one EEG with occipital localisation of spikes (Fig. 20), the other one third never show

occipital spikes.

Etiology: PS can be genetically determined although conventional genetic influences may be

less important.
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Fig. 20: Panayitopoulos syndrome: Interictal EEG in a 7-year-old girl with Panayitopoulos
syndrome: frequent spike and wave complexes in temporo-occipital regions with right sided

amplitude dominance.
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Treatment: Prophylactic treatment with antiseizure mediacation is not reccomended, there is no
increased risk of subsequent epilepsy or neurological deficit. Prophylaxis can be desired in

multiple seizure reccurences. Most authors prefer CBZ or VPA. LEV can be used succesfully.

1.4.2.1.3 Childhood occipital epilepsy of Gastaut (COE-G)

Sizures are occipital and primarily manifest with elementary visual hallucinations, blindness or
both. Postictal headache indistinguishable from migraine headache occurs in half of the

patients.

EEG: The interictal EEG shows mostly occipital epileptiform discharges, which are usually
bilateral and synchronous. They are activated in both occipital regions by the elimination of

fixation and central vision.

Treatment: Patients often suffer from frequent seizures, and prophylactic treatment with CBZ

is likely to be mandatory.

1.4.2.2 Encephalopathy related to status epilepticus during slow sleep (ESES) including
Landau-Kleffner syndrome

The first description of subclinical status epilepticus induced by sleep in children dates back to

1971 (81). In 1978 Kellerman et al. first documented that patients with acquired epileptic

aphasia or Landau-Kleffner syndrome (LKS) had an extreme activation of spike and wave

discharges during slow sleep consistent with ESES (82). Actually, LKS is now considered a

clinical variant of a subtype of ESES (83) (Fig. 22).

ESES syndrome is typically characterized by: focal and generalized seizures (clonic, tonic-
clonic, absences), neurological deterioration, involving cognitive, behavioral and motor
domains, typical EEG finding of electrical status epilepticus during sleep, defined as the
appearance at sleep onset of a pattern of diffuse spike-and-waves occuring in up to 85% of slow
sleep (Fig. 21).
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Etiology: ESES is often seen in patients with important perinatal insults, hydrocephalus,
malformations of cortical development and structural etiology in general. ESES has been

observed, as a rare unfavorable evolution, in children with self-limited focal epilepsies (7).

Genetic factors are difficult to define. A recent review has provided an overview of all genetic
etiologies which have been reported to be associated with ESES spectrum. The conclusion was
that SCN2A, KCNQ2, KCNB1, KCNA2 and GRIN2A contributed to the etiology of many
patients with ESES (84).
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Fig. 21: Encephalopathy related to status epilepticus during slow sleep: Continuous diffuse

spike and waves activities during NREM sleep in a 5-year-old boy with ESES syndrome.

Treatment: Therapeutic options must intend not only to reduce epileptic seizures but above all
to "treat" the ESES responsible for the encephalopathy. BDZ, VPA, ESM, CBZ, PHT are the
drugs most commonly used to treat the seizures. Taking into account the relationship between
the occurence of ESES and the neuropsychological deterioration, a rapid aggressive therapy of
ESES is mandatory. Treatment options include variety of antiseizure medications,
immunosupressant treatments or surgical approach. Chronic oral treatment with CLB, CLZ
associated with VPA or ESM seems to be effective. In drug-resistant cases, steroid treatment

has been proposed (85). Intravenous immunoglobulins were also reported as succesful in some
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cases (86). Limited evidence is available in favour of ketogenic diet, however there are some

succesfully treated patients reported (87).
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Fig. 22: Landau-Kleffner syndrome: Continuous diffuse spike and waves activities during

NREM sleep with right temporal dominance.

1.4.2.3 Childhood absence epilepsy (CAE)

CAE is a genetic generalized epilepsy or idiopathic generlized epilepsy defined as follows:
occurs in children of school age (age at onset between 4-10 years, peak manifestation age 6-7
years), with a strong genetic predisposition in otherwise normal children. It is characterized by
very frequent typical absences with abrupt and severe impairment of consciousness.

Automatism are frequent but have no significance in the diagnosis.

EEG: ictal discharges of generalized high-amplitude spike and slow wave complexes. They are
rhythmic at around 3 Hz. Their duration varies from 4-20 seconds. Normal background activity
(Fig. 23).

47



FPAFTaromam [ e PV i ! 1

FT-T3 At Yo g AN A pstonct .

R A A i" .l

TS0t /'WN’WWWW} vl

PR s Nt | ‘

FB-CIA A rem AN AL AN i k %h
) |

’DS.PSWW-MNWMF,WVUI\VNM\“

S
e
S
i3
o=z

R
Tt

—

= =

\

i |
7 | " r& i
maeObeA b 1) W@‘ AN % &
CzPzvy . AP A iy l L | I ! i | I | 150\
FP”*mmm wll " “ *‘ P‘J'n i “ ' } I“' b“ " 5 | | 150@\/
n:m%«ww;wfww “‘ﬁh Il& 'b || { “ ! il % ) I | . “ '» . Lnl |I }?nl:lri
R A AR AR AN B
F;QFFSV{:_MWURJWP k ﬁ ! -\ ﬁ ‘ g |A &“\ 1 .‘I fii 1mﬁ;ﬁ:
e AN T NN BN
e p a1 Al ”u Y <k

T y — ' - \ y ' : : .

EKG1-EKGZ~ |~ - /N B B L A— 2 B -‘f e e o S ‘f ) J.A'Jl‘u-—f'i “l" | e -’:',—». oS RN P »-‘ll,\, il e A- i -1',,\ ~.rzui‘m;:\r-
T RO AR RO MO

i

Fig.23: Childhood absence epilepsy: Ictal EEG in a 5-year—old boy with CAE. Abrupt onset of
generalized 3Hz SWC during hyperventilation.

Treatment: ESM, VPA or LTG alone or in combination. Gradual withdrawal of medication is
reccomended in patients with CAE who have been seizure-free for 1-2 years and have a

normalized EEG.

1.4.3 Epilepsy syndromes of adolescence

1.4.3.1 Juvenile absence epilepsy (JAE)

JAE is an idiopathic (genetic) generalized epilepsy characterized by genetic predisposition, an
average age at onset around puberty, no evidence of neurological or intellectual deficit. Seizures
are typical absences, longer and less frequent than i CAE, GTCSs in 80% and sporadic

myoclonic jerks in 20%.

EEG: the interictal EEG shows a normal background and ictal EEG shows generalized
symmetric spike-waves or polyspike-waves with frontal accentuation. The frequency is usually
faster than 3 Hz (3.5-4Hz) (Fig. 24).
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Fig. 24: Juvenile absence epilepsy: Ictal EEG in a 9-year-old boy with JAE. Initial generalized
PSWC discharge followed by 3.5-4Hz diffuse SWC activity.

Etiology: The etiology of JAE is a subject primarily of a genetic research. The research results
have shown that genetic mutations for voltage-gated sodium channels (CACNB4 gene) (88,89)
and potassium channels (CLCN2 gene) (88) are involved. Different mutations were found in
genes for GABA receptors (ligand ion channels), specifically in the GABRAL gene (90).

Treatment and prognosis: Approximately 80% of cases become seizure-free with ESM and
VPA, but the rate of relapse after drug discontinuation is probably close to 100% (91). As
author already mentioned above, the study with 46 patients who met criteria for the diagnosis
of JAE was performed in the Center for epilepsy Brno between 2006-2011 (16).

According to the type of seizure control during the five-year observational period (OP) and at

the end of the OP, following outcome groups were defined:
1. Completely seizure free

2. Only absence seizures

3. Only GTCSs with a frequency 1 seizure per year

4. Only GTCSs with a frequency >1 seizure per year

5. Both GTCS and absence seizures; GTCSs with a frequency 1 seizure per year

49



6. Both GTCS and absence seizures; GTCSs with frequency >1seizure per year

The average patient age at the time of the first clinical manifestation was 12.9+5.6 years (ranged
from 3 to 28 years). In 30 of the 46 patients (65.2%) the first clinical manifestation of JAE were
absences, in 15 patients (32.6%) GTCS, and in 1 patient (2.2%) absence status epilepticus. In
43 patients (93.5%), at least one GTCS occurred in the course of the disease. At the end of the
OP, 7 of the 46 patients (15.2%) had been seizure free during the whole OP (Group 1). In the
same period, 8 patients (17.4%) had only absences (Group 2). Other types of predefined
outcomes are presented in Fig. 25. In total, 31 patients (67.4%) experienced at least 1 GTCS
during the OP. The assessment of antiseizure medication revealed that the number of drugs used
in the history varied from 1 to 10 with an average of 3.8+ 2.3 antiseizure drugs (Tab. 3). The
most commonly used ASM in the series was LTG (25 patients; 12 in monotherapy and 13 in
combined therapy), followed by VPA (20 patients; 5 in monotherapy and 15 in combined
therapy) and LEV (11 patients; all in combined therapy). Other ASM used both in monotherapy

and in combinations are noted in Tab. 3.

Group 1: seizure free
7 Pts
Gr. 1
Gr. 6 15.2%

21.7% » Group 2: absence seizures

8 Pts

® Group 3: GTCSs less than

1 per year
4 Pts
Gr. 2
17.4% Group 4: GTCSs more than
1 per year
5Pts

= Group 5: absence seizures

+ GTCSs less than 1 per
year 12 Pts

Group 6: absence seizures
+ GTCSs more than 1 per
year 10 Pts

Gr. 4
10.9%

Fig. 25: Number of patients in different groups according to the rate of seizure control at the

end of the OP (pts: patients)
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Treatment type AEDs No. of pts. Total no. of pts.

Monotherapy LTG 12 20
VPA 5
ETS 2
CBZ 1
Combination of 2 AEDs VPA+LTG 5 20
VPA + LEV 4
LTG +LEV 3
TPM + ZNS 2
TPM + LTG 2
LTG + ZNS; LTG + ESM; CBZ + PRM; VPA + TPM Each 1
Combination of 3 AEDs VPA+ PRM + LEV; VPA + LEV + ZNS; LEV + LTG + ZNS Each 1 3
Combination of 4 AEDs VPA+ LEV + CBZ + CLN: VPA +LTG + PRM + CLN; Each 1 3

VPA+LTG + LEV + CLN

MNo.: number; pts.: patients.

Tab. 3: AED treatment in the whole cohort of patients with JAE

There are some studies that indicate that the outcome of patients with JAE is not favorable as a
rule. Wirell et al. (92) studied the prognostic factors of initial pharmacotherapy failure.
According to the study results, only 3 of the 11 children with JAE (27.3%) were seizure free
after the drug initiation (mostly VPA). There were 7 out of 46 patients (15.2%) seizure free
(Group 1) during the OP in this study. These patients did not achieve seizure freedom after
administration of 1 AED as we would expect. They tried 1-3 AEDs and only 5 of them (10.9%)
stayed on 1 AED during the whole OP. Compared to the literature, Tovia et al. (93) presented
nine of the 17 patients (52.9%) who were responsive for the first AED, but only 6 patients
(35.3%) stayed seizure free on mono- therapy during the follow-up period. These results show
that even in the group of patient who were seizure free, the seizure freedom was not achieved
in the simple way and does not have to be permanent. They showed that the occurrence of
GTCS predicted a worse prognosis (93). Only 37.5% of the patients in that study who
experienced GTCSs were seizure free during the follow-up period, compared with 55.5% of
patients without GTCSs. Similar results were observed by Trinka et al. (94) where the
proportion of seizure free patients in the follow-up period who experienced GTCSs was 35%
compared to 78% of the patients with only absence seizures. In this study, there was also a
strong correlation between the mean follow-up duration and outcome, indicating a lower
proportion of seizure-free patients with longer follow up periods. From this point of view, the
occurrence of GTCSs during the course of the disease seems to be another important prognostic
factor for the long-term outcome in patients with JAE. The author’s retrospective analysis of
patients with JAE indicates that more than half of the patients with this epileptic syndrome
show problems with seizure management and often require more AEDs to reach partial or total

seizure freedom.
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Annex 2

1.4.3.2 Epilepsy with myoclonic absences (EMA)

This epileptic syndrome is characterized by a specific seizure type: a myoclonic absence. Loss
of contact and impairment of consciousness are of variable intensity, less pronounced than in
CAE. The myoclonias are felt as a very disturbing experience. The duraton ranges from 10 to
60 seconds. In one third of patients, MA are the only seizure type observed throughout the

evolution. GTCS were observed in 45% of cases.

EEG: the ictal EEG consists of rhythmic spike-wave discharges at 3 Hz that are bilateral,
synchronous and symmetric. SW complexes are intermixed with polyspikes. Normal

background activity.

Treamtent: Myoclonic absences can be completely controlled by VPA or ESM or in

combination — in case GTCSs do not occur.

1.4.3.3 Juvenile myoclonic epilepsy (JME)

JME appears around adolescence and is characterized by seizures with bilateral, single or
repetitive, arrhythmic, irregular myoclonic jerks, predominantly in the arms. Jerks may cause
some patients to fall. No disturbance of consciousness is noticeable. Often, there are GTCSs
and, less often, absences. The seizures usually occur shortly after awakening and are often

precipitated by sleep deprivation.

EEG: Interictal and ictal EEGs have rapid, generalized, often irregular spike-waves and
polyspike-waves, there is no close phase correlation between EEG spikes and clinical jerks.

Frequently, the patients are photosensitive (Fig. 26).
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Fig. 26: Juvenile myoclonic epilepsy in a 16-year-old girl. Generalized polyspike wave

discharges during photostimulation with clinical correlate

background activity.

Etiology: Family history is positive in one third of patients

of myoclonic jerks. Normal

(95). Three genes have been

identified in the etiology of JME: GABRA1l (96), EFHC1 (97) and ICK (98). Other

susceptibility genes include: BRD2 (99) and 15g13.3 microd
point of wiev, JME appears highly heterogenous (21).

eletions (100). From a genetic

Treatment: Counseling of lifestyle is essential: avoiding of sleep deprivation, excessive alcohol

intake and visual stimuli when patients are photosensitive.

Antiseizure medication is reccomended in almost all patients. LTG and LEV are considered as

the first-line drugs, still we have to be careful with LTG for its potential to aggravate myoclonic

jerks, which may occur after a long delay (21). TPM and ZNS can be considered second-line

drugs, perampanel (PER) is promising. VPA was also prooved very effective, but it is no longer

recommended for its side effects in the first-line therapy.

Prognosis: JME cannot be considered a truly benign conditon,

although it may remit, at least

partially, with age. Some patients are pharmacoresistant. A logical therapeutic attitude is to

maintain treatment in most patients beyond early adulthood.
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1.5 The new ILAE proposal for the classification of epileptic syndromes

In 2021, ILAE members presented four papers dealing with definitions of age-related epileptic
syndromes. The ILAE acceptance process requires feedback and comments from individual
members. These comments will be reviewed by the working group before the document is
finalized and published. So far, the draft of this document can be viewed at:

https://www.ilae.org/quidelines/definition-and-classification/proposed-classification-and-

definition-of-epilepsy-syndromes.

The works are divided into 4 groups - the first deals with epileptic syndromes of neonatal and
infant age, the second deals with epileptic syndromes in childhood, the third deals with epileptic

syndromes of variable age at onset and the fourth with idiopathic generalized epilepsy.

1.5.1 ILAE Classification & Definition of epilepsy syndromes in the neonate and infant:
Position statement by the ILAE Task Force on nosology and definitions
Syndromes are broadly divided into Self-limited epilepsies (where there is likely to be
spontaneous remission) and Developmental and epileptic encephalopathies (disorders where
there is developmental impairment related to both the underlying etiology independent of
epileptiform activity and the epileptic encephalopathy). Etiology-specific epilepsy syndromes
are due to specific genetic, structural, metabolic, immune or infectious etiologies, and have
consistent electroclinical features, management and prognostic implications. Most etiology

specific syndromes that begin in the neonatal or infantile period are DEEs. See Fig. 27.
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Self-limited epilepsies Developmental and epileptic

encephalopathies (DEEs
» Self-limited neonatal epilepsy P P ( )

+ Self limited infantile epilepsy * Early-infantile DEE
* Febrile seizures+ * Epilepsy of infancy with migrating
(part of GEFS+) focal seizures

Lzl R el g i TuEre + Infantile spasms syndrome

* Dravet syndrome

\ /

Etiology-specific epilepsies
« KCNQ2-DEE
* Pyridoxine-dependent (ADH7A1)-DEE

* Pyridox(am)ine-5'-phasphate-deficiency (PNPO)-
DEE

= CDKL5-DEE

* PCDH189 clustering epilepsy
* GLUT1DS-DEE

*» Sturge-Weber Syndrome

» Gelastic seizures with hypothalamic hamartoma

Fig. 27: ILAE Classification & Definition of Epilepsy Syndromes in the Neonate and Infant:
Position Statement by the ILAE Task Force on Nosology and Definitions

https://www.ilae.org/quidelines/definition-and-classification/proposed-classification-and-

definition-of-epilepsy-syndromes/proposed-classification-syndromes-in-neonates-and-infants

1.5.2 ILAE Classification and definition of epilepsy syndromes with onset in childhood:
Position paper by the ILAE Task Force on nosology and definitions

Here, too, based on the ILAE 2017 Classification of the epilepsies, the names of some

syndromes were updated using terms directly describing the semiology of seizures. Epileptic

syndromes beginning in childhood were divided into three groups:

1. Self-limited focal epilepsy, comprising four syndromes: Self-limited epilepsy with
centrotemporal spikes, Self-limited epilepsy with autonomic seizures, Childhood occipital

visual epilepsy and Photosensitive occipital lobe epilepsy;
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2. Generalized epilepsy involving four syndromes: Myoclonic-atonic epilepsy, Childhood

absence epilepsy, Epilepsy with myoclonic absences and Epilepsy with eyelid myoclonia;

3. Developmental and epileptic encephalopathies comprising four syndromes: Lennox-Gastaut
syndrome, developmental and/or epileptic encephalopathy with spike-wave activation in sleep,
Hemiconvulsion-hemiplegia epilepsy and FIRES (Febrile infection related epilepsy syndrome).
For each syndrome, typical seizures, EEG findings, phenotypic specifics, and findings of other

key examinations are defined. These syndromes are summarized in Tab. 4.

Epilepsy syndromes with Epilepsy syndromes with Developmental and

- Formerly known as = - Formerly known as T A Formerly known as
focal seizures v generalized seizures v epileptic encephalopathies v

Self-limited Focal Epilepsies (SelFE) Genetic Generalized epilepsies (GGE) Developmental and epileptic encephalopathies (DEE)

Childhood Epilepsy with
SelECTS Epilepsy with Myaclonic-

B Centrotemporal Spikes, (Benign) MAE N LGS
Self-Limited Epilepsy with Atonic Seizures (Doose No changes
N Rolandic Epilepsy, (Benign) Epilepsy | Myoclonic-Atonic Epilepsy Lennox-Gastaut syndrome
Centrotemporal 5pikes i 3 syndrome)
with Centrotemporal Spikes
D/EE-SWAS Landau-Kleffner syndrome, Epileptic
SelEAS CAE Devell tal and Epilepti E halopathy with Conti Spik
i rome, Ea i evelopmental and Epileptic  Encephalopathy with Continuous Spike-
Self-Limited Epilepsy with Panayl.:\tap_ou!os sy.wé am ‘ Early Childhood absence Pyknolepsy, Petit mal ; B . . N
o Onset (Benign) Occipital Epilepsy X Encephalopathy with spike-  Wave in Sleep, Atypical (Benign) Partial
Autonomic Seizures epilepsy®
wave activation in sleep Epilepsy (pseudo-Lennox syndrome}
COVE EEM FIRES Acute encephalitis with refractory,
! . ] Late-onset (Benign) Occipital ; . i . repetitive partial seizures [AERRPS),
Childhood Occipital Visual  Epilepsy or Idiopathic childhood Epilepsy with Eyelid Jeavons Syndrome Febrile infection-Related
; o ~ i i devastating epileptic encephalopathy in
Epilepsy Occipital Epilepsy — Gastaut type Myoclonia Epilepsy Syndrome ;
school-aged children (DESC)
POLE E-MA HHE
. X |diopathic Photosensitive Occipital Bureau and Tassinari X L
Photosensitive Occipital Epilepsy with Myaclonic Hemiconvulsion-Hemiplegia-  No changes
X Lobe Epilepsy syndrome i
Lobe Epilepsy Absences Epilepsy

Tab. 4: ILAE Classification and Definition of Epilepsy Syndromes with Onset in Childhood:
Position Paper by the ILAE Task Force on Nosology and Definitions

https://www.ilae.org/quidelines/definition-and-classification/proposed-classification-and-

definition-of-epilepsy-syndromes/proposed-classification-syndromes-in-children/proposed-

classification-syndromes-in-children
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1.5.3 ILAE Classification and definition of epilepsy syndromes with onset at a variable
age: Position statement by the ILAE Task Force on nosology and definitions — Fig.
28.

Focal epilepsy syndromes Generalized epilepsy syndromes

« Sleep related hypermotor epilepsy * Idiopathic generalized epilepsies (juvenile
myoclonic epilepsy, juvenile absence epilepsy,

* Familial focal epilepsy with variable foci epilepsy with generalized tonic-clonic seizures

* Epilepsy with auditory features alone)
Combined generalized and focal epilepsy Developmental and epileptic encephalopathy
syndrome

* Progressive myoclonus epilepsies
* Epilepsy with reading induced seizures

Etiology-specific epilepsy syndromes
* Mesial temporal lobe epilepsy with hippocampal sclerosis

* Rasmussen encephalitis

Fig. 28: The epilepsy syndromes that begin in adolescents, adults and at a variable age

https://www.ilae.org/quidelines/definition-and-classification/proposed-classification-and-

definition-of-epilepsy-syndromes/proposed-classification-syndromes-with-onset-at-variable-

ages

1.5.4 ILAE Definition of the Idiopathic generalized epilepsy syndromes: Position
statement by the ILAE Task Force on nosology and definitions

The IGEs are a specific subgroup of Genetic Generalized Epilepsies, comprised solely of CAE,

JAE, JME and GTCA. In addition to the IGEs, Genetic Generalized Epilepsies include:

1. individuals with generalized seizure types and generalized 2.5-5.5 spike-wave discharge on

EEG who do not meet criteria for a specific syndrome

2. syndromes which have genetic overlap with the IGE syndromes but may also, at times, be

associated with DEEs, such as Myoclonic-atonic epilepsy, Epilepsy with myoclonic absences
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and Epilepsy with eyelid myoclonia; other syndromes such as Myoclonic epilepsy in infancy
are more consistent with a generalized epilepsy which may have a developmental
encephalopathy (ie. intellectual disability). Additionally, certain cases of GEFS+, with only
generalized seizure types could be classified as GGEs, but individuals with GEFS+ and focal
seizures would not be included. The triangles denote individuals with generalized epilepsies
and developmental delay/intellectual disability (dark blue) and those with DEEs (light blue).
The distinction between these two groups is that patients with DEEs have developmental
slowing or regression with frequent epileptiform activity on EEG and/or frequent seizures. See
Fig. 29.

Developmental
and epileptic
encephalopathy

Genetic generalized epilepsies

..............................

Myoclonic-atonic epilepsy
Epilepsy with eyelid myoclonia

Childhood | ! Juvenile
absence CAE | ! absence JAE
[t

1

______________

--------------- LPLEEELEREEEEER LRI Epilepsy with myoclonic absences

. o
Juvenile \! Generalized tonic- !
myoclonic JME | clonic seizures
i alone GTCA

.............

Myoclonic epilepsy in infancy

...............

Genetic epilepsy with Developmental

febrile seizures plus encephalopathy

GEFS + = intellectual
disability

Fig. 29: ILAE Definition of the Idiopathic generalized epilepsy syndromes: Position statement

by the ILAE Task Force on nosology and definitions

https://www.ilae.org/quidelines/definition-and-classification/proposed-classification-and-

definition-of-epilepsy-syndromes/proposed-classification-idiopathic-generalized-epilepsies
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1.6 Etiology

The creation of a new classification of the epilepsies has been more than desirable for a long
time, especially in terms of fast scientific development (not only) in the field of epileptology.
New possibilities for neuroimaging, the revolutionary development of genetics with the
domestication of new genetic methods such as next-generation sequencing (NGS panels,
whole-exome sequencing (WES), etc.), discoveries in molecular biology and a number of other

factors have shown that the ILAE 1989 Classification of the epilepsies is not sufficient.

In the ILAE 2017 Classification of the epilepsies, there is a parallel division of epilepsy
according to etiology into six groups: structural, genetic, infectious, metabolic, immune and of
unknown etiology (Fig. 3). There is no hierarchy in this division and the classification of a
patient into a given group depends on different circumstances. For example, a patient with
tuberous sclerosis may be included in the structural group if epileptosurgery is crucial for
further treatment of this patient, or in the genetic group, which in turn is important in terms of

genetic counseling and/or new therapeutic options such as in the case of mTOR inhibitors (14).

1.6.1 Structural etiology

The concept behind a structural etiology is that a structural abnormality has a substantially
increased risk of being associated with epilepsy based on appropriately designed studies (14).
Structural etiologies may be acquired such as stroke, trauma, infection, or genetic such as many
malformations of cortical development. Identification of a subtle structural lesion requires
appropriate MRI studies using specific epilepsy protocols (101). There are well recognised
associations within the epilepsies with a structural etiology (eg. temporal lobe seizures with
hippocampal sclerosis, gelastic seizures with hypothalamic hamartoma, Rasmussen syndrome

and hemiconvulsion-hemiplegia epilepsy) (14).

Another interesting point is that the underlying basis for a structural abnormality may be genetic
or acquired or both. For example, polymicrogyria may be secondary to mutations in genes such

as GPR56, or acquired secondary to intrauterine cytomegalovirus infection (102).

1.6.2 Genetic etiology
The concept of a genetic epilepsy is that it directly results from a known or presumed genetic

mutation in which seizures are a core symptom of the disorder.
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Firstly, the genetic etiology of epilepsy can be presumed on the basis of positive family history
of an autosomal dominant disorder. For example, in Benign familial neonatal seizures, most
families have mutations of one of the pottasium channel genes, KCNQ2 or KCNQ3 (103).
Genetic etiology can also be suggested by clinical research in populations with the same
syndrome, such as JME (14).

If the epilepsy syndrome is accompanied by dysmorphic features, cognitive regression and
autism-like features, one can start looking for structural variants like copy number variants
(CNVs), deletion/duplication by array comparative genomic hybridisation (CGH-array). In
single gene epileptic disorders, a specific gene may be targeted (eg. tuberous sclerosis complex
TSC1, TSC2) or a panel of multiple genes associated with a specific phenotype in a so-called

panel that can target hundreds of genes (21).

Next generation sequencing (NGS) is currently experiencing a great boom in the diagnosis of
epilepsy; NGS is revolutionary especially in terms of the possibility of simultaneously
examining many genes. Combining NGS with CNV analysis (exon-level deletion/duplication
analysis) makes it possible to detect most disease-causing variants in epilepsy genes in a single
test. NGS testing includes not only specific gene panels, but a methodology that can encompass
the entire exome (whole exome sequencing, WES) or genome (whole genome sequencing,
WGS), methods that have the potential to further increase the yield of genetic testing in patients
with epilepsy. Geneticists interpret and report detected sequence variants on the basis of
currently valid recommendations according to the American College of Medical Genetics and
Genomics (ACMG) (104). Thus, each sequence variant is included in the group of pathogenic
(P), likely pathogenic (LP), benign (B), likely benign (LB), or with uncertain significance
(VUS). The thorough genotypic-phenotypic correlation and interpretation of genetic results
from the neurological-epileptological point of view, taking into account other anamnestic data,
is an integral and crucial part of the process of interpreting the result of NGS; it importantly
increases the diagnostic yield of NGS examination. Knowing the genetic cause of epilepsy in a
patient opens new horizons in terms of understanding the pathophysiology of the epileptological
process, and it also creates a space for the study of pharmacological models of antiepileptic

drugs. The definition of precision medicine thus takes on real proportions in some patients with
epilepsy.
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NGS of multiple disease-related genes is an effective tool for diagnosing the cause of epilepsy
(105-108). This finding is particularly true for early onset epileptic encephalopathy, which has

been reported to have a higher proportion of monogenic causes than other epilepsies (109).

The author performed a single-centre retrospective study with total of 175 patients (95 males
and 80 females) aged 0-19 years. They were examined between 2015 and 2020 using an NGS
epilepsy gene panel (255 genes). The results show a 26.28% yield of NGS epilepsy gene panel
with 255 genes associated with epilepsy (110). The yield of different multigene panels varies
from 18% to 48%, depending on the results of various studies (111). The individual panels
differ in the number and proportion of individual genes; after careful examination, it is clear
that there is no direct relationship between the number of genes in the NGS epilepsy gene panel
and its yield. It is evident that only a few genes are still repeated in the results, and the SCN1A,
KCNQ2, CDKL5, SCN2A, and STXBP1 genes are most often represented in positive cases
(111). Thus, the diagnostic yield of the NGS panel appears to be determined by the number of
commonly mutated genes included in the panel rather than the total number of genes in the
panel (112). It is worth mentioning the comparison of the yield of the NGS epilepsy gene panel
and examinations using WES or WGS technique. The largest meta-analysis from 2021 shows
that the yield of the NGS panel was on average 24%; WES was 27.2%, i.e. slightly higher. A
smaller meta-analysis showed the yield of WES analysis was 31% (113). The truth is that
accurate quantification of the positive results of WES analysis is very difficult given that WES
is very often tested in patients with negative results using the NGS epilepsy gene panel
technique. If WES is performed independently of the NGS multiple gene panel, its yield may
be significantly higher (19% vs. 37%) (106).

Consistent with the world literature (112,114) is the fact that the age at epilepsy manifestation
in positive patients is lower. The mean age of epilepsy manifestation in the author’s group was
around 2.5 years; in the children who tested positive it was 1.5 years and in the children with a
negative result it was almost 3.5 years. It is also worth noting that cohorts with patients with
early onset epilepsy encephalopathies, i.e. children at neonatal age (0-3 months), show a higher
yield of NGS panel. Costain et al. even showed a panel yield in children under 12 months of
72% (106), higher yields in newborns (37.1%) were also shown in the study by Ko et al. (114).
These results are in line with the author’s observation, in which the yield in the group of children
under 3 months was 38.46%. These observations are logical and are based on the fact that severe
developmental and epileptic encephalopathies manifest in the neonatal period and a serious

clinical picture often requires prompt diagnosis leading to the detection of the cause and the
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introduction of possible specific therapy in indicated cases. Therefore, these children receive a
genetic diagnosis much earlier. For these reasons, genetic diagnosis using new multi-gene
sequencing techniques is recommended as a standard diagnostic tool for children with neonatal
DEE (108,115). Making an early molecular diagnosis can also end the genetic odyssey, enable
recurrence risk counselling, guide participation in gene-specific clinical trials, and provide
families with the opportunity to interact with support groups or advocate for research (105).
Oates et al. showed that early genetic diagnosis in children with DEE can reduce costs up to
70% compared to its failure (116). The argument based on the high cost of genetic testing

therefore seems unfounded.

Few studies have emphasized the precise systematic and standardized procedure in interpreting
the results of the NGS panel (107,114). Accurate interpretation of NGS panel results includes

several key areas:

1. population data and database review

2. computational data, allelic data, and literature review
3. clinical review and family study
4

consensus multidisciplinary discussions (107).

The results of this work show that the multidisciplinary approach led to a definitive diagnosis
in some patients with novel not previously described variants and increased the diagnostic yield
of NGS analysis from 30 to 46 patients, which is by 53.33%. This is very important from a

clinical point of view.

Annex 4

The author has dealt with the genetics and clinical spectrum of Dravet syndrome since the
introduction of its diagnostics at the Department of Pediatric Neurology, Faculty of Medicine,
Masaryk University and University Hospital Brno in 2011 into clinical practice. Diagnostics is
performed in the Center of Molecular Biology and Gene Therapy, Faculty of Medicine,
Masaryk University and University Hospital Brno. Its implementation into practice has brought
new insights into the genetics of epilepsy. In up to 80% of cases, patients with Dravet syndrome

have a pathogenic variant in the SCN1A gene (37). Interestingly, this pathogenic variant can
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lead to very variable clinical expression, from genetic epilepsy with febrile seizures plus (GEFS
+) to Dravet syndrome with a very severe clinical course. In her works, the author studied case
series of patients with DS (117,118), wrote a review concerning the clinical course of Dravet
syndrome in childhood (119) and adulthood (120).

The author and her team studied the structure of the SCN1A channel in relation to individual
pathogenic sequence variants and phenotypic expression (121). This study included 6 patients
with pathogenic sequence variant in SCN1A gene, 3 males and 3 females. Clinical
characteristics of all patients are summarized in Tab. 5. In 3 patients (50%), a milder clinical
phenotype was observed, which was mainly associated with the occurrence of recurrent febrile
convulsions or GTCSs. Neurological examination was normal. In 2/3 of patients, the genetic
analysis showed a positive family history for an identical pathogenic sequence variant. In both
patients, the carrier was the father. The parents also had a very mild course of the disease.
However, the DS phenotype was observed in 50% of patients. Status epilepticus was reported
in 66% of these patients. All of them suffered from various seizure types (myoclonic, GTCS,
absence, focal motor seizures). In 2/3 of patients with this severe phenotype, there was an
alteration of the neurological status and pathogenic sequence variants were all de novo. Based
on the knowledge of the particular sequence variant, these were localized into a particular
region of the alpha one subunit of the sodium channel (Fig. 30). The authors report the
correlation of the clinical course of the disease and the localization of the pathogenic sequence
variant in the SCN1A gene. Missense mutations located in the pore region or in the region of
the voltage sensor predict so-called ,,loss of function®, or ,,partial loss of function®, ie severe
functional impairment (LOF, p-LOF). Mutations located in the terminal region or in the region
of the D-linkers, which are remote from the pore region, cause rather milder phenotype (121).
Missense mutations in other regions cause heterogeneous manifestations. However, for a more
accurate analysis of a specific degree of functional damage, it is necessary to perform a

functional analysis.
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Fig. 30: Localisation of pathogenic sequence variants in the a-1-subunit of the SCN1A channel.

Patients” pathogenic sequence variants marked 1-6 (121).

Year Age at Family
epilepsy | Seizure Seizure Status Neurological | history | Type of
Sex | of : ilenti . Fenotype
birth onset | provocation type epilepticus status _of mutation
(months) epilepsy
. Attention
Febrile deficit,
Selzure, learning
F 11999 16 + focal 0 R 0 missense | SMEI
disability,
myoclonus, memory
GTCS deficit
M |2015 16 + Febrile 0 normal N missense | GEFS+
seizure (father)
M | 2017 4 + Fe_brlle + normal 0 missense | SMEI
seizure
Febrile
M | 1986 36 + seizure 0 normal 0 missense | GEFS+
GTCS
F |2018| 15 + Febrile 0 normal T | missense | GEFs+
seizure (father)
hypotonie
Myoclonus centr. typu,
M |2020 4 + y ' + mikroccefalie, 0 missense | SMEI
GTCS . ,
invertované
bradavky

Tab. 5: Clinical characteristics of patient with DS included in the study, patients 1-6 (121).

Annex 5, 6,7, 8

The phenotypic expression of a given pathogenic sequence variant is dependent on many factors
in its expression. As noted above, localization of the product of the mutation near a significant

portion of the channel leads to a more severe phenotype than localization at sites less important
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for channel function, and this is certainly logical. The next point of view is whether the product
of the mutated gene has a so-called "gain of function™ or "loss of function™. An illustrative case
is in the GNAO1 gene. Mutations in GNAO1 were first reported in patients with Ohtahara
syndrome and early infantile epileptic encephalopathy 17 (EIEE17) (122,123). But the clinical
course can be very different and patients with GNAO1 patogenic variant can present with
movement disorder. GNAO1 (guanine nucleotide-binding protein 1) encodes the a-subunit of
a heterotrimeric guanine nucleotide-binding protein (Gao) which is the most abundant
membrane protein in the mammalian central nervous system (124). The author reported a case
of a 12-year-old boy with GNAO1l mutation who presented with severe biballistic
symptomatology with dystonic features (DSAP 3) and required emergency deep brain
stimulation (DBS) to avoid life-threatening symptoms (125). The boy was first examined at the
Department of Pediatric Neurology at the age of 2 years. At the age of 12 years, the patient
deteriorated after respiratory infection and worsening of extrapyramidal symptomatology with
dominating biballism and dystonic features developed with the threat of status dystonicus. He
experienced almost continuous generalized ballistic movements combined with dystonic
postures, which were very painful and limited his normal activity, feeding, or sleep (DSAP 3).
The patient was hospitalized in the ICU with the necessity of muscle relaxation. Taking into
consideration the seriousness of this condition, DBS of bilateral globus pallidus internus (DBS-
GPi) was performed. The sedative medication was gradually tapered off over the next 14 days
and his condition rapidly improved to DSAP 1. Half a year after DBS, motor functions returned
to the condition before the brittle biballism-dystonia developed. Whole exome sequencing
(WES) identified a heterozygous missense variant in GNAOL gene ¢.625 C>T; p. (Arg209Cys)
previously described in the study by Koy et al. (2018) (126) and considered as pathogenic. The

mutation was absent in the patient’s parents and considered as de novo.

When pre-status dystonicus persists despite orally active anti-dystonia drugs and unsuccessful
weaning from sedative or anesthetic agents, intrathecal baclofen or deep brain stimulation
should be considered (124). Several case reports and one small series have been published in
which DBS was effective in patients with a GNAO1 mutation (123,126) . DBS may be effective
due to its general effects in modulating aberrant synchronization in the basal ganglia-thalamo-
cortical loops. The effect of DBS in our patient was very fast, with the improvement to DSAP
1 in 14 days. The patient tolerated the stimulation very well; however, only 3 months after
initiation he developed generalized epileptic seizure. It is uncertain whether this occurred as a

result of DBS (potentially triggered by tapering off the medication during the switching on and
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adjusting the DBS parameters) or was merely a coincidence in a patient with a history of
epilepsy. In any case, stimulation should be increased cautiously and mildly in patients with
epilepsy. After the introduction of LEV, no further seizures occurred. In patients with GNAO1

mutation and severe dystonia, GPi-DBS could be a treatment option with life-saving potential.

Annex 9

1.6.3 Infectious etiology

The concept of an infectious etiology is that it directly results from a known infection in which
seizures are a core symptom of the disorder. It is the most common etiology of epilepsy and
accoridng to specific regions can be caused by neurocysticercosis, tuberculosis, HIV, malaria,

toxoplasmosis and congenital infections such as Zika virus or cytomegalovirus (14).

1.6.4 Metabolic etiology

Metabolic causes refer to a well delineated metabolic defect with manifestations or biochemical
changes throughout the body such as porfyria, uremia, amino-acidopathies or pyridoxine
dependent seizures. In many cases, metabolic disorders will have a genetic defect. The
identification of specific metabolic causes of epilepsy is extremely important due to the

imlications for specific therapies and potential prevention of intellectual impairement.

1.6.5 Immune etiology

A range of immune epilepsies has been recently recognised with characteristic presentations in
both adults and children (127). Diagnosis of these autoimmune encephalopathides is rapidly
increasing, particularly with greater access to antibody testing. The most common are anti-

NMDA receptor encephalitis and anti-LG1 encephalitis.
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1.2.1 Unknown etiology

There remain many patients with epilepsy for whom the cause is not known.

1.7 Developmental and epileptic encephalopathies

This section is dedicated to a relatively new entity that is of immense importance from the point

of view of pediatric epileptology.

The term "epileptic encephalopathy™ was redefined in the Berg et al. 2010 report (6) as where
the epileptic acitvity itself contributes to severe cognitive and behavioral impairments above
and beyond what might be expected from the underlying pathology alone. In an epileptic
encephalopathy, the abundant epileptiform activity interferes with development resulting in
cognitive slowing and often regression, and sometimes associated with psychiatric and
behavioral consequences. A key component of the concept is that amelioration of the
epileptiform activity may have the potential to improve the developmental consequences of the

disorder.

The influence of epileptiform discharges on development and cognitive functions is evident not
only in severe epileptic encephalopathies, but also in the so-called "benign" syndromes, as the

author explains in the previous part of the work dealing with Rolandic epilepsy.

Many of the genetic epileptic encephalopathies also have developmental consequences arising
directly from the effect of the genetic mutation, in addition to the effect of the frequent epileptic
activity on development. A well-known example is Dravet syndrome, in which developmental
slowing occurs between one and two years of age, at a time when epileptiform activity on EEG
is typically not yet frequent. This suggests a developmental component in addition to an
epileptic component with both occuring secondary to the underlying sodium channel subunit
gene (SCN1A) mutation. Another example is in KCNQ2 encephalopathy or STXBP1
encephalopathy where the epilepsy settle down relatively early in the child’s history but the
developmental consequences may remain profound. These reasons lead to the concept of

"developmental and epileptic encephalopathy™ where both aspects are involved (14).
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Common epileptic syndromes such as Ohtahara syndrome, West syndrome, Lennox-Gastaut
syndrome, etc. are wll known and described. They are clearly defined, clinically and
electrographically, and we can see these patients in everyday practice. In the light of the
development of novel genetic techniques, we went much further, to the level of individual genes
and gene sequence variants, so we clarified the etiology in number of patients with these
epileptic syndromes and began to notice gentle nuances in the clinical and EEG manifestation.
Then, we can find that Ohtahara syndrome may have slightly different specifics in patients with
KCNQ2 mutation than in patients with SCN2A mutation, and we arrive at the concept of
SCN2A-related or KCNQ2-related developmental and epileptic encephalopathies. We can
specify the disease at the genetic level and thus differentiate subtle phenotypic variations in the
spectrum of clinical manifestation. In cases, where a genetic variant of mayor effect is
identified, the term "developmental and epileptic encephalopathy™ may be subsumed by using
the name of the underlying condition (for example STXBP1-related DEE) (14).

An example can be a group of 6 patients with a pathogenic sequence variant in the SCN2A
gene, who have been diagnosed and treated at the Department of Pediatric Neurology, Faculty
of Medicine, Masaryk University, University Hospital Brno. A detailed description is shown in
Tab. 6. This case serie was presented by the author at the 54th Czech-Slovak Pediatric
Neurology Conference in 2021 (128).
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pathogenic | origin protein age at time to epilepsy neurological MRI | anti-seizure
variant domain seizure | genetic | syndrome examination medication
onset diagnosi
(months) 5
(months)
1 SCN2A de novo | Transmem 4 9 WS—F mikrocephaly, negati | VGB, ACTH,
(NM_001040 brane quadruparetic ve CLB, LEV,
143.1): helical cerebral palsy with PHT, ZNS,
€.2642T>C domain central hypotonia and RFN
p.(Leu881Pr extrapyramidal
0) symptomatology,
severe impairment of
psychomotor
development
2 SCN2A de novo | Transmem | neonatal 23 EME—ne mikrocephaly, negati | B6,VPA, PB,
(NM_001040 brane ar-ws quadruparetic ve LEV, BRV
143) helical cerebral palsy with
€.4633A>G domain central hypotonia and
p.Met1545V extrapyramidal
al symptomatology,
severe impairment of
psychomotor
development
3 SCN2A de novo | Transmem | neonatal 8 EIEE—-W mikrocephaly, negati | B6, PB, LEV,
(NM_001040 brane S quadruparetic ve CLZ, PHT,
143) helical cerebral palsy with TPM, CLZ
c.416T>C domain central hypotonia and
p.11e139Thr extrapyramidal
- nova symptomatology,
severe impairment of
psychomotor
development
4 SCN2A de novo | Transmem | neonatal 120 EME—F mikrocephaly, cereb | PHT, VGB,
(NM_001040 brane quadruparetic ellar CLZ, PB,
143) helical cerebral palsy with | atrop CLB
c.788C>T domain central hypotoniaand | hy
p.Ala263Val extrapyramidal
symptomatology,
severe impairment of
psychomotor
development
5 SCN2A denovo | Variant 8 7 EME—ne mikrocephaly, negati PB, LEV,
NM_001040 causing ar-ws quadruparetic ve VPA, CLB
143.1 premature cerebral palsy with
€.5626C>T translation central hypotonia and
p.(Arg1876* terminatio extrapyramidal
) - nova n symptomatology,
severe impairment of
psychomotor
development
6§ SCN2A matern | Cytoplas 4 9 F developmental negat. | LEV, VPA
NM_001040 al mic dysphasia, ASD
143.1 domain
€.3973G>A
p.(Val1325ll
€)

Tab. 6: Clinical characteristics of a case serie of patients with SCN2A-related DEE (128).
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Results show that common features of SCN2A-related DEE in this group are:

1) early manifestation of seizures - most often during the first year of life (maximum in the
neonatal period)

2) combination of seizures and electroclinical correlation leading to the classification of
the epileptic syndrome as EME / EIEE / WS, but with certain atypia

3) severe neurological deficit with a predominant central hypotonia with quadruparetic
syndrome and extrapyramidal symptoms, severe psychomotor retardation

4) the effect of PHT in patients with neonatal seizures

5) a sequence variant located in the cytoplasmic domain may cause a milder phenotype

than a variant located in the transmembrane domain
For SCN2A-related DEE, two groups can be distinguished (49):

1) DEE with onset before 3 months of age, mutations with "gain-of-function" effect, with
very good PHT (HD) effect, another possibly effective antiseizure drugs are CBZ, OXC,
LCM, ZNS.

2) DEE with onset after 3 months of age, mutations with "loss-of-function™ effect, where

PHT is not effective or even worsens seizures, possible effect of LEV, BDZ, VPA.

And other examples of DEEs could follow and undoubtedly will with knowledge and

identification of other pathogenic sequence variants in various genes.

1.8 Precision medicine strategy:

Genetic diagnosis of monogenic epilepsies presents great challenges. Knowledge of the
pathophysiological mechanisms of the epileptic process could make it possible to use the
principles of precision medicine and optimize the patient’s therapeutic regime. For example,
some drugs are more effective than others in some genetic epilepsy syndromes, i.e. sodium
channel blockers (SCBs) in KCNQ2- and PRRT2-related seizures (129,130). Some antiseizure
medication can worsen the seizure activity, as observed in SCBs in SCN1A-related epilepsies
(131). Some antiseizure drugs can lead to fatal liver failure, as observed in patients with POLG-
associated epilepsy receiving VPA (132). In the author’s study with 175 patients who

underwent genetic testing with NGS panel of 155 genes, 46 patients had pathogenic sequence
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variant causing the epilepsy (110). In 13 of these 46 patients (28.26%) the therapeutic regimen
was modified. This was effective in reducing seizures by at least 50% in 9 of them (69.23%).
Due to the size of the cohort, these are only case observations, and will be discussed in details
below. Eighteen of these patients underwent targeted therapies. Eight of the patients carried a
SCNI1A variant, which was the most frequent sequence variant detected in our cohort. In most
patients, the phenotype of Dravet’s syndrome was presumed before targeted molecular genetic
diagnosis, so a combination of VPA, CLB, and STP was used. None of these patients were
treated with SCBs at the time of diagnosis. Several studies proved that there is an improvement
not only in seizure frequency after SCBs are tapered off but also in cognitive performance,
language skills, and general well-being.(133). One of the SCN1A positive patients importantly
improved on TPM and another on STP.

In one patient, a ketogenic diet led to a 70% seizure reduction. Six patients with SCN2A-related
DEE were diagnosed. PHT was administered in four of them: in one patient with a clinical
manifestation of DEE at 4 months of age, PHT was ineffective; in three patients with a clinical
manifestation in neonatal age, SCB therapy had a very good effect, with more than 50% seizure
reduction which is in accordance with the principles of "gain of function™ and "loss of function™
model as published by Wolff et al. (49).

Two patients carried a SLC2A1 variant (GLUT1-deficiency) and were administered ketogenic
diet. One of them improved promptly and became seizure-free. In the second patient, ketogenic
diet was without significant effect. The sequence variant identified in this patient was located
in exon 9 of the SLC2A1 gene, a site where causal mutations in patients with GLUT1-
deficiency syndrome are often found, as has been well documented (134). Thus, the sequence
variant was marked as pathogenic, and a biochemical correlate of the disease with a
pathological absolute concentration of glucose in cerebrospinal fluid (CSF) and ratio of glucose
concentration in CSF and serum was also confirmed. The patient’s phenotype was not in
conflict with the diagnosis of GLUT1-deficiency syndrome. Molecular diagnosis of the disease
was made with a latency of almost 6 years from the manifestation of epilepsy, so ketogenic diet
was introduced late, which may be related to its lower effectiveness (135). The ketogenic diet
in patient was also less tolerant and it was not possible to increase the energy intake to provide
sufficient energy for the CNS cells due to the fact that he did not tolerate the higher fat intake
and he vomited. The poorer response to diet was relatively accented by the fact that the patient

was also diagnosed with bilateral MTS on brain MRI, which, the authors assume, developed
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secondarily after prolonged seizure activity and could continue to maintain the epileptogenic
process regardless of the primary cause of epilepsy. One patient was diagnosed with pyridoxin-
dependent epilepsy and carried an ALDH7AL variant; he became seizure-free after vitamin B6
was administered. One was diagnosed with CACNALA variant, severely aggravated after
ethosuximide (ESM) administration. The worsening of seizures after a calcium blocker can be
explained by the fact that the given variant is either of a loss-of-function or gain-of-function
nature, which we were not able to determine for the given patient. It is documented that gain-
of-function and loss-of-function CACNA1A mutations are associated with similarly severe
DEEs and that functional validation is required to clarify the underlying molecular mechanisms
and to guide therapies (136). Here we can only state that such a negative response to ESM is

evidence that the patient’s sequence variant is pathogenic.

1.9 Conclusion:

We are currently able to diagnose some epilepsies down to the level of individual pathogenic
sequence variants. We have therefore come to understand the genetic cause of epilepsy in some
cases. The possibilities of development of new molecules dedicated to treatment of epilepsy
and future perspectives of gene therapy emerge and open up new research and treatment

horizons.
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Summary:

Purpose: The aim of this study was to evaluate seizure outcome in children with hematological

malignancies and PRES and to identify prognostic factors that could help manage the syndrome.

Method: We retrospectively reviewed the report data of 21 patients diagnosed with
hematological malignancy or aplastic anemia and PRES between 2008 and 2018. Basic
demographic data, oncology treatment, presymptomatic hypertension before PRES
manifestation, neurological status, seizure type, and EEG and MRI findings at PRES onset and
at the one-year follow-up visit were studied. Patients who developed remote symptomatic

seizures or epilepsy were identified.

Results: We included 21 children (11 females and 10 males) in the study. Sixteen patients
(76.2%) were diagnosed with ALL and the rest individually with AML, CML, T-lymphoma,
Burkitt lymphoma, and severe aplastic anemia. Presymptomatic hypertension (PSH) was
evaluated in 19 patients and was present in 18 (94.7%). The duration was 9 h and more in 16
patients (88.8%); the severity was grade Il in 12 patients (66.7%). Seizures as the initial
symptom of PRES were present in 17 patients (80.9%). Four patients (19.0%) were assessed
with remote symptomatic seizures. Two of them (9.5%) had ongoing seizures at the one-year
follow-up visit and were diagnosed with epilepsy. The presence of gliosis on follow-up MRI

indicated worse outcome with development of epilepsy (without statistical significance).
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Conclusions: PRES syndrome has an overall good prognosis and the evolution to epilepsy is
rare. The severity and duration of PSH or seizure severity and EEG findings at PRES onsetwere

not associated with worse neurological outcomes in this study.
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ARTICLE INFO ABSTRACT

Keywords: Purpose: The aim of this study was to evaluate seizure outcome in children with hematological malignancies and

PRES PRES and to identify prognostic factors that could help manage the syndrome.

Children Method: We retrospectively reviewed the report data of 21 patients diagnosed with hematological malignancy or
OI}COI”gY aplastic anemia and PRES between 2008 and 2018. Basic demographic data, oncology treatment, presympto-
:/‘Ifrl{zlme matic hypertension before PRES manifestation, neurological status, seizure type, and EEG and MRI findings at
Prognosis PRES onset and at the one-year follow-up visit were studied. Patients who developed remote symptomatic

seizures or epilepsy were identified.

Results: We included 21 children (11 females and 10 males) in the study. Sixteen patients (76.2%) were diag-
nosed with ALL and the rest individually with AML, CML, T-lymphoma, Burkitt lymphoma, and severe aplastic
anemia. Presymptomatic hypertension (PSH) was evaluated in 19 patients and was present in 18 (94.7%). The
duration was 9 h and more in 16 patients (88.8%); the severity was grade II in 12 patients (66.7%). Seizures as
the initial symptom of PRES were present in 17 patients (80.9%). Four patients (19.0%) were assessed with
remote symptomatic seizures. Two of them (9.5%) had ongoing seizures at the one-year follow-up visit and were
diagnosed with epilepsy. The presence of gliosis on follow-up MRI indicated worse outcome with development of
epilepsy (without statistical significance).

Conclusions: PRES syndrome has an overall good prognosis and the evolution to epilepsy is rare. The severity and
duration of PSH or seizure severity and EEG findings at PRES onsetwere not associated with worse neurological
outcomes in this study.

1. Introduction

Posterior reversible encephalopathy syndrome (PRES), as defined
by Hinchey et al., is a phenomenon of transient cerebral vasogenic
edema occurring preferentially in posterior circulation [1]. Clinically,
PRES is characterized by headaches, seizures, reduced consciousness,
and visual and other focal neurological symptoms [2,3]. PRES is a
clinicoradiological syndrome; a characteristic radiologic finding is va-
sogenic edema in the bilateral parietal-occipital lobes, which might be
related to the lower concentrations of sympathetic innervation of the
posterior intracranial arteries in comparison with other cerebral

* Corresponding author.
E-mail address: pavlina.cahova@seznam.cz (P. Danhofer).

https://doi.org/10.1016/j.seizure.2019.08.007

regions, resulting in lower autoregulatory capacity in these vessels [4].
However, other cerebral areas can be involved, and focal areas of PRES
vasogenic edema may also be seen in the basal ganglia, brainstem, and
deep white matter [5]. Systemic lupus erythematosus, sickle cell dis-
ease, sepsis, use of cytotoxic medications (for malignancy or immune
suppression), renal failure, and organ transplantation are some of the
conditions that have been associated with PRES [6,7]. There is still
controversy concerning the pathophysiologic mechanisms of the syn-
drome; however, the mechanism that produces vasogenic edema (ar-
terial hypertension and endothelial dysfunction) seems to be associated
with loss of integrity of the blood-brain barrier [8]. Moderate-to-severe
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hypertension is seen in approximately 75% of patients with PRES [9].

There are many detailed studies regarding the clinical and radi-
ologic aspects of PRES in adults or children. However, the data re-
garding electroencephalographic changes and seizure outcome are very
limited. Furthermore, few studies have yet focused on the very specific
group of high-risk pediatric patients: children with hematopoietic or
lymphoid tissue tumors or bone marrow failure.

The aim of this study was to retrospectively evaluate neurological
status and EEG and MRI findings in children with hematological ma-
lignancies or bone marrow failure and PRES. The neurological outcome
beyond the acute phase and the development of remote symptomatic
seizures (RSS) in these patients was evaluated.

The secondary aim was to correlate these data with the severity and
duration of presymptomatic hypertension (PSH) in this group of pa-
tients. Arterial hypertension is considered to be an important patho-
physiological mechanism of PRES and can be influenced in order to
achieve more favorable outcomes in these patients.

2. Material and methods

We retrospectively analyzed 24 patients diagnosed with PRES from
2008 to 2018 at the University Hospital Brno, Czech Republic, from the
hospital database. All patients were diagnosed with malignancy or bone
marrow failure and treated at the Pediatric Oncology Department,
University Hospital Brno, according to appropriate protocols.

The inclusion criteria were: 1) acute clinical symptoms of PRES —
alteration of consciousness, encephalopathy, seizures, headache, and
visual disturbances and/or other focal neurological deficit; 2) PRES on
MRI as diagnosed by a neuroradiologist; and 3) clinical agreement by
treating physicians whose reports also were relied upon to determine
the etiology.

We collected and analyzed clinical, radiographic, and encephalo-
graphic data from the institutional database.

Demographic data were analyzed: sex, age at the manifestation of
malignancy, and PRES.

Each patient’s clinical manifestation and causal factors were iden-
tified: oncological diagnosis, protocol treatment, and phase of treat-
ment with medication in the last 4 weeks. We retrospectively evaluated
PSH. Every patient admitted for hospitalization was measured by BP
cuff in 3-h intervals; if hypertension was present, the measurements
were taken in 1-h intervals. We evaluated the severity and duration of
the PSH prior to PRES clinical manifestation. The blood pressure was
classified as normal, prehypertension, hypertension grade I, and hy-
pertension grade II according to the age- and height-related standar-
dized percentile graphs for pediatric populations. All patients were
hospitalized at the time of PRES manifestation for various reasons
(protocol treatment, febrile neutropenia, infection, etc.) so the collec-
tion of arterial pressure measurements were complete from the begin-
ning of the PSH. Patients for whom the data were incomplete, e.g. PSH
onset after admission with hypertension, were excluded from the ana-
lysis.

Neurological examination was established by the institutional neu-
rologist at PRES manifestation — up to 3h from the manifestation and
then every 3 months, or more often if needed. We evaluated the neu-
rological status at PRES manifestation and after one year of follow-up
care.

Neurological status was classified as follows: 1 — normal; 2 - focal
deficit without loss of consciousness; 3 — qualitative disturbance of
consciousness (hypoactive or hyperactive delirium: confusion, dis-
orientation, memory disturbance, illusions, or hallucinations); 4 -
quantitative disturbance of consciousness — somnolence; 5 — quantita-
tive disturbance of consciousness — sopor; 6 — quantitative disturbance
of consciousness — coma.

The interpretation of EEGs was established by epileptologists from
the Department of Child Neurology, University Hospital Brno. EEG
were recorded digitally using a standard 10-20 system with standard
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20-minute recordings with or without activations. All patients had EEG
at PRES manifestation or in the first 12 h and then follow-up EEG every
3 months, or more often if needed. We evaluated the EEG at PRES
manifestation and after one year of follow-up care.

EEGs were classified as follows: 1 — normal; 2 - focal slowing; 3 —
diffuse slowing; 4 — focal epileptiform discharges; 5 — generalized epi-
leptiform activity; 6 — LPDs.

Epileptic seizures were classified as follows according to the 2017
ILAE classification: 1 — no seizures; 2 — focal — aware; 3 - focal — im-
paired awareness; 4 — focal to bilateral tonic-clonic seizure (FBTCS); 5 —
generalized tonic clonic seizure (GTCS); 6 — non-convulsive status
epilepticus (NCSE); 7 — convulsive status epilepticus (CSE).

Acute symptomatic seizures were defined as seizures occurring in
direct association with the PRES syndrome and/or within 6 weeks of its
termination. Seizures that occurred later in the course of the oncolo-
gical disease but still in possible association with PRES syndrome and
with no other identified cause were defined as remote symptomatic sei-
zures (RSS). We arbitrarily determined one year from the manifestation of
PRES as the borderline for another assessment: the one-year follow-up
visit.

2.1. Statistics

Categorical variables were summarized using absolute and relative
frequencies. To summarize the continuous characteristics, mean, stan-
dard deviation (SD), median, minimum and maximum were used.

Testing was carried out using Fisher’s exact test. A value of p < 0.05
was considered statistically significant.

3. Results
3.1. Basic data

We identified 24 patients out of 1627 (1.4%) diagnosed with PRES
and treated at the Pediatric Oncology Department at the University
Hospital Brno between 2008 and 2018. Three patients were lost to
follow-up care; they died due to the complications of treatment of
malignancy. Therefore, 21 patients (11 females and 10 males) with
PRES syndrome were included in the study. All patients had been di-
agnosed with malignancies; one patient was diagnosed with bone
marrow failure. The average patient age at presentation was 6.6 + 4.0
years (ranged from 2 to 16 years). Sixteen out of 21 patients (76.2%)
were diagnosed with acute lymphoblastic leukemia (ALL), one patient
(4.8%) had a diagnosis of acute myeloid leukemia (AML), one patient
(4.8%) was diagnosed with chronic myeloid leukemia (CML), two pa-
tients (9.4%) were diagnosed with non-Hodgkin lymphoma (NHL - T-
lymphoma and Burkitt lymphoma), and one patient (4.8%) was treated
for severe aplastic anemia (Table 1). The incidence of PRES for each
diagnosis for 10 years (2008-2018) can be expressed as follows: 16 out
of 174 patients with ALL (9.2%), one out of 33 patients with AML
(3.0%), one out of 15 patients with CML (6.6%), two out of 74 patients
with NHL (2.7%), and one out of 9 patients with severe aplastic anemia
(11.0%).

The time from the diagnosis of malignancy to the manifestation of
PRES was 4.4 + 4.9 months (ranged from 0.1 to 19.7 months). All
patients received some form of chemotherapy according to the appro-
priate treatment protocol. The most common drugs used at the onset of
PRES were intrathecal methotrexate (N = 18; 85.7%), corticosteroids
(N = 16; 76.2%), L-asparaginase (N = 15; 71.4%), vincristine (N = 14;
66.7%), doxorubicin (N = 13; 61.9%), and cytarabine (N = 9; 42.9%);
fewer than five patients used other drugs. In accordance with the
treatment protocol, all patients were using polytherapy; see Table 1 and
Table 3. Intrathecal methotrexate is used at the child oncology clinic in
the treatment of hematological malignancies, and it is known for pos-
sible neurotoxicity. PRES syndrome developed in 18 patients out of 248
(7.2%) treated with intrathecal methotrexate between 2008 and 2018.
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Table 1
Factors involved in the pathogenesis of PRES.

Factors involved in the pathogenesis of PRES

oncological diagnosis: 21 patients

ALL 16 76.2%

AML 1 4.8%

CML 1 4.8%

T-lymfoma 1 9.4%

Burkitt lymfoma 1

severe aplastic anemia 1 4.8%

blood pressure: 19 patients

normotension 1 5.3% not included in the evaluation of PSH

presymptomatic hypertension: 18 patients
hypertension grade I 6 33.3%
hypertension grade II 12 66.7%
duration (hours)

6 2 11.2%
9 8 44.4%
12 6 33.4%
15 1 5.5%
18 1 5.5%
protocol treatment at the PRES onset and /or 4 weeks before
methotrexat 18 85.7%
corticosteroids 16 76.2%
L-asparaginase 15 71.4%
vincristine 14 66.7%
doxorubicine 13 61.9%
cytarabine 9 42.9%
puri-nethol 6 28.6%

PSH was assessed in 19 patients; data from 2 patients were in-
complete. Only 1 patient out of 19 (5.3%) had normal blood pressure in
the presymptomatic period and prehypertension at PRES manifestation;
this patient was not included in the statistical evaluation. Two patients
out of 18 (11.2%) had 6 -h long PSH, 8 patients out of 18 (44.4%) had
9-h long PSH, and another 8 patients out of 18 (44.4%) had more than
9-h long PSH with 18 h as maximum.

The PSH severity was as follows: 1 patient out of 19 (5.3%) had
normal pressure, 6 patients out of 18 (33.3%) had hypertension grade I,
and 12 patients out of 18 (66.7%) had hypertension grade II. Factors
involved in the pathogenesis of PRES (oncological diagnosis and
treatment and PSH) are summarized in Table 1.

We compared the number of antihypertensives used to achieve
normotension and the duration of antihypertensive therapy in non-RSS
patients and RSS patients. In the first group, 236 * 1.33 antihypertensive
drugs (ranged from 1 to 5 drugs) were used for 2.14 + 2.88 months
(ranged from O to 12 months). In the second group, 3.75 + 0.83 anti-
hypertensive drugs (ranged from 3 to 5 drugs) were used for
4.25 * 4.49 months (ranged from 1 to 12 months). Although higher
values in the second group are obvious, results in such a small sample
size are not statistically significant.

3.2. Clinical-radiological diagnosis of PRES

The PRES clinical manifestations were as follows: seizures with or
without disturbance in consciousness, in 17 patients out of 21 (80.9%);
quantitative or qualitative disturbance of consciousness without sei-
zures, in 4 patients out of 21 (19.0%); headache, in 4 patients out of 21
(19.0%); and visual disturbances, in 3 patients out of 21 (14.3%).
Headache and visual disturbances were not the first symptoms of PRES
reported by the patient but they were often immediately described after
seizure or restoration of consciousness. Patients who reported headache
as one of the first symptoms of PRES were 8.50 + 4.50 years of age
(ranged from 5 to 16 years). Visual disturbances at PRES onset were
reported at 8.33 = 1.36 years of age (ranged from 7 to 10 years). This is
in accordance with the fact that small children often have difficulty
describing their symptoms, so these symptoms could have been
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overlooked.

The neurological examination at PRES onset was normal in 4 pa-
tients out of 21 (19.0%); 1 patient out of 21 (4.8%) had only focal
deficit without disturbance of consciousness; 8 patients out of 21
(38.1%) had qualitative disturbance of consciousness; 1 patient out of
21 (4.8%) had somnolence; 4 patients out of 21 (19.0%) were in sopor;
and 3 patients out of 21 (14.3%) were in coma state; see Table 2.

In the non-RSS group, the neurological status normalized in
4.75 * 8.82 days (ranged from 1 to 28 days). In the RSS group of pa-
tients, the neurological status normalised in 69.25 = 105.81 days
(ranged from 1 to 252 days); see Table 2.

All patients underwent a structural examination of the brain, either
CT or MRI. Two patients out of 21 patients had only a CT scan, with
hypodense lesions in the posterior regions correlating with the image of
vasogenic edema; 19 patients out of 21 had MRI scans in correlation
with the radiologic diagnosis of PRES; 15 patients out of 21 (71.4%)
had lesions typically in the parieto-occipital region; 2 patients out of 21
(9.5%) had pathology in the parieto-occipital region, but also with
frontal involvement; 4 patients out of 21 (19.1%) had severe diffuse
involvement in bilateral fronto-temporo-parieto-occipital regions, in-
cluding the cerebellum or brainstem in 2 of them; see Table 2. Follow-
up MRI was performed in all patients after 43.1 + 29.6 days (ranged
from 12 to 90 days): 19 patients out of 21 (90.5%) had normal follow-
up MRI; 2 patients out of 21 (9.5%) had persisting gliosis in the parieto-
occipital region on MRI at the one-year follow-up visit (Table 2,
Figs. 1-4).

3.3. Seizures at PRES manifestation and RSS

Seventeen patients out of 21 (80.9%) had seizures as the clinical
manifestation of PRES (Table 2). Focal seizures were described in one
patient out of 17 (5.9%); focal seizures with impaired awareness in 5
patients out of 17 (29.4%); focal seizures with evolution to tonic-clonic
seizure in 1 patient out of 17 (5.9%); generalized tonic-clonic seizures
were described in 4 patients out of 17 (23.6%); nonconvulsive status
epilepticus in 3 patients out of 17 (17.6%); and convulsive status epi-
lepticus also in 3 patients out of 17 (17.6%).

Four patients out of 21 (19%) were assessed as having RSS; 2 of
them (9.5%) had ongoing seizures at the one-year follow-up visit.

Antiepileptic drugs (AEDs) used in the management of acute
symptomatic seizures at PRES onset and chronic AEDs are presented in
Table 3. All patients with RSS took levetiracetam (LEV) at the one-year
follow-up visit. Three patients out of 17 (17.6%) from the non-RSS
group were also on AEDs at the one-year follow-up visit (see Table 3).
GBP was used in the treatment of neuropatic pain. All AEDs in these
patients were tapered off in the course of the second year after PRES
onset. We have to take into consideration that this fact could possibly
mask the development of RSS in these patients during the one-year
follow-up period. However, these patients arbitrarily met the study
inclusion criteria, so they were included in the non-RSS group of pa-
tients.

3.4. EEG findings (Table 2)

All patients had EEG recorded directly at PRES manifestation or
within no more than 12h (24/7 EEG availability is provided). Follow-
up EEG were performed every 3 months in all patients, or often if
needed.

Normal EEG at PRES manifestation was described in 4 patients out
of 21 (19.0%); focal or regional slowing was present 9 patients out of 21
(42.8%); and diffuse slowing was present in 2 patients out of 21 (9.6%).
Three patients out of 21 (14.3%) had focal epileptiform discharges on
EEG, and 3 patients out of 21 (14.3%) had LPDs on EEG.

Localization of focal slow waves or epileptiform discharges on EEG
was predominantly in the parieto-occipital region (for details, see
Table 2).
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Table 2 (continued)

one-year follow-up visit

restoration after acute state

acute PRES onset

time to follow-up

MRI (days)

AEDs MRI

EEG

neurological
examination

duration of anti-HT
therapy (months)

EEG (days)

severity of PSH neurological
(grade)

Patient
No.

examination (days)

60
90
90

normal

LEV

12

O bilat. gliosis

LEV

NA

21

PO bilat. gliosis

LEV

90

252

Neurological examination: 1 — normal; 2 — focal deficit without loss of consciousness; 3 — qualitative disturbance of consciousness (hypoactive or hyperactive delirium: confusion, disorientation, memory disturbance,

illusions or hallucinations); 4 — quantitative disturbance of consciousness — somnolence; 5 — quantitative disturbance of consciousness — sopor; 6 — quantitative disturbance of consciousness — coma. Seizure type: 1 — no

seizures; 2 — focal — aware; 3 - focal — impaired awareness; 4 — focal to bilateral tonic-clonic seizure (FBTCS); 5 — generalized tonic clonic seizure (GTCS); 6 — non-convulsive status epilepticus (NCSE); 7 — convulsive status

epilepticus (CSE). EEG: 1 - normal; 2 - focal slowing; 3 — diffuse slowing; 4 - focal epileptiform discharges; 5 — generalized epileptiform activity; 6 — LPDs.

Oncological diagnosis: ALL — acute lymphoblastic leukemia, AML - acute myeloid leukemia, NHL-Non-Hodgkin lymphoma, AA — aplastic anemia, BL — Burkitt lymphoma, CML - chronic myeloid leukemia; localization

on EEG and MRI: F- frontal, P-parietal, T-temporal, O-occipital; anti-HT - antihyperensive, AEDs — antiepileptic drugs: LEV - levetiracetam; GBP - gabapentine; VPA - valproate.
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In the non-RSS group, EEG was normalized in 38.64 = 39.96 days
(ranged from 1 to 90 days), in the RSS group, EEG was normalised in
32.67 * 40.55 days (ranged from 3 to 90 days); see Table 2.

At the one-year follow-up visit, 18 patients out of 21 (85.7%) had
normal EEG; 2 patients out of 21 (9.5%) had focal slowing; and 1 pa-
tient out of 21 (4.8%) had diffuse slowing on EEG. No epileptiform
discharges were recorded.

3.5. Findings in patients with RSS

Four patients out of 21 (19%) were assessed as having with RSS. The
small sample size prevents a statistically significant analysis, but it is
possible to describe these patients’ important characteristics. There
were 3 girls and 1 boy in this group, ages 13, 10, 7, and 3 years re-
spectively at the PRES onset. Three of them were diagnosed with ALL
and one had CML. PSH took 9h in 2 patients and 12 h in 2 patients; PSH
was grade [ in 2 patients and grade II in two patients. The seizure type
at PRES onset was different in each patient: focal aware, GTCS, focal
with impaired awareness, or NCSE. Acute EEG findings were different
in each patient as well: focal slowing, diffuse slowing, LPDs, or focal
epileptiform discharges. All patients started treatment with levetir-
acetam at a dose of 40-50 mg/kg/day after acute symptomatic seizures.

The first patient had two focal aware RSS 3 months after PRES
onset, leading to an increase in the dose of levetiracetam to 60 mg/kg/
day. Acute MRI showed diffuse lesions in the fronto-temporo-parieto-
occipital region correlating with edema. Control MRI was normal after
one month. The patient was seizure free at the one-year follow-up visit
with normal neurological examination and EEG, still taking levetir-
acetam.

The second patient had one RSS with headache and visual illusion
+ns 9 months after PRES onset, while tapering off levetiracetam. Acute
MRI correlated with PRES syndrome with fronto-parieto-occipital le-
sions. A follow-up MRI 3 months later was normal. The patient was
seizure-free at the one-year follow-up visit with normal neurological
examination and EEG; the patient was still taking levetiracetam.

The third patient had repeated seizures, continuing at one-year
follow-up visit. The patient described positive visual symptoms and
headache while fully aware. The dose of levetiracetam was increased to
60 mg/kg/day and the seizures reduced in frequency (1/month). The
patient and his parents preferred not to change medications; the sei-
zures did not disturb him. The patient had occipital lesions on acute
MRI with right-sided predominance; gliosis in the same region persisted
on MRI at the one-year follow-up visit (Figs. 1 and 2). Neurological
examination was normal after one year, with focal slowing on EEG
(occipital right).

The fourth patient had focal aware repeated seizures, continuing at
the one-year follow-up visit. The dose of levetiracetam was increased
with partial effect, eslicarbazepine was added at the one-year follow-up
visit with effect and the patient became seizure-free. Acute MRI was
with diffuse cortico-subcortical fronto-temporo-parieto-occipital find-
ings and with cerebellum involvment; these lesions persisted with oc-
cipital predominance as gliosis on MRI at the one-year follow-up visit
(Figs. 3 and 4). Neurological examination and EEG was normal after
one year.

3.6. Statistics

Statistical analysis did not reveal a statistically significant difference
between sex or age at PRES onset (patients younger than 6 years vs. 6
years and older) in terms of duration and severity of PSH, clinical
manifestation, seizure type, or EEG findings at PRES onset and at the
one-year follow-up visit and the occurrence of RSS.

Statistical analysis also did not reveal a statistically significant dif-
ference between the group of patients with PSH grade I and those with
grade II in terms of neurological status, seizure type, or EEG findings at
PRES onset and at the one-year follow-up visit and the occurrence of
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Fig. 1. Patient No. 3 from RSS group: MRI at PRES onset showing FLAIR (a,b) and T2-weighted (c,d) subcortical hyperintensities in occipital regions with right

predominance.

Fig. 2. Patient No. 3 from RSS group: follow-up MRI showing T1-weighted (a) hypointensities and T2- weighted hyperintensities in occipital regions with right

predominance correlating to gliosis.

Fig. 3. Patient No. 4 from RSS group: MRI at PRES onset showing FLAIR (a,b) and T2-weighted (c,d) diffuse supratentorial cortical-subcortical hyperintensities with

occipital predominance.

RSS. Neither were there statistically significant differences between the
group of patients with PSH of duration <9h and >9h in terms of
neurological status, seizure type, or EEG findings at PRES onset and at
the one-year follow-up visit and the occurrence of RSS.

We tested the relationship between the seizure type and EEG or MRI
findings at PRES onset and the occurrence of RSS. There was not a
statistically significant difference between these variables.

4. Discussion

4.1. Pathophysiology of PRES in children with malignancy or bone marrow
failure

PRES is a possible complication in children undergoing che-
motherapy [6,10]. The overall incidence of PRES in child malignancies
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Fig. 4. Patient No. 4 from RSS group: follow-up MRI showing T1-weighted (a) hypointensities and T2- weighted hyperintensities in parietooccipital regions with right

predominance correlating to postischemic lesions and gliosis.

in our series is 1.4%, which makes this diagnosis very rare. According to
the literature, it affects mainly patients with ALL (55%), and less fre-
quently patients with AML (9%), which is also due to the different in-
cidence of these diagnoses [11]. There are also reports of PRES asso-
ciated with Langerhans histiocytosis, Hodgkin’s lymphoma, non-
Hodgkin’s lymphoma [12], and aplastic anemia [13]. In our series, the
majority of patients in the study had ALL (76.2%) individual patients
were also diagnosed with AML, CML, lymphoma, or severe aplastic
anemia.

Corticosteroid treatment, L-asparaginase, cyclosporin A, and in-
trathecal methotrexate are suggested to have an important role in the
development of PRES [6,14]. In total, 85.7% of patients were treated
with intrathecal methotrexate, 76.2% of patients with corticosteroids,
and 71.4% of patients with L-asparaginase. Intrathecal methotrexate is
known for its neurotoxicity, and case reports with acute poly-
radiculoneuropathy [15], acute myelopathy [16] or MTX-induced
stroke-like neurotoxicity [17] after intrathecal methotrexate adminis-
tration have been published. Recent studies with animal models in-
dicate possible late cognitive deficits induced by methotrexate [18,19].
In our study, PRES syndrome developed in 7.2% of patients with ma-
lignancy treated with intrathecal methotrexate over a 10-year period. It
has been hypothesized that endotheliotoxic effects of both im-
munosuppressive as well as cytostatic drugs may lead to blood-brain
barrier disturbances as well as to the impairment of cerebral vascular
autoregulation [20] with the development of brain vasogenic edema. In
addition, corticosteroids may play an indirect role in the development
of PRES due to the higher risk of steroid-related hypertension [11].

Hypertension is considered to be another key risk factor of PRES.
Severe hypertension leads to failed autoregulation and subsequent hy-
perperfusion, again with the development of vasogenic edema [21].
Hypertension is often seen in children with PRES (100% according to
Morris [12]; 68% according to Kim [6]. We observed hypertension in
all patients except one (94.7%) and the hypertension was severe: grade
II in the majority of patients. The duration of PSH was 9 h or longer in
almost all patients. The clinical manifestation of PRES was observed
most often between 9 and 12 h of the PSH.

The effect of PSH on PRES severity was studied in 65 patients with
PRES by Lee et al. [22]. The brain lesion distribution degree, or lesion
scoring point (LSP) on MRI was numerically calculated and compared

with presymptomatic blood pressure. The LSP was significantly corre-
lated with pre-MAP (mean arterial pressure before the clinical mani-
festation of PRES). The authors concluded that patients with PRES who
have relatively higher blood pressure in the presymptomatic period
could have worse degrees of impaired cerebral autoregulation and are
more likely to have wider lesion distributions than patients with lower
blood pressure. A possible limitation is that only the distribution of
edematous lesions was studied (number of brain regions affected),
which does not necessarily correlate with their severity. In our study,
we examined the relationship between PSH and neurological outcomes
in children with PRES: neurological status, type of seizures, and EEG at
PRES onset and at the one-year follow-up visit. We did not find any
statistically significant relationship.

We can conclude that hypertension is not the only causative factor
in the pathogenesis of PRES, especially in this specific group of patients
with hematological malignancies, in whom it is necessary to consider
the endothelial dysfunction caused by the cytotoxic and im-
munosuppressive drugs used. It is also necessary to highlight the hy-
pertensive effect of corticosteroids used in most patients. However,
targeted and prompt blood pressure control can be crucial in the
management of PRES and should not be underestimated in the context
of the multifactorial etiology of this syndrome.

4.2. Seizure outcome in patients with PRES

Many studies describe the clinical and radiological features of PRES
in adults and in children. However, studies concerning the electro-
encephalographic findings and seizure occurrence and prognosis are
rare and are mostly designed for the adult population.

Seizures are significantly more frequent in pediatric PRES patients
as an initial PRES-related symptom than in adults [11,20]. Experi-
mental data suggest that exposure to calcineurin inhibitors causes more
severe neurotoxicity at a young age due to an increased permeability of
the immature blood-brain barrier, allowing PRES-mediating circulating
substances to act on the brain [5,23]. These factors might contribute to
the high incidence of seizures observed in pediatric PRES, possibly
sharing pathophysiological similarities with pediatric febrile seizures, a
common pediatric condition that might also be partially triggered by
fever-associated circulating proinflammatory cytokines [24].
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Seizure occurrence in patients with PRES suggests that this syn-
drome is not just a subcortical pathology. Cortical irritation resulting
from the adjacent vasogenic edema that follows disruption of the blood
brain barrier is the most probable implicating factor [9].

Seventeen patients out of 21 (80.9%) had seizures as the clinical
manifestation of PRES. Almost half of the patients had severe seizure
manifestation at PRES onset: GTCS was observed in 4 patients out of 17
(23.6%), NCSE was observed in 3 patients out of 17 (17.6%), as was
convulsive SE. Only one patient of this group — the patient with NCSE —
developed RSS.

EEG patterns are not well described, but common patterns are re-
ported and include diffuse and focal (mostly posterior) slowing with or
without epileptiform discharges [9,10,25] as we found in our series.
Lateralized periodic discharges (LPDs) are not commonly associated
with PRES [11,13,26] but when they occur, they are associated with a
worse prognosis and the development of ongoing seizures or epilepsy
[26]. In our study, 3 patients out of 21 (14.3%) had LPDs on acute EEG;
only one of them developed RSS.

The results from our study showed that neither the severity of sei-
zure type at PRES onset nor the severity of acute EEG findings are as-
sociated with worse neurological prognosis in patients with PRES syn-
drome. But we have to take into consideration relatively small number
of patients in the study.

RSS or the development of epilepsy after PRES syndrome is rare.
Recurrent seizures were observed in 4 adult patients out of 46 (8.7%); 3
of those patients had atypical PRES pattern on MRI (involvement of the
basal ganglia, thalamus, corpus callosum, and periventricular white
matter, in addition to typical lesions) [27]. Sha et al. published a series
of 75 adult patients with PRES: 4 of them (5.3%) developed RSS, 2
patients (2.6%) developed epilepsy with seizures occurring more than
one year after the PRES [25]. An interesting Swedish study of 52
children with ALL and PRES syndrome was recently published. Ac-
cording to this study, 7 patients out of 52 (13.4%) had epilepsy after
PRES and the same number of patients had neurocognitive difficulties
as a consequence of ALL diagnosis and treatment [28]. In our study,
almost one fifth of patients (19%) had RSS beyond the acute phase of
PRES syndrome. Statistical analysis in such a small cohort is not strong
enough to trace common factors provoking RSS after PRES syndrome. If
this group of patients is studied more closely, it emerges that patients
with persisting gliosis on MRI had ongoing seizures at the one-year
follow-up visit. According to the definition of epilepsy (ILAE 2017),
these 2 patients can be classified as having epilepsy (9.5%). It seems
that a persisting structural lesion on MRI is important prognostically. In
a study by Sha et al. in which 4 patients out of 75 developed RSS, two
patients had post-ischemic lesions on MRI, one patient had focal
atrophy, and one patient had normal MRI at the follow-up visit [25]. To
date, the correlations between imaging findings and seizure outcome
have been poorly described [25,29]. Yamamoto et al. (2015) studied a
group of 40 children with PRES; 10% developed focal epilepsy [30].
The same study examined cytotoxic edema on MRI, represented by ADC
reduction, which can lead to irreversible cerebral damage; vasogenic
edema is likely to be reversible. Almost half of the studied patients had
focal gliosis or atrophy on follow-up MRI; this finding was associated
with ADC reduction during the acute period. Three of four patients with
focal epilepsy had gliosis or atrophy on follow-up MRI. The study
concluded that cytotoxic edema with ADC reduction during the acute
period and subsequent focal lesions could lead to epileptogenic focus.
Recently, atypical neuroimaging findings such as cytotoxic edema, in-
farction, hemorrhage, contrast enhancement, and a non-reversible
clinical course including subsequent epilepsy, have been highlighted
[29,31,32]. The pathogenesis of cytotoxic edema in PRES syndrome is
not clear. A comparative study of 19 pediatric versus 100 adult patients
with PRES proved ADC reduction was statistically significant in chil-
dren as compared to adults [33]. Further studies are needed to clarify
the cause of persistent lesions on MRI and their relationship to PRES
syndrome, its neurological outcome, and possible epileptogenesis.
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4.3. Study limitations

The results of this study have to be assessed in the context of the
following facts. The study is retrospective and the cohort is not large;
we included 21 patients in the study. Comparing the data with the
literature, this is one of few studies assessing EEG and MRI findings and
seizure outcome in children with PRES. Other studies are designed for
the adult population. Literature concerning clinico-radiologic findings
in children with PRES often describe small series: 7 patients [11], 5
patients [14], 19 patients [15], and 8 patients [16]. Nevertheless, the
number of patients in this study limits the statistical analysis. MRI data
are inconsistent. We have CT scans in the acute phase of only two pa-
tients and MRI was performed on various machines with different
protocols between 2008 and 2018 (0.2T, 1T, and 1.5T). For these
reasons, the MRI data cannot be studied more precisely (the extent of
lesions, ADC maps, etc.).

5. Conclusion

PRES is a rare complication in the treatment of children with he-
matological malignancies and bone marrow failure. It is considered to
be a reversible condition, but RSS or epilepsy can develop. Persisting
structural lesions on follow-up MRI can be associated with a worse
prognosis, but further studies are needed to explain the pathophy-
siology of these MRI changes and their epileptogenesis. The severity
and duration of PSH does not correlate with the neurological and sei-
zure outcomes, but the study nevertheless encourages the prompt and
targeted treatment of hypertension in patients with PRES.
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2.2 Annex2:

Danhofer P, Brazdil M, Oslejskova H, Kuba R. Long-term seizure outcome in patients with
juvenile absence epilepsy; a retrospective study in a tertiary referral center. Seizure. 2014
Jun;23(6):443-7. doi: 10.1016/j.seizure.2014.03.002.

Summary:

Purpose: The study aim was to evaluate pharmacotherapy effects and long-term seizure
outcomes in patients with juvenile absence epilepsy (JAE) during a five-year follow-up period.
The secondary aim was to identify factors from patient history and determine their influence on

seizure control.

Method: We retrospectively studied 46 patients with JAE in the period between 2006 and 2011.
The age at seizure onset, onset seizure type, family history of epilepsy, status epilepticus in

history, medication history, and the rate of seizure control were studied.

Results: There were 30 females (65.2%) and 16 males (34.8%) in the study. The mean age at
seizure onset was 12.945.6 years (ranged from 3 to 28 years). In 30 patients (65.2%), seizure
onset was with absences, in 15 patients (32.6%) with generalized tonic-clonic seizure (GTCS),
and in 1 patient (2.2%) with absence status. In 43 patients (93.5%), GTCS occurred in the course
of the disease. Family history for epilepsy was positive in 10 patients (21.7%). In the five-year
follow-up period, seizure freedom (Group 1) was achieved in 7 patients (15.2%). In total, 22
patients (47.8%) were classified into the groups involving very poor seizure control and
antiepileptic drug resistance (Groups 5 and 6). The mean number of antiepileptic drugs (AEDSs)

used in the course of the disease in appropriate therapeutic doses was 3.8+2.3 (1-10 AEDs).

Conclusion: The study results show that almost half of JAE patients have poor seizure control

with a high rate of pharmacoresistance. The outcome of JAE can be very uncertain.

96



Seizure 23 (2014) 443-447

Contents lists available at ScienceDirect

Seizure

journal homepage: www.elsevier.com/locate/yseiz

Long-term seizure outcome in patients with juvenile absence epilepsy;
a retrospective study in a tertiary referral center

P
® CrossMark

Pavlina Danhofer **, Milan Brazdil ™¢, Hana O3lejSkova?, Robert Kuba *¢

2 Epilepsy Center Brno, Department of Child Neurology, University Hospital and Faculty of Medicine, Masaryk University, Brno, Czech Republic
b Epilepsy Center Brno, First Department of Neurology, St. Anne’s University Hospital and Faculty of Medicine, Masaryk University, Brno, Czech Republic
€ Central European Institute of Technology (CEITEC), Masaryk University, Brno, Czech Republic

ARTICLE INFO ABSTRACT

Article history:

Received 21 October 2013

Received in revised form 28 February 2014
Accepted 4 March 2014

Purpose: The study aim was to evaluate pharmacotherapy effects and long-term seizure outcomes in
patients with juvenile absence epilepsy (JAE) during a five-year follow-up period. The secondary aim was
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10 patients (21.7%). In the five-year follow-up period, seizure freedom (Group 1) was achieved in 7 patients
(15.2%). In total, 22 patients (47.8%) were classified into the groups involving very poor seizure control and
antiepileptic drug resistance (Groups 5 and 6). The mean number of antiepileptic drugs (AEDs) used in the
course of the disease in appropriate therapeutic doses was 3.8 & 2.3 (1-10 AEDs).
Conclusion: The study results show that almost half of JAE patients have poor seizure control with a high
rate of pharmacoresistance. The outcome of JAE can be very uncertain.
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Seizure control

genetic cause and specific mutation in most patients with JAE is
still unknown. JAE is characterized by typical absence seizures, a
long-life prevalence of GTCS for 80-83% of patients,> and sporadic
myoclonic jerks are observed in 20% of patients. The seizure onset
is typically between 9 and 13 years of age. GTCS and myoclonic
seizures often occur 1-10 years after the absence seizure onset.*
No sex predominance has been observed among the patients with
JAE.* The incidence of JAE is not precisely known. JAE patients
account for approximately 2-3% of patients with adult epilepsy in
general, and about 8-10% of patients with idiopathic generalized

1. Introduction

According to ILAE Epilepsy Classification (1989),! juvenile
absence epilepsy (JAE) is classified among the age-related
idiopathic generalized epilepsies in adolescence. The proposed
ILAE Epilepsy Classification revision? gives preference to the terms
“genetic” or “unknown” instead of “idiopathic”. The presumably

Abbreviations: ESM, ethosuximide; GTCS, generalized tonic-clonic seizure; IGE,

idiopathic generalized epilepsy; ILAE, International League Against Epilepsy; JAE,
juvenile absence epilepsy; LEV, levetiracetam; LTG, lamotrigine; MRI, magnetic
resonance imaging; PRM, primidone; PSWC, polyspike-wave complex; SE, status
epilepticus; SWC, spike-wave complex; TPM, topiramate; VPA, valproic acid; ZNS,
zonisamide.

* Corresponding author at: Brno Epilepsy Center, First Department of Neurology,
St. Anne’s University Hospital and Faculty of Medicine, Masaryk University,
Pekafska 53, 656 91 Brno, Czech Republic. Tel.: +420 543 182 658;
fax: +420 543 182 624.

E-mail addresses: pavlina.cahova@seznam.cz (P. Danhofer),
mbrazd@med.muni.cz (M. Brazdil), hoslej@fnbrno.cz (H. OSlejSkova),
robert.kuba@fnusa.cz (R. Kuba).

http://dx.doi.org/10.1016/j.seizure.2014.03.002

epilepsy (IGE).* The etiology of JAE is a subject primarily of genetic
research. The research results have shown that genetic mutations
for voltage-gated sodium channels (CACNB4 gene)>° and potassi-
um channels (CLCN2 gene)® are involved. Different mutations were
found in genes for GABA receptors (ligand ion channels),
specifically in the GABRA1 gene.”

The aim of this retrospective study is to evaluate the effects of
pharmacotherapy and the long-term seizure outcome in patients
with JAE in a tertiary referral center. To our knowledge, there is
insufficient information concerning the long-term outcome of

1059-1311/© 2014 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
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patients with JAE. Another aim of this study is to identify selected
case history data (age at seizure onset, type of seizure at onset,
family history) and determine their influence on the rate of seizure
control.

2. Methods

We retrospectively evaluated the long-term seizure outcome in
patients with JAE who had been referred to the Epilepsy Center
Brno. We included only patients who had been observed and
clinically managed in the center for at least five years (specifically
in the period between 2006 and 2011). This period was described
as the observational period (OP).

All patients met the criteria of JAE according to the ILAE 1989
Classification' i.e. clinical (age at seizure onset, normal psycho-
motor development, presence of absence seizures, GTCS or non-
dominant myoclonic jerks) and electroencephalographic (normal
background activity, ictal pattern of bilateral, symmetric, and
synchronous discharge of regular 3-4 Hz spike wave discharges).
All patients underwent a 1.5 T MRI scan, which excluded patients
with potentially epileptogenic lesions.

We retrospectively evaluated the patient age at seizure onset,
seizure type, family history of epilepsy, status epilepticus in the
patient history, and history of medication, including the number of
AEDs and AED treatment during the OP. The rate of seizure control
was evaluated at the end of the five-year OP. The data concerning
the types of seizures and their frequency were based on interviews
with the patients and their caregivers. All of the patients were
regularly followed up during the whole OP for clinical purposes.
Patients from whom we could not obtain complete data or who
were assessed irregularly were excluded from the study.

According to the type of seizure control during the five-year OP
and at the end of the OP, we defined the following outcome groups:

1. Completely seizure free
2. Only absence seizures
3. Only GTCSs with a frequency <1 seizure per year

4. Only GTCSs with a frequency >1 seizure per year

5. Both GTCS and absence seizures; GTCSs with a frequency <1
seizure per year

6. Both GTCS and absence seizures; GTCSs with frequency >1
seizure per year

Since the data regarding the absence seizures were based on
interviews with patients and their caregivers, without video EEG
verification, we did not precisely evaluate the frequency of this
type of seizure.

2.1. Statistics

We used the Mann-Whitney U-Test to analyze the possible
differences among patients who were or were not completely
seizure free during the whole OP in terms of their age, age at
epilepsy onset, and epilepsy duration. A chi-square test was used
to evaluate the possible differences among patients who were or
were not completely seizure free during the whole OP in terms of
the positive/negative family history and type of the seizure as a
first manifestation of JAE (i.e. absences or GTCS). A value of p < 0.05
was considered statistically significant.

3. Results

We studied a group of 46 patients (30 females and 16 males)
who met the criteria for JAE according to the ILAE 1989
Classification' and had been observed for at least 5 years. The
patient age ranged from 19 to 49 years with an average age of
31.2 + 8 years. There were 10 out of 46 patients (21.7%) with a positive
family history for epilepsy in our cohort. Because the evaluation was
retrospective, we were only able to obtain exact and specific data
concerning the type of epilepsy in each patients’ relative from 4 of the
10 patients. IGE (not more specified) was present in 2 patients’
relatives, 1 patient had a brother with febrile convulsions, and 1 patient
had a child with benign neonatal convulsions. Precise data concerning
the family history from other patients were not available.

Gr. 1

Gr. 6 15.2%

21.7%

Gr. 4

10.9%

1 peryear
4 Pts
Gr. 2
117.4% Group 4: GTCSs more than
1 peryear
5Pts

Group 1: seizure free
7 Pts

Group 2: absence seizures
8 Pts

®m Group 3: GTCSs less than

m Group 5: absence seizures
+ GTCSs less than 1 per
year 12 Pts

Group 6: absence seizures
+ GTCS's more than 1 per
year 10 Pts

Fig. 1. Number of patients in different groups according to the rate of seizure control at the end of the OP (pts: patients).
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Table 1
AED treatment in the whole cohort of patients with JAE.
Treatment type AEDs No. of pts. Total no. of pts.
Monotherapy LTG 12 20
VPA 5
ETS 2
CBZ 1
Combination of 2 AEDs VPA+LTG 5 20
VPA+LEV 4
LTG +LEV 3
TPM +ZNS 2
TPM +LTG 2
LTG +ZNS; LTG +ESM; CBZ+PRM; VPA+TPM Each 1
Combination of 3 AEDs VPA+PRM +LEV; VPA+LEV +ZNS; LEV +LTG +ZNS Each 1 3
Combination of 4 AEDs VPA+LEV +CBZ+CLN; VPA+LTG+PRM +CLN; Each 1 3

VPA+LTG +LEV+CLN

No.: number; pts.: patients.

The average patient age at the time of the first clinical
manifestation was 12.9 + 5.6 years (ranged from 3 to 28 years). In
30 of the 46 patients (65.2%) the first clinical manifestation of JAE
were absences, in 15 patients (32.6%) GTCS, and in 1 patient (2.2%)
absence status epilepticus. In 43 patients (93.5%), at least one GTCS
occurred in the course of the disease.

At the end of the OP, 7 of the 46 patients (15.2%) had been
seizure free during the whole OP (Group 1). In the same period,
8 patients (17.4%) had only absences (Group 2). Other types of
predefined outcomes are presented in Fig. 1. In total, 31 patients
(67.4%) experienced at least 1 GTCS during the OP.

The assessment of AED treatment revealed that the number of
AEDs used in the history varied from 1 to 10 with an average of
3.8 + 2.3 AEDs. Only 8 of the 46 patients (17.4%) had just 1 AED,
19 patients (41.3%) had 3 or fewer AEDs, and 27 patients (58.7%) had
4 or more AEDs.

At the end of the OP, 20 of the 46 patients (43.5%) had been
treated by monotherapy, 20 patients (43.5%) used a combination of
2 AEDs concurrently, 3 patients (6.5%) used a combination of
3 AEDs, and 3 patients (6.5%) used a combination of 4 AEDs.

Patients from Group 1 (i.e. seizure-free patients during the
whole OP) were seizure free on 1 AED in 5 cases (71.4%) and on 2
AEDs in 2 cases (28.6%). In these patients, seizure freedom was
achieved by the use of 1 to 3 AEDs: 1 patient tried 1 AED, 4 patients
2 AEDs, and 2 patients 3 AEDs. Finally, 3 patients remains seizure-
free on monotherapy of LTG, 2 patients on monotherapy of VPA, 1
patient on the combination of VPA+LTG and 1 patient on the
combination of LTG + ESM.

The most commonly used AED in our series was lamotrigine (25
patients; 12 in monotherapy and 13 in combined therapy),
followed by valproic acid (20 patients; 5 in monotherapy and
15 in combined therapy) and levetiracetam (11 patients; all in
combined therapy). Other AEDs used both in monotherapy and in
combinations are noted in Table 1.

Statistical analysis did not reveal a statistically significant
difference between the group of patients who were completely
seizure free during the whole OP (Group 1) and the patients who
were not (Groups 2-6) in terms of their age (p =0.736), age at
epilepsy onset (p = 0.747), epilepsy duration (p = 0.666), positive/
negative family history (p = 0.557), or the type of seizure that was
the first manifestation of JAE (0.854).

4. Discussion
Patients fulfilling the criteria for JAE according to the ILAE 1989

Classification! were enrolled in the study. The sub-classification of
absence epilepsies in CAE and JAE is still a source of some

controversy. We tried to exclude patients with CAE in terms of the
seizure onset (younger than 10 years) and the dominant type of
seizures (less often associated with other seizure types — GTCS and
myoclonic seizures). Patients with EEG characterized by polyspike
wave and wave complexes and dominant myoclonic seizures,
which fit the diagnosis of JME, were also excluded from the study
even if they started with absences as a dominant seizure type at the
onset. Patients overlapping the boundaries between all the
syndromes, and who thus could not be assigned to one or another
group without effort and uncertainty, were excluded from the
study.

To our knowledge, there are not many studies concerning the
pharmacotherapy and long-term treatment outcome in patients
with JAE. This could be due to the relatively low prevalence of this
syndrome and the general opinion that JAE is classified as a
syndrome with a good prognosis and therapy responsiveness.

Literature data provide inconsistent results concerning the
long-term prognosis of patients with JAE. For example, Tovia et al.®
published a study of 17 patients with JAE with an average follow-
up period of 6.05 years (2-12 years). In the course of the follow-up
period, 8 of the 17 patients (43.7%) were seizure free. The average
disease duration was 6.93 years (1-13 years). The average patient
age when the remission of absences was observed was 15.75 years.
Eight of the 17 patients (47%) had GTCS in the course of the disease.
Trinka et al.” published a study of 64 patients with JAE with an
average follow-up period of 25.8 years (3-69 years). Of the 64
patients, 40 patients (62%) were seizure free during the follow-up
for 2 or more years. Generally, seizure freedom can be achieved
with antiepileptic medication in 62-84% of all patients with
] AE.49:10

There are some studies that indicate that the outcome of
patients with JAE is not favorable as a rule. Wirell et al.’! studied
the prognostic factors of initial pharmacotherapy failure.
According to the study results, only 3 of the 11 children with
JAE (27.3%) were seizure free after the drug initiation (mostly
VPA).

There were 7 out of 46 patients (15.2%) seizure free (Group 1)
during the OP in this study. These patients did not achieve seizure
freedom after administration of 1 AED as we would expect. They
tried 1-3 AEDs and only 5 of them (10.9%) stayed on 1 AED during
the whole OP. Compared to the literature, Tovia et al.® presented
nine of the 17 patients (52.9%) who were responsive for the first
AED, but only 6 patients (35.3%) stayed seizure free on mono-
therapy during the follow-up period. These results show that even
in the group of patient who were seizure free, the seizure freedom
was not achieved in the simple way and does not have to be
permanent.
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Tovia et al.2 showed that the occurrence of GTCS predicted a
worse prognosis. Only 37.5% of the patients in that study who
experienced GTCSs were seizure free during the follow-up period,
compared with 55.5% of patients without GTCSs. Similar results
were observed by Trinka et al.” where the proportion of seizure
free patients in the follow-up period who experienced GTCSs was
35% compared to 78% of the patients with only absence seizures. In
this study, there was also a strong correlation between the mean
follow-up duration and outcome, indicating a lower proportion of
seizure-free patients with longer follow up periods. From this
point of view, the occurrence of GTCSs during the course of the
disease seems to be another important prognostic factor for the
long-term outcome in patients with JAE. In our study, only 8.7% of
the patients did not experience GTCS during the course of the
disease; therefore, we were unable to perform this type of
analysis.

The AEDs of choice in the JAE therapy are VPA and LTG. VPAis
the second medication choice for young women. Efficacy was
also proved in ETS, LEV, TPM, and ZNS. VPA is an efficient
treatment for all types of seizures in patients with JAE in 70-
80% of patients, LTG in 50-60% of patients.*!2 If VPA deals with
only partial seizure control, add-on LTG (GTCS) or ETS (absence
seizures) can be beneficial.'® LEV can be efficient in GTCS and
myoclonic seizures, and its efficacy in absence seizures was
also recently proved.'"'® The first AED in JAE therapy can be
efficient in 60% of cases, especially in patients on VPA in
monotherapy or in patients with isolated absence seizures.
With monotherapy failure, the prognosis becomes less favor-
able and the rate of pharmacoresistance increases.'! The
results of this study concerning pharmacological treatment
show that patients used an average of almost 4 AEDs during the
course of the disease, and that 58.7% of patients tried more than
4 AEDs during the course of the disease from the seizure onset.
At the end of the follow up period, all of the patients were on
AED treatment: 43.5% were on monotherapy, 43.5% used a
combination of 2 AEDs, 6.5% used a combination of 3 or 4 AEDs.
LTG was studied in the paper published by Gericke et al.’> who
observed 12 patients with JAE on add-on therapy with
lamotrigine. The average follow-up was 25.5 months. Ten of
the 12 patients (83.3%) became seizure free on lamotrigine; in 2
of the 12 patients (16.6%) there was a seizure reduction of more
than 50% during the follow-up period.

Trinka et al. published a study of patients with CAE, JAE and
patients that could not be clearly defined as either CAE or JAE,
and were therefore called “the overlap group”. The follow-up
period was 25.8 years (range 3-69). 61 of the 81 patients (75%)
with nonpyknoleptic absences (JAE and “overlap group”) were
on AEDs at the last follow-up visit. Of the 61 patients, 42
patients (69%) were on VPA monotherapy; 11 patients (18%)
were treated with VPA in combination with other AEDs (LTG,
ETS, PRM, TPM).

Our retrospective analysis of patients with JAE indicates that
more than half of the patients with this epileptic syndrome show
problems with seizure management and often require more AEDs
to reach partial or total seizure freedom. Although we did not
reveal a statistically significant difference between the groups of
patients who were completely seizure free during the whole OP
and the patients who were not in terms of different variables, we
noticed that these patients became seizure free using less number
of AEDs. The number of studied patients did not allow us to
evaluate this difference statistically.

The results of this study have to be assessed in the context of
several facts:

e The study involves patients observed at a specialized center for
epilepsy. These are patients sent from outpatient clinics due to

their difficult seizure management. The prognosis of these
patients is considered to be more grave.

o The study is retrospective. We were able to precisely assess the
frequency of GTCS, because their clinical manifestation is
noticeable. With absence seizures, patients do not often take
them into consideration and it is difficult to count them exactly,
so we did not assess their frequency. Thus, we did not distinguish
between patients with rare absence seizures and daily absence
seizures. This could be quite misleading in the context of
assessing clinical manifestation.

o The assessment of patients was strictly set between 2006 and
2011. In this period of time, every patient presented in a different
phase of the disease.

5. Conclusion

The prognosis of patients with JAE is often unfavorable, and the
rate of pharmacoresistance can be quite important. To better
understand the course of the disease and its prognosis, more
studies are needed. We emphasize the need for studies with
longer follow-up periods that assess the rate of seizure manage-
ment and the cognitive and behavioral changes in patients with
JAE.
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Summary:

Benign childhood epilepsy with centrotemporal spikes (BCECTS) is the most frequent benign
focal epilepsy in childhood. Although it is described as a benign epilepsy syndrome, many
studies have revealed that a significant number of patients have some degree of
neuropsychological impairment. Thirty-two patients with BCECTS aged 6-1lyears were
included in the study. All patients (without any antiepileptic or psychiatric medication)
underwent all-night EEG monitoring and complex neuropsychological testing to diagnose the
presence of core symptoms of attention-deficit/hyperactivity disorder (ADHD). The spike index
(number of spikes per minute) on awake and asleep EEG, age at seizure onset, family history
of epilepsy, and perinatal risks were correlated with the results of neuropsychological testing.
Of the 32 patients, 21 patients (65.6%) fulfilled the criteria for ADHD diagnosis. Children who
were younger at epilepsy onset demonstrated lower 1Q and higher attention deficit (P=0.004)
and higher impulsivity (P=0.016). The occurence of epileptiform discharges on nocturnal EEG
was positively related to higher attention deficit and higher impulsivity. The findings are
discussed in terms of how interictal discharges in the centrotemporal region during sleep affect
the development of cognitive functions in children during critical epochs of neuropsychological

development.
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number of patients have some degree of neuropsychological impairment.

Thirty-two patients with BCECTS aged 6-11 years were included in the study. All patients (without any antiep-
ileptic or psychiatric medication) underwent all-night EEG monitoring and complex neuropsychological testing
to diagnose the presence of core symptoms of attention-deficit/hyperactivity disorder (ADHD).
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1. Introduction often involve the limbs ipsilateral to the involved facial side [2]. Electro-

Benign childhood epilepsy with centrotemporal spikes (BCECTS) is
the most frequent benign focal epilepsy in childhood and represents
around 15% to 25% of epilepsy syndromes in children below 15 years
of age [1,2]. The age at onset is between 4 and 10 years in 90% of the
patients, and the median age at onset is around 7 years. The BCECTS is
seen more frequently in males than females, with a ratio of 3:2 [2].
Seizures are clearly related to sleep in 80% to 90% of the patients, but
in 10% of the patients, the seizures occur only in waking states [2].
Seizure frequency is usually low; around 10% of cases present only
one seizure. The seizures are characterized by hemifacial motor signs,
with speech arrest usually preceded by somatosensory signs; seizures
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encephalogram (EEG) in BCECTS typically reveals specific epileptiform
foci characterized by a wide, biphasic spike-wave complex localized
in a centrotemporal region, with a normal background [3]. Epileptiform
discharges amplify during nonrapid eye movement (NREM) sleep by a
factor of two to five times without disturbing sleep organization [1].

Although BCECTS is described as a benign epilepsy syndrome, many
studies have revealed that a significant number of patients have some
degree of neuropsychological impairment. Despite a favorable seizure
outcome and normal intelligence, children with BCECTS often have
difficulties in various domains of neuropsychological functioning, such
as behavior [4-7], language [8-11], cognition [6,12-16], attention |11,
17-20], and memory [11,21], which may lead to learning difficulties
[9,22,23]. A prominent comorbidity in children with BCECTS is
attention-deficit/hyperactivity disorder (ADHD) [11,15,17-20,24-26].
The prevalence of ADHD in the general population is 3% to 7% [27]; it
is 31% in children with BCECTS [15].

Some studies have tried to identify the factors responsible for the de-
velopment of neuropsychological impairment and especially ADHD
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symptomatology in children with BCECTS. Age at seizure onset, epilepsy
duration, impact of AED treatment, etc., have been evaluated, as having
the impact of epileptiform discharges, their lateralization, and mainly
their sleep activation [19,22,28]. The atypical evolutions of BCECTS -
to ‘BCECTS plus conditions’ such as Landau-Kleffner syndrome, to
electrical status epilepticus in slow wave sleep, or to atypical forms of
BCECTS which can be present in 1% to 7% of patients [1] - prove that
ongoing nocturnal interictal epileptiform activity can influence
neuropsychological deficits in children and the severity can depend on
the sleep activation of EEG discharges [15].

The aim of our study was to quantify the prevalence of ADHD in
children with BCECTS and to analyze the effect of nocturnal epileptiform
discharge activation on the development of executive functions and
ADHD symptomatology in children with BCECTS. We discuss hypothe-
ses of how sleep disruption interferes with the complexity of specific
neuronal networks.

2. Methods
2.1. Participants

This prospective single center study included 52 consecutive
children diagnosed with BCECTS at the Brno Epilepsy Center, Depart-
ment of Pediatric Neurology of the University Hospital Brno between
2008 and 2016. All patients were admitted to the hospital directly
after the first epileptic seizure. None of the patients had been diagnosed
with ADHD before the manifestation of the first seizure.

Inclusion criteria were the following: a) aged 6-11 years; b) diagnosis
of BCECTS made by a board-certified pediatric neurologist based on
International League Against Epilepsy (ILAE) criteria [29]; and
¢) normal neurological examination.

The following exclusion criteria were applied: a) any neurological or
psychiatric medication 6 months prior to the diagnosis or during EEG
and neuropsychological testing; b) any structural brain magnetic reso-
nance imaging abnormality that could exclude the diagnosis of BCECTS;
¢) any accompanying neurological disorder; and d) mental retardation
(intelligence quotient (IQ) less than 70).

In total, 32 patients of the initial 52 were enrolled in the study; 20
patients were excluded because of improper age, a lack of asleep EEG
needed for the evaluation, or incomplete neuropsychological testing.

2.2. EEG

Applying the international 10-20 system, awake and asleep EEG
recordings were performed for all patients. Electroencephalogram
recordings were obtained before the initiation of antiepileptic drug
(AED) or psychiatric treatment. At least 30 min of awake EEG recording
consisted of routine activation procedures including eye closing and
opening, photic stimulation, and hyperventilation. Asleep EEG was
performed as an all-night EEG lasting 6 to 8 h. In BCECTS, the frequency
of epileptiform discharges is known to increase upon falling asleep and
during the first NREM phase of sleep. To eliminate the impact of this
observation resulting in a false higher activation of the epileptiform
discharges, we evaluated the asleep EEG throughout the whole night.

The number of interictal epileptiform discharges in the centro-
temporal region was manually counted during the whole awake EEG
and in ten randomly chosen 20-minute epochs in NREM I-II and
NREM III. Patients were divided into three groups according to the
laterality of spikes on EEG (left, right, and bilateral).

The spike index (SI) (number of spikes per minute) was calculated
during wakefulness, NREM I-II, NREM III, and total NREM sleep. The
rate of occurrence of epileptiform discharges on EEG was evaluated by
SI differently in the awake and asleep states. An SI lower than 10 was
assessed as low occurrence during wakefulness; an SI higher than 10
was assessed as high occurrence. The border for this assessment during

the different sleep phases was 30, with SI under 30 assessed as low
occurence and SI above 30 as high occurence.

2.3. Neuropsychology

Czech versions of standardized neuropsychological batteries were
applied to assess the core symptoms of ADHD (attention deficit, hyperac-
tivity, and impulsivity) (Table 1). All neuropsychological testings were
performed by a certified child psychologist. The assessment of patients
according to the core symptoms of ADHD was established on the basis
of a study by McGrew [30].

All patients were AED and psychiatric drug naive at the testing. The
Wechsler Intelligence Scale for Children III (WISC III) and its subtests
were used for assessing IQ in order to exclude patients with mental retar-
dation (IQ less than 70). The WISC III subtests for Coding, Symbol Search,
Letter Number Sequencing, and Labyrinths were used for assessing atten-
tion deficit; impulsivity was also evaluated using Labyrinths. A scaled
score of 8 or lower (1 standard deviation below the mean) was taken as
indicative of attention impairment. The Number Sequencing Test was ap-
plied for evaluating attention deficit. A sten score of 4 or less (1 standard
deviation below the mean) was taken as indicative of attention deficit.
The Trail Making Test was similarly applied for impulsivity. The results
of these tests were not directly used to diagnose ADHD or to assess
ADHD severity.

The Conners' Parent Rating Scale (CPRS) and the Test Observation
Form were used to examine the core symptoms of ADHD. According to
the results, subjects were divided into two groups: with ADHD and with-
out ADHD. The T-score border was 60; higher values led to a diagnosis of
ADHD.

24. Procedures

The patients were admitted to the department after the first seizure.
Once the diagnosis of BCECTS has been established, they underwent all-
night EEG recording and complete neuropsychological testing. Both
examinations were performed within 2-5 days, and all patients were
AED and psychiatric drug naive at the testing.

Age at seizure onset, sex, handedness, family history of epilepsy, and
perinatal risks were assessed.

2.5. Statistical analysis

Standard summary statistics were used to express primary data,
absolute and relative frequencies for categorical and binary data, arith-
metic mean supplied with standard deviation, and median supplied
with minimum-maximum range for continuous data.

The statistical significance of the differences among the groups of
patients in continuous variables was tested by the nonparametric
Mann-Whitney or Kruskal-Wallis test. Robust rank methods were
used because assumptions of normality could not be fulfilled in the
primary distribution of values.

The degree of relationship between continuous variables was
described by Spearman's rank correlation coefficient and its statistical
significance.

Analysis was performed in SPSS software 24.0.0.0 (IBM Corporation,
2015).

3. Results
3.1. Baseline data (Table 2)

We studied a group of 32 patients (17 males and 15 females). All pa-
tients met the BCECTS criteria according to the 1989 ILAE Classification.

The average patient age at seizure onset was 7.5 + 1.4 years;
median: 8.0 years (6.0; 11.0).
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Table 1
Neuropsychological test list according to the core symptoms of ADHD assessed.
Neuropsychological test Subtest Assessing Evaluation
Wechsler Intelligence Scale for  Total IQ (IQt) Intelligence Standard scores
Children III (WISC III) Verbal IQ (IQv) Intelligence Standard scores
Performance 1Q (IQp) Intelligence Standard scores

Coding
Symbol Search
Letter Number Sequencing

Attention deficit
Attention deficit
Attention deficit

Scaled scores
Scaled scores
Scaled scores

Labyrinths Attention deficit, impulsivity Scaled scores
Number Sequencing Test Attention deficit Sten M1 — time in the first half
M2 — time in the second half
M — total time
Trail Making Test Impulsivity Sten
Conners' Parent Rating Scale Oppositional (Op) T scores
(CPRS) Inattention/cognitive problems (In) Attention deficit T scores
Hyperactivity (Hy) Hyperactivity T scores
Test Observation Form (TOF) Inattention (In) Attention deficit T scores
Hyperactivity-impulsivity (H-I) Hyperactivity, impulsivity T scores

Summing index according to DSM (AD/HP)

Attention deficit, hyperactivity, impulsivity T scores

Of the 32 patients, 2 patients (6.3%) were left handed; and 30
(93.7%) were right handed. Three patients had a positive family history
for epilepsy (9.4%); the type of epilepsy was not specified. Perinatal risks
were present in 17 patients (53.1%): prolonged delivery with asphyxia
and oxygen therapy in 8 patients, neonatal icterus with phototherapy
in 5 patients, preeclampsia in 2 patients, gestation diabetes in 1 patient,
and placenta abruption with preterm delivery (in the 32nd week of
gestation) in 1 patient.

3.2. EEG profile (Table 2)

Electroencephalogram investigation revealed that of the 32 patients,
10 patients (31.3%) had left localized centrotemporal epileptiform
activity, 6 patients (18.8%) had right localized centrotemporal epilepti-
form activity on EEG, and 16 patients (49.9%) had bilateral epileptiform
activity. The average SI in the awake state was 11.0 + 10.2 with a
median of 7.4 (0.0; 38,7); in NREM I-II, 35.9 4+ 17.2 with a median of
29.4 (7.5; 77.0); in NREM III, 28.2 + 14.3 with a median of 23.2 (5.7;
55.8); and in total NREM sleep, the average SI was 32.4 + 15.4 with a
median of 27.2 (6.6; 66.4). Low occurrence of SI in the awake state
was present in 18 patients (56.3%), and high occurrence of SI was
present in 14 patients (43.7%). Low occurence of SI in NREM I-II was
observed in 17 patients (53.1%), and high occurence of SI in NREM I-II
was observed in 15 patients (46.9%). Low occurence of SI in NREM III
was observed in 17 patients (53.1%), and high occurence of SI in

Table 2
Clinical and EEG characteristics of patients.

Clinical characteristics

Sex Males 17 (56.2%)
Females 15 (43.8%)
Age at seizure onset (years) 7.5(1.4); 8.0 (6.0; 11.0)
6-8 years, n (%) 26 (81.2%)
9-11 years, n (%) 6(18.8%)
Laterality Left 3(9.4%)
Right 29 (90.6%)
Family history of epilepsy Yes 3(9.4%)
No 29 (90.6%)
Perinatal risks Yes 17 (53.1%)
No 15 (46.9%)
EEG characteristics
Spike index
Wakefulness 11.0 (10.2); 7.4 (0.0; 38.7)
NREM I-1I 35.9 (17.2); 29.4 (7.5; 77.0)
NREM Il 282 (14.3); 23.2 (5.7; 55.8)
Total NREM 32.4 (15.3); 27.2 (6.6; 66.4)
Laterality of EEG discharges Left 10 (31.3%)
Right 6(18.8%)
Bilateral 16 (49.9%)

NREM III was observed in 15 patients (46.9%). Low occurence in total
NREM was observed in 18 patients (56.3%), and high occurence of SI
in total NREM was present in 14 patients (43.7%).

3.3. ADHD profile

The criteria for the diagnosis of ADHD were fulfilled in 21 of the 32
patients (65.6%) according to Conners' Parent Rating Scale (CRPS) and
Test Observation Form (TOF) results, with the highest average T-score
of 72.7. Thus, all patients with ADHD had mild symptomatology.

34. Correlations

First, clinical characteristics and EEG findings were compared
between patients with ADHD and those without ADHD according to
the CRPS and TOF results (Table 3). Statistical analysis did not reveal a
statistical difference between the group of patients with ADHD and
those without ADHD in terms of their sex, family history of epilepsy,
perinatal risks, age at seizure onset, awake and sleep SI occurrence,
and laterality of centrotemporal epileptiform discharges on EEG.

Second, we correlated the results of detailed neuropsychological tests
(Table 1) with similar clinical and EEG characteristics as in the first step
described above (sex, family history of epilepsy, perinatal risks, age at
seizure onset and SI on EEG in wakefulness, NREM I-II, NREM III, and
total NREM - Table 4). Overall, children demonstrated average intellect
with IQt 101.5, consistent with a normal distribution. There was a rela-
tionship between IQ (IQt, IQv, IQp) and the age at seizure onset: the
lower the age at seizure onset, the lower the IQ, but this relationship
was not statistically significant (P = 0.091 for IQp, P = 0.106 for IQt,
and P = 0.127 for IQv). Children with a family history of epilepsy had
lower IQs than the other group, but there was no statistical significance
in this relationship. The correlation between IQ and SI in the awake
state showed a negative trend in IQt (P = 0.017) and IQp (P = 0.026).

Some other associations were found in other neuropsychological
testings. Girls showed higher attention deficit in TOF, with statistical
significance (P = 0.030). The lower the age at seizure onset, the
lower the scores in subtests of WISC III for attention deficit (Symbol
Search P = 0.004) and in the Trail Making Test (P = 0.016), demonstrat-
ing higher attention deficit and impulsivity in these children.

Relationship between SI on EEG and results of neuropsychological
testing indicated negative trends in Coding and in the Trail Making
Test, which can be interpreted as higher rates of attention deficit and im-
pulsivity in patients with higher SI in the awake state and in total NREM;
however, this was without exact statistical significance (P value ranged
from 0.165 to 0.186). There was also a positive trend between TOF re-
sults in all three domains and SI in NREM -1l and NREM I, again without
statistical significance (P value ranged from 0.112 to 0.370). There was
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Table 3
Comparison of clinical and EEG characteristics between patients with ADHD and without
ADHD.

All patients ~ With Without P
ADHD ADHD
n=32 n=21 n=11
Males, n (%) 17 13 4 0.266
Females, n (%) 15 8 7
Family history of epilepsy, n (%) 3 3 0 0.539
Perinatal risks, n (%) 17 9 8 0.198
Age at seizure onset (years)
6-8 years, n (%) 26 15 11 0.683
9-11 years, n (%) 6 5 1
Spike index
Wakefulness SI<10/min 12 (66.7%) 6(33.3%) 1.000
SI>10/min 9 (64.3%) 5 (35.7%)
NREM I-1I SI<30/min 10 (58.8%) 7 (41.2%) 0.472
SI>30/min 11 (73.3%) 4 (26.7%)
NREM II1 SI<30/min  10(58.8%) 7 (41.2%) 0.449
SI>30/min 9 (75.0%) 3 (25.0%)
NREM total SI<30/min  11(61.1%) 7(38.9%) 0.712
SI>30/min 10 (71.4%) 4 (28.6%)
Laterality of EEG discharges (n)
Left 10 7 3 0.999
Right 6 4 2
Bilateral 16 11 5

no statistical significance in the correlation between neuropsychological
testing and perinatal risks.

4. Discussion
4.1. The incidence of ADHD in patients with BCECTS

In this study, 65.6% of the patients with BCECTS had ADHD. This is
much higher than the prevalence of ADHD in healthy school children
(5-10%) [3-5] or in children with epilepsy (30-40%) [31-34]. Similar
results can be found in a study by Kim et al. who diagnosed ADHD in
64.9% of 74 children with BCECTS [26]. The diagnosis of ADHD in our
study was based on the results of CRPS and TOF. Conners parent rating
scale is a questionnaire based on parental observation. We found that
these results were much lower than the results of TOF, which is a ques-
tionnaire completed by a psychologist. We assume that parents try to
downplay the ADHD symptomatology in their children who already
have a diagnosis of epilepsy; thus, the number of patients and ADHD
could be even higher. This could also be a reason why all of the children
with ADHD in our study had only mild symptomatology of ADHD ac-
cording to these results. Still, these numbers are very high in compari-
son with the epilepsy population and raise questions about a common
pathophysiology of ADHD and BCECTS. The pathophysiology of cogni-
tive dysfunction in patients with BCECTS is a subject for further re-
search. In general, two hypotheses are discussed. The first hypothesis
assumes that the presence of rolandic epileptiform discharges and espe-
cially their sleep activation in patients with BCECTS are responsible for
the development of cognitive dysfunction in these patients [28]. The
second hypothesis supposes that the cognitive dysfunction and epilep-
tiform discharges are a phenomenon with a common genetic basis [9,
35]. We can conclude that the genetic basis affects the brain maturation
and this leads to the development of epilepsy. Electroencephalogram
discharges can then worsen this cognitive deficit [36].

4.2. The role of family history of epilepsy

Of the 32 patients, 3 had a family history of epilepsy. All of them
were diagnosed with ADHD, and they had lower IQs, but without
statistical significance. The type of epilepsy syndrome in these families
was not identified. Recent studies have attempted to determine the can-
didate genes in the pathogenesis of BCECTS—chromosome 15q14,

Table 4

Correlation between values of SI (wakefulness, NREM I-II, NREM III, total NREM) and results of neuropsychological testing. 'Spearman's correlation coefficient and its statistical significance.

TOF - A-D

CPRS-Hy TOF-In TOF - H-1

CPRS - In

CPRS - Op
0.150

SS LNS Lab M1 M2

Cod

Qv

1Qt

Corrrelation’

—0.218 0.064 0.004 0.082

—0.152

—0419 —0.211 —0.393 —0.355 —0.238 —0.148 —0.148 —0.153 —0.284 —0.26 0.129 —0.337
P'=0.017 P'=0246 P'=0.026 P’ =0.046 P'=0.190 P'=0420 P'=0418 P'=0486 P'=0.190 P’ =0.231

Wakefulness

P'=0.172 P'=0414 P'=0407 P'=0.230 P'=0.726 P'=0.983 P’ =0.657

—0.182

P’ =0.611
—0.066

0.091 0.081 0.189 0.283 0.287

0.035

—0.033 —0.024 —0.073
P'=0.228 P'=0407 P'=0.537 P'=0282 P'=0387 P'=0887 P'=0.836 P =0.881

—0.038

0.026

—0.196 —0.158

—0.113

—0.152

—0.219

NREM I-II

P'=0299 P'=0.117 P'=0.112

0.283

P’ =0.620 P’ = 0.661

0.13

P'=0.794 P'=0470 P’'=0.851

—0.21

P'=0914 P’ =0.741

0.066

0.173

0.186

0.194

—0.173

0.016

0.038
P'=0516 P'=0836 P'=0.883 P’ =0.186 P'=0.660 P'=0679 P'=0908 P'=0.869 P'=0.775 P'=0946 P'=0436 P'=0.523 P'=0313 P'=0501 P'=0.774 P'=0.168 P'=0.334 P’ =0.370

—0.04 —0.029 —0.252 —0.085 —0.08 —0.022

—0.126

NREM III

0.049 0.022 0.139 0.207 0.202

—0.114 —0.094 —0.252 —0.168 —0.033 —0.020 —0.028 —0.007 —0.058 —0.144 —0.169 0.045
P’=0313 P'=0534 P'=0609 P'=0.165 P'=0359 P'=0859 P'=0913 P'=0901 P'=0976 P'=0.793 P'=0568 P'=0.503 P'=0.805 P'=0.789 P'=0904 P'=0450 P'=0.255 P’ =0.267

—0.184

Total NREM

IQt - 1Q total; IQv - IQ verbal; IQp - IQ performance; Cod - Coding; SS — Symbol Search; LNS - Letter Number Sequencing; Lab — Labyrinths; M1 - Number Sequencing Test M1; M2 - Number Sequencing Test M2; M - Number Sequencing Test M; A - Trail

Making Test A; B - Trail Making Test B; CPRS Op - CPRS Oppositional; CPRS In — CPRS Inattention; CPRS Hy - CPRS Hyperactivity; TOF In - TOF Inattention; TOF H-I — TOF Hyperactivity Impulsivity; TOF A-D - TOF Attention Deficit.

Bold data indicates statistical significance.
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where the gene for acetylcholine receptor subunit is located [37];
chromosome 11p13; and several polymorphic markers in the gene for
Elongator Protein Complex 4 (ELP4) [38]. Elongator protein regulates
the growth of cortical projection neurons. A noncoding mutation in
the ELP4 gene interferes with brain development and maturation and
increases seizure susceptibility. Another factor is Brain-Derived Neuro-
trophic Factor (BDNF), for which the gene is also located on chromo-
some 11p13, close to ELP4 [39]. This factor is very important in
synaptic plasticity and neurotransmission. Its location, so close to
ELP4, indicates a possible role of this gene in the etiology of BCECTS.

4.3. The role of perinatal risks

The number of patients with perinatal risks was relatively high in
this study. All perinatal risks were included in the study, even those
with moderate expression, which may not have a clear effect on the
development of cognitive dysfunction in the study subjects. It is difficult
to determine to what extent the proportion of cognitive dysfunction is
the result of perinatal insult.The possible genetic basis for the develop-
ment of ADHD should also be considered.

4.4. The role of age at seizure onset

Despite studies demonstrating the genetic basis of BCECTS, the
development of symptoms of this epilepsy syndrome and typical EEG
discharges are age-related and time-limited. The prerequisite is thus
the existence of a developmental window during which permissive
factors appear that cause changes in the processes of the aging of affect-
ed brain areas. This developmental window is associated with cortical
functional activity that can be defined on the basis of regional cerebral
blood flow [40,41] and local metabolic changes [42,43]. At birth, the
regional cortical cerebral blood flow is lower than in adults. After
birth, it increases up to 5-6 years of age to values which are about 50—
85% higher than in adults. It then decreases again and reaches adult
values between 5 and 19 years [2]. The time required to reach adult
values varies depending on the area of the cortex. The shortest is in
the primary cortex and the longest in associate cortical areas. The
metabolic profile measured by glucose utilization is almost identical:
low at birth, rising to 4 years of age when the child's brain consumes
up to twice as much glucose as an adult, and then decreasing and
reaching adult values at the age of 16-18 years. These changes correlate
with an initial overproduction and subsequent elimination of excessive
neurons, synapses, and dendrites, which can be seen in the developing
brain [2]. Early development of epilepsy can have long-term effects on
the developing brain. The vulnerability of the developing brain emerges
from impaired developmental processes such as synaptogenesis,
dendritic branching, neural migration, and differentiation, rather than
from neuronal death, which dominates in the case of development of
seizures in adults when the brain is already matured [44]. For this
reason, it is possible to see more global autistic regression with more
severe speech deficits in children with early development of Continual
Spike and Waves in Sleep Syndrome (CSWS) than in children with Lan-
dau-Kleffner Syndrome (LKS) with relatively later development where
isolated speech regression is observed [45]. Very different impacts of ep-
ilepsy can therefore be expected depending on the degree of the brain
maturity when epilepsy becomes active. In our study, we demonstrated
that children with earlier seizure onset had lower Intelligence Quotient
(IQs). In other neuropsychological testings, we found statistically signif-
icantly higher attention deficit and impulsivity in children with earlier
onset of seizures. Our results are supported by another study of 25 chil-
dren with rolandic epilepsy that proved that the early onset of seizures
leads to worse results in neuropsychological testing of cognitive
functions [28]. Another study of 33 children with BCECTS spectrum
demonstrated that the patients with an average epilepsy onset at
around 8 years were at higher risk of neuropsychological problems [22].

4.5. The role of lateralization in EEG epileptiform discharges

The impairment of cognitive functions in children with BCECTS may
be caused by interictal paroxysmal EEG activity, which can lead to tran-
sient cognitive deficit, or it can be a consequence of the chronic effect of
epileptiform discharges, resulting in cortical inhibition of the area and
leading to delayed or incomplete maturation [18]. Cognitive functions
are most vulnerable when the hemispheric lateralization of its neural
correlates is affected by the epileptic focus. Therefore, in children with
left lateralization of the epileptiform activity, speech difficulties are ob-
served [46,47]; right lateralization of the EEG focus can be associated
with spatial orientation deficit [48].

The influence of the side of epileptiform activity on EEG in children
with BCECTS is very controversial. It is known that the shift of the
centrotemporal spikes from one side to another can be observed in
patients with BCECTS during the disease. In 86 children with epilepsy
with somatosensory-evoked potentials (a kind of functional correlate of
rolandic discharges), the localization was parietal in 42% of cases,
centrotemporal in 32% of cases, and both parietal and centrotemporal in
26% of cases [49]. Parietal localization was dominant in younger ages
(around 3-8 years), centrotemporal localization was dominant in chil-
dren at the ages of 6-11 years, and the simultaneous occurrence in both
areas was observed in a transitional age group of 6-8 years and probably
represents the transition between these localization patterns [49].

In our study, we did not find any association between the lateraliza-
tion of EEG epileptiform discharges and ADHD diagnosis and the results
of detailed neuropsychological testing.

Taking into account the age-dependent focus localization, the shift of
the focus from one side to another, and its bilateralization in sleep, it is
very difficult to determine an influence of the lateralization of the focal
epileptiform activity on cognitive functions in patients with BCECTS.

4.6. The role of nocturnal epileptiform discharges and SI

In benign focal epilepsies, BCECTS included, sleep increases the
frequency of epileptiform discharges, and the discharges remain high
during the first phase of NREM sleep. During REM sleep, the frequency
decreases; this decrease can also be observed in other NREM sleep
cycles [22]. The atypical development of BCECTS to ‘BCECTS plus’
conditions shows that ongoing nocturnal epileptiform activity causes
neuropsychological deficit and the level of severity depends on the
rate of awake and sleep pathology [50]. Night epileptiform discharges
intervening during brain development may lead to the impaired
development of neural networks involved in various neurocognitive
functions. If these sleep discharges last for a certain time, they can
lead to extensive synaptogenesis with excess growth of the axons that
ensure contact with the target cells. This interferes with the process of
branching of neuronal processes, thus maintaining connections that
should be eliminated. The affected neural network replaces the normal
functional neuronal network at the cortical level and frequent epilepti-
form discharges encourage it to further growth so that it cannot be
recovered [51].

Slow wave activity (SWA) is the fundamental characteristic of NREM
sleep on scalp EEG. Its neural correlate is the slow oscillation of
membrane potentials of cortical neurons between depolarization and
hyperpolarization. If these oscillations are synchronized and the major-
ity of cortical neurons in a certain area are affected, they are detectable
as slow waves on scalp EEG. The local increase in SWA during NREM
sleep and the decrease in other phases of sleep are important for the
plasticity of learning processes and synaptic homeostasis [52,53].

The normal reduction of SWA during sleep is absent in patients with
electrical status epilepticus during slow wave sleep. The interference of
epileptiform discharges with normal sleep SWA may explain the cogni-
tive deterioration in these patients [53].

In our study, we performed an extensive battery of neuropsycholog-
ical testing in order to identify the rate of ADHD core symptoms in
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children with BCECTS during nocturnal EEG testing. We performed all-
night EEG recordings to eliminate the impact of the high activation of dis-
charges during drowsiness and the first sleep cycle; we also studied the
discharges during the slow stages of NREM sleep (NREM III) in which
the interference of epileptiform discharges with SWA in relation to cog-
nitive dysfunction is important. We did not find any relation between
the diagnosis of ADHD and SI occurence in any sleep stages. This could
be explained by the fact that the division of patients into the two groups
with ADHD and without ADHD was very approximate, and even the
ADHD patients had mild symptomatology of the disorder. The results of
detailed neuropsychological testing show that the occurrence of dis-
charges in total NREM sleep leads to higher attention deficit and impul-
sivity in patients, but without proven statistical significance. Sleep SI is
also positively related to the TOF results, which is a test that affects all
core symptoms of ADHD, again without exact statistical significance.

The influence of temporal epileptiform discharges in children with
centrotemporal EEG pathology was examined in several studies. Filippini
et al. [50] conducted an extensive study of 33 children with BCECTS in
which they prospectively evaluated an overnight sleep EEG recording
with a two-year follow-up period. Patients were divided into 3 groups
according to the frequency of nocturnal epileptiform discharges: Group
1A—less than 50% of sleep; Group 1B—50-85% of sleep; and Group
2—more than 85% of sleep. Half of the patients in Group 1A had a
neuropsychological deficit by the end of the follow-up period, especially
in short-term verbal memory, visuo-spatial orientation, and learning
difficulties such as dyslexia and dysorthography. This deficit was more
pronounced in patients with early-onset epilepsy (under the age of
5 years). All of the patients in Group 2 had persistent neuropsychological
deficits, especially in the verbal area, and all patients had specific learning
disabilities.

Kim et al. [26] published a study in 2014 that evaluated asleep EEG in
71 patients with BCECTS. They found that patients with a high SI (more
than 40/min) had deficits in visual selective attention.

Baglietto et al. [28] studied nine children with centrotemporal
discharges on EEG, who were seizure free for at least 2 months. All the
children were on valproate monotherapy, and they had SI higher than
10/min confirmed on two EEG spaced 6 months apart. Electroencepha-
logram controls were performed every 3 months until the SI dropped to
5/min. Neuropsychological tests were performed at baseline (TO) and
after a decrease of SI on sleep EEG (T1). At TO, patients showed normal
1Qs, but lower than the control group, and they had neuropsychological
deficits in short-term memory, attention, and cognitive flexibility. At the
end of the follow-up period (T1), there was a significant improvement
in IQ scores and in other neuropsychological tests, and patient perfor-
mance did not differ from that of controls.

All of these studies found a significant negative impact of epileptiform
discharge activation in patients with BCECTS on their neuropsychological
profiles.

The limitation of this study is the number of patients. It was a very
limited group of closely selected patients. All of the patients were
examined without any neurological or psychiatric medication, and
they all completed all-night video-EEG monitoring and fairly extensive
neuropsychological examinations. The patients were selected for a
long period of time, 6 years, in a tertiary referral epilepsy center. In
the global literature, other studies have investigated 9 [28] or 33 [50]
patients; a larger study group was published with 74 patients [26].
Given the sizes of previous studies, this study group is not that small.
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Summary:

Aim: New methods in molecular genetics, including next-generation sequencing (NGS), are
powerful tools in diagnosing the cause of epilepsy. The primary goal of this study was to use a
multidisciplinary approach to determine the yield of NGS epilepsy gene panels and the
importance of genotype-phenotype correlations. The secondary goal was to evaluate the

application of precision medicine in selected patients.

Methods: This single-centre retrospective study included a total of 175 patients (95 males and
80 females) aged 0-19 years. They were examined between 2015 and 2020 using an NGS
epilepsy gene panel (255 genes). A bioinformatic analysis was performed including copy

number variation identification.

Results: Out of 175 patients, 89 (50.86%) experienced developmental and epileptic
encephalopathy (DEE), 45 (25.71%) were classified with generalized epilepsy (GE), and 41
(23.43%) had focal epilepsy (FE). Described pathogenic variants or novel variants with clear
pathogenic impact were identified in 30 out of 175 patients (17.14%). Genotype-phenotype
correlations and parental DNA analysis were performed, and genetic diagnosis was confirmed
on the basis of the results in another 16 out of 175 patients (9.14%). The diagnostic yield of our
study was 46 out of 175 patients (26.28%).

Interpretation: We emphasize a complex genotype-phenotype correlation and a
multidisciplinary approach in evaluating the results of the NGS epilepsy gene panel, which

enables the most accurate genetic diagnosis and correct interpretation of results
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Aim: The primary goal was to determine the yield of next-generation sequencing (NGS) epilepsy gene
panels used for epilepsy etiology diagnosing using a multidisciplinary approach and to demonstrate
the importance of genotype-phenotype correlations. The secondary goal was to evaluate the application
of precision medicine in selected patients.

Methods: This single-center retrospective study included a total of 175 patients (95 males and 80
females) aged 0-19 years. They were examined between 2015 and 2020 using an NGS epilepsy gene

Iée}i’l‘:ogds" panel (270 genes). A bioinformatic analysis was performed including copy number variation identifica-
Gineltjicytesting tion. Thorough genotype-phenotype correlation was performed.
Children Results: Out of 175 patients, described pathogenic variants or novel variants with clear pathogenic

impact were identified in 30 patients (17.14%). Genotype-phenotype correlations and parental DNA anal-
ysis were performed, and genetic diagnosis was confirmed on the basis of the results in another 16 out of
175 patients (9.14%). The diagnostic yield of our study increased from 30 to 46 patients (by 53.33%) by the
precise genotype-phenotype correlation.

Interpretation: We emphasize a complex genotype-phenotype correlation and a multidisciplinary
approach in evaluating the results of the NGS epilepsy gene panel, which enables the most accurate
genetic diagnosis and correct interpretation of results.

Next-generation sequencing
Precise medicine

© 2022 Elsevier Inc. All rights reserved.

1. Introduction ing includes not only specific gene panels, but a methodology that

can encompass the entire exome (whole exome sequencing, WES)

Epilepsy affects 0.5% to 1% of children and is the most frequent
chronic neurologic condition in childhood [1]. The underlying eti-
ology is unknown in 40-50% of cases of epilepsy, although it has
been estimated that approximately 30% of epilepsy is genetic [2].

Clinical genetic diagnosis methods have become popular in
recent years and include various technologies and strategies. Next
generation sequencing (NGS) is revolutionary especially in terms of
the possibility of simultaneously examining many genes. NGS test-
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or genome (whole genome sequencing, WGS), methods that have
the potential to further increase the yield of genetic testing in
patients with epilepsy. The yield of NGS epilepsy gene panels
ranges from 20 to 40% depending on the sample investigated [3-
5]. Geneticists interpret and report detected sequence variants on
the basis of currently valid recommendations according to the
American College of Medical Genetics and Genomics (ACMG) [6].
Thus, each sequence variant is included in the group of pathogenic
(P), likely pathogenic (LP), benign (B), likely benign (LB), or with
uncertain significance (VUS). The thorough genotypic-phenotypic
correlation and interpretation of genetic results from the
neurological-epileptological point of view, taking into account
other anamnestic data, are an integral and crucial part of the pro-
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cess of interpreting the result of NGS; it importantly increases the
diagnostic yield of NGS examination.

Knowing the genetic cause of epilepsy in a patient opens new
horizons in terms of understanding the pathophysiology of the
epileptological process, and it also creates a space for the study
of pharmacological models of antiepileptic drugs. The definition
of precision medicine thus takes on real proportions in some
patients with epilepsy.

We present our single-center experience of using targeted
gene-panel sequencing to diagnose the genetic etiology of epilepsy
in children and we focus on the precise multidisciplinary geno-
type-phenotype correlation of each patient in order to maximize
the yield of this examination method.

2. Methods

This retrospective study included 175 unrelated patients aged 0
to 19 at the time of genetic testing. All patients were examined
using an NGS epilepsy gene panel including 270 genes. A detailed
list is attached to the work as supplementary data, table 2. All
patients were examined between 2015 and 2020 at the Depart-
ment of Pediatric Neurology of the Faculty of Medicine, Masaryk
University and University Hospital Brno, Czech Republic, and were
diagnosed with epilepsy. Informed consent for genetic testing was
obtained from all the patients/parents undergoing testing. The
study was approved by the Ethics Board of the Faculty of Medicine
of Masaryk University and University Hospital Brno.

Medical records were retrospectively studied in all patients and
the following characteristics were monitored: sex, age at epilepsy
onset, time to genetic testing, family history of epilepsy, perinatal
risks, and type of epilepsy: epileptic encephalopathy (EE), general-
ized epilepsy (GE), or focal epilepsy (FE). If possible, epilepsy was
further specified according to the ILAE classification of epilepsies
[7]. We also studied the neurological status in patients, associated
psychiatric comorbidities, findings on brain magnetic resonance
imaging (MRI, 1.5T), and changes in clinical management in rela-
tion to the sequence variant in the group of genetically positive
patients. With regard to the efficacy of the therapeutic regimens,
we considered the changes in clinical management as effective if
they contributed to a more than 50% decrease in the seizure fre-
quency from the baseline.

Detection of single nucleotide variants (SNV) and copy number
variants by the targeted gene sequencing were performed at the
Center of Molecular Biology and Genetics, Masaryk University
and University Hospital Brno, Czech Republic.

2.1. Targeted gene sequencing

A custom-designed solution-based capture method (Roche
NimbleGen) was used to capture exons with adjacent intron
regions of the 270 genes known to be associated with epilepsy
and epileptic syndromes. Sequencing of the captured regions was
performed using next-generation sequencing on the NextSeq 550
System (Illumina). The individual DNA sequence reads were
aligned to the published human genome reference (HG19/GRCh37)
and variants were called using the software Sequence Pilot (JSI
Medical Systems) or the CLC Genomics Workbench (QIAGEN).
Large gene deletions/duplications were identified by CNV analysis
by the software CLC Genomics Workbench. In case of large gene
deletion/duplication identification, this was verified by Multiple
Ligation-dependent Probe Amplification (SALSA MLPA Probemix
P348 ATP1A2-CACNA1A-PRRT2, SALSA MLPA Probemix P395
MEF2C-FOXG1, SALSA MLPA Probemix P137 SCN1A; MRC Holland).
Identified sequence variants were interpreted using the standards
and guidelines from the joint consensus recommendation of the
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American College of Medical Genetics and Genomics (ACMG) and
the Association of Molecular Pathology (AMP) published in 2015
[6]. Using these criteria, genetic variants were divided into five cat-
egories: pathogenic (P), likely pathogenic (LP), benign (B), likely
benign (LB), and variants of uncertain significance (VUS). The seg-
regation of P/LP variants and VUS in a patient’s family was assessed
by Sanger sequencing. The last step in variant interpretation
involved the analysis of all possible P/LP variants and VUS by the
patient’s pediatric neurologist or epileptologist. If the variant was
evaluated as VUS, but the patient’s phenotype was highly sus-
pected of its pathogenicity, parental analysis was performed, and
the variant could have been reclassified. This was a complex pro-
cess where several factors, often overlapping, had to be evaluated
to complete the diagnosis and reclassification of the variant to P/
LP. The clinicians performed an in-depth review of each patient’s
phenotype and gave an opinion from their point of view. Each case
was further reviewed and discussed in a consensus meeting that
included the participation of the molecular and medical geneticists
and clinicians. Genotype-phenotype correlation and parental DNA
analysis were an integral part of the NGS diagnostic process in
accordance with currently valid recommendations [6].

2.2. Statistics

Categorical variables were summarized using absolute and rel-
ative frequencies. To summarize the continuous characteristics,
mean, standard deviation (SD), median, minimum, and maximum
were used, see Table 1.

Testing was carried out using the Mann-Whitney U test and
Fisher’s exact test. A value of p < 0.05 was considered statistically
significant.

3. Results

A total of 175 patients (95 males and 80 females) aged O to
19 years were included in the study. All patients had been diag-
nosed with epilepsy and underwent genetic testing with the NGS
epilepsy gene panel between 2015 and 2020.

Dividing patients into categories by type of epilepsy, 89 out of
175 patients (50.86%) experienced developmental and epileptic
encephalopathy (DEE), 45 (25.71%) were classified with general-
ized epilepsy (GE), and 41 (23.43%) had focal epilepsy (FE). We fur-
ther classified the cohort of patients in more detail into specific
epileptic syndromes according to the ILAE classification of epileptic
syndromes, where possible [7].

The mean patient age at epilepsy onset was
33.05 + 40.07 months (ranged from 0 to 215 months). Time from
the epilepsy manifestation to genetic testing was
46.7 £ 52.5 months (ranged from 0 to 215 months). In 61 out of
175 patients (35.88%), a positive family history of epilepsy was
identified; in 81 patients (46.29%), important perinatal risks were
recorded in the medical history; and 71 out of the 166 patients
tested (42.77%) had pathology on brain MRI (9 patients did not
have an MRI examination). See Table 1 for more details concerning
the basic characteristics.

3.1. NGS testing

The described pathogenic variants were identified in 25
patients; other 5 patients carried novel variants, but can be classi-
fied as pathogenic because the creation of a premature termination
codon in genes where variants of this type occur is a known disease
mechanism. Genotype-phenotype correlations and parental DNA
analysis confirmed the association of the identified variants and
patient diseases. Sixteen patients (marked in Table 2) carried novel
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Table 1
Basic statistical data of cohort. DEE = developmental epileptic encephalopathy, GE = generalised epilepsy, FE = focal epilepsy.
Category Subcategory Mean/Abs. value (relative) Min - max SD Median
Sex Male n=295 (54.29%) - - -
Female n =380 (45.71%) - - -
Type of epilepsy DEE n =389 (50.86%) - - -
GE n=45(25.71%) - - -
FE n=41(23.43%) - - -
Age at epilepsy onset (months) 33.05 0-215 40.07 18.00
Time from epilepsy onset to genetic diagnosis (months) 47.14 0-264 53.83 29.00

Contributing factors MRI pathology
Family history

Perinatal risks

n="71(42.77%) - - -
n=61(35.88%) - - -
n=81(46.29%) - - -

Table 2

Detailed characteristics of patients with newly described genetic abnormalities. These patients carry novel missense variants, which were classified as P/LP after genotype-
phenotype correlations and parental DNA analysis. Variant status was determined according to the occurrence in Human Gene Mutation Database. The reference sequences can
be found in supplementary information. M = male, F = female, AD = autosomal dominant, AR = autosomal recessive, XD = x-linked dominant, NA = not available/applicable,
Y =yes, N =no, DEE = developmental epileptic encephalopathy, GE = generalised epilepsy, FE = focal epilepsy, DS = Dravet syndrome, GEFS+ = genetic epilepsy with febrile
seizures plus, EOEE = early-onset epileptic encephalopathy, WS = West syndrome, , FIRES = Febrile Infection-Related Epilepsy Syndrome, NORSE = New-Onset Refractory Status

Epilepticus, LGS = Lennox-Gastaut syndrome.

Patient Sex Pathogenic/Likely pathogenic Variant Inheritance  Origin Age at Time to Family Type of  Epileptic
No. variant status onset diagnosis history epilepsy syndrome
(months) (months)

1 M SCN1A: c.251A > C p.(Tyr84Ser) new AD de novo 4 10 N DEE DS

3 F SCN1A: c.383+3A>G p.? new AD de novo 6 1 N DEE DS

8 F SCN2A: c416 T> C p.(11e139Thr) new AD de novo 0 1 N DEE EOEE

11 M SCN2A: ¢.3973G > A p. new AD maternal 4 3 mother DEE EOEE
(Val1325Ile)

17 M KCNT1: c.2815T>C p. new AD de novo 31 2 N EE FIRES/
(Ser939Pro) NORSE

19 M SLC2A1: ¢.1199G > C p. new AD de novo 62 71 father FE FE
(Arg400Pro)

24 M GABRAI1: c911T>G p. new AD de novo 8 179 N DEE LGS
(Leu304Arg)

26 M GNAO1: ¢.133G > A p.(Gly45Arg) new AD de novo 0 0 N DEE EOEE/WS

27 F HCNT1: c.838C > G p.(GIn280Glu) new AD maternal 24 37 mother GE GEFS+

30 F PCDH19: c.787A> C p. new XD NA 42 57 N DEE NA
(Ser263Arg)

31 F POLG: ¢c.1399G > A p. described; AR maternal, 54 1 brother DEE NA
(Ala467Thr); POLG: c.3604A>T  new paternal
p.(Asn1202Tyr)

33 F SCN5A: ¢.5153T>G p. new AD de novo 7 0 N DEE WS
(Leu1718Arg)

34 F SCN8A: ¢.1243G > A, p. new AD de novo 11 168 mother DEE LGS
(Glu415Lys)

35 F SLC6A1: c.739C > A p. new AD 36 122 N DEE LGS
(Pro247Thr)

38 M SZT2: c1769+ 1G> C p.?; SZT2:  new; new AR paternal/maternal 97 74 grandfather FE FE
c.8435C > T p.(Ser2812Phe)

39 F WWOX: ¢.321C> G p.(Tyr107*); new; new AR maternal/ 0 7 N DEE EOEE/WS

WWOX: ¢.845C > A p.
(Pro282GIn)

paternal

missense variants, which were classified as P/LP after genotype-
phenotype correlations and parental DNA analysis. The diagnostic
yield of our study was 46 out of 175 patients (26.28%).

P/LP sequence variants were detected in 27 genes; 17 genes are
associated with autosomal dominant inheritance - SCNIA (8
patients), SCN2A (6 patients), PRRT2 (4 patients), CACNAIA (2
patients), KCNT1 (2 patients), SLC2A1 (2 patients), TSC2 (2 patients),
and ASXL3, GABRA1, GABRG2, GNAO1, HCN, KCNQ2, MEF2C, SCN5A,
SCN8A, SLC6A1, STXBP1 (each 1 patient); 4 genes with autosomal
recessive inheritance - ALDH7A1, POLG, SZT2, and WWOX (each 1
patient); and 5 genes had X-linked inheritance - MECP2, NEXMIF,
PCDH19, SMC1A, and WDR45 (each 1 patient). In total, 48 different
types of P/LP sequencing variants were identified (44 small-scale
variants and 4 large gene deletions); 23 of these variants were
novel and not previously described in the literature, 18 of these
are missense variants; detailed characteristics of patients with

newly described missense genetic abnormalities are shown in
Table 2.

Detailed characteristics of patients with newly described
genetic abnormalities are clearly shown in Table 2.

3.2. Comparison of genetically positive and negative cases

When the 46 patients with positive genetic findings were com-
pared to the 129 patients who showed negative findings in the NGS
epilepsy gene panel, the age at seizure onset was significantly ear-
lier (p = 0.0004) in positive cases, and the proportion of patients
with DEE was significantly larger (p = 0.0001) and with FE was sig-
nificantly smaller (p = 0.1571). Other characteristics were not sta-
tistically significant (Table 3). The diagnostic yield was higher in
patients with seizure onset during the neonatal period (0-
3 months of age), with 38.46% (10 out of 26) of patients proven
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Table 3
Statistical comparison of genetically positive and negative cases. S = statistically significant (p < 0.05), NS = not statistically significant.

Category Group Mean/Abs. value (relative) SD Median p-value S/NS

Number of patients Pos. n=46 (26.29%) - - - -
Neg. n=129 (73.71%) - - - -

Age of epilepsy manifestation (months) Pos. 17.96 22.28 8.00 - -
Neg. 38.43 43.35 24.00 - -
Pos. vs. Neg. - - - p = 0.0004

Time to diagnosis (months) Pos. 51.02 66.82 11.50 -
Neg. 45.75 48.05 30.00 - -
Pos. vs. Neg. - - - p=0.3742 NS

Type of epilepsy - DEE Pos. n =35 (76.09%) - - - -
Neg. n=>54 (41.86%) - - - -
Pos. vs. Neg. - - - p =0.0001

Type of epilepsy - GE Pos. n=4(8.7%) - - - -
Neg. n=41(31.78%) - - - -
Pos. vs. Neg. - - - p =0.0016

Type of epilepsy - FE Pos. n=7(15.21%) - - -
Neg. n=34(26.36%) - - - -
Pos. vs. Neg. - - - p=0.1571 NS

MRI pathology Pos. n=17 (39.53%) - - - -
Neg. n =54 (43.90%) - - - -
Pos. vs. Neg. - - - p =0.7209 NS

Family history Pos. n=11(23.91%) - - - -
Neg. n=>51(39.53%) - - - -
Pos. vs. Neg. - - - p =0.0725 NS

Perinatal risks Pos. n=22 (47.82%) - - - -
Neg. n =60 (46.51%) - - - -
Pos. vs. Neg. - - - p = 1.0000 NS

Diagnostic yield (0-3 months vs. 4 months and older) 0-3M n=10 (38.46%) - - - -
4M + n=36 (24.16%) - - - -
0-3 M vs. 4+ - - - p=0.1487 NS

to have a causative mutation. Nevertheless, this was not statisti-
cally significant when compared to the patients whose seizures
began after 3 months of age; they show a diagnostic yield of
24.16% (p = 0.1487).

3.3. Precision medicine implications

In 13 of 46 patients (28.26%) the therapeutic regimen was mod-
ified (Table 4). This was effective in reducing seizures by at least
50% in 9 of them (69.23%). Due to the size of the cohort, these
are only case observations, and will be discussed in detail in the
discussion section. Table 4 summarizes precision medicine appli-
cations in these 13 patients.

4. Discussion
4.1. Diagnostic yield of NGS epilepsy gene panel

Previous studies have shown that NGS of multiple disease-
related genes is an effective tool for diagnosing the cause of epi-
lepsy [8-11]. This finding is particularly true for early-onset epilep-
tic encephalopathy, which has been reported to have a higher
proportion of monogenic causes than other epilepsies [3].

The results of our retrospective study show a 26.28% yield of
NGS epilepsy gene panel with 270 genes associated with epilepsy.
The yield of different multigene panels varies from 20% to 40%,
depending on the results of various studies [12]. The individual
panels differ in the number and proportion of individual genes;
after careful examination, it is clear that there is no direct relation-
ship between the number of genes in the NGS epilepsy gene panel
and its yield. It is evident that only a few genes are still repeated in
the results, and the SCN1A, KCNQ2, SCN2A, and STXBP1 genes are
most often represented in positive cases [12]. Thus, the diagnostic
yield of the NGS panel appears to be determined by the number of

commonly mutated genes included in the panel rather than the
total number of genes in the panel [13].

Consistent with the world literature is the fact that the age at
epilepsy manifestation in positive patients is lower [9,11]. The
mean age of epilepsy manifestation in our group was around
2.5years; in the children who tested positive it was 1.5 years
and in the children with a negative result it was almost 3.5 years.
It is also worth noting that cohorts with patients with early-onset
epilepsy encephalopathies, i.e. children at neonatal age (0-
3 months), show a higher yield of NGS panel. Costain et al. [9] even
showed a panel yield in children under 12 months of 72%, higher
yields in newborns (37.1%) were also shown in the study by Ko
et al. [14]. These results are in line with our observation, in which
the yield in the group of children under 3 months was 38.46%.
These observations are logical and are based on the fact that severe
developmental and epileptic encephalopathies manifest in the
neonatal period and a serious clinical picture often requires
prompt diagnosis leading to the detection of the cause and the
introduction of possible specific therapy in indicated cases. There-
fore, these children receive a genetic diagnosis much earlier. For
these reasons, genetic diagnosis using multi-gene sequencing tech-
niques is recommended as a standard diagnostic tool for children
with neonatal DEE [11,15]. Making an early molecular diagnosis
can also end the genetic odyssey, enable recurrence risk counsel-
ing, guide participation in gene-specific clinical trials, and provide
families with the opportunity to interact with support groups or
advocate for research [8]. Oates et al. showed that early genetic
diagnosis in children with DEE can reduce costs up to 70% com-
pared to its failure or even over 85% in case of diagnosis of Dravet
syndrome [16,17]. The argument based on the high cost of genetic
testing therefore seems unfounded.

Few studies have emphasized the precise systematic and stan-
dardized procedure in interpreting the results of the NGS panel
[10,14]. Accurate interpretation of NGS panel results includes sev-
eral key areas: (1) population data and database review; (2) com-
putational data, allelic data, and literature review; (3) clinical
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Precision medicine applications in 13 patients with P/LP variants. M = male, F = female, AD = autosomal dominant, NA = not available/applicable, Y = yes, N = no, DEE = devel-
opmental epileptic encephalopathy, FE =focal epilepsy, DS=Dravet syndrome, EOEE =early-onset epileptic encephalopathy, TPM = topiramate, KD = ketogenic diet,

STP = stiripentol, PHT = phenytoin, ESM = ethosuximide, B6 = vitamin Bg.

Patient Sex Pathogenic/Likely Variant Inheritance  Origin Type of  Epileptic Precision medicine (reduction of seizures more

No. pathogenic gene variant status epilepsy syndrome than 50%)

1 M SCN1A new AD de novo DEE DS N (TPM)

2 F SCN1A new AD NA DEE DS Y (KD)

3 F SCN1A new AD de novo DEE DS Y (STP)

8 F SCN2A new AD de novo DEE EOEE Y (PHT)

9 M SCN2A described AD de novo DEE EOEE NA (PHT with very good effect before the
genetic diagnosis; administered at 2 months of
age)

12 F SCN2A described AD de novo DEE EOEE Y (PHT)

14 M CACNA1A described AD de novo DEE EOEE N (ESM with important aggravation of seizures)

16 F KCNT1 described AD de novo DEE EOEE Y (KD)

18 F SLC2A1 described AD de novo DEE NA Y (KD)

19 M SLC2A1 new AD de novo FE FE N (KD)

23 M ALDH7AT1, ALDH7A1 described; AR maternal/paternal DEE DS Y (B6)

described

25 F GABRG2 described AD de novo DEE MAE Y (KD)

43 F SCN1A; deletion of the NA AD de novo DEE DS Y (STP)

entire gene /[CNV
analysis/

review and family study; and (4) consensus multidisciplinary dis-
cussions [10]. At our workplace, we work closely with a team of
molecular and medical geneticists and consult the interim results
during the NGS gene panel testing. The results of this work show
that the multidisciplinary approach led to a definitive diagnosis
in some patients with novel not previously described variants
and increased the diagnostic yield of NGS analysis from 30 to 46
patients, which is by 53.33% (yield increased from 17.14% to
26.28%). This is very important from a clinical point of view.

Unfortunately, we failed to identify causal mutations in approx-
imately 2/3 of patients. This result is consistent with the results of
many studies dealing with NGS techniques. It is clear that other
genetic mechanisms come into play, such as epigenetics or somatic
mutations.

It is also worth mentioning the comparison of the yield of NGS
epilepsy gene panel and examination using WES or WGS tech-
nique. The largest meta-analysis from 2021 shows that the yield
of the NGS panel is on average 24% compared to WES, which is
27.2%, i.e., slightly higher, as well as a smaller meta-analysis shows
the yield of WES analysis 31% [18]. The truth is that accurate quan-
tification of positive results of WES analysis is very difficult given
that WES is very often tested in patients who are negative using
the NGS epilepsy gene panel technique. If WES is performed inde-
pendently of the NGS multiple gene panel, its yield may be signif-
icantly higher (19% vs. 37%) [9].

4.2. Precision medicine strategy

Genetic diagnosis of monogenic epilepsy presents great chal-
lenges. Knowledge of the pathophysiological mechanisms of the
epileptic process could make it possible to use the principles of
precision medicine and optimize the patient’s therapeutic regime.
For example, some AEDs are more effective than others in some
genetic epilepsy syndromes, i.e., sodium channel blockers (SCBs)
in KCNQ2- and PRRT2-related seizures [19,20]. Some AEDs can wor-
sen the seizure activity, as observed in SCBs in SCN1A-related
epilepsies [21]. Some AEDs can lead to fatal liver failure, as
observed in patients with POLG-associated epilepsy receiving val-
proic acid (VPA) [22]. In our cohort, more than half of the patients
had “actionable” genes with immediate treatment implications.
Eighteen of these patients underwent targeted therapies.

Eight of the patients carried a SCN1A variant, which was the
most frequent sequence variant detected in our cohort. In most

patients, the phenotype of Dravet's syndrome was presumed
before targeted molecular genetic diagnosis, so a combination of
VPA, clobazam (CLB), and stiripentol (STP) was used. None of these
patients were treated with SCBs at the time of diagnosis. Several
studies proved that there is an improvement not only in seizure
frequency after SCBs are tapered off but also in cognitive perfor-
mance, language skills, and general well-being [23]. One of the
SCN1A positive patients importantly improved on TPM and another
on STP. In one patient, a ketogenic diet (KD) led to a 70% seizure
reduction.

We diagnosed six patients with SCN2A-related epileptic
encephalopathy. Phenytoin (PHT) was administered in four of
them and led to important seizure reduction in three patients.
Wolff et al. [24] reported that SCN2A mutations cause two distinct
phenotypes: early-infantile onset (up to 3 months of age) and
infantile/childhood onset (more than 3 months of age) encephalo-
pathies. The early infantile form was associated with gain-of-
function mutations, and therefore showed good response to
sodium channel blockers, while the later onset form was associ-
ated with the loss-of-function variants and SCBs were rarely effec-
tive and sometimes worsened the seizures [24]. These observations
are consistent with our experience: in one patient with a clinical
manifestation of DEE at 4 months of age, PHT was ineffective; in
three patients with a clinical manifestation in neonatal age, SCB
therapy had a very good effect, with more than 50% seizure
reduction.

Two patients carried a SLC2A1 variant (Glut1-deficiency) and
were administered KD. One of them improved promptly and
became seizure free. In the second patient, KD was without signif-
icant effect. The sequence variant identified in this patient was
located in exon 9 of the SLC2A1 gene, a site where causal mutations
in patients with Glut1-deficiency syndrome are often found, as has
been well documented [25]. Thus, the sequence variant was
marked as pathogenic, and a biochemical correlate of the disease
with a pathological absolute concentration of glucose in cere-
brospinal fluid (CSF) and ratio of glucose concentration in CSF
and serum was also confirmed. The patient’s phenotype was not
in conflict with the diagnosis of Glut1-deficiency syndrome. Molec-
ular diagnosis of the disease was made with a latency of almost
6 years from the manifestation of epilepsy, so KD was introduced
late, which may be related to its lower effectiveness [26]. The KD
patient was also less tolerant, and it was not possible to increase
the energy intake to provide sufficient energy for the CNS cells
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due to the fact that he did not tolerate the higher fat intake and he
vomited. The poorer response to diet was relatively accented by
the fact that the patient was also diagnosed with bilateral MTS
on brain MRI, which, we assume, developed secondarily after pro-
longed seizure activity, and could continue to maintain the epilep-
togenic process regardless of the primary cause of epilepsy.

5. Conclusion

Our results support the introduction of the NGS epilepsy gene
panel into the diagnostic algorithm, especially in children with
DEE. Early diagnosis is desirable not only in terms of completing
the demanding diagnostic process, but also in terms of introducing
targeted therapy. In the interpretation of genetic examination
results, we appeal for a very complex genotypic—phenotypic corre-
lation and a multidisciplinary approach that will enable the most
accurate genetic diagnosis and the correct interpretation of the
results.
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Summary:

Dravet syndrome (DS) is classified as a rare progressive epileptic encephalopathy. Seizure
onset is in the first year of life in thus far normally developing children. Typically,
prolonged generalised convulsive seizures occur. Subsequently, other types of seizures are
seen, accompanied by deterioration of psychomotor development. At present, detection of
a specific mutation may confirm the clinical syndrome. 70-80% of patients have mutation
in SCN1A gene, 5% in PCDH19 gene. Rarely, mutations in the GABARG2 gene
and SCN1B gene are detected. Early diagnosis of DS is very important from the
therapeutical point of view. Two case reports of patients with typical clinical course of DS

and genetically detected mutation in SCN1A gene are presented
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KAZUISTIKA

CASE REPORT

Syndrom Dravetové: tézka myoklonicka
epilepsie v asném détstvi — kazuistiky

Dravet Syndrome: Severe Myoclonic Epilepsy in Infancy —

Case Reports

Souhrn

Syndrom Dravetové se fadi mezi vzacné progresivni epileptické encefalopatie. Klinicka
manifestace je v prvnim roce Zivota u dosud normalné se vyvijejicich kojenct. Typicky za-
¢ina febrilnimi protrahovanymi konvulzivnimi zdchvaty, pozdéji se objevuji i jiné typy
zachvatl a dochdzi k psychomotorické deterioraci. Diagndza se da stanovit na pod-
kladé klinického obrazu, v soucasnosti je mozné u prevazné vétsiny pacientl i potvrzeni
genetické. U 70-80 % pacientl nalézame mutaci v genu SCNTA, u 5 % je detekovdna
mutace v PCDH19 genu, vzacné pak v GABARG2 a SCN1B genu. Casna diagnostika
pacientl je velmi zadouci vzhledem k terapeutickym specifikim nemoci. Jsou prezento-
vany kazuistiky dvou pacientd s typickym prabéhem DS a geneticky potvrzenou mutaci
v SCNTA genu.

Abstract

Dravet syndrome (DS) is classified as a rare progressive epileptic encephalopathy. Seizure
onset is in the first year of life in thus far normally developing children. Typically, prolonged
generalised convulsive seizures occur. Subsequently, other types of seizures are seen, ac-
companied by deterioration of psychomotor development. At present, detection of a specific
mutation may confirm the clinical syndrome. 70-80% of patients have mutation in SCN7TA
gene, 5% in PCDH19 gene. Rarely, mutations in the GABARG2 gene and SCNTB gene are
detected. Early diagnosis of DS is very important from the therapeutical point of view. Two
case reports of patients with typical clinical course of DS and genetically detected mutation
in SCN1A gene are presented.
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Uvod

Syndrom Dravetové (DS), tézkd myoklo-
nickd epilepsie v ¢asném détstvi, se radf
mezi vzacné progresivni epileptické en-
cefalopatie [1]. Diagnostika a syndromo-
logické zarazeni se da provést na pod-
kladé klinického obrazu, v souc¢asné dobé
je mozné diagndzu potvrdit i geneticky.
Cilem této publikace je upozornit na
v€asné rozpoznani pacientl s DS. Pacienti
s podezfenim na DS by méli byt co nej-
drive odeslani do specializovanych cen-
ter ke genetické diagnostice a specifické
terapii. V¢asnd diagnostika DS a jeho in-
tenzivni lé¢ba muze vést k redukci protra-
hovanych epileptickych zachvatd, které se
nepifmo mohou spolupodilet na mife psy-
chomotorické retardace u pacientd s DS.

Kazuistika 1

U prvni pacientky, aktualné 2,5leté, se za-
chvaty objevily ve ¢tyfech mésicich véku.
V rodinné anamnéze bez pozoruhodnosti,
v gravidité bez komplikaci, perinatalni pra-
béh bez rizik s normalni poporodni adap-
taci. Motoricky vyvoj byl lehce disharmo-
nicky s dobrym efektem rehabilitace dle
Vojty. Ve ¢tyfech mésicich véku se ob-
jevil prvni afebrilni protrahovany pravo-
stranny hemikonvulzivni zachvat. V témze
mésici pak 50minutovy epilepticky status
s levostrannymi kiecemi pfi febrilnim in-
fektu. Provedena vysetfeni (MR mozku,
odbér mozkomisniho moku, EEG a odbér
krve a moci k vySetfeni dédi¢nych po-
ruch metabolizmu) byla negativni. Byla
zahajena terapie fenobarbitalem v davce
4,5mg/kg/den. V dalsim pribéhu ale za-
chvaty trvaly s frekvenci nékolika paroxy-
zmU0 za mésic. Objevovaly se konvulzivni
zachvaty se stfidavou lateralizaci, ¢asto va-
zany na febrilnf infekt, pacientka byla velmi
citlivd i na teplé pocasi, v lété se stav vy-
razné zhorsil, délka zachvatt byla od 5 do
40 min. Vzhledem k zdvaznosti a délce tr-
vani zachvatt byla pacientka opakované
hospitalizovana na jednotce intenzivni
péce, opakované vyzadovala i hospitalizaci
na ARO s nutnosti intubace. Od deviti mé-
sicll véku se zacaly objevovat i protraho-
vané zachvaty charakteru areaktivity s cel-
kovou hypotonii a deviaci hlavy a bulbd
(stranové stfidavé, prevazné ale doprava) —
zachvaty hypomotorické s verzivni slozkou.
Tyto zachvaty byly pfitomny s frekvenci né-
kolika za mésic. V EEG se objevilo zpoma-
leni a dezorganizace zakladni aktivity do
pasma delta, ojedinéle i ostré viny pod F4.

V dalsim prdbéhu byly nasazeny postupné
valproat, levetiracetam a klonazepam,
vzdy jen s pfechodnym efektem a vymize-
nim zachvatt na nékolik mésicd. Ve dvou
letech véku byla pfimou DNA analyzou po-
tvrzena mutace ¢.408C>A, p.(Cys136%*)
v genu SCNTA v heterozygotni formé.
Identifikovand mutace nebyla v literature
ani databazi HGMD (Human Gene Mu-
tation Database, http://www.hgmd.cf.ac.
uk/ac/index.php) popsana. Byla provedena
detekce mutace u rodic¢t a dle predpo-
kladu bylo zjisténo, Ze se jednd o mutaci
de novo. Postupné byla zahajena redukce
fenobarbitalu a levetiracetamu, pacientka
poté zUstala na kombinaci valproat a klo-
nazepam, ktery byl zaménén za klobazam.
Ve dvou letech véku bylo zahdjeno nasa-
zovani stiripentolu v dévce 50mg/kg/den
s parcidlnim efektem. Doslo ke snizeni fre-
kvence zachvatt generalizovanych konvul-
zivnich na cca jeden za mésic, predevsim
ale byly vyrazné kratsi v trvani maximalné
do 3 min, zachvaty hypomotorické ddle ro-
dice nereferovali. Ve 2,5 letech véku se ob-
jevil novy typ zachvatd, atypické absence
s EEG korelatem generalizovanych kom-
plexd hrot vina o frekvenci 3,5 Hz s po-
¢atkem temporaélné vpravo. V EEG se nové
objevila interiktdlni epileptiformni patolo-
gie vpravo temporoparietalné. Nyni pa-
cientka zahajuje ketogenni dietu. Aktuainé
ve 2,5 letech véku je v objektivnim neu-
rologickém nalezu lehkd centrdlni hypo-
tonie, pacientka jiz sama obchazi kolem
nabytku, jemnd motorika je lehce nedo-
konala. Psychicky vyvoj je disharmonicky,
odpovidd 12-15 mésicim véku. Domi-
nuje slabsi schopnost komunikace a feco-
vého vyvoje s atypiemi v socialnim chovani
(mensi zastoupeni reciprocity), vyvoj vsak
jak po motorické, tak i psychické strance
pozvolna pokracuje.

Kazuistika 2

Druhy pacient je Ctyflety chlapec. V ro-
dinné anamnéze bez pozoruhodnosti,
téhotenstvi probihalo bez komplikaci,
porod byl spontanni v terminu bez perina-
talnich komplikaci s normalni poporodni
adaptaci. Az do klinické manifestace epi-
leptickych zachvatl byl psychomoto-
ricky vyvoj normalni. Zachvaty se objevily
v sedmi mésicich véku s konstantni vaz-
bou na febrilni infekty. Klinicky se jed-
nalo o konvulzivni zachvaty se stfidavou
lateralizaci v trvani obvykle do 5 min, nej-
deldi zachvat byl 1T0Ominutovy. Frekvence

zachvatl byla jeden za mésic. Pacient byl
opakované hospitalizovan v okresni ne-
mocnici, kde bylo provedeno CT mozku
a MR mozku s normalnim nalezem,
vstupni EEG negativni. Déale byl prove-
den odbér séra a moci na vysetfeni dé-
di¢nych poruch metabolizmu s negativ-
nim nédlezem. V krevnim obraze zjisténa
lehkd hypochromni anémie, na kardiolo-
gii inkompletni blok pravého Tawarova
raménka. Vzhledem k cetnosti zachvatd
byl nasazen valprodt, poté pridan klona-
zepam. | pres dvojkombinaci lékd se za-
chvaty objevovaly dale s frekvenci 1-2 za
mésic, vzdy s vazbou na febrilni infekt.
Ke stavajici dvojkombinaci 1€kt byl pridan
levetiracetam a pacient byl odeslan k vy-
Setfenina Kliniku détské neurologie LF MU
a FN Brno, kde byla zahdjena dispenzari-
zace. V dalsim obdobi, ve véku od 13 mé-
sict do dvou let byl chlapec klinicky kom-
penzovan. Poté se objevily zachvaty opét,
s Cetnéjsi frekvenci a nové i bez vazby na
horecku. Trvaji zachvaty charakteru gene-
ralizovanych nebo stranové stfidajicich la-
teralizovanych kieci v délce do 5 min, déle
se objevuje novy typ zachvatl bez kreci
s areaktivitou a oroalimentarnimi auto-
matizmy v trvani do 10 min. Zachvaty se
objevuji s frekvenci 1-2 za mésic. V EEG
zachycen opakované negativni nalez, od
trf let véku se vyskytuji ojedinélé ostré viny
v bifrontalni lokalizaci s pravostrannou
prevahou. Vzhledem k neucinnosti stava-
jici medikace byla zahdjena redukce leve-
tiracetamu, aktualné je chlapec na dvoj-
kombinaci valproatu s klobazamem, ktery
byl nasazen vyménou za klonazepam,
a nasazuje se stiripentol.

Ve 2,5 letech véku byla pfimou DNA
analyzou u pacienta prokdzana mutace
€.1989delT, p.(Phe663Phefs*9) v genu
SCN1A v heterozygotni formé. Identifiko-
vana mutace nebyla v literature ani data-
bazi HGMD popsana. V objektivnim neu-
rologickém nalezu Ize sledovat centraini
hypotonii s bederni hyperlordézou, je
schopen samostatné chlze s valgéznim
postavenim kolen a bércl. V psychologic-
kém profilu dominuje hyperaktivita a po-
rucha koncentrace, slabsi socialni kontakt
pfi zachovalé dovednosti jeho navazani.
Intelekt celkové v pasmu normy rozkoli-
sany predevsim pro slabou koncentraci.

Diskuze
Syndrom Dravetové byl poprvé popsan
v roce 1978 profesorkou Charlotte Dra-
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vet ve Francii [2]. Dle ILAE klasifikace epi-
leptickych syndrom( z roku 1989 se fadi
mezi epilepsie a epileptické syndromy ne-
zafaditelné jako loZiskové ¢i generalizo-
vané [3]. Dle revize této klasifikace z roku
2010 patfi mezi elektroklinické syndromy
¢asného détstvi [4].

V souladu s ILAE revizi epileptickych
syndrom 2010 se syndrom Dravetové
z etiologického hlediska radi mezi epi-
lepsie na genetickém podkladé. Prevazna
¢ast pacientd jsou nositelé mutace v genu
pro alfal podjednotku sodikového kanalu
(gen SCNTA), tato mutace se vyskytuje
u 70-80 % pacientl [5]. Dochazi zde ke
snizenf excitability GABAergnich interneu-
ront v neokortexu a hipokampu [6], coz
ma za nasledek snizeni vybojd v téchto in-
hibi¢nich interneuronech. Dojde tak ke
zvyseni excitability v neuronalnf siti a roz-
voji SCNTA epileptické encefalopatie.

Mutace v SCNTA genu jsou odpo-
védné za rozvoj velmi variabilniho feno-
typového vyjadreni, tzv. GEFS+ spektra.
Na ,benignim” konci spektra se vysky-
tuji pacienti se syndromem GEFS+ (fe-
brilni zachvaty + afebrilni generalizované
tonicko-klonické zachvaty), na druhém
konci spektra se nachazi DS. Mutace u pa-
cientd s DS jsou ve 40 % tzv. truncating
mutace, které zpUsobuji pfedcasny vznik
terminacniho kodonu, ¢imz vedou k pred-
¢asnému ukonceni translace, a nebo
v dalsich 40 % pfipadl se jedna o tzv. mi-
ssense mutace [7]. Za rozvoj GEFS+ je od-
povédnd spiSe missense mutace v genu
SCNTA, nicméné genotypova-fenotypova
korelace neni konzistentni. Pfedpoklada
se, Ze pokud se missense mutace nachazi
v por formujici oblasti SCNTA genu, roz-
vine se DS, pokud je mutace mimo tuto
oblast, fenotypové se rozvine spise GEFS+
syndrom [7].

Genetika DS je jeSté komplexnégjsi.
Vzacné byly identifikovany u pacientt s DS
i mutace v genu GABARGZ2 [8] a SCN1B [9].

Zhruba 5 % pacientl nese mutaci
v genu PCDH19 s X-vazanou dédic-
nosti [10]. Jedna se o gen koédujici pro-
tocadherin 19, jehoZ funkce nebyla do-
sud plné objasnéna, ale predpokldda se
jeho zapojeni v neuronalnich sitich. Mu-
tace zpUsobuje epilepsii limitovanou na
Zeny s mentalnf retardaci (Epilepsy limi-
ted to Females with Mental Retardation,
EFMR). Charakteristickym rysem je zde
mensi vyskyt epileptickych statl a jen
zfidka se objevuji myoklonické zachvaty.

béh onemocnéni.

na diagndzu DS (tzv. red flags)

Tab. 1. Pfiznaky a klinické nalezy upozornujici na diagnézu DS a dalsi pru-

Pfiznaky a klinické nalezy upozornujici

Dalsi prabéh DS

manifestace v kojeneckém véku
normdlni objektivni neurologicky nélez

normdlni psychomotoricky vyvoj v dobé
manifestace

(Casto SE), casto lateralizované

normalni inicidlni EEG

normalni nalez na MR mozku

protrahované konvulzivni epileptické zachvaty

febrilni zachvaty, provokace v horkém pocasi

centrdlni hypotonie, ataxie

rozvoj psychomotorické
retardace

rozvoj dalSich typl zachvatl —
atypické absence, myoklonické
zachvaty, fokalni zachvaty

dezorganizace zakladni aktivity,
multifokalni vyboje hrotd a kom-
plext hrot/pomalé vina, fotosen-
zitivita v prbéhu onemocnénti

mozny rozvoj atrofie mozku

U 45 % pacientl je mentdlni retardace
jen mirného stupné, casté jsou autistické
rysy.

U pacienta s typickym fenotypem DS do-
chazi k rozvoji epileptickych zachvatd v ko-
jeneckém véku s vrcholem kolem 5. mé-
sice u dosud normalné se vyvijejicich déti.
Incidence je udavana 1 : 30 000 déti [1],
castéji jsou postizeni chlapci v poméru
2 : 1. Objevuji se tyto typy zachvatt: ge-
neralizované klonicko-tonické zachvaty
(resp. casto lateralizované stranové stfi-
dajici), myoklonické zachvaty, atypické
absence a fokalni zachvaty s poruchou
védomi. Velmi casty je vyskyt status epi-
lepticus, predevsim v pocate¢nim ob-
dobi, a to prevazné u febrilnich zachvata.
Tab. 1 ukazuje pfiznaky, kdy je tfeba mys-
let na moznost DS (tzv. red flags).

V klinickém obraze pacientt s DS exis-
tuje jistd variabilita, mluvime o DS-spek-
tru (tab. 2) [5].

V soucasné dobé je v Ceské republice ge-
netické potvrzeni DS mozné provést v Brné
a v Praze, a to na urovni vySetifeni SCNTA
genu. V Brné vysetfeni provadi Centrum
molekuldrni biologie a genové terapie In-
terni hematoonkologické kliniky LF MU
a FN Brno (kontakt: RNDr. Lenka Fajkusova,
CSc., Ifajkusova@fnbrno.cz). V Praze se Ize
obratit na Ustav biologie a Iékafské gene-
tiky 2. LF UK a FN v Motole (kontakt: RNDr.
Petra Hedvicakovd, petra.hedvicakova@If-
motol.cuni.cz). V pfipadé podezfeni na DS
je vhodné provést genetickou konzultaci
na vyse uvedenych pracovistich.

Vysetfeni vzacnéjSich mutaci DS pro-
bihd na celoevropské urovni pod zasti-
tou projektu EuroEPINOMICS, a to v pro-
gramu RES (genetics of Rare Epilepsy
Syndromes). Pro zdjemce odkazujeme na
stranku http:/Avww.euroepinomics.org/.

Terapeutické moznosti jsou pomeérné bo-
haté, jejich efekt je v3ak limitovan vysokou
farmakorezistenci pacientd. Lékem prvni
volby jsou valprodt a benzodiazepiny [11],
predevsim klobazam. Pfi neefektu téchto
je indikovan stiripentol. Stiripentol (Diaco-
mit) je fazen mezi orphan-drug v terapii DS
a je schvalen jako pfidatna terapie k val-
prodtu + klobazamu. V terapii DS je v Ev-
ropé schvalen od roku 2007. Dosud byly
realizovany dvé randomizované placebem
kontrolované studie, které sleduji efekt sti-
ripentolu jako pfidatné terapie ke kom-
binaci VPA + CLB. Za timto Ucelem byla
zformovana studijni skupina STICLO (STI-
ripentol CLObazame study group) ve Fran-
cii a Italii. Vysledky francouzské skupiny
byly publikovany Catherine Chiron et al
v roce 2000 [12]. Vysledky italské skupiny
publikovany dosud nebyly, jsou vsak zahr-
nuty v metaanalyze [13]. Vysledky ukazaly
71 % [13], resp. 67 % [12] respondérd
ve srovnani s placebem 5 % [13], resp.
9 % [12]. Dalsi terapeutickou moznosti
jsou topiramat [14] a levetiracetam (Ucinny
pfedevsim na myoklonické zachvaty [15]),
které Ize vyuZit jako pfidatné léky. Lamo-
trigin, karbamazepin, vigabatrin a vysoké
davky fenobarbitalu mohou zachvaty zhor-
Sovat a je vhodné se jim v lécbé vyhnout.
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Nazev

Anglicky nazev

Tab. 2. Klinické spektrum syndrom Dravetové — DS spektrum [5].

Typ epileptickych
zachvatu

Nevyskytujici
se zachvaty

Psychomotoricky
VyVvoj

Tézka myoklonicka epilepsie
v ¢asném détstvi

Hrani¢ni tézkd myoklonicka
epilepsie v casném détstvi
Rezistentni détska epilepsie

s generalizovanymi tonicko-klo-
nickymi zachvaty

Tézka multifokalni epilepsie

v ¢asném détstvi

Severe Myoclonic Epilepsy of
Infancy (SMEI)

Borderline Severe Myoclonic
Epilepsy of infancy (SMEB)

Intractable Childhood Epilepsy

with Generalised Tonic-Clonic  GTCS
seizures (ICEGTC)

Severe Infantile MultiFocal multifokalnf
Epilepsy (SIMFE) zachvaty

GTCS, absence,
fokalni a myokli-
nické zachvaty

GTCS, absence,
fokalni zachvaty

GTCS — generalizovany tonicko-klonicky zachvat.

myoklonické
zachvaty
myoklonické za-
chvaty, absence

a fokalni zachvaty

myoklonické zachvaty psychomotoricka de-
a nebo absence

psychomotoricka de-
teriorace v rlizné mire

psychomotorickd de-
teriorace v rlizné mire

vyznamna a ¢asna
psychomotorickd
deteriorace

teriorace v rlizné mire

V neposledni fadé je nutno uvést i keto-
genni dietu, kterd ma v terapii DS relativné
vysokou Ucinnost ve srovnani s jinymi epi-
leptickymi encefalopatiemi [16]. PFiznivé
vysledky ukazuje v terapii DS i implantace
vagového stimulatoru [17].

Prezentované kazuistiky pfedstavuiji ge-
neticky potvrzené pfipady DS s prokaza-
nou mutaci v genu SCNTA. Klinicky prd-
béh onemocnéni je zde pomérné typicky.
Zavadeéjici maze byt fakt, Ze se u pacientl
dosud nevyskytly myoklonické zachvaty,
které ma syndrom Dravetové — jako tézka
myoklonickd epilepsie v ¢asném détstvi —
pfimo v nazvu. Myoklonické zachvaty se
vsak vyskytovat vibec nemusi [1] nebo
Casto se objevuji az po nékolika letech
od klinické manifestace onemocnéni.
Nazev tak mUze byt zavadéjici. Jiz v roce
1994 Aicardi navrhoval pro DS nazev
. 187ka polymorfni epilepsie v casném dét-
stvi”, ktery vsak v klasifikacnim systému
epileptickych syndrom etablovan nebyl.

U 70-80 % pacientd se syndrom ge-
neticky potvrdit podafit nemusi. Je tfeba
vsak myslet na to, Ze DS Ize diagnostikovat
jiz na podkladé klinického obrazu a dia-
gnostika geneticka je pouze potvrzujici.
Diagndza jiz na zakladé klinického vyja-
dreni je zdsadni, ponévadZz umozni na-
smérovat terapii sprdvnym smérem, vy-
varovat se potencialné zhorsujicich lékd
a zvolit naopak ty, které by mohly mit
efekt na redukci zachvatd. Zasadni je pre-
devsim Casna diagnostika syndromu. Stiri-
pentol se ukazal efektivni v redukci prede-
vsim konvulzivnich zachvatd, jez mohou
byt v pocatecnim stadiu protrahované az
charakteru epileptickych statd. Pravé ty se
velkou meérou spolupodili na rozvoji neu-

rokognitivniho deficitu pacientl a regresu
v psychomotorickém vyvoji [11].
Pojmenovani nemoci je dulezité i pro ro-
dice pacienta. Ukonci extenzivni a Casto
stresujici dosetfovani pficiny epilepsie,
umozni s rodi¢i mluvit o progndéze, vysvétlit
jim mozné komplikace a soustredit se vice
na komplexni péci zahrnuijici psychologa,
logopeda, ortopeda, rehabilitaci a dalsf
formy podplrné terapie, které mohou
celkovy stav ditéte a jeho psychomoto-
ricky vyvoj povzbudit. Dulezité informace
mohou rodice i odbornici ziskat na stran-
kach http://www.dravetfoundation.org/.

Zaver

Syndrom Dravetové se fadi mezi prognos-
ticky zavazné epilepsie manifestujici se
v ¢asném détstvi. Casna a spravna dia-
gnostika je zasadni pro dalsi terapii, kterd
u DS predstavuje urcitd specifika. V sou-
Casné dobé je moznd i diagnostika gene-
tickd, jez u vétsiny pacientl prokdze mu-
taci a pro diagnézu DS je potvrzuijici.
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Summary:

Aims: We present retrospective analysis of the set of 11 patient group with SCN1A
gene (sodium voltage-gated channel alpha subunit 1) positive Dravet syndrome (DS). Patients
were examined with suspected DS from 2010 to February 2017. The aim of the study was to
analyse epidemiological and clinical data and to assess the efficacy of drug therapy and MRI
and EEG findings.

Material and methods: In the study the analysis of medical records of patients with SCN1A
mutation positive DS and its statistic evaluation was used. We monitored development of
disease, gender, types of epileptic seizures and their association with age of patient, findings
on EEG and MRI, drug ef- fect. We also evaluated the neurological and behavioral-mental

status of patients.

Results: In group of 11 patients, there were 7 women (63.6%) and 4 men (36.4%). Average
age by manifestation of seizures was 6.5 months. All of the patients have mutation in SCN1A
gene. The most frequent seizures were generalized tonic-clonic (81.8%). On the other hand
the least occurring seizures were myoclonic seizures — only 2 from 11 (18.2%). Average time
from development of symptomatology to correct diagnosis was by 116 months. In patients

born before 2010 it was only 19 months.

Conclusion: DS is from prognostic point of view serious type of epilepsy. Since 2010, 52
samples of DS suspected patients were investigated. Eleven proven causal mutations represent
21% of samples. Early diagnostics of disease and correct management is crucial for further

course of disease and has major impact on mental status and predicted prognosis
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Syndrom Dravetovej s mutaciou v SCNTA géne,
genetické aspekty a klinické skusenosti

SCNTA mutation positive Dravet syndrome,
genetic aspects and clinical experiences

Suhrn

Ciele: Prezentujeme retrospektivnu analyzu siboru 11 pacientov s Dravetovej syndrémom (DS)
s preukdzanou mutaciou v SCNIA géne (sodium voltage-gated channel alpha subunit 1 - alfal
podjednotka sodikového kandlu). Pacienti boli vysetreni s podozrenim na DS od roku 2010 do
februdra 2017. Cielom prace bola analyza epidemiologickych a klinickych nélezov, ako aj
hodnotenie efektivity medikamentdznej terapie a ndlezov na MR mozgu a EEG. Materidl a metodika:
Zvolenou metddou bola analyza udajov a nalezov v zdravotnickej dokumentéacif pacientov s DS
s preukdzanou mutaciou v SCNTA géne a jeho nésledné Statistické zhodnotenie. Sledovali sme
rozvoj ochorenia, pohlavie, typy zachvatovych prejavov a ich vekovu vdzbu, nélezy na EEG a MR,
efekt medikamentoznej terapie. Taktiez sme sa venovali hodnoteniu neurologického nélezu
a behaviordlne-mentélneho statusu pacientov. Vysledky:V stibore 11 pacientov pocetne prevladaju
zeny nad muzmi — 7 Zien (63,6 %), 4 muzi (36,4 %). Priemerny vek pri manifestacii zachvatov je
6,5 mesiaca. Vsetci pacienti maju preukdzani mutaciu v SCNTA géne. Najcastejsim typom
zachvatov v skupine boli generalizované tonicko-klonické (81,8 %), naopak najmenej sa vyskytuju
myoklonické zachvaty (2/11; tj. 18,2 %). Priemerny ¢as od rozvoja symptomatologie k stanoveniu
spravnej diagndzy bol u pacientov narodenych pred rokom 2010 priemerne 116 mesiacov.
U pacientov narodenych po roku 2010 tento poklesol na 19 mesiacov. Zdver: Dravetovej syndrém sa
radi medzi prognosticky zavazné epilepsie. Od roku 2010 sme vysetrili celkom 52 vzoriek pacientov
s podozrenim na DS. Preukdzanych 11 kauzélnych mutécii predstavuje 21% zachyt. V¢asna dia-
gnostika ochorenia a spravny management je zasadny pre dalsi priebeh ochorenia a ma velky
vplyv na mentalny status pacienta a predpokladanu prognézu.

Abstract

Aims: We present retrospective analysis of the set of 11 patient group with SCNTA gene (sodium
voltage-gated channel alpha subunit 1) positive Dravet syndrome (DS). Patients were examined
with suspected DS from 2010 to February 2017. The aim of the study was to analyse epidemiological
and clinical data and to assess the efficacy of drug therapy and MRl and EEG findings. Material and
methods: In the study the analysis of medical records of patients with SCNTA mutation positive
DS and its statistic evaluation was used. We monitored development of disease, gender, types
of epileptic seizures and their association with age of patient, findings on EEG and MRI, drug ef-
fect. We also evaluated the neurological and behavioral-mental status of patients. Results: In group
of 11 patients, there were 7 women (63.6%) and 4 men (36.4%). Average age by manifestation
of seizures was 6.5 months. All of the patients have mutation in SCNIA gene. The most frequent
seizures were generalized tonic-clonic (81.8%). On the other hand the least occurring seizures were
myoclonic seizures — only 2 from 11 (18.2%). Average time from development of symptomatology
to correct diagnosis was by 116 months. In patients born before 2010 it was only 19 months.
Conclusion: DS is from prognostic point of view serious type of epilepsy. Since 2010, 52 samples
of DS suspected patients were investigated. Eleven proven causal mutations represent 21% of
samples. Early diagnostics of disease and correct management is crucial for further course of
disease and has major impact on mental status and predicted prognosis.
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SYNDROM DRAVETOVEJ S MUTACIOU V SCNTA GENE, GENETICKE ASPEKTY A KLINICKE SKUSENOSTI

Uvod
Dravetovej syndrém sa klinicky manifestuje
v priebehu 1. roku Zivota. Podla doporucenf
Medzinarodnej ligy proti epilepsii (The Inter-
national League Against Epilepsy; ILAE) pre
klasifikaciu epileptickych zachvatov a epilepsif
z roku 2017 sa z etiologického hladiska radi DS
medzi epilepsie s genetickym podkladom [1].

Klinickym prejavom su recidivujice fe-
brilné protrahované zachvaty, az dizky status
epilepticus (konvulzivne alebo hemikonvul-
zivne, stranovo alternujuce). Neskor docha-
dza k rozvoju aj inych typov zachvatov (myo-
klonické zachvaty, atypické absencie, fokdlne
paroxyzmy). Syndrém Dravetovej vedie po-
stupne k deterioracif psychomotorického
vyvoja az k rozvoji mentdlnej retardécie
rozneho stupna [1,2]. Blizsia klinicka charak-
teristika ochorenia, ako aj priebeh ochorenia
v detstve a dospelosti je mozné dalej Studo-
vat v roznych literdrnych zdrojoch v tuzem-
skej aj zahranicnej literatdre [1-4].

Asi 70-80 % pacientov nesie abnormalitu
v géne pre alfal podjednotku sodikového
kanalu — SCNJA. Celkom 5 % pacientov ma
mutaciu v géne pre PCDH19 (gén pre protein
zvany protokadherin 19), asocidcia je preuka-
zana aj s GABRGZ2 (gene coding gamma 2 su-
bunit GABA receptor) a génom SCNIB (so-
dium voltage-gated channel beta subunit 1).
Prvé spojenie mutacie SCNTA génu a DS bolo
definované v roku 2001 [1].

V ¢lanku prezentujeme vlastny subor
11 pacientov s DS.

Material a metodika
V nasej praci sme hodnotili sibor 11 pacientov

vanych a diagnostikovanych na Klinice détské
neurologie FN Brno v spolupréci s Centrem
molekularni biologie a genové terapie Internf
hematoonkologické kliniky FN Brno. Od roku
2010, kedy bola diagnostika zavedend, sme
vysetrili celkom 52 vzoriek pacientov s podo-
zrenim na DS. Preukazanych 11 kauzalnych
mutdcif predstavuje 21% zachyt. Percentudlny
vysledok zachytnosti ochorenia nedokazeme
plausibilne vysvetlit. U dvoch pacientov s fe-
notypom DS nebola preukdzand kauzalna
mutdcia v SCNTA géne, a neboli preto zahrnutf
do aktudlne hodnoteného suboru. Etiologické
dosetrovanie u tychto pacientov bolo rozsi-
rené o dalsie genetické vysetrovanie (aktudine
gén, GABRG2 a PCDHI19 u probanda Zenského
pohlavia), ktoré neprinieslo pozitivne vy-
sledky. Konkrétne vysledky genetického vyse-
trenia a charakteristika suboru v tab. 1.
Metddou hodnotenia bola retrospektivna
analyza demografickych a klinickych udajov
dostupnych zo zdravotnickej dokumentacie
Kliniky détské neurologie FN Brno.
V subore pacientov sme zistovali tieto
charakteristiky:
+ pohlavie
+ rodinnd a osobnd anamnéza
+ vek pri vzniku ochorenia
+ konkrétny typ zachvatov a vek pacientov
priich manifestacii
+ provokacia epileptickych paroxysmov
- neurologicky a behavioralne-mentalny
status pacienta
- elektroencefalografické charakteristiky pred
rozvojom ochorenia a v jeho priebehu
+ nélezy na MR mozgu
- efektivita medikamentoznej antiepileptic-

Vysledky

Pacienti v hodnotenej skupine su narodenf
od roku 1999 do roku 2015. Vyhodnocovanie
klinickych udajov a priebehu ochorenia pre-
biehalo do februara roku 2017 Dalsi klinicky
priebeh konkrétnych subjektov nie je zahr-
nuty do predkladaného prehladu.

Rodinnd anamnéza febrilnych zachvatov
alebo epilepsie je pozitivna u 3 pacientov
(27 %). V dvoch pripadoch sa jednd o opa-
kované epizddy febrilnych ki¢ov. Genetické
vysetrenie bolo u jedného z tychto rodicov
negativne na mutaciu v SCNJA géne a v dru-
hom pripade nebolo v ¢ase pripravy pub-
likdcie oSetrujucim lekdrom indikované.
V poslednom pripade doslo k rozvoju za-
chvatovych prejavov zodpovedajlcich feno-
typu DS. Etiologické potvrdenie, resp. vyvra-
tenie diagndzy u tohto rodica nie je mozné
zo socidlnych dévodov (dieta v starostli-
vosti ndhradného rodica, bez kontaktu s bio-
logickou matkou). U 3 pacientov (27 %) boli
pritomne prenatélne a perinatélne rizikd —
prematurita, intenzivna antiepilepticka tera-
pia matky pocas gravidity.

Manifestacia klinickej symptomatoldgie
v sUbore je od veku 116 mesiacov. Priemerne
vo veku 6,5 mesiaca. Naj¢astejsim typom paro-
xyzmu v tvode boli febrilné hemikonvulzivne
zachvaty (rozvoj priemerne vo veku 6,5 me-
siaca; U 6 pacientov, tj. 54,5 %). Vo veku 3-9 me-
siacov (priemer 6 mesiacov; u 8 pacientov)
sa manifestuju prolongované zachvatové
prejavy (trvajuce viac ako 10 minut). V prie-
mernom veku 74 mesiaca sa rozvinul u na-
Sich pacientov dalsi typ zachvatov, a to ge-
neralizované tonicko-klonické, resp. klonické
zachvaty. Tieto boli pozorované u 9 pacientov
(81,2 %). Manifestacia status epilepticus bola
priemerne v 17 mesiacoch (7; 63,6 %). U 100 %
pacientov sa jednalo o konvulzivne epilep-
tické staty. Myoklonické zéchvaty sa rozvi-
nuli u 2 pacientov (18,2 %), priemerne vo veku
32,5 mesiaca. Len u 4 pacientov sme zazna-
menali vyskyt atypickych absencii, a to v prie-
mernom veku 36 mesiacov. Pri 9 pacientoch
(81,2 %) bola anamnesticky jasna provokacia
zachvatov. U 7 (63,6 %) islo o zvysenu telesnu
teplotu, u 1 (9,1 %) o tepld vodu (externd ex-
pozicia pri kipeli a saune) a ¢asovu suvis-
lost s ockovanim a naslednymi subfebriliami.
U 2 pacientov (18,2 %) jasna provokacia po re-
trospektivnej analyze anamnézy preukdzana
nebola.

V objektivnom neurologickom néleze do-
minuju predovsetkym poruchy tonusu v zmy-
sle centralnej hypotdnie, a to u 5 pacientov
(45,5 %), mikrocefalia u 2 (18,2 %), ataxia, neista

s preukdzanou mutéciou v géne SCNIA sledo- kej terapie.
Tab. 1. Prehlad konkrétnych mutacii.
Pacient ¢. Vek zai:a;;gcec)p;i:]?psie v Pohlavie Ulozenie mutacie v SCNTA géne
1 4 zena Cc408C>A, p.Lys136*
2 8 muz ¢.1989delT/-, p.Pro663Profs*9
3 6 muz €.3521C>G, p.Thr1174Ser
4 5 muz Cc942G>A/-, p.Trp314*
5 9 Zena €.3521C>G, p.Thr1174Ser
6 4 zena c.1086C>T/-, p.Tyr362*
7 10 zena c4135G>T, pVal1379Leu
8 8 muz c.140delA/-
9 3 zena €.3429+1G>A/-
10 16 Zena €.2837G>A, p.Arg946His
1 1 Zena C4889T>G
56

Cesk Slov Neurol N 2018; 81/114(1): 55-59




SYNDROM DRAVETOVEJ S MUTACIOU V SCN1A GENE, GENETICKE ASPEKTY A KLINICKE SKUSENOSTI

chodza, motorickd dyspraxia u 2 pacientov
(18,2 %). Len u jednej pacientky je pozitivny
loZiskovy neurologicky nalez v zmysle hemi-
parézy (9,1 %). Pri hodnoteni behaviordlne-
-mentalnych schopnosti sa v nasom subore
vyskytuju zndmky Attention Deficit Hype-
ractivity Disorder (ADHD), a to u 4 subjek-
tov (36,4 %), znizenie intelektu roznej miery
u 7 (63,6 %), dysldlia u 5 (45,5 %). Vo vac-
Sine pripadov rozvoj neurologickej symp-
tomatoldgie a kognitivnej deteriordcie po-
zorujeme az v batolivom obdobi. Znadmky
poruchy autistického spektra sa vyvinuli
v priebehu ochorenia u 2 pacientov (18,2 %)
a boli zaznamenané po 3. roku Zivota.

Pri vyhodnocované EEG sme dospeli k z&-
verom, ze len 2 pacienti (18,2 %) mali ini-
cidlne abnormitu v EEG. V priebehu ocho-
renia doslo k zachytu abnormit na EEG
u vacsiny pacientov — 8 (72,7 %). U 7 bola
zachytend abnormita v zékladnej aktivite,
u 5 pacientov sme zaznamenali vyskyt hro-
tov. Komplexy hrot-vina boli zachytené len
v izolovanom pripade.

Abnormity na MR mozgu boli zazname-
nané u 6 pacientov (54,5 %). Tieto boli cha-
rakteru meziotemporalnej sklerézy (zachyt
vo veku 15 rokov), miernej atrofie mozgu
(z&chyt uz v kojeneckom veku), lahkej re-
dukcie objemu mozocku, rozsirenia vonkaj-
sich likvorovych priestorov (zéchyt v pred-
skolskom veku), cisterna magna permagna,
u jednej pacientky jednostranna periventri-
kuldrna leukomaldcia (PVL). Zachyt posled-
nych dvoch nélezov na MR bol zazname-
nany v skorom kojeneckom obdobf.

Priemerny pocet pouZzitych antiepileptik
(AEDs) (v nasom subore je 6. Ako efektivne,
resp. parcidlne efektivne boli vyhodno-
tené nasledujlce: valprodt u 6 z 8 pacientov
(75 %), topiramat u 6/7 (85,7 %), klobazam
u 5/6 (83,3 %), clonazepam bol pouZity
u 5 pacientov a u 100 % mal parcidlny efekt.
Levetiracetam u 3/7 (42,8 %), zonisamid
u 3 (100 %). Vigabatrin a primidon boli pou-
Zité len izolovane a bez efektu na zachvaty.
Stiripentol ako add-on terapia do kombina-
cie valprodt + klobazam bol pouzity s par-
cidlnym efektom u 8 pacientov. Lamotrigin
bol pouZity u 4 pacientov a u 100 % z nich
viedol k zhorseniu pocetnosti zachvatov. Fe-
nobarbital v per os forme zhorsil zéchvaty ¢o
do pocetnosti u 1/3 pacientov (33,3 %).

Stiripentol ako ,orphan drug” (liek-si-
rota — liek urceny pre lie¢bu vzicnych ocho-
renf) bol pouzity celkom u 8 pacientov. Prie-
merny vek pri jeho nasadenf u pacientov na
klinice détské neurologie bol 3 roky a 9 me-

Tab. 2. Charakteristika epileptickych zachvatov (n = 11).

n — pocet pacientov v stbore

Typ zéchvatu Priemern)'/ vek .Poéet
(mesiace) pacientov (%)

1. zachvat 6,5 11 (100 %)
prolongované zachvaty (> 10 min) 6 8 (72,7 %)
hemikonvulzivne zachvaty 6,5 6 (54,5 %)
generalizované tonicko-klonické/klonické zachvaty 74 9 (81,8 %)
status epilepticus 17 7 (63,6 %)
moklonické zachvaty 32,5 2 (18,2 %)
atypické absencie 36 4 (36,4 %)

Tab. 3. Fenotypové charakteristiky (n = 11).

Charakteristika

Pocet pacientov (%)

pozitivna rodinnd anamnéza
pozitivna osobna anamnéza
provokacia I. paroxysmu:

zvysena teplota

tepld voda

ockovanie

bez jasnej provokacie
abnormélne EEG v Gvode ochorenia
abnormaélne EEG v priebehu ochorenia
abnormity na MR mozgu
autistické prejavy
ataxia
centralna hypotdnia

loziskovy neurologicky nalez

oneskoreny psychomotoricky vyvoj
dyslalia
znizenie intelektu

mikrocefdlia

n — pocet pacientov v subore

problémy so spravanim (hyperaktivita, porucha pozornosti)

3273 %)
3273 %)

7 (63,6 %)
1,1 %)
1,1 %)

siacov. Viditelny efekt stiripentolu je pozoro-
vany predovietkym pri redukcii poctu epi-
leptickych statov. V sledovanom subore sa
jednalo o 100% redukciu (pocet epileptic-
kych statov u pacientov medikujucich sti-
ripentol pred jeho nasadenim bol 20, po
nasadenf 0). TaktieZ tato liecba dosahuje
vyrazné znizenie poctu prolongovanych
zachvatov. Celkovy pocet prolongovanych
zachvatov bol pred zavedenim tejto liecby

26, po zaveden( len 5, tj. doslo k poklesu
ich vyskytu o 80,8 %. Stiripentol vo zvole-
nej kombinacii AEDs vsak nedosiahol valné
znizenie poctu kratdich epileptickych za-
chvatov. Neziadlce Ucinky boli pozorované
u polovice pacientov, s réznou mierou za-
vaznosti. U 25 % sa jednalo o agresivne spra-
vanie, v rovnakej miere pozorujeme poruchy
spanku (insomnia/hypersomnia). Celkom
12,5 % pacientov trpelo Unavou a zndmkami
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Medikacia s parcidlnym efektom

Tab. 4. Farmakologicka odpoved u pacientov s DS (n = 11).

Podiel pacientov s odpovedou (%)

valproét
topiramat
clobazam
clonazepam
levetiracetam
stiripentol

zonisamid

Medikéacia zhorsujuca klinicky priebeh

6/8 (75 %)
6/7 (85,7 %)
5/6 (83,3 %)
5/5 (100 %)
3/7 (42,8 %)
4/4 (100 %)
3/3 (100 %)

Podiel pacientov s odpovedou (%)

wave complex)

lamotrigin 4/4 (100 %)
fenobarbital 1/3 (33,3 %)
n — pocet pacientov v stibore
Tab. 5. Interiktalne EEG (n = 11)
Abnormita ZA (dno/nie) Vyskyt hrotov (dno/nie) Vyskyt SWC (dno/nie)
7/4 5/6 1/10

n — pocet pacientov v stbore; ZA — zakladnd aktivita v EEG; SWC — komplex hrot-vina (spike

hyperaktivity. NeZiaduce Ucinky pre svoju za-
vaznost priamo viedli k vysadeniu stiripen-
tolu len u jednej pacientky (predovietkym
sa jednalo o vyraznu agresivitu, koprolaliu,
zavazné poruchy spanku). U dalSej pacientky
doslo k Uprave davkovania, s klinickym efek-
tom, bez nutnosti vysadenia. Podrobne su
spracované vysledky uvedené v tab. 2-5.

Diskusia

V hodnotenom subore pozorujeme miernu
StatistickU prevahu vyskytu DS u Zien —
7 Zien (63,6 %), 4 muzi (36,4 %). Gendrové
rozdelenie podla svetovej literatury sa pohy-
buje v pomere 1:2 (Zena: mu?) [1,2]. Neko-
reSpondujuce rozdelenie na zéklade pohla-
via prisudzujeme malému poctu pacientov
v sledovanom subore.

Manifestédcia ochorenia bola v sledo-
vanom sUbore v priemere 6,5 mesiaca
(od 1. mesiaca po 16. mesiac). Najcastej-
Sich typom zachvatov v dobe manifestacie
ochorenia su prolongované zachvaty trvaju-
ce viac ako 10 minut (8; tj. 72,7 %). V porov-
nani s Udajmi z velkych multicentrickych
studif oba udaje koreluju (Brunklaus et al
uvadzaju rozvoj prvého zachvatu okolo 6.
mesiaca a vyskyt prolongovanych zachva-

tov okolo 7. mesiaca) [5,6]. Hemikonvulzivne
zachvaty sa v nasom subore vyskytuju u 6,
tj. 54,5 %, s priemernym rozvojom vo veku
6,5 mesiaca. Identické vysledky uvadzaju aj
Brunklaus et al (72 % pacientov rozvinie he-
mikonvulzivne zachvaty vo veku okolo 7 me-
siacov). Badatelny rozdiel v porovnani's mul-
ticentrickymi Studiami je viditelny v pocte
pacientov s myoklonickymi zachvatmi a ma-
nifestacif atypickych absencif. Brunklaus et al
pozoruju vyskyt myoklonif u 69 % pacientov
a atypickych absencif u 51 % subjektov [5].
V nasom subore hovorime o 18,2 % a 36,4 %.
Rozdiel v Udajoch v porovnani s publikova-
nymi Udajmi suvisi pravdepodobne s po-
¢tom pacientov v nasom subore. Vyznamny
je aj fakt, Ze myoklonické zachvaty sa ¢asto
objavuju az po niekolkych rokoch od klinic-
kej manifestacie ochorenia, alebo sa vysky-
tovat vébec nemusia [7].

Analyza vybranych klinickych paramet-
rov ukazuje, Ze vacsina zachvatov je provo-
kovana zvysenou telesnou teplotou, a to
u 7 (63,6 % pacientov). V praci Bayat et al
sa febrilie ukazuju ako provokacny faktor
u 30 % pacientov. Najcastejsim provokac-
nym faktorom v spominanej praci bolo vy-
hodnotené ockovanie (40 % pacientov) [6].

V nasom subore bolo oc¢kovanie v ¢asovej
suvislosti s rozvojom symptomatoldgie pri-
¢inou len u 1 pacienta (9,1 %).

Pri hodnoteni neurologického néalezu sme
preukdzali manifestaciu neurologickej symp-
tomatoldgie az po 3. roku Zivota. Najcastejsie
sme diagnostikovali centrdlny hypotonicky
syndrém (5; ¢o predstavuje 45,5 %). Ataxiu
sme zaznamenali u 2 subjektov (18,2 %). Per-
centudlne zastUpenie je v zhode s idajmi zo
svetovej literatUry [5,6]. Znamky autistického
spektra sme zaznamenali u 2 (18,2 %). V po-
rovnani s pracou Brunklausa et al je tento
Udaj vyrazne nizsi (46 %). Prevalencia autiz-
mu u pacientov s DS sa v réznych pracach
liSi (Bayat et al uvaddzaju len 12% prevalen-
ciu autizmu) [5,6]. Predpokladdme niekolko
pricin nizsieho zastUpenia portch autistic-
kého spektra v nasom subore. Vyznamne
sa podiela nizky pocet pacientov v subore,
ale aj relativne vacsi podiel pacientov mlad-
Sich ako 3 roky. Porucha aktivity a pozornosti
sa v nasom subore vyskytuje u 4 pacientov
(36,4 %). Tento Udaj koreSponduje s nélez-
mi z multicentrickych studii [5,6]. U jed-
ného pacienta (9,1 %) v neurologickom na-
leze dominuje centrdlna hemiparéza na
podklade PVL. LoZiskovy neurologicky nalez
je netypicky pre pacientov s DS. Toto suvisf
so zavaznymi perinatdlnymi komplikdciami
a ovplyvnuje fenotyp.

Abnormity na MR mozgu boli identifiko-
vané u 6 pacientov (54,5 %). Tento Udaj je
podstatne vyssi ako v praci Brunklausa et al
a nedokdzeme ho plauzibilne interpretovat.
Brunklaus et al zaznamenali v EEG fotosenzi-
tivitu u 33 % pacientov [5]. V nasom subore
sme nezaznamenali zmeny v EEG pri fotosti-
mulacii u ziadneho z pacientov.

V terapii DS sa ukazali ako parcidlne efek-
tivne valproét, topiramat, klobazam, klona-
zepam, stiripentol, levetiracetam, zonisamid.
Ako nevhodné sa v nasom subore preuka-
zalo pouZitie lamotriginu a fenobarbitalu.
Viedlo k zhorseniu frekvencie zachvatovych
prejavov, a to predovsetkym pri pouZitf lamo-
triginu (100 % pacientov). Fenobarbital bol
pouzity celkom u 4 pacientov. Traja pacienti
medikovali fenobarbital v rdmci dlhodo-
bej medikacie. Pri 1 pacientovi bol pouzity
ako lie¢ba epileptického statu. V peroral-
nej forme viedol k zhor$eniu zachvatov len
u 1 pacienta (33,3 %), v intravendznej forme
nedoslo k zastaveniu epileptického statu. Vi-
gabatrin a primidon neovplyvnili zachvatové
prejavy Ziadnym sposobom.

Lamotrigin, karbamazepin, fenytoin su ne-
vhodné pri terapif DS. Dalej je kontraindiko-
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vané pouzitie vigabatrinu a neodporutcaju sa
vysoké davky fenobarbitalu [1,5,6]. Blokatory
sodikovych kandlov, ako aj dalsie neodpo-
ruc¢ané AEDs boli pouzité vo vietkych pripa-
doch pred znalostou diagnézy.

Studia autorov z Japonska popisuje 10%
dmrtnost pacientov s DS [8]. V nasom su-
bore neevidujeme Ziadne Umrtie. Vedicim
dévodom Umrtia u DS je ndhla smrt u epi-
leptikov (sudden unexpected death in epi-
lepsy; SUDEP). Nasleduju umrtie pri epi-
leptickom statuse, umrtie pri nehode [9].
Etiologickd suvislost vyssieho percenta
SUDEP u pacientov s DS suvisi s mutaciami
v génoch pre sodikové kanaly. Principom je
patologickd reguldcia v sinoatridlnom uzle
autondmnym nervovym systémom (pre-
vaha sympatika nad parasympatikom), ¢o
nasledne moze viest k Zivot ohrozujdcim srd-
covym arytmiam [10].

Dalsim parametrom, ktory sme v nasom
subore hodnotili, bol priemerny ¢as od roz-
voja klinickej symptomatolégie k stanove-
niu diagndzy. Pacienti narodeni pred rokom
2010 priemerne dospeli k spravnej dia-
gnodze az po 116 mesiacoch trvania ocho-
renia. U pacientov narodenych po roku
2010 je to priemerne 19 mesiacov, ¢o pred-
stavuje vyznamné skratenie doby trvania
diagnostického procesu. Diagnostika muta-
cie v SCNTA géne je dostupna od roku 2010.
Retrospektivne vyhladdvanie vhodnych kan-
diddtov je ndro¢né a na tuto eventualitu sa
v mnohych pripadoch nemysli. Diagnostika
DS je aktudlne bezne dostupnd, ¢o umoz-
nuje urychlit diagnosticky proces a zvysit za-
chyt pacientov v skorsom veku.

Analyzovany subor pacientov ma v 100 %
pripadov preukdzant mutéciu v géne pre
SCNIA. V sucasnej dobe je identifikovanych
viac ako 600 mutécif asociovanych s DS a tieto
st nahodne distribuované v priebehu celého
SCNTA génu. Mutacie génov pre iénové ka-
naly hraju vyznamnu ulohu v etiopatoge-
néze, preto hovorime o kandlopatiach [11-13].

V pripade, Ze sa mutdcia v danom géne
nepreukaze a nadalej trva podozrenie na DS,
je potrebné rozsirit genetickd diagnostiku.
Mutacia PCDH19 (chromozém Xg22) bola
objavend u jednotky epilepsia a mentalna
retarddcia viazand na zeny (EFMR). EFMR je
X- viazané choroba. Klinickd manifestacia je
u heterozygotnych pacientok. Hemizygotnf
muzi s nepostihnuti. Mutacia tohto génu
pri DS je len v 5 %. DoleZité je pozorovanie
Castej familidrnej vazby [12]. Klinicky priebeh
je miernejsf v porovnani s DS sposobenym
mutéciou v SCNTA géne. Zacina v neskorsom
veku —medidn 9,5 mesiacov, myoklonické za-
chvaty a status epilepticus su zriedkavé. Psy-
chomotorické retardacia je u 45 % pacientov
len fahkého stupna a casty je vyskyt autis-
tickych rysov. U malého poctu pacientov
s DS bola identifikovana mutécia v géne pre
gama?2 podjednotku GABAa receptoru —
GABRG2[1,2].

Zaver
DS sa radi medzi epilepsie s genetickym pod-
kladom. Na diagnézu je nutné pomyslat v pri-
pade vyskytu opakovanych, prolongovanych
febrilnych zachvatov. Genetické testovanie
prindsa pre pacienta mnozstvo benefitov.
Predovietkym sa jednd o vyber vhodného
a nevhodného antiepileptika, odbremene-
nie od zbytoc¢nych testov a procedur, pred-
poklad prognézy. Nesporny vyznam je aj
v sprdvnom managemente pacienta a za-
bezpecenie komplexného multioborového
pristupu vratane zaradenia pravidelnych kar-
diologickych kontrol [14], logopédie, rehabi-
litdcie a podobne. Svoj vyznam ma genetické
testovanie aj na prenatalnej Urovni v ramci
in vitro fertilizacie [13]. Cielom lie¢by DS je zni-
Zenie frekvencie zachvatov a zachvatmi indu-
kovanych zraneni, limitcia rozvoja mental-
neho defektu, psychosocidlnych problémoy,
znizenie rizika SUDEP [14,15].

Dané fakty sme potvrdili aj v nasom su-
bore. U pacientov zo sledovaného stboru

narodenych pred rokom 2010 je celkovy
vyvoj ochorenia menej priaznivy a ma vy-
razny dopad na mentalny status, naro¢nost
osetrovatelskej starostlivosti a budtceho Zi-
vota pacienta a rodiny.
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Summary:

Dravet syndrome is classified as a rare progressive epileptic encephalopathy. Seizure onset
starts in the first year of life in so far normal developped children. Generalised or lateralized
clonic-tonic seizures, often prolonged and during the febrile infect can be observed. Later on,
we can see other types of seizures accompanied by deterioration of psychomotor development.
In present, the genetic basis of this syndrom with mutations in SCN1A gene can be detected in
70-80 % of patients. 5 % of patients have mutation in PCDH19 gene, rarely the mutations in
GABARG2 and SCN1B genes can be detected. Beneficial effect in the therapy of DS is
observed in valproic acid, clobazame and as add-on therapy stiripentol. Topiramat,
levetiracetam and ketogenic diet can also bring a positive effect in the seizure reduction. Early

diagnostics of DS is very important from the therapeutical point of view.
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Piehledové ¢ldnky

Syndrom Dravetové: téezka myoklonicka
epilepsie v casném détstvi
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Syndrom Dravetové se fadi mezi vzacné progresivni epileptické encefalopatie. Klinicka manifestace zac¢ina v prvnim roce zivota u dosud
normalné se vyvijejicich déti. Objevuji se generalizované nebo lateralizované klonické zachvaty, ¢asto protrahované a vazané na febrilni
infekty. Pozdéji se objevujii jiné formy zachvatti doprovazené deterioraci psychomotorického vyvoje. V soucasné dobé je mozné genetické
potvrzeni mutace v SCN1A genu u 70-80 % pacientu. V 5% pfipadt se jedna o mutaci v genu PCDH19, vzacné pak jsou prokazany i mutace
v GABARG2 a SCN1B genu. V terapii se uplatiiuje predevsim valproat a klobazam, jako pfidatna terapie stiripentol. Déle pak topiramat,
levetiracetam, ketogenni dieta. Casna diagnostika a zafazeni tohoto epileptického syndromu jsou z terapeutického hlediska velmi diilezité.

Klicova slova: Dravetové syndrom, myoklonicka epilepsie, epilepsie, terapie.

Dravet syndrome: severe myoclonic epilepsy in infancy.

Dravet syndrome is classified as a rare progressive epileptic encephalopathy. Seizure onset starts in the first year of life in so far normal
developped children. Generalised or lateralized clonic-tonic seizures, often prolonged and during the febrile infect can be observed.
Later on, we can see other types of seizures accompanied by deterioration of psychomotor development. In present, the genetic basis
of this syndrom with mutations in SCN1A gene can be detected in 70-80 % of patients. 5% of patients have mutation in PCDH19 gene,
rarely the mutations in GABARG2 and SCN1B genes can be detected. Beneficial effect in the therapy of DS is observed in valproic acid,
clobazame and as add-on therapy stiripentol. Topiramat, levetiracetam and ketogenic diet can also bring a positive effect in the seizure
reduction. Early diagnostics of DS is very important from the therapeutical point of view.

Key words: Dravet syndrome, myoclonic epilepsy, epilepsy, therapy.

Uvod

Syndrom Dravetové, tézka myoklonicka epilep-
sie v casném détstvi, se fadi mezi vzacné progre-
sivni epileptické encefalopatie (Panayiotopoulos,
2010). Klinickd manifestace zac¢ina v prvnim ro-
ce zivota u dosud normélné se vyvijejicich dé-
ti. Recidivujici protrahované febrilni konvulzivni
a hemikonvulzivnizachvaty s pozdéjsim vyvojem
jinych typl zachvatd vedou k postupné deterio-
raci psychomotorického vyvoje a rozvoji mental-
ni retardace rdzného stupné (Panayiotopoulos,
2010). Epilepsie je farmakorezistentni, nékteré léky
mohou zachvaty zhorSovat, jiné naopak mohou
jejich vyskyt redukovat. Pfredevsim stiripentol je
schopen redukovat vyskyt a délku trvanf protra-
hovanych febrilnich konvulzivnich zachvatd, které
jsou spojeny s mirou psychomotorické retardace
(Chiron et Dulac, 2011). Casné diagnostika a vhod-
na léCebna strategie je tedy zadouci. Vzhledem
k dostupnosti genetické diagnostiky je v soucasné
dobé syndromologické zafazeni pacientd mozno
geneticky potvrdit a na tuto jednotku by mélo byt
pomysleno.

Klasifikace
Syndrom Dravetové — tézkd myoklonickd epi-
lepsie v asném détstvi (Severe Myoclonic Epilepsy

in Infancy — SMEI) byl popsan poprvé v roce 1978
profesorkou Charlotte Dravet ve Francii (Dravet,
1978). Dle ILAE Klasifikace epileptickych syndromdi
z roku 1989 se fadi mezi epilepsie a epileptické
syndromy nezaraditelné jako loziskové ¢i gene-
ralizované (ILAE, 1989). Dle revize této klasifikace
zroku 2010 se fadi mezi elektro-klinické syndromy
Casného détstvi (Berg et al,, 2010).

Etiologie a patofyziologie

V souladu s ILAE revizi epileptickych syndro-
mU 2010 se syndrom Dravetové z etiologického
hlediska fadf mezi epilepsie s genetickym pod-
kladem. 70-80% pacientl je nositelem mutace
v genu pro a-1 podjednotku sodikového kanalu

— SCN1A genu (Marini et al., 2011). Jednéa se bud

o truncating mutace, které zpUsobuji predcas-
ny vznik terminac¢niho kodonu, ¢imz vedou
k pfed¢asnému ukonceni translace (40 %) nebo
o missense mutace (40%). Zhruba 5 % zenskych
pacientl nese mutaci PCDH19 (Dapienne et
al, 2009) a byly identifikovany i vzacné mutace
v genu GABARG2 (Harkin et al,, 2002) a SCN1B
(Patino et al., 2009). U 20 9% pacientd je etiologie
syndromu neznama. Pfedpokldda se jeji gene-
ticky podklad, mutaci se viak nepodafi prokézat.
U pacientll s mutacemi v SCN1A genu existuje
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jistd fenotypové variabilita, Ize mluvit o DS-
spektru (Harkin et al,, 2007, Marini et al., 2011).
Kromé klasického klinického obrazu syndromu
Dravetové (SMEI) sem Ize zafadit i tyto jednotky:
B hrani¢ni tézkd myoklonickd epilepsie v ¢as-
ném détstvi (Borderline severe myoclonic
epilepsy of infancy — SMEB) — zde v klinickém
obraze chybi myoklonické zachvaty nebo
generalizovana epileptiformni aktivity cha-
rakteru hrot-vina v EEG (Harkin et al., 2007),
B rezistentni détskd epilepsie s generali-
zovanymi tonicko-klonickymi zachvaty
(Intractable childhood epilepsy with ge-
neralised tonic-clonic seizures — ICEGTC) —
psychomotoricky vyvoj se zpomaluje pre-
devsim v druhém roce Zivota a mira psycho-
motorické retardace je vyznamnd; ve srovna-
ni DS zde chybi jiné typy zachvatd, jako jsou
myoklonické zachvaty, absence a fokélni
zachvaty (Fujiwara et al., 2003),
| t6zkd multifokdlni epilepsie v ¢asném détstvi
(Severe infantile multifocal epilepsy — SIMFE)
—zde se objevuje casny vyskyt multifokélnich
zachvatd, zpomaleni psychomotorického
vyvoje a multifokdIni epileptiformnf aktivity
v EEG; epilepsie ma spise obraz fokélnich
zachvatd, myoklonické zachvaty anebo ab-



Tabulka 1. Screeningovy test rizikovych faktor(
DS (pfevzato z Hattori et al., 2008)

rizikovy faktor pocet
bodu

klinicka manifestace epilepsie 2

v < 7 mésicich véku

celkovy pocet zachvatl > 5 3

lateralizované zachvaty — hemikonvulzivni 3

fokalni zachvaty 1

myoklonické zachvaty 1

protrahované zachvaty 3

zachvaty indukované horkou vodou 2

sence chybi nebo jsou jen vzacné, nevysky-
tujf se zde ani generalizované epileptiformni
vyboje v EEG (Harkin et al, 2007).

Patofyziologickd podstata mutace v genu
pro sodikovy kandl pfepoklada snizenf excita-
bility GABAergnich interneurond v neokortexu
a hipokampu (Yu et al.,, 2006), coz ma za nésle-
dek snizeni vybojd v téchto inhibi¢nich interneu-
ronech. Dojde tak ke zvysenf excitability v neu-
ronalni siti a rozvoji epileptické encefalopatie.

Klinicky obraz

Klinickd manifestace zacina jiz v prvnim ro-
ce zivota s vrcholem kolem 5. mésice u dosud
normalné se vyvijejicich kojencd. Incidence je
uddvana 1:30 000 déti (Panayiotopoulos, 2010),
Castéji jsou postizeni chlapci v pomeru 2:1.
Typickym klinickym projevem jsou tyto typy
zachvat(: ¢asné infantilni febrilnf klonické krece,
myoklonické zachvaty, atypické absence a fokal-
ni zachvaty s poruchou védomi. Mira vyjadreni
jednotlivych typl zachvatl je rdznd, néktery
z uvedenych typl zachvatl byt pfitomen ne-
musi. Casty je vyskyt epileptickych statd, tonické
zachvaty jsou jen vyjimecné. Klinicky pribéh
Ize rozdélit do tfi stadif (Panayiotopoulos, 2010):

1) Pre-seizmické stadium

Trva 2 tydny az 6 mésicl a je charakteristické
pro vyskyt febrilnich klonickych zachvatd, ¢asto
unilaterdlnich, stranové se stfidajicich. Zachvaty
jsou delsiho trvéni, ¢asto protrahované az ve for-
mé epileptickych statd. U tff ctvrtin pacientl
jsou zachvaty provokované zvysenou teplotou
(infekce, ockovani, horkd vana).

2) Seizmické stadium

Objevuji se dalsi typy zachvatd uvedené vy-
e a neurokognitivni deteriorace. Deteriorace
psychomotorického vyvoje se objevuje mezi
2.-6. rokem Zivota, je vyjadfena v rlizné mite,
ale ¢asto je tézsiho stupné. Déle pak jiz zUsta-

va stabilni. V neurologickém nélezu se objevuji
nejcastéji ataxie, centralni hypotonie a pozitivni
pyramidové iritacnf jevy.

3) Post-seizmické stadium

Toto stadium je jiz stabilizované, zachvaty
mohou odeznivat, zUstava viak v zavazném
stupni vyjadfena mentalni deteriorace.

Za zminku stojf i klinicky obraz pacient s mu-
taci v PCDH19 genu. Jednd se o mutaci kédujici
protocadherin 19 (Dapienne et al, 2009), jehoz
funkce neni UpIné jasng, ale predpoklada se je-
ho zapojeni v neurondlnich sitich. Klinicky tato
mutace zpUsobuje epilepsii limitovanou na Zzeny
s mentaIni retardaci (Epilepsy limited to females
with mental retardation — EFMR) (Dapienne et al,,
2009). Velmi pfipomina syndrom Dravetové, ale
zatind zpravidla pozdéji, kolem 9,5 mésice véku,
je zde mendf vyskyt protrahovanych zachvatl
a zachvatl charakteru epileptickych statd. Jen
zfidka se vyskytuji myoklonické zachvaty. Ddlezité
je, ze u45% pacientd je mentalni retardace jen
mirného stupné, ¢asté jsou autistické rysy. A jak jiz
zndazvu vyplyva, postizenije limitovano na divky,
jedna se o X vdzanou dédi¢nost.

Diagnostika

Z diagnostického hlediska je dUlezity nega-
tivni ndlez na MRI mozku, u nékterych pacient(
se ale vyskytuje lehkd mozkova nebo mozec-
kova atrofie. Vysetfeni dédi¢nych poruch me-
tabolizmu je v normé. Zasadni je pak genetické
potvrzeni dané mutace.

V EEG je zpocdtku normalni nélez, u 20%
pacientl Ize nalézt generalizovanou fotoparo-
xyzmalni odpovéd (Panayiotopoulos, 2010). V prd-
béhu roku se stdva EEG u 2/3 pacient hrubé
abnormni. Dochdzi ke zpomalenf a desorganizaci
zakladnf aktivity. Objevujf se kratké, asymetric-
ké vyboje vicecetnych hrotl/hrotd-pomalych
vin a rdzné multifokalni a fokalni abnormity.
Patologie v EEG je Casto aktivovana ve spanku.
Fotoparoxyzmalni odpovéd Ize nalézt u40%
pacientl (Panayiotopoulos, 2010). Iktalni ndlez pak
odpovida jednotlivym typdm zachvat.

Jak bylo uvedeno vyse, DS se manifestuje
nejcastéji febrilnimi zachvaty v prvnim roce Zivota
u dosud normalné se vyvijejicich déti. Z tohoto
hlediska je na pocétku obtizné jej odlisit od febril-
nich kfeci. Vzhledem k tomu, Ze terapie DS nese
jistd specifika a ¢asnd intenzivni lé¢ba je zadoudi,
je nutné na DS myslet co nejdfive a z tohoto di-
vodu byl vyvinut screeningovy test rizikovych
faktor(l (Hattori et al,, 2008). Pokud je soucet ri-
zikovych faktor(i v tomto testu > 6 (tabulka 1), je
doporuceno provést analyzu SCN1A genu.

Prehledové éldnky

Vysetfeni SCNTA genu v CR Ize provést v Brné
a Vv Praze.VBrné vysetfeni provadi Centrum mo-
lekuldrni biologie a genové terapie Interni hema-
toonkologické kliniky LF MU a FN Brno (kontakt:
RNDr. Lenka Fajkusové, CSc,, Ifajkusova@fnbrno.
cz).V Praze se Ize obrétit na Ustav biologie a 1¢-
kafské genetiky 2. LF UK a FN Motol (kontakt:
RNDr. Petra Hedvi¢dkova, petra.hedvicakova@
[fmotol.cuni.cz). V pfipadé podezieni na DS je
vhodné provést genetickou konzultaci na vyse
uvedenych pracovistich a po domluvé s gene-
tikem indikovat vysetfeni SCN1A genu.

Prognéza

Progndza u DS je velmi zédvaznd, mentaini
retardace je vyjadrena v rlzné mife, méné nez
10% pacientd si vytvorii a uchova komunikac¢ni
schopnosti (Panayiotopoulos, 2010). Zavazné
je i vy3si riziko nahlé smrti (SUDEP), ato u 15%
pacientl (Panayiotopoulos, 2010) ve srovnanf
s 5% v ostatni populaci pacientl s epilepsii.

DS v dospélosti

Dalsi vyvoj ukazuje souhrnné prace pre-
zentovana v roce 2006 na 7. evropském epilep-
tologickém kongresu profesorkou Ch. Dravet
na souboru 24 dospélych pacientl s DS ve véku
18-46 let (Dravet et al.,, 2006; Nikanorova et al.,
2009). U viech pacientl byl pfitomen mentalnf
deficit, od lehkého po tézky stupen. Re¢ byla
pfevazné pomald, bez vétné struktury s pfitom-
nou dysartrif, u nékterych pacientl se fecové
funkce nevyvinuly viibec. V objektivnim neuro-
logickém nalezu byl ¢asto pfitomen myoklonus,
ataxie, neobratnost v jemné i hrubé motorice,
vyznamné jsou i skeletéIni deformity (kyfoskoli-
6za, ploché nohy, kladivkové prsty), pacienti byli
¢asto schopni chlze. V dospélém véku dominuijf
noc¢ni generalizované tonicko-klonické zachvaty,
Casto stale vdzané na febrilie. Jiné typy zachvat(
(myoklonické zachvaty a absence) jsou jen ojedi-
nélé. Na MRI mozku Ize nalézt mozkovou atrofii
(vyznamnéji byla popsana u pacientl uzivajicich
vysoké davky fenobarbitalu) a hipokampdlni
sklerézu. Pét pacientl ze souboru (20 %) zemrelo
nédhlou smrti — SUDEP.

Terapie (viz tabulka 2 a 3)
Antiepileptika indikovana v terapii DS

Terapeutické moznosti u DS jsou omezené.
Jednd se o vysoce farmakorezistentni epilepsii.
Lékem prvni volby jsou VPA a benzodiazepiny
(CLB, CZP), ¢asto je ale jejich efekt nedostatecny
(Chiron, 2011).

Dalsim Iékem, jenz Ize vyuzit v terapii DS
je TPM. Ve dvou retrospektivnich studiich byl
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Tabulka 2. Piehled studif prokazujicich efekt farmakoterapie a nefarmakologickych moznosti u DS

lék autor design studie pocet pacientu vysledky indikace v terapii DS

topiramat Coppola etal., 2002; retrospektivni add-on 18 56 % repondér(, 3 bez zachvatd priznivy efekt
Nieto-Barrera et al., 2000

bromid Lotte et al,, 2000 prospektivni observa¢- 32 81 % respondérli po 3 mésicich, priznivy efekt

ni add-on 47% po 1 roce
Tanabe et al., 2008 retrospektivni 99 41,7% Uspésny v prevenci rozvoje SE  pfiznivy efekt
levetiracetam Striano et al,, 2007 prospektivni add-on 28 64 % respondérll (GTCS), 62% res-  pfiznivy efekt
pondérd (myoklonické zachvaty)
Chhun et al,, 2011 prospektivni add-on 9 11% respondérlive 3a6 mesicih lécby  priznivy efekt

stiripentol
(add-on k VPA+CLB)

STICLO Study Group Fran-
cie a Itdlie - Chiron et al,,

prospektivni randomizo-
vané placebem kontrolo-

priznivy efekt

2000; Kassai et al., 2008 vané studie
Francie 41 71 % respondért (vs. 5% placebo),
45% bez zachvatd
Italie 23 66,7 % repondér (vs. 9 = placebo),
27% bez zachvatl
lamotrigine Guerrini et al., 1998 retrospektivni 21 809% pacientd zhorseno kontraindikovan
karbamazepin Thanh et al,, 2002 retrospektivni 46 61% pacientl zhorseno kontraindikovan
vigabatrin Thanh et al.,, 2002 retrospektivni 46 64 % pacientl zhorseno kontraindikovan
rufinamid Mueller et al., 2011 retrospektivni 20 20% respondérd, 30% zhorseno rozporuplné vysledky —

nenfi indikovan

fenobarbital - vysoké
davky intravendzné

Chipaux et al,, 2010

retrospektivni

atrofie mozku na MRI a zhorseni
neurologického nalezu

rozporuplné vysledky —
vysoké davky a iv. aplika-
ce kontraindikovany

ketogenni dieta Caraballo et al., 2011

prospektivni observac¢ni

24/ hodnoceno
16 pacientli po
24 mésicich lécby

12,5% bez zachvatd, u 62,5 % pacien-
0 redukce zachvatd o 75%, u 25%
redukce zachvat( o vice nez 50%

pfiznivy efekt

VNS Zamponi et al,, 2011

prospektivni observa¢ni 8

50% respondérd, zlepseni kontaktu

priznivy efekt

a komunikacnich schopnosti

TPM nasazen jako pfidatna terapie u pacientd
s DS. U 56 % pacientl doslo k redukci zachva-
td o vice jak 50% a 16,7 % pacientl bylo bez
zéchvatd (Coppola et al., 2002; Nieto-Barrera
et al, 2000).

Dal3i moznosti v terapii DS mUze byt LEV.
Vysledky studif jsou zde v3ak rozporuplné. Byla
prokdzana jeho Uc¢innost v prospektivni add-on
studii, a to pfedevsim na generalizované tonic-
ko-klonické zachvaty (64 % respondér() a myo-
klonické zachvaty (62 % respondér() (Striano et
al., 2007). Naproti tomu Chhun et al. publikovali
v roce 2011 vysledky prospektivni studie, kde
byl LEV uZit jako pfidatny |ék v terapii DS u 9
pacientl. Jen jeden z nich (11 %) byl klasifikovan
jako respondér ve 3 a 6 mésicich lécby.

Priznivé vysledky ukazuji studie s vyuzitim
bromidu v terapii DS. U 32 déti s DS byl vyuzit
jako pfidatna terapie, zde dokonce 81 % pacien-
td byli oznaceni jako respondéfi po 3 mésicich
léCby (47 % po jednom roce |é¢by). Pomérné
vysoké vsak bylo procento nezédoucich reakcf
(56 %), v 16 % byla lé¢ba z tohoto divodu ukon-
Cena (Lotte et al, 2012). Tanabe et al. publikovali
v roce 2008 retrospektivni studii se souborem
99 déti s DS odpovidajicich na bromid jako lék
v prevenci epileptického statu.

Stiripentol (Diacomit), orphan-drug v terapii
DS je schvalen jako pfidatna terapie k VPA+CLB.
V terapii DS je v Evropé schvalen od roku 2007.
STP nenf strukturalné podobny jinému dosud
uzivanému antiepileptiku. V in vitro studiich
byl u néj zjistén GABAergni efekt. Plsobf jako
primy allostericky moduldtor GABA-A receptord
predevsim pres vyvojovou alfa-3 podjednotku.
(Fischer, 2009). U lidf inhibuje také cytochrom-
oxiddzovy systém P450 v jatrech, coz vede
ke zvyseni koncentraci jinych antiepileptik, které
jsou touto cestou metabolizovany. Tato farma-
kokineticka interakce je vyznamna predevsim
u CLB, a to pres CYP 2C19 (Giraud et al,, 2006).
Dosud byly realizovany 2 randomizované place-
bem kontrolované studie, které sleduji efekt STP
jako pridatné terapie ke kombinaci VPA+CLB.
Za timto Ucelem byla zformovana studijni sku-
pina STICLO (STICLO Study Group) ve Francii
a Italii. Vysledky francouzské skupiny byly pub-
likovany Catherine Chiron v roce 2000. Vysledky
italské skupiny publikovany dosud nebyly, jsou
viak zahrnuty v metaanalyze (Kassai et al., 2008).
Vysledky ukazaly 71% (Kassai et al., 2008) resp.
67 % (Chiron et al, 2000) respondérd ve srov-
nani s placebem 5% (Kassai et al.,, 2008) resp.
9% (Chiron et al., 2000). Japonska studie (Inoue
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et al, 2009) ukézala, ze STP muze byt efektivni
ivjiné kombinaci nez s VPA+CLB. Prines| efekt
u 61 9% pacientd i na terapii CZP, PB, bromidem
a ZNS. STP je schopen predevsim redukovat
délku protrahovanych zachvat(. Vzhledem k to-
mu, ze prave frekvence a délka téchto zachvatd
v prvnim roce zivota je davana do souvislosti
s mirou nasledné psychomotorické retardace,
je vhodné zahgjit [é¢bu STP co nejdfive a sna-
Zit se tak tyto zachvaty co nejvice redukovat.
(Chiron, 2011; Chiron et Dulac, 2011)

Po nasazeni STP dojde ke zvysenf hladin VPA
a CLB. Tato skute¢nost je zodpovédna za nejcas-
t&jSi nezéddouci Ucinky STP (ospalost, zpomalenf
mentalnich funkci, ataxie, diplopie, nechutenstvi,
snizeni hmotnosti, nauzea, bolesti bficha, asym-
ptomatickd neutropenie). Proto je po jeho nasaze-
ni ¢asto nutné snizit davky VPA na 20 mg/kg/den
a CLB na 0,5mg/kg/den (Chiron et Dulac, 2011).

Antiepileptika nevhodna v terapii DS

Pri vybéru nejvhodnéjsiho antiepileptika je
nutno myslet na existenci lékd, které epilepsii
u pacientl s DS mohou zhorsovat. Jednd se pre-
devdim o LTG, CBZ, VGB a vysoké davky PB. Temto
je tfeba se v terapii DS vyvarovat. Ve studii 21
pacientl s DS bylo zhorseni zachvatl v souvis-



Tabulka 3. Terapeuticky algoritmus u DS

VPA

VPA + CLB

l

VPA + CLB + STP

Co nejdrive
k dosazeni redukce
protrahovanych
zachvatl

dal$f terapeutické moznosti:
TPM
LEV, ZNS, bromid

ketogenni dieta

rKorrfraindikovémy

f\ S
CBZ, LTG, VGB, vysoké davky iv. PB

losti s LTG pozorovéno u témér 80% pacientd,
a to jak zhorseni GTCS (40%), tak myoklonickych
zachvatt (33 %) (Guerrini et al,, 1998). Zhorseni za-
chvatt bylo pozorovano ve studii se 46 pacienty
u 61 % pacientl na CBZ a 64 % pacientd na VGB
(Thanh et al,, 2002). U pacient(, kteff uzivali vysoké
davky intravendzniho PB v terapii konvulzivnich
epileptickych statd, byla zjisténa souvislost s moz-
kovou atrofif a zhorsenim neurologického nélezu.
(Chipaux et al,, 2010). Mueller et al. publikovali
v roce 2011 studii 20 détf s DS uzivajicich RFM.
20% pacientl bylo klasifikovano jako respondéfi,
ve 30% doslo ke zhorseni zachvatovych projeva.
RFM neni doporucen v terapii DS.

Dalsi, nefarmakologické
moznosti v terapii DS

Vhodnou Ié¢ebnou volbu predstavuje ta-
ké ketogennf dieta, kterd ma praveé u syndromu
Dravetové (i ve srovnani s jinymi epileptickymi syn-
dromy) relativné vysokou Ucinnost. Caraballo (2011)
publikoval soubor 24 pacientt se syndromem
Dravetové, z nichz 16 (66,5 %) setrvalo na ketogennf
dieté déle nez 24 mésicl - 2 pacienti (12,5 %) byli
zcela bez zachvatd, 10 pacientd (62,5%) dosahlo
Vetsinéz 75% a zbyvajici 4 pacienti (25 %) vetsinez
50% redukci zachvat(. KD by proto méla byt zvazo-
vanajiz po selhani 3 az 4 antiepileptik, a nikoliv po-
nechavana jako poslednilécebna moznost. Zatim
je stale preferovéana klasickad KD s pomérem 4:1 s/
bez tvodniho hladovénti, zkousi se i Modifikovana

Atkinsonova dieta, jejiz Ucinnost je viak jesté tfeba
overit na vetsich studiich.

Priznivé vysledky ukazuje v terapii DS iim-
plantace vagového stimulatoru. Zamponi et
al. v roce 2011 publikovali vysledky stimulace
bloudivého nervu u 8 pacientl s DS (prdmeémy
veék 10,28 let, rozmezi 5-25 let). Po jednom roce
stimulace bylo u 4 pacientd (50 %) pozorovano
snizeni frekvence zachvatd o 50-79 %, u jedno-
ho pacienta méné nez50% a u 3 pacientd nedo-
slo ke zméné ve frekvenci zachvatl. Poukazuijf,
Ze i u pacientd, u kterych nedoslo k vyrazné re-
dukcizachvat(, bylo zjisténo zlepsenf v kontaktu
a komunikac¢nich schopnostech.

Zaveér
Syndrom Dravetové se fadi mezi prognostic-
ky zdvazné epilepsie manifestujici se v casném
détstvi. Diagndzu DS Ize stanovit jiz na zakladé
klinického obrazu. Na moznost DS je nutné my-
slet v téchto piipadech:
B rozvoj epilepsie u dosud normalné se vyvi-
jejicich kojencd,
B generalizované resp. lateralizované tonicko-
-klonické zachvaty,
protrahovany pribéh zachvatd, opakované SE,
predevsim febrilni zachvaty,
inicialné normalni EEG,

v dalsim prdbéhu rozvoj myoklonickych za-
chvatd, atypickych absenci, fokdInich zachvatd,
B rozvoj psychomotorické deteriorace.

Piehledové cldnky

Potvrzeni klinické diagnézy je mozné i gene-
ticky, zhruba ve 20% pffpadl DS je viak genetika
negativni. V terapii se jako Iék volby uplatfuje
VPA v kombinaci s CLB, jako pfidatna terapie
se uziva STP. STP je schopen redukovat vyskyt
protrahovanych generalizovanych tonicko-klo-
nickych zachvat(, které jsou davany do souvis-
losti s rozvojem psychomotorické retardace.
Rychla syndromologickd diagnostika a nasazent
adekvatni terapie je tedy zadouci.
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Summary:

Dravet syndrome (DS) is ranked among severe epileptic syndromes with occurence in the first
year of life in normal children. It can be diagnosed according to the clinical course, genetics
can be very helpful by assessing the mutation in SCN1A gene, which is responsible for 70-80
% of cases with DS. Other mutations were identified more rarely (SCN2A, SCN3A, SCN7A,
SCN8A a SCN9A, GABARG2, SCN1B and PCDH19). Dravet syndrom in adulthood is
characterised by cognitive and behavioral changes in patients with various rate of mental
retardation, language deficit and cerebellar symptomatic. The course of epilepsy is milder, the
rate of seizure freedom is still low. Patients often suffer from nocturnal partial complex
seizures with secondary generalisation, often with frontal origin. Present possibilities
of genetic confirmation of DS are very important from the therapeutical point of view.

This allows to improve the prognosis of the disease and the quality of life of patients with DS.
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Syndrom Dravetové (tézka infantilni
myoklonicka epilepsie): charakteristiky
onemochéni v dospelém veku

MUDr. Pavlina Danhofer, MUDr. Katarina Brunova, doc. MUDr. Hana Oslejskova, Ph.D.
Klinika détské neurologie LF MU a FN Brno, Centrum pro epilepsie Brno

Dravetové syndrom se fadi mezi zdvazné epileptické syndromy s rozvojem v kojeneckém véku u dosud zdravych déti. Diagnézu
Ize stanovit na podkladé klinického obrazu, v soucasné dobé Ize vyuzit i genetického stanoveni mutace v SCN1A genu, kterd
je zodpovédna za 70-80 % pfipadll a diagnoézu tak potvrzuje. Vzacnéji byly identifikovany u pacientl s DS i mutace v dalSich
genech (SCN2A, SCN3A, SCN7A, SCN8A a SCN9A, GABARG2, SCN1B a PCDH19). DS se v dospélém véku vyznacuje predevsim
kognitivnimi a behavioralnimi zménami u pacientd s riznou mirou mentalni retardace, zavazné jsou fecové poruchy a mozec-
kova symptomatika. Epilepsie je jizZ mirnéjsi, pIné kompenzace viak dosdhne malé procento pacientli. Dominuji no¢ni zachvaty
parcialni komplexni se sekundarni generalizaci ¢asto s frontalnim pocatkem. Soucasné moznosti genetické diagnostiky DS
jsou velmi dulezité z hlediska zahajeni ¢asné a spravné 1écby, kterd umozni zlepsit prognézu, a tim i kvalitu Zivota pacientd
s timto onemocnénim.

Klicova slova: dravetové syndrom, myoklonicka epilepsie, dospélost, terapie.

Dravet syndrome (severe myoclonic epilepsy of infancy - SMEI): characteristics of adulthood

Dravet syndrome (DS) is ranked among severe epileptic syndromes with occurence in the first year of life in normal children. It
can be diagnosed according to the clinical course, genetics can be very helpful by assessing the mutation in SCN1A gene, which
is responsible for 70-80 % of cases with DS. Other mutations were identified more rarely (SCN2A, SCN3A, SCN7A, SCN8A a SCN9A,
GABARG2, SCN1B and PCDH19). Dravet syndrom in adulthood is characterised by cognitive and behavioral changes in patients
with various rate of mental retardation, language deficit and cerebellar symptomatic. The course of epilepsy is milder, the rate
of seizure freedom is still low. Patients often suffer from nocturnal partial complex seizures with secondary generalisation, often
with frontal origin. Present possibilities of genetic confirmation of DS are very important from the therapeutical point of view.
This allows to improve the prognosis of the disease and the quality of life of patients with DS.

Key words: dravet syndrome, myoclonic epilepsy, adulthood, therapy.

Uvod

Dravetové syndrom (DS) byl poprvé popsan
v roce 1978 profesorkou Charlottou Dravetovou
ve Francii (Dravet, 1978). Dle ILAE klasifikace epi-
leptickych syndrom z roku 1989 se fadi mezi
epilepsie a epileptické syndromy nezaraditelné
jako loZiskové ¢i generalizované (ILAE, 1989).
Dle revize této klasifikace z roku 2010 mezi elek-
troklinické syndromy casného détstvi (Berg et

al, 2010). V souladu s ILAE revizi epileptickych
syndromU 2010 se z etiologického hlediska za-
fazuje mezi epilepsie na genetickém podkladé.

Patofyziologické aspekty

a genetika u pacientd s DS
Prevazna ¢ast pacientl jsou nositelé mutace

v genu pro alfal podjednotku sodikového kanélu

(gen SCNI1A), tato mutace se vyskytuje u 70-80%

pacientd (Marini et al,, 2011). Dochézi zde ke snize-
ni excitability GABAergnich interneurond v neo-
kortexu a hipokampu (Yu et al, 2006), ¢imz dojde
ke zvyseni excitability v neurondlInf siti a rozvoji
SCNI1A epileptické encefalopatie. Snizeni exprese
napéetové fizenych sodikovych kandld typu 1.1
v Purkynovych bunkéach vedouci k abnormalnimu
influxu sodiku ma za nasledek ataxii na zkouma-
nych zvitecich modelech (Yu et al, 2006).
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Tab. 1. Charakteristika pacientt s DS v détském véku a dospélosti

DS v détském véku

DS v dospélém véku

Typy zachvatl

inicialné: febrilni/afebrilni SE hemiklonicky nebo generalizovany

generalizované tonicko-klonické zachvaty resp. parcialni komplexni
zachvaty s nebo bez sekundarni generalizace, ¢asto s frontdlnim pocatkem

a fokalIni zachvaty

dale (1-4 roky): myoklonické zachvaty, atypické absence

vazba na no¢ni spanek

Provokace zachvatt

vysoka teplota, horka vana, infekce, ockovéani, emoce

provokace vysokou teplotou jiz mirnéjsi, ale trva

EEG zpocatku normalni nédlez, u 20 % pacientl fotoparoxyzmalnf
odpovéd; v dalsim roce zpomaleni a desorganizace zékladni
aktivity, vyboje vicecetnych hrotd/hrotl — pomalych vin a rézné
multifokaIni a fokalni abnormity

zpomalenf a desorganizace zékladnf aktivity, multifokdIni heterogenni
abnormity, vyrazna redukce az vymizeni fotoparoxyzmalni odpovédi

MRI normalni nebo lehka mozkovéa nebo mozeckova atrofie

normalni nebo lehka mozkova nebo mozeckova atrofie

Objektivni inicialné normalni

neurologicky nélez

mozeckova symptomatika — ataxie, dysartrie, intencni tremor;
pyramidové symptomatika nebo extrapyramidové jevy, ortopedické
obtize - skolidza, kyfoskolidza, plochonozi nebo kladivkovité prsty

Neuropsycho-
logické vysetfeni

inicidlné normalni PMV, od 2. roku zpomaleni ¢i zastava vyvoje

lehka az tézkd mentéini retardace, behaviordlni a kognitivni poruchy,
fecové dysfunkce, autistické rysy

Mutace v SCNTA genu jsou odpovédné za
rozvoj velmi variabilniho fenotypového vyjadre-
ni, tzv. GEFS+ (Generalized epilepsy and febrile
seizures plus — generalizovana epilepsie s febril-
nimi zachvaty plus) spektra. Na ,benignim” kon-
ci spektra se vyskytuji pacienti se syndromem
GEFS+, na druhém konci spektra se nachazf
pacienti s DS. Mutace u pacientl s DS jsou ve
40% tzv. truncating mutace, které zpUsobuji
predcasny vznik terminacniho kodonu, ¢imz ve-
dou k pfed¢asnému ukonceni translace a nebo
v dalsich 40% pfipadd se jednd o tzv. missen-
se mutace (mutace ménici smysl — zpUsobuji
zmeénu jedné baze za druhou). Vétsina mutaci
vznika de novo, v 5-10% piipadu se setkdvame
s familidrnim vyskytem onemocnéni v rdmci ro-
din s GEFS+ s autosomalné dominantnim typem
dédic¢nosti. V téchto pifpadech je pozorovano, ze
pokud je v dUsledku missense mutace postizen
transmembranovy segment proteinu, vznika
fenotyp DS. Pokud je postizeni mimo tento dd-
lezity segment, vznika spiSe epilepsie z druhého
konce GEFS+ spektra (Dravet et Guerrini, 2011).
Pritomnost fenotypové variability v rdmci jedné
rodiny Ize z&asti vysvétlit mozaicizmem v SCNTA
genu (Guerrini, 2012). Pri¢ina je vsak pravdépo-
dobné komplexni, uplatiuje se jak genetické
pozadi, tzv. modifikujici geny, tak vliv prostredi.

SCN1A negativni pacienti mohou mit mutaci
presahujici ulozeni SCN1A genu. Z tohoto hlediska
jsou vyznamné sousedici geny pro jiné ¢asti alfa
podjednotky napétové fizeného sodikového ka-
nalu jako SCN2A, SCN3A, SCN7A, SCN8A a SCN9A.
Tim dochézi ke zvyseni variability fenotypového
vyjadfeni onemocnéni v rdmci GEFS+ spektra
(Marini et al,, 2011). Vzacné byly identifikovany
u pacientd s DS i mutace v genu GABARG2
(Harkin et al.,, 2002) a SCN1B (Patino et al., 2009).

Zhruba 5% pacientl s fenotypovym vyja-
dfenim DS, i kdyz s urcitymi odliSnostmi, nese
mutaci v genu PCDH19 s X-vézanou dédi¢nosti
(Depienne et al., 2009). Postizené jsou heterozy-
gotnf Zzeny, hemizygotni muzi jsou zdravi. Jedna
se 0 gen kodujici protocadherin 19, jehoz funkce
nebyla dosud pIné objasnéna, ale predpoklada
se jeho zapojeni v neurondlnich sitich. Mutace
zpUsobuije Epilepsii limitovanou na Zzeny s men-
talni retardaci (Epilepsy limited to females with
mental retardation — EFMR). Charakteristickym
rysem je zde pozdéjsi zac¢atek onemocnéni,
mensi vyskyt epileptickych statd a jen zfidka se
objevuji myoklonické zachvaty. U 45 % pacientl
je mentéIni retardace jen mirného stupné, casté
jsou autistické rysy.

V soucasné dobé je v Ceské republice
genetické vysetfeni mozné provést v Brné
a v Praze. Jedna se o vysetfeni celého panelu
mutaci u pacientl s fenotypovym vyjadfenim
GEFS+ spektra a DS. V Brné vysetfeni provadi
Centrum molekuldrni biologie a genové tera-
pie Interni hematoonkologické kliniky LF MU
a FN Brno (kontakt: RNDr. Lenka Fajkusovd, CSc.,
Ifajkusova@fnbrno.cz). V Praze se Ize obratit
na Ustav biologie a Iékafské genetiky 2. LF UK
a FN Motol (kontakt: RNDr. Petra Hedvicakova,
petra.hedvicakova@lfmotol.cuni.cz).V pfipadé
podezieni na toto onemocnénf je vhodné pro-
vést genetickou konzultaci na vyse uvedenych
pracovistich.

Pro zdjemce o podrobnéjsi informace
o genetice DS autofi odkazuji na pfipravo-
vany c¢lanek ,Genetické aspekty Dravetové
syndromu”, ktery bude v brzké dobé pub-
likovan v Ceské neurologii a neurochirurgii
kolektivem autor( z Kliniky détské neurologie
LF MU a FN Brno.
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Klinicky obraz a terapie DS
v détském véku

V klinickém obraze dochazi k rozvoji epi-
leptickych zachvatd v kojeneckém véku s vr-
cholem kolem 5. mésice u dosud normalné se
vyvijejicich déti. Incidence je dle nejnovéjsich
Udajd udavéna 1:22 000 (vyskyt DS v dénské po-
pulaci - Bayat et al,, 2015), ¢astéji jsou postizeni
chlapci v poméru 2:1 (Panayiotopoulos, 2002).
Objevuji se tyto typy zachvat(: generalizované
tonicko-klonické zachvaty (resp. ¢asto lateralizo-
vané stranove stiidajici), myoklonické zachvaty,
atypické absence a fokélni zachvaty s poruchou
vedoml. Velmi asty je vyskyt status epilepticus
(SE), predevsim v pocatecnim obdobi, a to pre-
véazné u febrilnich zachvatl. V klinickém obraze
existuje urcita variabilita, mluvime o DS-spektru,
kam se fadi Borderline severe myoclonic epi-
lepsy in infancy (SMEB), kde se nesetkdvéme
s myoklonickymi zachvaty, Intractable child
epilepsy with generalised tonic-clonic seizures
(ICEGTQ), kde se vyskytuji pfevazné jen GTCS
a Severe infantile multifocal epilepsy (SIMFE),
kde dominuji multifokdlni zachvaty.

V terapii DS jsou Iékem volby valproat a ben-
zodiazepiny (Chiron, 2011), pfedevsim klobazam.
Pfi jejich nedostate¢ném efektu je indikovén
stiripentol. Stiripentol (Diacomit) je fazen mezi
orphan-drug v terapii DS a je schvélen jako pfi-
datna terapie k valprodtu+klobazamu. V terapii
DS je v Evropé schvalen od roku 2007. Dosud
byly realizovany dvé randomizované placebem
kontrolované studie, které sleduji efekt stiripen-
tolu jako pfidatné terapie ke kombinaci VPA+CLB.
Viysledky ukdzaly 71% (Kassai et al.,, 2008) resp.
67 % (Chiron et al,, 2000) respondérd ve srovnani
s placebem. Zasadnim poznatkem je, ze stiripen-
tol ma nejvyssi efekt predevsim na generalizova-
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né tonicko-klonické zachvaty, které jsou v ¢asném
détstvi zodpovédné za dramaticky obraz této
epileptické encefalopatie a nepfimo tak vedou
k rozvoji mentdlnf retardace u pacientd s DS, na-
sadit stiripentol je vhodné tedy co nejdfive.
Dalsf terapeutickou moznostf jsou topiramat
a levetiracetam (Ucinny pfedevsim na myoklo-
nické zachvaty), které Ize vyuzit jako pfidatné
léky. Z patofyziologie DS vyplyva, Ze inhibitory
napétoveé fizenych kanald (fenytoin, lamotrigine,
karbamazepin a vysoké déavky fenobarbitalu)
mohou zachvaty zhorSovat a je zadouci se jich
v |é¢bé vyvarovat. V neposledni fadé je nutno
zminit i ketogenni dietu, kterd ma v terapii DS
relativné vysokou Uc¢innost ve srovnani's jinymi
epileptickymi encefalopatiemi (Caraballo, 2011).
Priznivé vysledky ukazuje v terapii DS i implanta-
ce vagového stimulatoru (Zamponi et al,, 2011).

DS v dospélém véku

Existuje jen limitovany pocet studii, které se
zabyvajf klinickym obrazem a dalSimi charakte-
ristikami DS u dospélych pacientl. Je to déno
predevsim tim, Ze tento syndrom je fazen mezi
vzacna onemocnénf a pacientd tedy obecné
neni mnoho. Dal$im dlvodem mUze byt to, ze
jeznam teprve z konce 70. let minulého stoletf,
mozZnosti genetické diagnostiky DS jsou jesté
mnohem mladsi a u fady dospélych pacientd
je tedy stéle poddiagnostikovan a jsou vedeni
Casto jako pacienti s farmakorezistentni epilepsif
a mentalni retardaci, blize nezarazeni.

NiZe jsou shrnuty vysledky studif, které se
zabyvajf popisem klinického obrazu u pacientd
s DS v dospélém véku (tab. 1).V souhrnu se autofi
téchto studif shoduji v tom, Ze zachvaty a prede-
vsim SE v raném détském véku a déle frekventni
epileptiformni vyboje v EEG jsou povazovany
za hlavnf pficinu kognitivnich a behavioralnich
zmeén u pacientt s DS v détském a dospélém
véku (Dravet et al., 2005). Dnes vime mnohem
vice o patofyziologii tohoto onemocnéni a pa-
cienty jsme schopni ¢asné diagnostikovat. Jak
zachvaty, tak EEG abnormity jsou potenciondlné
lécitelné a jejich kontrola mlzZe zlepsit outcome
u pacientd s DS (Scheffer et al.,, 2009).

Epilepsie u dospélych
pacient(i s DS

Epileptické zachvaty jsou u dospélych pacien-
td s DS méné casté a mirnéjsi. PIné kompenzace

véak dosahuje malé procento pacientl - 16,1 %
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(Akiyama et al, 2010), 8,3% (Genton et al, 2011),0%
(Jansen et al, 2006). Mira kompenzace zachvat(
souvisi nepffmou umérou s Cetnosti a zavaznosti
epileptickych statl v détstvi a s Cetnosti vyskytu
epileptiformnich grafoelementd v EEG béhem
dalsiho vyvoje (Akiyama et al,, 2010). Citlivost na
zvysenou teplotu pfetrvava i v dospélém véku,
ale jeji dopad na frekvenci a zadvaznost epilep-
tickych zachvatd je mensi (Genton et al,, 2011).

V klinickém obraze dominuji generalizované
konvulzivnizachvaty a ¢asto jsou jedinym typem
zachvatd u téchto pacientd (Dravet et al,, 2009;
Jansen et al, 2006). 35 pacientl ze 40 (87,5 %)
anamnesticky popisovali generalizované konvul-
zivni zachvaty, jejich typické zachvaty viak byly
zachyceny na iktalnim EEG jako parcidni zachvaty
¢asto s frontalnim pocéatkem a s nebo bez sekun-
darni generalizace (Akiyama et al., 2010). Typicky
je vyskyt zachvatl s vazbou na no¢ni spanek
(Genton etal, 2011; Dravet et al., 2009). Dalsi typy
zachvat(, jako jsou myoklonické zachvaty, atypic-
ké absence nebo komplexni parcidni zachvaty,
jsou v dospélém véku malo casté (Genton et al,,
2011). Pokud se vyskytujf, tak spfSe v nakupenf
pted rozvojem GTCS (Dravet et al,, 2009). Se SE
se u dospeélych pacient( setkdvdme méné casto.
Akiyama et al. ukazuji dramaticky pokles vyskytu
SE, kdy po 10. roce jiz Zadny zaznamendan nebyl
(Akiyama et al,, 2010). V dospélém véku se vsak
vyskytovat mohou, jak je patrné ze studie 24 pa-
cientd s DS, kde byl SE zaznamendn u 3 z nich,
ato ve véku 24, 26 a 28 let (Genton et al, 2011).
Pacienti, kteff trpi myoklonickymi zachvaty nebo
atypickymiabsencemi, mohou mit nonkonvulziv-
ni SE v rdmci nakupeni téchto zachvatd.

Zmeény v EEG se s vékem také méni, stale
dominuji ale vyboje multifokdlnf a jsou velmi
heterogenni, jak v interiktaInim, tak iktdlnim ob-
raze. Fotosenzitivita jiz v dospélém véku neni tak
vyrazna, ma tendenci vymizet pfed dosazenim
20. roku (Genton et al., 2011).

Objektivni neurologicky nalez
u dospélych pacientti s DS
Motorické abnormity v neurologickém nale-
ZU jsou Casté. Nejcastéji se vyskytuje mozeckova
symptomatika jako ataxie, dysartrie a inten¢ni
tremor, tento obraz je patrny u 30% pacient
(Genton et al, 2011) resp. 28,5 % pacientd (Jansen
etal, 2006). Méné casto |ze nalézt pyramidovou
symptomatiku nebo extrapyramidové jevy (16 %
resp. 12,5% — Genton et al,, 2011). U ¢asti pacien-

/ Neurol. praxi 2017; 18(2): 113-116 / NEUROLOGIE PRO PRAXI 115

t0 s DS se v druhé dekadé Zivota zacina rozvijet
progresivni porucha chiize - tzv. ,crouch gait”
(crouch = krcit se). Typicky zde nachazime orto-
pedické abnormity, jako je zvysena anteverze
kreku stehennich kosti, vnejsi torze holennich
kostfa pedes valgi. Tyto zmény maji vyrazny ne-
gativni dopad na schopnost samostatné chlize
u pacientd s DS (Rodda et al,, 2012). Velmi ¢asté
jsou dalsi ortopedické obtize jako skolidza, ky-
foskolioza, plochonoZf nebo kladivkovité prsty.
Zacinaji se rozvijet v détském véku a zhorsuji
se v adolescenci i pfes intenzivni fyzioterapii
(Genton et al, 2011).

Neuropsychologicky profil
u dospélych pacientti s DS
Obecné Ize konstatovat, ze velkd mira paci-
entl prokazuje deficit v jedné nebo nékolika sfé-
radch neuropsychologického vysetfeni. Mentaln{
retardace se vyskytuje od lehké po tézkou formu
(Genton et al,, 2011). V australské studii byla pro-
kdzadna lehkd mentéini retardace u 5 z 11 paci-
entl (45,5%) a tézkad u 6 z 11 pacientl (54,5 %)
(Jansen et al., 2006). Berkvens et al. prokazuji
téZkou nebo hlubokou mentainf retardaci u 9
pacientd ze 13 (69,2 %) (Berkvens et al,, 2015).
Zavazny je deficit v oblasti fecovych funkci.
Ve studii 21 dospélych pacientt s DS byl z&vaz-
ny fecovy deficit prokdzén u 14 z nich (66,6 %),
ztoho 3 (14,3%) nemluvili viibec a slabé komuni-
kacni schopnosti mélo 7 (33,3 %) z nich (Genton
et al, 2011). V dalsi studii s 31 dospélymi paci-
enty byl zdvazny fecovy deficit prokazan u 30
(96,7 %) pacientt. Sedm (22,6 %) jich nemluvilo
vibec, 23 (74,2%) z nich mélo slabé komunikacni
schopnosti a jen jeden (3,3%) pacient mél jen
lehky fecovy deficit, u tohoto vak dominovaly
psychotické projevy (Akiyama et al,, 2010).
Zatimco v détském véku jsou u pacientl s DS
vyznamné zastoupeny behavioralni poruchy, jako
je hyperaktivita, porucha pozornosti, impulzivi-
ta, opozi¢ni chovani nebo emocni labilita, v do-
spelém véku jiZ tyto projevy tak vyrazné nejsou
(Berkvens et al., 2015). BehaviordIni poruchy Ize
vystopovat jesté v adolescentnim véku, jak pro-
kazuje studie u 20 adolescent( s DS, kde u viech
tyto problémy diagnostikovany byly (Olivieri et al,,
2016). Poruchy autistického spektra byly popsany
u osmi dospeélych pacientli z 13 (61,5 %), automuti-
la¢nitendence u ¢ty pacientl ze 13 (30,8%) a be-
havioraIni poruchy u zadného z nich (Berkvens
etal, 2015). Lze fici, ze v dospélém veku dominuijf
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poruchy autistického spektra, které v3ak jsou ta-
ké patrny jiz v détském véku. Zajimavym rysem
je, Zze pacienti s DS ¢asto prokazuji nedostatek
socidlni odtazitosti a byvaji nadmérné familiarni
k cizim osobam, jejich socializa¢ni schopnosti
jsou vyrazné Iépe vyvinuty, nez jak jsou popsany
u poruch autistického spektra. Casto tak ani jako
autisté klasifikovani nejsou (Berkvens et al,, 2015).

Zavislost na okoli je konstantnim rysem
u dospélych pacientl, a to v 85,7-96,7% pfipadl
(Genton et al,, 2011; Jansen et al,, 2006; Akiyama
etal, 2010).

Terapie dospélych pacientt s DS

V soucasné dobé je jen malo studii, které se
zabyvajf terapif DS v dospélém véku. Uplatriuji
se obecné terapeutické principy 1é¢by jednot-
livych typl zachvatd podle toho, které v klinic-
kém obraze dominuji a vyuZivaji se obdobna
terapeutickd schémata identické pro Ié¢bu DS
v détském véku. Lékem volby jsou tedy valproat
a benzodiazepiny, pokud je jejich efekt nedosta-
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Danhofer P, Zech M, Balintova Z, Balaz M, Jech R, Oslejskova H. Brittle Biballism-Dystonia
in a Pediatric Patient with GNAO1 Mutation Managed Using Pallidal Deep Brain
Stimulation. Mov Disord Clin Pract. 2021;8(1):153-5. doi: 10.1002/mdc3.13118.

Summary:

In this work, the author presents a case report of a patient with a pathogenic variant in the
GNAOL1 gene, in which the movement disorder dominated in the clinical manifestation. The
patient was kept under a diagnosis of dyskinetic cerebral palsy with epilepsy for a long time,
until the cause of his condition was clarified by genetic examination. During the respiratory
infection, there was a significant deterioration of the clinical condition up to the image of brittle
dystonia. The patient was implanted with DBS with excellent effect. The author discusses the

possible effect of DBS in these patients.
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Brittle Biballism-Dystonia in a Pediatric
Patient with GNAO1 Mutation Managed
Using Pallidal Deep Brain Stimulation

Pavlina Danhofer, PhD,"*

Michael Zech, PhD,>® Zdenka Bdlintovd,’ Marek BaldZ, PhD,* Robert Jech, PhD,®

and Hana Oslejskovd, PhD'

Early onset movement disorders are a clinically and genetically
heterogenous group of disorders. Mutations in GNAO1 were
first reported in patients with Ohtahara syndrome and early
infantile epileptic encephalopathy 17 (EIEE17)."> GNAO1 (gua-
nine nucleotide-binding protein 1) encodes the a-subunit of a
heterotrimeric guanine nucleotide-binding protein (Gao) which
is the most abundant membrane protein in the mammalian cen-
tral nervous system.”> The early recognition of worsening extra-
pyramidal symptoms may facilitate intervention or prevent
progression to status dystonicus.” A dystonia severity and action
plan (DSAP, grades 1-5) can be very useful in assessing the threat
of status dystonicus.”

We report a case of a 12-year-old boy with GNAO1 muta-
tion who presented with severe biballistic symptomatology with
dystonic features (DSAP 3) and required emergency deep brain
stimulation (DBS) to avoid life-threatening symptoms. The boy
was first examined at the Department of Pediatric Neurology at
the age of 2 years. The clinical course is summarized in Table 1.
At the age of 12 years, the patient deteriorated after respiratory
infection and worsening of extrapyramidal symptomatology with
dominating biballism and dystonic features developed with the
threat of status dystonicus (Video S1). He experienced almost
continuous generalized ballistic movements combined with dys-
tonic postures, which were very painful and limited his normal
activity, feeding, or sleep (DSAP 3). The patient was hospitalized
in the ICU with the necessity of muscle relaxation. The course
of treatment is summarized in Table 1. Taking into consideration
the seriousness of this condition, DBS of bilateral globus pallidus
internus (DBS-GPi) was performed. The sedative medication
was gradually tapered off over the next 14 days and his condition
rapidly improved to DSAP 1 (Video S2). Half a year after DBS,
motor functions returned to the condition before the brittle

biballism-dystonia developed. Whole exome sequencing (WES)

identified a heterozygous missense variant in GNAO1 gene
625 C>T; p. (Arg209Cys) previously described in the study
by Koy et al. (2018)> and considered as pathogenic. The muta-
tion was absent in the patient’s parents and considered as
de novo.

When pre-status dystonicus persists despite orally active anti-
dystonia drugs and unsuccessful weaning from sedative or anes-
thetic agents, intrathecal baclofen or deep brain stimulation
should be considered.” Several case reports and one small series
have been published in which DBS was effective in patients with
a GNAO1 mutation.”” DBS may be effective due to its general
effects in modulating aberrant synchronization in the basal
ganglia-thalamo-cortical loops. The eftect of DBS in our patient
was very fast, with the improvement to DSAP 1 in 14 days. The
patient tolerated the stimulation very well; however, only
3 months after initiation he developed generalized epileptic sei-
zure. It is uncertain whether this occurred as a result of DBS
(potentially triggered by tapering off the medication during the
switching on and adjusting the DBS parameters) or was merely a
coincidence in a patient with a history of epilepsy. In any case,
stimulation should be increased cautiously and mildly in patients
with epilepsy. After the introduction of levetiracetam, no further
seizures occurred.

In patients with GNAO1 mutation and severe dystonia, GPi-

DBS could be a treatment option with life-saving potential.
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THE EFFECT OF DBS IN A PATIENT WITH GNAO1 MUTATION

TABLE 1 Clinical course and therapy

Neurological and
psychological

Age Clinical characteristics examination Therapy Effect Note
3 months episodes of apnoe and normal none spontaneous
cyanosis - gastroesophageal remission
reflux
2 years epilepsy - generalised valproic acid seizure discontinuation at the
tonic-clonic seizures freedom age of 10
(GTCSs)
severe central physiotherapy,
hypotonia, speech therapy
developmental
delay, speech delay
3 years generalised physiotherapy,
spasticity with speech therapy

persistent axial
hypotonia, dystonic
postures,
developmental delay,
speech delay

5 years severe dystonic storm i.v. continuous partial with
after thiethylperazin clonazepam sedation
(DSAP 4) i.v. continuous partial with
midazolam sedation
baclofen p.o. good effect
12 years brittle biballism-dystonia i.v. continuous partial with
(DSAP 3) after respiratory clonazepam sedation
infection i.v. continuous partial with
midazolam sedation
i.v. pulses of partial with
phenobarbital sedation
i.v. pulses of very good used with precaution
propofol effect for the risk of
propofol infusion
syndrome
tetrabenazine p.o. worsened
i.v. tiapride no effect
i.v. valproic acid no effect
gabapentin p.o. no effect
GPi-DBS? very good initial stimulation:
effect 0.5V/130 Hz/90@usec
actual
parametres:
3.2V/130 Hz/120usec
12 years -  GTCS levetiracetam seizure
3 months freedom

after DBS

2GPi-DBS electrodes position: contacts 0 and 9, with distal contacts of electrodes on the right side: 1.6 mm anteriorly, 3.1 mm caudally and 18.1 mm
laterally from mid-commisural point. On the left side: 2.6 mm anteriorly, 3.7 mm caudally and 19.8 mm laterally from mid-commisural point.
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Video 1. Clinical condition before DBS implantation. Deterioration
into the picture of brittle biballism-dystonia and impending status
dystonicus. Aimost continuous biballistic movements with dystonic
postures that impede normal movement, they are painful and
exhaust the patient.
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Video 2. Clinical condition of the patient 2 months after DBS
implantation. He is able to climb independently on all fours. Motor
skills and coordination of movements are improved.
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2.10 Annex 10:

Ceska K, Aulicka S, Horak D, Danhofer P, Riha P, Mare¢ek R, Senkyiik J, Rektor I, Brazdil
M, Oslejskova H. Autosomal dominant temporal lobe epilepsy associated with
heterozygous reelin mutation: 3 T brain MRI study with advanced neuroimaging
methods. Epilepsy Behav Case Reports 2019; 11: 39-42. doi: 10.1016/j.ebcr.2018.10.003

This publication provides more information on the genetics of epilepsy. Authors present a
patient with MR-negative focal temporal lobe epilepsy. Only genetic examination using the
NGS panel clarified the etiology. Genetics plays an important role in the diagnosis of epilepsy

and may end further investigations within the epileptosurgery program.

Summary:

Purpose: Autosomal dominant lateral temporal epilepsy (ADLTE) is a genetic focal epilepsy
syndrome characterized by focal seizures with dominant auditory symptomatology. We present
a case report of an 18-year-old patient with acute onset of seizures associated with epilepsy.
Based on the clinical course of the disease and the results of the investigation, the diagnosis of
ADLTE with a proven mutation in the RELN gene, which is considered causative, was
subsequently confirmed. The aim of this study was to use 3 Tesla (3 T) magnetic resonance
imaging (MRI) and advanced neuroimaging methods in a patient with a confirmed diagnosis of
ADTLE.

Methods: 3 T MRI brain scan and advanced neuroimaging methods were used in the standard

protocols to analyzse voxel-based MRI, cortical thickness, and functional connectivity.

Results: Morphometric MRI analysis (blurred grey-white matter junctions, voxel-based
morphometry, and cortical thickness analysis) did not provide any informative results. The
functional connectivity analysis revealed higher local synchrony in the patient in the left
temporal (middle temporal gyrus), left frontal (supplementary motor area, superior frontal
gyrus), and left parietal (gyrus angularis, gyrus supramarginalis) regions and the cingulate

(middle cingulate gyrus) as compared to healthy controls.

Conclusions: Evidence of multiple areas of functional connectivity supports the theory of

epileptogenic networks in ADTLE. Further studies are needed to elucidate this theory.
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The following two papers are important mainly in terms of epilepsy and comorbidities. In her
dissertation, the author dealt with the incidence of ADHD in patients with Rolandic epilepsy
and prepared a review on co-occurence of ADHD and epilepsy (Annex 12). As already
mentioned in the text, the new ILAE 2017 Classification of epilepsies takes this aspect into
account in children with ,,benign* focal epilepsies. The term ,,benign® is replaced by the term

,Self-limited.

Autistic symptoms are often observed in children with epilepsy, and Autism Spectrum Disorder
(ASD) is a significant comorbidity associated with epilepsy in children. The author prepared a

review on this topic (Annex 12).
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Purpose: Autosomal dominant lateral temporal epilepsy (ADLTE) is a genetic focal epilepsy syndrome characterized
by focal seizures with dominant auditory symptomatology. We present a case report of an 18-year-old patient with
acute onset of seizures associated with epilepsy. Based on the clinical course of the disease and the results of the
investigation, the diagnosis of ADLTE with a proven mutation in the RELN gene, which is considered causative,
was subsequently confirmed. The aim of this study was to use 3 Tesla (3 T) magnetic resonance imaging (MRI)
and advanced neuroimaging methods in a patient with a confirmed diagnosis of ADTLE.

Methods: 3 T MRI brain scan and advanced neuroimaging methods were used in the standard protocols to analyzse
voxel-based MRI, cortical thickness, and functional connectivity.

Results: Morphometric MRI analysis (blurred grey-white matter junctions, voxel-based morphometry, and cortical
thickness analysis) did not provide any informative results. The functional connectivity analysis revealed higher
local synchrony in the patient in the left temporal (middle temporal gyrus), left frontal (supplementary motor
area, superior frontal gyrus), and left parietal (gyrus angularis, gyrus supramarginalis) regions and the cingulate
(middle cingulate gyrus) as compared to healthy controls.

Conclusions: Evidence of multiple areas of functional connectivity supports the theory of epileptogenic networks in
ADTLE. Further studies are needed to elucidate this theory.

© 2018 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Autosomal dominant lateral temporal epilepsy (ADLTE), also known
as autosomal dominant partial epilepsy with auditory features
(ADPEAF), is a genetic focal epilepsy syndrome. It is characterized by
focal seizures with or without a loss of consciousness, inconstantly
with secondary generalization. Focal seizures are mainly characterized

Abbreviations: ADLTE, Autosomal dominant lateral temporal epilepsy; ADPEAF,
Autosomal dominant partial epilepsy with auditory features; LGI1, Leucine-rich, glioma
inactivated 1; RELN, Reelin; MRI, Magnetic resonance imaging; CT, Computer
tomography; EEG, Electroencephalography; CBZ, Carbamazepine; CLB, Clobazam; 3 T,
three Tesla; 1.5 T, one Tesla; TLE, Temporal Lobe Epilepsy; HDEEG, high density resting-
state EEG; GMC, grey matter concentration; GMV, grey matter volume; WMC, white mat-
ter concentration; WMV, white matter volume; LS, Local synchrony.
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University Hospital, Medical School of Masaryk University, Brno, Czech Republic.
E-mail address: stefania.aulicka@gmail.com (S. Aulicka).
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by auditory symptoms. Auditory auras are the most common symptom,
and occur in isolation or precede some kind of receptive aphasia. Other
symptoms following the auditory phenomena include vertigo,
paroxysmal headache, déja-vu, and epigastric discomfort [2]. Sensory
symptomatology (e.g., visual, olfactory) and autonomic motor symp-
tomatology are less common. Neurological findings and the mental sta-
tus of patients are normal. The manifestation of the syndrome occurs
between the ages of four and 50 years, with the maximal occurrence
in the adolescent period [3]. Structural examinations of the brain (CT,
MRI) at standard resolutions most often return normal findings. Routine
and sleep electroencephalography (EEG) may be normal, but findings of
focal/slow wave abnormality in the temporal areas are not uncommon,
occurring in approximately 20% of patients [2,3]. The disease heredity is
autosomal dominant with varying penetration (about 70%) [1]. The di-
agnosis is based on personal and family history, seizure semiology,
and normal MRI brain scan. Approximately 33% of patients show a path-
ogenic variant in the LGI1 gene [2]. In a smaller percentage of ADLTE
cases, mutation in the reelin (RELN) gene is shown in heterozygous

2213-3232/© 2018 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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form [2]. The RELN gene is primarily expressed in brain tissue. The pro-
tein product of the RELN gene is called reelin. Reelin regulates the cor-
rect formation of laminated structures during embryonic development
and postnatally modulates dendritic growth and synaptic plasticity
[2]. Homozygous variants of the RELN mutation cause lissencephaly
with cerebellar hypoplasia, severe neuronal migration defects, delayed
cognitive development, and epileptic seizures [5]. Heterozygous muta-
tion of the RELN mutation can cause small changes in the cortex corre-
sponding to neuronal migration disorders [2]. The prognosis of the
disease is benign and, in most cases, there is a very good response to
treatment with properly selected anti-seizure drugs (valproate, phenyt-
oin, and carbamazepine are recommended).

2. Case report

We present a case report of an 18-year-old man who was admitted to
the Department of Pediatric Neurology of the University Hospital Brno in
2017. According to his personal history, he was born in the 32nd week of
gestation (the reason is unknown) and his psychomotor development
was normal. The family history showed no neurological disease or epi-
lepsy. At the age of 17, the patient suddenly began to experience epileptic
seizures without clear provocation. The clinical manifestation was domi-
nated by focal auditory seizures, without the loss of consciousness. The
seizures (auras) were described as a short-term loss of hearing and simul-
taneous sensations of warmth lasting up to 30 s. The auras consistently
progressed into focal seizures with right-handed facial-brachial motor
symptomatology. Focal to bilateral tonic-clonic seizures occurred incon-
sistently. The seizures were daily, and the frequency at initial onset was
very high. The auditory and vegetative auras occurred several times a
day and convulsive seizures following auras occurred five to six times
per week. On admission, the patient was already being treated with
valproic acid monotherapy at a total dose of 1500mg per day with a suit-
able serum concentration. This medication had no significant effect. A CT
and MRI (1.5 T) scan, performed at another institution, were described as
normal. A routine EEG showed a non-specific finding of theta activity in
the left fronto-centro-temporal region. The patient was admitted to our
department urgently after a generalized tonic-clonic seizure. A complete
neurological examination and routine laboratory tests as well as EEG
returned normal findings. Due to the clinical course of the disease and
the seizure semiology, a genetic examination with high suspicion for
ADLTE (a requirement for the LGI1 gene and the RELN gene) was per-
formed. For therapeutic purposes, the patient was switched from
valproate to carbamazepine (CBZ), at a total dose of 600 mg per day,
with a partial effect on seizures (there was a reduction in seizure inten-
sity, not a reduction in frequency). Clobazam (CLB) was added to the car-
bamazepine at a dose of 40 mg per day, with a pronounced effect on
seizures: convulsive seizures disappeared and auditory seizures de-
creased to 20%. Overall, the patient's quality of life improved, as reported
by the patient and his family.

The causal mutation in the RELN gene (c.877G>A p. (Asp293Asn)) in
the heterozygous state was confirmed. Despite the patient's negative
family history, an investigation of the patient's parents' DNA was rec-
ommended. An identical mutation was found in the patient's mother
through genetic testing. The patient's mother's EEG was normal and fur-
ther treatment of the mother was not pursued.

3. Methods

The magnetic resonance data was acquired on a 3 T Siemens Prisma
machine. The protocol contained: T1 MPRAGE, T2 FLAIR, T1 MP2RAGE;
T2 TSE; T2 FLASH; T1 TIR; T2 TIRM; T1 TIR; T2 TIRM; and T2 TSE
sequences.

The high density resting-state EEG (HDEEG) data was acquired using
the GES 400 amplifier (Electrical Geodesics, Inc.) with a 256-channel
EEG cap. The subject was instructed to sit still with closed eyes during
20 min of recordings.

4. Image analysis
4.1. Morphometry

The T1 MPRAGE and T2 FLAIR images were preprocessed using the
SPM12 and CAT12 toolbox (http://dbm.neuro.uni-jena.de/cat/index.
html) running under MATLAB (Mathworks, Inc.). We obtained images
showing the spatial distribution of the local grey matter volume/
concentration (GMV/GMC). The resulting GMV and GMC images
were voxel-wise compared to a set of GMV/GMC images and white
matter volume/concentration (WMV/WMC) images acquired with the
same MR protocol and resulting from the same preprocessing process
applied to data from healthy subjects (HC) (N = 48). The data were in-
tensity normalized by estimating the total intracranial volume to cor-
rect for bias introduced by variability in head size [6]. The GMC and
WMC images were used to localize abnormalities in grey/white matter
junctions [7]. The patient's junction image was compared with the HC
using a two-sample T-test with age and gender as nuisance covariates.

The CAT12 output contains an estimate of cortical thickness [13],
which makes it possible to localize abnormalities in grey matter with
higher sensitivity than VBM. The patient data were compared to HC
data in the same way as junctions and GMC/GMV images.

4.2. Functional connectivity

The HDEEG data were segmented into 1 s epochs. We select 300
epochs with clean EEG. The sensor-space data from 256 channels
were projected using SLORETA into the source space using Cartool [9].
Using the Corrected Imaginary Coherence metric, we estimated the spa-
tial distribution of local synchrony (LS) in source-space. The increased
local synchrony was shown to be a potential marker of epileptogenicity
[10]. We compared the patient's LS image with LS images from 26
healthy controls using a two-sample T-test.

5. Results
5.1. MRI findings

Brain 3 T MRI was used with our patient. We found discrete changes
(subtle cortical thickness in T2-weighted sequences and very mild de-
crease of signal intensity in T1-weighted sequences) in the left superior
temporal gyrus on 3 T MRI. Subtle cortical dysplasia in this site was.
Consequently, advanced neuroimaging methods (voxel-based 3D MRI
analysis, cortical thickness analysis, and functional connectivity) were
used. Morphometric MRI analysis (blurred grey-white matter junctions,
voxel-based morphometry, and cortical thickness analysis) did not pro-
vide any informative results. The functional connectivity analysis re-
vealed higher local synchrony in the left temporal (middle temporal
gyrus), left frontal (supplementary motor area, superior frontal gyrus),
left parietal (gyrus angularis, gyrus supramarginalis) region and the cin-
gulate (middle cingulate gyrus) gyrus of the patient as compared to
healthy controls (See Fig. 1 and Table 1).

6. Discussion

We present a case of an 18-year-old patient with an acute manifes-
tation of severe epileptic seizures that had a significant impact on the
quality of life of the patient and his family. The age at seizure onset, clin-
ical course of the disease, seizure semiology and the results of the
paraclinical examinations indicated possible ADLTE. The diagnosis was
supported by genetic testing, which revealed a heterozygous mutation
in the RELN gene. In 30-50% of cases, ADLTE is caused by a mutation
in the LGI1 gene; around 17% of patients carry a mutation in the RELN
gene [2,3]. Nearly 50% of patients are not tested for causal mutation.
Due to the similar clinical course of the disease in both mutations, it is
recommended to test for both genes for ADLTE in suspected patients


http://dbm.neuro.uni-jena.de/cat/index.html
http://dbm.neuro.uni-jena.de/cat/index.html

K. Ceskd et al. / Epilepsy & Behavior Case Reports 11 (2019) 39-42 41

[2]. To our knowledge, seven families have thus far been identified with
a proven mutation in the RELN gene [1,2]. Dazza et al. reported that the
dominant type of focal auditory seizures is present in 71% of patients.
However, these seizures occur mostly at a low frequency (weekly or
yearly). Seizure freedom was achieved with the first antiepileptic drug
in 63% of patients; 31% of patients continued to experience sporadic au-
ditory auras on established antiepileptic therapy. Tonic-clonic seizures
disappeared in all studied patients [1]. The patient in this case report
was not seizure free even after trying several anti-seizure drugs. He con-
tinued to experience sporadic auditory auras. However, the quality of
life of the patient and the whole family has improved. As a significant
success of therapy, the patient reports that the seizure frequency has
decreased to 20%, and the tonic-clonic seizures have disappeared on
the combination of CBZ and CLB. The patient's EEG was abnormal only
at the onset of the disease. Dazza et al. observed routine and/or sleep
EEG revealing epileptiform abnormality or deceleration in 12 patients
out of a total of 15 (80%); 20% of those patients had normal EEG or
non-specific abnormalities [1]. The family history of some individuals
with ADLTE may appear negative due to the early unrelated death of a
parent, later manifestations of epilepsy (perhaps manifested in the
50th year of life), or reduced penetration. Approximately 33% of patients
with a pathogenic variant of the gene remain asymptomatic [3]. If the
genetic examination in the proband parents is negative, there are two
explanations for the result: germinal mosaicism in the parents or de
novo mutation in the proband. The possibility of de novo mutation in
this type of epilepsy is assumed to be less than 1% [3].

The homozygous form of mutation in the RELN gene can cause seri-
ous brain damage, such as lissencephaly and cerebellar hypoplasia, as
well as severe neuronal migration disorders. It can thus be assumed
that in the heterozygous form of mutation, small changes in the cortex
corresponding to neuronal migration disorders may result [2]. These

Fig. 1. The regions showing increased local synchrony in the patient as compared to HC
(N = 26; p < 0.001).

Table 1
The regions that show increased local synchrony in the patient as compared to the HC
(N = 26; p < 0.001). The underlined regions are depicted in Fig. 1.

Region # voxels Z-value® Coordinate® [mm)]
L SMA 19 7.02 —61872

L supramarginal g 14 6.12 —66 —3030

L angular g 40 5.84 —48 —66 42

L middle temporal g 13 5.31 —66 —48 —6

L middle cingulate g 31 5.26 —61236

R superior frontal g 5 4.29 24 36 54

2 Cluster maximum; L — left; g — gyrus; SMA — supplementary motor area; voxel
size = (6 x 6 x 6) mm°.

subtle changes cannot be detected on commonly available low resolu-
tion MRI devices. Brain 3 T MRI and advanced neuroimaging methods
(voxel-based MRI analysis, cortical thickness analysis, and functional
connectivity) were used with our patient. The 3 T MRI findings in the
left superior temporal gyrus were felt to be insignificant . Advanced
neuroimaging methods including morphometric MRI analysis (blurred
grey-white matter junctions, voxel-based morphometry, and cortical
thickness analysis) did not provide any informative results. The func-
tional connectivity analysis revealed higher local synchrony in the left
temporal, left frontal, and left parietal regions and the cingulate when
the patient was compared to healthy controls (see Fig. 1 and Table 1).
The evaluation of brain networks using functional connectivity fMRI
is a relatively new technique that has been used successfully to identify
brain networks in several conditions, including autism, depression, and
schizophrenia [11]. Evidence of multiple areas of functional connectivity
confirms the theory of epileptogenic networks in ADTLE. Connectivity
abnormalities have potential for clinical relevance and correlation.
They may assist with diagnosis, they may provide insights into neuro-
logic deficits associated with TLE, and they may benefit invasive treat-
ments through a more accurate understanding of the functional
anatomy of TLE [11]. The epileptogenic network concept is a key factor
in identifying the anatomic distribution of the epileptogenic process,
which is particularly important in the context of epilepsy surgery [12].
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Summary:

Hyperkinetic disorder, also known as attention deficit hyperactivity disorder (HKD/ADHD),
is a neurodevelopmental disorder characterised by an age-related and inappropriate rate
of hyperactivity with impulsivity together with an inability to remain focused on tasks or
activi- ties. HKP/ADHD incidence in children with epilepsy is estimated to be as high as
30%-40%. Several studies show that in children with ADHD the presence of
epileptiform discharges can be found in 6%-51% of cases. The hypothesis that the
comorbid incidence of epilepsy and ADHD may be merely coincidental is not accepted.
Cognitive and behavioural changes in patients with epilepsy used to be explained as the
consequences of recurrent seizures, the influence of antiepileptic medication and the
substantial substrate of epilepsy. However, in the majority of ADHD and epilepsy children,
the onset of ADHD symptomatology precedes the onset of clinical seizures. The onset of
spontaneous seizures arises out of a complex process of epileptogenesis that involves a
cascade of transcriptional changes involving the processes of plasticity, apoptosis and
neurogenesis. All of these changes may influence the behavioural and cognitive profile
before seizure onset. The pathophysiology of ADHD is explained by disturbances in the
prefrontal-thalamo-striato-cortical neuronal circuits. It is the frontal lobe that is important to

the understanding of the common neurobiological substrate of ADHD and epilepsy.
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Hyperkineticka porucha/

+Attention Deficit Hyperactivity Disorder”

u détskych pacientu s epilepsii

Hyperkinetic Disorder/Attention Deficit Hyperactivity Disorder

in Children with Epilepsy

Souhrn

Hyperkinetickd porucha/, Attention deficit hyperactivity disorder” (HKP/ADHD) se fadi mezi
neurovyvojové poruchy. Je charakterizovana véku nepfiméfenou mirou nepozornosti, impul-
zivity a hyperaktivity. HKP/ADHD je jednou z relativné castych komorbidit u déti s epilepsif.
Symptomy této poruchy se u déti s epilepsii vyskytuji az ve 30-40 % pfipadd. Vysledky studif
ukazuji, Ze u déti s HKP/ADHD lze nalézt epileptiformni grafoelementy v EEG v 6-51 % pfi-
padl. Co se tykd komorbidniho vyskytu HKP/ADHD, nelze se spokojit s hypotézou pouhé
nadhodné koincidence. Kognitivni a behavioraini zmény u pacientl s epilepsii byly dfive vy-
svétlovany nasledky opakovanych zachvatd a vlivy antiepileptické medikace. Naopak u rady
pacientl symptomatika HKP/ADHD predchdzi ¢asové rozvoji zachvatd. Nastup zachvatd je
vysledkem komplexniho procesu epileptogeneze, ktery zahrnuje fetézec transkripcnich zmén
zasahujicich na drovni plasticity, apoptdzy a neurogeneze. Vsechny tyto zmény mohou ovliv-
rovat behaviordlni a kognitivni profil jesté pred rozvojem klinickych zachvatd. Patofyziologie
HKP/ADHD je vysvétlovana poruchou na drovni prefronto-thalamo-striato-kortikdlnich neu-
ronalnich okruhd. A préavé frontdlnf lalok je dulezity pro pochopeni spole¢ného neurobiolo-
gického substratu HKP/ADHD a epilepsie.

Abstract

Hyperkinetic disorder, also known as attention deficit hyperactivity disorder (HKD/ADHD),
is a neurodevelopmental disorder characterised by an age-related and inappropriate rate of
hyperactivity with impulsivity together with an inability to remain focused on tasks or activi-
ties. HKP/ADHD incidence in children with epilepsy is estimated to be as high as 30%—-40%.
Several studies show that in children with ADHD the presence of epileptiform discharges
can be found in 6%-51% of cases. The hypothesis that the comorbid incidence of epilepsy
and ADHD may be merely coincidental is not accepted. Cognitive and behavioural changes
in patients with epilepsy used to be explained as the consequences of recurrent seizures, the
influence of antiepileptic medication and the substantial substrate of epilepsy. However, in
the majority of ADHD and epilepsy children, the onset of ADHD symptomatology precedes
the onset of clinical seizures. The onset of spontaneous seizures arises out of a complex
process of epileptogenesis that involves a cascade of transcriptional changes involving the
processes of plasticity, apoptosis and neurogenesis. All of these changes may influence the
behavioural and cognitive profile before seizure onset. The pathophysiology of ADHD is
explained by disturbances in the prefrontal-thalamo-striato-cortical neuronal circuits. It is the
frontal lobe that is important to the understanding of the common neurobiological substrate
of ADHD and epilepsy.
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HYPERKINETICKA PORUCHA ATTENTION DEFICIT HYPERACTIVITY DISORDER (HKP/ADHD) U DETSKYCH PACIENTU S EPILEPSII

Uvod
Hyperkinetickd porucha/Attention De-
ficit Hyperactivity Disorder (HKP/ADHD)
se fadi mezi neurovyvojové poruchy. Je
charakterizovdna véku nepfimérenou
mirou nepozornosti, impulzivity a hyper-
aktivity. Postihuje déti jiz od raného véku
a ve 40-50 % [1] pfechazi do dospélého
véku. HKP/ADHD je jedna z castych ko-
morbidit u déti s epilepsii. Komorbidni vy-
skyt obou téchto diagndz neni jasné vy-
svétlen. Vzhledem k jejich Cetnosti se
nelze spokojit s hypotézou nahodné ko-
incidence. Patofyziologicky Ize predpo-
klddat genetickou poruchu na drovni vy-
zravani CNS vedouci jak k epileptiformni
aktivité v EEG, tak ke kognitivnim a beha-
vioralnim zméndm [2]. Vyskyt HKP/ADHD
u pacientl s epilepsii nesmi byt opomi-
jen. HKP/ADHD vyznamné snizuje kvalitu
Zivota téchto pacientl a negativné ovliv-
fiuje Uroven jejich dosazenych Skolnich
vysledkd a dovednosti.

Autofi textu se snaZi blize vysvétlit pa-
tofyziologické souvislosti koinciden¢niho
vyskytu HKP/ADHD a epilepsie, dale se za-

méruji na epileptické syndromy, které by-
vaji nejcastéji spojeny s HKP/ADHD.

Diagnosticka kritéria HKP/ADHD
Diagnosticka kritéria hyperkinetické poru-
chy vychazi z MKN-10 [3], kde jsou rozli-
Sovany dva subtypy: porucha pozornosti
a hyperaktivita (F90.0) a hyperkineticka
porucha chovani (F90.1) (tab.1, 2). Pro
diagnozu je nutné, aby byly pfitomny
viechny jadrové pfiznaky, a to porucha
pozornosti, hyperaktivita a impulzivita.
Porucha se musi manifestovat pred sed-
mym rokem véku a musi trvat alespon
Sest mésicl. Pokud se k jadrovym pfizna-
kdm hyperkinetické poruchy pfidaji i po-
ruchy chovani (agresivita, krimindlni ¢iny,
socialni nepfizpUsobivost atd.), mluvime
o hyperkinetické poruse chovani (F90.1),
ktera vyZaduje odlisny terapeuticky algo-
ritmus a z pohledu sociadlni adaptace je

V soucasnosti hojné pouzivany termin
ADHD (Attention Deficit Hyperactivity Di-
sorder) vychazi z americkych diagnostic-
kych manuald. Ve svych diagnostickych

kritériich vyuziva jiné ¢lenéni subtypu
a v tomto sméru je diagnostika ADHD
0 néco méné ,pfisnd” ve srovnani s HKP.
DSM-IV [4] definuje ADHD odlidné a rozli-
Suje tfi subtypy: ADHD s prevladajici poru-
chou pozornosti (ADHD Inattentive type),
ADHD s prevladajici hyperaktivitou a im-
pulzivitou (ADHD Hyperactivity/Impulsivity
type) a ADHD smiSeny typ (ADHD Combi-
ned type) (tab. 1-3). Zasadni rozdil oproti
klasifikaci dle MKN-10 je, ze pro diagnos-
tiku neni nutna pritomnost viech jadro-
vych pfiznakd. Podminkou diagndézy je
nutnost vyskytu nékterych jadrovych pri-
znakd jiz pred sedmym rokem véku, né-
které priznaky se objevuji na dvou ¢i vice
mistech (napf. doma ¢i ve Skole) a musi
byt zohledriovan i aspekt socialni. DSM-IV
klasifikace ADHD se oproti MKN-10 kla-
sifikaci HKP lisi i tim, Zze nezahrnuje po-
ruchy chovani jako souc¢ast ADHD, ne-
existuje tedy analogie diagnézy F90.1 jako
v MKN-10 klasifikaci a pacienti s ADHD
a poruchami chovani jsou vedeni pod
dvoji diagndzou. Pravé odlisnosti v tomto
¢lenéni jsou pricinou vyssi incidence ADHD

Diagnosticka kritéria HKP dle MKN-10
symptomy poruchy pozornosti:

e alesponi 6 priznakl po dobu 6 mésicl
obtizna koncentrace pozornosti
neposloucha

nedokoncuje ukoly

neporadny, desorganizovany
ztraci véci

roztrzity

zapomnétlivy

symptomy hyperaktivity:
e alespon 3 priznaky po dobu 6 mésicl

neposedi, vrti se

pobihd kolem

vyrusuje, je hlu¢ny, obtizné zachovava klid
v neustalém pohybu

excesivné mnohomluvny

symptomy impulzivity:

e alesponi 1 pfiznak po dobu 6 mésict
nezdrzenlivé mnohomluvny

vyhrkne odpovéd bez premysleni
nedokdze Cekat

prerusuje ostatni

vyhybd se ukoldm vyzadujicih mentalni Usilf

Tab. 1. Diagnosticka kritéria HKP (MKN-10) vs ADHD (DSM-1V).

Diagnosticka kritéria ADHD dle DSM-IV

e kritéria A1: 6 nebo vice priznakl trvajicich minimalné 6 mésict

porucha pozornosti:

nepozornost pfi skolnich Ukolech, opomijeni detailt, chyby z nepozornosti

neudrZi pozornost pfi hie
neposlouchd béhem rozhovoru

neposlouchd instrukce, neni schopno dokoncit ukol

organizacni problémy

nesnasi ukoly vyzadujici mentalni Usili, vyhyba se jim

ztraci véci
da se snadno rozptylit vnéjsimi podnéty
¢asto zapomnétlivost

e kritéria A2: 6 nebo vice priznakl hyperaktivity-impulzivity trvajicich minimalné
6 mésicl, nepfimérenych vyvojovému stupni

Hyperaktivita:

neklid rukou, nohou, vrti se na zidli
vstava ve tfidé, kdyz ma sedét

¢asto pobiha v nevhodnych situacich
neumi si hrét tise

trvale pfilis vysokd motorickd aktivita
nadmérné mnohomluvny
Impulzivita:

Casto vyhrkne odpovéd na otdzky, které jesté nebyly dokonceny
¢asto neni schopno cekat ve fronté nebo az pfijde na fadu ve hie ¢ komunikaci

Casto prerusuje ostatni nebo se jim vnucuje

¢asto pfilis mluvi bez ohledu na socialni zabrany
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Hyperkineticka porucha (MKN-10)

Hyperkineticka porucha chovani (F90.1)

Tab. 2. Klasifikace HKP (MKN-10) vs ADHD (DSM-1V).

Porucha pozornosti a hyperaktivita (F90.0)

Attention Deficit Hyperactivity
Disorder — ADHD (DSM-1V)

ADHD typ s pfevahou poruchy
pozornosti

ADHD typ hyperaktivné-impulzivn{
ADHD typ smiSeny

ADHD typ nespecificky

ADHD v casné remisi

ve Spojenych statech americkych a zpUso-
buiji jisté rozpaky a nepresnosti pfi srovna-
vani vysledk( nasich studif s vysledky studif
designovanych dle kritérii DSM-IV.

Autofi se dale soustredi na vyskyt a kli-
nické rysy epilepsie bez ohledu na vy-
uziti klasifika¢niho schématu HKP, resp.
ADHD. Proto je termin HKP/ADHD po-
uzivan soucasné. V citacich je terminolo-
gie zachovana dle zaméru autora plvodni
prace.

Epidemiologie soucasného
vyskytu HKP/ADHD a epilepsie
Jiz v roce 1955 publikoval Ounsted [5]
praci, kde dava do souvislosti vyskyt po-
ruchy pozornosti jako soucasti hyperki-
netické poruchy a epilepsie. S dalsim roz-
vojem pohledu a klasifika¢nich schémat
ADHD se objevily dal3i prace [6,7], jeZ vy-
uZivaji u pacientd s ADHD Kklasifika¢niho
schématu DSM-IV a zjistuji signifikantné
vy33i vyskyt ADHD v této skupiné pacient
s nejpocetnéjsim zastoupenim subtypu
s poruchou pozornosti.

Dle vysledkd raznych studii jsou sym-
ptomy HKP/ADHD pfitomny u 30-40 %
pacientd s epilepsii [7-9]. Dle Salpekara
et al [10] se dokonce ADHD fadi mezi nej-
Castéjsi psychiatrickou komorbiditu u pa-
cientd s epilepsii. U pacientd s HKP/ADHD
Ize nalézt epileptiformni aktivitu v EEG
v 6-53 % [11-13]. Prediktivni hodnota
epileptiformni EEG abnormality ve vztahu
k naslednému rozvoiji klinickych zachvatd
u pacientt s ADHD je 14 % [11].

Neurobiologické aspekty

v patogenezi HKP/ADHD

a epilepsie

V soucasné dobé je pro pochopeni pato-
fyziologie HKP/ADHD pfijimana hypotéza
prefronto-striato-thalamo-kortikalniho
okruhu. Z pohledu exekutivnich funkci
rozlisSujeme v neuroanatamicko-fyziologic-

kém pojeti v zapojeni frontalniho laloku

s oblasti bazalnich ganglii tfi okruhy [14]:

* dorzolateralni okruh (dorzolateraini
prefrontdlni kortex — nucleus cauda-
tus dorsolateralis — globus pallidum lat.
dorsomedialis — thalamus ventralis an-
terior a mediodorsalis), jehoz poskozeni
vede k rozvoji dorzolateralniho syn-
dromu (postizeni exekutivnich kogni-
tivnich funkci s projevy mentalni a mo-
torické perseverace, poruchy provadéni
komplexnich cilenych ¢innosti, motoric-
kého programovani, snizena plynulost
feci, poruchy feSeni problému, poruchy
paméti a uceni).

* orbitofrontalni okruh (laterdIni or-
bitalni kortex — nucleus caudatus ven-
tromedialis — globus pallidum med.
dorsomedialis — thalamus ventralis an-
terior a mediodorsalis), jehoZ posko-
zeni vede k rozvoji prefrontélniho syn-
dromu s emo¢ni labilitou a desinhibici
v chovani.

e pfedni cingulatovy (mediofron-
talni) okruh (predni cingulum — nuc-
leus accumbens — globus pallidum ro-
strolateralis — thalamus mediodorsalis),
jehoz poskozeni vede k rozvoji apatie
az akinetického mutizmu.

Pravé poruchy neurotransmise vyskytu-
jici se v zapojeni prefronto-stirato-thala-
mo-kortikalniho okruhu hraji vyznamnou
roli v etiopatogenezi HKP/ADHD. V roce
1970 byla vyslovena Kortenskym kate-
cholaminovéa hypotéza hyperaktivity. Nor-
adrenalin a dopamin se ukézaly hlavnimi
neurotransmitery uplatiujicimi se v pa-
togenezi HKP/ADHD. Tato hypotéza byla
upevnovana vysledky celé fady studif vy-
uzivajicich funkéni zobrazeni CNS a pod-
pofena také efektem dopaminergnich
a noradrenergnich psychofarmak v tera-
pii HKP/ADHD. Vysledky zobrazovacich
a funkénich studii poukazuji na hypo-

Tab. 3. Klasifikace ADHD
(DSM-1V) dle diagnostickych
kritérii.

Subtypy ADHD (DSM-1V)

ADHD typ s prevahou poruchy
pozornosti

kritéria A1 alespori 6 mésict

ADHD typ hyperaktivné impulzivni
kritéria A2 alepsor 6 mésict

ADHD typ kombinovany

kritéria A1 a A2 alespori 6 mésicl
ADHD typ nespecificky

prominenti symptomy nepozornosti,
hyperaktivity-impulzivity, které vsak ne-
splruji kritéria ADHD

ADHD v ¢asné remisi

soucasné symptomy jiz nespliuji
vsechna kritéria

funkéni katecholaminovou projekci z ob-
lasti bazélnich ganglii do prefrontainiho
kortexu. V neurotransmiterové oblasti se
tato dysfunkce projevuje jako relativni
hypoaktivita kortikalniho dopaminového
systému s relativni hyperaktivitou striatal-
niho dopaminu. Jedinci s HKP/ADHD maji
hypoaktivitu kortikalniho dopaminového
systému (nizsi tonicky dopamin) a hyper-
aktivitu striatdlniho dopaminu (zvyseny fy-
zicky dopamin).

Prefrontdlni oblasti a funkce s témito
oblastmi asociované, jako je kontrola po-
zornosti ¢i impulzivity, nedozravaji dfive
nez v obdobf rané dospélosti [15]. Tento
fakt je zdsadni pro pochopeni neurovyvo-
jového aspektu HKP/ADHD. HKP/ADHD
jako porucha nastupuje pred sedmym
rokem véku, prvni zndmky Ize pozoro-
vat jiZ v kojeneckém obdobi. Prabéh HKP/
/ADHD ménfi svlj klinicky obraz i tiZi
vyjadfeni soucasné se zranim mozku je-
dince. U poloviny pfipadt HKP/ADHD do-
chazi ke spontannimu Ustupu kolem 12.
roku véku. Ve 40-60 % pfipadd viak po-
rucha pretrvava do dospélosti [16].

Tato , ¢istd forma” HKP/ADHD se neza-
byva aspekty EEG ¢i vyskytu klinicky ma-
nifestnich epileptickych zachvatd. Pre-
valence HKP/ADHD v détské populaci
je 3-7% [17], a jak bylo uvedeno vyse,
u 30-40 % pacientd s epilepsii je po-
zorovana symptomatika HKP/ADHD.
Vzhledem k této cetnosti komorbidniho
vyskytu HKP/ADHD a epilepsie by bylo od-
vazné povazovat jejich soucasny vyskyt za
pouhou nahodnou koincidenci. Jaky je ale
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vztah mezi symptomy HKP/ADHD a epi-
lepsif, zGstava otazkou.

Epileptickd aktivita, ktera se vyskytuje
v kortikalnich oblastech funkéné asocio-
vanych s exekutivnimi funkcemi, madze za-
Pokud nastupuje v kritickém vyvojovém
stadiu CNS, muze interferovat se zra-
nim mozku a poskozovat vyvijejici se
kortikaInf sité [18]. Tuto hypotézu pod-
poruji i vysledky studif, které hodnoti lo-
kalizaci EEG patologie u pacientl s HKP/
/ADHD. Silvestri et al [13] prokazuji u pa-
cientl s ADHD vyskyt epileptiformni ak-
tivity v EEG nejcetnéji v centrotemporalni
oblasti (28,2 %), dale frontalné (12,5 %),
zastoupena je i lokalizace fokusu v ob-
lasti okcipitalni (9,3 %) a generalizoavné
vyboje byly zastoupeny 2,3 %. Na Klinice
détské neurologie FN Brno bylo retro-
spektivné hodnoceno 135 pacientl ve
véku 6-18 let s HKP a s vyskytem ¢i bez
vyskytu komorbidni epilepsie. U 60 z nich
byla zachycena specificka epilepticka akti-
vita v EEG. V této skupiné byl nejcetné;si
vyskyt generalizovanych vybojd u 18 pa-
cientl (30 %), dale u 17 pacientd (28 %)
frontdlné, u osmi pacientt (13 %) centro-
temporalné, u 16 pacientt (27 %) tempo-
rélné a u jednoho pacienta (2 %) okcipi-
talné [19]. Vysvétleni, proc¢ Ize u pacientl
s HKP/ADHD nalézt fokalni epileptiformni
grafoelementy i v jinych oblastech nez
temporalnich ¢ okcipitalnich, mdze byt
slozitéjsi. Lze predpokladat, Ze Sifeni epi-
leptické aktivity ovliviiuje komplexnéjsi
neurondlni okruhy a ty jsou schopny za-
hrnout i oblast frontélniho laloku, event.
Ize pfijmout i hypotézu, Ze urcita ¢ast ko-
morbidnich epilepsii s HKP/ADHD mdaze
byt opravdu koincidenci.

Druhou otdzkou zUstava, jaky je vztah
manifestni epilepsie a HKP/ADHD sym-
ptomatiky. Dlouhou dobu byly kognitivn{
a behavioralni zmény typické pro klinicky
obraz HKP/ADHD u pacientl s epilepsii
pfipisovany predevsim nasledkdm opako-
vanych epileptickych zachvatd, vlivu anti-
epileptické medikace ¢i podstaté epilep-
sie jako onemocnéni samotného [20,21].
Proti témto tvrzenim byl podan dikaz, ze
antiepileptika nejsou hlavni pfi¢inou ko-
gnitivnich a behaviordlnich zmén u pa-
cientd s epilepsii [22] a Ze délka klinicky
vyjadrené epilepsie ¢i doba vzniku prvniho
zachvatu neovliviiuje obraz ADHD [23].
Symptomy ADHD pfedchazeji klinickou
manifestaci epilepsie az u 82 % déti [8].

Existuji neurovyvojové abnormality, jez
predchdzeji rozvoj zachvatl a maji vztah
k vyvoji ADHD a asociovanych komorbi-
dit [8]. Cortez et al predlozili dikaz, Ze na-
stup spontannich epileptickych zachvatl
je vysledkem komplexniho procesu epi-
leptogeneze, jez zahrnuje kaskadu trans-
krip¢nich zmén odstartovanou interakci
genetickych faktort a faktord prostredi.
Tyto transkripéni zmény zasahuji do pro-
cesU plasticity, apoptdzy a neurogeneze.
Tyto vdechny mohou ovlivnit kognitivni
a behaviordlni zmény jiz pfed vlastnim
rozvojem klinickych zachvatd [24].

Z vyse uvedeného vyplyva, Ze klinicka
manifestace symptomd HKP/ADHD je cas-
t&ji vazana s epileptickymi syndromy aso-
ciovanymi s frontalnim lalokem. Jedna se
predevsim o epilepsii frontdlniho laloku
(FLE) a benigni epilepsii s centrotemporal-
nimi hroty (BERS, BECTS). Dalsi vyznam-
nou skupinou jsou idiopatické generalizo-
vané epilepsie (IGE). Zde se predpoklada
patofyziologicky podil abnormdlnich tha-
lamo-kortikalnich okruht, které aktivuji
patologické oscilacni rytmy a generuji ge-
neralizované epileptiformni EEG vyboje.
Pfedpoklada se propojeni thalamu s korti-
kalnimi oblastmi (thalamokortikdlni okruhy)
pravé v oblasti frontalniho laloku [25].

V posledni dobé se objevuje celad fada
studif, jez predpokladaji patofyziologicky
podil mozecku v rozvoji HKP/ADHD.
U déti s ADHD byl zjistén signifikantné
mensi objem mozeckovych hemisfér [26]
a snizeny objem vermis cerebella [27,28].
Podil mozec¢ku na patofyziologii ADHD
je nesporny a ukazuje se, Ze mozecek je
silné zapojen do kognitivnich a afektiv-
nich procest [29-31]. Jak ve skupiné pa-
cientl s ADHD, tak ve skupiné pacient(
s ADHD a epilepsii byla zjisténa nizsi
frakéni anizotropie (FA) (pomoci difuzni
MR) v oblasti pravého stfedniho mozec¢-
kového pedunklu, tedy oblasti ktera je
funkéné zapojena do kortiko-ponto-ce-
rebeldrniho okruhu [32]. Tento deficit
muze vést k defektni transmisi signalu
z prefrontdlnich oblasti do mozecku, ve-
douci k symptomatice ADHD. ProtoZe ve
skupiné ADHD i ADHD/epilepsie byla zjis-
téna nizsi FA v identickych oblastech mo-
zecku, lze predpokladat, Ze podil mo-
zecku na patofyziologii ADHD je u obou
skupin pacientl stejny. Vysledky této stu-
die ukazuji, ze podil mozecku na procesu
epileptogeneze u pacientd s ADHD pro-
kazan nebyl.

Epileptické syndromy
asociované s HKP/ADHD
Epilepsie frontalniho laloku (FLE)
Prefrontdini oblasti hraji klicovou uGlohu
v neuronalnich okruzich zodpovédnych
za exekutivni funkce a chovani. Epilepti-
formni vyboje lokalizované v oblasti fron-
talniho laloku mohou interferovat s vy-
vojem téchto funkénich okruhd [33].
Ve studii 16 pacientl s epilepsii frontal-
niho laloku ve véku 8-16 let byl proka-
zan kognitivni a behaviorélni deficit kva-
litativné srovnatelny s FLE u dospélych.
Déti s FLE vykazovaly obtiZze v otdzkach
motorické koordinace, pldnovani kom-
plexnich motorickych ukold, ve vizuo-pro-
storové organizaci, tenacité pozornosti,
inhibici odpovédi, planovani a schopnosti
resit ukoly [34]. Prevost et al [35] proka-
zuji symptomy ADHD u 14 détskych pa-
cientd s FLE v souboru 21 déti. Vyznam-
nym faktem je, Zze celd fada pacientt
s nonlezionalni FLE mdZe vykazovat po-
ruchy v téchto oblastech a u téchto pa-
cientd kontrola zachvatl nezarudi i zlep-
seni v oblasti symptomt ADHD [35].

Idiopatické generalizované
epilepsie — détské absence (CAE)
Détské absence se fadi mezi benigni dét-
ské epileptické syndromy, mira spontanni
remise je vysokd. Z hlediska neurokogni-
tivniho a behaviorélniho je CAE prognos-
ticky zavaznéjsi. U déti s absencemi jsou
pozorovany potize v pozornosti verbalni
i vizudlni, zejména ve slozce vytrvalosti
[36-38]. Caplan et al [39] prokazali v sou-
boru 69 déti s CAE vyskyt lehkého kogni-
tivniho deficitu v 25 %, poruch feciv 43 %
a 61 % pacientl splnilo diagnosticka kri-
téria dle DSM-IV pro ADHD ¢i Uzkost-
nou poruchu. Symptomy téchto poruch
byly v korelaci s délkou trvani a frekvenci
absenci. Jen mald ¢ast pacientl s ADHD
¢i Uzkostnou poruchou méla adekvatni
psychiatrickou terapii. Nejcastéjsi sub-
typ ADHD u déti s CAE je ADHD - sub-
typ s poruchou pozornosti [7,39]. Kogni-
tivni a behaviordlni zmény jsou zavaznéjsi
u pacientd s nastupem CAE pred Ctvrtym
rokem véku [38].

Epilepsie s centrotemporalnimi
hroty (,rolandické epilepsie”)
Skupina epilepsii s centrotemporalnimi
hroty je zvolena Cisté topograficky, ne-
vychdzi z aktualné platné ILAE klasifi-
kace epileptickych syndromu. Zahrnuje
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pacienty s epileptickymi syndromy ¢i pa-
cienty s EEG patologii, pro néz je spo-
le¢na lokalizace EEG patologie v oblasti
centrotemporalni (rolandické). U téchto
pacientl byva casto vyjadren kognitivni
deficit a behavioralni zmény [40-45].
Vyskyt centrotemporalnich hrotl v EEG
u pacientd s HKP/ADHD je popisovan
v 3,7-5,6 % pripadd [40]. Jejich epilep-
togenicita je nizka, 2-10 % nositeld této
patologie vyvine klinické zachvaty [43].
Kromé pacientd s ,,ndhodnym ndlezem”
EEG patologie v centrotemporalni oblasti,
kterd se nemanifestuje klinicky epileptic-
kymi zachvaty, je nutno uvést i pacienty
s epileptickymi syndromy, pro které je lo-
kalizace v rolandické oblasti typicka az
patognomickd. Hroty v centrotemporalni
oblasti nachazime u pacientt s benignidét-
skou epilepsii s rolandickymi hroty (BERS/
/BECTS), kterd je v ILAE klasifikaci fazena
do skupiny fokalnich, idiopatickych vé-
kové vazanych epilepsii. Dalsi vyznam-
nou skupinou jsou pacienti s atypickou
benigni parcialni epilepsii (Pseudo-Len-
nox syndromem), kterd dosud v ILAE kla-
sifikaci své misto nema. A v neposledni
fadé je tfeba uvést pacienty s Landau-K-
leffner syndromem (dle ILAE klasifikace
epileptickych syndromU je fazen do sku-
piny epilepsii nezafazenych — fokalnich ¢i
generalizovanych), se syndromem fragil-
niho chromozomu X a Rettovym syndro-
mem, kde Ize v EEG patologii lokalizovat
do centrotemporalni oblasti [43].

Benigni détska epilepsie

s rolandickymi hroty (BERS/
/BECTS)

Benigni epilepsie s rolandickymi hroty se
fadi mezi nejcastéjsi epileptické syndromy
v détském veéku. Podle International Clas-
sification of Epilepsies and Epileptic Syn-
dromes (Commission on Classifica-
tion and terminology of the ILAE 1989)
[46] je BERS Fazena mezi vékové vazané
epileptické syndromy manifestujici se
mezi 3-13 lety véku ditéte s normdlnim
psychomotorickym vyvojem. PovaZuje se
diky dobré progndze za benigni epilep-
sii, je dobfe kontrolovatelna antiepilep-
tickou medikaci a spontanné remituje
v adolescenci.

U pacientt s BERS je ADHD diagnosti-
kovano signifikantné dfive nez u pacientt
bez centrotemporalnich hrotd, vykazuji
vice vyjadfenou hyperaktivné-impuzivni
symptomatiku. Predpoklada se, Ze cen-

trotempordlni EEG patologie mUze ne-
jasnym mechanizmem snizovat prah cit-
livosti, zpUsobovat tak casnéjsi ndstup
a téz3i prabéh ADHD. U pacient s BERS
je také zjistén signifikantni deficit pozor-
nosti. DUlezité je, ze mira poruchy po-
zornosti neni zavisla na frekvenci epi-
leptiformnich vyboji v bdélém stavu ci
Cetnosti zachvatl [42,44]. Naopak latera-
liza¢ni aspekt maze byt vyznamny a pravé
lokalizace centrotemporalnich hrott pra-
vostranné ¢i bilaterdlné je castéji spojena
s poruchou pozornosti [42]. Pfedpoklada
se funkeni dysbalance mezi hemisférami
zpUsobenad epileptiformnimi vyboji. Late-
raliza¢ni aspekty je viak nutno brat obe-
zfetné, ponévadz pravé u pacientl s BERS
je Casto pozorovana alterace fokusu
z jedné hemisféry na druhou.

Aktivace epileptiformni aktivity v EEG ve
spanku a jeji mozna sekundarni generali-
zace u pacientd s BERS mize vyznamné
ovliviiovat kognitivni deficit a vizualné-per-
cepcni schopnosti. Je zodpovédnd za signi-
fikantné nizsi celkovy inteligen¢ni skoér dle
WISC-III testu, slab3i vizuomotorickou ko-
ordinaci, nonverbalni kratkodobou pamét
a udrzeni pozornosti [45]. Snizeni frek-
vence epileptiformni aktivity ve spanku,
at jiz spontdnné, ¢i po nasazeni antiepi-
leptické medikace, mdze zlepsit neuro-
psychologicky profil pacient s BERS, a to
dokonce do takové miry, Ze je poté srovna-
telny s kontrolni skupinou [45].

Spankové epileptické syndromy
Spanek maze byt vyznamnym aktiva-
torem epileptiformnich grafoelement
v EEG. Pravé aktivace specifické patologie
u pacientd s BERS muZze byt spoluzodpo-
védna za kognitivni deficit a behavioralni
zmény, jak bylo jiz uvedeno v predcho-
zim odstavci. Frekventni epileptiformni
vyboje ve spanku, které Ize zaznamenat
napf. u pacientdl s CSWS (se syndromem
s kontinudlnimi komplexy hrot-vina v syn-
chronnim spanku) mohou narusovat neu-
ralni okruhy a zasahovat do procest uceni
a kognitivnich funkci [46]. Dal3i vyznam-
nou skupinou jsou pacienti s no¢ni epi-
lepsii frontalniho laloku (NFLE). Ta vychazi
z orbitofrontalnich a medialnich oblasti
frontélniho laloku a je ¢asto asociovana
s ADHD [47].

Nelze opomenout ani fakt, Zze span-
kovd EEG patologie a nocni epileptické
zachvaty snizuji kvalitu spanku, oddaluji
nastup prvni REM faze a vedou k defrag-

mentaci spanku [48]. Tyto faktory beze-
sporu vedou k denni ospalosti, jez se
mU0Ze pfedevsim u déti manifestovat pa-
radoxné hyperaktivitou a také poruchou
pozornosti.

Zaver

U pacientd s epilepsii se nezfidka setka-
vame se symptomy hyperkinetické po-
ruchy/ADHD. Neni dosud jednoznacné
vysvétleno, jaké jsou spolecné patofyzio-
logické mechanizmy. Soucasné znalosti
a vysledky vyzkumU( nds vedou k pocho-
peni prefronto-striato-thalamo-kortikal-
nich okruht jako moznych pficinnych me-
chanizmd a rada epileptickych syndromd
s frontalnim lalokem spojenych tuto hy-
potézu podporuje. Jaky je podil epilep-
sie ¢i EEG patologie na klinickém vyjad-
fenf a prognéze HKP/ADHD, je v soucasné
dobé pfedmétem zajmu mnoha studii.
Pravé pochopeni komplexnosti téchto pa-
tofyziologickych spojitosti ndm umozni
spravné diagnostikovat a vést terapii,
kterd mUze byt pro pacienta s HKP/ADHD
a epilepsii zdsadni a v nemalé mife se po-
dili na socioekonomickych aspektech
téchto komorbidnich diagnéz.
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Genetické a neurobio logické aspekty komorbidniho vyskytu poruch autistického
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Summary:

Autism spectrum disorder (ASD) is ranked among neurodevelopmental and neuropsychiatric
disorders with clinical onset in childhood. In recent years, this disorder has come to the
forefront of scientific interest, mainly due to increasing prevalence of up to 1/68 in 2014.
The genetic causes of the disorder and the pathophysiological mechanisms that might be
involved in the development of ASD are revealed. Comorbid occurrence with epilepsy is
quite common, in up to 46% of cases. This article summarizes the current knowledge in this
field with a focus on the hypothesis of excitatory-inhibitory imbalance. Some genetic
causes of ASD and current diagnostic options are also discussed. The pathophysiology of
the co-morbidity of ASD and epilepsy is discussed in terms of possible therapeutic

interventions.
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Genetické a neurobiologické aspekty
komorbidniho vyskytu poruch autistického

spektra a epilepsie

Genetic and neurobiological aspects
of comorbid occurence of autism spectrum
disorder and epilepsy

Souhrn

Poruchy autistického spektra (PAS) se fadi mezi neurovyvojové a neuropsychiatrické poruchy
s klinickou manifestaci v détském véku. V poslednich letech se tato porucha dostava do popredi
vedeckého zajmu, a to predevsim z dévodu narlstajici prevalence az na 1/68 v roce 2014. Odhaluj
se genetické pficiny poruchy a patofyziologické mechanizmy, které by se na rozvoji PAS mohly
podilet. Komorbidni vyskyt s epilepsif je pomérné casty, a to az ve 46 % pfipadd. Prace shrnuje
dosavadni poznatky v této oblasti se zaméfenim na hypotézu excitacné-inhibi¢ni nerovnovahy.
Jsou probrany i nékteré genetické priciny PAS a soucasné moznosti diagnostiky. Patofyziologie
komorbidniho vyskytu PAS a epilepsie je diskutovdna z pohledu moznych terapeutickych
intervenci.

Abstract

Autism spectrum disorder (ASD) is ranked among neurodevelopmental and neuropsychiatric
disorders with clinical onset in childhood. In recent years, this disorder has come to the forefront of
scientific interest, mainly due to increasing prevalence of up to 1/68 in 2014. The genetic causes of
the disorder and the pathophysiological mechanisms that might be involved in the development
of ASD are revealed. Comorbid occurrence with epilepsy is quite common, in up to 46% of cases.
This article summarizes the current knowledge in this field with a focus on the hypothesis of
excitatory-inhibitory imbalance. Some genetic causes of ASD and current diagnostic options are
also discussed. The pathophysiology of the co-morbidity of ASD and epilepsy is discussed in terms
of possible therapeutic interventions.
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Poruchy autistického spektra

Poruchy autistického spektra (PAS) se fadi
mezi neurovyvojové a neuropsychiatrické
poruchy s klinickou manifestaci v détském
veku charakterizované potizemi v socidlni in-
terakci a komunikaci, omezenymi zajmy a re-

petitivnimi prvky v chovani. Pfiznaky pre-
trvavaji celozivotné a déti s PAS proto po
18. roce véku prechazeji do péce lékafl pro
dospélép acienty.

Castgji se PAS vyskytuji u muz v poméru
4:1.0dhadované prevalence PAS v populaci

se zvysila z 1/476-1/323 v 90. letech 20. sto-
letf [1,2] na 1/68 v roce 2014 [3]. Takovy znacny
nérlst prevalence maze byt dan z¢asti zvy-
senou informovanosti a povédomim popu-
lace o této poruse, z<&asti i zménami v dia-
gnostickych postupech. Svij podil mohou
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mit i faktory ze strany matky a faktory pro-
stredi. Infekce plodu v prenatainim obdobf
mUZe negativné zasdhnout do vyvoje imu-
noregula¢nich mechanizmd [4], podstatny
vliv je ptikladan febriliim [5]. Dale jsou stu-
dovany napf. zvysend koncentrace toxickych
latek v ovzdusi [6] a vliv tézkych kov(, kde vy-
sledky jsou kontroverzni [7,8].

V oblasti klasifikace PAS byla béhem po-
slednich let provedena celd rada zmén. Au-
tizmus Ize délit na vysokofunkeni a nizko-
funkeni (na podkladé kognitivniho profilu),
autizmus s regresi nebo bez ni (s ohledem
na vyvojové aspekty), syndromicky nebo
nesyndromicky aj. U nesyndromického au-
tizmu je PAS primdrni diagnézou a neni
soucasti komplexni poruchy, kterd je charak-
terizovadna vyvojovymi abnormitami a mal-
formacemi. Naproti tomu u syndromického
(atypického) autizmu je zndm geneticky syn-
drom, v rdmci néhoz ¢ast pacientl vykazuje
PAS (napf. Angelmantv syndrom, syndrom
fragilniho chromozomu X, Rettlv syndrom).

Pro klinické Ucely vychazejiv CR diagnosticka
kritéria PAS z mezindrodni klasifikace nemocf
MKN-10. Zde se autizmus fadi mezi pervazivni
neurovyvojové poruchy (F84.0-F84.9). Prak-
tictéjsi je, a to predevsim z pohledu moznosti
srovnani pacientd se soubory publikovanymi
ve svétovém pisemnictvi, vyuziti klasifikace
DSM (diagnosticky a statisticky manudl). Tato
klasifikace nemoci zafadila PAS do svého ob-
sahu ve svém tfetim vydania od té doby pro-
$la celou fadou zmén. Kritéria PAS v DSM-III [9]
vychdzela z plvodnich Kannerovych pfi-
padd [10] a byla pomeérné pfisnd. DSM-IV [11]
poté spektrum autizmu rozsifilo o pfipady
méneé zavazneé (pervazivni vyvojové poruchy
jinak nespecifikované [PDD-NOS] a Asperge-
rav syndrom). Posledni revize DSM-V z roku
2013 [12] kombinuje viechny podskupiny do
jedné diagndzy poruch autistického spektra.
PAS se jiz nedéli do jednotlivych subkategorii,
ale diferencuiji se pouze varianty autizmu [12].

Soucasnym zlatym standardem v dia-
gnostice autizmu je podrobna psychologicko-
-psychiatrickd anamnéza a testovani alespon
dvéma skalami — celosvétové uznavanym na-
strojem je The Autism Diagnostic Interview —
Revised (ADI-R) a The Autism Diagnostic Ob-
servation Schedule (ADOS). Testovani musf
provadét specialista na PAS. ADI-R je velmi po-
drobna dotaznikova skala zalozend na struktu-
rovaném pohovoru s rodici. ADOS je standar-
dizovany diagnosticky test, ktery skéruje na
zakladé piimé observace ditéte a zohlednuje
i jeho vyvojovy stupen a vék. Je doporucovan
jako vhodny standardizovany diagnosticky

observa¢ni nastroj. Viysettujici nabizi ditéti in-
teraktivni aktivity, které jsou navrzeny tak, aby
bylo mozno hodnotit socidlnf interakci a ko-
munikaci i repetitivni prvky v chovani, jez jsou
podkladem diagnostiky PAS [13].

Na Klinice détské neurologie LF MU a FN
Brno byla v roce 2007 provedena retrospek-
tivni studie 204 déti s PAS s cilem zjistit, zda
je diagndza stanovena ¢asné nebo dochézi
ke zpozdéni v diagnostickém procesu. Zave-
rem této studie bylo, Ze diagnostika autizmu
je Casto provedena pozdé, a tim je znemoz-
néno zahdjeni ¢asnych edukacnich, behavio-
ralnich a lécebnych intervenci [14]. Zvysené
povédomi o PAS, lepsi informovanost Siroké
vefejnosti a formovani tymd specialistd, kteff
se zabyvajf diagnostikou této poruchy, pfinasi
v tomto ohledu slibné vysledky a v soucasné
dobé Ize konstatovat, Ze u vétsiny pacientd je
diagnostika PAS dokoncena pred dosazenim
5. roku véku [15].

Epilepsie u pacientti s PAS

Komorbidnf vyskyt autizmu a epilepsie byl
znam jiz od doby, kdy byl autizmus poprvé po-
psan Leo Kannerem v roce 1943 [10]. Je veo-
becné zndmo, Ze u pacientl s autizmem je
vyskyt epilepsie vy3si neZ v béZzné populaci.
Prevalence viak kolisa v pomeérné sirokém roz-
mezi — 2 [16] az 46 % [17]. Na Klinice détské
neurologie LF MU a FN Brno bylo hodnoceno
205 déti s PAS ve vztahu ke komorbidnimu vy-
skytu epilepsie nebo epileptiformni aktivity
v EEG. PAS byly spojeny s epileptickymi za-
chvaty ve 40 % piipad a s epileptiformni akti-
vitou v EEG bez manifestnich zachvat( ve 20 %
pfipadd. Nejvyssi vyskyt epilepsie byl ve sku-
piné déti s détskym autizmem (66 %) a aty-
pickym autizmem (30,1 %). Nejnizsf vyskyt byl
zjistén u déti s Aspergerovym syndromem
(39 %) [18]. Vysledky studif jsou znacné nekon-
zistentni [16,17]. Je to ddno predevsim opa-
kovanymi zménami v klasifika¢nich schéma-
tech a rliznymi diagnostickymi postupy. Velky
podil nese i spektrum vysetfovanych pacientd.
Obecné Ize fici, Ze soubory z tercidrnich cen-
ter soustredujici ,komplikovanéjsi” pacienty
(tj. casto farmakorezistentni s cetnéjsimi ko-
morbiditami) vykazujf vyssi vyskyt komorbid-
niho vyskytu PAS a epilepsie ve srovnanf se
soubory ,béZnych” pacient(i s PAS dispenzari-
zovanych v sektorovém ambulantnim provozu.

Faktory diskutované v souvislosti

s vyskytem epilepsie u pacientti s PAS
Deficit intelektu

Pritomnost intelektového deficitu u PAS
(j.1Q < 70) je béZné asociovana se zvysenou

mirou vyskytu komorbidni epilepsie. Meta-
analyza z roku 2008, kterd studovala data
z publikovanych studif z let 1963-2006, uka-
zuje prevalenci epilepsie u déti s PAS mlad-
sich 12 let 21,4 % v pfipadé pritomného in-
telektového deficitu ve srovndni's 8 % u déti
bez deficitu v intelektu [19]. Dalsi metaana-
lyza — z roku 2012, kterd zahrnula jen studie,
kde follow-up byl delsi nez 12 mésicd, uka-
zala prevalenci 23,7, resp. 1,8 % [20]. Silna
asociace mezi intelektovym deficitem a epi-
lepsif u déti s PAS vysvétluje nizsi vyskyt epi-
lepsie u pacientl s Aspergerovym syndro-
mem, kde je intelekt normalini.

Pohlavi
Existuje zvysené riziko epilepsie u divek
s PAS ve srovnani s chlapci [21].

Etiologie onemocnéni

Viyskyt epilepsie u pacientd s nesyndromic-
kym neboli idiopatickym autizmem je niZsi
nez u pacientd se syndromickym (atypickym)
autizmem. Napfiklad dle vysledkd jedné stu-
die 20 % u nesyndromické formy ve srovnani
s 33 % u syndromickych PAS [22]. | pfesto je
ale i u pacientl s idiopatickou formou PAS vy-
skyt epilepsie vy3sineZ v bézné populaci. Syn-
dromické formy PAS spojené s epilepsif jsou
popsany napf. u Rettova syndromu, Rett-like
syndromU (mutace v genu pro methyl CpG
binding protein 2 [MECP2], mutace v genu
pro cyclin-dependent kinase-like 5 [CDKL5]),
Angelmanova syndromu (mutace v genu pro
ubiquitin-protein ligdzu E3A [UBE3A]), tube-
rozni sklerézy (mutace v genu pro tuberous
sclerosis complex [TSC] 1 a TSC2), neurofibro-
matdzy typu | (mutace v genu pro neurofib-
romin 1 [NF1]), Dravetova syndromu (mutace
v genu pro sodium voltage-gated channel
alpha subunit T [SCN1A]), tedy syndromd, se
kterymi se v praxi setkdvédme nejcastéji.

Vyvojovy regres

Vyvojovy regres je definovan jako ztréta jiz
dfive naucenych dovednosti. Odhaduje se,
Ze zhruba 30 % pacientl s PAS prochazi vy-
vojovym regresem, ktery se typicky obje-
vuje mezi 18. a 24. mésicem véku [23]. Vyskyt
epilepsie a/nebo epileptiformni patologie
v EEG je povazovan za rizikovy faktor pro pfi-
tomnost vyvojového regresu [23,24].

Vliv epilepsie a/nebo epileptiformni
aktivity v EEG na rozvoj PAS
Predpoklada se, ze epileptiformni abnor-
mita se maze spolupodilet na rozvoji neuro-
psychologického deficitu u pacientd s PAS.
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Studie 77 déti s PAS prokazala, ze epilepti-
formni vyboje v EEG jsou signifikantné vice
spojeny s abnormalnim vyvojem v 1. roce
Zivota [24]. Napfiklad u Rettova syndromu,
syndromu fragilniho X, Angelmanova syn-
dromu nebo Prader-Williho syndromu Ize
soucasné nalézt jak patologii v EEG, tak i pfi-
znaky PAS. Je vsak nutné brat v uvahu, ze ne-
jsme schopni presné vystopovat, kdy se epi-
leptiformni aktivita v EEG u daného pacienta
objevila poprvé. Je ovsem mozné, Ze epilep-
tiformni vyboje v EEG, které se objevi v kri-
tickém obdobf vyvoje, jsou ¢aste¢né odpo-
vedné za rozvoj autistickych symptom [25]
nebo se mohou asociovat s autistickym re-
gresem u téchto déti [24].

Epileptiformni vyboje mohou mit nega-
tivni dopad na senzorické, pamétové a vyssi
kognitivni funkce, a to predevsim pokud se
vyskytuji ve spanku, ktery je povazovan za
klicovy v procesech uceni a paméti. Toto
je patrno zvl&sté u pacientl s Landau-Klef-
fnerovym syndromem, kde se ve spanku
setkdvame s kontinudInimi vyboji v EEG.
Pacienti maji tézky kognitivni deficit a casto
i PAS [26]. Potlaceni vybojl antiepileptickou
medikaci vsak nepfinasi vzdy jednoznacny
a pfedvidatelny efekt [27].

Vidime tedy, ze epileptiformni vyboje
v EEG maji dopad na kognitivni funkce
pacienta, ale potlaceni vybojl nevede
k predpoklddanému zlepseni neuropsy-
chologického profilu. V takovém pfipadé je
nutné zvazovat i jiné faktory, které se dosta-
vaji do hry, jak je probirdno déle v textu.

Zviteci modely ukazuji, Ze pokud je epi-
lepsie provokovana epileptickym statem
(status epilepticus; SE), Ize pozorovat rozvoj
aseptického zanétu, objevuji se poruchy bu-
néc¢ného metabolizmu a poruchy na trovni
iontovych kandll a receptord. Rozviji se po-
ruchy vedeni vzruchu, tvorfi se aberantni
neurondlni sité. Nakonec muze dojit az
k apoptéze bunék. Zaroven jsou poskozeny
neuronalni okruhy citlivé na rozvoj dalsich
zachvatl a nejsou schopny udrzet normalni
kognitivni funkce [28]. Pravda je, ze samotny
SE se Casto objevuje jako dusledek zanétu,
infekce nebo traumatu. Pak je obtizné roz-
lisit, jaky je podil samotného etiologického
procesu a jak se v rozvoji kognitivniho de-
ficitu uplatiuje nasledny SE. Potlacenf za-
chvatl viak vede jen k minimalnimu zlep-
seni kognitivniho profilu pacientd. Proto je
mozné, Zze samotnéa pricina epilepsie mize
vést piimo k poskozeni neuropsychologic-
kych funkci autistickych pacientd [25] vice
nez dalsi epilepticky proces.

Etiopatogeneze komorbidniho
vyskytu epilepsie a PAS
Genetické aspekty v patogenezi
komorbidniho vyskytu epilepsie
aPAS
Studie s dvojcaty ukazuji, ze dédi¢nost PAS
je zhruba 85-92 % [29,30]. | v pfipadé, Ze se
nepodari identifikovat mutaci odpovédnou
za rozvoj PAS, je riziko pro dalsi potomky
vys$si [31]. V etiopatogenezi PAS se predpo-
klada role jak vzécnych, tak béznych variant
gend. S pokrokem na poli molekuldrné-ge-
netickych technologii (jako jsou chromo-
zomalni microarray technologie nebo ce-
loexomové sekvenovani — whole exome
sequencing) bylo identifikovdno vice nez
800 chromozomélnich lokust a gen(, které
by mohly byt asociovany s PAS, coz pouka-
zuje na vysoce heterogenni genetickou ar-
chitektoniku této poruchy [3]. Geny a jejich
pfislusné proteiny se uplatiuji v celé fadé
biologickych procest, napf. remodelaci
chromatinu, regulaci genové transkripce,
buné¢ném rdstu a proliferaci a v neuronalne
specifickych procesech, jako jsou napt. sy-
naptickd organizace a aktivita, dendriticka
morfologie a axonogeneze [3].

Prehlednou databazi genl asociovanych
s PAS je Simons Foundation Autism Re-
search Initiative (SFARI) gene [32]. Databéaze

podava informace o hladiné vyznamnosti
dané mutace na podkladé vysledkl zvire-
cich a humannich studii. Vsechny geny, pro
které existuje hladina Urovné dikazu v dia-
gnostice PAS, jsou skérovany v databdzi: 1 -
vysoce ddvéryhodny a 2 — silny kandidatni
gen. Je jich 51 (aktudlni pocet v roce 2018)
a jsou uvedeny souhrnné v tab. 1.

Co se tykd komorbidniho vyskytu PAS
a epilepsie, riziko rozvoje epilepsie u déti
s PAS je 12,8 %, u jejich sourozencli 2,3 %, coz
je 2x vyssiriziko nez v bézné populaci. Gene-
tické pozadi se tedy tykd nejen PAS, ale i epi-
lepsie v rodindch s mnohocetnym vyskytem
autizmu [33,34]. Vztah mezi PAS a epilep-
sif zOstava nejasny; mUze zde byt kauzalni
vztah mezi témito dvéma poruchami (pre-
devsim v pfipadé epileptickych encefalo-
patif ¢i syndromického autizmu) nebo jsou
obé vysledkem stejného neuropatofyziolo-
gického procesu. V kazdém piipadé se pred-
pokladd, Ze na rozvoj PAS a epilepsie maji
vliv nejen dédi¢né, ale i dalsf faktory [25], jak
bude detailnégji probréno déle.

Imunitni faktory v patogenezi

komorbidniho vyskytu epilepsie a PAS
Zanétlivé procesy v CNS hraji pomérné vy-
znamnou roli ve spole¢né patogenezi epi-
lepsie a PAS. Jejich dopadem mohou byt

Tab. 1. Prehled genl se skore 1 a 2 z databaze gent asociovanych s autismem SFARI

gene: 1" - vysoce dlvéryhodny a ,2” - silny kandidatni gen.

Gen Chromozom Nazev genu Skoére
ADNP 20g13.13 activity-dependent neuroprotector homeobox 1
ANK2 4925-g26 ankyrin 2, neuronal 1
ARIDIB 6425.3 adenin thymin rich interactive domain 1B (SWI1-like) 1
ASHIL 18912.1 Ash1 (absent, small, or homeotic)-like (Drosophila) 1
ASXL3 18912.1 additional sex combs like 3 (Drosophila) 1
CACNATH 16p13.3 calcium channel, voltage-dependent, alpha 1H subunit 2
Chcwos Sparipias SuT e lge depencet z
CHDS8 14g11.2 chromodomain helicase DNA binding protein 8 1
CNTN4 3p26.3-p26.2 contactin 4 2
CTNND2 5p15.2 catenin (cadherin-associated protein), delta 2 2
CUL3 2436.2 cullin 3 1
DSCAM 21022.2 Down syndrome cell adhesion molecule 1
DYRKIA 2192213 ?eugaulflzpt)eegiiicr]i;iet)ﬁsinef(Y)fphosphorylation .
GABRB3 15012 gamma-aminobutyric acid (GABA) A receptor, beta 3 2
G  eae phenyiine dorman proenz
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Tab. 1 - pokracovani. Pfehled gent se skdre 1 a 2 z databaze gend asociovanych
s autismem SFARI gene: ,1” - vysoce dlivéryhodny a ,2" - silny kandidatni gen.

containing 3

Gen Chromozom Nazev genu Skore
GRIN2B 12p13.1 glutamate receptor, inotropic, N-methyl D-apartate 2B 1
GRIP1 12914.3 glutamate receptor interacting protein 1 2
ILF2 1921.3 interleukin enhancer binding factor 2A 2
INTS6 13914.3 integrator complex subunit 6 2
IRF2BPL 14q24.3 interferon regulatory factor 2 binding protein-likeA 2
KAT2B 3p24.3 lysine (K) acetyltransferase 2BA 2
KATNAL2 18g21.1 katanin p60 subunit A-like 2 1
KDMS5B 1932.1 lysine (K)-specific demethylase 5B 2
KMT2C 7q36.1 lysine (K)-specific methyltransferase 2CA 2
KMT5B 11913.2 lysine methyltransferase 58 1
MEDI3L 12q24.21 mediator complex subunit 13-like 2
MET 79312 ;rewségtrgrt)ofoncogene (hepatocyte growth factor )
MSNPIAS 5p14.1 moesin pseudogene 1, antisense 2
MYTIL 2p25.3 myelin transcription factor 1-like 1
NAATS 4q31.1 N(alpha)-acetyltransferase 15, NatA auxiliary subunit 1
NCKAPT 2q32.1 Zic;?e—;a;?(l){teiicnrfgion of tyrosine kinase adaptor-asso- .
NLGN3 Xq13.1 neuroligin 3 2
NRXN1 2p16.3 neurexin 1 2
POGZ 1921.3 pogo transposable element with zinc finger domain 1
PTEN 10q23 31 E:;o;g\l/wjrt]acseza;izz?ssi{; homolog (mutated in multi- .
RANBP17 5g35.1 ras-related nuclear binding protein 17 2
RELN 7922.1 reelin 1
RIMST 6413 regulating synaptic membrane exocytosis 1 2
SCN2A 29243 sodium channel, voltage-gated, type Il, alpha subunit 1
SCN9A 2q24.3 sodium voltage-gated channel alpha subunit 9 2
SETDS 3p253 ztg(;/naari)if(,ji?aki\r?ir;]cgersfoffzeste and trithorax (SET) .
SHANK2 11913.3-g134  Src homology 3 and multiple ankyrin repeat domains 2 2
SHANK3 22q13.33 (Sjrgr:;?soglogy 3 and multiple ankyrin repeat .
SLCBAT 3p253 isrl;tri;z;rgg qamily 6 (neurotransmitter transpor- 5
SPAST 2p22.3 spastin 2
SYNGAP] 6p2132 ?%agtgtz?s ]guanosin tri phosphate (GTP)ase activa- .
TBR1 2q24.2 T-box, brain, 1 1
TNRC6B 22q13.1 trinucleotide repeat containing 6B 2
TRIP12 2036.3 thyroid hormone receptor interactor 12 1
Usp7 16p13.2 ubiquitin specific peptidase 7 (herpes virus-associated) 2
WDFY3 402123 tryptophan-aspartic acid repeat and FYVE domain )

FYVE - Fab 1 (yeast orthologue of PIKfyve), YOTB, Vac 1 (vesicle transport protein), and EEAT
SFARI - Simons Foundation Autism Research Initiative

zmény indukované medidtory zanétu v ex-
cita¢nich neurondlnich sitich.

U komorbidniho vyskytu PAS a epilep-
sie nachdzime zvyseni HMBG-1 (high mo-
bility group box protein 1), klicové zédnét-
livé molekuly, kterd aktivuje signdini cestu
pres interleukin (IL)-1 a IL-18. U pacient(
s PAS toto zvyseni koreluje s postizenim
v socidlnf interakci [35]. Stejné tak zvyseni
exprese HMBG-1 bylo detekovéno v hipo-
kampu pacientt s epilepsii temporainiho la-
loku (TLE) [36] a déti s febrilnimi kiecemi [37].
Poznatky opét ukazuji na aktivaci IL-1 sig-
nélni kaskady vedouci k zanétlivé reakci se
zvysenou excitabilitou v neurondlnich si-
tich. Ukazuje se, ze antagonisté HMBG-1 jsou
v preklinickych studiich G¢inné v kontrole
zachvatl [36].

U pacientl s PAS bylo detekovéno zvy-
seni Th1 prozanétlivych cytokind (napf. IL-6,
tumor necrosis factor a [TNF-a] a interfe-
rony [IFN-y]), hladina protizénétlivych Th2 cy-
tokinl (napf. -4, IL-5, IL-10) z{4stdvad nezme-
néna. U pacientl tim dochdzi ke zvysenf
poméru Th1/Th2 (T-helper lymphocytes 1/T-
-helper lymphocytes 2). Periferni lymfocyty
u pacientd s PAS vykazuji 2x vyssi hladiny
prozanétlivych cytokind ve srovnanf s kontro-
lami. Pokud byl TNF-a vysetfen u viech ne-
postizenych sourozencl pacientl s PAS, byla
zjisténa opét signifikantné vyssi hladina této
molekuly, coZ svédci pro urcity podil gene-
tiky v nastaveni zénétlivych signdlnich kas-
kad [38]. Stejné tak byla zjisténa elevace pro-
zanétlivych cytokind (TNF-a, IL-13 a IL-6)
u pacientl s TLE. Tyto cytokiny maji in vivo
i in vitro prokézany prokonvulzivni efekt [39].

Dalsimi spole¢nymi patofyziologickymi
voditky mezi PAS a epilepsii mohou byt
porucha integrity hematoencefalické ba-
riéry (HEB), mikroglidInf aktivace a zdnét in-
dukovany stresem. Mastocyty lokalizované
v hypotalamu mohou byt aktivovany stre-
sem, jak bylo pozorovano u pacientl s PAS,
a mohou vést k poruse HEB. Aktivace masto-
cytl vede ke spusténi prozanétlivych kaskad
(napf. exprese IL-6, vaskularniho endotelial-
niho rdstového faktoru — vascular endothe-
lial growth factor [VEGF)), které maji dopad
na Urovni tight junctions HEB, coz zpUsobuje
poruchu jeji integrity [40]. Porucha integrity
HEB byla zjisténa i na modelech chronické
epilepsie, kde je opét disledkem aktivace
prozanétlivych signalnich kaskad [41].

Spole¢nym dlsledkem aktivace zénétli-
vého procesu u pacientd s PAS a epilepsii je
zvyseni excitability mozku a progrese klinic-
kého vyjadreni obou syndromd. Nasledkem
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zvyseni excitability v mozkovych neurondl-
nich okruzich nastane porucha excita¢né-
-inhibi¢ni (E/1) rovnovahy, kterd predstavuje
velmi kiehké ekvilibrium mezi excita¢nimi
a inhibi¢nimi vlivy mozku. Dochazi pak k ne-
kontrolovatelnym neurondinim vybojim
a rozvoji zachvatd, jak bude blize vysvétleno
v dalsi kapitole [25]. U pacientl s PAS a epi-
lepsii byla v post mortem studiich zjisténa
astrogliéza, odpoveédna za poruchu zpét-
ného vychytavani glutamatu, coz vede ke
zvydeni jeho extraceluldrnich hladin a zvy-
seni excitability. Aktivace mikroglie (opét
pozorovana u obou procest) zvyseni gluta-
matu jesté podporuje. Stejny efekt ma akti-
vace IL-6, kterd stimuluje tvorbu excitacnich
synapsi [42].

Hypotéza spole¢ného
patofyziologického mechanizmu
komorbidni epilepsie a PAS

Shrnutim vyse uvedenych pozorovani a vy-
sledkl Ize predpokladat, Ze autizmus a epi-
lepsie mohou mit alespor v nékterych pfi-
padech spole¢ny neurobiologicky podklad.
Jak bylo uvedeno v uUvodu, existuji syn-
dromy, pro které je spole¢ny vyskyt téchto
dvou diagndéz typicky. Pravé v téchto pfipa-
dech je patrné a vseobecné pfijimané, ze jak
PAS, tak epilepsie mohou mit spole¢nou ge-
netickou pfic¢inu, kterd postihuje synaptické
funkce a vyvoj mozku. Jedna z nejrozsitenéj-
sich hypotéz, kterd popisuje komorbidni vy-
skyt PAS a epilepsie, predpokladd, Ze neu-
rovyvojovy defekt rlizného plvodu (napf.
genetického, metabolického, imunitniho
nebo plsobenim faktord vnéjsiho prostredi)
vede ke zméné struktury excita¢nich a inhi-
bi¢nich okruht, coz mé za nasledek rozvoj
perzistujici E/l nerovnovéhy [42]. Tento vztah
ilustruje obr. 1 [43].

Podkladem hypotézy E/I rovnovdhy je
predpoklad, Zze normalni mozkové funkce
zavisi na dokonalé rovnovéze mezi excitac-
nimi a inhibi¢nimi vstupy do klicovych moz-
kovych bunék. Pokud je pfitomna nadmérna
excitace nebo nedostatecna inhibice, dojde
k hyperexcitabilité neuronadlni sfté a rozvoji za-
chvatl. U celé rady epileptickych syndromu
mUze byt za rozvoj zachvatl odpovédna ne-
dostatecna inhibice, napf. alterace receptor(i
pro gama aminomaselnou kyselinu (GABA)
nebo funkce interneuronll. Mize také dojit
k nadmérné excitaci napf. na Urovni exci-
tacnich receptorl nebo excita¢nich neuro-
nalnich okruh. V souladu s teorif E/I rovno-
vahy je i princip terapie antiepileptiky, ktery
zndme z bézné neurologické praxe: pouziti

genetické
faktory

imunologické
a metabolické
faktory

GABAergni
a glutamatergni
dysfunkce

l
_,-<_
PN

faktory
prostredi

Obr. 1. Schematické zndzornéni patofyziologického modelu komorbidniho vyskytu po-
ruch autistického spektra a epilepsie — hypotéza excita¢né-inhibi¢ni nerovnovahy. Pre-

vzato a modifikovano z [43].
GABA - gama aminomaéselna kyselina

Fig. 1. Schematic representation of the pathophysiological model of the comorbid
occurence of autism spectrum disorder and epilepsy — hypothesis of excitatory-inhibi-
tory dysbalance. Taken and modified from [43].

GABA - gamma-aminobutyric acid

GABAergnich agonistl ke zvysenf inhibice
nebo snizovan( excitacnich vliva blokatory
sodikovych nebo vapnikovych kanald.

V oblasti rozvoje PAS je hypotéza exci-
ta¢né-inhibi¢ni rovnovahy pfijimana jiz vice
nez 10 let. Pokud E/I nerovnovaha vede
k rozvoji zachvatd, pak samotna pfitomnost
zachvatl muze indikovat rozvoj E/I nerovno-
vahy i u pacientl s PAS [25]. Ztrata inhibice
cestou alterace GABAergn{ transmise, dys-
funkce interneurond nebo abnormalni mig-
race byla dokumentovana i u pacientd s PAS.
Bylo zjisténo snizenf hladin GABA v kortikal-
nich oblastech mozku u téchto pacientl [44]
a snizenf GABA, receptor( v oblasti frontal-
niho kortexu [45]. Post mortem studie uka-
zuji redukci parvalbuminovych interneurond
v medidlnim prefrontalnim kortexu [46].
E/I nerovnovaha maze byt vysvétlenim v pa-
togeneziiu celétady genetickych syndromd,
které spojuji epilepsii a PAS — mutace v genu
pro SCNTA, mutace v genu pro podjed-
notku epsilon-1 glutaméatového receptoru
(GRIN2A) nebo mutace v genu pro phospha-
tase and tensin homolog (PTEN) [25].

Logickym dUsledkem této hypotézy je
Uvaha, ze antiepileptika by mohla zlepsit

kognitivné-behavioraini komorbidity u au-
tistickych pacientd. Zvifeci modely nabizf
velmi slibné vysledky, napf. u SCN1A +/-
mysi bylo prokdzano zlepseni socidlnich
a pamétovych funkci po 1é¢bé klonazepa-
mem [47]. BohuZel antiepileptika v pfipadé
podéni pacientdm s autizmem tento efekt
nevykazuji [48,49]. Nase zkusenosti ukazuj,
Ze podani klonazepamu pacientdim se syn-
dromem Dravetové nevede ke zlepsenf ko-
gnitivnich a behaviorédlnich funkci (vlastni
nepublikované pozorovan).

Z predchoziho vyplyva, Ze problematika
autistickych projevl u pacientl s epilepsii ne-
bude jen dlsledkem samotné epilepsie nebo
E/I nerovnovéhy. Do hry vstupujf dalsf faktory.
E/I rovnovéhu nelze chapat jako statické ekvi-
librium. Dokonce i v klidovém stavu jsou moz-
kové struktury aktivni a informace v mozku
jsou zpracovavany prostrednictvim specific-
kych rytm0. Pravé tyto mozkové rytmy jsou
schopny koordinovat neuronalni vyboje,
a tak je umoznén prenos informaci. Zakladni
roli v uvedenych procesech hraje GABAergni
inervace. GABAergnf inhibice vytvaif rytmic-
kou aktivitu oscilaci a ,rytmické ticho” neu-
rond béhem oscilaci zpUsobuje okno, ve kte-
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rém jsou informace rozmélfiovany na ,sousta’,
kterd mohou byt Gc¢inné prendsena a inter-
pretovéna [50]. Diky alterované GABAergni
transmisi u pacientl s PAS jsou pozménény
mozkové rytmy a koordinace oscilaci [25].
Objevuje se celd rfada dlkazd, ze u téchto
pacientl jsou redukovany y a a rytmy a fazova
synchronizace po zrakovém nebo sluchovém
stimulu. Matura¢ni profil oscilaci a synchroni-
zaci neuronalnich sitf béhem klidového stavu
je u déti a adolescentd s PAS abnormalini [51].
E/I nerovnovaha tedy vede ke zméné moz-
kovych rytm0 a $patné koordinaci v oblasti
neuronalnich siti. Funkeni konektivita je po-
skozena a to mize mit za nésledek rozvoj
senzorickych, percepcnich a socidlnich potizi
u pacientd s PAS [52] (obr. 1).

Terapeutické perspektivy

Pochopen( patofyziologického substratu ko-
morbidniho vyskytu PAS a epilepsie je sté-
Zejni z pohledu moznych terapeutickych in-
tervenci. Hypotéza porusené E/I rovnovéhy
nabizi hned nékolik cilovych molekul v lé-
Cebnych mozZnostech téchto onemocnéni.

GABA agonisté

Pokusy na SCNTA mysich modelech uka-
zaly zlepsenf chovani po lécbé klonazepa-
mem [47]. Chybf viak konzistentnf data na
dalsich zvitecich modelech a je nutno také
brat v potaz moznou paradoxni reakci 1€k
ovliviujicich GABA, receptory u pacientd
s PAS diky perzistujici excita¢ni GABA akti-
vité. Ostatné piikladem mdze byt zvyseni
Uzkosti u nékterych pacientl s PAS po lé¢bé
diazepamem [53]. Naproti tomu GABA, ago-
nista R-baklofen (arbaclofen, STX209) byl
ucinny v 1é¢bé zvitecich modeld s PAS [54].
Dokonce jsou jiz vysledky klinickych stu-
dii na pacientech s fragilnim syndromem X.
Ukazuje se, ze STX209 mUZe zlepsit symp-
tomatiku u pacientl s PAS [55]. Co se tykd
ostatni GABAergnich latek v klinické praxi,
jako napt. riluzol, tiagabin, vigabatrin, zlep-
senf symptomatiky PAS je rozporuplné
a nepresvédciveé [56].

Neurosteroidy

Radi se mezi pozitivni modulatory GABA,
receptorl. Pfikladem je synteticky de-
rivat progesteronového metabolitu al-
lopregnanolonu, ganaxolon. Ukazal se efek-
tivni v redukci zachvat na mysich modelech
epileptickych spazm( [57] a chovani u mysi
s PAS [58]. Vyzkum ganaxolonu se nachazf
ve fazi Il u pacientl s refrakterni epilepsii
a u pacientl s PAS a syndromem fragilniho X.

Antagonisté glutamatového receptoru
Predpoklada se jejich efekt na snizenf hyper-
excitability u pacient s PAS a komorbidni
epilepsii a byla provedena celd fada studif
u pacientd s PAS a syndromem fragilniho X.
Vysledky jsou opét nekonzistentni a rozpo-
ruplné. Antagonista N-metyl-D-aspartat re-
ceptoru memantin ukazal pozitivni efekt na
mysich modelech [59] a dokonce i v klinické
studii u pacientl s autizmem [60].

Mammalian Target of Rapamycin

(mTOR) inhibitory

Zapojeni mTOR inhibitord je klicové v regu-
laci fady bunéc¢nych procest - ristu, prolife-
raci a translaci protein(i. Komponenty mTOR
signdlni cesty v mozku jsou lokalizovany na
synapsich, kde kontroluji synaptogenezi.
mTOR inhibitor rapamycin je schopen zlepsit
neurobehaviordini deficit u mysi s PAS [61].
Probihajf klinické studie s mTOR inhibitory
u pacientd s tuberdzni sklerézou a refrak-
terni epilepsii, kde mély pozitivni vliv na re-
dukci zéchvatd, jak ukazuji vysledky Ill. faze
klinické studie [62].

Zaveér

Komorbidni vyskyt PAS a epilepsie nenf
zfejmé pouhou koincidenci, ale jedna se
o velmi komplexnf a vicesubstratovy proces.
Porozumeéni patofyziologickému substratu
tohoto komorbidniho vyskytu je stéZejni
nejen pro pochopeni procest probihajicich
v mozku u pacientd, ale mze byt zasadnf
i z pohledu moznych terapeutickych inter-
venci. Hypotéza porusené E/I rovnovahy
nabizi hned nékolik cilovych molekul v |é-
Cebnych moZnostech téchto onemocnént
(GABA agonisté, neurosteroidy, antagonisté
glutamatovych receptori, mTOR inhibitory
a dalsi). Vysledky na zvifecich modelech jsou
slibné. Jejich aplikace na ¢loveéka ale musf
projit jesté sloZitou cestou, kterd je vzhle-
dem k zédvaZnosti téchto diagnéz a limitova-
nym terapeutickym moznostem velkou vy-
zvou v celosvétovém védeckém méfitku.
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