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Objectives: Infantile and childhood epileptic encephalopathies are a group of severe epilepsies that begin within the first year of life and often portend increased morbidity. Many of them are genetically determined. The medical strategy for their management depends on the genetic cause. There are no facilities for genetic testing of children in Kazakhstan but we have a collection of data with already defined genes responsible for clinical presentations.

Methods: We analyzed children with epileptic encephalopathies that began in the first 3 years of life and were accompanied by a delay/arrest of intellectual development, in the absence of structural changes in the brain. Such patients were recommended to undergo genetic testing using epileptic genetic panels in laboratories in different countries.

Results: We observed 350 infants with clinical presentation of epileptic encephalopathies. 4.3% of them followed our recommendations and underwent genetic testing privately. In total 12/15 children became eligible for targeted treatment, 3/15 were likely to have non-epileptic stereotypies/movements, 2/15 were unlikely to respond to any therapy and all had a high chance of intellectual disability, behavioral and social communication disorders.

Conclusion: The genetic results of 15/350 (4.3% of patients) have demonstrated the potential and enormous impact from gene panel analysis in management of epileptic encephalopathy. Availability of genetic testing within the country will improve management of children with genetic epilepsies and help to create a local database of pathogenic variants.
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INTRODUCTION

Infantile and childhood epileptic encephalopathies (ICEE) are a group of epilepsies, estimated to affect ~1.2/1,000 live births (1, 2). They are typified by multiple types of seizures within the first years of life, developmental delay, and resistance to anti-epileptic drugs (AED) (3). In ICEE, not only does epileptic activity contribute to cognitive/behavioral impairments, but they would also be expected from the underlying pathology alone. Expanding knowledge of the geno/phenotypes of genetic epilepsies led to the concept of epileptic and developmental encephalopathies (EDE). In EDE, the developmental impairment occurs as a direct result of the genetic variant, in addition to the effect of excessive epileptic activity. It is estimated that genetic epilepsies include more than 30% of all epilepsy syndromes. Several genetic tests are now available for diagnostic purposes in clinical practice. In particular, next-generation sequencing has proven to be effective in revealing gene variants causing epilepsies in up to a third of the patients (4).

According to the classification of the International League Against Epilepsy (ILAE), ICEE are distinguished separately, on the basis of common electro-clinical characteristics, age of onset, type of seizures, etiology, and prognosis (1, 2). ICEE such as Ohtahara syndrome, early myoclonic encephalopathy, epilepsy of infancy with migratory focal seizures, and West, Dravet, and Lennox–Gastaut syndromes are more common (2). Most ICEE are resistant to pharmacological therapy and may have significant comorbidity, such as developmental delay, developmental arrest, or regression, due to both the presence of epilepsy and the underlying causes of ICEE (e.g., gene variant or structural abnormality) (1, 3).

Following ILAE recommendations, it is necessary to identify the cause, as it can determine comorbidity, therapy, and prognosis (2, 5, 6). In our experience, there is a lack of information regarding prevalence of infantile and childhood epileptic encephalopathies in Eurasia. The underlying etiology of MRI negative cases is rarely identified.

To this date, more than 500 genes are associated with epilepsies (7, 8). Symonds et al. (9) reported seven genes with disease-causing variants, accounting for 80% of ICEE in children under 3 years of age in their series. About 50% of variants were identified in genes coding for sodium and potassium channel components (10). Variants in SCN1A and SLC2A1 were more frequent than those reported in studies conducted in Denmark, California, and Queensland (11–14). A Scottish study has shown the feasibility of conducting genetic testing for children with epilepsy in the first 3 years of life, which has led to an optimization of diagnostic and treatment approaches (9). Molecular diagnosis can influence management and translate into better/specific treatment recommendations (10).

The feasibility of genetic investigation for ICEE and the spectrum of genomic variants identified in Eurasia have not been previously reported. In our study, we aim to show the potential to improve management as well as profile of these investigations.



MATERIALS AND METHODS

The study was conducted at the KFUMC National Research Center for Maternal and Child Health (Nur-Sultan, Kazakhstan) with the participation of patients of Children's municipal hospital No. 2 in Nur-Sultan from 2018 to 2020. We analyzed children who had febrile and afebrile seizures that began in the first 3 years of life were accompanied by a delay/arrest of development, in the absence of structural changes in the brain seen on MRI that might explain the epilepsy (as opposed to stigmata of an underlying genetic disorder). The analysis of phenotypic signs and the assumption of the presence of an epileptic syndrome were carried out according to the criteria for the diagnosis of EE of the ILAE revision 2017. Statistical data on the number of children diagnosed with epilepsy in Kazakhstan were taken from the reports of regional coordinators for pediatric neurology in regions and cities of Republican significance as of October 1, 2020.

Family history, birth, onset/type of first seizures, neurological development, the presence of structural changes, features of the electroencephalogram, and response to anticonvulsant therapy were taken into account. Consents were obtained from the parents before performing genetic analysis.

When the phenotype did not correspond to any recognizable syndrome, patients were included in the unclassified group. The assumption that epileptic seizures in children are of a genetic nature occurred in the presence of ICEE, absence of structural changes on MRI of the brain, and/or relevant history/examination. Epileptic genetic panels were performed in laboratories in Russia, Germany and France, since this type of diagnostics is not available in Kazakhstan.

The variants were described as pathogenic, when they were consistent with the phenotype of the epileptic encephalopathy and reported as disease causing by the relevant molecular genetic laboratory (15–23). We did not reports variants with unknown significance.



RESULTS

The coordinators of pediatric neurology of 3 cities and 14 regions of the Republic of Kazakhstan, as of October 2020, reported that there were 15,769 children (aged 0 to 18 years) diagnosed with epilepsies. Of these, 15,126 children with generalized and focal epilepsies were coded under ICD-10 as G40.1 and G 40.2. Children identified with various epileptic syndromes were coded as G40.4, such as Dravet Syndrome-−245; West syndrome−187; Landau–Kleffner syndrome−33; Lennox–Gastaut syndrome−104; Ohtahara syndrome−8; epilepsy with status epileptics in slow sleep−30; and early myoclonic epilepsy−36.

A total of 643 children were identified with ICEE requiring multiple anticonvulsant therapy, encoded by G 40.4, of whom 361 children were under 5 years of age and 282 children were 5–18 years old. The current population of Kazakhstan, based on the latest United Nations data, is 18,776,707 people including children from 0 to 15 years old−4,087,008. Thus, the prevalence of epileptic encephalopathy per 100,000 population of Kazakhstan is 3.4 and that among the child population from 0 to 15 years old is ~15.7 per 100,000.

During the period from 2018 to 2020, we assessed 350 children with a diagnosis of ICEE, who were assessed at the KFUMC National Research Center for Maternal and Child Health (Nur-Sultan, Kazakhstan) with the participation of patients from Children's Municipal Hospital No. 2 in Nur-Sultan. All were recommended to perform a NGS gene panel analysis. In 15, we identified the cause of their condition. Testing was dependent on the parent's ability to pay for the analysis.

Family history of all were negative.

Three children had a mutation in CDLK5. In all, the onset of seizures occurred in early infancy up to 3 months; in two, there was a temporal relationship to DTP vaccination, and one, with seizure onset on day 29 of life, was jaundiced. Focal, tonic–clonic seizures and infantile spasms were noted. Vigabatrin reduced seizure burden.

MECP2 variants were found in two children. The onset of symptoms was at 8–9 months, with stereotypical movements, generalized tonic–clonic seizures, and delay in intellectual development. Levetiracetam resulted in seizure remission for 6 months in one patient.

A child with a heterozygous variant in the STXBP1 gene had the onset of infantile spasms at the age of 2.5 months, which evolved into focal seizures and were accompanied by a developmental delay. There was some response to vigabatrin.

One case with single focal seizures was associated with a heterozygous microdeletion of the UBE3A gene—Angelman syndrome (15). She had delay in mental and motor development from 3 to 4 months, the presence of chaotic movements in limbs, and microcephaly.

The girl with a heterozygous variant in the PCDH19 gene developed seizures aged 1.5 years with a positive response to sodium valproate and topiramate.

A boy with a FOLR1 variant had seizures on awakening at onset. At 1.5 years, he had recurrent tonic seizures, which evolved into generalized tonic–clonic seizures mainly during sleep. At 4.5 years, there was motor and cognitive regression, foot tapping stereotypies, and loss of self-care skills.

The child with a PNPO variant differed from those presented above with the development of status epileptics from the 6th day of life. The seizures were stopped by propofol until an infusion of pyridoxine was applied for diagnostic purposes, after which the child became more active and spontaneous physical activity appeared.

Two boys with heterozygous variants in SCN1A had fever-induced prolonged hemiclonic seizures against from 6 months of age and delay in intellectual development. Resistance to therapy, including stiripentol, was noted.

Table of identified phenotypes and genotypes (Tables 1, 2).


Table 1. Identification of phenotypes and genotypes.
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Table 2. Description of disease causing variants at 15 patients.
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DISCUSSION

There is a lack of data available about the normal genome sequence/variants in the Eurasian population and prevalence of ICEE in neighboring countries, e.g., Uzbekistan, Kyrgyzstan, and Russia. In Kazakhstan, we identified 643 children with possible genetic epilepsies, but genome sequencing was not available for all. The prevalence of epileptic encephalopathy per 100,000 population of Kazakhstan is 3.4, and in the group 0–15 years, the prevalence is approximately 15.7/100,000 population.

We have identified a limited number of the children (4.3%) using widely dispersed laboratories. This has led to costs for families as well as concern as to the accuracy and interpretation of results. We have demonstrated a very high yield in terms of results that have profound implications for the families.

In all cases, the variants allowed us to make more accurate and therapeutically useful interventions. We noted a high rate of diagnoses for which disease modification therapy was available. These include variants in PNPO, FOLR1, ATP7A, and SCN1A for which precision disease-modifying therapy (DMT) is easily available with pyridoxine, leucovorin calcium, copper (if early), and fenfluramine, respectively (10, 16, 23–26).

An even higher number of patients had genotypes that would suggest the evidence-based trial of therapies including the DMT, but also for SCN1A/PCDH19 (cannabinoids, clobazam, and stiripentol), UBE3A (antimyoclonic therapies including sodium valproate and clonazepam), and CDKL5/MECP2 (the ketogenic diet) (18, 27, 28).

Conversely, the diagnosis contraindicated certain therapies in SCN1A/PCDH19/UBE3A—promyoclonic drugs such as vigabatrin and carbamazepine. We noted that some genes had no evidence-based therapy that would give a significant chance of seizure improvement. Although distressing to families, this knowledge allows us to focus on non-pharmacological supportive therapies (these included FOXG1 and STXBP1) (29).

In some, the high rate of non-epileptic paroxysmal movements (MECP2, FOXG1) is likely to be informative and reduce the risk of inappropriate treatment of non-epileptic phenomena with anti-epileptic drugs (30).

In total, 12/15 children became eligible for targeted or DMT, 3/15 were likely to have non-epileptic stereotypies/movements, at least 2/15 were unlikely to respond to any therapy, and all had a high chance of intellectual disability and behavioral and social communication disorders.

The phenotype and genotype were very useful in the diagnosis and choice of management. If the phenotype can be determined using clinical data, then genetic testing is necessary. If the phenotype cannot be determined due to the spectrum of clinical manifestations of different syndromes, then testing a panel of genes becomes appropriate.

A Scottish population study of children with epilepsy showed that monogenic epilepsy is more common than previously thought, at 1 in 2,000 live births (9). Most of the cases were de novo dominant variants and is likely similar in other populations. The use of gene panels for epilepsy increases the likelihood of correct diagnosis (4, 10, 31). The rate of diagnosis using targeted sequencing of a single gene was 15.4%; this rate increased to 46.2% using specialized genetic panels—a cost-effective alternative to Sanger sequencing (4, 8, 9, 29, 32).

Genetic testing/whole exome sequencing are not currently available in most Eurasian centers, but when they become more widely available, this will lead to improved therapeutic outcomes (29).

If we take into account the number of newborns in the Republic of Kazakhstan in 2019, which amounted to 402,310 according to the statistical agency (www.stat.gov.kz), then using the data obtained on the frequency of monogenic epilepsy in the population (1 in 2,000), we can expect up to 200 new cases of ICEE age per year.

We have demonstrated the potential and enormous impact of positive results from gene panel analysis in ICEE in Eurasia. Epilepsy gene panel analysis should be available within Eurasia and in particular should allow clinical–laboratory discussion of variants to confirm genotype/phenotype correlation accurately. It will allow us to design region-specific gene panels and coverage and to establish the inheritance of ICEE. More importantly, country analysis would allow standardization and quality control of both the sequencing and interpretation of variants.


Limitation of the Study

This is the first data about genetic assessment of children with ICEE from the Eurasia region. Genetic analyses were made in different laboratories and were dependent on parents' abilities to arrange and pay. We had difficulties in analyzing variants with unknown significance and limited information about gene panels and coverage. It was not always possible to establish inheritance due to additional expenses. The lack of information about Eurasian genotypes/referring only to European data could have led to both false-positive and -negative results. As the analyses were done outside Kazakhstan, we were unable to confirm the standards to which the sequencing was performed and reported.
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