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Epi4K Consortium”

Abstract

Objective: Classification of epilepsy into types and subtypes is important for both clinical care
and research into underlying disease mechanisms. A quantitative, data-driven approach may
augment traditional electroclinical classification and shed new light on existing classification
frameworks.

Methods: We used latent class analysis, a statistical method that assigns subjects into groups
called latent classes based on phenotypic elements, to classify individuals with common familial
epilepsies from the Epi4K Multiplex Families study. Phenotypic elements included seizure types,
seizure symptoms, and other elements of the medical history. We compared class assignments to
traditional electroclinical classifications and assessed familial aggregation of latent classes.

Results: A total of 1120 subjects with epilepsy were assigned to five latent classes. Classes 1 and
2 contained subjects with generalized epilepsy, largely reflecting the distinction between absence
epilepsies and younger onset (class 1) versus myoclonic epilepsies and older onset (class 2).
Classes 3 and 4 contained subjects with focal epilepsies, and in contrast to classes 1 and 2, these
did not adhere as closely to clinically defined focal epilepsy subtypes. Class 5 contained nearly all
subjects with febrile seizures plus or unknown epilepsy type, as well as a few subjects with
generalized epilepsy and a few with focal epilepsy. Family concordance of latent classes was
similar to or greater than concordance of clinically defined epilepsy types.

Significance: Quantitative classification of epilepsy has the potential to augment traditional
electroclinical classification by (1) combining some syndromes into a single class, (2) splitting
some syndromes into different classes, (3) helping to classify subjects who could not be classified
clinically, and (4) defining the boundaries of clinically defined classifications. This approach can
guide future research, including molecular genetic studies, by identifying homogeneous sets of
individuals that may share underlying disease mechanisms.

Correspondence: Samuel F. Berkovic, Epilepsy Research Centre, L2 Melbourne Brain Centre, 245 Burgundy Street, Heidelberg, VIC
3084, Australia. epidk-fam@unimelb.edu.au.
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1| INTRODUCTION

Epilepsy is classified into clinically useful types and subtypes. Awareness of multiple
different forms of epilepsy dates back to Hippocrates.k Modern efforts to codify the
classification of epilepsies began with the first International League Against Epilepsy
(ILAE) commission in the 1960s,2 and classification continues to be refined and updated to
this day.3# Despite these efforts, the boundaries of classifications are often indistinct, and
epilepsy classification remains challenging in some patients.

Classification of the epilepsies is important for clinical care and may guide us toward
understanding the biology of these disorders. Accurate classification helps the clinician and
the patient understand the natural history and prognosis of the disorder, informs the risk of
comorbidities, and guides treatment decisions. Research into the underlying mechanisms of
disease also requires accurate classification, as mechanisms often differ across subtypes of a
disorder. For example, clinical genetic studies suggest both shared and distinct genetic
determinants for different subtypes of epilepsy,>~! and identifying the underlying genetic
determinants requires careful phenotyping and accurate classification into relatively
homogeneous subgroups.

We sought to apply a quantitative, data-driven approach to the classification of epilepsy
subtypes to augment traditional electroclinical classification. Such approaches may combine
existing syndromes into a single entity, separate existing syndromes into distinct subgroups,
identify novel categories that were not clinically recognized, and reduce the subjectivity of
classification by clinicians. Quantitative classification is particularly relevant to the study of
common familial disorders, where genetic determinants are known to play a major role but
are difficult to identify due in part to widespread phenotypic and genetic heterogeneity. Use
of more data-driven phenotypic classes may help resolve such heterogeneity to improve gene
discovery.

In this study, as a prespecified aim of the Epi4K Multiplex Families study,12:13 we used
latent class analysis to classify subjects with common familial epilepsies based on
phenotypic elements. Latent class analysis is a statistical method that assigns subjects into
subgroups, called latent classes, based on constellations of characteristics.1* Compared to
other methods of clustering analysis, this approach has the advantage of allowing for
multiple correlated measurements and can therefore minimize the type 1 error rate, improve
statistical power, and eliminate the need to examine higher-order interactions in multivariate
models. We analyzed the results of the latent class analysis by comparing these
classifications to the epilepsy types assigned during clinical phenotyping in the Epi4K study,
as well as the patterns of familial aggregation produced by each of these approaches.
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MATERIALS AND METHODS

Ascertainment of families and data collection

Ascertainment methods are described in detail elsewherel® and summarized here briefly.
Families were ascertained from seven centers in North America, Europe, Australia, and New
Zealand. Families contained three or more relatives with unprovoked seizures of no known
acquired cause. Data from every affected relative were obtained by a comprehensive
protocol for data collection, assembling information from multiple sources including
standardized diagnostic interviews with patients and relatives, collection and review of
medical records, and systematic review of electroencephalograms (EEGs) and imaging
reports. All of the assembled data were entered into a standardized diagnostic form, ensuring
that key data elements were uniformly addressed for each family member with a history of
seizures. Data from multiple sites were reviewed to ensure consistency of diagnostic
methods across sites. The data were then synthesized by an expert clinician into
electroclinical diagnoses including seizure types and epilepsy syndromes. Potentially
ambiguous seizure types (eg, staring spells or convulsions) were classified as generalized or
focal only when supported by EEG findings or a very compelling clinical history; otherwise,
they were considered unclassified seizure types. These determinations were made
independently of other affected individuals in the same family.

Each individual was assigned to one of five epilepsy types: generalized, focal, combined
(generalized and focal features in the same individual), febrile seizures plus (FS+), or
unknown. Within the generalized and focal epilepsy types, individuals were further assigned
to subtypes, reflecting recognized epilepsy syndromes.*

For purposes of the current study, the main generalized epilepsy subtypes were as follows:
absence epilepsy (including early onset absence epilepsy [onset at <4 years], childhood
absence epilepsy [onset at 4-10 years], and juvenile absence epilepsy [onset at >10 years]),
juvenile myoclonic epilepsy (JME), and generalized tonic-clonic seizures alone (GTCSA).
As previously described,13 we also had a category of “severe generalized epilepsy”
(including epilepsy with myoclonic atonic seizures, absence epilepsy with eyelid myoclonia,
epilepsy with myoclonic absences, and one case of Lennox-Gastaut syndrome of unknown
cause) and a category of “other generalized” (including individuals with generalized
epilepsy but without one of the above syndromes).

Focal epilepsy subtypes were as follows: temporal lobe epilepsy, frontal lobe epilepsy,
posterior quadrant epilepsy (parietal, occipital, and posterior temporal regions), unknown
localization epilepsy, and self-limited focal epilepsies (SLFEs) of childhood (including
SLFE with centrotemporal spikes and self-limited focal occipital epilepsies).

Finally, each family was classified as generalized, focal, mixed, or genetic epilepsy with FS
+, as described previously.13

Latent class analysis: variable selection

Fifteen variables were selected for inclusion in the latent class models.
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. Four historical features: age at onset, history of febrile seizure, circadian pattern
of seizure occurrence, and number of unprovoked seizures (of any type).

. Six seizure types: absence, myoclonic, generalized tonic-clonic (GTC), focal
aware seizures, focal impaired-awareness seizures (FIASs), and focal to bilateral
tonic-clonic (focal-BTC) seizures.

. Five focal seizure symptoms: motor, sensory, psychic, autonomic, and aphasia.

Age at onset was defined as age at first unprovoked seizure (excluding febrile or provoked
seizures), and for this analysis was dichotomized to above or below the median value of 10
years. Circadian pattern had three levels: (1) seizures predominantly while awake, (2)
seizures predominantly while asleep, and (3) seizures during both waking and sleep or
unknown. Number of unprovoked seizures had three levels: (1) 1-2 unprovoked seizures, (2)
>2 unprovoked seizures, (3) unknown number of seizures. All other variables were coded as
either present or absent.

These variables were selected for inclusion in the latent class models because they are
among the clinical features that underlie the basis for traditional electroclinical
classification. Magnetic resonance imaging data were not included in our models because
our inclusion criteria specified persons with nonlesional epilepsies.

EEG data were not included because we relied heavily on EEG findings for classification of
seizure types, especially the distinction between generalized and focal onset seizures. The
final determination that a subject had generalized seizure types required evidence of
generalized epileptiform EEG abnormalities, except in exceptional cases where clinical
symptoms unambiguously suggested generalized seizures. Similarly, the presence of focal
epileptiform abnormalities was used to confirm the diagnosis of focal seizure types. Because
seizure classification was based on EEG findings, and seizure types formed a large part of
our latent class analysis, adding EEG results to our models would not add additional
information.

Comorbidities such as intellectual disability, and clinical outcomes such as
pharmacoresistance, were not included because these features, although associated with
some epilepsy syndromes, are not the basis for the epilepsy classifications in this familial
cohort. Additionally, moderate or severe intellectual disability was an exclusion criterion for
our cohort of familial epilepsies.13

Latent class analysis: statistical methods

We conducted latent class analysis using the R package L CAextend X316 which allows for
categorical phenotypic elements and can also handle missing data. We used Bayesian
information criterion to select the number of latent classes that best fit the data. We assessed
associations between class assignments and specific input variables using chi-square tests,
adjusting for multiple comparisons using a Bonferroni correction. Analyses were performed
in the R programming language.

We assessed aggregation of class assignments within families in two ways. We first
determined the proportion of families concordant for epilepsy type and concordant for latent
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class (see Results for definitions). Next, to allow for families showing evidence of familial
aggregation for >1 class, we also constructed Krippendorff alpha coefficient!’ using the R
package Jrr. To determine whether classes clustered within families more often than
expected by chance, we compared the observed concordance rates and Krippendorff alpha
coefficients to empirical null distributions generated using permutation procedures under the
assumption of no clustering.1® We constructed nonparametric bootstrap confidence intervals
(Cls) for both the family concordance rates and Krippendorff alpha coefficients using the R
library boot.

RESULTS

The cohort included 1120 individuals with epilepsy from 303 families. The distribution of
epilepsy types in individual subjects was as follows: generalized, 510; focal, 321; combined,
63; FS+, 27; unknown, 199. Additional subject characteristics are described elsewhere in
detail 13

Latent class analysis yielded five classes. In the models overall, each variable significantly
contributed to the classifications (£ < .001), suggesting that no variable was redundant.

Comparing latent classes to epilepsy types and subtypes

Latent class assignments are compared to the epilepsy types and subtypes assigned during
clinical phenotyping in Figure 1.Latent class assignments preserved the distinction between
generalized epilepsy and focal epilepsy but split each of these epilepsy types into two
classes. Individuals with combined epilepsy were assigned mostly to class 4, with the
remainder spread across three other classes. Individuals with the epilepsy types FS+ and
unknown were classed together and made up most of class 5.

Individuals with generalized epilepsy were split into classes 1 and 2. The variables
associated with these class assignments are shown in Table 1, and the distribution of
clinically designated generalized epilepsy subtypes in classes 1 and 2 is shown in Table 2.
The variables associated with class 1 are characteristic of the absence epilepsies, and almost
all clinically designated absence epilepsy cases were in class 1. Class 2 was associated with
variables characteristic of JME and GTCSA, and this was reflected in the designation of
clinically defined cases. Individuals with “severe generalized” epilepsy were all assigned to
class 1. The syndromes included in this category (see Materials and Methods) tend to occur
at young ages and include absence seizures as a prominent seizure type. All of these 23
subjects had ages at onset below the median of 10 years, and 20 of 23 had absence seizures.
Notably, many of the subjects with “severe generalized” epilepsy also had myoclonic
(14/23) and/or GTC (15/23) seizures, variables associated with class 2, but given less weight
than age at onset and absence seizures by the model. A similar pattern was seen in
individuals with “other generalized” epilepsy, who were divided among classes 1 and 2;
those subjects assigned to class 1 had younger onset and were more likely to have absence
seizures (each comparison £< .001), whereas myoclonic and GTC seizures did not
significantly contribute to class assignments in this subgroup.

Epilepsia. Author manuscript; available in PMC 2020 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Page 6

Individuals with focal epilepsy were split into classes 3 and 4. The variables associated with
these class assignments are shown in Table 3, and the distribution of focal epilepsy subtypes
in classes 3 and 4 is shown in Table 4. Frontal lobe epilepsy and SLFEs were grouped
together in class 4. The majority of individuals with temporal lobe epilepsy were assigned to
class 3, but one-third were in class 4. In an analysis limited to individuals with temporal lobe
epilepsy, those assigned to class 4 were younger, more likely to have motor symptoms and
FIASs, and less likely to have sensory symptoms, psychic symptoms, or focal aware seizures
than those assigned to class 3 (each comparison £ < .001). That is, they resembled other
subjects assigned to class 4 across a range of variables, rather than being assigned to class 4
based on a single powerful variable. Review of these cases suggested that most were
diagnosed with temporal lobe epilepsy based on EEG data, which was not included in our
latent class models. Posterior quadrant and unlocalized focal epilepsy were each split across
classes 3 and 4, suggesting the model did not recognize these as coherent sets of individuals.
Among individuals with posterior quadrant epilepsy in whom more specific localization was
available (eg, parietal lobe, occipital lobe), class assignments did not correspond to these
localizations.

Individuals with combined generalized and focal epilepsy, a recently recognized ILAE
epilepsy type,* were assigned to four different classes, although the majority (44/63, 70%)
were assigned to class 4. In analysis limited to these subjects, the variables associated with
assignment to class 4 versus any other class were the presence of motor symptoms (P
=.001) and focal-BTC seizures (P=.003), and, less strongly, the presence of FIASs (P
=.03) and sensory symptoms (P = .05). These findings were notable because focal-BTC
seizures were not significantly associated with class 4 in subjects with focal epilepsy, but did
seem to play a role in the classification of those with combined epilepsy. Similarly, in
subjects with focal epilepsy, the presence of sensory symptoms was associated with class 3
rather than class 4 membership, but in those with combined epilepsy this pattern of
association was reversed.

Class 5 contained nearly all individuals with unknown (195/199, 98%) and FS+ (26/27,
96%) epilepsy types. These individuals generally lacked all of the seizure types and
symptoms considered in our analysis, which is why their epilepsy type was unknown during
clinical phenotyping. Class 5 also contained a small number of individuals with generalized
(n = 16) and focal (n = 10) epilepsy types. The reason for this was not immediately clear. It
was not because these individuals lack definable seizure types; 15 of 16 with generalized
epilepsy had a generalized seizure type (GTC seizures), and nine of 10 with focal epilepsy
had at least one focal seizure type or seizure symptom.

These “outlier” individuals are of interest because they may reveal constellations of
phenotypic features that make an individual too atypical to be grouped with other
generalized or focal epilepsies, shedding light on the boundaries of those classifications. The
pattern of seizure types and seizure symptoms in these individuals is shown in Table S1. Of
the 16 subjects with generalized epilepsy assigned to class 5, the pattern most predictive of
assignment to class 5 was lack of absence or myoclonic seizure types, and presence of GTC
seizures primarily during sleep. Of the 10 subjects with focal epilepsy assigned to class 5,
lack of motor, sensory, or psychic seizure symptoms along with lack of focal-BTC seizure
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types was a strongly predictive pattern. These patterns do not explain all of the outliers, but
they demonstrate the potential for quantitative classification to reveal constellations of
phenotypic elements that may lie beyond the boundaries of a particular group. Presumably,
the other outlier individuals were similarly assigned to class 5 based on interactions among
multiple variables that we were not able to deconstruct.

Family concordance of latent classes

Our previous report of this cohort demonstrated aggregation of epilepsy types within
families (generalized vs focal epilepsy families), as well as familial aggregation of some
epilepsy subtypes (absence epilepsies vs JME).13 In that study, we defined concordant
families as those where every individual with a definable epilepsy type had the same type;
other individuals could have unknown epilepsy type, but not a different definable epilepsy
type.13 In this study, to allow comparisons of concordance for epilepsy types versus latent
classes, we assessed concordance of latent classes using analogous criteria, treating class 5
as the equivalent of unknown epilepsy type. If every individual assigned to classes 1-4
shared the same class, the family was coded as concordant. Other relatives could be assigned
to class 5, but not to a discordant class 1-4 (Figure 2). This procedure applied only to
families with two or more members assigned a class other than 5; a family with every
member belonging to class 5 was not considered concordant, because in our previous study
of epilepsy types families could not consist entirely of individuals with unknown epilepsy

type.

A total of 138 of 303 (46%) families were concordant for latent classes. This included 68
families concordant for class 1, 20 families concordant for class 2, 17 families concordant
for class 3, and 33 families concordant for class 4. Permutation analysis confirmed that each
of these concordance frequencies is greater than expected by chance (each £<.001). In
total, the number of families concordant for class 1 plus class 2 (88/303, 29%; 95% CI = 24—
34%) was greater than the number of families concordant for any generalized epilepsy
subtype (59/303 families, 19%; 95% CI = 16-23%). The total number of families
concordant for class 3 plus class 4 (50/303 families, 17%; 95% CI = 13-21%) was not
statistically different from the number of families concordant for any focal epilepsy subtype
(36/303 families, 12%; 95% CI = 9-14%).

An alternative measure of familial aggregation is Krippendorff alpha, which reflects
concordance of class assignments among family members, with possible values ranging
from 0 (no concordance) to 1 (perfect concordance). This analysis showed significant
familial aggregation of latent classes (Krippendorff alpha = .43; 95% CI = 0.37-0.49; P
<.001) compared to the null hypothesis of no familial aggregation. These results were
similar to the familial aggregation of epilepsy types (Krippendorff alpha = .48; 95% CI =
0.42-0.54; P<.001).

DISCUSSION

This study used latent class analysis to augment classification in a large cohort of subjects
with common epilepsies based only on their phenotypic elements, independent of their
clinical syndrome classifications, but incorporating traditional electroclinical seizure data.
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The resulting class assignments were broadly congruent with classical clinical classification,
such as distinctions between generalized and focal epilepsies and between absence versus
myoclonic subtypes of generalized epilepsy. Class assignments also combined some
epilepsy subtypes and separated others in ways that reveal new insights about these
categories and may facilitate the search for genetic determinants. Family concordance for
latent classes was similar or greater for latent classes than for epilepsy subtypes.

Several aspects of the results warrant highlighting and discussion. Classes 1 and 2 mapped
closely to the absence epilepsies and JME, respectively, confirming the existing clinical
framework for classification of patients with these generalized epilepsy syndromes. On the
other hand, individuals who were clinically diagnosed with generalized epilepsy with only
GTC seizures primarily during sleep were identified by the model as “outliers” who were
assigned to class 5. Similarly, four individuals with absence epilepsies were assigned to class
2, whereas nine individuals with JME or GTCSA were assigned to class 1. These
classifications seemed to be driven largely by age at onset, supporting the clinical framework
that age at onset is a defining feature of different generalized epilepsy subtypes and
syndromes. ldentifying these “outliers” helps define the boundaries of diagnostic categories
and may inform genetic association studies, which may benefit from excluding these outlier
cases.

Classes 3 and 4 contained individuals with focal epilepsies and mapped roughly to temporal
lobe epilepsy and extratemporal epilepsy, respectively. Variables that can be seen in both
temporal and extratemporal seizures, such as autonomic symptoms and focal-BTC seizures,
were not distinguished by these class assignments. Seizures during sleep were associated
with class 4, consistent with evidence that seizures during sleep are more common in frontal
lobe epilepsy than in temporal lobe epilepsy.1®-21 The model grouped together frontal lobe
epilepsy with SLFEs of childhood; these epilepsy subtypes have many features in common
(nocturnal seizures, motor symptoms) and although they present as distinct clinical entities,
their similarities may hint at shared underlying mechanisms. Subjects with posterior
quadrant epilepsies were divided among the two classes. Seizures originating from the
posterior quadrant often produce nonspecific symptoms and can be difficult to classify. The
splitting of these individuals into two classes may be seen as a limitation of our model’s
ability to identify this group; alternatively, this may be a more heterogeneous group than
other types of focal epilepsy, with various genetic determinants.

We chose to perform this analysis in a cohort of familial epilepsies because we are
particularly interested in the potential of quantitative classification methods to aid the
discovery of the genetic determinants of epilepsy by helping to define phenotypically (and
possibly genetically) homogeneous sets of individuals. To that end, we should expect class
assignments to aggregate within families, as family members with similar phenotypes are
likely to share genetic determinants and should be grouped together for genetic analysis. In
our study, familial aggregation of latent classes overall was similar to or greater than
aggregation of clinically defined epilepsy types. Importantly, our latent class model was
naive to family relationships, treating each subject independently when assigning latent
classes. This suggests that latent classes may be detecting patterns among subjects that are
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relevant to the familial nature of their epilepsies, and may be useful groups in which to
search for shared genetic determinants.

To our knowledge, this is the first attempt at quantitative classification of broad epilepsy
phenotypes. Studies with similar objectives have been performed in other fields, such as
attention-deficit/hyperactivity disorder?? and autism,23 where quantitative classification
helped identify a region of interest for susceptibility genes. Within epilepsy, quantitative
models have been used for more narrowly defined classifications, such as cognitive
phenotypes,2* depression phenotypes,?> and medication adherence.28 Quantitative models
have been used to study the overlap between autism and epilepsy,” and to classify different
subtypes of psychogenic nonepileptic events.28 Multivariate models of phenotypic elements
have been used to predict seizure recurrence after first seizure and after withdrawal of
antiepileptic medication.29-30 However, the usefulness of this approach in classifying broad
epilepsy phenotypes has not previously been explored.

Several of the potential advantages of quantitative classification are demonstrated here. First,
some epilepsy subtypes were combined together (eg, absence epilepsies and the “severe”
generalized epilepsies), emphasizing their common features and suggesting the possibility of
common underlying mechanisms. This finding reinforces molecular genetic discoveries
showing the genes for severe generalized epilepsies are also relevant to the common genetic
generalized epilepsy, such as SL.C2A1 in glucose transporter 1 deficiency syndrome.31:32
Second, some epilepsy subtypes were separated into two different classes (eg, temporal lobe
epilepsy, posterior quadrant epilepsy), suggesting more heterogeneous groups that may
benefit from further subclassification and may have distinct underlying mechanisms. Third,
some individuals were identified as atypical for a particular group, such as those with GTC
seizures during sleep who were not classified with other generalized epilepsies. Finally,
quantitative classification helped classify some individuals who could not be classified
clinically. Although our model did not achieve this in patients with unknown epilepsy type,
it did sort individuals with “other generalized” and “unlocalized focal” epilepsies into
meaningful classes. All of these findings are steps toward accurately defining homogeneous
groups, which is essential for understanding the underlying mechanisms and determinants,
as well as informing clinical management.

Our study has several limitations. The dataset was a single cohort of individuals with
familial epilepsies. Latent class analyses are inherently dependent on the input variables and
the composition of the cohort. Cohorts with different subject characteristics or different
collections of phenotypic variables may produce different patterns of latent classes, and
future studies should replicate this methodology in different cohorts. Future studies also
should validate the biological relevance of quantitative approaches to epilepsy classification,
an important hypothesis generated by our study. Some input variables in our model are
based on clinical interpretation (eg, distinguishing an absence seizure from an FIAS) and
reflect the clinician’s knowledge of the traditional electroclinical classification paradigm. In
general, the more objective data (free from clinical interpretation) goes into a model, the less
it may recapitulate existing classification schemes. We used objective data (especially EEG
results) to inform our classification of seizure types, and so these data were not included
separately in our models. Other clinically important variables were not available for
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inclusion in our models, such as intellectual disability (an exclusion criterion in our familial
cohort), and drug resistance. The contributions of these variables should be explored by
future studies.

In conclusion, we find that latent class analysis is a potentially valuable tool to classify
subjects with common familial epilepsies and reveals new insights about the relationships
among different epilepsy phenotypes. This approach may be useful to guide and inform
studies of underlying mechanisms, including genetic determinants, which depend on the
accurate identification of homogeneous sets of individuals likely to share common
mechanisms.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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. Epilepsy phenotypes can be grouped based on phenotypic elements using a

. Latent classes preserved some traditional electroclinical distinctions, for

. Some traditional syndromes were combined together or split apart, and some

. Family aggregation of latent classes was similar to or greater than aggregation

. Quantitative classification methods may help elucidate the shared and distinct

Key Points

statistical classification method, latent class analysis

example, generalized versus focal epilepsies

individuals were classified apart from their clinical syndromes

of traditional phenotypes

biological mechanisms of different epilepsy phenotypes
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FIGURE 1.
Comparison of latent class assignments versus epilepsy types assigned by clinical

phenotyping. FS+, febrile seizures plus
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JME
Class 2

JME CAE JAE
Class2 Class1 Class1

Family D
Concordant

Discordant

Discordant

Examples of family concordance for different classification methods. Concordant and
discordant families are shown for epilepsy types (colors), epilepsy subtypes (first line below
each pedigree symbol), and latent classes (second line below each pedigree symbol).
Concordant families could include individuals with unknown epilepsy type/subtype, or latent
class 5, but not individuals from other discordant categories. CAE, childhood absence

epilepsy; FLE, frontal lobe epilepsy; JAE, juvenile absence epilepsy; JME, juvenile

myoclonic epilepsy; SLFE, self-limited focal epilepsy; TLE, temporal lobe epilepsy
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TABLE 1

Variables associated with sorting individuals with generalized epilepsy into class 1 versus class 2

Variable  Class1  Class2  p(corr)?

Age Younger  Older <.001
Absence +++ -— <.001
Myoclonic  ——- +++ <.001
GTC - +++ <.001
Febrile + - .007
Circadian ns
Number ns

Note. Age at onset is relative to the median value of 10 years. The following variables included in the overall model pertain only to focal epilepsy,
were not present in any individuals with generalized epilepsy, and hence were not included in this analysis: focal aware seizures, focal impaired
awareness seizures, focal to bilateral tonic-clonic seizures, psychic seizures, sensory seizures, focal motor seizures, autonomic seizures, and aphasic
seizures.

Abbreviation: GTC, generalized tonic-clonic.

a., . . . . . .
Chi-square test with Bonferroni correction for multiple comparisons.
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TABLE 2

Distribution of generalized epilepsy subtypes into class 1 versus class 2

Clinical classification ~ Subjects,n  Class1,n (%) Class 2, n (%)

Absence 260 256 (98%) 4 (2%)
JME/GTCSA 141 9 (6%) 132 (94%)
Severe generalized 23 23 (100%) 0 (0%)
Other generalized 69 46 (67%) 23 (33%)

Note. For each subtype, the larger percentage value is bolded for ease of visual comparison.

Abbreviations: GTCSA, generalized tonic-clonic seizures alone; JME, juvenile myoclonic epilepsy.

Epilepsia. Author manuscript; available in PMC 2020 November 01.

Page 20



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Variables associated with classifying individuals with focal epilepsy into class 3 versus class 4

Variable Class 3

Psychic +H+
Sensory ++
FAS ——
Motor -
FIAS -—
Age Older

Circadian ~ Wake
Febrile

Autonomic

Number

Focal-BTC

Aphasia

Class 4

+++
+++
Younger

Sleep

P((:orr)a
<.001
<.001
<.001
<.001
<.001
<.001
<.001

ns
ns
ns
ns

ns

TABLE 3

Page 21

Note. Age at onset is relative to the median value of 10 years. The following variables included in the overall model pertain only to generalized

epilepsy, were not present in any individuals with focal epilepsy, and hence were not included in this analysis: absence seizures, myoclonic

seizures, and generalized tonic-clonic seizures.

Abbreviations: BTC, bilateral tonic-clonic; FAS, focal aware seizures; FIAS, focal impaired-awareness seizures; ns, not significant.

a., . . . . . .
Chi-square test with Bonferroni correction for multiple comparisons.
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TABLE 4

Distribution of focal epilepsy subtypes into class 3 versus class 4

Clinical classification ~ Subjects,n  Class 3, n (%) Class 4, n (%)

Temporal 131 89 (68%) 42 (32%)
Frontal 25 2 (8%) 23 (92%)
SLFE 41 4 (10%) 37 (90%)
Posterior 64 32 (50%) 32 (50%)
Unlocalized 50 13 (26%) 37 (74%)

Note. For each subtype, the larger percentage value is bolded for ease of visual comparison.

Abbreviation: SLFE, self-limited focal epilepsy.
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