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Abstract

Objective—The yield of epileptiform abnormalities in serial EEGs has not been addressed in a
population-based setting for subjects with incident epilepsy or a single unprovoked seizure, raising
the possibility of methodological limitations such as selection bias. Our aim was to address these
limitations by assessing the yield and predictors of epileptiform abnormalities for the first and
subsequent EEGs in a study of incident epilepsy or single unprovoked seizure in Rochester,
Minnesota.

Methods—We used the resources of the Rochester Epidemiology Project to identify all 619
residents of Rochester, Minnesota born in 1920 or later with a diagnosis of incident epilepsy
(N=478) or single unprovoked seizure (N=141) between 1960 and 1994, who had at least one
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EEG. Information on all EEGs and their results was obtained by comprehensive review of medical
records.

Results—Among subjects with epilepsy, the cumulative yield of epileptiform abnormalities was
53% after the first EEG and 72% after the third EEG. Among subjects with single unprovoked
seizure, the cumulative yield was 39% after the first EEG and 68% after the third EEG. Young age
at diagnosis and idiopathic etiology were risk factors for finding epileptiform abnormalities across
all EEGs.

Significance—While the cumulative yield of epileptiform abnormalities increases over
successive EEGs, there is a decrease in the increment for each additional EEG after the first EEG.
This is most evident in incident epilepsy and in younger subjects. Clinically it may be worthwhile
to consider that the probability of finding an epileptiform abnormality after the third non-
epileptiform EEG is low.
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Introduction

The presence of epileptiform abnormalities on electroencephalogram (EEG) augments
clinical information about seizures and helps with both diagnosis and classification. Since
the first EEG does not always show an epileptiform abnormality and serial EEGs may all be
normal 1, multiple EEGs are often recorded in an effort to find an epileptiform abnormality
that may guide treatment, particularly if patients continue to experience seizures.

Most previous studies of the yield of epileptiform abnormalities on EEG in new onset
seizures have evaluated a single EEG. The reported yield of an epileptiform abnormality on
the first EEG in new onset unprovoked seizure or incident epilepsy ranges from 32% to 59%
in children -5 and from 12% to 44% in adults 3 68, In studies of patients with prevalent
epilepsy referred to a specialty center, the reported cumulative yield of epileptiform
abnormalities on serial EEGs performed over varying time periods ranges from 60% to

909% %11,

Various clinical factors have been reported as predictors of an epileptiform abnormality on
the first EEG in subjects with a first unprovoked seizure or incident epilepsy. Epileptiform
abnormalities on EEG are reported to be more frequent among younger patients and in
subjects with generalized seizures 1 3: 7. A high frequency of seizures is also reported to be
associated with epileptiform abnormalities 1.

The yield of epileptiform abnormalities in serial EEGs has not been addressed in a
population-based setting for subjects with incident epilepsy or a single unprovoked seizure.
Additionally, there are no studies of the predictors of epileptiform abnormalities on clinical
EEGs in an unselected population followed after single unprovoked seizure or incident
epilepsy. Such data are critical for evaluating these issues, because all patients, regardless of
their later prognosis, are included, and selection bias related to factors other than the
presence of epilepsy is minimized. Thus this design is crucial for obtaining valid results that
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form the basis for planning cost-effective diagnostic work-ups for patients with incident
epilepsy or a single unprovoked seizure.

The aims of this study were to assess the yield and predictors of epileptiform abnormalities
for the first and the subsequent EEGs in a population-based study of incident epilepsy or
incident single unprovoked seizure.

Materials and methods

Subjects

Data were obtained from the “Genetic Epidemiology of Seizure Disorders in Rochester”
study (GESDR) 1214 3 population-based investigation using the resources of the Rochester
Epidemiology Project (REP). The REP is a unique medical records-linkage system that
includes the records of all medical care facilities used by virtually all residents of Rochester,
Minnesota 1-17. GESDR includes all individuals born in 1920 or later with incident
epilepsy (2 or more unprovoked seizures) or a single unprovoked seizure while residing in
Rochester, Minnesota between 1935 and 1994. Reports of incidence and prevalence in this
population have been published elsewhere!8: 19 Our current analyses were restricted to
incident cases from 1960 to 1994, and to EEGs recorded in 1960 or later. Although EEGs
were first recorded at the Mayo Clinic in 1938, this restriction was made because EEGs
were not routinely used until the late 1940s and the characteristics of the recording system
were different and not sufficiently comparable before 1960. The 10-20 electrode system was
first used in 1969 at Mayo Clinic facilities, and before that time a specific “Mayo Clinic
system” was used that differed primarily in the position of the anterior temporal electrode.
The position of this electrode changed slightly in the 10-20 system. Only records with prior
authorization for medical record review were included (more than 99% of those identified).

Data Collection—Between 2003 and 2008, study epileptologists (JRB and WAH)
comprehensively reviewed the medical records of each proband at the Mayo Clinic and all
other local health care providers to confirm study eligibility and update information on
clinical diagnosis and classification. The review included all outpatient and inpatient
medical visits and test results (including EEG, neuroimaging, seizure descriptions, etc.) from
date first seen to last seen by a REP provider, encompassing essentially all medical care
delivered while individuals resided locally 15-17. A REP provider refers to any health care
provider working at and used by the Rochester and Olmsted County residents, whose
records are included in the Rochester Epidemiology Project database. This includes the
Mayo Clinic, the Olmsted Medical Center and its local clinics, and some private practices.

An unprovoked seizure was defined as a seizure, occurring in the absence of an identified
proximate precipitating factor, thus excluding seizures associated only with an acute insult
to the central nervous system (CNS) or a generalized systemic metabolic disturbance (acute
symptomatic seizures). Individuals with only febrile seizures or neonatal seizures were
classified as acute symptomatic and were excluded 20, Subjects without an EEG were
excluded from the analysis.
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Seizures and epilepsies characterized by unique sensitivity to external stimuli such as
photoconvulsive seizures, sensory stimulus-sensitive epilepsy, auditory-induced epilepsy, or
reading epilepsy were considered unprovoked®. Subjects were classified as having a single
unprovoked seizure if they had only one unprovoked seizure between 1960 and 1994,
without recurrence while residing locally during the follow-up period extending to 2008. To
ensure that subjects in this category had not had additional seizures before diagnosis, only
those who had been seen by a REP provider within seven days of the first seizure were
included. Incident epilepsy was defined as a history of >2 unprovoked seizures, separated by
more than 24 hours and diagnosed by a physician. Subjects were classified as having
incident epilepsy if they were initially diagnosed with epilepsy while residents of Rochester
from 1960-1994, or had a first unprovoked seizure from 1960-1994 and a recurrence at any
time while residing locally during the follow-up period ending in 2008. Thus, subjects who
had a first unprovoked seizure while residing in Rochester from 1960-1994 were classified
as epilepsy if they had a recurrence during follow-up, but as single unprovoked seizure if
they never had a recurrence during follow-up. Subjects were excluded if they had not
resided in Rochester, Minnesota for at least one year before the diagnosis date. For each
patient with incident single unprovoked seizure or incident epilepsy in Rochester,
Minnesota, we examined number of EEGs, age at diagnosis, gender, seizure type, etiology,
presence of status epilepticus, and number of seizures per year. For each EEG, detailed
information was abstracted on date, type (routine or with video monitoring, etc.) and
findings (including specific epileptiform and nonepileptiform abnormalities).

Staff neurologists at the Mayo Clinic assessed 96% of the patients. Patients were classified
as having “unknown” seizure type when information was sufficient to confirm the
occurrence of a seizure but inadequate to allow further classification.

Electroencephalographic records—We included EEGs with and without activation
during the study period and excluded prolonged (longer than 24 hours) and intra-operative
EEGs. The first EEG was the first related to the diagnosis of single unprovoked seizure or
incident epilepsy, within one year of the date of a first single unprovoked seizure or new
diagnosis of epilepsy. Earlier EEGs were excluded, assuming that they could have been
recorded for another reason (i.e., febrile seizure, acute symptomatic seizure), unrelated to the
seizures under study. All EEGs were requested by the treating physicians in the clinical
context and the reasons for performing the number of EEGs are unknown.

Definitions

Epileptiform abnormalities

For each EEG, findings were classified as epileptiform or non-epileptiform.

Interictal and ictal epileptiform abnormalities were defined by the presence of generalized
epileptiform abnormalities (typical generalized spike-wave 3 Hz, atypical spike-wave, slow
spike-wave, generalized epileptiform fast, hypsarrhythmia, electro-decremental), focal
epileptiform abnormalities (spike, spike-wave, sharp wave, periodic lateralized epileptiform
discharges (PLEDS), temporal interictal rhythmic delta activity (TIRDA), multifocal,
bilateral, independent, or synchronous) or epileptiform abnormality but not determined

Epilepsia. Author manuscript; available in PMC 2015 September 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Baldin et al.

Page 5

whether generalized or focal. Seizures recorded during the EEG were classified by seizure
type and the nature of the ictal epileptiform discharges.

Any epileptiform abnormality was defined by the presence of interictal or ictal epileptiform
abnormalities and dichotomized as present or absent.

Age at EEG recording

The age of the subject at the time of each EEG was recorded.

Age at diagnosis

Age at single unprovoked seizure or incident epilepsy was grouped as <1 year, 1 to 19 years,
and 20 years or older (referent).

Seizure classification

Study epileptologists (JRB and WAH) classified unprovoked seizures by etiology, seizure
type, and epilepsy syndrome using the 1989 recommendations of the International League
Against Epilepsy (ILAE) 21, as these were the standard classification systems at the time of
data review.

Patients were classified as having generalized epilepsy syndromes if they had generalized
ictal or interictal epileptiform EEG abnormalities or seizure semiology clearly consistent
with absence, myoclonic, or atonic seizures, and were subdivided into idiopathic generalized
epilepsies, other generalized epilepsies (denoted "cryptogenic” or "symptomatic" in the 1989
ILAE classification) 2. Patients were classified as having focal epilepsy if they had focal
epileptiform EEG abnormalities or focal seizure semiology, and were also subclassified into
syndromes according to the 1989 ILAE criteria.

When the broad epilepsy syndrome (generalized or focal) could not be determined, the
reasons were recorded (nocturnal seizures only, limited semiology information, or lack of
EEG findings) and patients were placed in a category of “unclassified” seizure type and of
“unknown” syndrome. Classification of etiology, seizure type and epilepsy syndrome were
based upon clinical information, EEG and MRI from the diagnosis to six months after the
diagnosis. Findings on CT or MRI were used to support the diagnosis (especially if known
to be associated with focal epilepsy, e.g. tumor, focal cortical dysplasia) but negative
findings were not required for exclusion of structural/metabolic epilepsy. Seizure types and
etiologies were classified independently, allowing classification of generalized seizures in
some individuals with identified brain injuries.

Presumed cause was assigned based on the history of structural or metabolic central nervous
system (CNS) insults occurring before the first unprovoked seizure. Patients with structural
or metabolic causes22 were further subdivided into prenatal/developmental (i.e.,
neurological deficit presumed present at birth, as reflected by intellectual or motor deficits
or CNS congenital malformations), identified genetic disorder (e.g., tuberous sclerosis or
Down syndrome), or postnatal cause (e.g., stroke or traumatic brain injury). For analysis, we
combined subjects with prenatal/developmental and genetic causes.
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Status Epilepticus (SE)

The length of seizures was recorded only when it was greater than 5 minutes. SE was
defined as a single seizure with duration of 30 minutes or more or repeated seizures lasting
30 minutes or more without recovery in between. SE was considered to be absent when
seizures were shorter than 30 minutes or when there was no length recorded for that seizure,
under the assumption that the duration was less than 5 minutes. We considered SE occurring
before the first EEG, with no SE as the referent.

Number of seizures per year

The number of seizures per year was classified during the first five years following
diagnosis and categorized as none, one, two or more, or unknown (including those lost to
follow up - those who moved out of the area less than five years after diagnosis). Syndromes
characterized by an elevated frequency of seizures were classified as having 2 or more
seizures/year.

Statistical analysis

Descriptive statistical analyses were performed to analyze demographic and clinical
characteristics, using frequencies and percentages to summarize categorical variables,
medians and interquartile ranges for continuous variables. Statistical significance was
determined using the 2 statistic (or Fisher's exact test) and Wilcoxon-Rank sum test for
continuous variables. The 0.05 level of significance and two-sided tests were used for all
analyses. All analyses were conducted using SAS® software, v 9.2.

Cumulative yield of any epileptiform abnormality

We estimated the cumulative yield of any epileptiform EEG abnormality according to the
number of EEGs using a life table approach for clustered observations, with clusters defined
by individual subjects and observations defined by EEGs. Since few subjects had more than
four EEGs, we considered one, two and three or more EEGs for single unprovoked seizure
and one, two, three and four or more EEGs for epilepsy, in order to avoid a distortion of the
results due to a small denominator. The log-rank statistic was used to compare the estimate
of cumulative proportion of any epileptiform abnormality in single unprovoked seizure
versus incident epilepsy. Subjects were followed until the date an epileptiform abnormality
was recorded, the date of last visit to a REP provider, the date of death or the end of the
study period (1 January 2008), whichever came first.

In subjects with epilepsy, we also compared the yield of any epileptiform abnormality by
age and by seizure type (excluding subjects classified as having both focal and generalized
seizure types). Among children aged 1-19 years, we compared the yield by syndrome.
Analysis of the yield of EEG abnormalities according to seizure type and syndrome was
circular since classification of seizure type and syndrome was based in part on EEG findings
during the first 6 months. This problem was most apparent for primary generalized seizures,
which by definition require the presence of generalized EEG abnormalities. Due to this
problem, we conducted an additional analysis that excluded EEGs done in the first 6 months
of diagnosis for primary generalized seizures only.

Epilepsia. Author manuscript; available in PMC 2015 September 01.
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Cox proportional hazard regression analysis

In subjects with epilepsy, a Cox proportional hazard regression model was used to evaluate
the hazard of recording any first epileptiform abnormality, accounting for the number of
EEGs performed until the first epileptiform abnormality and the number of seizures during
the first five years of follow-up. The model included age group at diagnosis and etiology.
Subjects were censored after their last EEG, date of death or at last date of follow up in
Rochester, Minnesota, whichever came first. The same model was used to evaluate the
hazard of recording any epileptiform abnormality, accounting for the time from the
diagnosis of epilepsy to the first epileptiform EEG abnormality recorded.

To account for the clustering of EEGs within subjects, we used the marginal Cox model
approach for clustered data, applying the Wei, Lin and Weissfel method 23,

The proportional hazard assumption was tested graphically.

Proportion of epileptiform abnormalities on EEGs

Results

We evaluated the proportion of epileptiform abnormalities recorded after the first
abnormality was found. To compare our findings with the literature, we reproduced a
“prevalent subset” of subjects, consisting of subjects with EEGs performed >5 years after
onset.

We studied 677 Rochester, Minnesota residents aged one month or older with incident
single unprovoked seizure (N=159, 23.5%) or epilepsy (N=518, 76.5%) from 1960 through
1994. Among the 501 subjects with incident epilepsy whose date of first unprovoked seizure
was known, the median latency between first unprovoked seizure and the diagnosis of
epilepsy was 204 days (Interquartile Range-IQR=33-764).

Among the 677 subjects evaluated, 619 subjects had one or more EEGs and they differed
from the 58 subjects without EEGs. Among subjects with a single unprovoked seizure, those
with an EEG were more likely to be male (49.6% vs. 22.2%; p=0.04). In subjects with
epilepsy, those with an EEG were more likely to have focal seizures (58.6% vs. 32.5%), and
less likely to have generalized (23.4% vs. 27.5%) or unclassifiable seizures (17.2% vs.
37.5%; p=0.003). Individuals with an EEG were also more likely to have had >2 seizures
during the first five years of follow-up, and less likely to have had an unknown number of
seizures (p<0.05 for each year of follow up).

Demographics by diagnosis among subjects with one or more EEGs

Single Unprovoked Seizure—The median time to the first EEG was three days
(IQR=1-6). The median age at diagnosis was 19.6 years (IQR=6.3-38.0); the majority of
subjects had an unknown etiology (76.6%) (Table 1).

Epilepsy—The median time to the first EEG was four days (IQR=1-16). The median age
at diagnosis was 17.3 years (IQR: 6.5-33.7); unknown etiology was most common (44.8%).
Seizure type was classified as focal in 58.6% (Tablel).
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Among 246 subjects without an epileptiform abnormality on the first EEG, those with only
one EEG were less likely than those with >2 EEGs to have a focal seizure type (44% vs.
63.2%, p=0.006) and more likely to have unclassifiable seizures (44% vs. 22.8%, p=0.006).
Those with only one EEG also experienced fewer seizures during the second (p=0.0004),
third (p=0.003) and fourth year of follow up (p=0.01) than those who had a second EEG.
Among the 232 subjects with an epileptiform abnormality on the first EEG, those without a
second EEG were older than those who had additional EEGs (p=0.0004, data not shown).

Any epileptiform abnormality on EEGs over time

Overall, 619 subjects (91.4%) underwent at least one EEG between the diagnosis, or within
a year prior to diagnosis, and the end of the study period (1 January 2008). At least one EEG
was performed in 141 (88.7%) subjects with a single unprovoked seizure and 478 (92.3%)
subjects with epilepsy. Among all subjects with a first EEG, 89.5% had photic stimulation
and 69.6% had sleep. These percentages were essentially unchanged over the 2nd and 3rd
EEG.

Single unprovoked seizure

Cumulative percentage of any epileptiform abnormality on EEGs (Fig. 1)

An epileptiform abnormality was identified in the first EEG in 39.1%. A second EEG
identified epileptiform abnormalities in an additional 10% and an additional 18.5% were
identified on the third EEG (although numbers were small). By the third EEG, 67.6% of
subjects had an epileptiform abnormality. Among subjects that had more than one EEG
etiology was either symptomatic or unknown.

Incident epilepsy

Cumulative percentage of any epileptiform abnormality on EEGs (Fig. 1-3)

Epileptiform abnormalities were identified on the first EEG in 52.7%. A second EEG
identified an additional 14.1%, and a third EEG added 5.2%. By the fourth EEG, the
cumulative yield was 87.6% (Fig. 1).

Subjects aged 20 years or older were less likely than younger subjects to have an
epileptiform abnormality (Fig. 2). By the third EEG, the cumulative yield was 82.4% among
subjects aged 1-19 years and 78.0% among those younger than one year compared to 58.4%
for those 20 years or older (p<0.0001).

The cumulative yield was significantly greater for subjects with generalized seizures than
focal or unclassified seizures (Fig. 3). The same pattern was seen when EEGs performed
during the first six months were excluded for generalized seizures (data not shown).

To consider the impact of specific epileptic syndromes, we analyzed the yield in children
aged 1-19 years (Supplementary Fig. 1). Subjects with generalized epilepsy syndromes (i.e.
IGE and generalized not IGE) showed a higher yield (96.1% and 95.8% respectively)
compared to focal non-idiopathic syndromes (76.6%) (p<0.0001).
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Factors associated with any epileptiform abnormality across all EEGs (Table 2)

The hazard of finding any epileptiform abnormality was increased in subjects 1-19 years old
at diagnosis compared to those 20 years or older. The hazard of finding an epileptiform
abnormality was also greater in idiopathic epilepsies than in epilepsies of unknown etiology
(Table 2). In a similar model adjusted for the time from diagnosis to first epileptiform
abnormality and the number of seizures, the same factors were associated with a greater
hazard of having an epileptiform abnormality (data not shown).

Proportion of epileptiform abnormality on EEGs

There were 232 subjects with an epileptiform abnormality on the first EEG. Among these,
72% had an abnormality on the second EEG, 59.7% on the third EEG, and 65.2% on the
fourth EEG. The same pattern of increasing then decreasing propensity to have an
abnormality was evident when the first epileptiform abnormality was recorded on the second
EEG or on the third EEG (data not shown).

Results were comparable with those of the overall sample when a “prevalent subset” of
subjects was considered (i.e., EEGs in incident epilepsy after five years of follow-up).
Among the 157 prevalent subjects, 73 (46.5%) had an epileptiform abnormality on the first
EEG. Of these, an epileptiform abnormality was recorded in 70.6% on the second EEG, in
64.9% on the third and in 64.3% on the fourth EEG.

Discussion

This is the first population-based study of the risk of finding epileptiform abnormalities over
multiple EEGs in people with incident epilepsy or single unprovoked seizure. The yield of
any epileptiform abnormality increased with increasing number of EEGs, although the
incremental yield after the first EEG decreased with each additional EEG. The cumulative
yield was greatest for incident epilepsy in which the cumulative yield of any epileptiform
abnormality was 72% by the third EEG.

We compared our results to previous studies in clinic-based select populations.

Yield after the first EEG

Previous findings of the yield of epileptiform abnormalities in a first EEG with or without
sleep were similar to ours. Unlike our study, most other studies combined subjects with
incident epilepsy and single unprovoked seizure. A similar yield was reported in prevalent
epilepsy in adults 1% 11 and in subjects of all ages °.

Cumulative yield over multiple EEGs

In prevalent epilepsy, a few prior studies have considered the yield of epileptiform
abnormalities over multiple EEGs. In these studies, the yield of epileptiform abnormalities
increased with increasing number of EEGs. After the third EEG, the cumulative yield ranged
from 60% to 77% 10 11 and was >90% after more than six EEGs % 10 (Table 3). We found a
similar cumulative yield (58.4%) after the third EEG in adults with incident epilepsy.

Epilepsia. Author manuscript; available in PMC 2015 September 01.
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Cumulative yield by age

In previous studies of subjects with incident unprovoked seizures, the yield of an
epileptiform abnormality on a first EEG only was 32%-59% in children 1~ and 12%-44% in
adults 3 6-8 (Table 3). Similarly, we found that the cumulative yield was higher for younger
subjects compared to those aged 20 years or older over multiple EEGs.

Risk factors for epileptiform abnormality—We found that the major risk factor for a
greater yield of epileptiform abnormalities was younger age. This was true for age group 1-
19 years compared to people of older ages after adjusting for seizure frequency, suggesting
that the EEG examination is most useful in children and adolescents. Others have also found
a greater yield of epileptiform abnormalities in younger subjects 3 7, and in subjects with a
high seizure frequency % 11,

The incidence/prevalence paradox

The yield of epileptiform abnormalities over successive EEGs does not differ between
clinical series of prevalent epilepsy %11 and our population-based incidence cohort. We
observed this paradox even when we restricted our analysis to a prevalent subsample at
follow-up that was selected from the incident cohort. The proportion of epileptiform
abnormality on the first EEG was 48.5% in our full cohort and 46.5% in the prevalent
subsample. This unexpected similar pattern in incident and prevalent cohorts may reflect the
remission and relapse pattern of epilepsy 24 25 or an intrinsic frequency of epileptiform
abnormalities in each person.

Strengths and limitations

Strengths of our study include its population-based design, the expertise of clinicians in and
around Rochester and the excellent quality of the Mayo Clinic medical records and EEGs.
The demographics of Rochester, MN differ from the rest of the US, because most of the
Rochester population is white, of northern European origin, and higher socioeconomic
status 16: 26, However, these differences are unlikely to impact the yield of EEGs. Thus, our
findings can be generalized and considered of practical value for health care providers in
optimizing the care of and resources for patients with epilepsy.

Over the study period the number of available diagnostic procedures in epilepsy has
increased (i.e., MRI examination was only available for part of the time period of our study)
and this might have affected the etiologic classification of the cases identified in the earlier
phase.

A small proportion of individuals were seen by a REP provider after moving out of
Rochester, MN. It was impossible to determine whether EEGs were performed elsewhere in
these subjects. While this might lead to underestimation of number of EEGs, the clinical
characteristics of these subjects did not differ from subjects residing in the county for the
entire follow-up period. Also, because of the way our data were collected (through
retrospective medical record review), inter-rater reliability of EEG findings could not be
assessed.
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We analyzed EEG epileptiform abnormalities by seizure type and syndrome. However, in
keeping with usual clinical practice, the presence and type of EEG abnormalities in the first
6 months after diagnosis was taken into account in the classification of seizure type and
epilepsy syndrome. This diagnostic issue creates a circularity of reasoning, especially with
regard to primary generalized seizures and generalized syndromes, where classification is
greatly dependent on the identification of generalized epileptiform EEG abnormalities. In
order to account for the effect of this circularity, we performed an analysis of EEGs in
individuals with primary generalized seizures after excluding EEGs done within the first 6
months after diagnosis and found no difference in the results.

Data were not collected on use of antiepileptic drugs in the follow-up period. Antiepileptic
drugs could affect the detection of an epileptiform abnormality on the EEG either increasing
or decreasing their presence, depending on the specific drugs used, although this has not
been shown consistently 9 27: 28,

A substantial proportion of seizure types were unclassifiable. This is a weakness of our
study, but is typical of population-based studies of incident epilepsy and single unprovoked
seizure 20 29: 30 Additionally, we did not examine specific epileptiform abnormalities, but
only the abnormalities overall.

Conclusion

The cumulative yield of any epileptiform abnormality through the third EEG is about 70%
for both incident epilepsy and single unprovoked seizure. The incremental yield decreases
for each additional EEG after the first EEG. Clinically it may be worthwhile to consider the
low probability of finding an epileptiform abnormality after the third non-epileptiform EEG.
This is most evident in incident epilepsy, and specifically, in younger subjects. The utility of
ordering multiple EEGs over time should be considered carefully, to avoid potentially
unnecessary testing.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Epileptiform abnormality in single unprovoked seizure and incident epilepsy.
Cumulative yield and 95% C.I.

The Ns for each EEG represent the effective sample size, which consider the censored data
and the probability at midpoint in actuarial lifetable.
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Figure 2. Epileptiform abnormality in 478 subjects with epilepsy, by age group
The Ns for each EEG represent the effective sample size, which consider the censored data

and the probability at midpoint in actuarial lifetable.
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Table 1

Clinical and demographic features of subjects with single unprovoked seizure and incident epilepsy, for

subjects with at least one EEG

Single Unprovoked Seizure

141
N (%)

Epilepsy

478
N (%)

Age at diagnosis (years) median (IQR)
N (%)

<1

1-19

>20

Gender

Male

Female

Seizure type

Generalized

Focal

Both

Unclassifiable

Isolated unprovoked

History of status epilepticus

No

Yes

Etiology:

Idiopathic
Prenatal/developmental/genetic/metabolic
Postnatal symptomatic

Unknown

Number of EEGs

1

2

3

>4

Number of seizures during 1t year
None

1

>2

Unknown

Number of seizures during 2" year
None

1

22

19.6 (6.3-38.0)
6 (4.3)
65 (46.1)
70 (49.7)

70 (49.7)
71 (50.3)

0(0)
0(0)
0(0)
0(0)
141 (100)

134 (95.0)
7 (5.0)

0(0)

6 (4.3)
27 (19.1)
108 (76.6)

78 (55.3)
40 (28.4)
7(5.0)
16 (11.3)

141 (100)
0(0)
0(0)
0(0)

141 (100)
0(0)
0(0)

17.3 (6.5-33.7)
29 (6.1)
234 (49.0)
215 (45)

250 (52.3)
228 (47.7)

112 (23.4)
280 (58.6)
4(0.8)
82 (17.2)
0 (0)

467 (97.7)
11 (2.3)

86 (18)
71(14.8)
107 (22.4)
214 (44.8)

118 (24.7)
115 (24.1)
81 (17.0)
164 (34.3)

115 (24.1)
59 (12.3)

257 (53.8)
47 (9.8)

209 (43.7)
46 (9.6)
150 (31.4)
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Single Unprovoked Seizure Epilepsy
141 478
N (%) N (%)
Unknown 0(0) 73 (15.3)
Number of seizures during 3™ year
None 141 (100) 218 (45.6)
1 0(0) 46 (9.6)
>2 0 (0) 116 (24.3)
Unknown 0 (0) 98 (20.5)
Number of seizures during 4t year
None 141 (100) 239 (50.0)
1 0 (0) 24 (5.0)
>2 0 (0) 100 (20.9)
Unknown 0(0) 115 (24.1)
Number of seizures during 5" year
None 141 (100) 245 (51.3)
1 0 (0) 24 (5.0)
22 0 (0) 78 (16.3)
Unknown 0 (0) 131 (27.4)
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Table 2

Page 19

Cox proportional hazard regression analysis for any new ictal or interictal epileptiform abnormality in 478
people with epilepsy and at least one EEG

Factors Crude HR Adjusted HR"
(95% CI) (95% ClI)

Age at diagnosis (years)

<1 17(1.1-28) 1.3(0.8-2.2)

1-19 21(1.7-27) 1.8(1.3-23)

>20 1.0 (referent) 1.0 (referent)

Gender

Male 1.0 (referent) 1

Female 1.0 (0.8-1.3)

Etiology

Idiopathic 1.0 (referent) 1.0 (referent)

Prenatal/developmental/genetic/metabolic
Postnatal symptomatic

Unknown

Status epilepticus

No

Yes

0.8 (0.5-1.1)
0.4 (0.3-0.6)
0.5 (0.4-0.6)

1.0 (referent)
0.5(0.2-1.3)

0.9 (0.7-1.2)
0.9 (0.6-1.3)
0.7 (0.6-0.97)

1

*

accounting for number of EEGs done before finding abnormality (continuous) and for the number of seizures during each of the first five years of
follow up (categorized as none, one, two or more, or unknown).

HR= Hazard Ratio; 95% Cl= 95% Confidence Interval

1 . .
Factor not included in the model.
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