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Objective: To assess the gain in detection of epileptiform abnormalities in 24-hour EEG recordings follow-
ing the first seizure.
Methods: We identified patients who underwent 24-hour video EEG (VEEG) with ‘‘first seizure” as an
indication. We noted the presence or absence of epileptiform discharges (EDs) in the VEEG study and
the latency for the appearance of such discharges. We compared the rate of EDs during the initial
60 min with those occurring only later during the recording.
Results: Data from 25 patients, aged 15 to 59, were included. Of the 11 patients with EDs, eight (73%)
appeared only after 60 min of recording. This equates to a 32% absolute increase in the detection of
EDs across all patients. The latency to first EDs varied from one to 1080 min with a median of
170 min. In four cases, actual subtle seizures were recorded.
Conclusion: This study suggests an increase in the detection of EDs with the 24-hour studies compared to
the traditional shorter recordings, in the context of a first seizure.
Significance: A standard EEG can be performed close to the seizure, followed by a longer up to 24-hour
recording if the initial shorter study is unrevealing.
� 2021 International Federation of Clinical Neurophysiology. Published by Elsevier B.V. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

A single unprovoked seizure is a common scenario encountered
by practicing neurologists. The ensuing work up aims in part at
quantifying the risk of seizure recurrence as a major determinant
in the decision of starting an antiepileptic drug. In a published
evidence-based guideline, the authors confirmed the following fac-
tors to be associated with an increased risk of seizure recurrence: a
prior brain insult, an EEG with epileptiform abnormalities, or an
epileptogenic lesion on brain imaging (Krumholz et al., 2015). In
the absence of an antecedent neurological insult or imaging abnor-
malities, EEG findings have a decisive role in estimating the risk of
seizure recurrence. Epileptiform discharges (EDs) on EEG increase
the relative risk for seizure recurrence by a factor of 2.16 (Hauser
et al., 1990). This risk applies both to adults and children. After a
first unprovoked seizure in adults, epileptiform abnormalities were
associated with an increase in seizure recurrence from 27.4% to
49.5%, and in children from 27–42% to 60–71% (Wirrell, 2010).
While the role of EEG findings in the management of a single
unprovoked seizure is well established, the guidelines do not spec-
ify the optimal duration of the EEG recording in this context.

In patients with established epilepsy, the sensitivity of the EEG
to detect EDs increases with longer recording time or with
repeated studies. Single routine EEGs in epilepsy are often non
diagnostic; only 29–55% of patients with epilepsy have EDs on
their first EEG. The yield can be increased to 72–90% by performing
serial EEG studies (Doppelbauer et al., 1993; Baldin et al., 2014).
The sensitivity to detect epileptiform abnormalities is also
enhanced by performing extended outpatient EEGs compared
to � 30-minute routine recordings (Modur and Rigdon, 2008;
Losey and Uber-Zak, 2008; Lee et al., 2013; Burkholder et al.,
2016; Tatum et al., 2018), or by performing � 24-hour ambulatory
EEG or inpatient studies (Narayanan et al., 2008; Faulkner et al.,
2012; Lee et al., 2013). In an outpatient ambulatory EEG study per-
formed on 180 patients with epilepsy, the authors found a median
latency to first interictal ED of 316 min. The detection rate of these
discharges increased from 44% within four hours of recording to
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85% and 95% after 24 and 48 h of recording respectively (Faulkner
et al., 2012). Narayanan et al. (2008) reported on 46 patients with
epilepsy admitted for EEG monitoring. Only 37% of them had
epileptiform activity within the first 20 min of continuous record-
ing (the minimum duration of a routine EEG), compared to 89%
exhibiting EDs within the first 24 h. The literature is scarce on
the yield of repeated or prolonged EEG recordings in the specific
context of a first unprovoked seizure. Baldin et al. (2014) reported
a yield of epileptiform abnormalities of 39% with the first EEG,
increasing to 68% after the third. We found a single study evaluat-
ing the 24-hour video-EEG (VEEG) after a first unprovoked seizure;
Chen et al. (2016) reported a rate of 42% of epileptiform abnormal-
ities in 24-hour recordings. However, they did not compare the
incremental yield across the recordings progression and did not
comment on the latency to first EDs.

Performing short EEG studies with low sensitivity to detect
abnormalities may be misleading when trying to stratify the risk
of seizure recurrence after a first seizure. Thus, normal routine
EEGs may be insufficient to reassure patients. Based on this
assumption, some patients are now getting 24-hour EEG record-
ings following a first seizure. At our center, this is at times done
after an unrevealing routine EEG or even instead of the routine
study. Our study attempts to evaluate this practice and establish
the cumulative sensitivity of a 24-hour EEG compared to shorter
recordings, calculate the latency to epileptiform abnormalities,
and study the effect of this practice on initiation of anti-seizure
drugs following a single event.
2. Methods:

The study was approved by the institutional review boards at
Hamad Medical Corporation (HMC) and Weill Cornell Medicine-
Qatar. As the data was collected retrospectively, informed consent
was waived.

2.1. Patients

Study subjects were identified from the epilepsy monitoring
unit database at HMC. Patients admitted between May 2016 and
January 2020 to investigate a first unprovoked seizure were
selected. Two seizures occurring within 24 h were accepted. All
subjects underwent a 24-hour VEEG recording. Patients with pro-
voked acute symptomatic seizures or with an established pattern
of recurring seizures fulfilling the diagnosis of epilepsy were
excluded. We excluded also subjects with obvious abnormalities
on neurological examination or neuroimaging studies, and subjects
who were initially investigated for a first ‘‘unprovoked seizure” but
later identified as having an alternative diagnosis to their paroxys-
mal events. Age and gender were noted for each subject. The speci-
fic characteristics of the index event were documented, such as the
physical symptoms, loss of consciousness, duration, and timing, in
order to reach a gross classification of the seizure.

2.2. EEG

All subjects underwent a 24-hour VEEG recording (Nihon Koh-
den), some after an unrevealing outpatient EEG. VEEG data was
acquired using the standard 10–20 system for electrode placement,
in addition to T1 and T2 temporal electrodes. The first 45–60 min
of the recording are acquired following our extended EEG protocol
and include activation procedures like hyperventilation, photic
stimulation and attempted sleep. At the conclusion of the 24-
hour recording, the EEG is reviewed page by page by a certified
technologist and verified by an electroencephalographer. For the
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purpose of this study, the results were confirmed later on by
another electroencephalographer. The presence or absence of
EDs, the latency for the appearance of such discharges, their distri-
bution, and the behavioral state they appear in were noted. EDs
could be ictal or interictal. Other less specific EEG abnormalities
(slowing, background asymmetry etc.) were also tabulated. The
time elapsed from the index seizure to the VEEG study was
counted.
2.3. Statistical analysis

Numeric variables are summarized using means ± standard
deviations along with medians (Interquartile Range) and mini-
mum/maximum observations. Categorical variables are summa-
rized using frequency distributions. Clopper-Pearson method was
used to estimate the 95% confidence interval for the percentage
of EDs beyond one hour. The yield of the EEG to detect EDs in
the first 60 min of the recording versus the rest of the 24-hour per-
iod was calculated. We then deduced the number of patients
where these abnormalities would have been missed had the EEG
recording been limited to just 60 min. The median latency to the
first EDs in patients with such observable discharges was
calculated.
3. Results

Data on 25 patients were available for this study. Patients’ age
ranged between 15 and 59 years with a median of 32. The male
to female ratio was 3/2. Subjects came from several different coun-
tries and cultures and were also highly variable in socioeconomic
status. All patients except one were investigated for first general-
ized convulsive events, with only one subject labeled with a likely
first focal seizure with impaired awareness. All except one had a
single event, with one person experiencing two generalized con-
vulsions within 24 h. There were no cases of status epilepticus.
Eighteen patients (72%) had their seizures during wakefulness,
while seven had sleep related seizures. Twelve patients (48%)
had a previous ‘‘unrevealing” outpatient EEG. The VEEG was done
two to 180 days after the index seizure episode, with a median of
45 days. Individual demographics, seizure and EEG characteristics
are displayed in Table 1.

Of the 25 patients, 11 (44%) showed EDs at any time during the
VEEG recording, two (8%) had just non-specific abnormalities (EEG
slowing), and 12 (48%) had normal studies. All detected EDs were
focal, except one case with generalized spike/wave complexes.
EDs were exclusively seen during sleep in six of the 11 patients
(54.5%) with such VEEG findings, while four showed subtle or pure
electrographic seizures (Fig. 1).

The latency to first EDs when present in the VEEG recording
varied from one to 1080 min with a median of 170 min.

Of the 11 patients with epileptiform abnormalities, eight (73%,
95% confidence interval 39–94) showed their first discharges only
after the initial 60 min of recording, which is well beyond the rou-
tine (20–40 min) and even extended (41–60 min) EEG time frame.
This means that in patients with EDs, approximately three out of
every four patients would have these discharges missed had the
recording been shorter than one hour, with a relative yield increase
of 73% of the 24-hour VEEG recording compared to the shorter
extended EEG. Since eight (32%) of the total study cohort displayed
EDs beyond one hour of recording, this translates to the following
formula: for each three patients who underwent 24-hour VEEG for
a first seizure, roughly one additional patient was identified with
epileptiform abnormalities that would have been otherwise
missed with just a 60-minute EEG recording.



Table 1
Individual demographics, seizure and EEG characteristics. L, left. R, right. EDs, epileptiform discharges. W, wakefulness. S, sleep. VEEG, video-EEG.

Patient Age
(years)

Gender State at
seizure

Prior Routine
EEG

Time from seizure to VEEG
(Days)

VEEG Findings Latency to EDs
(minutes)

1 48 Female W No 120 Normal .
2 32 Female S Yes 105 L Fronto-temporal slowing .
3 17 Female W No 75 Normal .
4 20 Female W No 4 Intermittent slowing, bilateral .
5 50 Male W No 60 Normal .
6 15 Female W Yes 180 R Frontal spike/wave 2
7 50 Male S No 45 Normal .
8 28 Male S No 30 Normal .
9 38 Female W No 7 L Fronto-temporal sharp waves 15
10 16 Male W No 2 L temporal seizure 1080
11 37 Male W No 12 L temporal seizure & sharp waves 170
12 55 Male S No 21 L Temporal spikes 134
13 59 Male W Yes 90 Normal .
14 32 Male W Yes 4 Normal .
15 15 Female W No 30 Generalized Spike & wave 1
16 30 Female S Yes 60 L temporal sharp waves 806
17 52 Female W Yes 30 Normal .
18 32 Male S No 45 Normal .
19 21 Male W No 5 R frontal sharp and slow waves 660
20 28 Male W Yes 8 R frontal seizures 780
21 26 Male W Yes 38 Normal .
22 35 Male S Yes 65 L frontal spikes 785
23 48 Male W Yes 64 Multiple electrographic seizures (onset Cz

& Fz)
90

24 38 Female W Yes 116 Normal .
25 51 Male W Yes 82 Normal .
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The 11 patients with ictal and interictal EDs were subsequently
started on anti-seizure medications, based mainly on the EEG
information.
4. Discussion

The risk of seizure recurrence following a first unprovoked sei-
zure is not uniform and varies across different studies from 40 to
60% with extended follow up (Berg, 2008; Krumholz et al., 2015).
Appearance of EDs in corresponding EEG studies grossly doubles
the risk of seizure recurrence (Hauser et al., 1990; Krumholz
et al., 2015). Single standard EEGs have a relatively low sensitivity
at detecting interictal EDs after a first unprovoked seizure, ranging
from 21 to 48% (Van Donselaar et al, 1992; King et al., 1998;
Neufeld et al., 2000; Baldin et al., 2014; Wyman et al., 2017).
Repeated EEG studies reveal newer epileptiform abnormalities in
many patients, bringing the cumulative sensitivity of serial studies
to over 60% (King et al., 1998; Baldin et al., 2014). We found two
studies that specifically looked at the yield of repeated sleep-
deprived EEG after a first standard EEG without epileptiform
abnormalities. Carpay et al. (1997) reported a detection rate of
33% of epileptiform abnormalities in sleep-deprived recordings of
children and adolescents with a first seizure and an unrevealing
first standard EEG. In a study evaluating 300 adults and children
with a first seizure presentation, King et al. (1998) found a cumu-
lative rate of 61% of all patients had generalized or focal epilepti-
form abnormalities after the second, sleep-deprived EEG.
However, repeatedly applying EEG electrodes and repeating stud-
ies may be inconvenient and uncomfortable for many patients.
An attractive alternative may consist of less numerous but more
prolonged recordings. Prolonged EEG monitoring facilities are
now readily available. This raises an important management
choice since the presence of EDs would influence the decision to
start antiepileptic medications to reduce the risk of seizure recur-
rence. Early therapy with an antiepileptic drug significantly
reduces seizure risk recurrence compared to deferred treatment,
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at least on the short term (First Seizure Trial Group, 1993;
Marson et al., 2005; Krumholz et al., 2015; Leone et al., 2016).

Our study is an important step in assessing the value of 24-hour
VEEG in the evaluation of the first seizure. We used the first 60 min
of the continuous recording as our benchmark, roughly equivalent
to the standard ‘‘extended” EEG at our institution. This study
shows that increasing the duration of the EEG recording close to
24 h increases the relative yield of new EDs by approximately
73%, and the absolute yield by 32%. This implies that almost three
quarters of the recordings with EDs would have been missed had
the study been limited to one hour or less (the typical recording
time for a routine or extended EEG), with the resultant potential
delay in the consideration of anti-epileptic treatment. Also, in prac-
tical terms, the VEEG recording contributed additional useful infor-
mation beyond the reach of the shorter routine or extended
recording in one of each three performed studies. The improved
yield from more prolonged monitoring likely stems from a combi-
nation of increased sampling and robust sleep recording. Interictal
EDs are often infrequent, and sometimes only occur in sleep
(Ferrillo et al., 2000; Tatum et al., 2018). Exclusive activation of
such abnormalities during sleep was noted in more than half of
our positive recordings. Including a full night of EEG recording in
our study protocol likely contributed to improved yield; deep sleep
stages may not be reached or sustained in a short standard record-
ing. Additionally, we recorded actual seizures in a small proportion
of patients. The seizures were too subtle to be clearly noticed or
identified by casual witnesses without EEG data.

Longer recordings may confer a higher confidence in calling
interictal epileptiform transients even when they appear early
on. The first discharges may be less well formed. The potential
recurrence of such discharges throughout the recording would
allow better confirmation of their consistent epileptiform mor-
phology and distinction from benign sharply contoured transients.

In our series, the patients with focal EDs outnumbered those
with generalized spike/wave complexes by a ratio of 10 to one.
This skew towards focal epilepsy is likely multifaceted. First, our
group does not include children or adolescents below the age of
15. Genetic or idiopathic generalized epilepsy is often diagnosed



Fig. 1. Samples of ictal EEG collected from four patients. A: Case 10, subtle seizure out of sleep with a left temporal evolving discharge (patient opens eyes and fidgets in bed,
amnestic to event). B: Case 11, brief seizure during wakefulness with a left temporal subtle theta/delta rhythmic evolving activity, followed by focal delta slowing (patient
exhibits repetitive grimacing and manual automatisms, amnestic to event). C: Case 20, three events during wakefulness and sleep, with a seemingly frontal onset (right) and
evolution. No video available for the event during wakefulness, with minor arousal like movements noted during sleep related events. Patient unaware of any events. D: Case
23, multiple EEG seizures during wakefulness and sleep with no clear consistent clinical manifestations, onset at Fz-Cz midline electrodes with bilateral electrographic
evolution. The shown sample exhibits discontinuous portions of a seizure to better visually demonstrate the ictal evolution.
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in childhood or adolescence (Gallentine and Mikati, 2012; Hantus,
2015; Mullen and Berkovic, 2018). In the same disease context,
many generalized epilepsies often start with subtle seizure types
(i.e., myoclonus), before the first generalized tonic-clonic event.
Thus, what looks like a first generalized convulsion turns out to
be not the first seizure upon detailed history (Panayiotopoulos
et al., 1994; King et al., 1998; Hantus, 2015). Lastly, most patients
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end up with a standard EEG first after a single seizure. Generalized
EDs tend to appear after a shorter latency compared to focal ones
and are likely to be identified more often in routine short EEG
recordings (Walczak et al., 1993; Losey and Uber-Zak, 2008;
Narayanan et al., 2008; Lee et al., 2013; Tatum et al., 2018). Thus,
many of these patients are filtered out as they do not need to pro-
gress to longer 24-hour EEG recordings.
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Our VEEG studies were performed on an inpatient basis; we
lack continuous ambulatory EEG technology at our center. The
inpatient setting may permit a better quality recording, but since
the duration of each study does not exceed 24 h, an ambulatory
continuous EEG alternative may be cheaper and equally adequate
as the deterioration of the applied scalp electrodes might not be
a problem. Our results can be translated to the outpatient assess-
ment of EDs after a single unprovoked seizure using continuous
ambulatory EEG where available.

We found only a single report in the literature on the use of 24-
hour VEEG in evaluating a first unprovoked seizure (Chen et al.,
2016). The authors recruited 134 patients, included subjects with
abnormal brain imaging, and found 42% with epileptiform abnor-
malities in their 24-hour recording. This is similar to the rate
observed in our study. They confirmed a higher seizure recurrence
risk in these patients, but did not specify the latency to first epilep-
tiform abnormalities and did not comment on the incremental
yield of the continuous recording. None of their patients experi-
enced seizures during the VEEG recording.

Past studies confirmed that, upon further scrutiny, 28–57% of
patients presenting for the first time with a seizure have experi-
enced prior typically subtle epileptic events (King et al., 1998;
Jallon et al., 2001; Firkin et al., 2015). Our patients were screened
repeatedly about such history, and were concluded to have none.
However, to our knowledge, the capture of actual seizures in the
EEG work up after a first seizure has not been studied in the liter-
ature. The capture of such seizures in a minority of our patients is
rather unique and warrants emphasis. The events were not recog-
nized by the patients, and lead ultimately to a diagnosis of epilepsy
based on evidence of seizure recurrence (Fisher et al., 2014).

The retrospective nature of our study, the selective and rela-
tively small number of patients represent limitations to the gener-
alizability of our results. The wide range of time elapsing between
the seizure event and the actual VEEG recording is another limiting
factor. Some studies noted significant increased EEG yield if it is
done closer to the index first event (King et al., 1998; Sofat et al.,
2016; Wyman et al., 2017).

5. Conclusion:

This study was conducted to evaluate the yield of 24 h VEEG in
the evaluation of the first unprovoked seizure, particularly in the
absence of other high risk factors for recurrence. It suggests an
increase in the detection of EDs with the 24-hour studies compared
to the traditional shorter recordings. We believe that a routine or
extended EEG should be performed close to the seizure, followed
by a 24-hour recording if the initial shorter study is unrevealing.
This approach will maximize the early identification of subjects
with high risk for seizure recurrence, allowing for early interven-
tion. The patients with ictal and interictal EDs would subsequently
be counseled about starting anti-seizure medications, based
mainly on the EEG information. Future larger studies can verify
the current findings and investigate the effect of the time to VEEG
from seizure presentation on the recording sensitivity in terms of
detecting EDs.
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