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Abstract

Purpose Interictal epileptiform discharges (IEDs) captured in electroencephalography (EEG) have a high diagnostic
value for epileptic patients. Extending the recording time may increase the possibility of obtaining IEDs. The purpose
of our research was to determine how long it took for various epileptic individuals to receive their first IEDs.

Methods We retrospectively analyzed patients who were diagnosed with epilepsy and had no anti-seizure medica-
tions (ASMs) between September 2018 and March 2019 in the neurology department of the First Affiliated Hospital

of Xi'an Jiaotong University. Each individual underwent a 24-h long-term video electroencephalographic monitoring
(VEM) procedure. Clinical information including age, gender, age of seizure onset, frequency of seizures, the interval
between last seizure and VEM, and results of neuroimaging were gathered. We also calculated the times from the start
of the VEM to the first definite IEDs.

Results A total of 241 patients were examined, including 191 with focal-onset epilepsy and 50 with generalized epi-
lepsy. In individuals with focal-onset epilepsy, the median latency to the first [ED was 63.0 min (IQR 19.0-299.0 min),
as compared to 30.0 min (IQR 12.5-62.0 min) in patients with generalized epilepsy (p <0.001). The latency to the first
IED is significantly related to the age of seizure onset (HR=0.988, p=0.049), the interval between last seizure and VEM
(HR=0.998, p=0.013). But it is not correlated with seizure frequency, gender and age.

Conclusions [EDs were discovered during 24-h EEG monitoring in 222/241(92.1%) of the epilepsy patients that were
included. Compared to focal-onset epilepsy, generalized epilepsy demonstrated a much shorter latency to IED.
Patients with late-onset epilepsy or those without recent episodes may require longer EEG monitoring periods.
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Introduction

Electroencephalography is a critical test for epilepsy diag-
nosis, classification, and presurgical evaluation. It is also
an important factor in deciding when to start anti-seizure
medication (ASM) treatment or when to withdraw drugs.

Jizzzsggzgence: Commonly used EEG techniques include routine EEG
jxdang2000@126.com and long-term video EEG. Routine EEG sessions typi-
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several days, depending on the patient’s needs. And, for
almost all patients with paroxysmal symptoms suspected
or already diagnosed with epilepsy, we perform the VEM,
which lasts 24 h and includes experiments such as eye
opening, eye closing, hyperventilation, and intermittent
photic stimulation.

Interictal epileptiform discharge captured in EEG is
critical evidence for the diagnosis of epilepsy in patients
suspected of having it. The short-term EEG test may
miss [EDs that occur after the examination is completed.
According to a previous study, the positive rate of routine
EEG is only 12.1% [1]. By extending the monitoring time,
we can increase the positive rate. The monitoring time of
EEG cannot be extended indefinitely due to patient toler-
ance and economic burden, as well as the rational use of
medical resources. We can capture IEDs soon after EEGs
begin in some patients, but some IEDs come late after
several hours or even longer. In epileptic patients, the
latency to the initial epileptic discharge can range from
several minutes to several days. We sought to find the
relationship between clinical data and the latency to the
initial epileptic discharge during the video EEG examina-
tion in epileptic patients.

Methods

Patient recruitment

This is a retrospective study that included 24-h VEM
recordings of epileptic patients performed between Sep-
tember 2018 and March 2019 in the neurology depart-
ment of The First Affiliate Hospital of Xian Jiaotong
University. We include patients aged 6 to 90 who did
not have a prior diagnosis of epilepsy and have not taken
any ASMs in the previous three months. We excluded
patients who had a definite seizure within the previ-
ous 24 h, as well as those who had acute symptomatic
seizures caused by stroke or a central nervous system
infection.

We collected the following data: age, gender, age of sei-
zure onset, seizure frequency, interval between last sei-
zure and VEM, and neuroimaging results.

All patients were examined using NIHON KOHDEN
EEG-1200C 28-channel surface video-EEG systems for
24 h. The electrodes were placed in accordance with the
international 10-20 system [2]. The 28 electrodes include
Fp1/2 F3/4 C3/4 P3/4 O1/2 F7/8 T3/4 T5/6 Fz Cz Pz,
two electrodes for eye movement, two electrodes for
EMG, two electrodes for ECG, two reference electrodes
placed at two earlobes, and the grounding electrode
placed at Fpz. EEG was sampled at 500 Hz, filtered at
0.1-70 Hz, had an impedance of less than 5kQ, and was
typically reviewed at 10 mV/mm, 30 mm/s. Prior to our
VEM, our patients had a natural awake-sleep cycle with
no sleep deprivation. The majority of patients begin the
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VEM examination between 8 and 12 a.m. We conducted
the evoked experiments, which included eye opening and
closing, hyperventilation, and photic stimulation, imme-
diately after obtaining stable EEG signals. Following the
completion of the VEM, the EEG was visually analyzed
by two experienced neurologists. The International Fed-
eration of Clinical Neurophysiology (IFCN) [3] criteria
were used to identify IEDs. The latency of the first defi-
nite IED was calculated. Two experienced neurologists
determined whether the patient had epilepsy and, if so,
what type of epilepsy he or she had. The International
League Against Epilepsy (ILAE) 2017 classification [4]
was used to classify epilepsy. Patients who could not be
classified as having focal or generalized epilepsy were not
evaluated.

The Statistical Package for the Social Sciences (SPSS)
for Windows, version 23.0, was used for statistical analy-
ses (IBM Corporation, Armonk, NY, USA). The normally
distribution of the variables was determined using ana-
lytical methods (Kolmogorov—Smirnov/Shapiro-test).
For non-normally distributed data, descriptive analyses
were presented using the median and IQR. For nonpara-
metric data, the Mann—Whitney U-test was used, and for
ratios, the chi-squared test was used. The Kaplan—Meier,
Log Rank test, and COX multivariate analysis were used
to assess the relationship between IED latency and gen-
der, age, age of onset, interval between last seizure and
VEM, and seizure frequency. Statistical significance was
defined as a p value less than 0.05. Microsoft Excel 2010
was used to generate histograms.

Result
Patients’ clinical and demographic characteristics
Of the 241 patients, 134 (55.6%) were male and 107
(44.4%) were female. The median age was 33.7 years old,
with a range of 6-90 years old. The seizure frequency
ranged from seizure-free to daily occurrences. Neuro-
imaging revealed responsible focal (IED-related lesions)
in 23, nonspecific abnormalities such as demyelination
of white matter and brain atrophy in 55, normal in 104,
and unknown in 59. There were 191 patients with focal
epilepsy and 50 with generalized epilepsy. Table 1 shows
the demographic and clinical characteristics of these
patients.

IEDs were detected in 222 of 241 patients (92.1%), with
a median latency to the first IED of 49.0 minutes. The
latency data was not normally distributed, with an early
skew and a long tail of later discharges. IEDs were found
in 53.5% (129/241) of patients within the first hour, 75.1%
(181/241) within the first 4 h, 80.9% (195/241) within the
first 8 h, and 84.6% (204/241) within the first 12 h. In all
patients, the first IED were captured in 56.4% (136/241)
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Table 1 Demographic and clinical characteristics of patients

All patients Focal epilepsy Generalized epilepsy p-value
N 241 191 50
Female, n(%) 107(44.4%) 80(41.9%) 27(54.0%) 047
Age of seizure onset, years median(IQR) 28.0(15.9-51.0) 34.2(20.2-55.0) 13.2(10.3-204) 0.00"
Age, years median(IQR) 33.7(20.1-54.9) 38.9(25.4-58.8) 16.8(13.0-25.7) 0.00°
Seizure frequency, per month/ median(IQR) 1.0(0.2-3.5) 1.0(0.2-2.6) 1.0(0.3-20.0) 027
Interval between the last seizure and VEM, days/ 9.0(4.0-20.8) 9.0(4.0-21.0) 9.0(4.0-21.0) 033
median(IQR)
Latency to first IED, minute median(IQR) 49.0(17.0-215.5) 63.0(19.0-299.0) 30.0(12.5-62.0) 0.00"

" Significant P value

IQR Interquartile range, VEM Video electroencephalographic monitoring, IED Interictal epileptiform discharges

patients during wakefulness and 35.7% (86/241) patients
during sleep.

The median latency was 63.0 min in 191 patients with
focal-onset epilepsy and 30 min in 50 generalized epi-
leptic patients. There was a significant difference in the
latency of the first IED between patients with general-
ized epilepsy and patients with focal epilepsy (p=0.00).
During the 24-h EEG, 93/191 (48.7%) of the patients with
focal onset epilepsy captured the first IED within the first
hour, 120/191 (62.8%) within 2 h, 148/191 (77.5%) within
8 h, 156/191 (81.7%) within 12 h, and 174/191 (91.1%)
till the last hour. In generalized epileptic patients, 36/50
(72.0%) had the first IED found in the first hour, 43/50
(86.0%) within 2 h, 48/50 (96.0%) within 9 h, and so on
until the end of the monitoring period. (Fig. 1).

Temporal lobe epilepsy is the most common type of
focal epilepsy. Out of the 191 patients who had focal
epilepsy, 146 had temporal lobe epilepsy, 20 had frontal
lobe epilepsy, 3 had parietal lobe epilepsy, 8 had occipi-
tal lobe epilepsy, and 14 had multifocal epilepsy. There
was no significant difference in the latencies of the first
IED between patients with temporal lobe epilepsy and
patients with frontal lobe epilepsy (median 67.0 vs.
53.5 min, P=0.53). Similarly, there was no significant dif-
ference in first IED latencies between patients with tem-
poral lobe epilepsy and those with other types of focal
epilepsy (median 67.0 vs. 58.0 min, P=0.29).

Using K-M survival analysis and the log-rank test of
single factor analysis (Table 2), we selected factors with
p<0.2 to enter COX multivariate analysis (Table 3). The
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Fig. 1 Time to the first interictal epileptiform discharge in patients with generalized and focal onset epilepsy
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Table 2 Result of Kaplan—Meier survival analysis
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COX multivariate analysis included gender, age of seizure
onset, seizure frequency, interval between last seizure

Factor Number Median latency of  x2 p
the first IED (IQR) and VEM and type of epilepsy. Finally, the age of seizure
onset, interval between last seizure and VEM and type of

GENDER 259 01 epilepsy were all found to be independently related to the
Male 134 43.5(17.0-280.0) latency of the first IED.

Femal? 107 >7.0(17.0-1620) The first IED was discovered within 12 h in 204 of the

Qge:rz)f selzure onset 2406 000 941 epileptic patients studied, whereas no epileptiform
<0 - 290(13.0-60.3) discharges were detected in another 37 patients. We
51-30 4 33.0(140-1700) analyzed the demographic and clinical characteristics of
3140 . 930(180-5340) these two groups of patients and observed significant dif-
41-50 I 482.0(69.0-14400) feFences in seizure frequency,.ir}tgrval be.tween the le.lst
<160 5 161.032.0-608.0) s‘elzure anc! VEM (Table 4). This is 1nsufﬁc1<‘ent‘ for predic-
- 60 5 500021.0-1220) t{ve modeling at this mqment dug to the‘llmlte‘d sgmple

Seizure frequency (yean) 638 o027 Size It would be beneficial for epilepsy Fhagnosw, if pre-
365 5 775(238-2278) dlctlvet models Fould bfe crea‘ted t9 predict th? chance of
19365 o 470(19.0-940) detecting IEDs in certain patients in later studies.

2-12 98 63.0(17.0-271.0) Di .
1-2 23 161.0(17.0-1440.0) |sc%|s‘smn . . .
051 2 1030(22.5-976.5) In chmcal‘ pra.tctlce, the time it takes frgm tbe start ‘of
o5 0 7435(15.3-14400) the exanfnnatlon to the capture of ‘epllept.lfme dis-
terval between the last 2579 000 charges in electroencephalography differs significantly
seizure and VEM, (days) between individuals. Some patients may detect epileptic
<7 98 340(13.0-122.0) discharges immediately after starting EEG monitoring,
714 59 540(19.8-142.0) but others require many hours of continuous monitor-
15-30 38 67.5(17.0-466.3) ing before they may detect epileptic discharges. Prior to
31-182 35 65.0(19.0-475.0) beginning EEG, we can estimate patients’ initial discharge
1832365 3 1187.0(17.0,) latency based on major clinical characteristics, according
>366 7 1440,0(1088.3,1440.0) to our findings.

Result of neuroimaging 150 068 Our study revealed a significant difference in the laten-
Unknown 59 47.0(180-99.0) cies of the first IED between generalized epilepsy and
Normal 104 450(13.3-243.5) focal-onset epilepsy. The latency to the first IED was sig-
Responsible focal ”3 300(18.0-163.0) nificantly shorter in patients with generalized epilepsy
Nonspecific abnor- 55 730(180-534.0) than in patients with focal epilepsy. This is consistent

malities with the findings of previous research [5—8]. Generalized

Type of epilepsy 1244 000  epilepsy is more common in children than focal epilepsy.
Focal epilepsy 191 63.0(19.0-299.0) We also discovered that the age of seizure onset is sig-
Generalized epilepsy 50 30.0(12.5-62.0) nificantly related to IED latency. It agrees with the find-

ing that generalized epilepsy has a shorter latency to the
first IED than focal epilepsy. The explanation of the dif-
ference is unknown, however it could be related to the

Table 3 Result of COX multivariate analysis

Factor B SE Wald P Exp(B) 95% Cl for Exp(B)

Lower Upper

Gender 122 222 0.304 .58 1.130 0.732 1.745

Age of seizure onset -012 006 3.861 049" 0.998 0977 1.000

Seizure frequency -002 003 0.680 A1 0.998 0.992 1.003

Interval between the last -002 001 6.129 01’ 0.998 0.997 1.000

seizure and VEM

Type of epilepsy 1072 365 8619 00° 2920 1428 5971

" Significant P value
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Table 4 Demographic and clinical characteristics of patients with and without IED within 12 h
latency to the first latency to the first p-value
IED<12h IED>12h
N 204 37
Female, n(%) 95 (46.6%) 12(32.4%) 0.06
Age of seizure onset, years median(IQR) 24.2(15.0-49.3) 29.9(17.7-44.0) 0.50
Age, years median(IQR) 29.2(18.9-54.0) 35.5(25.5-51.6) 0.15
Seizure frequency, per month/ median(IQR) 1.0(0.2-4.0) 0.4(0.1-2.0) 0.04"
Interval between the last seizure and VEM, days/ median(IQR) 8.0(4.0-18.0) 12.0(5.0-176.0) 0.05"
Neuroimaging results, n(%) Normal 90(44.1%) 14(37.8%) 0.24
Nonspecific abnormali- 43 (21.1%) 12 (32.4%)
ties
Focal lesions 21 (10.3%) 2 (5.4%)
Absence 50 (24.5%) 9 (24.3%)

" Significant P value

IQR Interquartile range, VEM Video electroencephalographic monitoring, IED Interictal epileptiform discharges

distinct brain network mechanisms involved in the crea-
tion and transmission of epileptic discharges in different
kinds of epilepsy. A prior, generally acknowledged work
has demonstrated that a recordable IED in scalp EEG
requires a minimum of 10cm [2] of synchronized cortical
activity [9]. If the activated cortex is not large enough, it
will not be sufficient to be recorded by scalp electrodes.
Some focal epilepsies arise in deep structures such as the
medial temporal lobe, where abnormal discharges are dif-
ficult to detect using scalp electrodes [10, 11].

We also found that the shorter the interval between the
last seizure and VEM, the shorter the latency to the first
IED. If the patient has a recent seizure history, we may be
able to collect his IEDs quickly after beginning EEG mon-
itoring. If not, he may need further monitoring time to
collect reliable diagnosis evidence. Previous research has
also shown a higher positive rate of an emergency EEG
shortly after the onset of an epileptic seizure [12, 13]. A
recent seizure may be a sign of uncontrolled epilepsy and
active cortical electrical activity. However, we did not
find a relationship between seizure frequency and latency
to the first IED. The frequency of epileptiform discharges
and seizure frequency may not be linearly correlated [14].
Some types of epilepsy, such as self-limited epilepsy with
centrotemporal spikes (SeLECTS), have frequent IEDs
but relatively infrequent seizures.

Temporal lobe epilepsy is the most common type of
epilepsy in adults. Few studies have been conducted to
determine whether there is a difference in the latency
of the first IED in different types of focal epilepsy, and
the results have been inconsistent [6, 15]. In our study,
patients with temporal lobe epilepsy had a slightly
longer IED latency than patients with extratemporal
lobe epilepsy, even though the difference did not achieve

statistical significance. We speculate that there may be
two reasons behind this. First, the majority of people with
temporal lobe epilepsy had mesial temporal lobe epilepsy,
in which the epileptic foci were deeply located and dif-
ficult to identify using scalp electrodes. Second, because
most of the patients in our study had EEG monitoring
beginning in the morning, they required a long period of
monitoring before they could sleep. A previous study on
the circadian cycles of epileptiform discharges found that
Spikes were more frequent in sleep than wakefulness.
Patients with temporal lobe epilepsy had a wake- to-
sleep spike rate increase compared to patients with extra-
temporal epilepsy [16]. Could it be that individuals with
temporal lobe epilepsy would benefit more from start-
ing monitoring at night in order to catch epileptiform
discharges earlier? Future research is expected to create
the groundwork for choosing a more ideal screening tim-
ing for various epilepsy patients by expanding the sample
size and adjusting the monitoring start time.

Sleep promotes seizures and epileptic discharges. Both
the frequency and range of epileptic discharges increase
in slow-wave sleep compared with wakefulness, regard-
less of whether the patient has generalized or focal epi-
lepsy [17-20]. However, we found that most patients’ first
epileptic discharge was recorded during wakefulness.
This may be due to the fact that most of our patients start
monitoring in the morning without sleep deprivation.
Most patients stay awake for a long time after the start
of monitoring and fall asleep relatively late. We excluded
patients who had taken ASMs in the three months prior
to the EEG examination. Therefore, our study does not
address the effects of ASMs on the EEG.

The medial latency to the first IED is 37.5 min, and
84.6% of patients detect it within 12 h of EEG monitoring.
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However, in practice, the first IED is insufficient; we need
several subsequent IEDs with the same properties to con-
firm our conclusion. As a result, the monitor time should
be extended in practice.

Limitation

The limitation of our study is that EEG monitoring only
lasts 24 h. This may not be enough for some types of
focal-onset epilepsy. We can detect IEDs in more patients
if we increase the monitoring time, especially in patients
with focal-onset epilepsy.

Conclusion

IEDs were discovered during 24-h EEG monitoring
in 222/241(92.1%) of the epilepsy patients that were
included. Generalized epilepsy had a significantly shorter
latency to IED than focal epilepsy. Longer monitoring
periods may be required in patients with suspected focal
epilepsy, late-onset epilepsy or no recent seizures.
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