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Abstract: Tools for measuring the likelihood of relapse in infantile epileptic spasms syn-
drome (IESS) treatment could aid clinicians in making critical management decisions.
High-frequency oscillations (HFOs), transient bursts of electroencephalography (EEG) ac-
tivity with frequencies beyond 80 Hz, are a new and promising noninvasive biomarker. The
present study aimed to investigate the association between the Burden of Amplitudes and
Epileptiform Discharges (BASED) scores, an interictal EEG grading scale for IESS, and scalp
HFOs in patients with IESS. The study enrolled 50 patients, 25 with a clinical diagnosis
of IESS and 25 without epilepsy. The percentage of patients with at least one scalp HFO
detected, stratified by BASED scores, differed significantly: for BASED scores < 2, 7.7%; for
3, 16.7%; for 4, 87.5%; and for 5, 100% (p < 0.001). Compared with BASED scores < 2, the
median scalp HFO detection rate was significantly highest for BASED scores of 5 (median
[IQR]: 6.24 [2.25-8.32], p < 0.001), followed by BASED scores of 4. The scalp HFO detection
rates showed a better performance in estimating patients with BASED scores of 4 and 5.
It is hoped that scalp HFOs can be used as an objective indicator to validate the results of
BASED scores.

Keywords: infantile epileptic spasms syndrome; high-frequency oscillation; burden of
amplitudes and epileptiform discharges; west syndrome; epilepsy; electroencephalography

1. Introduction

Infantile epileptic spasms syndrome (IESS) is a severe form of epileptic encephalopathy
characterized by the onset of epileptic spasms in infants [1-3]. The syndrome includes
West syndrome, where patients have a triad of epileptic spasms, hypsarrhythmia on
electroencephalography (EEG), and developmental plateauing or regression [4-6]. The
ideal outcome after successful IESS treatment is the resolution of clinical spasms and
normalization of the EEG; however, this is not always obtainable. Treating IESS is a
complex and difficult process, and the best treatment depends on the needs of the patient [7].
Therefore, tools to predict the initial drug response to IESS treatment and to measure the
likelihood of relapse could aid clinicians in making critical management decisions.
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The Burden of AmplitudeS and Epileptiform Discharges (BASED) score, initially
reported in 2015 [8] and revised in 2021 [9], is an interictal EEG grading scale for pediatric
patients with IESS. The BASED score can be a useful tool in diagnosing IESS, assessing
the treatment response, and predicting prognosis [10,11]. Although the BASED score has
shown excellent inter-rater reliability (IRR) [9,12], relying solely on a manual labor and
human vision to quantify EEG data remains subjective and difficult. Therefore, more
objective and accurate interictal EEG features are needed for IESS treatment.

High-frequency oscillations (HFOs) measured with scalp EEG (scalp HFOs) have
shown promise as noninvasive biomarkers of drug treatment and pediatric epilepsy sever-
ity [13-16]. HFOs are defined as transient spontaneous low-amplitude oscillations at a high
frequency (>80 Hz) standing out of the background EEG signal [17,18]. Several studies
have shown that scalp HFOs are associated with the localization of epileptogenic activity
in IESS [19-21]. Scalp HFOs have also been reported to be associated with spasm and
treatment effectiveness in West syndrome [17,22]. However, to our knowledge, no studies
have found a relationship between the 2021 BASED scores and scalp HFOs. Although
visual validation is required, scalp HFO detection can be assessed semi-automatically and
objectively [23,24]. By clarifying the relationship between the 2021 BASED scores and scalp
HEFOs, it is hoped that scalp HFOs can be used as an objective indicator to validate the
results of BASED scores.

Given this background, the present study aimed to investigate the association between
the 2021 BASED score and scalp HFOs recorded by scalp EEG in patients with IESS.
The findings could be expected to help promote scalp HFOs as an adjunctive tool in the
diagnosis and therapeutic management of IESS.

2. Materials and Methods
2.1. Study Participants

This study enrolled 25 patients (13 male) who had received a clinical diagnosis of IESS
by a child neurologist at Fujita Health University Hospital between 2018 and 2023. We
selected one scalp EEG recording that met the following inclusion criteria from each patient:
(1) recorded at a high sampling frequency (>1000 Hz); (2) recorded during intermittent
seizures; and (3) the recordings included sufficient non-rapid eye movement sleep. We also
included an equal number of age-matched controls (1 = 25), consisting of patients with no
known neurological disorders who had undergone an EEG because of suspected epilepsy,
which was subsequently ruled out. Consequently, scalp EEG recordings from 50 patients
(25 patients with IESS and 25 patients without epilepsy) were included in the final analysis.

This study adhered to the principles laid out in the Declaration of Helsinki and
subsequent amendments [25] and was approved by the Ethics Committee of Fujita Health
University (Approval No. HM22-143). Patient consent was acquired using an opt-out
method on the university website.

2.2. Scalp EEG Recording and Data Selection

Scalp EEG recordings were obtained using the Neurofax system (Nihon-Kohden,
Tokyo, Japan), utilizing 23 electrodes placed according to the international 10-20 system
and a digital sampling frequency of 1000 Hz. The analysis was performed in each of the
following channels in an average montage: Fp1, Fp2, F3, F4, C3, C4, P3, P4, O1, O2, F7,
F8, T3, T4, T5, T6, Fz, Cz, and Pz. An artifact-free approximately 600 s of non-REM sleep
EEG was selected by a specialist technician certified by the Japanese Society of Clinical
Neurophysiology who was blinded to the clinical information. After the EEG data were
covered in European Data Format, scalp HFO detection was performed.
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2.3. Detection of Scalp HFOs

In this study, scalp HFOs were defined as oscillatory events with at least four oscil-
lations of sinusoidal-like morphology and a center frequency occurring between 80 and
250 Hz that stood out from the background signal [26]. We constructed the 19 channels
using an average montage and performed scalp HFO detection in all channels. Scalp
HEFOs were first detected automatically using an automated HFO detector, and then the
auto-detected HFOs were verified by visual inspection by experienced reviewers. The auto-
detected HFOs were performed using the Hilbert Detector proposed by Crépon et al. [27]
which has been clinically validated. The Hilbert Detector operates in two stages. In the first
stage, the band-pass filtering of the EEG signals is performed to limit the frequency content
of each signal to the frequency band of interest. The signal envelope is then computed
using the Hilbert transform. The second stage, its local maximum (corresponding to the
estimated scalp HFO events) are automatically detected using a threshold set to five times
the standard deviation (SD) of the envelope calculated over the entire EEG recording. The
auto-detected HFOs were then validated through visual inspection, and oscillations that
appeared to be contaminating noise or muscle activity were excluded. Visual verification of
the auto-detected HFOs was performed by a specialist technician certified by the Japanese
Society of Clinical Neurophysiology. The scalp HFO detection rate (detections/min) was
calculated by dividing the number of scalp HFO events detected in all channels by the
duration of the EEG recordings analyzed. All analyses were computed using HFOApp [28]
and MATLAB R2022a software (MathWorks, Natick, MA, USA).

2.4. BASED Score Counts

The BASED score is an interictal EEG grading scale that was reported in 2015 [8] and
revised in 2021 by Mytinger et al. [9]. We graded the EEG recordings of all subjects according
to the revised BASED scoring criteria [9]. BASED scores were calculated in random order
by blinded reviewers who were specialist technicians certified by the Japanese Society of
Clinical Neurophysiology. The reviewers assessed channels on the longitudinal bipolar
montage (Fp1-F7, F7-T3, T3-T5, Fp1-F3, F3—-C3, C3-P3, Fz—Cz, Cz-Pz, Fp2-F4, F4-C4,
C4-P4, Fp2-F8, F8-T4, and T4-T6). The scale ranges from 0 (normal) to 5 (most epileptic),
with a score of 3 to 5 applied to the most epileptic 5 min sleep epochs; if no score is reached,
a score of 0 to 2 is applied according to the whole EEG data. The 2021 BASED scoring
criteria are shown in the Supplementary Materials (Table S1).

2.5. Data Collection

IESS was diagnosed according to the 2017 International League Against Epilepsy
definition by specialists in clinical epilepsy who were blinded to the HFO analysis [5,29,30].
Clinical data for each subject, including sex, age at EEG recording and IESS onset, and
medication history, were collected using a chart review.

2.6. Statistical Analysis

Because the scalp HFO detection rates and analyzed EEG recording durations had
log-normal distributions, we present these data as median values with interquartile ranges
(IQRs). Other normally distributed continuous variables are presented as means and
SDs. First, using a two-tailed chi-square test, the proportion of patients with scalp HFOs
(categorical variable) was compared between patients with IESS and patients without
epilepsy. Similarly, the scalp HFO detection rates (continuous variable) between patients
with IESS and patients without epilepsy were compared using the Wilcoxon rank-sum test.
In addition, patients with IESS were divided into the following two categories according to
seizure control performance: patients with good seizure control who had no seizures within



Biomolecules 2025, 15, 697

40f13

at least the previous 2 months, and patients with poor seizure control. Similar comparisons
of scalp HFOs were performed between patients with IESS with good and poor seizure
control and patients without epilepsy. Next, the proportion of patients with scalp HFOs
was compared across BASED scores using a two-tailed chi-square test. Similarly, scalp
HFO detection rates among BASED scores were compared using the Steel-Dwass multiple
comparison test. Furthermore, logistic regression analysis was conducted to estimate odds
ratios (ORs) and 95% confidence intervals (ClIs) for HFO appearance according to BASED
scores. Patients with scalp HFOs were also divided into the following two groups based on
median HFO detection rates (1.46 detections/min): a high detection rate group and a low
detection rate group. Similarly, logistic regression analyses were performed to examine the
association between high scalp HFO detection rates and BASED scores. Finally, the optimal
discriminability of each BASED score using the scalp HFO detection rate was evaluated
by receiver operating characteristic (ROC) analysis, and the area under the ROC curve
(AUC-ROC) was calculated to compare performance. p-values < 0.05 were considered
statistically significant. All statistical analyses were performed using JMP software ver. 17
(SAS Institute, Inc., Cary, NC, USA).

3. Results
3.1. Basic Characteristics

Table 1 shows the basic characteristics of the study subjects stratified by IESS status.
The total number of participants was 24 males and 26 females, including 13 males and
12 females with IESS. The mean ages (SDs) of the participants without epilepsy and with
IESS at the time of the EEG recordings were 3.7 (4.6) and 4.5 (4.5) years, respectively. No
significant differences in gender or age were found between patients without epilepsy and
with IESS (p = 0.57 and 0.54, respectively).

Table 1. Basic characteristics of the study participants.

Patients Without Epilepsy Patients with IESS
(n = 25) (n = 25) P

Sex (1, %)

Male 11 (44.0) 13 (52.0) 0.57 %

Female 14 (56.0) 12 (48.0)
Age at the time of EEG recording (years) * 37146 45145 0.54c S
Age at IESS onset (years) * - 05+13 -
IESS duration (day) * - 1345.6 + 1365.0 -
Medication (1, %)

VPA - 11 (44.0) -

VGB - 7 (28.0)

ZNS - 7 (28.0)

LEV - 2(8.0)

PER - 2(8.0)

TPM - 1(4.0)

Others - 7 (28.0)

Two drugs combined - 6 (24.0)

More than two drugs combined - 7 (28.0)
ACTH therapy history (1, %) - 10 (40.0) -
Sleep-inducing agent user during EEG recording (1, %) 14 (56.0) 6 (24.0) 0.02%
Analyzed EEG recording duration (min) * 600.0 (551.5-601.0) 600.0 (536.5-601.0) 0.59§




Biomolecules 2025, 15, 697 50f13
Table 1. Cont.
Patients Without Epilepsy Patients with IESS
(n = 25) (n = 25) P
BASED score (1, %)

0 21 (84.0) 0 (0.0) <0.001%
1 4 (16.0) 0(0.0)

2 0(0.0) 1(4.0)

3 0(0.0) 6 (24.0)

4 0(0.0) 8 (32.0)

5 0(0.0) 10 (40.0)

Abbreviations: ACTH, adrenocorticotropic hormone; BASED score, burden of amplitudes and epileptiform
discharges score; EEG, electroencephalography; IESS, infantile epileptic spasms syndrome; TPM, topiramate;
VGB, vigabatrin; VPA, valproic acid. * Data are expressed as mean =+ SD. ' Data are expressed as geometric mean
(25th-75th percentiles). T x test. § Student’s t-test.

3.2. Comparison of Scalp HFOs in Patients with IESS with Good and Poor Seizure Control and
Patients Without Epilepsy

Table 2 shows the scalp HFO results for patients with IESS with good and poor
seizure control and patients without epilepsy. Compared with patients without epilepsy, a
significantly higher percentage of patients with IESS had at least one scalp HFO detected
(8.0% vs. 72.0%, respectively; p < 0.001). The median scalp HFO detection rate was
significantly higher in patients with IESS (median [IQR]: 1.04 [0.00—4.45]) than in patients
without epilepsy (0.00 [0.00-0.00], p < 0.001).

Table 2. Comparison of scalp HFOs in patients with IESS with good and poor seizure control and
patients without epilepsy.

Patients with IESS
Patients Without (n = 25)
Epilepsy - . p
(n = 25) Good Seizure Control Poor Seizure Control
n=7) (n=18)
Scalp HFO appearance (1, %) 2 (8.0) 18 (72.0) <0.001*
Scalp HFO detection rates 1
(detections/min) * 0.00 (0.00-0.00) 1.04 (0.00-4.45) <0.001
Scalp HFO appearance (1, %) 2 (8.0) 3(42.9) 15 (83.3) <0.001*
Scalp FIFO detection rates 0.00 (0.00-0.00) 0.00 (0.00-0.30) ' 1.77 (0.60-6.36) T# <0.001 §

(detections/min) *

Abbreviations: HFO, high-frequency oscillation; IESS, infantile epileptic spasms syndrome. * Data are expressed
as geometric mean (25th-75th percentiles). T x? test. ¥ Wilcoxon rank-sum test. § Kruskal-Wallis rank sum test.
I p < 0.05 (vs. patients without epilepsy; Steel-Dwass multiple comparison test). T p < 0.001 (vs. patients without
epilepsy; Steel-Dwass multiple comparison test). # p < 0.01 (vs. good seizure control; Steel-Dwass multiple
comparison test).

The percentage of patients with at least one scalp HFO detected was highest among
those with IESS with poor seizure control (83.3%), followed by those with good seizure
control (42.9%), and lowest in patients without epilepsy (8.0%, p < 0.001). The median scalp
HFO detection rate was significantly higher in patients with IESS with poor seizure control
(median [IQR]: 1.77 [0.60-6.36]) than in those with good seizure control (0.00 [0.00-0.30],
p < 0.01) and patients without epilepsy (0.00 [0.00-0.00], p < 0.001). The median scalp HFO
detection rate was also significantly higher in patients with IESS with good seizure control
than in patients without epilepsy (p < 0.05).

3.3. Comparison of Scalp HF Os Stratified by BASED Scores

Figure 1A,D,G show EEG recordings of representative BASED scores of 5, 4, and
3 in a patient, displayed under unfiltered display conditions with normal time scales.
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Figure 1B,E,H show unfiltered EEG recordings with extended time scales and band-pass-
filtered EEG recordings at 80-250 Hz, for the EEG recordings enclosed in red rectangles.
Figure 1C,EI show spectrograms of the EEG data in a time—frequency analysis, for the EEG
recordings enclosed in red rectangles. No scalp HFOs were found in the EEG recording of
BASED score 3, whereas one scalp HFO was seen in the EEG recording of BASED score 4
and numerous scalp HFOs were seen in the EEG recording of BASED score 5.
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Figure 1. Findings of scalp HFOs and BASED scores in patients with infantile epileptic spasms
syndrome. (A—C) The BASED score was 5. (D-F) The BASED score was 4. (G-I) The BASED score
was 3. (A,D,G) Unfiltered EEG recordings with normal time scales. (B,E,H) Lead signals with
extended time scales indicated by red rectangles and bandpass-filtered EEG recordings at 80-250 Hz.
(CEI) Spectrograms of the EEG data in the time—frequency analysis for the EEG recordings are
enclosed in red rectangles. Scalp HFOs are observed in the unfiltered and filtered EEG recordings
(pink traces) and correspond to spectral blobs in the time—frequency analysis (yellow arrows).

The mosaic plot in Figure 2A shows the proportion of patients with scalp HFOs
stratified by BASED scores. The percentage of patients with at least one scalp HFO detected,
stratified by BASED scores, differed significantly, ranging from 7.7% for BASED scores < 2,
16.7% for BASED scores of 3, 87.5% for BASED scores of 4, and 100% for BASED scores of 5
(p <0.001).

The violin plot in Figure 2B shows a comparison of scalp HFO detection rates stratified
by BASED scores. The median scalp HFO detection rate for BASED scores of 5 (median
[IQR]: 6.24 [2.25-8.32]) was significantly higher than those of BASED scores of 4 (1.02
[0.40-1.26], p = 0.02), 3 (0.00 [0.00-0.03], p = 0.006), and <2 (0.00 [0.00-0.00], p < 0.001).
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BASED scores of 4 were also associated with a significantly higher scalp HFO detection
rate than BASED scores of 3 and <2 (p = 0.04 and p < 0.001, respectively).

>

(detection/min)
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8
8

N
1)
*

Scalp HFO appearance

Appearance

Non-appearance

Scalp HFO appearance
3

Scalp HFO detection rates

o
oR
N

<2 3 4 3 4
BASED scores BASED scores

Figure 2. Comparison of scalp HFOs stratified by BASED scores. (A) Mosaic plot shows the pro-
portion of patients with scalp HFO appearance stratified by BASED score. (B) Violin plot shows
the comparison of scalp HFO detection rates stratified by BASED score. Subjects were classified
into four groups stratified by BASED score: less than 2, 3, 4, and 5. Each point shows individuals,
and each shaded area shows the distribution of the scalp HFO detection rates. The bold horizontal
lines indicate the median values for each group, and the dotted lines indicate the quartile range
(25th-75th percentiles). Abbreviations: BASED score, burden of amplitudes and epileptiform dis-
charges score; HFO, high-frequency oscillation. * p < 0.05. ** p < 0.01. *** p < 0.001.

3.4. ORs and 95% Cls of Scalp HFOs According to BASED Scores

Table 3 summarizes the association between scalp HFOs and BASED scores using
BASED scores < 2 as the reference. Statistical analyses were performed using logistic
regression analysis. Compared with BASED scores < 2, the OR for scalp HFOs was
significantly highest for BASED scores of 5 (OR [95% CI] = 205.8 [18.0-29,736.5], p < 0.001),
followed by BASED scores of 4 (49.0 [7.0-652.1], p < 0.001). The OR for a high scalp HFO
detection rate was significantly higher for BASED scores of 5 than for BASED scores < 2
(OR [95% CI] = 335.7 [25.0-52,662.8], p < 0.001). A 1-point increase in the BASED score
was associated with an increased likelihood of a rise in the appearance of scalp HFOs (OR
[95% CI] = 3.1 [1.9-5.9], p < 0.001) and a high scalp HFO detection rate (65.8 [6.5-2562.9],
p = 0.004).

Table 3. Odds ratios and 95% confidence intervals of scalp HFOs according to BASED scores.

BASED Score Proportion (%) OR 95% CI p
Scalp HFO appearance
<2 7.7% 1.0
3 16.7% 2.7 0.2-24.7 0.40
4 87.5% 49.0 7.0-652.1 <0.001
5 100% 205.8 18.0-29,736.5 <0.001
Continuous * 40% 3.1 1.9-5.9 <0.001
High scalp HFO detection rate
<2 0.0% 1.0
3 0.0% 41 0.02-788.9 0.51
4 12.5% 10.6 0.5-1614.8 0.12
5 90.0% 335.7 25.0-52,662.8 <0.001
Continuous * 20% 65.8 6.5-2562.9 0.004

Abbreviations: BASED score, burden of amplitudes and epileptiform discharges score; CI, confidence interval;
HFO, high-frequency oscillations; OR, odds ratio. * Odds ratios were calculated when the BASED score was
1 higher.
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3.5. ROC Curuves of Scalp HFO Detection Rates for Predicting BASED Scores

Figure 3 shows the results regarding the AUC-ROC and scalp HFO detection rates
for the prediction of BASED scores. The AUC-ROCs of the scalp HFO detection rates for
BASED scores < 2, 3, 4, and 5 were 0.86, 0.66, 0.93, and 0.98, respectively, with the highest
identification for a BASED score of 5, followed by a BASED score of 4.

1.0

|

Sensitivity
o
v

BASED score AUC
—— <2 0.86

3 0.66
s 4 0.93
mmm——— 5 (.98

0 0.5 1.0
1-Specificity

Figure 3. Receiver operating characteristic curves of scalp HFO detection rates for predicting BASED
scores. The ROC curve and AUC of scalp HFO detection rates for predicting BASED score are shown.
Abbreviations: AUC, area under the curve; BASED score, burden of amplitudes and epileptiform
discharges score.

4. Discussion

This study investigated the association between 2021 BASED scores and scalp HFOs
recorded by scalp EEG in patients with IESS. The results showed that the proportion of
patients with scalp HFOs was significantly highest for BASED scores of 5, followed by
BASED scores of 4. In addition, scalp HFO detection rates were significantly highest for
BASED scores of 5, followed by BASED scores of 4. By contrast, scalp HFOs were seldom
detected in patients with BASED scores < 3. Furthermore, an increased risk of a high
scalp HFO detection rate was observed in patients with a BASED score of 5 compared
with a BASED score < 2. Finally, scalp HFO detection rates showed better performance in
estimating patients with BASED scores of 4 and 5.

Several recent reviews have reported that scalp HFOs appear in various epilepsy
syndromes [13,31]. Previous studies have reported that patients with IESS, including West
syndrome, also present with scalp HFOs [32,33]. Similarly to previous studies, we also
observed the occurrence of scalp HFOs in patients with IESS. When viewed in relation
to epileptic spasms, HFOs have been observed in association with epileptic spasms [22].
The appearance of HFOs is associated with seizure frequency [34], and scalp HFOs are
known to be detected more frequently in patients with epilepsy at high risk of seizure
recurrence [35-37]. HFOs are implicated both before and during the onset of seizures,
and the mechanism of HFO development appears to depend on the type of seizure onset
pattern [38]. A better understanding of whether HFOs cause or are caused by seizures
requires a deeper analysis of the mechanisms of generation of different kinds of HFOs.
It should also be emphasized that in the present study, more scalp HFOs were found in
patients with IESS with a higher seizure risk.

The BASED score has been used as an accurate, reliable, and feasible EEG grading
scale for pediatric patients with IESS [11,39]. This scoring method has been presented as an
alternative to hypsarrhythmia for assessing the treatment efficacy in pediatric patient with
IESS [8,40]. HFOs have also been found to be associated with treatment responsiveness, as
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previous studies have reported that increased HFO detection rates following IESS treatment
are highly suggestive of treatment non-response [41-43]. Although both HFOs and BASED
scores are associated with treatment responsiveness, the relationship between BASED
scores and HFOs has not been well studied. The present study demonstrated that few scalp
HFOs were detected for BASED scores < 3, whereas many scalp HFOs were detected for
BASED scores of 4 and 5. A high frequency of scalp HFOs was observed, particularly for
BASED scores of 5. A retrospective study reported that children with IESS accompanied
by a BASED score > 3 after the initial response to adrenocorticotropic hormone therapy
carry a high risk of relapse within 1 year [11]. Therefore, it is important to be able to
determine reliably whether the BASED score is >3 when assessing the risk of relapse in
patients with IESS.

A major strength of this study is that the scalp HFO detection rates showed better
performance levels in estimating patients with BASED scores of 4 and 5. Hence, the present
findings support the results of a previous study finding that increased HFO detection rates
are a better predictor of the risk of active epileptic spasms than hypsarrhythmia alone [41].
Furthermore, in a retrospective study, electrographic remission was defined as pretreatment
BASED scores of 4 or 5 improving to <3 [9]. Therefore, the present findings suggest that
scalp HFOs may be an indicator of IESS remission in the future.

The BASED score has demonstrated superior IRR compared to the clinician evaluations
of hypsarrhythmia [9,12], but cannot be entirely ruled out by subjective judgments. The
detection of scalp HFOs has been shown to be quite feasible and timely for objective
analysis [41,44]. Thus, scalp HFOs may be useful as an objective measure to validate
BASED scores. However, the visual identification of scalp HFOs requires experienced
experts, and IRR may not be optimal [45,46]. Thus, this could involve limitations similar
to those for BASED scores. However, previous studies on the performance of automatic
HFO analysis have reported that a predictive model without visual verification performed
as well as a model with visual verification [41]. When using BASED scores to predict
treatment response or a relapse of IESS, validation along with scalp HFO results may
provide a higher IRR.

This study has some limitations. First, scalp HFOs were assessed using sleep EEG
with relatively few artifacts. Therefore, we did not necessarily expect that we would obtain
similar results from awake EEGs. In order to accurately evaluate scalp HFOs on awake
EEGs, methods are needed to compensate for various EEG artifacts, including muscle,
movements, etc. [47]. In the present study, we visually excluded “false HFOs” due to such
artifacts, but more effort is needed to analyze awake EEGs. Second, the sample size in
the present study was small (n = 50 in total). A larger sample size would have allowed
for multivariate analysis with variables such as age and medication effects as adjustment
factors. Third, this study was conducted on a population of patients receiving antiepileptic
drugs. Therefore, depending on the status of the antiepileptic medication, the results may
not necessarily be consistent. However, there is also evidence from animal models that
seizure suppression is reflected in a reduction in the HFO detection rates, independently of
the status of the antiepileptic medication [48]. Fourth, the EEG data used for the analysis
in this study were recorded at a sampling frequency of 1000 Hz. In general, equipment
that records at a sampling rate at least three times higher than the upper-frequency limit
of interest is required. Therefore, most but not all of the scalp HFOs in the 80-250 Hz
frequency range were probably detected. Future validation of the study results with higher
sampling frequencies is needed.
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5. Conclusions

The results of the present study indicated that scalp HFOs were more common and
had a higher detection rate in patients with BASED scores of 4 and 5. Furthermore, an
increased risk of a high scalp HFO detection rate was observed in patients with a BASED
score of 5 compared with a BASED score < 2. Finally, scalp HFO detection rates showed
better performance in estimating patients with BASED scores of 4 and 5. At present, scalp
HFOs cannot be directly applied to guide the diagnosis and treatment of IESS, nor can their
reliability be completely determined. In the future, larger prospective longitudinal studies
could help establish a robust platform to utilize both BASED scores and scalp HFOs as
clinically useful biomarkers for IESS.
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