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A B S T R A C T

Purpose: We investigated whether the presence of interictal scalp EEG high frequency oscillations (HFOs) in
children with epileptic encephalopathy with continuous spike-and-wave during sleep (CSWS) can predict seizure
and cognitive outcome after steroid therapy.
Methods: Twenty-two children with CSWS were prospectively enrolled and received methylprednisolone
therapy. Interictal scalp HFOs, spike wave index (SWI) and intelligence quotient (IQ) were assessed before and
after the treatment. The children were divided into two groups based on the early seizure reduction ratio at 2
weeks (≥50%, “response group”; otherwise “non-response group”). The “response group” was further divided
into two subgroups (“relapse” and “non-relapse” subgroups) according to the late seizure outcome (after 3
months).
Results: Interictal HFOs and electrical status epilepticus in sleep (ESES) (defined as SWI≥ 85%) were detected in
all children at the baseline. In the response with relapse group (n= 11), the detection ratio of HFOs was sig-
nificantly higher than that of ESES at 2 weeks (81.2 vs. 27.3%), 3 months (90.9 vs. 36.4%), and 6 months (100
vs. 54.5%) post-therapy. In the non-response group (n= 4), both HFOs and ESES persisted in all children. The
average IQ improved significantly only in the response with non-relapse group. The persistence of HFOs ne-
gatively correlated with both the average IQ, yet the persistence of ESES did not.
Conclusion: Interictal scalp HFOs may be a favorable non-invasive biomarker of predicting seizure and cognitive
outcome in CSWS.

1. Introduction

The EEG phenomenon of ESES was first described in 1971 in a case
series of 6 children with epilepsy who were found to have continuous
spike-wave discharges in non–rapid eye movement sleep, with resolu-
tion upon awakening. [1] CSWS is a specific clinical syndrome, defined
in 1989 as an epileptic encephalopathy during childhood that shows
continuous EEG abnormalities during non-REM sleep (often shows
ESES), in association with a variety of seizure types, including noc-
turnal convulsions, atypical absence seizures, and epileptic negative
myoclonus. [2,3] Classically, ESES is defined as a SWI that exceeds 85%
of non-REM sleep [3], yet other studies have used different cut-off rates.

[4–7] Anti-seizure medications including valproate, levetiracetam,
benzodiazepines, and steroids have been used to treat epileptic en-
cephalopathy with ESES and other related syndrome including Landau
Kleffner syndrome, but the current evidence supports the use of steroids
as the most effective therapy [8–11]. SWI has been used to evaluate the
efficacy of treatment, yet it does not always reflect seizure and cogni-
tive outcome [4,7,12]. Thus, finding a better biomarker to evaluate the
efficacy of treatment and predict the clinical prognosis in CSWS is of
critical importance.

Based on prior data, HFOs appears to be a potential biomarker of
epilepsy. HFOs was reported in the seizure-onset zones in limbic/hip-
pocampal epilepsy [13–15] and neocortical epilepsy [16–21] using

https://doi.org/10.1016/j.seizure.2019.05.023
Received 18 January 2019; Received in revised form 28 April 2019; Accepted 29 May 2019

⁎ Corresponding author at: Guangdong Academy of Medical Sciences, Guangdong General Hospital, Guangzhou, China.
E-mail address: zhaiqiongxiang@sina.com (Q. Zhai).

Seizure: European Journal of Epilepsy 71 (2019) 151–157

1059-1311/ © 2019 Published by Elsevier Ltd on behalf of British Epilepsy Association.

T

http://www.sciencedirect.com/science/journal/10591311
https://www.elsevier.com/locate/seizure
https://doi.org/10.1016/j.seizure.2019.05.023
https://doi.org/10.1016/j.seizure.2019.05.023
mailto:zhaiqiongxiang@sina.com
https://doi.org/10.1016/j.seizure.2019.05.023
http://crossmark.crossref.org/dialog/?doi=10.1016/j.seizure.2019.05.023&domain=pdf


invasive monitoring. A good surgical outcome was associated with
complete resection of cortical sites showing interictal HFOs of
80–500 Hz, especially the fast ripple range of 250–500 Hz [22–28].
Recent studies utilizing non-invasive, scalp EEG also demonstrated that
HFOs was detectable in adults [29–31] and children [32–35]. Scalp
EEG HFOs seemed to reflect the activity of seizures in children with
rolandic spikes [36,37] and treatment response of hormonal therapy in
West syndrome [34].

In this study, we hypothesized that HFOs can predict seizure and
cognitive outcome after steroid therapy in CSWS..

2. Methods

2.1. Subjects

We prospectively enrolled 22 children (12 male, 10 female), all of
whom were diagnosed with CSWS at Shenzhen Children’s Hospital
between January 2012 and December 2014 (Table 1). Patients' age
ranged from 6 years 9 months to 11 years 2 months at the time of en-
rollment (median 8 years 8 months). The inclusion criteria of the study
consisted of: (1) the presence of ESES pattern on EEG (interictal epi-
leptiform activity occupying at least 85% of non-REM sleep,
SWI≥ 85%); (2) cognitive and/or behavioral deterioration that oc-
curred in temporal relation with the ESES pattern; (3) at least weekly
epileptic seizures. (Seizure frequency was mainly based on parental
seizure diary. The parents were trained to recognize the seizure before
this study, especially myoclonic or atypical absences seizure. Sleep was
recorded by domestic video monitors to find nocturnal seizure. In ad-
dition, the seizures were identified by 24 -h EEG monitoring regularly.);
and (4) parental consent for treatment with methylprednisolone pulse
therapy for CSWS. Patients’ etiologies were considered known (symp-
tomatic) if MRI showed a lesion and unknown (cryptogenic) if MRI was
normal. The exclusion criteria consisted of: (1) Landau Kleffner syn-
drome (due to difficulty in evaluating seizure frequency); (2) any
contraindication to steroid therapy; (3) consideration for surgical
therapy; (4) children who could not be tested for Chinese Wechsler
Intelligence Scale.

2.2. Methylprednisolone pulse (mPSL-P) therapy

All study subjects were admitted and treated with methylpredni-
solone pulse (mPSL-P) therapy. The protocol included three consecutive
courses of mPSL-P treatment, and each course included methylpredni-
solone intravenous infusion at a dose of 15mg/kg/d for 3 days,

followed immediately by oral administration of prednisolone at a dose
of 2mg/kg/d for 4 days. After three such consecutive courses, oral
prednisolone (1–2mg/kg/d) was started and eventually tapered off for
a total combined steroid treatment of 6 months. The dosages of all anti-
seizure medications were kept the same and no new anti-seizure med-
ication was added on in the first three months post mPSL-P therapy.

2.3. EEG recording

EEG was recorded using the standard international 10–20 system,
with 19 electrodes at a sampling frequency of 1000 Hz (Nicolet/Natus,
Wisconsin, USA). A 4 -h video-EEG monitoring included at least one
intact spontaneous sleep cycle. The EEG data was analyzed with a bi-
polar montage. Scalp EEG recording was performed at baseline, then 2
weeks, 3, 6 and 12 months post mPSL-P therapy.

2.4. Spike-wave index and HFOs identification

Two board-certified pediatric epileptologists (DC and YC) (with ≥
10 years of pediatric neurology experience in China) prospectively
analyzed the EEG data independently and blinded to clinical data. The
EEGs were analyzed in a bipolar montage. The conventional traces were
initially reviewed to mark spikes (10 s/page, 15 μV/mm, low frequency
filter of 0.53 Hz, and high frequency filter of 70 Hz). Spike-wave index
(SWI) was calculated by measuring the percentage of 1-second epochs
containing spikes during the first 5 min of slow wave sleep. [4,7]
Subsequently, the spike markings were made invisible, and the same
EEG segment was re-reviewed at a sensitivity of 3–5 μV/mm and paper
speed of 1–2 s/page, with a low frequency filter of 80 Hz and a high
frequency filter of 500 Hz to identify HFOs. HFOs was defined as os-
cillatory events of ≥4 cycles with a frequency of ≥80 Hz which stand
out from the baseline [16,21]. We selected the first three minutes ar-
tifact-free EEG segment in slow wave sleep for analysis of HFOs. After
the independent scoring, a consensus was made between two raters to
determine the presence of ESES (defined as SWI≥ 85%) and HFOs
respectively. In addition, after the mPSL therapy, the reduction ratio of
SWI≥ 50% was defined as “ESES response”. The detection ratio of
HFOs and ESES (positive cases divided by all cases within each group)
were calculated in different time points.

The EEG segments containing visually identified HFOs were further
subjected to time-frequency analysis using Morlet wave decomposition
on Matlab 6.9 (The Mathworks Inc., Natick, MA, U.S.A.). On the
time–frequency map of each identified HFOs, only a primary isolated
peak in the frequency range of 80–500 Hz was defined as real HFOs (see
examples in Fig. 1).

2.5. Evaluation of seizure outcome and Intelligence quotient (IQ) test

The seizure reduction ratio was calculated by comparing the seizure
frequency at each time-point to the baseline period (28 days before the
therapy). First, all study subjects were divided into two groups (re-
sponse and non-response group) according to the therapeutic response
at 2 weeks post-therapy. “Post-therapy” was defined as after three
courses of mPSL-P treatment, not including the subsequent period of
oral prednisolone treatment. Subjects with a seizure reduction ratio
≥50% were classified as response group. Subjects with a seizure re-
duction ratio< 50% were classified as non-response group. The re-
sponse group was further divided into two subgroups (relapse and non-
relapse subgroups) according to the therapeutic efficacy at 12 months
post-therapy. Subjects with a seizure reduction ratio ≥50% at 12
months post-therapy were classified as non-relapse group, and re-
maining subjects were classified as relapse group. The detectability of
HFOs and SWI were analyzed and compared among the different groups
and subgroups (see a flow-chart in Fig. 2). Intelligence quotient (IQ)
test using Chinese Wechsler Intelligence Scale for children, including
verbal and performance IQ, was performed at baseline, then 6 and 12

Table 1
Patient characteristics of the 3 subgroups.

Response group (n= 18) Non-response
group
(n= 4)

Non-relapse(n=7) Relapse
(n= 11)

Sex
Male 4 6 2
Female 3 5 2
Etiology
Unknown 7 8 3
Known 0 3 1
Age of seizure onset 6.1 6.3 7.1
CSWS period pre-therapy

(years)
1.7 2.5 3.3

Number of anti-seizure
medications

2 2.9 2

Seizure frequency at the
baseline (per week)

13.7 17.7 13.7

The differences of each item among the 3 subgroups are not significant statis-
tically.
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months post mPSL-P therapy. IQ tests were performed next day after the
EEG recordings in each time point.

2.6. Statistical analysis

Analysis of variance was used to compare the clinical characteristics
including age at epilepsy onset, number of anti-seizure medications,
CSWS period and seizure frequency before mPSL-P therapy in different
subgroups. Multi-way ANOVA analysis was used to compare IQ results
among different response subgroups and different time points. T-tests
were used to compare IQ results between HFOs+ /HFOs− and ESES+/
ESES- groups at each time point. Using Pearson Chi-square, we com-
pared the detectability of HFOs and ESES among the different sub-
groups. The interrator reliability of identification of HFOs and ESES was
also calculated and compared using Kappa test. Using Fisher’s exact
test, the detection ratio of HFOs and ESES were compared in relapse

group at each post-therapy time point. Statistical analysis was per-
formed using SPSS 20 (IBM, NY, USA). A p-value less than 0.05 was
considered statistically significant. Bonferroni corrections were used
when we compared detectability of HFOs/ESES and IQ among multiple
groups, so a p-value less than 0.016 was considered statistically sig-
nificant.

3. Results

3.1. Patient characteristics

Patient characteristics of the different groups are summarized in
Table 1. Eighteen subjects were classified as unknown etiology (cryp-
togenic). The known etiologies (symptomatic) included neonatal hy-
poxic-ischemic encephalopathy (n=2), focal cortical dysplasia
(n= 1), and post-encephalitis (n= 1). All subjects had epileptic

Fig. 1. Representative EEG traces and corresponding time–frequency spectra. (A) Raw EEG trace with the pattern of ESES. (B) Temporally expanded EEG trace
(120mm/s). The upper six channels were set with a low-frequency filter of 80 Hz, a high-frequency filter of 500 Hz and sensitivity at 1μV/mm. HFOs was visually
seen on the upper three channels. The lower six channels were set with a low-frequency filter of 0.5 Hz, a high-frequency filter of 70 Hz and sensitivity at 10μV/mm.
High-amplitude spike-wave discharges were seen on the lower six channels synchronously. (C) The representative time–frequency analysis for the second channel
(F8-T4) in panel B demonstrated a clear isolated spectra spot representing HFOs in the 200–250 Hz range.
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seizures weekly. The seizure types included focal clonic, tonic, atonic,
and atypical absence seizures. Twenty subjects had more than two
seizure types. Fifteen subjects had atypical absence status epilepticus at
some point. Five subjects were on two anti-seizure medications, two
were on four, and the other 15 were on three. Valproate was ad-
ministered for 19 subjects, lamotrigine for 8, levetiracetam for 12, to-
piramate for 10, clonazepam for 8, and nitrazepam for 6. No other
medication was used on these children. The three subgroups had no
statistically significant difference in age at epilepsy onset, number of
anti-seizure medications, CSWS period, and seizure frequency at base-
line. There was no significant difference between the unknown (cryp-
togenic) and known (symptomatic) groups regarding the clinical char-
acteristics.

3.2. Efficacy and adverse events of mPSL-P therapy

Eighteen out of 22 (81.2%) subjects were responders (the seizure
reduction ratio ≥50%) at 2 weeks post-therapy. The response to the
therapy had no significant difference among different types of seizure
on the same patients. Seizures were completely controlled in 6 out of 22
(27.3%) subjects at 2 weeks post-therapy. However, only 7 out of 22
(31.8%) subjects were responders without relapse and 4 out of 22
(18.2%) subjects had complete seizure control at the end of one year
follow-up. There were 11 patients who had relapse during the follow-up
period (from 2 week to 1 year), and most relapse occurred after 3
months post-therapy (82%) (see Fig. 2). The seizure control was related
to the etiology. The unknown etiology (cryptogenic) group had higher
non-relapse ratio compared to that of known etiology (symptomatic)
group (p < 0.05) (Table 1).

The adverse events of mPSL-P therapy included vomiting (n=2),
hyperglycemia (n=4), hypertension (n=2), hyperactive (n=5),
electrolyte disturbances (n= 4) and acute upper respiratory infections
(n=2). Cushingoid face appeared in 18 subjects, which resolved after
1 month post-therapy in all of them. No patients dropped off due to the
adverse events during the study period.

3.3. Intelligence quotient (IQ) results and seizure outcomes

IQ test (Chinese Wechsler Intelligence Scale for children) results
included verbal IQ (VIQ) and performance IQ (PIQ). The baseline IQ
showed no statistically significant difference between response and
non-response group. Both VIQ and PIQ were significantly improved at 6
months (p= 0.001 and 0.002, respectively) and 12 months (p= 0.001
and 0.001, respectively) post-therapy in the response with non-relapse
group, but not in the response with relapse group or the non-response
group (Fig. 3). There was no difference in the baseline IQ between
known (symptomatic) and unknown (cryptogenic) etiology (mean
baseline VIQ and PIQ: 78.8 and 79.7 vs. 80.6 and 81.4, respectively,

p= 0.185 and 0.196).

3.4. Intelligence quotient (IQ) results and HFOs/ESES

We compared the IQ results based on the presence or absence of
HFOs/ESES at 6 and 12 months post-therapy (Fig. 4). Both VIQ and PIQ
were significantly lower in the HFOs-positive group compared to the
HFOs-negative group (p < 0.001), at both the 6 and 12 month post-
therapy time points. However, there was no difference in VIQ or PIQ
between ESES positive and negative groups (p=0.206, 0.220, 0.191,
0.288 respectively) at the same 2 time points. The mean difference of
VIQ and PIQ were 9.29 and 10.00 respectively at 6-month post-therapy,
and 10.14 and 11.00 respectively at 12-month post-therapy between
HFOs positive and negative groups.

In addition, we also compared the IQ results based on the “ESES
response” (defined as the reduction ratio of SWI≥ 50% after the
treatment) at 6 and 12 months post-therapy. There was no difference in
VIQ or PIQ between “ESES response” positive and negative groups
(p= 0.156, 0.189, 0.191, 0.288 respectively) at the same 2 time points.

3.5. Detectability of HFOs and ESES among different groups

HFOs and ESES were detected in all subjects before therapy (at the
baseline). Based on the time-frequency analysis, the mean peak fre-
quency of HFOs was 220 Hz (95%CI: 190–250 Hz). Most HFOs (86%)
were seen co-occurrence with spikes. At 2 weeks post mPSL-P therapy,
HFOs were detected in 11 subjects in the relapse and non-response
groups. On the other hand, the presence of ESES was markedly variable
among the groups. No HFOs was detected on non-relapse group at 2
weeks post therapy. HFOs were detected on 1 child out of 7 children
(14.3%) at 3 months post therapy and 2 children out of 7 children
(28.6%) at 6 and 12 months post therapy on non-relapse group. The
detection ratio of HFOs showed significant difference among the dif-
ferent subgroups (especially between non-relapse and relapse groups)
at all the time points post-therapy (p < 0.016). On the other hand, the
detection ratio of ESES showed no significant difference among the
different subgroups at all the time points post-therapy (p > 0.05)
(details in Table 2). In relapse group, the detectability of HFOs was
much higher than that of ESES at 2 weeks, 3 months and 6 months post
therapy (p= 0.030, 0.024, 0.035 respectively) (details in Table 3).

Regarding “ESES response”, (defined as the reduction ratio of
SWI≥ 50% after the treatment), there was no significant difference
among the different subgroups at all time points post-therapy
(p > 0.05) (details in Supplementary table).

We also compared the interrator reliability of identification of HFOs
and ESES. The Kappa values of interrator agreement were favorable
overall (kappa>0.8), except that of HFOs at 6 months post therapy
(kappa= 0.65). (details in Table 4).

4. Discussion

The current study demonstrated the presence of interictal scalp EEG
HFOs around 80–250 Hz (ripple band) in children with CSWS. All
subjects showed HFOs at baseline, and HFOs resolved after successful
treatment with steroids. Subjects who did not respond or relapsed after
methylprednisolone therapy showed persistent HFOs. Importantly, both
the presence of ESES (SWI≥ 85%) and ESES response (defined as the
reduction of SWI by≥50%) after the steroid therapy did not show such
a clear-cut response after methylprednisolone therapy. Also, persistent
HFOs correlated with lower intelligence quotient (IQ), and such cor-
relation was not seen in ESES vs. IQ. Thus, we concluded that persis-
tence of HFOs is a negative predictor of seizure recurrence and worse
cognitive outcome in CSWS, and conversely resolution of HFOs predicts
better seizure control and improved cognitive outcome in CSWS. In
short, HFOs seems to be a favorable biomarker of predicting seizure and
cognitive outcome in CSWS.

Fig. 2. Treatment profile outcome of the 22 patients in the study.
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Fig. 3. The Intelligence Quotient test results and seizure outcomes. (A) Verbal IQ (VIQ) at different time points in different subgroups. The differences of VIQ between
non-relapse group and relapse group are significant at 6, 12 months post therapy (p < 0.05). The differences of VIQ between non-relapse group and non-response
group are also significant at 6, 12 months post therapy (p < 0.05). The differences of VIQ between baseline and 6,12 months post therapy in non-relapse group were
statistically significant (p < 0.05), but not in other groups. (B) Performance IQ (PIQ) at different time points in different subgroups. The results were quite similar to
that of VIQ.

Fig. 4. The Intelligence Quotient test results and HFOs/ESES. In 6 months post therapy, the differences of VIQ/PIQ between HFOs positive and HFOs negative groups
were statistically significant (p < 0.05). Conversely, the differences of VIQ/PIQ between ESES positive and ESES negative groups were not statistically significant
(p > 0.05). The similar results were seen at 12 months post-therapy.
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Our results are consistent with previous studies which demonstrated
scalp EEG HFOs predicts seizure burden in patients with focal epilepsy
with rolandic spikes [37], and scalp EEG HFOs resolves after successful
treatment with ACTH in patients with West syndrome [34] and after
steroid treatment in patients with atypical benign partial epilepsy [38].

The neuropsychological impairment in CSWS includes global or
selective regression of cognitive functions, motor impairment, autistic-
like or psychotic behaviors, auditory agnosia and language deficits.
[3,12,39] In this study, intelligence quotient (IQ) tests were performed
pre-therapy and at 6, 12 months post-therapy respectively. Not sur-
prisingly, the average IQ post-therapy was higher than that of pre-
therapy. The IQ improved significantly at 6 and 12 months post-therapy
in the non-relapse group, which is consistent with the notion that sei-
zure freedom plays a critical role in neurocognitive outcome. To our
knowledge, this is the first study to demonstrate that resolution of HFOs
after treatment is linked to less seizure relapse and better cognitive
outcome in children with epilepsy.

Important limitations of our study include a relatively small cohort
of children included, with a specific diagnosis of CSWS, with a specific
treatment. Whether these results are generalizable to larger epilepsy
groups, with other types of epilepsy, and other treatment types is not
known. More specifically whether conventional anti-seizure medica-
tions will have similar effects as steroids on the persistence or resolu-
tion of HFOs is not known. Previous studies demonstrated that spike-
wave index (SWI) value itself is not necessarily associated with clinical

(seizure or cognitive) outcome, thus we did not evaluate SWI as con-
tinuous value to correlate with seizure and cognitive outcome (we de-
fined ESES as SWI≥ 85%). Also we defined the “ESES response” after
the steroid treatment as reduction of SWI by ≥50%.

Although we were able to determine the presence of absence of
HFOs in each case at each time point, we had difficulty determining
exact HFOs counts/min. Due to low signal-to-noise ratio, some of the
events were difficult to be differentiated from artifacts and deemed
“undetermined”. This seems an inherent limitation of scalp HFOs ana-
lysis [40].

In this study, the response without relapse group only had unknown
etiology (cryptogenic) cases, which indicates CSWS with unknown
etiology have better clinical outcome. However, based on limited
sample size, clinical outcome depending on particular etiology was
difficult to tease out. We also investigated children with CSWS with
frequent seizures (more than weekly) and with ESES on EEG. Steroid
therapy is easily justified for those patients, and we intended to in-
vestigate the utility of scalp HFOs as a potential biomarker during
improvement of both EEG and cognition in this cohort. Further study is
needed to investigate the utility of scalp HFOs in patients with CSWS
with infrequent seizures or without ESES pattern.

Hormonal therapy including ACTH or steroid is considered as dis-
ease-modifying agent in epileptic encephalopathy [9], and hormonal
therapies may exert different effects on HFOs than conventional anti-
seizure medications. Also, fast ripples (> 250 Hz) may be a more spe-
cific biomarker of epileptogenesis than ripple (80–250 Hz), [22–28],
and interictal fast ripples can be detected with scalp EEG in children
[35]. However, our study is limited by a sampling frequency of
1000 Hz, thus we are unable to comment on the detectability of fast
ripples in CSWS.

Detecting scalp EEG HFOs is challenging, especially due to sig-
nificant artifacts and low signal-to-noise ratio. Filtering sharp events
may result in ringing artifact that can be confused with real HFOs. We
took a careful approach to combine both visual analysis to confirm
HFOs in unfiltered tracing [41], and computer analysis utilizing time-
frequency analysis to confirm the presence of HFOs not explained by
artifacts or harmonics [21,32,42]. Visual analysis of HFOs can be

Table 2
Detectability of HFOs and ESES on the different groups.

HFOs ESES

Non-relapse(n= 7) Relapse
(n=11)

Non-response
(n= 4)

p value Non-relapse(n=7) Relapse
(n= 11)

Non-response
(n= 4)

p value

Baseline 7(100%) 11(100%) 4(100%) – 7(100%) 11(100%) 4(100%) –
2 weeks post therapy# 0a(0.0%) 8b(72.7%) 3b(75.0%) p=0.006* 4a(57.1%) 3a(27.3%) 3a(75.0%) p=0.196
3 months post therapy# 1a(14.3%) 10b(90.9%) 3a,b(75.0%) p=0.004* 4a(57.1%) 4a(36.4%) 4a(100%) p=0.090
6 months post therapy# 2a(28.6%) 11b(100%) 4a,b(100%) p=0.001* 3a(42.9%) 6a(54.5%) 4a(100%) p=0.163
12 months post

therapy#
2a(28.6%) 11b(100%) 4a,b(100%) p=0.001* 2a(28.6%) 7a(63.6%) 4a(100%) p=0.062

#The different periods post therapy mean the periods from the end of methylprednisolone pulse therapy (which didn’t include the period of oral prednisolone) to the
observation time points.* indicates the differences of the detective ratio of HFOs and ESES on different group are significant statistically after Bonferroni correction (p
value< 0.016, Exact sig. 2-sided). a or b indicates whether the value between two groups have significant difference statistically.

Table 3
Detectability of HFOs and ESES on the relapse group (n=11).

Baseline HFOs ESES p value
11(100%) 11(100%) p=1.000

2 weeks post therapy 9(81.8%) 3(27.3%) p=0.030*

3 months post therapy 10(90.9%) 4(36.4%) p=0.024*

6 months post therapy 11(100%) 6(54.5%) p=0.035*

12 months post therapy 11(100%) 7(63.6%) p=0.090

* indicates the differences of the detective ratio between HFOs and ESES are
significant statistically (p value< 0.05,Exact sig. 2-sided).

Table 4
Interrater reliability of Identification of HFOs and ESES.

HFOs ESES

Doctor DC Doctor YC Results* Kappa value Doctor DC Doctor YC Results* Kappa value

Baseline 22 22 22 – 22 22 22 –
2 weeks post therapy 11 12 11 0.909 11 10 11 0.909
3 months post therapy 14 12 14 0.814 12 13 12 0.908
6 months post therapy 18 15 17 0.645 13 14 13 0.904
12 months post therapy 16 17 17 0.879 12 13 13 0.908

Results* show the last results of reconfirmations after discussion when the two doctors have different results.
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challenging and jeopardize its interrater reliability if raters have vari-
able experience [43]. Our interrater reliability of visual HFOs analysis
was generally favorable (our lowest kappa value was 0.65) and com-
patible to previous results from experienced HFOs readers [40].

The existence of physiologic HFOs has also been described and
differentiating physiologic from pathologic HFOs can be challenging in
intracranial recording [44,45]. The presence of physiological HFOs on
scalp EEG is still debated, and we do not have any normal control in our
study cohort. Further studies will be needed to investigate the presence
or prevalence of physiological HFOs on scalp EEG.

In summary, the current study has demonstrated that interictal scalp
HFOs in CSWS seemed to predict seizure and cognitive outcome.
Further studies with larger number of patients with various etiology of
epilepsy are needed to establish the utility of scalp EEG HFOs as a
potential biomarker of predicting treatment response.
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