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Purpose: The best possible outcomes in infantile epileptic
spasms syndrome require electroclinical remission; however,
determining electrographic remission is not straightforward.
Although the determination of hypsarrhythmia has inadequate
interrater reliability (IRR), the Burden of AmplitudeS and
Epileptiform Discharges (BASED) score has shown promise for
the reliable interictal assessment of infantile epileptic spasms
syndrome. Our aim was to develop a BASED training program
and assess the IRR among learners. We hypothesized moderate
or better IRR for the final BASED score and the presence or
absence of epileptic encephalopathy (+/—EE).

Methods: Using a web-based application, 31 learners assessed
12 unmarked EEGs (length 1-6 hours) from children with
infantile epileptic spasms syndrome.

Infantile epileptic spasms syndrome is a severe form of early
childhood epilepsy with significant consequences regarding
development and later life epilepsy.! Early and effective
treatment can improve developmental and epilepsy outcomes.?
The best possible child-specific outcomes require rapid
electroclinical remission defined as complete cessation of
clinical infantile spasms and the resolution of any EEG
features consistent with an epileptic encephalopathy (EE).
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Results: For all readers, the IRR was good for the final BASED
score (intraclass correlation coefficient 0.86) and +/—EE
(Marginal Multirater Kappa 0.63). For all readers, the IRR was fair
to good for all individual BASED score elements.

Conclusions: These findings support the use of our training
program to quickly learn the BASED scoring method. The BASED
score may be a valuable clinical and research tool. Given that the
IRR for the determination of epileptic encephalopathy is not
perfect, clinical acumen remains paramount. Additional experience
with the BASED scoring technique among learners and advances in
collaborative EEG evaluation platforms may improve IRR.

Key Words: BASED score, EEG, Infantile epileptic spasms
syndrome, Pediatric epilepsy.

(J Clin Neurophysiol 2025;42: 230-234)

Although the presence of hypsarrhythmia is an important EEG
marker of EE, the EEGs of many children with infantile
epileptic spasms syndrome do not show hypsarrhythmia and
its determination has poor interrater reliability (IRR).3—> The
Burden of AmplitudeS and Epileptiform Discharges (BASED)
score (Table 1) has shown promise for the interictal
assessment of children with infantile epileptic spasms
syndrome with high levels of IRR between three reviewers
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at a single center.*® Using a multicenter network of EEG
readers, the aim of this study was to develop a formal BASED
training program and to assess the IRR among learners. In the
reading of EEGs from children with infantile epileptic spasms
syndrome, we hypothesized moderate or better IRR for the
final BASED score and the presence or absence of epileptic
encephalopathy (+/—EE).

METHODS

As part of a multicenter biomarker and education grant
funded by the Pediatric Epilepsy Research Foundation, we
developed a formal BASED training program. This program
included the independent review of the 2021 BASED score
article (including the brief instructional within Mytinger 2021,
et al.)® and two less than one-hour virtual sessions of discussion
with guided EEG tracing review (Supplements: Video 1,
Video 2 http://links.lww.com/JCNP/A279, http://links.lww.
com/JCNP/A280). To assess IRR, learners completed a posttest
that included independent EEG tracing review and scoring.
Three experts (JR.M., D.V.F.A., and J.V.), who helped to
create the BASED score and had extensive experience in its
clinical application, independently reviewed all EEGs to
determined gold standard scores (using a best 2/3 method).
The IRR values for the three expert reviewers were excluded
from the “All Readers Combined” and all other subsets. To
assess accuracy, learner scores were compared with gold
standard scores, and the average number and average percent
correct were calculated. All learners and experts were blinded to
clinical information for EEG review. Readers assessed 12
deidentified studies (six pretreatment and six posttreatment)
from seven different children using a web-based application
(Persyst Mobile version 1.2.15, Persyst Development Corpora-
tion, Solana Beach, CA). EEGs were listed in random order so
that readers were not aware of pretreatment/posttreatment status
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or any relationship between studies. The length of EEG epochs
ranged from 1 h (for outpatient studies) to 6 h (for long-term
monitoring studies). To limit bias, EEG files were unmarked
and readers were asked to self-identify epochs for review. For
example, to determine a final BASED score of 3 to 5, readers
were asked to identify the most epileptic five-minute sleep
epoch. If no score was reached using this 5-minute epoch,
readers were instructed to review an “adequate” portion of the
remaining EEG to determine the 0 to 2 score.

All readers were provided a synopsis of the BASED score
with associated rules of application as summarized in Table 1.
Compared with the summary table of the 2021 BASED score in
our prior publication,® we modified the current Table 1 and its
associated rules to improve clarity. Importantly, for the
description of BASED scores 4 and 5, we chose language more
consistent with the concept of EE as an electroclinical
diagnosis. We replaced “probable EE” and “definite EE” with
suggests EE and strongly suggests EE for a BASED 4 and 5,
respectively. Throughout this article, although we use the
phrase presence or absence of EE (+/—EE), we acknowledge
that the BASED score cannot be used to diagnose EE without
clinical correlation. EEG findings to suggest the absence of EE
were designated by a BASED score of 3 or less. After the
posttest, readers were provided a pictorial answer key based on
gold standard scores (see Figure, Supplemental Digital
Content 1, http://links.lww.com/JCNP/A266, Pictorial Posttest
Answer Key).

All EEGs were performed at Nationwide Children’s
Hospital and were pre-reviewed by JRM to assure technical
adequacy. EEGs were deidentified, converted to European Data
Format, and securely transferred to a data repository for the
previously noted multimodal biomarker study (primary site:
Children’s Hospital of Orange County). We used a consecutive
sample of five enrolled children (nine EEGs). Three EEGs from
two additional nonconsecutively enrolled children were also
included—one posttreatment EEG that replaced a technically
inadequate study and two EEGs from another child who had
large amplitude background slow waves noted on the posttreat-
ment EEG during pre-review. The latter was performed to
assure sufficient opportunity for learners to evaluate back-
ground amplitude. Levels of IRR for the final BASED
score, =EE, and all BASED score elements were assessed by
reader demographics.

Statistical Analysis

For the BASED score, IRR values for various subsets were
calculated using two-way random, single measures, absolute
agreement using intraclass correlation coefficient (intraclass
correlation coefficient command of psych package in R). The
intraclass correlation coefficient agreement was designated as
follows: < 0.5 = poor, 0.5 - < 0.75 = moderate, 0.75 to 0.9 =
good, and > 0.9 = excellent.” For the component scores
and *=EE, interrater agreement values were calculated using
Free-Marginal Multirater Kappa (Kgree) to adjust for binary
outcomes and low prevalence.® Agreement for kg, was
designated as follows: <0.4 = poor, 0.4 to <0.6 = fair, 0.6 to
0.75 = good, and >0.75 = excellent. All analyses were
performed in R version 4.3.0.°
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TABLE 1. The 2021 BASED Score and Synopsis
2021 BASED Score Description
0 Normal
1 Any definite nonepileptiform abnormality
Apply scores 0-2 to remainder of study 2 1 or 2 spike foci AND no channel with abnormal large amplitude

3 There are either of two ways to arrive at a score of 3:
1. =3 spike foci <50% of one second bins AND no channel with abnormal large amplitude
2. 0 - 2 spike foci but =1 channel with abnormal large amplitude

Apply scores 3-5 to a 5-min sleep epoch 4 (Suggests EE*) There are either of two ways to arrive at a score of 4:
1. =3 spike foci <50% of one second bins AND =1 channel with abnormal large amplitude

2. Not meeting criteria for 5 but includes GMFS or paroxysmal voltage attenuations

5 (Strongly suggests EE*) =3 spike foci that are = 50% of one second bins

BASED: Burden of AmplitudeS and Epileptiform Discharges, GMFS: grouped multifocal spikes, EE: epileptic encephalopathy; Table and Text adapted from Mytinger et al.®

*The diagnosis of EE requires clinical correlation with score of 4 or 5 only suggesting EE.

BASED Score Rules:

1. Apply scores 3-5 to the most epileptic 5S-minute sleep epoch; if no score reached, apply scores 0-2 to an adequate sample of the remaining tracing.

2. Do not apply the BASED score to EEG studies without sleep.”

a. An epoch with stuttering sleep with intermittent arousals is acceptable.

3. The BASED score is applicable for children 1-24 months corrected age.

‘Utilization of a wakefulness-only EEG may result in a lower BASED score compared with sleep and thus may not adequately represent outcome. BASED was developed using
EEGs inclusive of sleep; future study may clarify the utility of applying BASED to an EEG without sleep.

>3 Spike Foci Rules:

1. May be at least one from each hemisphere OR all from one hemisphere (may include midline).

2. If =50%* = 3 spike foci in entire study but no 3 spike foci within 5 minutes, and no channel with abnormal large amplitude, BASED score is 2 + uncommon = 3 spike foci.

3. Only a single spike is necessary to designate an independent spike foci.

Spike Burden Rules:

1. Calculate =50%* =3 spike foci by determining whether 10 or more 15 seconds pages in a 5-minute sleep epoch include =8/15 1 s bins with at least 1 spike.

*The BASED score does not use a “spike wave index” and thus the actual number of bins with at least 1 spike may be <50%, but if there are at least 10 pages with =8/15 1 s bins
with a spike, and there are 3 spike foci, the BASED score is 5. This method was preferred to improve efficiency—often less than the total 5 minutes will need to be assessed.

Amplitude Rules:

1. Peak-to-peak (most negative to most positive [or vice versa] along a continuous ascending or descending wave) amplitude on a longitudinal bipolar montage, refers to
background waves and excludes the slow wave with a preceding spike and the field of these waves in other channels

2. Waves must be common: when assessing a single channel, present at least once in 10 or more 15 seconds pages in a 5-minute sleep epoch

3. Abnormal Large Amplitude:

a. =200 wv: Fpl-F7, F7-T3, Fpl1-F3, F3-C3, C3-P3, Fp2-F4, F4-C4, C4-P4, Fp2-F8, F8-T4

b. =300 pv: T3-T5, T4-T6

c. Excluded: Fz-Cz, Cz-Pz, T5-O1, P3-01, P4-02, T6-02*

As previously described [6], because of the common occurrence of large amplitude background waves within midline and occipital channels among normal children, these
channels were excluded for the amplitude assessment in the 2021 BASED score. Similarly, the common occurrence of =200 v slow waves in posterior temporal channels in normal
children required a higher cutoff (=300 pv) for these channels.

Grouped Multifocal Spikes Definition:

1. At least 2 independent spike foci in each hemisphere within a fairly well-delineated group (may include midline).

2. For hemispheric grouping, at least 3 independent spike foci in one hemisphere (may include midline) within a fairly well-delineated group.

Paroxysmal Voltage Attenuation Definition:

1. Definite sudden change from ongoing background activities appearing as a relative attenuation most often lasting 1 s (but may last several seconds), often occurring after an
epileptic discharge, and usually diffuse (but may be present in only one hemisphere).

Remission Rules:

1. Pretreatment score of 4 or 5, must improve to =3.

2. Pretreatment score of 3, must improve to =2.

Interrater Reliability

Interrater reliability values are summarized in Table 2. For
all readers combined, and within all reader subsets, the IRR was
good for the determination of the final BASED score. For all
readers combined, the IRR was good for >50% > or = 3 spike
foci, 1-2 spike foci, grouped multifocal spikes, and =EE. For all
readers combined, the IRR was fair for <50% > or = 3 spike
foci, paroxysmal voltage attenuations, and the common presence
of abnormal large amplitude background waves in at least one
channel. When considering all subsets, we noted a gradient of

RESULTS

Learner Demographics

The program was completed by 31 learners/EEG readers (2
child neurology residents, 3 clinical neurophysiology fellows,
and 26 faculty physicians) who represented 18 different medical
centers. Most learners were participants in the above noted
multicenter biomarker study and or were members of the
Pediatric Epilepsy Research Consortium Infantile Spasms Spe-

cial Interest Group. Some of these participants recruited addi-
tional learners from their respective medical centers. Additional
learner demographics are summarized in Table 2.
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agreement for the background amplitude element: poor IRR
among trainees, fair to good IRR among attending faculty
physicians, and excellent IRR for experts.
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Learners’ Average Number Correct and Average
Percent Correct Compared With Gold
Standard Scores

When compared with gold standard scores, the average
number of correct scores for the final BASED score and all
elements were similar among learners in all subsets (see Table,
Supplemental Digital Content 1, http://links.lww.com/JCNP/
A267). For all readers combined, the average number of correct
determinations of the BASED score of 12 was 8.5, with an
average percent correct of 70%. For all readers combined, the
average number of correct determinations for +EE of 12 was 10,
with an average percent correct of 83%. For all readers
combined, 27 learners (87%) correctly determined *EE for at
least 9 of 12 studies.

DISCUSSION

After a formal training program, the IRR of all learners was
good for our primary outcomes—the determination of the final
BASED score and the presence or absence of EE. For all readers
combined, the IRR of BASED score elements was fair to good.
These findings support the use of our training program to learn
the BASED scoring method.

Previous IRR studies of the BASED score used preselected 5-
minute EEG clips reviewed by three reviewers at a single center.*¢
By contrast, we used a large number of EEG reviewers (31
learners) from 18 different medical centers who reviewed EEG
tracings ranging in duration from 1 to 6 h. Our findings support the
use of the BASED score for multicenter research collaboration.

Before this training program, only one learner had used the
BASED score clinically for more than one year and three learners
had used the BASED score for less than 1 year—all other learners
were not using the BASED score clinically. Despite this limited

use, we showed that learners who completed just a few hours of
training, including independent and guided learning, were able to
achieve good IRR for our primary outcomes. Future learners can
complete our training program by studying the previous® and
current articles (including the Table 1, and Supplements: Video 1,
Video 2, http:/links.lww.com/JCNP/A279, http://links.lww.com/
JCNP/A280).

It is not surprising that the determination of one or two
independent spike foci had only fair IRR for all readers
combined. It is known that the determination of epileptiform
discharges among individual sharply contoured waveforms is
only fair among EEG readers.!? The evaluation of epileptiform
discharges is particularly difficult in children with infantile
epileptic encephalopathies given that many actual spikes are
poorly formed. Within our training program, we emphasized
a high degree of sensitivity in the determination of spikes. We
likewise recommended a high degree of sensitivity when
evaluating for grouped multifocal spikes and paroxysmal voltage
attenuations. Although we noted good IRR among all learners
combined for grouped multifocal spikes, there was only a fair
degree of IRR in the determination of paroxysmal voltage
attenuations and the assessment of at least one channel with
common abnormal large amplitude background waves. Paroxys-
mal voltage attenuations can be difficult to discern, and our
definition may be too nonspecific for high levels of IRR. Yet,
among the three expert reviewers, we noted that the IRR for
paroxysmal voltage attenuation was good, and for the back-
ground amplitude assessment, the IRR was excellent. This
suggests that the IRR of these elements may improve with
experience. In fact, we noted an IRR gradient for the background
amplitude assessment—poor for trainees, fair to good for faculty
physicians, and excellent for expert reviewers.

Given that the ideal short-term outcome for children with
infantile epileptic spasms syndrome is electroclinical remission,
it is important that we can reliably determine whether an EEG

TABLE 2. Interrater Reliability by EEG reader Subsets
No Board,

All Readers 3 Expert BASED Boarded Either Boarded Boarded Still in Years Years

Combined Readers (Gold CNP or Epilepsy CNP Epilepsy Training Posttraining Posttraining
Measurement (N = 31) Standard)* (N =24) N=14) (N=21) N=T7) <5S5(N=10) >5(V=14)
BASEDf 0.86|| 0.89]| 0.88]| 0.87| 0.90]| 0.79]| 0.88|| 0.88||
=50% = 3 0.75]| 0.899 0.779 0.73]| 0.789 0.70 0.909 0.68]|
SFi
<50% = 3 0.52§ 0.67]| 0.58§ 0.54§ 0.59§ 0.33# 0.67]| 0.51§
SFi
1-2 SF} 0.66|| 0.67)| 0.67|| 0.67)| 0.67)| 0.64 0.68|| 0.65||
GMFS} 0.60|| 0.56§ 0.60|| 0.57§ 0.58§ 0.56§ 0.59§ 0.59§
PVA} 0.57§ 0.67)| 0.61|| 0.59§ 0.61]| 0.44§ 0.62|| 0.59§
=1 Ampj 0.56§ 1.009 0.64|| 0.61]| 0.63|| 0.324# 0.72| 0.57§
+/—EE} 0.63]| 0.67)| 0.65|| 0.68|| 0.66|| 0.54§ 0.63]| 0.66||

=1 Amp, abnormal large amplitude waves in at least 1 channel; =EE, suggests EE (BASED 4 or 5) or not (BASED 0-3); BASED, final Burden of AmplitudeS and Epileptiform
Discharges score; CNP, American Board of Psychiatry and Neurology, Clinical Neurophysiology; GMFS, grouped multifocal spikes; N, number of EEG readers; PVA, paroxysmal

voltage attenuations; SF, independent spike foci.

*Expert data were not included in any other interrater reliability assessments (i.e., excluded from all other columns).
‘tInterrater agreement using Intraclass Correlation Coefficient: 0.75 to 0.9 = good (||=orange).
Interrater agreement using Free-Marginal Multirater Kappa (kgree): <0.4 = poor (#=yellow), 0.4 to <0.6 = fair (§=light orange), 0.6 to 0.75 = good (||=orange), >0.75 =

excellent (J=red).
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has sufficiently improved to designate electrographic remission.
Yet, it is critical to point out that the IRR for determining the
presence or absence of EE using the BASED score is not perfect.
This was true even among our three expert reviewers. Thus,
although the BASED score can be used to determine the presence
or absence of EE with good IRR in the research setting, the
BASED score must not be the sole determinant of treatment for
a child in the clinical setting. Instead, we emphasized in our
training program that clinical acumen is more important than the
BASED score when making clinical decisions.

Several challenges arose from our study design. The IRR
may be better if EEG reviewers were permitted to use their native
EEG review systems. In addition, the version of the Persyst
Mobile on-line platform that we used did not include a dynamic
wave amplitude measurement tool. Instead, we relied on an
amplitude calibration mark. At the time of the study, a software
limitation prevented readers from moving the calibration mark
over the four upper most channels of the tracing. To overcome
this, we used a hand-held calibration mark for these channels.
This limitation may have affected the IRR of the background
amplitude assessment, with a potentially significant downstream
effect on determining BASED scores and the presence or absence
of EE. However, the excellent agreement among experts for the
background amplitude assessment suggests that the IRR of this
element may improve with experience. An additional limitation
of our study is the relatively small number of EEGs reviewed,
this number was chosen to improve study feasibility, particularly
given the relatively long duration of EEGs. Although prior IRR
studies of the BASED score used preselected five-minute EEG
clips, this study used longer duration EEGs ranging from 1 to 6 h.
Although longer duration EEGs more accurately reflect the
clinical application of the BASED score is some practices, this
may have contributed to lower degrees of IRR. Greater guidance
focused on epoch selection may further improve IRR. Finally,
regarding our statistical analyses, the Free-Marginal Multirater
Kappa was the ideal statistic for assessment of binary outcomes.
Yet, because methods of calculating kg are not available in
standard software packages, we manually calculated this in R.
Variance calculations for kg, are not standardized, and thus,
confidence intervals were not created for this study.

CONCLUSIONS
Our study shows that the BASED scoring method can be
learned quickly using a formal training program. Learners had
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good IRR for both the determination of the BASED score and the
presence or absence of EE, suggesting that the BASED score
may be a valuable clinical and research tool. Given that the IRR
for the determination of EE is not perfect, clinical acumen
remains paramount. Regarding the BASED scoring method,
additional experience among learners, broader utilization by
pediatric epileptologists, exposure during fellowship training,
and advances in collaborative EEG evaluation platforms may
improve IRR.
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