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on majority voting on a web-based system: the Neoguard EEG

database.

Anneleen Dereymaeker®, Amir H. Ansari®®", Katrien Jansen®#, Perumpillichira J Cherian®%, Jan Vervisch!#, Paul
Govaert”8, Leen De Wispelaere’, Charlotte Dielman®, Vladimir Matic?1°, Alexander Caicedo Dorado?2, Maarten
De Vos!!, Sabine Van Huffel?3, Gunnar Naulaers?

*These authors are joint first authors

Department of Development and Regeneration, University Hospitals Leuven, Neonatal
Intensive Care Unit, KU Leuven (University of Leuven), Leuven, Belgium

2Division STADIUS, Department of Electrical Engineering (ESAT), KU Leuven (University of
Leuven), Leuven, Belgium

%iMinds-KU Leuven Medical IT Department, Leuven, Belgium

‘Department of Development and Regeneration, University Hospitals Leuven, Child
Neurology, KU Leuven (University of Leuven), Belgium

5Section of Clinical Neurophysiology, Department of Neurology, Erasmus MC, University
Medical Center Rotterdam, The Netherlands

®Division of Neurology, Department of Medicine, McMaster University, Hamilton, Canada

’Section of Neonatology, Department of Pediatrics, Sophia Children’s Hospital, Erasmus MC,
University Medical Center Rotterdam, The Netherlands

8Section of Neonatology, Middelheim Ziekenhuis-ZNA, Antwerp, Belgium
9Section of Child Neurology, Paola Ziekenhuis- ZNA, Antwerp, Belgium
Faculty of Technical Science, Singidunum University, Belgrade, Serbia

Hinstitute of Biomedical Engineering, Department of Engineering Science, University of
Oxford, Oxford, UK

Corresponding author:

Anneleen Dereymaeker, Department of Development and Regeneration, University Hospitals Leuven,
Neonatal Intensive Care Unit, KU Leuven (University of Leuven), Herestraat 49, 3000 Leuven, Belgium

E-mail address: anneleen.dereymaeker@uzleuven.be tel. +32 16 34 26 52

KEY WORDS: electrographic seizures, interrater agreement, neonatal multichannel EEG, consensus agreement,
seizure detection algorithms, Neoguard.

number of text pages: 19, number of words: 4300, number of references: 40, number of figures: 6, number of
tables: 0


mailto:anneleen.dereymaeker@uzleuven.be

SUMMARY

Objective: To assess interrater agreement based on majority voting in visual scoring of neonatal seizures.
Methods: Multichannel EEGs of term neonates with seizures were uploaded to an online database and independent
review of suspected events was done by 4 raters. First, consensus decision was defined based on ‘majority voting’
and interrater agreement was estimated using Fleiss’ Kappa. Second, the influences of different factors on
interrater agreement were determined.

Results: A total of 1919 events in 280h EEG from 71 neonates with seizures caused by different aetiologies, were
reviewed by 4 observers. Majority voting was applied to assign a binary classification (seizure/non-seizure) to all
the events. From a total of 1919, 44% events were classified with high, 36% with moderate, and 20% with poor
agreement, resulting in an interrater agreement for all events in a Kappa value of 0.39. Sixty-eight percent of events
were labelled as seizures, and in 46%, all raters were convinced about electrographic seizures. The most common
seizure duration was below 30s. Raters agreed best for seizures lasting 60-120s. There was a significant difference
in the electrographic characteristics of seizures versus dubious events, with seizures having longer duration, higher
power and amplitude. Upon introducing a less experienced rater, total Kappa decreased to 0.29.

Significance: This study provides an extensive assessment of interrater agreement of neonatal seizures based on
majority voting. There is a wide variability in identifying rhythmic ictal and non-ictal EEG events, and only the most
robust ictal patterns are consistently agreed upon. Database composition and electrographic characteristics are
important factors that influence seizure recognition. Quantitative analysis helps to establish unequivocal measures
which can be useful for evidence-based studies of seizure recognition and management. The use of well-described
databases and input of different experts will help to improve neonatal EEG interpretation guidelines and develop

uniform seizure definitions.

KEY WORDS: electrographic seizures, interrater agreement, neonatal multichannel EEG, consensus agreement,

seizure detection algorithms, Neoguard.

1. INTRODUCTION

In recent years, there is an increasing focus on neuromonitoring of neonates at high risk for cerebral dysfunction.
Neonatal encephalopathy and seizures are the most common and distinctive signs of underlying brain injury and
warrant neuromonitoring. There is emerging evidence from experimental research that prolonged or recurrent
seizures add injury to the developing brain'. Clinical studies supporting these findings are still scarce. However,

few studies have reported that seizures worsen brain damage in children with hypoxic-ischemic encephalopathy
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(HIE)% 8, a higher seizure burden is correlated with adverse outcome* 7° and that neonatal seizures are
independently associated with long-term neurological impairment!®. These observations suggest that early
identification and treatment might diminish long-term morbidity, however there is a pressing need for well-designed
prospective studies to support these observations.

Diagnosing neonatal seizures remains a challenge due to their unique characteristics'!. First, bedside clinical
recognition of seizures is not accurate since the clinical manifestations of neonatal seizures are often subtle and
highly variable'>%4, Second, critically ill neonates often manifest only electrographic seizures!4, and anti-epileptic
drugs (AED) may suppress clinical seizures while ictal EEG discharges persist (electroclinical dissociation)*®.
Continuous video-electroencephalography (CEEG) is the gold standard for accurate diagnosis of both electroclinical
and electrographic seizures® 17 and prolonged bedside EEG monitoring is mandatory to evaluate the efficacy of
their treatment with AED?8,

The implementation of continuous video-EEG monitoring is resource intensive and requires expertise not available
to all neonatal units. Automated quantitative analyses of EEG, including background activity and seizure detection
algorithms (SDAs), will improve clinical applicability. In the last decade, SDAs have been developed by our group®®
20 and others?'-23 with the ultimate goal to aid the clinician in the field, however the results vary widely, with different
performance outputs reported. The challenge of reproducing published results might be due to the nature of visual
scoring criteria used by the clinician or due to the nature of the data of a particular database?*28. First, visual
detection of seizures in multichannel EEG can only be accepted as gold standard when interrater variability is low.
The algorithms used for automated detection of seizures are designed based on the current EEG definition of a
neonatal seizure?®. The algorithms at their best will match the decision made by the clinician. If there is not a good
agreement on the labels of a ‘true’ seizure, then the performance of the algorithm will be affected by it. Interrater
agreement for assessing electrographic seizures varies widely with a Kappa value of 0.4 to 0.85 in different
studies?® 27 30-33 High interrater agreement is achieved when scoring typical seizure patterns with well-defined
morphology®®, whereas the interrater agreement may differ significantly in more dubious seizure patterns?S.
Moreover, the inherent ambiguity of visual classification might be influenced by the composition of the databases
used in the different studies, and cause differences in output performances. Both electrographic characteristics as
well as technical factors can result in the construction of databases with highly different levels of arduousness.
Features such as total seizure number, duration, burden, morphology and rhythmicity of the electrographic seizure
pattern in relation to the overall background activity and the use and effect of AED33, might affect the feasibility of
seizure pattern recognition, both visually and technically?® 27, Finally, assessment of interrater agreement is
problematic in itself and at present, there is a lack of comparable measures to assess interrater agreement.
Different approaches presented in literature are Kappa coefficients or Intraclass Correlation Coefficients (ICC),
which can be used on ‘event-based’(comparisons of annotation of an event by event basis/any-overlap)? 3 33,

and ‘time-based’ or ‘epoch-based’ metrics (comparisons of annotation on a second by second basis)®?. Time-based
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metrics will reflect the amount of seizures (seizure burden) but are labour intensive to assess on long duration EEG
monitoring, whereas the event-based metrics provide the percentage of seizures that will be detected?*. Both
measures are significantly influenced by the length of recordings, the difference in number of patients and the
prevalence of seizures. This underscores the necessity to define more accurately interrater agreement estimates
based on well-classified datasets which contain clinically relevant events. Only this will allow assessment of
reliability of visual EEG interpretation and comparison of automated seizure detection algorithms with the same
performance measure as used for visual annotation.

The aim of the present study was twofold: the first aim was to provide an objective and comprehensive assessment
of interrater agreement of neonatal seizures based on a novel approach: majority voting. For this, we designed an
online platform based on a large, multicentre seizure database of multichannel EEG recordings (Neoguard
database) recorded at two university hospitals. A previously published SDA® 20 was applied to detect suspected
seizure events and 4 raters reviewed the events. The second aim was to determine the influences of different
factors on interrater agreement. In-depth analysis of relevant seizure characteristics, level of experience and

technical factors that affect the majority voting and therefore the recognition of seizures, was performed.

2. METHODS

2.1 Database
The database is partitioned into 4 datasets according to the centres and durations of the used EEG recordings.
Neonates in DB1-DB3 were enrolled from the neonatal intensive care unit (NICU) of Erasmus MC, University
Medical Center Rotterdam (EMCR) from 2003-2014. These datasets, DB1-DB3, contain recordings from 48
neonates with gestational age 236 weeks and presumed birth asphyxia, and were selected for cEEG monitoring
for at least 24h if they had clinical features of encephalopathy and at least one of the following features: (a) arterial
pH of umbilical cord blood < 7.1, (b) Apgar score <5 at 5 min and (c) high clinical suspicion (foetal distress, umbilical
cord prolapse, difficult labour or a history of convulsions). The 23 neonates in DB4 were enrolled from the NICU of
University Hospital Leuven who presented with neonatal seizures in the first week of life and had cEEG monitoring
during the time period 01/2013-07/2015 as part of standard clinical care. The majority of these patients had acute
symptomatic seizures (e.g. HIE, stroke, haemorrhage, brain infection), however some neonates with suspected
metabolic and genetic causes were also included.
DB1-3 were recorded at 256 Hz, (Nervus TM monitor, Taugagreining hf, Reykjavik, Iceland) using 17 scalp
electrodes, according to the full 10-20 International System. The following electrodes were applied: F1, F2, F3, F4,
F7, F8, T3, T4, T5, T6, P3, P4, C4, C3, Cz, 02, O1. DB4 was recorded at 250 Hz, using Brain RT (OSG BVBA

Rumst, Belgium). Nine scalp electrodes were applied according to the restricted 10-20 system (F1, F2, T3, T4, C4,
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C3, Cz, 02, 01). Twenty bipolar channels were used in DB1-DB3 and 12 bipolar channels for DB4. The polygraphic

signals included electrocardiogram (ECG), electro-oculogram (EOG), chin or limb surface electromyogram (EMG),
and a respiratory movement signal (RESP). Band-pass filter was 0.3-70Hz. DB4 was resampled to 256Hz and all

databases were filtered in the software between 1-20Hz before analysis. EEGs were interpreted by a clinical
neurophysiologist as part of clinical care and AED treatment was initiated and followed according to the local
hospital protocol. This study (Neoguard: the development of a neonatal EEG monitor with real-time, bedside data
visualization and automated decision support) was conducted with approval from the Ethical Review Board in both

hospitals. Recordings were fully anonymized for this retrospective data analysis.

2.2 Neoguard Website design: creating the online database

221 Seizure annotation

The EEG recordings of DB1-DB3 and DB4 were first annotated by two independent, experienced clinical
neurophysiologists (primary raters, respectively PJC for DB1-DB3 and KJ for DB4) with extensive experience in
neonatal cEEG who have been trained and practiced at different institutions. An electrographic seizure was defined
as a paroxysmal and evolving repetitive stereotyped EEG event with a definite start, middle and end lasting for at
least 10s on at least one EEG channel?®. Status epilepticus was defined as recurrent seizure activity lasting = 50%
of the time for a minimal EEG record duration of 1 hour3*. Seizures were annotated by the primary raters with the
beginning and end of each seizure collectively over all channels. The raters had no access to video or clinical

information.

2.2.2 Data transfer
All annotated EEGs, were converted to European Data Format (EDF) files and anonymously loaded in Matlab.
Montage setting was the same as in the original EEG file. From this long duration monitoring records, epochs of
8h, 4h, 2h and 2h, respectively of DB1, DB2, DB3 and DB4, containing at least one seizure observed by the
primary rater, were randomly selected from the full EEG registration of each neonate. There was no preselection
of EEG data based on the quality of registration or presence of artefacts.

2.2.3 Seizure detection algorithm (SDA)

A SDA was applied on the clipped 2h-8h EEG epochs of DB1-DB4. The algorithm used in this study has been
described in detail in a previous article!®. The algorithm consists of two detectors running in parallel: (a) a spike-
train detector that detects high-energy segments of the EEG and analyses the correlation between them and (b)
oscillatory seizure detector that detects increase in low-frequency activity (1-8 Hz) with high autocorrelation. The

algorithm provides an output of event-based detection. Both events of the SDA detections and the primary raters



(missed seizures= annotated by the primary raters but not-detected by the SDA) formed the data event pool

(Neoguard database).

2.2.4 Neoguard Website design

Online, secured access was provided for all raters to review the events on the Neoguard Website. Events of the

database were displayed with 5 images as follows: the first image presented the whole detected event in seconds,
image 2 gave a detailed view of the first 20s of the event, images 3 and 4 gave a detailed view of the subsequent
20-40s and 40-60s, and image 5 gave a prospective view (from start of the event, to 200 sec later) (Fig. 1).
Polygraphic signals were displayed simultaneously. There was no access to video or clinical information. The
temporal view was fixed and there was no extra filtering option or ability to change montage. The sensitivity was
adaptable (20/50/100/150uV). Raters were allowed to score without any time limitation and the whole scoring
process was conducted over one year. An experienced rater was defined for the purpose of this study as: ‘a rater

who had reviewed at least 200 neonatal EEGs’.
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Fig. 1: Events displayed on the Neoguard Website for scoring. Screenshot of image 2, a detailed view of the 20-

40s of the event.

2.3 Reviewing SDA detections

2.3.1 Scoring of the events

Three secondary raters (SR 1-3), blinded to the primary scores and each other’s annotations, reviewed
independently all events (all SDA detections + missed seizures= annotated by the primary raters but missed by the
SDA) as 1. Definite seizure, 2. Dubious seizure, 3. Non-seizure/artefact. EEG reviewing was restricted to the
selected events. Discharges were classified as ‘dubious seizures’ if the rater was unsure about ictal appearing
electrographic discharges, such as: (a) runs of > 10s sharp waves/oscillations or a mixture of both, occurring
arrhythmically (with marked variability in the interval and morphology between individual complexes in a seizure
discharge for the major part of its duration) or (b) rhythmic discharges of shorter duration (“brief rhythmic
discharges”), or periodically occurring complexes consisting predominantly of sharp waves with no clear-cut
evolution?®, Non-seizure/artefact included typical artefacts (such as pulsation, respiration, ECG, tremor) which

mimicked the stereotyped rhythmic seizure patterns that are often seen in neonates.

2.3.2 Measures of agreement

Majority vote

A binary classification with definite label was assigned to the events in the database based on the label of the 4
raters. Events were categorised as seizures and non-seizures. Dubious events were categorised in the non-seizure
group, since those events, although paroxysmal, do not fit in the operational definition of seizures and their clinical
significance is controversial. For each event, majority voting was applied to assign the final label and the percentage
of the majority voting was calculated. All detected events were classified into ‘poorly agreed’ (2 raters agreed),

‘moderately agreed’ (3 raters agreed) and ‘highly agreed’ (all 4 raters agreed).

Interrater agreement

Interrater agreement was assessed using Fleiss’ Kappa coefficients for categorical variables. The concept of our
study only allowed assessment of event-based measures. Fleiss’ Kappa is applicable for any number of raters®®.
Kappa coefficient is a measure of agreement for categorical data while controlling for agreement by chance. Kappa
values often range from O (interrater agreement does not differ from chance) to +1 (total agreement). However, if

the observed agreement is less than chance agreement (disagreement), Kappa could be negative. The level of



agreement measured by Kappa was classified as follows: 0-0.20 slight agreement; 0.21-0.40 fair agreement; 0.41-

0.60 moderate agreement: 0.61-0.80 substantial agreement; 0.81-1.00 almost perfect agreement.

Measures of agreement and correlation with electrographic characteristics

Factors that may affect seizure recognition and interrater agreement were examined. First, the effect of experience
was assessed by introducing a 5™ rater, with experience in neonatal EEG but still in the training-phase. Second,
in-depth analysis of database composition and electrographic characteristics such as duration, amplitude (peak to
peak amplitude) and power (LV?/s) were assessed to evaluate the effect of these characteristics on ictal pattern
recognition. Electrographic characteristics were compared between seizures and dubious classified events.
Additionally, the interrater agreement for the classification of seizure intensity was also assessed using Fleiss’
Kappa. Seizure intensity was defined using the maximum accumulated duration (burden) of seizures within any
hour of the clipped recording, based on event-based measures. Three groups with different amount of seizure
burden per hour (<10 min, 10-20 min and >20 min) were compared for interrater agreement. This classification was
based on local clinical practice, treatment protocol and literature review3% 37, Less than 10 min: the cumulative
seizure burden in clinical practice before initiation of treatment and time to check easily correctable causes
(glucose, electrolytes, start antibiotics), 10-20 min: if seizures continue, additional dose of first-line AED treatment
(phenobarbitone), >20 min of cumulative seizure activity, indication for second-line AED, as there is high risk of
evolution to status epilepticus36: 37,

Observer interrater agreement was also assessed in the context of the presumed seizure aetiology in DB4. Data
of seizure characteristics were log-transformed (due to the very large range of values noted) to guarantee the
symmetry of the data and allow further statistical testing®®. Wilcoxon rank-sum test was used to investigate the
effect of seizure features on seizure recognition by comparing the differences in electrographic characteristics
between seizures and dubious event. Data were analysed using Matlab™ (The Mathworks, Natick, MA, USA). All

tests were 2-sided and a p-value <0.05 was considered significant.

3. RESULTS

3.1 Description of the database
A total of 1919 events in 280h of multichannel EEG from 71 neonates with seizures, were rated by 4 independent
observers. The majority of the events in these databases were less than 30s (Fig. 2). The most common diagnosis
was HIE (DB1-DB3: 48 patients with HIE, 3/48 treated with therapeutic hypothermia). The presumed aetiology of
seizures for the 23 neonates in DB4 was: HIE (n=6), stroke (n=5), intracranial haemorrhage (n=2), metabolic
disease (n=5) genetic causes (2), meningitis (n=1), encephalitis (n=1) and malformation of cortical development

(n=1). The majority of these neonates received treatment with at least one AED during the recordings.
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Fig. 2: Database overview: the number of all the events, classified as seizures and non-seizures with a given

median duration based on majority voting.
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3.2 Majority vote and interrater agreement
A majority voting system was applied to assign a binary classification (seizure/non-seizure) to the detected events.
From a total of 1919 events, 44% events were classified with high agreement, 36% with moderate agreement, and

20% with poor agreement (Fig. 3).

1000
< 500
0
o 400
b= |
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O 200
? ]
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5 400
N
2
c 200
(=] ‘_l
z (e M e Wt |

<30 30-60 60-90 90-120 >120
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Fig. 3: Majority voting for all the events, seizures and non-seizures. Poor agreement (Poor): 2 raters agreed,

moderate agreement (Mod.): 3 raters agreed, high agreement (High): 4 raters agreed.

Interrater agreement among all raters and for all the events (seizures/non-seizures), resulted in a total Fleiss’ Kappa
value of 0.39 (x0.007). Kappa values were comparable for of DB1, DB3 and DB4 whereas Kappa was slightly lower
for DB2: DB1: 0.39 (+0.012), DB2 0.29 (+0.013), DB3 0.42 (+0.018), DB4 0.42 (+0.020). Kappa between individual

raters varied among 0.30-0.47 (£0.020) (Fig. 4).
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Fig. 4: Interrater agreement among all raters and for all the events, presented with Fleiss’ Kappa (k). P: primary

rater. SR 1-3: secondary raters.

3.3 Measures of agreement and correlation with electrographic characteristics
68% of the events were labelled as seizures, and in 83% of them, at least 3 raters were convinced about
electrographic seizure activity and in 46%, all of them agreed (Fig. 3). The most common seizure duration in this
dataset was below 30s (43% of all seizure events). Raters agreed the best for events of 60 t0120s. The seizure
duration with the highest level of agreement was 90-120s (63%) (Fig. 5). Higher levels of disagreement were noted
in brief seizures (<30s) and long-duration seizures (>120s) (poor interrater agreement: respectively 21% and 23%
versus 7% in seizures with duration of 60-90s). In non-seizure events, events of 60-90s and 90-120s were

recognised with the highest certainty (respectively 45% and 41% with agreement for all raters).

P
k:0.35 k: 0.36
k: 0.46
1 k: 0.30 3
k: 0.47 k:0.37
2

Fig. 5: Effect of seizure duration on majority voting. Poor agreement (Poor): 2 raters agreed, moderate

agreement (Mod.): 3 raters agreed, high agreement (High): 4 raters agreed.
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There was a significant difference in the electrographic characteristics of the seizures with moderate and high
agreement versus dubious events, with seizures having higher median duration (p<0.001), higher median power

(p<0.001) and higher median peak to peak amplitudes (p< 0.01) (Fig. 6).

Seizures

100

80 |

60

Percent

40 |

20 .

30-60 High

<30 Mod

duration (sec) Béos

Agreement
Fig. 6: Significant electrographic differences between seizures (S) and dubious events (D) for duration (p<0.001),

power (p<0.001), amplitude (p<0.01). Data are log-transformed and analysed with Wilcoxon rank-sum test.

Upon introducing a 5", less experienced rater, total Kappa decreased to 0.29 (+0.006). Iteratively leaving out 1
experienced rater, resulted in total Kappa values of 0.24-0.29 (+0.007) versus a total Kappa of 0.39 (+0.007) for
the 4 experienced raters.

Assessment of maximum seizure burden resulted in Kappa values of 0.42 (+0.013) for <10 min maximum seizure
burden per hour, 0.39 (£0.012) for 10-20 min maximum seizure burden per hour and dropped to 0.26 (+0.013) for
>20 min maximum seizure burden per hour.

Interrater agreement was assessed according the different aetiology of seizures in DB4. Only a limited number of
patients (n=23) were available for this analysis, however a total of 251 events were included. 3 groups were
compared: group 1 (HIE: 99 events), group 2 (stroke + intracranial haemorrhage: 66 events)), group 3 (metabolic,
genetic, meningitis, encephalitis and malformations of cortical development: 89 events). Fleiss’ Kappa for group 1
was 0.42 (+0.03), group 2 0.48 (+0.04), but Kappa decreased notably in group 3 to 0.34 (+0.03). Subgroup analyses
revealed that events in group 3 were of shorter duration (median 24s, IQR: 17-49) whereas the median duration of

all events was 35s (+0.017). More events were classified as dubious in this group compared to group 1 and 2.
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Fleiss’ Kappa for group 1 with HIE (0.42 +0.020), was comparable to Kappa of DB1-DB3, respectively 0.39
((£0.012) and 0.42 (+0.018), with a median duration of events of 45-47.5s. Total Kappa of DB2 with HIE was

noticeable lower: 0.29 (£0.013) as well as event duration (median 30s, IQR: 18-60).

4 DISCUSSION

This is the first study providing a comprehensive assessment of interrater agreement of neonatal seizures based
on majority voting with 4 independent raters, using multichannel cEEG. This study also assessed the effects of the
characteristics of the database, in-depth analysis of electrographic features of suspicious events and their effect
on interrater agreement. The current results of our study suggest that there is a wide variability in identifying some
rhythmic ictal and non-ictal EEG features, and that only the most robust ictal patterns are consistently agreed upon
by EEG readers. The length of the events influences seizure recognition and interrater reliability. Both visual and
automated recognition of very short seizures lasting less than 30s is very challenging. Stevenson et al.3? have
shown that the reliability of definite seizure recognition was low for seizures with a duration less than 30s. The
results of our majority voting support these findings and confirms that greater certainty could be achieved when the
ictal pattern was long enough and displayed a clear-cut evolution. Moreover, we and others have shown that
automated detection of brief seizures is challenging®? 27 2, Quantitative analysis of electrographic features of the
events in our database indicates that dubious events can be discerned from definite seizures, based on their shorter
duration, lower amplitude, and power. Correlation of human raters for seizure recognition has also identified that
longer duration seizures with ambiguous offset and associated with high seizure burden, mixed up seizure
annotation and resulted in lower agreement?%: 3%, which is further depicted in our results of interrater agreement and
seizure burden. Interestingly, subgroup analysis based on aetiologies, showed a striking decrease in Kappa in the
group with metabolic and genetic causes compared to HIE and seizures due to a focal lesion. Those seizures were
of shorter duration, however we observed also more variation in seizure morphology and spatial distribution in
individual patients, which might have complicated seizure annotation. The drop in Kappa value for DB2 (HIE) can
be explained by the lower duration of seizures (median duration of 30s) and very suppressed, low amplitude EEG
background, as described by Cherian et al?®. Finally, as expected, Kappa decreased upon introducing a less
experienced rater.

Interrater agreement is fair at best, with Fleiss’ Kappa values around 0.4. Untangling the exact value of the
assessment of interrater agreement in previous studies is very challenging due to the different approaches for the
assessment of interrater agreement and databases that have been used. First, as mentioned before, the length of
the events does influence seizure recognition. The database used in Stevenson et al.®? included around 55% of
seizures between 30-120s and only 16% of seizures <30s. In a study of Mathieson et al.?’, SDA performance was
also reduced when detecting short seizures and the database used in that study, was mainly constructed of seizure

duration of 60-120s, whereas our database contains 45% events of shorter duration <30s, which increases the
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degree of arduousness. Second, a comparison of our results with other studies assessing interrater agreement, is
complicated by the different metrics used, and different output of measures of agreement. We have used event-
based measures to calculate Fleiss’ Kappa to assess seizure versus non-seizure events, which is how a clinician
would score and treat seizures detected on cEEG. Time-based measures for seizure occurrence may yield
different, possible higher estimates since it takes into account also the longer epochs of negative agreement33, in
particular when using long duration monitoring, which could be more straightforward to interpret, however this
measure will also be influenced by the prevalence of seizures. Studies comparing Fleiss’ Kappa for seizure
occurrence in neonates, based on event-based measure for this amount of patients are rare, but reported Kappa
values in the same range for two raters?®. Abend et al.3! found a Kappa of 0.4 in older infants, assessed by three
experienced raters. In contrast, Shah et al.3? reported a much higher interrater agreement k (Cohens Kappa) of
0.84 for two raters, however only 7 neonates with seizures were included. Stevenson et al.3? reported high levels
of interrater agreement for three experienced raters in 70 neonates (35 neonates with seizures, 35 neonates without
seizures) with long duration multichannel EEG monitoring, using time-based measures for Fleiss’ Kappa estimates.
While we aimed to create a realistic, multicentre database, this study may have underestimated the agreement
among EEG raters. First, this database includes critically ill neonates and a substantial part of them have been
treated with AED and sedative medications at the time of recording. These drugs might have suppressed EEG
background (amplitude and continuity)*°, influenced seizure morphology and rhythmicity and affected seizure
recognition®%, which was not taken into consideration in the visual assessment, nor was this accounted for in the
guantitative analyses. Undoubtedly, including ‘less recognizable seizures or more dubious events’ in this database
has influenced interrater agreement?® 28, Second, the option to display the complete EEG selection in detail, extra
drug information (sedative and AED) and access to video-EEG segments may improve characterisation of these
events in future applications of the website. This information can assist EEG readers to make a seizure diagnosis,
interpret dubious patterns or recognise the cause of seizure-like artefacts. However, only this kind of scoring
methods mimics the actual working mechanism of a SDA and allows direct comparison with SDA performance.
Furthermore, although long duration cEEG monitoring was done in all these neonates, due to the design of the
website, only 60s EEG snapshots of the event were displayed in detail, whereas others have used the full recording
for seizure annotation. This may have introduced bias, being unclear to the rater whether periodic epileptiform
discharges represented an inter-ictal pattern or the start or end of a longer ictal pattern. However, since events of
60-120s are classified with the highest agreement, we assume that this effect is probably small, since this only
affects events with longer duration (>120s). Improvements to the website based scoring can be easily made by
displaying the whole event in detail, with successive 20s epochs. We are willing to share this web-based system
with other researchers as well as with interested clinicians.

Further improvement of automated analysis will eventually help the clinicians as well as researchers by decreasing

the effects of subjective interpretation of many events in prolonged neonatal EEG monitoring. Future studies need
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to provide unambiguous definitions and classifications of neonatal seizures which can be reproduced by EEG
readers as well as used in automated algorithms. Based on the objective assessment of the ‘core characteristics’
of visual patterns in the neonatal EEG, research into the pathophysiological basis at cellular, synaptic and network
levels, can be conducted. This will help to elucidate the effect of modulators such as severity and nature of
underlying brain injury and effect of treatment on neurodevelopmental outcome.

In conclusion, visual interpretation of neonatal seizures remains challenging, however it is imperative to know the
accuracy of visual classification to further improve our knowledge. This study provides an extensive assessment
of interrater agreement of neonatal seizures based on majority voting. In-depth analysis of database composition
and electrographic characteristics, revealed important factors that influenced seizure recognition. The results
suggest that there is a wide variability in identifying rhythmic ictal and non-ictal EEG features, and that only the
most robust ictal patterns are consistently agreed upon. Quantitative analysis helps to establish objective and
unequivocal measures which can be useful in evidence-based studies of seizure recognition and management.
The use of well-described databases and input of different EEG experts will help to improve neonatal EEG

interpretation and define uniform, general accepted seizure definitions.

KEY POINTS BOX:

- Visual interpretation of electrographic neonatal seizures is very challenging.

- Objective assessment of interrater agreement of neonatal seizures and factors influencing it is crucial to
improve our understanding of these phenomena.

- Majority voting can be used for clinical validation and to develop improved and uniform seizure definitions.

- The duration of events and the composition of databases influences seizure recognition and interrater
agreement.

- The use of well-described datasets is useful to validate clinical EEG interpretation and serve as learning

platform.
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