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1. Introduction
This document describes the annotation guidelines for the Natus Medical Incorporated Ambulatory EEG Corpus (NMAE), specifically focusing on labeling seizure events, rhythmic periodic patterns, and artifacts. These guidelines build upon the Temple University Hospital EEG Corpus (TUEG) guidelines (Ochal et al., 2020), representing a significant advancement in annotation practices. They incorporate updates aligned with the 2021 ACNS guidelines and adopt the latest standardized terminology, ensuring greater accuracy and consistency in ambulatory EEG data labeling (Hirch et al., 2021). Key annotation categories include seizure types (e.g., focal, generalized, and absence seizures), rhythmic periodic patterns (e.g., GPD, LPD), and intermittent rhythmic delta activities (e.g., ORIDA, FIRDA, TIRDA). Artifacts and ictal phases are also defined and addressed to avoid misclassification and improve data utility.
Annotations of this ambulatory data can be utilized for both clinical insights and machine learning (ML) applications. The annotated data contributes to the development of automated seizure detection systems and enhances our understanding of complex neural patterns. These continuous recordings are extremely useful for seizure prediction research since, unlike TUEG (Ferrell et al., 2020), they are not pruned. The entire recording is included in the study.
The main goal of this document is to describe the annotation process. We begin with a brief description of the organization of the corpus, and then describe the criteria used to annotate the data. A good overview of this process can be found in Melles et al. (2024).
2. File Organization
A typical distribution starts with a root directory as shown in Figure 1. In this document, we will assume the data is stored in a directory named “/data/isip/data/natus_aeeg/v2.0.0/” where “v2.0.0” refers to a major release (“v2”), a minor release (“2.0”) and a maintenance release (“2.0.0”). New releases typically start as version 0 and are updated as necessary as part of the curation process.
At the root level, there is a readme file named AAREADME.txt (which is revision controlled), and two directories: (1) /DOCS: contains relevant documentation such as this document, and (2) /edf: contains the EEG signal data and the annotation files. This is shown at the top of Figure 1. The README file contains basic information about the corpus so that users can verify they have correctly downloaded the corpus and understand how to cite the corpus. 
Within the /DOCS directory, there subdirectors that contain: (1) azure: two scripts that we use to download the data in bulk from the cloud share containing the original data, (2) map: an annotation tool map file (“nedc_eas_natus_map.txt”) that defines the annotation symbols available to the annotators, (3) metadata: a spreadsheet containing a description of the types of seizures we typically annotate (“seizure_types_v02.xlsx”), and (4) montages: a montage directory that contains the montages used by our annotation tool (Capp et al., 2017).
The recordings we receive are typically 72-hour continuous recordings sampled at 200 Hz or 256 Hz, sampled at a 16-bit resolution and stored in an EDF file (Ferrell et al., 2020). As with many of our corpora, the EEG signal data and annotations are stored in a directory named /edf. Underneath the /edf directory, we see studies contained in individual directories identified by a unique 32-character identifier (e.g., “4685a178ed1d2a59206f7d76127e2afc”). Release v2.0.0, for example, contains 195 studies. Hence, there are 195 directories underneath /edf. Within each subdirectory, there are the actual edf files stored in 6-hour segments. For the study above, as shown in Figure 1, there are a total of six files representing a recording that was 30.15 hrs in duration. These are numbered sequentially starting with “_00” and ending with “_05”. Our longest study to date was 92.91 hrs (“51ada88ccb4992e41c366e6beb4ec26c”). Our shortest study to date was 6.66 hrs in duration (“424efe1bd9f09311dd6b744a7e086115/424efe1bd9f09311d d6b744a7e086115”). The average duration for the 195 studies we have received thus far is 53.35 hrs. The total amount of data is 10,404 hrs. In short, there is a lot of data in this corpus, making it ideal for measuring clinically important quantities like false alarm rates.
These 6‑hour edf files were split into files 30 min. in duration to facilitate annotation. This split duration was selected experimentally based on our observations that our Python-based annotation tools slowed down considerably when the file durations were large. Our annotators found a 30 min. duration to be an acceptable tradeoff between annotation efficiency and signal continuity. For each 6‑hour file, there is a subdirectory containing these 30 min. files consecutively numbered “*_000.edf”. This is also shown at the bottom of Figure 1. There are typically about 12 files in each directory since the average file duration is 5.68 hrs.[bookmark: _Ref522718541]nedc_130_[1]: p
/data/isip/data/natus_aeeg/v2.0.0
nedc_130_[1]: d
...
-r--r--r--  1 picone   isip   8135 Jun 26 17:56 AAREADME.txt
-r--r--r--  1 picone   isip   9592 Jun 26 17:56 AAREADME.txt,v
drwxrwxr-x  2 picone   isip      4 Dec 27 15:29 DOCS/
drwxrwxr-x 97 picone   isip     97 Jun 25 08:01 edf/

nedc_130_[1]: p
/data/isip/data/natus_aeeg/v2.0.0/DOCS
nedc_130_[1]: d
...
drwxrwxr-x 2 picone isip 4 Jun 26 22:03 azure/
drwxrwxr-x 2 picone isip 3 Jun 26 22:03 map/
drwxrwxr-x 2 picone isip 3 Jun 26 22:04 metadata/
drwxrwxr-x 2 picone isip 6 Jun 26 22:03 montages/

nedc_130_[1]: p
/data/isip/data/natus_aeeg/v2.0.0/edf
nedc_130_[1]: ls -ld *
drwxrwxr-x 10 picone isip 18 Jan  9 00:24 00defc2f813a1b597c2251939f53ab5d
drwxrwxr-x 14 picone isip 26 Jan  9 00:16 0244d4a03fa847598a346df367885e8d
...
drwxrwxr-x  8 picone isip 14 Jan  9 00:20 4685a178ed1d2a59206f7d76127e2afc
...

nedc_130_[1]: p
/data/isip/data/natus_aeeg/v2.0.0/edf/4685a178ed1d2a59206f7d76127e2afc
nedc_130_[1]: ls -ld *
drwxrwxr-x 2 picone isip        38 Jun 25 12:50 4685a178ed1d2a59206f7d76127e2afc_00
-rw-r--r-- 1 picone isip 209829056 Dec 27 13:30 4685a178ed1d2a59206f7d76127e2afc_00.edf
drwxrwxr-x 2 picone isip        38 Jun 25 12:50 4685a178ed1d2a59206f7d76127e2afc_01
-rw-r--r-- 1 picone isip 209829056 Dec 27 13:41 4685a178ed1d2a59206f7d76127e2afc_01.edf
...
drwxrwxr-x 2 picone isip         5 Jun 25 12:51 4685a178ed1d2a59206f7d76127e2afc_05
-rw-r--r-- 1 picone isip   5116220 Dec 27 13:36 4685a178ed1d2a59206f7d76127e2afc_05.edf

nedc_130_[1]: p
/data/isip/data/natus_aeeg/v2.0.0/edf/4685a178ed1d2a59206f7d76127e2afc/4685...59206f7d76127e2afc_00
nedc_130_[1]: d
...
-rw-rw-r-- 1 tuq69342 isip      227 Jun 25 12:50 4685a178ed1d2a59206f7d76127e2afc_00_000.csv
-rw-rw-r-- 1 tuq69342 isip      225 Jun 25 12:50 4685a178ed1d2a59206f7d76127e2afc_00_000.csv_bi
-rw-rw-r-- 1 picone   isip 17491856 Jan  9 00:58 4685a178ed1d2a59206f7d76127e2afc_00_000.edf
-rw-rw-r-- 1 tuq69342 isip      227 Jun 25 12:50 4685a178ed1d2a59206f7d76127e2afc_00_001.csv
-rw-rw-r-- 1 tuq69342 isip      225 Jun 25 12:50 4685a178ed1d2a59206f7d76127e2afc_00_001.csv_bi
-rw-rw-r-- 1 picone   isip 17491856 Jan  9 00:58 4685a178ed1d2a59206f7d76127e2afc_00_001.edf
...
-rw-rw-r-- 1 tuq69342 isip      225 Jun 25 12:50 4685a178ed1d2a59206f7d76127e2afc_00_011.csv_bi
-rw-rw-r-- 1 picone   isip 17491856 Jan  9 00:58 4685a178ed1d2a59206f7d76127e2afc_00_011.edf
[bookmark: _Ref202193399]Figure 1. A typical directory containing annotation information is shown for the NMAE Corpus.

Within this  subdirectory, there are three types of files available:
	*.edf:	the EEG sampled data in European Data Format (edf)
	*.csv:	per-channel or event-based annotations using all available seizure types (multi-class)
	*.csv_bi:	term-based annotation using only two types of labels (bi-class: seizure/background)
These annotations use one of two formats: (1) event-based (*.csv): annotations of start time, stop time, and seizure type on a specific channel; (2) term-based (*.csv_bi): all channels share the same annotation, which is an aggregation of the per-channel annotations. The former are particularly useful for education, training and basic science research while the latter are extremely useful for ML technology development.
The data is collected using an industry standard 10-20 system. We display the data in our annotation tool using the bipolar montage located in “/DOCS/montages/01_tcp_ar_natus_montage.txt” and shown in Table 1.[bookmark: _Ref201878033]Table 1. The NMAE montage
montage = 0, FP1-F7: FP1 -- F7
montage = 1, F7-T3: F7 -- T3
montage = 2, T3-T5: T3 -- T5
montage = 3, T5-O1: T5 -- O1
montage = 4, FP2-F8: FP2 -- F8
montage = 5, F8-T4: F8 -- T4
montage = 6, T4-T6: T4 -- T6
montage = 7, T6-O2: T6 -- O2
montage = 8, A1-T3: A1 -- T3
montage = 9, T3-C3: T3 -- C3
montage = 10, C3-CZ: C3 -- CZ
montage = 11, CZ-C4: CZ -- C4
montage = 12, C4-T4: C4 -- T4
montage = 13, T4-A2: T4 -- A2
montage = 14, FP1-F3: FP1 -- F3
montage = 15, F3-C3: F3 -- C3
montage = 16, C3-P3: C3 -- P3
montage = 17, P3-O1: P3 -- O1
montage = 18, FP2-F4: FP2 -- F4
montage = 19, F4-C4: F4 -- C4
montage = 20, C4-P4: C4 -- P4
montage = 21, P4-O2: P4 -- O2

3. Annotation Labels
The labels used in annotation are shown in Table 2. We have been using v6.0.2 of our open source annotation tools (nedc_eas) (Capp et al., 2017). There are three different intermittent rhythmic delta activity labels we use: orida, firda and tirda. The first letter indicates what region of the brain the intermittent delta activity is occurring: occipital, frontal or temporal. There are two different rhythmic periodic patterns labels: gpd and lpd. Generalized and lateralized indicate if the periodic discharges are local on focal areas or spread around channels. For seizure annotations, there are three labels in use: fnsz, gnsz and absz. We do not differentiate between the two types of focal seizures, simple or complex, and use one label for both (fnsz). We differentiate absence seizures (absz) from generalized seizures (gnsz). If there is no seizure in the file, we mark the first second in the file on the channels Fp1-F7 as “bckg” so that every edf file has a non-empty annotation file. This makes database curation much easier.
An annotator can typically process approximately 10 files, corresponding to 5 hours of EEG recordings, in a single hour. Annotations are reviewed by a project manager, who selects data for review based on observed patterns and knowledge of each annotator’s behavior. The team also meets weekly to discuss challenging cases encountered in the files and arrive at a committee consensus. We operate in a discussion-based environment, collaboratively researching and determining the best approaches to handle specific activities. To enhance efficiency, we use our real-time seizure detection system (Khalkhali et al., 2021) to triage the data. This has proven to be quite effective.[bookmark: _Ref201871293]Table 2. The labels used to annotate NMAE
Index
Label
Description
0
null
An Undefined Annotation (unused).
1
oirda
Occipital Intermittent Rhythmic Delta Activity
2
tirda
Temporal Intermittent Rhythmic Delta Activity
3
firda
Frontal Intermittent Rhythmic Delta Activity
4
grda
General Rhythmic Delta Activity
5
lpd
Lateralized Periodic Discharge
6
gpd
Generalized Periodic Discharge
7
bird
Brief Potentially Ictal Rhythmic Discharges
8
fnsz
Focal Seizure
9
gnsz
Generalized Seizure
10
absz
Absence Seizure
11
intr
Interesting Activity (unused).
12
bckg
Background


The annotation tool offers useful features such as adjustable channel sensitivity (µV/mm) and time scale (seconds per page). The default channel sensitivity is 10 µV/mm. Increasing this value can improve visualization when waveform amplitudes are high, which helps in clearly identifying patterns such as the spike and wave morphology. The time scale is set by default to 10 seconds per page, but it can be adjusted to show more or less activity depending on the specific needs of the analysis. Neurologists in our experience tend to view waveforms in 10-second intervals. We have used this resolution to inform our research work.
[bookmark: _Toc199881424]We now discuss the morphology for each label. Note that this is an evolution of standards originally developed in Ochal et al. (2020). Here we focus on aspects of the annotation process that are unique to the Natus data.
3.1. The Normal EEG
A normal EEG, shown in Figure 2, of an awake adult consists of constant, low amplitude activity in either the alpha or beta ranges. An EEG will show the normal artifacts associated with an awake patient such as eye blinks/movements and muscle artifacts. A major component of the normal EEG is the Posterior Dominant Rhythm (PDR). A PDR is also known as an alpha rhythm, because its fundamental frequency is typically in the range of 8 – 12 Hz. A PDR occurs primarily over the occipital electrodes spreading with a gradual decrease in reflection towards the frontal polar electrodes. The Posterior Dominant Rhythm occurs in awake patients and is normally attenuated by eye opening. A classification of EEG frequency bands is given in Table 3.[image: A graph of a brain activity]
[bookmark: _Ref201879692]Figure 2. A normal EEG with alpha waves

























































[bookmark: _Ref201879864]Table 3. EEG frequency bands
Name
Frequency (Hz)
Delta
0.5 ‑ 4
Theta
4 - 8
Alpha
8 - 12
Beta
12 - 30
Gamma
30 - 100


3.2. [bookmark: _Toc199881425]Seizure Events
A key identifier of an ictal event is its discharge morphology, with typical patterns including spike-and-slow wave or polyspike-and-slow wave complexes. Spikes are characterized by brief amplitude changes lasting a tenth of a second or less, usually occurring within the alpha, theta, or delta frequency ranges, and rarely exceeding 10 Hz or dropping below 2 Hz. For an event to qualify as a generalized or focal seizure, it should last at least 10 seconds, though this duration can be cumulative across channels. In the case of absence seizures, the duration must exceed 3 seconds. If there is gap or suppression longer than 3 seconds, then events are considered two distinct seizures, separated by this interictal period. Surrounding channels often synchronize with the focal seizure, showing an increase in amplitude and a decrease in frequency as the seizure progresses. Postictal slowing, which occurs immediately after the seizure, shows as slow delta waves but is not considered part of the seizure itself.
Focal non-specific seizures (FNSZ) can vary greatly in appearance, duration, and localization. A typical focal seizure is shown in Figure 3. The shaded region represents a portion of the signal that has been annotated as a focal seizure. FNSZ affect only specific channels, often limited to one hemisphere, though they can occasionally evolve into generalized seizures.
General non-specific seizures (GNSZ) are very closely related to focal non-specific seizures. They follow the same morphology, evolution, postictal slowing, and frequency descriptors, but they cover a greater number of channels and area of the skull (see Figure 4). Synchrony is very important in a general non-specific seizure. The complexes on each channel in a GNSZ seizure are expected to have temporal overlap within 0.2 seconds. This seemingly small point is highlighted on the rare occasion in which a patient has two focal non-specific seizures occurring simultaneously. The only way to effectively determine whether a seizure is generalized or is a combination of two or more seizures is to check for synchrony between the channels. For an event to qualify as a seizure, it should last at least 10 seconds across most of the channels. If there is cap or suppression longer than 3 seconds, then events are considered two distinct seizures.[image: A screen shot of a graph  AI-generated content may be incorrect.]
[bookmark: _Ref201960376]Figure 3. A typical focal seizure
[image: A pink screen with black lines  AI-generated content may be incorrect.]
[bookmark: _Ref201962205]Figure 4. A typical generalized seizure

Absence seizures (ABSZ) are brief seizures that should contain no muscle artifacts. A typical example of an absence seizure is shown in Figure 5. They show a characteristic abrupt onset of spike or polyspike-and-wave discharges at frequency of 3 Hz, lasting a brief period of time, and ending just as abruptly as they began. Absence seizures are frequently high amplitude and very sharp, leaving little room for error. An exception is made for these seizures, as they are so distinct. They do not need to be 10 seconds in duration but must be at least 3 seconds in duration.
We distinguish between typical and atypical absence seizures. Atypical absence seizures can be much longer than 3–10 seconds while following the same typical absence seizure morphology. Absence seizures are particularly important to detect in ambulatory EEG recordings, as they can be difficult to capture in a stationary clinical setting. Absence seizures are one type of generalized seizure that are very easily distinguishable from other generalized seizures without access to clinical reports. This is why we can annotate them.[image: A pink graph with lines  AI-generated content may be incorrect.] 
[bookmark: _Ref201962394]Figure 5. A typical absence seizure (channel sensitivity set to 50 µV/mm)

Note that non-epileptic seizures (NES), also known as pseudo seizures, are a type of seizure that look like epileptic seizures but are not caused by abnormal brain activity. They are not observed in EEG and therefore, our work does not include NES.
3.3. [bookmark: _Toc199881427]Ictal phases
Though seizures have well defined parameters, they are often accompanied by activity before and after the primary ictal phase that does not meet these standards. These activities are considered a part of the seizure’s evolution, as activity amplitude and frequency undergo changes. These activities can be named based upon their position in comparison to the primary ictal phase or seizure. Ictal phases are not ictal events and therefore cannot be tagged. These phases serve as terminology for classifying different sectors of ictal event.
Ictal Phase: This phase is the period when the seizure is actively occurring. It encompasses the entirety of a seizure, as defined by the parameters listed within the seizure subsection of the guidelines. An example is shown in Figure 6. Its features include a sudden onset of abnormal, excessive, and synchronous brain activity. Rhythmic spikes, sharp waves, spike-and-wave complexes, or evolving frequency/amplitude patterns can be observed. It may be focal or generalized depending on the seizure type.
Preictal Phase: This phase, shown in Figure 7,  occurs immediately before the ictal phase and is often also referred to as the prodromal phase. This phase is considered part of the evolution of a seizure, and discharges will often change in morphology, amplitude and frequency as the ictal activity begins to escalate into the ictal phase. Rhythmic and periodic patterns may occur within this phase but are not necessary to be considered a preictal phase. Not all seizures will be accompanied by a preictal phase (e.g., absence seizures).
[image: ]Postictal Phase: This phase, shown in Figure 8, is identical to the preictal phase in all regards except that it occurs immediately after the ictal phase. This phase is often referred to as a postdromal phase. This phase is marked by changes in brain activity as the brain recovers from the abnormal electrical activity of the ictal (seizure) event. Key features include generalized slowing, suppression (postictal attenuation), focal slowing, burst suppression, a gradual return to the baseline and absence of epileptiform discharges (Krauss et al., 2011).[image: A close-up of a graph]
[bookmark: _Ref202012561]Figure 6. Ictal phase of a generalized seizure
[image: A graph with lines and dots  AI-generated content may be incorrect.]
[bookmark: _Ref202015485]Figure 7. Preictal phase of a generalized seizure











































Interictal Phase: This phase is defined as a period between seizures. It will encompass the postictal phase of one seizure, and the preictal phase of the next. Activity often returns to a baseline resting state during this phase. Interictal phase is characterized by interictal epileptiform discharges (IEDs) that occur in brief bursts and disrupts surrounding background activity (Kural et al., 2020).  
3.4. [bookmark: _Toc199881428]Rhythmic and Periodic Patterns
Many EEG events show rhythmic or periodic behavior. We use the term rhythmic when referring to activity that has no interval between consecutive waveforms. In contrast, periodic activity refers to sequences of [image: ]relatively uniform waveforms that repeat with a relatively uniform interval between waveforms. This distinction is consistent with the ACNS terminology (Hirsch et al., 2021). Rhythmic and periodic patterns may occur in both ictal and non-ictal events. In general, non-ictal periodic patterns are more common than non-ictal rhythmic patterns. Both types of events are often associated with epileptic or metabolic/toxic encephalopathies. Clinical examples include rhythmic delta activity (RDA) and triphasic waves. Here was discuss three types of activity we label.
Generalized Periodic Discharges (GPD): These are ictal discharges that are highly indicative of neurological dysfunction. The number of GPDs in a record is positively correlated with seizure probability and poor clinical outcomes for patients who have experienced anoxic/hypoxic events, such as drowning or cardiac arrest. In severe cases of anoxic/hypoxic brain damage, the record may consist entirely of GPDs.[image: A graph of a brain activity]
[bookmark: _Ref202015597]Figure 8. Postictal Phase of a generalized seizure



Although the morphology of GPDs has some variety, a few things are consistent. GPDs do not have to occur on all channels to be considered “generalized.” The phase locked, periodic discharges must simply span both hemispheres of the brain. Discharges are uniform morphology and can range from sharps, spikes, polyspikes, or sharply contoured waves. The nature of a GPD event is the continuous cycle of a discharge followed by a suppression, and each cycle is approximately an equivalent duration to the previous cycle. 
This type of event may give the impression of a seizure. However, this event will remain within the lower spectrum of delta frequency and never exceed the directive seizure frequency threshold of 2.5 Hz. GPDs can occur during preictal, postictal, and interictal phases. These events do not have a maximum duration, and in some cases may occur for an entire file. A typical GPD is shown in Figure 9. These events are identical to GPDs, only they occur in one spatially confined hemisphere of the brain. They follow the same morphology of GPDs and are present in the same conditions. More information about these can be found in Gelisse et al. (2021).
Intermittent Rhythmic Delta Activity (IRDA): IRDAs are associated with neurological dysfunction and can occur during both sleeping and waking states. This event may occur during preictal, postictal, and interictal phases as seizure frequency and amplitude devolves into a baseline state. An IRDA is characterized by repetitive and uniform wave morphology without suppressions between each waveform. An IRDA is within the delta range of frequency (1 – 3.5 Hz) and must occur for six or more cycles in order to be counted as an event. An IRDA can have a complex, arciform, or sinusoidal delta wave morphology.
An IRDA may be further differentiated according to which channels the event occurs by appending the name of the prominent channel. This differentiation may have further implications as to what the activity indicates within the patient. For example, frontal intermittent rhythmic delta activity (FIRDA) suggests non-specific and diffuse dysfunction; temporal intermittent rhythmic delta activity (TIRDA) is associated with epileptiform variations; occipital intermittent rhythmic delta activity (OIRDA) is a combination of the two events and is commonly seen in children who experience absence epilepsy (Rayi et al., 2025). These events do not have a maximum duration, and in some cases may occur for the duration of the entire signal. [bookmark: _Ref202024571][bookmark: _Ref202024566][image: A graph with lines and dots]
[bookmark: _Ref203515399]Figure 9. Generalized periodic discharges

A generalized rhythmic delta activity (GRDA) event has the same morphology of IRDA. However, it lacks an identifiable focal point. This diffuse activity must affect the patient across both hemispheres of the brain in order to be considered generalized activity, though it does not have to occur in every single brain region.
[bookmark: _Toc199881430]Brief Potentially Ictal Rhythmic Discharges (BIRDs): These events are non-specific in localization of a brain region or lateralization of a hemisphere but will often occur in the same regions that a seizure will occur in a patient. BIRDs often indicate the onset of a seizure event. The duration of BIRDs must be at least 0.5 seconds but not exceed 10 seconds. This event occurs within the theta frequency (4 – 7 Hz). Discharge morphology of BIRDs are similar to those of seizures, including spike, spike and wave, sharp, sharp and wave, polyspike, and polyspike and wave. This event will lack suppressions between each discharge (Yoo, 2022). An example is shown in Figure 10.
3.5. [bookmark: _Toc199881426]Artifacts
Artifacts in EEG are signals that do not originate from the brain but instead come from external sources or physiological processes unrelated to cerebral activity. Properly identifying and managing artifacts is essential for accurate EEG interpretation, particularly in clinical diagnosis and for ML applications.
The TUEG Corpus includes several subsets in which specific types of events were annotated. One such subset, the TUH Artifact Corpus (TUAR: Hamid et al., 2020), includes annotations of artifact events. This is very useful for building robust background models in machine learning. For NMAE, we have chosen not to annotate artifacts. However, understanding how we classify artifacts remains essential for accurately annotating ictal events. Artifacts are signals that are non-cerebral in origin. The most common causes of artifact are associated with the patient’s movement. Other causes include electrode glitches, sweating, or nearby sources of electromagnetic fields.
3.5.1. Muscle Artifacts [image: A graph of a sound wave]
[bookmark: _Ref202026317]Figure 10. Brief potentially ictal rhythmic discharges

This type of artifact is associated  with any type of movement. This class of artifact can be subdivided into many classes of muscle artifact. In this section, we introduce a few of the most commonly occurring types of muscle artifacts. The characteristic feature of this artifact is high frequency content in the signal. Muscle artifacts typically occur in the gamma frequency (30+ Hz) with no discernable pattern. The amplitude ranges from very low to very high. This artifact is also closely associated with tonic-clonic seizures, as the patient begins convulsin g during the clonic portion of the event. An example is shown in Figure 11.[image: ]
[bookmark: _Ref202007833]Figure 11. An example of a muscle artifact

Shivering Artifact: Shivering is a subset of a muscle artifact that happens when the patient shivers. A shivering artifact has a characteristic complex that consists of medium to high amplitude sharps or spikes that swoop into a higher amplitude spike before dipping below baseline, followed by the initiation of another complex. These complexes typically occur in the beta frequency range (12 – 30 Hz) and are present on a majority of channels. Although this artifact is rare, it is a significant source of error when it does occur. The morphology in many cases appears analogous to a spike and slow wave seen in typical seizure morphologies, albeit at higher frequency. An example is shown in Figure 12.
Jerk Artifact: A jerk artifact is a form of muscle artifact that occurs from swift movements of the body. This artifact is closely associated with myoclonic seizures and consists of two spikes of opposite polarity coupled together. In some instances, many of these spikes can occur close together and may be indicative of a seizure. In order to properly identify this type of artifact and associate it with a myoclonic seizure or seizure activity, patient clinical reports are necessary. Several examples of jerk artifacts, which are part of a group of artifacts classified as ambiguous paroxysmal events, are provided in Medlink Neurology (2025).
Chewing Artifact: A chewing artifact is a subset of muscle activity that results from tensing and relaxing the temporalis muscles during jaw movement. This artifact is characterized by periodic bursts of high frequency activity of a normal muscle artifact, with approximately 0.5 second periods of baseline activity between each burst. A chewing artifact is typically most prominent on the temporal channels with general spread across all channels and may show greater activity in one hemisphere. A chewing artifact is common in the corpus as normal patients may tense and relax their jaws during sleep. In some instances, chewing can be associated with seizure. In these cases, the brief returns to baseline that occur during chewing will often show some form of spike and slow wave activity characteristic of a seizure event. To classify events of this nature as seizures, clinical reports are necessary. An example is shown in Figure 13.[image: A graph of a graph  AI-generated content may be incorrect.]
[bookmark: _Ref202031950]Figure 12. A shivering  artifact (channel sensitivity set to 50 µV/mm)

Eye Blink Artifact: An eye blink artifact, shown in Figure 14, is a muscle related artifact caused by the movement of frontal polar electrodes on the forehead. This event shows a single high amplitude sharp wave which can be isolated or followed by a slow wave of opposite polarity. Generally, these eye blink artifacts are single, isolated discharges, rather than repetitive discharges that could be expected from an ictal event. These events occur primarily on the frontal polar electrodes but may echo on the frontal electrodes. Large spans of frequent eye blink artifact may be associated with neurological dysfunction. It is easy for annotators to differentiate eyeblink artifact from seizure events by looking for consistency and the spike and slow wave of seizure events. Moreover, seizure events that occur during spans of rapid eye blinking will be readily recognized by their regularity, spatial confinement, and spike and slow wave morphology. 
Eye Movement Artifact: This muscle related artifact is caused by movement of the patient’s eyes. These movements create a wave on the frontal polar electrodes. In neurological dysfunction, it is common for these events to occur in rapid succession. The result is a series of waves which occur largely on the frontal polar electrodes, with some echoing on the frontal electrodes.
Large spans of eye movement artifact contribute to error in automated seizure detection, as the recurrent waves may mimic seizure morphology. Key descriptors that allow annotators to differentiate between eye movement artifacts and seizure are the characteristic spike or polyspike which occurs in seizure as well as the irregularity or discontinuity of eye movement events.[image: A graph of a brain activity  AI-generated content may be incorrect.]
[bookmark: _Ref202008512]Figure 13. A chewing artifact
[image: A graph of a heart beat]
[bookmark: _Ref202010722]Figure 14. An eyeblink artifact


In the event that continuous eye movement occurs at the same time as a seizure event, the underlying seizure is frequently obvious. The seizure event will typically occur outside of frontal polar channel, where eye movement does not occur, and will be more consistent than the eye movement. The two events will also be out of phase and the seizure should show characteristic spike and slow wave morphology. The two events will also be out of phase and the seizure should show characteristic spike and slow wave morphology. Several examples of eyeblink artifacts can be found in Valentine (2025).
3.5.2. Electrical and Electrode Artifacts
An electrode artifact is a catch-all annotation developed for the TUAR database (Hamid et al., 2020). It encompasses three types of artifacts: electrode pop, electrostatic, and lead artifact. These artifacts are grouped together because of their common origin. A more complete discussion of electrode artifacts with examples can be found in Valentine (2025). Here we briefly discuss two common types of artifacts:
Electrode Pop Artifact: An electrode pop artifact results from a glitch at an individual electrode and may be the result of improper adhesion or bubbles in the gel used to fix the electrodes to the scalp. This glitch causes a rapid (on the order of single milliseconds) change in amplitude on a single electrode. This change is very sharp and easily distinguishable from events that are cerebral in origin. In some instances, an electrode will pop repeatedly and continue to pop throughout the record. This is not unusual and may make it difficult or impossible to extract accurate and consistent data from that electrode.
Electrocardiogram (EKG) Artifact: An EKG artifact is not artifact on an EKG channel, but an artifact that occurs in many channels. An EKG artifact results from highly sensitive electrodes on the scalp picking up the changes in voltage associated with a beating heart. This artifact is usually low amplitude, periodic, sharp discharge and is always temporally synced to the EKG channel. It can occur on any channel as a small sharp wave. Due to the lack of an EKG channel on the 01_tcp_ar_natus_montage, this type of artifact cannot be identified with certainty. This type of artifact will fall within the category of electrical artifacts. An example is shown in Figure 15.[image: A graph with lines on it  AI-generated content may be incorrect.] 
[bookmark: _Ref203510194]Figure 15. An EKG artifact













































4. Summary
These annotation guidelines provide a detailed framework for labeling EEG recordings and ensuring standardized and accurate annotation of seizure events and rhythmic periodic patterns. In this document, we define the annotation categories, outlines processes for segmentation and format conversion, and specify criteria for distinguishing between seizure and non-seizure activity. Special focus is placed on key seizure types, artifact differentiation, and ictal phases to enhance data quality. This document is a work in progress, and further revisions and updates are anticipated.
Annotation in general is challenging when we do not have access to clinical reports, patient histories and visual records. This is particularly true for specifying the types of focal and generalized seizures. Additionally, without an EKG channel, annotating RPPs becomes more challenging, as rhythmic patterns could stem from heart rate rather than neural activity. However, our annotations are created collaboratively, reviewed systematically, and refined through weekly discussions to address challenges and ensure reliability. Despite the above limitations, these guidelines facilitate the production of high quality data. As of July 2025, we have had over 12,000 subscribers, many of whom are neurologists or board certified clinicians. We rarely receive bug reports (which we encourage and address quickly), which speaks to the quality of our annotations.
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