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Introduction
This document outlines the comprehensive guidelines for annotating Natus Medical Inc. ambulatory EEG data corpus (NMAE), specifically focusing on labeling seizure events, rhythmic periodic patterns, and artifacts. These guidelines build upon the Temple University EEG Corpus (TUEG) guidelines authored in 2020 by Ochal et al., representing a significant advancement in annotation practices. They incorporate updates aligned with the 2021 ACSN guidelines and adopt the latest standardized terminology, ensuring greater accuracy and consistency in ambulatory EEG data labeling. These methods ensure accurate and consistent labeling of data for both clinical insights and machine learning applications. 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. This document also describes the process of data preparation, annotation, and review, emphasizing collaboration and precision. The annotated data contributes to the development of automated seizure detection systems and enhances our understanding of complex neural patterns.
Annotation labels
We are using nedc_eas_natus_map that allows us to label important activities such as: IRDAs, BIRDs, RPPs, and seizures. There are 3 different intermittent rhythmic delta activity labels we use: ORIDA, FIRDA, TIRDA. First letter is indicating what region of the brain the intermittent delta activity is occurring: occipital, frontal, temporal. There are 2 different rhythmic periodic patterns labels we use: GPD, LPD. Generalized and lateralized indicating if the periodic discharges are local on focal areas or spread around channels. For seizure annotations, there are 3 labels in use: fnsz, gnsz, absz. We do not differentiate between 2 types of focal seizures (fnsz). We only differentiate absence seizure (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”

File formats: edf, csv, csv_bi & the process of annotation
We are receiving 72-hour continuous recordings from Natus Inc, and we cut them into 30-minute segments, so it is more convenient to look at using our nedc_eas tool. Those files are displayed in EDF formant. Annotators create csv files with label information that nedc_eas can read and display as well. For machine learning purposes, the csv file gets converted into csv_bi files meaning that annotations are not channel specific. Converting is made by events_to_terms tool and using priority map. 

We are using nedc_eas EEG visualization tool that is allowing us to open EDF files in the annotation tool, display annotations in a time-aligned format, directly manipulate annotations, and create a CSV file for further analysis. 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 file sand 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 to triage the data.

The normal EEG
A normal EEG of an awake adult consists of constant, low amplitude activity in either the alpha or beta ranges. The EEG will show the normal artifacts associated with an awake patient such as eye blinks/movements and muscle artifact. A major component of the normal EEG is the Posterior Dominant Rhythm. The Posterior Dominant Rhythm is sometimes called the alpha rhythm, because its fundamental frequency is typically in the range of 8‑12 Hz. The Posterior Dominant Rhythm 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. (Ochal et al., 2020)

Seizure events
Focal seizures can vary greatly in appearance, duration, and localization. Morphology is the key identifier, 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 range, and rarely exceeding 10 Hz or dropping below 2 Hz. For an event to qualify as a seizure, it should last at least 10 seconds, though this duration can be cumulative across channels. Surrounding channels often synchronize with the focal seizure, showing an increase in amplitude and a decrease in frequency as the seizure progresses. Postictal slowing, occurring just after the seizure, shows as 1-3 Hz slow waves but is not considered part of the seizure itself. Unlike generalized seizures, focal seizures affect only specific channels, often limited to one hemisphere, though they can occasionally evolve into generalized seizures.

General non-specific seizures 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. Synchrony is very important in a general non-specific seizure. The complexes on each channel in a general non-specific seizure are expected to have temporal overlap within a fifth of a second. This seemingly small point is highlighted on the rare occasion on 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. 

Absence seizures are brief seizures that should contain no muscle artifacts. They show a characteristic spike or polyspike and wave morphology that begins abruptly, lasts a brief period of time, and ends just as abruptly as it 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 – they can start from 3 seconds. We distinguish between typical and atypical absence seizures. Typical absence seizures are as described, while atypical absence seizures can be much longer than 3–10 seconds while following the same typical absence seizure morphology. Absence seizures are especially important to annotate when training a machine in the machine learning process that we are pursuing. Absence seizures are one type of generalized seizures that are very easily distinguishable from other generalized seizures without access to clinical reports, which is why we are annotating them specifically.
Artifacts
The TUH EEG corpus recognizes various artifact events that we have chosen not to annotate, as they currently hold limited relevance for advancing automated seizure detection technology. 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.

Muscle Artifact: Muscle artifact is associated with any type of movement and is later subdivided into many classes of muscle artifact. 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 convulsing during the clonic portion of the event.

Shivering Artifact: Shivering artifact is a subset of muscle artifact that happens when the patient shivers. Shivering artifact has a characteristic complex that consists of a 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 (12-30 Hz) and are present on the majority of channels. Although a shivering artifact is rare, it is a significant source of error when it does occur. The shivering morphology in many cases appears analogous to a spike and slow wave seen in typical seizure morphologies, albeit at higher frequency.

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.

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 the periodic bursts of high frequency activity of normal muscle artifact, with approximately 0.5 second periods of baseline activity between each burst. 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. In order to classify events of this nature as seizure events, clinical reports are necessary for determination. 

Eye Blink Artifact: An eye blink artifact 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.
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.

Electrode Artifact: Electrode artifact is a catch-all annotation developed for the TUAR database. It encompasses three types of artifacts: electrode pop, electrostatic, and lead artifact. These artifacts are grouped together on the basis of their common origin.

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.

Electrostatic Artifact: An artifact labeled ELST is the result of a small electrostatic discharge from the patient. The common occurrence, which most people have experienced, sends a very brief, high amplitude spike through the EEG. An example of this is shown in Figure 29, which was adapted from Britton et al. (2016). This spike may appear similar to a jerk artifact, but it is unipolar and consists of only one sharp spike, where a jerk artifact has two.

Electrocardiogram (EKG) Artifact: EKG artifact is not artifact on an EKG channel, but artifact that occurs in many channels. An EKG artifact results from the highly sensitive electrodes on the scalp picking up the changes in voltage associated with the 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.

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 encompasses the entirety of a seizure, as defined by the parameters listed within the seizure subsection of the guidelines.

Preictal Phase: This phase 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. RPPs 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).

Postictal Phase: This phase 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.

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.

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.

Rhythmic and periodic patterns (RPPs)
Generalized Periodic Discharges: Generalized periodic discharge (GPD) events 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. 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 2.5Hz. 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. 

Lateralized Periodic Discharges: These lateralized periodic discharge (LPD) 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. 

Intermittent Rhythmic Delta Activity: Intermittent rhythmic delta activity (IRDA) events 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. IRDA is characterized by repetitive and uniform wave morphology without suppressions between each waveform. IRDA is within the delta range of frequency (1-3.5Hz) and must occur for six or more cycles in order to be counted as an event. IRDA can be complex, arciform, or sinusoidal delta wave morphology. 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., 2024). These events do not have a maximum duration, and in some cases may occur for an entire file. The 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.

Brief Potentially Ictal Rhythmic Discharges: Brief Potentially Ictal Rhythmic Discharges (BIRDs) often indicate the onset of a seizure event. BIRDs 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. The duration of BIRDs must be at least 0.5 seconds, but not exceed 10 seconds. This event occurs within the theta frequency (4-7Hz). 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)
Limitations
Our limitations in specifying types of focal and generalized seizures arise from the absence of clinical reports, which leaves us without patient history or visual records of seizure activity. Additionally, without an EKG channel, annotating Rhythmic-Periodic Patterns (RPPs) becomes more challenging, as rhythmic patterns could stem from heart rate rather than neural activity.

Summary
The annotation guidelines provide a detailed framework for labeling EEG recordings with the nedc_eas, ensuring standardized and accurate annotation of seizure events and rhythmic periodic patterns. The document defines annotation categories, outlines processes for segmentation and format conversion, and specifies 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. Annotations are created collaboratively, reviewed systematically, and refined through weekly discussions to address challenges and ensure reliability. Despite limitations, such as the absence of clinical reports and EKG data, these guidelines facilitate the production of high-quality data for both clinical and machine learning purposes, advancing the development of automated seizure detection systems. This document is a work in progress, and further revisions and updates are anticipated.
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