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ABSTRACT
The increasing demand for objective, neurophysiological tools to assess brain function in clinical settings has led 
to the development of advanced technologies, such as the BrainView qEEG discriminant database by Medeia Inc. 
The BrainView system provides a comprehensive approach to understanding cognitive processing changes due to 
aging and pathological conditions. This platform leverages key biomarkers like the N100, P300, and N400 event-
related potentials (ERPs) to identify electrophysiological abnormalities and offer insights into cognitive processing 
across aging and neurological disorders. Age-related cognitive decline is often marked by alterations in these ERP 
components, particularly in attention, memory, and semantic processing. However, ERP alterations are more severe 
in pathological aging and disease. Additionally, these ERPs have proven essential in understanding conditions 
such as traumatic brain injury (TBI), schizophrenia, autism spectrum disorder (ASD), stroke, Alzheimer's disease 
(AD), and others. The BrainView system’s ability to detect subtle changes in brain function makes it a critical tool 
for early diagnosis, monitoring disease progression, and evaluating therapeutic interventions. With its extensive 
dataset, advanced statistical methods, and clinical focus, BrainView aids clinicians in making more informed 
decisions regarding patient care. As the database expands to include additional disorders, its role in personalized 
medicine and improving patient outcomes is set to grow. The BrainView ERP Platform represents a transformative 
advancement in neurophysiology and neuropsychology, offering a comprehensive, efficient, and accurate solution 
for brain health assessments, ultimately paving the way for a new standard in clinical neuroassessment.
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Introduction
Brain function evaluation is a critical challenge in healthcare, 
as brain disorders affect roughly one in three people worldwide 
[1]. Reliable, objective measures of brain function, especially in 
clinical settings, are in high demand. Event-Related Potentials 
(ERPs), measured via electroencephalography (EEG), show 
promise as a "vital sign" for the brain. Despite extensive research 
supporting their reliability, ERPs remain underutilized in clinical 
practice [2-8]. EEG, the first non-invasive method for measuring 

human brain activity, has evolved significantly over time. Early 
studies focused on sensory processing and simple detection 
tasks, and with the advent of signal averaging, ERPs became a 
cornerstone of cognitive neuroscience [9-22]. ERPs offer excellent 
temporal resolution, making them valuable for detecting subtle 
cognitive abnormalities sometimes even before clinical symptoms 
appear [23]. However, their spatial resolution is limited, hindering 
precise localization of neural activity [24]. Despite this limitation, 
ERPs complement imaging techniques due to their superior 
temporal resolution. ERPs are small voltage changes in the brain 
in response to stimuli, such as sounds or words, providing insights 
into sensory and cognitive processes [4,23]. These responses 
are measured on a millisecond (ms) scale, which is essential for 
studying rapid cognitive processes like attention and perception. 
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EEG signals arise from postsynaptic activity in neural ensembles, 
primarily cortical pyramidal cells, which generate electrical 
potentials that propagate throughout the brain [9,25,26]. Despite 
advances in neuroimaging, ERP remains a key tool for studying 
cognitive processing.
Evoked Potentials (EPs) capture time-locked brain responses 
associated with specific cognitive, sensory, or motor events [27]. 
Unlike non-task-based quantitative EEG (qEEG), ERPs are task-
based, correlating neuronal activity with cognitive functions 
such as working memory and executive function. The ERP 
waveform reflects the integrated synaptic activity of neurons firing 
synchronously, offering a neural correlate for cognitive processes 
[28].

This research led to the development of the BrainView ERP 
Platform by Medeia Inc. [5,6]. BrainView aims to integrate ERPs 
into clinical practice by offering a portable, FDA-cleared system 
that delivers automated, standardized, and clinically intuitive 
results. The platform measures three key ERPs the N100, P300, 
and N400 which correspond to sensory, attention, and cognitive 
processes, respectively [7,8,29]. These ERPs are triggered by 
specific stimuli, providing a rapid, quantifiable assessment of brain 
function.

ERP components reflect the brain’s processing of stimuli over 
time. Early components, such as the N100, are associated with 
sensory and perceptual processing, often occurring without 
conscious attention. Later components, like the P300 and N400, 
relate to cognitive processing, typically requiring conscious 
attention. However, certain cognitive ERP components can occur 
even without conscious awareness [30]. The N100, P300, and 
N400 responses are sensitive to changes in brain function, making 
them valuable for monitoring cognitive health and detecting subtle 
changes not always visible through traditional behavioral tests 
[2,29,31-36]. Current methods for evaluating cognitive function, 
such as the Mini-Mental State Exam (MMSE), are subjective 
and error-prone, with misdiagnosis rates as high as 43% [2]. This 
highlights the need for objective, reliable measures of cognitive 
impairment. ERPs, as time-locked neural responses, offer precise 
information about brain processes, complementing behavioral 
measures [37]. They are particularly valuable in cases where 
participant responses are difficult to obtain, such as with infants or 
minimally verbal individuals [37].

Technological advancements in portable EEG devices and software 
have made ERPs more accessible outside of research laboratories, 
transitioning them into clinical practice [38-40]. The BrainView 
Platform seeks to make ERP assessments practical for clinical use, 
offering new insights into cognitive function and establishing a 
robust framework for brain health monitoring.

ERPs provide several advantages in research, particularly when 
behavioral data is difficult to obtain or inadequate for capturing 
underlying brain processes. For example, ERPs can detect auditory 
discrimination in infants, where traditional behavioral tests are 
not feasible [41,42]. They also serve as biomarkers for early 

diagnosis and monitoring of disorders such as autism, language 
disorders, and dyslexia, although further research is needed for 
widespread clinical use [37]. Additionally, ERPs contribute to 
foundational research on brain processing of language and sensory 
integration [43-45]. As neurological disorders and aging become 
more prevalent, the need for objective measures of brain health 
intensifies. This paper explores the role of ERPs specifically the 
N100, P300, and N400 components in assessing brain disorders. 
It examines how abnormalities in these components aid in the 
detection of neurological disorders, discusses the significance of 
each ERP component, and introduces the BrainView ERP Platform 
as a tool for measuring these responses. Furthermore, the paper 
explores how aging affects cognitive function and ERP responses, 
highlighting the correlation between aging and cognitive decline.

BrainView QEEG/ERP Discriminant Database
Medeia Inc. is tackling a long-standing challenge in clinical 
neurophysiology: the construction of a reliable, normative 
quantitative EEG (qEEG) database. Over the years, creating such 
databases has proven difficult, mainly due to the complexity of 
defining a “normal” population and the lack of standardized 
procedures in the field. Despite these challenges, Medeia is 
pioneering a solution with the BrainView ERP Platform, which 
incorporates a qEEG discriminant database complete with patient 
profiles [46]. This platform is developed according to rigorous 
scientific and methodological standards, closely following existing 
normative databases but with significant improvements in scope 
and precision.

Normative and discriminant qEEG databases are crucial in clinical 
science, providing a benchmark for comparing an individual’s EEG 
metrics with those of a representative population. This comparison 
helps clinicians identify electrophysiological abnormalities that 
may indicate various brain disorders. However, these databases 
are not standalone diagnostic tools. Proper interpretation requires 
a holistic approach, considering factors such as patient symptoms, 
medications, and age-related changes. Medeia’s goal is to enhance 
clinical assessments by integrating advanced tools like ERPs with 
key EEG metrics, thus improving diagnostic accuracy.

BrainView is a comprehensive solution designed to assist in 
clinical EEG assessments (Figure 1). With FDA 510K clearance 
(K192753, K212684), international patents, trademarks, and 
educational resources, BrainView is already deployed in over 800 
clinical and research centers across the United States. The platform's 
strength lies in its ability to provide a detailed and accurate view 
of an individual's brain function through the integration of qEEG 
metrics, such as Z-scores for power, asymmetry, coherence, and 
phase, alongside ERPs like N100, P300, and N400 biomarkers 
critical for tracking cognitive processes.

BrainView’s database is built from a large and diverse dataset, 
including data from more than 60,000 subjects in the eyes-open-
closed state, ranging from ages 4 to 85 [46]. This extensive 
dataset forms a solid foundation for accurately detecting and 
differentiating abnormal EEG values, which is essential for clinical 
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assessments and monitoring disease progression. Additionally, 
the ERP biomarkers are pivotal in tracking brain function and 
cognitive changes, making BrainView a powerful tool for 
assessing a wide range of brain disorders, including Alzheimer’s 
disease, attention-deficit/hyperactivity disorder (ADHD), post-
traumatic stress disorder (PTSD), schizophrenia, and others. 
A key feature of BrainView is its discriminant function, which 
allows clinicians to classify patients based on their EEG and ERP 
profiles. This functionality is vital for early diagnosis, tracking 
disease progression, and evaluating treatment outcomes. ERPs, in 
particular, can help detect subtle cognitive impairments that may 
otherwise go unnoticed, offering clinicians valuable insights into 
a patient's brain health. Looking ahead, Medeia Inc.’s plans to 
expand the BrainView discriminant database to cover a broader 
range of neurological, developmental, and mental health disorders. 
The continued integration of ERPs alongside traditional qEEG 
metrics will further enhance personalized medicine approaches in 
neuropsychological assessments, ultimately improving diagnostic 
accuracy and patient outcomes.

Figure 1: An image of the BrainView Neural Scan System developed 
by Medeia Inc. The BrainView system is portable, easy-to-use, and non-
invasive. The BrainView system is a 21-channel EEG/ERP amplifier 
with a dedicated laptop and testing supplies. The system utilizes high-
quality circuit boards and components to allow for high-quality brain 
measurements, as well as essential heart rate variability data.

In conclusion, BrainView represents a significant advancement in 
clinical EEG assessments. By incorporating ERPs such as N100, 
P300, and N400 into its discriminant database, it provides a much 
more nuanced and accurate tool for detecting and monitoring brain 
disorders. This not only aids in early diagnosis and disease tracking 
but also supports the evaluation of treatment efficacy. With its 
extensive database and sophisticated analytical tools, BrainView 
is poised to become the gold standard in neurophysiological 
and neuropsychological assessments, revolutionizing the way 
clinicians approach brain health.

The BrainView Technology
BrainView is an innovative platform designed to advance the 
science of brain vital signs through cutting-edge technology. 
Operating in just 25 minutes, it seamlessly integrates with cloud 
technology, facilitating efficient client management (Figure 2a and 
2b). BrainView enables rapid, objective, and automated recording 
and analysis of EEG and ERP data, using portable devices to 
collect, process, store, and report brain metrics. Its core feature 
is the use of ERPs to assess cognitive function by comparing an 
individual’s results to established reference ranges, providing 
valuable insights into brain health and cognitive well-being.

Figure 2a: Patient preparation for a BrainView clinical EEG assessment.

Figure 2b: An illustration of a BrainView setup for an EEG test, where 
brain electrical activity is measured during a qEEG.

ERPs are brain responses to specific stimuli, measurable via EEG, 
offering objective and quantifiable data on brain activity, including 
cognitive impairments. They have been validated for assessing 
concussion-related brain dysfunction [2-4,47,48). Traditional 
ERP methods, however, are often time-consuming and require 
controlled laboratory environments, limiting their applicability in 
real-world settings.
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To overcome these limitations, Medeia Inc. developed BrainView 
─ a rapid, portable, and semi-automated system designed for quick 
deployment in clinical assessments. With over 25 years of research, 
BrainView leverages scientifically validated ERP responses as 
objective indicators of cognitive brain function. By integrating ERP 
data with cloud-based technology, the platform provides a reliable, 
portable, and automated system for assessing cognitive health in 
various environments. Key ERP metrics measured by BrainView 
include the N100 (auditory sensation), P300 (basic attention), and 
N400 (cognitive processing). Figure 3 demonstrates how these 
metrics are used to differentiate between healthy individuals and 
those with diseases, such as traumatic brain injury (Figure 3a), as 
well as between younger and older individuals (Figure 3b).

Figure 3a: An example of how BrainView utilizes ERP metrics to 
distinguish between a healthy individual and one with disease (e.g., 
traumatic brain injury).

Figure 3b: An example of how BrainView uses ERP metrics to 
differentiate between the health of younger and older individuals.

Key ERP Components and Their Roles in BrainView
1.	 N100 (Auditory Sensation): The N100 waveform peaks 

around 100 ms after an auditory stimulus, reflecting early 
sensory processing. BrainView measures responses to deviant 
(louder) versus standard (quieter) tones, offering insights into 
the timing and intensity of auditory processing. The platform 
compares these responses to reference data, providing 
valuable feedback on auditory sensory function.

2.	 P300 (Basic Attention): The P300 is a positive waveform that 
peaks around 300 ms after exposure to unexpected auditory 
stimuli (e.g., deviant tones). BrainView quantifies both the 

timing and magnitude of P300 responses, detecting variations 
such as dual-peak configurations, which might indicate 
changes in attention or cognitive processing. The P300 serves 
as a crucial measure of attention and perception, remaining 
stable over time for individuals.

3.	 N400 (Cognitive Processing): The N400 waveform peaks 
around 400 ms after a stimulus, reflecting cognitive processing 
related to language and semantic integration. BrainView 
measures responses to both congruent and incongruent word 
pairs, with the N400 waveform exhibiting a broader peak 
compared to the N100 and P300.

Quantifying ERPs: Amplitude and Latency
ERPs are characterized by two main factors: amplitude and latency.
•	 Amplitude (magnitude) refers to the size of the electrical 

voltage change in microvolts (μV), indicating the number and 
synchronization of cortical neurons involved in generating 
the response. Larger amplitudes suggest greater neuronal 
involvement, although higher amplitude does not always 
indicate a better response excessive activation may be linked 
to conditions like noise sensitivity.

•	 Latency (timing) measures the time it takes for the ERP 
response to peak (in milliseconds), providing insight into 
the speed of cognitive processing. Faster latencies indicate 
quicker sensory, attentional, and cognitive processing, while 
slower latencies may reflect delays, such as those seen in 
sensory hearing loss.

BrainView simplifies the interpretation of ERP data by measuring 
both latency and amplitude of key components. The platform 
captures voltage changes with millisecond precision, ensuring 
high temporal resolution for assessing the brain's rapid responses 
to stimuli.

In summary, BrainView accelerates and simplifies the process 
of brain health evaluation. By measuring auditory sensation, 
attention, and cognitive processing, it provides a comprehensive 
view of cognitive function, delivering actionable results that are 
easy to interpret for decision-making in clinical assessments.

Introduction to ERPs
ERPs are brain responses to specific stimuli, measured using EEG 
[37]. ERPs are derived by averaging time-locked EEG activity, 
reflecting the collective electrical activity of thousands of neurons, 
especially postsynaptic potentials from cortical pyramidal neurons 
[4,49]. To isolate the brain's response to a stimulus, EEG signals 
are synchronized with the event. Since raw EEG signals include 
noise from unrelated neural activity and external interference, 
the stimulus is presented multiple times, and the responses are 
averaged to produce a clearer signal. ERPs reflect a range of 
cognitive processes, from sensory input to behavioral responses. 
This includes anticipatory activities like the Contingent Negative 
Variation (CNV), which prepares the brain for task-related stimuli 
[13,22,50]. Signal averaging techniques and standardized electrode 
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placements, such as the 10/20 system, have made ERPs widely used 
and replicable [17,51-54]. Cognitive EPs, or ERPs, are reliable 
measures of cognitive function and are part of the "brain vital sign" 
framework [2,40,55]. Key auditory ERP components N100, P300, 
and N400 are used to assess sensory processing, attention, and 
cognitive processing, respectively, offering a sensitive, objective 
way to track brain function [13,21,35,56-58].
 
N100: Auditory Sensory Processing and Attention
The N100 (or N1) is a negative deflection in the ERP waveform 
occurring between 80 ms and 120 ms after an auditory stimulus 
[59]. It is primarily generated in the supratemporal auditory 
cortex, with maximal amplitude recorded over fronto-central scalp 
regions [59,60]. 

The N100 reflects early neural responses to sensory stimuli, 
especially those involving sudden changes in the auditory 
environment, such as shifts in intensity or the onset/offset of sounds 
[61,62]. It is typically evoked by unpredictable stimuli, regardless 
of task demands, and is most commonly observed in response to 
auditory stimuli, though it can also be elicited by visual, olfactory, 
somatosensory, and pain stimuli [63-68].
 
The N100 is recorded in sensory detection tasks like dichotic 
listening, where participants focus on one ear’s information while 
ignoring the other [69]. Its amplitude is influenced by factors like 
stimulus intensity, frequency, and interstimulus intervals [70-73]. 
Additionally, selective attention and arousal affect the N100, with 
smaller amplitudes when the stimulus is expected [69,74-76].

As an early, automatic response, the N100 signals the brain’s initial 
allocation of attention and sensory processing, making it relevant 
for studying auditory attention and stimulus detection [77,78]. 
Developmentally, the N100 undergoes changes that are significant 
for understanding speech processing and cognitive development, 
especially in children [79,80].

In clinical populations, alterations in the N100, such as decreased 
amplitude or delayed latency, are linked to sensory processing 
disorders or attention deficits, commonly observed in conditions 
like autism and schizophrenia [76]. The N100 plays a key role 
in early auditory processing, attention allocation, and sensory 
detection. It is sensitive to factors such as stimulus unpredictability 
and attentional focus, making it valuable for studying sensory and 
attentional mechanisms in both normal and clinical populations.

P300: Cognitive Processing and Attention
The P300 (or P3) is a positive waveform peaking around 300 ms 
after the onset of a relevant or infrequent stimulus [81-83]. It is a 
key signal in cognitive research, reflecting brain activity related 
to working memory, attention, and cognitive control. The P300 is 
often divided into two subcomponents: P3a and P3b. P3a is linked 
to automatic, involuntary attention to novel stimuli, while P3b 
is associated with voluntary attention and task-relevant stimuli, 
particularly in tasks like go/no-go [83-91]. The P3a is associated 
with dopaminergic activity and shows a fronto-central distribution, 

while P3b, linked to norepinephrine activity, is observed more 
prominently in the parietal region and reflects working memory 
processes [86,89,90]. The P300 is commonly elicited using 
the oddball paradigm, where participants differentiate between 
frequent standard stimuli and rare target stimuli, providing insight 
into attention and cognitive processes [83,89,92,93]. Structurally, 
the P300 response is localized in several brain regions, including 
the prefrontal cortex, anterior cingulate, parietal cortex, and 
hippocampus [94,95]. The P3b amplitude is influenced by stimulus 
relevance, attentional resources, and the deviant-to-standard 
stimulus ratio [84,87,91,92]. Larger amplitudes are associated 
with more distinct target stimuli and greater attention [86]. In 
contrast, P3a is more sensitive to stimulus salience and involuntary 
attention shifts [89-91,96].
 
The P300 is a valuable tool for assessing attention and memory 
in both healthy and clinical populations. In healthy aging, 
the P300 amplitude typically declines, and latency increases, 
reflecting reduced attentional resources [97]. In clinical conditions 
like dementia, traumatic brain injury (TBI), ADHD, and 
neurodevelopmental disorders, significant reductions in P300 
amplitude and prolonged latencies are observed [98-100]. The 
P300 offers critical insights into attention, memory, and cognitive 
processing, making it a reliable tool for tracking cognitive changes, 
particularly in neurodegenerative diseases.

N400: Semantic Processing and Language Comprehension
The N400 (or N4) is a negative deflection in the ERP waveform 
occurring around 400 ms after the presentation of semantically 
incongruent or unexpected stimuli [23,101,102]. It reflects the 
brain’s process of semantic integration, particularly how words or 
concepts are linked within context. Typically observed in response 
to visual or auditory words, the N400 amplitude is more negative 
when a word is semantically incongruent with its context and less 
negative when it fits contextually [102-104]. This component 
is crucial for studying language comprehension and how well 
concepts are semantically connected during sentence processing 
or word association tasks.

The N400 is recorded over posterior regions of the scalp, with a 
larger response in the right hemisphere for visual words and a slight 
left-hemisphere bias for spoken words [23,102,105]. Intracranial 
recordings show that areas such as the anterior fusiform, 
parahippocampal gyrus, and superior temporal sulcus contribute 
to the N400 response [101,106-108]. The N400 is particularly 
sensitive to semantic congruity, lexical frequency, and stimulus 
familiarity. The N400 amplitude provides a measure of semantic 
processing ease, with smaller amplitudes indicating contextual 
congruence and larger ones indicating incongruence [109-111]. 
Repetition of a stimulus reduces the N400 amplitude, reflecting 
reduced cognitive effort for semantic integration [110, 111]. 

In clinical settings, the N400 is useful for studying language 
processing, especially in conditions like autism spectrum disorder 
[112-117]. Changes in N400 amplitude and latency correlate with 
the severity of cognitive decline, making it a valuable biomarker 
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for detecting early signs of cognitive impairment, particularly 
when combined with tools such as the MMSE [23,109,118,119]. 
In healthy aging, decreased N400 amplitude and increased latency 
indicate reduced semantic processing efficiency [114-117]. In 
dementia, these changes are more pronounced and can help track 
disease progression and distinguish between different types of 
cognitive impairment.

In summary, the N400 is a cornerstone of ERP research into 
semantic processing and language comprehension. It reflects 
the brain's integration of new information into existing semantic 
networks, with its amplitude serving as a reliable indicator of 
semantic congruity. Clinically, the N400 is invaluable for assessing 
cognitive decline, particularly in detecting early signs of dementia 
and neurocognitive disorders. Its role in linguistic processing and 
contextual integration makes it a crucial tool for both research and 
clinical practice.

Impact of Aging on ERP
Aging significantly affects ERPs, especially the P300 and N400 
components, which are crucial for understanding cognitive and 
neural processing. In healthy aging, older adults often show a 
reduction in P300 amplitude and an increase in latency compared 
to younger adults [82,120-127]. These changes are typically more 
pronounced in men, who exhibit greater increases in latency and 
faster responses than women [125,128]. Particularly, adults aged 
65 and older experience a decline in P300 amplitudes, with females 
generally showing higher amplitudes than males [129]. This 
reduction reflects the common age-related declines in cognitive 
processing speed and attention [23,120]. Some studies suggest that 
older adults can process sentences adequately into later stages of 
aging, but others highlight difficulties related to diminished working 
memory capacity [130-134]. Interestingly, older adults without 
memory complaints tend to show better P300 responses compared 
to those who report cognitive concerns [135]. While reductions 
in P300 amplitude are typical in older adults, these changes are 
less severe than those observed in individuals experiencing 
pathological aging. Although general semantic knowledge may 
increase with age, some studies suggest that semantic processing 
in older adults may decline [136-138]. Certain studies report 
decreased accuracy in semantic tasks among older adults, while 
others see no significant differences compared to younger adults 
[101,113,117,139-151]. The N400 component, which is linked 
to lexical-semantic processing, plays a key role in aging research 
[142,152-154]. This component reflects cognitive processes like 
memory retrieval and semantic integration, particularly when 
sentences are contextually incongruent [101,113,155]. 

Older adults often exhibit a reduced N400 effect, which may 
result from neuroanatomical changes leading to less synchronized 
neuronal firing and cognitive resource depletion [146-148,156-
159]. Additionally, delayed peak latencies in the N400 
component are frequently observed in older adults, suggesting 
slower, less efficient processing and integration of language 
[142,145,146,149,152,153,154]. Although the N400 amplitude 

tends to decrease with age, these changes are less pronounced than 
in conditions such as Alzheimer's Disease (AD) or Mild Cognitive 
Impairment (MCI) [23,153,160-163].

In AD, patients show significantly reduced N400 effects, which 
may serve as biomarkers for early detection [145,151,153,164-
167]. Additionally, research on N400 repetition effects indicates 
that healthy elderly adults typically exhibit delayed N400 
responses, while AD patients may display diminished or absent 
N400 repetition effects, suggesting impaired semantic memory 
[168-171]. These differences, in conjunction with other behavioral 
measures and neuropsychological tests, aid in distinguishing 
normal aging from AD [116,172,173]. 

Pathological Aging and ERP Changes
In pathological aging, ERP markers like P300 and N400 
become increasingly useful in detecting early cognitive decline, 
particularly in AD and MCI. These conditions exacerbate age-
related ERP changes, making it more challenging to distinguish 
between normal aging and early-stages cognitive decline. P300 
abnormalities, such as reduced amplitude and increased latency, 
are commonly found in AD [23,123,172,174-177]. These changes 
are most pronounced in the parietal regions [81,178-180]. In MCI, 
which often serves as a precursor to AD, similar P300 changes, 
such as reduced amplitude and increased latency, are observed 
and can predict the progression to AD [123,176,177,181-183]. 
These changes reflect impairments in cognitive functions such 
as attention, memory, and processing speed, and are considered 
valuable biomarkers for the early detection of AD.

P300 latency is sensitive to disease progression in both AD 
and MCI, correlating with cognitive decline over time. It can 
help differentiate AD from other conditions like depression 
or schizophrenia [184-187]. Longitudinal studies suggest that 
increased P300 latency in MCI patients is associated with a higher 
likelihood of progression to dementia [171,188]. Differences 
in P300 latency, particularly in MCI and AD, help distinguish 
these populations from healthy controls [81,179]. These ERP 
abnormalities could serve as predictive markers for individuals at 
high risk of progressing to AD [81,123,171,174-177]. 
The P300 is more sensitive to advanced stages of dementia and 
shows a moderate correlation with MMSE scores [185,189]. 
Research indicates that P300 latency changes are more sensitive to 
disease progression over the course of a year than other cognitive 
tests, such as the Cognitive Abilities Screening Instruments (CASI) 
or the MMSE, in both AD and MCI [190].

The N400 component also undergoes significant changes in 
pathological aging. In AD, diminished N400 repetition effects 
signal impaired semantic memory, working memory, and language 
processing [116,168,169,191]. In contrast, normal aging typically 
results in only mild reductions in N400 amplitude and latency 
[116,153,169]. N400 abnormalities in MCI can serve as early 
indicators of dementia progression, with delayed or diminished 
N400 effects associated with a higher risk of transitioning to AD 
[169-171].
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In summary, ERP markers such as P300 and N400 provide 
valuable insights into the cognitive changes associated with aging, 
with distinct patterns emerging in normal versus pathological 
aging. Normal aging typically results in reduced P300 amplitude 
and delayed N400 latency, while these changes are more severe 
in conditions like AD and MCI. The alterations observed in these 
ERP components may serve as biomarkers for early detection and 
disease progression in neurodegenerative disorders [27]. Although 
ERP measures are not yet fully integrated into preclinical AD 
criteria, their non-invasive nature and ability to track cognitive 
decline make them promising tools for distinguishing between 
normal aging and pathological conditions [192]. Incorporating 
ERP measures into clinical assessments could offer a cost-effective 
and non-invasive way to monitor cognitive decline in aging and 
neurodegenerative conditions.

ERP Biomarkers and Their Impact Across Neurological 
Disorders
The growing demand for objective, neurophysiological measures 
to assess brain function in clinical settings has led to the widespread 
use of EEG, valued for its low cost, non-invasiveness, and clinical 
applicability [2,7,35,193-196]. A key tool derived from EEG 
for understanding cognitive processing is ERPs, which measure 
brain responses to specific stimuli. Among the most studied 
ERPs N100, P300, and N400 each provides valuable insights 
into different cognitive domains, including sensory processing, 
attention, and semantic understanding. However, the impact of 
these ERPs can vary significantly across different neurological 
and psychiatric disorders. ERPs serve as important markers for 
sensory, attentional, and cognitive processing [2,197]. The “brain 
vital signs” framework, which incorporates rapid, automated 
ERP stimulation sequences, measures the N100 (sensory 
processing), P300 (attention processing), and N400 (semantic/
language processing) responses [13,21,35,102]. This framework 
has been validated in healthy individuals and is increasingly used 
in clinical settings, such as assessing brain injury patients and 
athletes recovering from concussions [196,198,199]. Below is a 
summary of how the N100, P300, and N400 are altered in various 
neurological conditions.

N100 (Auditory Sensory Processing)
The N100 ERP is primarily associated with early sensory 
processing, specifically in auditory and attention-based tasks. This 
component reflects the brain’s initial response to auditory stimuli, 
and alterations in its amplitude and latency can signal disruptions 
in sensory processing or attention.
1.	 Traumatic Brain Injury (TBI)/Concussion:
o	 N100 amplitude is often reduced and latency is delayed 

following head injuries [47,98,199-202]. These changes 
indicate compromised auditory processing due to the brain’s 
impaired ability to process sound efficiently after trauma.

2.	 Schizophrenia:
o	 Individuals with schizophrenia also display a reduced N100 

amplitude, which is linked to sensory gating deficits. This 

reflects difficulties in filtering irrelevant sensory information, 
leading to cognitive overload and impaired attention [77,203]. 

3.	 Alcoholism:
o	 Reduced N100 amplitude is frequently observed in individuals 

with alcohol dependence [204-206]. This suggests that alcohol 
consumption impacts early sensory processing, possibly due 
to neurotoxic effects on the brain’s auditory pathways.

4.	 Autism Spectrum Disorder (ASD):
o	 Children with ASD show delayed N100 latency and reduced 

amplitude, which can point to sensory processing deficits, 
particularly in the context of sensory gating issues [207-
209]. These abnormalities suggest difficulties in efficiently 
processing auditory stimuli.

P300 (Attention and Cognitive Processing)
The P300 is a late positive wave that reflects higher cognitive 
functions such as attention, working memory, and cognitive 
processing. This ERP is highly sensitive to cognitive dysfunction, 
making it a key biomarker in many neurological and psychiatric 
disorders.
1.	 Traumatic Brain Injury (TBI)/Concussion:
o	 Following TBI, P300 amplitude is often reduced, and latency 

is delayed, indicating deficits in attention and cognitive 
processing [39,98,196,199,210-212]. These changes can 
persist beyond the initial injury, even in individuals who have 
returned to play, highlighting lingering cognitive impairment. 
P300 is particularly sensitive to sub-concussive impacts, 
detecting changes before more traditional imaging methods 
can.

2.	 Stroke:
o	 In stroke patients, P300 latency is significantly delayed and 

amplitude is reduced, especially within the first few weeks 
following the event [213-215]. Though P300 latency improves 
over time, the amplitude remains diminished, indicating long-
term cognitive processing deficits.

3.	 Mild Cognitive Impairment (MCI)/Alzheimer’s Disease 
(AD):

o	 P300 latency increases, and amplitude decreases in individuals 
with MCI and AD, reflecting impairments in attention and 
memory functions [28,89,216-219]. These changes correlate 
with the progression of cognitive decline, making P300 a 
useful marker for detecting early-stage AD and distinguishing 
MCI from healthy controls.

4.	 Multiple Sclerosis (MS):
o	 Patients with MS often show delayed P300 latency and 

reduced amplitude, which are linked to cognitive dysfunction, 
particularly in attention and memory processes [220-223]. 
These changes correlate with MRI findings of brain lesions, 
especially in the frontal and brainstem regions, providing 
insights into the relationship between brain structure and 
function.

5.	 Alcoholism:
o	 Alcohol-dependent individuals exhibit reduced P300 

amplitude, suggesting persistent deficits in attention and 
cognitive processing [98,224]. Notably, this reduction can 
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remain even after extended periods of abstinence, indicating 
lasting effects on cognitive function.

6.	 Attention Deficit/Hyperactivity Disorder (ADHD):
o	 P300 amplitude is consistently reduced in both children and 

adults with ADHD, reflecting impairments in attention and 
cognitive control [225,226]. This reduction is particularly 
pronounced as individuals with ADHD age, indicating a 
chronic difficulty in attention regulation.

7.	 Schizophrenia:
o	 In schizophrenia, P300 latency is delayed, and amplitude is 

reduced, particularly during auditory tasks [211,227]. These 
alterations reflect attention and cognitive processing deficits, 
and the reduction in P300 amplitude is closely tied to the 
severity of the disorder [203,228-230]. These ERP changes 
may also correlate with structural brain abnormalities, such as 
fronto-temporal atrophy, which affects attentional processes 
[203,229]. 

8.	 Post-Traumatic Stress Disorder (PTSD):
o	 PTSD patients exhibit reduced P300 amplitude, reflecting 

altered attention and cognitive processing [231,232]. This 
reduction is particularly evident in responses to neutral stimuli, 
but trauma-related stimuli may evoke heightened processing. 
These findings suggest a dissociation in how trauma-related 
and neutral information are processed in the brain.

9.	 Depression
o	 In depression, a reduced P300 amplitude is typically observed, 

particularly in individuals with suicidal ideation, psychotic 
features, or severe depression [233]. Depression also affects 
frontal P300 latency [234]. Stroke patients with depression 
exhibit higher latency and lower amplitude compared to those 
without depression [235]. These findings are consistent with 
studies from India, where depression was associated with 
delayed latency, reflecting disease severity [236].

N400 (Semantic and Cognitive Processing)
The N400 is a late negative wave that is sensitive to the integration 
of new information into existing cognitive frameworks. It plays a 
key role in semantic processing, language comprehension, and the 
processing of unexpected or incongruent information.
1.	 Traumatic Brain Injury (TBI)/Concussion:
o	 Following a concussion, N400 amplitude is often reduced 

within days of the injury [211,227]. This suggests impaired 
cognitive processing, particularly in areas related to language 
and semantic understanding. Rehabilitation efforts, such as 
speech therapy, have been shown to help recover some of 
the N400 responses, indicating the potential for cognitive 
improvement after TBI.

2.	 Mild Cognitive Impairment (MCI)/Alzheimer’s Disease (AD):
o	 The N400 amplitude is often reduced or absent in MCI and 

AD patients, indicating deficits in semantic processing and 
cognitive flexibility. This is particularly useful in predicting 
the progression of MCI to full-blown dementia, making the 
N400 a valuable early biomarker for AD [28,171,237,238]. 

3.	 Schizophrenia:
o	 Individuals with schizophrenia often exhibit increased N400 

latency, which can be linked to impairments in semantic 

processing. This delay reflects difficulties in integrating and 
interpreting new information, which is a core feature of 
cognitive dysfunction in schizophrenia [77,203].

The N100, P300, and N400 are powerful ERPs for understanding 
cognitive dysfunction in various neurological and psychiatric 
disorders. N100 is most commonly affected by deficits in sensory 
processing, particularly in disorders like TBI, schizophrenia, 
and ASD. P300, reflecting attention and cognitive processing, 
is widely altered in conditions such as TBI, stroke, MS, ADHD, 
schizophrenia, and PTSD. Finally, N400 alterations are particularly 
associated with cognitive and semantic processing deficits in 
conditions like TBI, MCI, AD, and schizophrenia. Understanding 
these ERP patterns allows clinicians to better assess and monitor 
cognitive changes, providing a more nuanced view of neurological 
and psychiatric conditions.

Conclusion
The integration of advanced neurophysiological tools, such as 
the BrainView qEEG discriminant database, marks a significant 
advancement in clinical neuroassessment. Medeia Inc.’s innovative 
platform, which incorporates key biomarkers like N100, P300, 
and N400, is designed to not only identify electrophysiological 
abnormalities but also enhance our understanding of cognitive 
processing across a variety of neurological and psychiatric 
disorders. This cutting-edge system is capable of tracking subtle 
changes in brain function making it an invaluable tool for early 
diagnosis, monitoring disease progression, and evaluating 
treatment outcomes.

The strength of BrainView lies in its broad and diverse dataset, 
advanced statistical methods, and a clear focus on clinical 
applicability, this powerful solution enables clinicians to make 
more informed decisions about patient care, ultimately improving 
the accuracy and effectiveness of neurophysiological assessments. 
As the database continues to expand to include additional disorders, 
BrainView’s potential to contribute to personalized medicine and 
enhance patient outcomes will grow even further. 

In conclusion, the BrainView ERP Platform represents a pivotal 
step toward more accurate, efficient, and comprehensive brain 
health assessments. By providing clinicians with the tools to better 
understand and monitor brain function, BrainView is poised to 
become a new gold standard in the fields of neurophysiology and 
neuropsychology, ushering in a new era of enhanced clinical care.

References
1.	 Perrault A. One in three Canadians will be affected by a brain 

disease, disorder or injury: NeuroScience Canada calls for 
increased investment in neuroscience research. Neuro Science 
Canada. 2006.

2.	 Gawryluk JR, D’Arcy RCN, Connolly JF, et al. Improving 
the clinical assessment of consciousness with advances in 
electrophysiological and neuroimaging techniques. BMC 
Neurol. 2010.



Neurol Res Surg, 2025 Volume 8 | Issue 1 | 9 of 16

3.	 Gawryluk JR, D’Arcy RCN. Electroencephalography: Basic 
concepts and brain applications. Handbook of Physics in 
Medicine and Biology. Taylor & Francis. 2010; 247-264. 

4.	 Luck SJ. An introduction to the event-related potential 
technique. MIT Press. 2014.

5.	 Blackwood DH, Muir WJ. Cognitive brain potentials and their 
application. Br J Psychiatry Suppl. 1990; 9: 96-101.

6.	 Adrian ED, Matthews BHC. The interpretation of potential 
waves in the cortex. J Physiol. 1934; 81: 440-471. 

7.	 Sculthorpe Petley L, Liu C, Ghosh HS, et al. A rapid event-
related potential ERP method for point-of-care evaluation of 
brain function Development of the Halifax Consciousness 
Scanner. J Neurosci Methods. 2015; 245: 64-72. 

8.	 Carrick FR, Pagnacco G, Azzolino SF, et al. Brain vital signs 
in elite ice hockey: Towards characterizing objective and 
specific neurophysiological reference values for concussion 
management. Front Neurosci. 2021; 15: 952. 

9.	 Adrian ED, Yamagiwa K. The origin of the Berger rhythm. 
Brain A Journal of Neurology. 1935; 58: 323-351.

10.	 Berger H. Ueber das Elektrenkephalogramm des Menschen. 
Archives für Psychiatrie und Nervenkrankheiten. 1929; 87: 
527-570.

11.	 Jasper HH. Electrical signs of cortical activity. Psychological 
Bulletin. 1937; 34: 411-481. 

12.	 Jasper HH. Charting the sea of brain waves. Science. 1948; 
108: 343-347. 

13.	 Davis PA. Effects of acoustic stimuli on the waking human 
brain. Journal of Neurophysiology. 1939; 2: 494-499. 

14.	 Walter WG. The technique and application of electro-
encephalography. J Neurol Psychiatry. 1938; 1: 359-385. 

15.	 Cooper R, Winter AL, Crow HJ, et al. Comparison of 
subcortical cortical and scalp activity using chronically 
indwelling electrodes in man. Electroencephalogr Clin 
Neurophysiol. 1965; 18: 217-228. 

16.	 Davis H. Enhancement of evoked cortical potential in humans 
related to a task requiring a decision. Science. 1964; 145: 182-183.

17.	 Donchin E, Lindsley DB. Average evoked potentials, methods, 
results, and evaluations. US National Aeronautics and Space 
Administration. 1969.

18.	 Donchin E, Cohen L. Averaged evoked potentials and 
intramodality selective attention. Electroencephalogr Clin 
Neurophysiol. 1967; 22: 537-546. 

19.	 Spong P, Haider M, Lindsley DB. Selective attentiveness 
and cortical evoked responses to visual and auditory stimuli. 
Science. 1965; 148: 395-397. 

20.	 Sutton S, Braren M, Zubin J, et al. Evoked potential correlates 
of stimulus uncertainty. Science. 1965; 150: 1187-1188. 

21.	 Sutton S, Tueting P, Zubin J, et al. Information delivery and 
the sensory evoked potential. Science. 1967; 155; 1436-1439. 

22.	 Walter WG, Cooper R, Aldridge VJ, et al. Contingent negative 
variation: An electric sign of sensorimotor association and 

expectancy in the human brain. Nature. 1964; 203: 380-384. 
23.	 Olichney JM, Yang JC, Taylor J, et al. Cognitive event-related 

potentials: Biomarkers of synaptic dysfunction across the 
stages of Alzheimer’s disease. J Alzheimers Dis. 2011; 26; 
215-228. 

24.	 Woodman GF. A brief introduction to the use of event-related 
potentials (ERPs) in studies of perception and attention. Atten 
Percept Psychophys. 2010; 72: 2031-2046. 

25.	 Nunez PL, Srinivasan R. Electric fields of the brain: The 
neurophysics of EEG. Oxford University Press. 2006.

26.	 LI C, MCLENNAN H, JASPER H. Brain waves and unit 
discharge in cerebral cortex. Science. 1952; 116: 656-657. 

27.	 Olichney J, Xia J, Church KJ, et al. Predictive power of 
cognitive biomarkers in neurodegenerative disease drug 
development: Utility of the P300 event-related potential. 
Neural Plasticity. 2022.

28.	 Horvath A, Szucs A, Csukly G, et al. EEG and ERP biomarkers 
of Alzheimer’s disease: A critical review. Front Biosci. 2018; 
23: 183-220. 

29.	 Pawlowski GM, Ghosh HS, Fickling SD, et al. Brain vital 
signs Expanding from the auditory to visual modality. Front 
Neurosci. 2019; 12: 968. 

30.	 Luck SJ, Vogel EK, Shapiro KL. Word meanings can be 
accessed but not reported during the attentional blink. Nature. 
1996; 383: 616-618. 

31.	 Florence C M Reith, Paul M Brennan, Andrew I R Maas, et 
al. Lack of standardization in the use of the Glasgow Coma 
Scale Results of international surveys. J Neurotrauma. 2016; 
33: 89-94. 

32.	 Teasdale G, Jennett B. Assessment of coma and impaired 
consciousness. Lancet. 1974; 2: 81-84. 

33.	 Schnakers C, Vanhaudenhuyse A, Giacino J, et al. Diagnostic 
accuracy of the vegetative and minimally conscious state: 
Clinical consensus versus standardized neurobehavioral 
assessment. BMC Neurology. 2009; 9: 35. 

34.	 Marsh EB, Lawrence E, Gottesman RF, et al. The NIH Stroke 
Scale has limited utility in accurate daily monitoring of 
neurologic status. Neurohospitalist. 2016; 6: 97-101. 

35.	 Ghosh HS, Liu CC, Song X, et al. Developing brain vital signs: 
Initial framework for monitoring brain function changes over 
time. Front Neurosci. 2016; 10: 211. 

36.	 Smith CJ, Livingstone A, Fickling SD, et al. Brain vital 
signs detect information processing differences when 
neuromodulation is used during cognitive skills training. 
Front Hum Neurosci. 2020; 14: 358. 

37.	 Mc Weeny S, Norton ES. Understanding event-related 
potentials (ERPs) in clinical and basic language and 
communication disorders research: A tutorial. Int J Lang 
Commun Disord. 2020; 55: 445-457. 

38.	 Connolly JF, D'Arcy RCN. Innovations in neuropsychological 
assessment using event-related brain potentials. Int J 
Psychophysiol. 2000; 37: 31-47. 



Neurol Res Surg, 2025 Volume 8 | Issue 1 | 10 of 16

39.	 Fleck Prediger CM, Ghosh Hajra S, Liu CC, et al. Point-of-
care brain injury evaluation of conscious awareness: Wide 
scale deployment of portable HCS EEG evaluation. Neurosci 
Conscious. 2018; 2018: niy011.

40.	 Hajra SG, Chang Liu C, Song X, et al. P4-203 Developing 
brain vital signs: Initial assessments across the adult lifespan. 
Alzheimer's & Dementia. 2016; 12: 1102-1102. 

41.	 Van Leeuwen T, Been P, Kuijpers C, et al. Mismatch response 
is absent in 2-month-old infants at risk for dyslexia. Neuro 
Report. 2006; 17: 351-355. 

42.	 Benasich AA, Tallal P. Infant discrimination of rapid auditory 
cues predicts later language impairment. Behav Brain Res. 
2002; 136: 31-49. 

43.	 Sussman E, Steinschneider M. Attention effects on auditory 
scene analysis in children. Neuropsychologia. 2009; 47: 771-
785. 

44.	 Brett Green BA, Miller LJ, Gavin WJ, et al. Multisensory 
integration in children A preliminary ERP study. Brain Res. 
2008; 1242: 283-290. 

45.	 Blau VC, Maurer U, Tottenham N, et al. The face-specific 
N170 component is modulated by emotional facial expression. 
Behav Brain Funct. 2007; 3.

46.	 Young ATL, Danev S, Lakey JRT. Construction and validation 
of a new BrainView qEEG discriminant database. Acta 
Scientific Neurology. 2024; 7: 25-51.

47.	 Broglio SP, Moore RD, Hillman CH. A history of sport-
related concussion on event-related brain potential correlates 
of cognition. Int J Psychophysiol. 2011; 82: 16-23. 

48.	 Cassidy SM, Robertson IH, O’Connell RG. Retest reliability 
of event-related potentials: Evidence from a variety of 
paradigms. Psychophysiology. 2012; 49: 659-664. 

49.	 Buzsáki G, Anastassiou CA, Koch C. The origin of 
extracellular fields and currents EEG, ECoG, LFP, and spikes. 
Nat Rev Neurosci. 2012; 13: 407-420. 

50.	 Kornhuber HH, Deecke L. Hirnpotentialänderungen 
bei Willkürbewegungen und passiven Bewegungen des 
Menschen: Bereitschaftspotential und reafferente Potentiale. 
Pflügers Archiv European Journal of Physiology. 1965; 284: 
1-17. 

51.	 Dawson GD. A summation technique for the detection of small 
evoked potentials. Electroencephalogr Clin Neurophysiol. 
1954; 6: 65-84. 

52.	 Donchin E, Heffley E. Minicomputers in the signal-averaging 
laboratory. American Psychologist. 1975; 30: 299-312. 

53.	 Galambos R, Sheatz GC. An electroencephalograph study of 
classical conditioning. Am J Physiol. 1962; 203: 173-184. 

54.	 Jasper HH. The ten-twenty electrode system of the International 
Federation. Electroencephalogr Clin Neurophysiol Suppl. 
1958; 10: 371-375.

55.	 D'Arcy RCN, Ghosh Hajra S, Liu C, et al. Towards brain first-
aid: A diagnostic device for conscious awareness. IEEE Trans 
Biomed Eng. 2011; 58: 750-754. 

56.	 Kutas M, Hillyard SA. Brain potentials during reading reflect 
word expectancy and semantic association. Nature. 1984; 
307: 161-163. 

57.	 Joos K, Gilles A, Van de Heyning P, et al. From sensation 
to percept The neural signature of auditory event-related 
potentials. Neurosci Biobehav Rev. 2014; 42: 148-156. 

58.	 Monetta L, Tremblay T, Joanette Y. Semantic processing 
of words, cognitive resources, and N400: An event-related 
potentials study. Brain Cogn. 2003; 53: 327-330.

59.	 Rosburg T, Boutros NN, Ford JM. Reduced auditory evoked 
potential component N100 in schizophrenia A critical review. 
Psychiatry Res. 2008; 161: 259-274. 

60.	 Wolpaw JR, Peny JK. A temporal component of the auditory 
evoked response. Electroencephalogr Clin Neurophysiol. 
1975; 39: 609-620.

61.	 Hyde M. The N100 response and its applications. Audiol 
Neurootol. 1997; 2: 281-307.

62.	 Gage NM, Roberts TP. Temporal integration Reflections in 
the M100 of the auditory evoked field. Neuro Report. 2000; 
11: 2723-2726. 

63.	 Warnke A, Remschmidt H, Hennighausen K. Verbal 
information processing in dyslexia Data from a follow-up 
experiment of neuropsychological aspects and EEG. Acta 
Paedopsychiatr. 1994; 56: 203-208.

64.	 Pause BM, Sojk B, Krauel K, et al. The nature of the late 
positive complex within the olfactory event-related potential 
(OERP). Psychophysiology. 1996; 33: 376-384. 

65.	 Greffrath W, Baumgärtner U, Treede RD. Peripheral and 
central components of habituation of heat pain perception and 
evoked potentials in humans. Pain. 2007; 132: 301-311. 

66.	 Quant S, Maki BE, McIlroy WE. The association between 
later cortical potentials and later phases of postural reactions 
evoked by perturbations to upright stance. Neurosci Lett. 
2005; 381: 269-274. 

67.	 Wang AL, Mouraux A, Liang M, et al. The enhancement of 
the N1 wave elicited by sensory stimuli presented at very short 
inter-stimulus intervals is a general feature across sensory 
systems. PLoS One. 2008; 3: e3929. 

68.	 Chan PYS, Davenport PW. Respiratory-related evoked 
potential measures of respiratory sensory gating. J Clin 
Neurophysiol. 2008; 105: 1106-1113. 

69.	 Hillyard SA, Hink RF, Schwent VL, et al. Electrical signs of 
selective attention in the human brain. Science. 1973; 182: 
177-180. 

70.	 Spreng M. Influence of impulsive and fluctuating noise upon 
physiological excitations and short-time readaptation. Scand 
Audiol Suppl. 1980; 299-306.

71.	 Keidel WD, Spreng M. Neurophysiological evidence for the 
Stevens power function in man. J Acoust Soc Am. 1965; 38: 
191-195.

72.	 Davis H, Mast T, Yoshie N, et al. The slow response of 
the human cortex to auditory stimuli Recovery process. 
Electroencephalogr Clin Neurophysiol. 1966; 21: 105-113. 



Neurol Res Surg, 2025 Volume 8 | Issue 1 | 11 of 16

73.	 Butler RA. Effect of changes in stimulus frequency and 
intensity on habituation of the human vertex potential. J 
Acoust Soc Am. 1968; 44: 945-950. 

74.	 Nash AJ, Williams CS. Effects of preparatory set and task 
demands on auditory event-related potentials. Biol Psychol. 
1982; 15: 15-31. 

75.	 Schafer EW, Marcus MM. Self-stimulation alters human 
sensory brain responses. Science. 1973; 181: 175-177. 

76.	 Brancucci A. Neural correlates of cognitive ability. J Neurosci 
Res. 2012; 90: 1299-1309. 

77.	 Sur S, Sinha VK. Event-related potential: An overview. Ind 
Psychiatry J. 2009; 18: 70-73. 

78.	 Pratt H, Luck SJ, Kappenman ES. Sensory ERP components. 
The Oxford handbook of event-related potential components. 
Oxford University Press. 2011; 89-114.

79.	 Ceponiené R, Rinne T, Näätänen R. Maturation of cortical 
sound processing as indexed by event-related potentials. Clin 
Neurophysiol. 2002; 113: 870-882. 

80.	 Sanders LD, Newport EL, Neville HJ. Segmenting nonsense 
An event-related potential index of perceived onsets in 
continuous speech. Nat Neurosci. 2002; 5: 700-703. 

81.	 Jiang S, Qu C, Wang F, et al. Using event-related potential 
P300 as an lectrophysiological marker for differential 
diagnosis and to predict the progression of mild cognitive 
impairment A meta analysis. Neurol Sci. 2015; 36: 1105-1112. 

82.	 Tsolaki A, Kosmidou V, Hadjileontiadis L, et al. Brain source 
localization of MMN, P300, and N400 Aging and gender 
differences. Brain Res. 2015; 1603: 32-49. 

83.	 Remijn GB, Hasuo E, Fujihira H, et al. An introduction to 
the measurement of auditory event-related potentials (ERPs). 
Acoustical Science and Technol. 2014; 35: 229-242.

84.	 Polich J, Criado JR. Neuropsychology and neuropharmacology 
of P3a and P3b. Int J Psychophysiol. 2006; 60: 172-185.

85.	 Brouwer AM, van Erp JBF. A tactile P300 brain-computer 
interface. Front Neurosci. 2010; 4: 19. 

86.	 Polich J, Luck SJ, Kappenman ES. Neuropsychology of P300. 
The Oxford handbook of event-related potential components. 
Oxford University Press. 2012; 159-188.

87.	 Donchin E, Karis D, Bashore TR, et al. Cognitive 
psychophysiology and human information processing. 
Psychophysiology Systems processes and applications. The 
Guilford Press. 1986; 244-267.

88.	 Deveney CM, Briggs Gowan MJ, Pagliaccio D, et al. 
Temporally sensitive neural measures of inhibition in 
preschool children across a spectrum of irritability. Dev 
Psychobiol. 2019; 61: 216-227. 

89.	 Polich J. Updating P300: An integrative theory of P3a and 
P3b. Clin Neurophysiol. 2007; 118: 2128-2148. 

90.	 Wada M, Kurose S, Miyazaki T, et al. The P300 event-related 
potential in bipolar disorder: A systematic review and meta-
analysis. J Affect Disord. 2019; 256: 234-249. 

91.	 Lepock JR, Mizrahi R, Korostil M, et al. Event-related 
potentials in the clinical high-risk (CHR) state for psychosis 
A systematic review. Clin EEG Neurosci. 2018; 49: 215-225. 

92.	 Tang Y, Wang J, Zhang T, et al. P300 as an index of transition 
to psychosis and of remission: Data from a clinical high risk 
for psychosis study and review of literature. Schizophr Res. 
2020; 226: 74-83. 

93.	 Bramon E, Rabe-Hesketh S, Sham P, et al. Meta-analysis of 
the P300 and P50 waveforms in schizophrenia. Schizophr 
Res. 2004; 70: 315-329. 

94.	 Halgren E, Marinkovic K, Chauvel P. Generators of the late 
cognitive potentials in auditory and visual odd-ball tasks. 
Electroencephalogr Clin Neurophysiol. 1998; 106: 156-164

95.	 Guillem F, Rougier A, Claverie B. Short- and long-delay 
intracranial ERP repetition effects dissociate memory systems 
in the human brain. J Cogn Neurosci. 1999; 11: 437-458. 

96.	 Perrottelli A, Giordano GM, Brando F, et al. EEG-based 
measures in at-risk mental state and early stages of 
schizophrenia: A systematic review. Front Psychiatry. 2021; 
12: 653642. 

97.	 Friedman D, Luck SJ, Kappenman ES. The components 
of aging. The Oxford handbook of event-related potential 
components. Oxford University Press. 2012; 513-535. 

98.	 Duncan CC, Barry RJ, Connolly JF, et al. Event-related 
potentials in clinical research: Guidelines for eliciting, 
recording, and quantifying mismatch negativity, P300, and 
N400. Clin Neurophysiol. 2009; 120: 1883-1908. 

99.	 Nandrajog P, Idris Z, Azlen WN, et al. The use of event-related 
potential (P300) and neuropsychological testing to evaluate 
cognitive impairment in mild traumatic brain injury patients. 
Asian J Neurosurg. 2017; 12: 447-453. 

100.	Vaney N, Khaliq F, Anjana Y. Event-related potentials study 
in children with borderline intellectual functioning. Indian J 
Psychol Med. 2015; 37: 53-57. 

101.	Tiedt HO, Ehlen F, Klostermann F. Age-related dissociation 
of N400 effect and lexical priming. Sci Rep. 2020; 10: 20291. 

102.	Kutas M, Hillyard SA. Reading senseless sentences: Brain 
potentials reflect semantic incongruity. Science. 1980; 207: 
203-205. 

103.	Onitsuka T, Oribe N, Nakamura I, et al. Review of 
neurophysiological findings in patients with schizophrenia. 
Psychiatry Clin Neurosci. 2013; 67: 461-470. 

104.	McCallum WC, Farmer SF, Pocock PV. The effects of 
physical and semantic incongruities on auditory event-related 
potentials. Electroencephalogr Clin Neurophysiol. 1984; 59: 
477-488. 

105.	Kutas M, Neville HJ, Holcomb PJ. A preliminary comparison 
of the N400 response to semantic anomalies during reading 
listening and signing. Electroencephalogr Clin Neurophysiol 
Suppl. 1987; 39, 325-330.

106.	McCarthy G, Nobre AC, Bentin S, et al. Language-related 
field potentials in the anterior-medial temporal lobe: 1. 



Neurol Res Surg, 2025 Volume 8 | Issue 1 | 12 of 16

Intracranial distribution and neural generators. J Neurosci. 
1995; 15: 1080-1089. 

107.	Halgren E, Baudena P, Heit G, et al. Spatiotemporal stages in 
face and word processing: Depth recorded potentials in human 
occipital and parietal lobes. J Physiol Paris. 1994; 88: 1-50. 

108.	Nobre AC, Allison T, McCarthy G. Word recognition in the 
human inferior temporal lobe. Nature. 1994; 372: 260-263. 

109.	Ghosh Hajra S, Liu CC, Song X, et al. Multimodal characterization 
of the semantic N400 response within a rapid evaluation brain 
vital sign framework. J Transl Med. 2018; 16: 151. 

110.	Osterhout L, Holcomb PJ. Rugg RM, et al. Event-related 
potentials and language comprehension. Electrophysiology of 
Mind: Event-related Brain Potentials and Cognition. Oxford 
University Press. 1995; 171-215.

111.	Kutas M, Van Petten C, Ackles PK, et al. Event-related brain 
potential studies of language. Advances in Psychophysiology. 
JAI Press. 1998; 3: 139-187.

112.	Cantiani C, Choudhury NA, Yu YH, et al. From sensory 
perception to lexical-semantic processing: An ERP study 
in non-verbal children with autism. PLoS One. 2016; 11: 
e0161637. 

113.	Kutas M, Federmeier KD. Thirty years and counting: Finding 
meaning in the N400 component of the event-related brain 
potential (ERP). Annu Rev Psychol. 2011; 62: 621-647.

114.	Hedden T, Gabrieli JDE. Insights into the aging mind A view 
from cognitive neuroscience. Nature Reviews Neuroscience. 
2004; 5: 87-96.

115.	Hoffman P. An individual differences approach to semantic 
cognition Divergent effects of age on representation, retrieval, 
and selection. Scientific Reports. 2018; 8: 8145.

116.	Joyal M, Groleau C, Bouchard C, et al. Semantic processing 
in healthy aging and Alzheimer's disease A systematic review 
of the N400 differences. Brain Sciences. 2020; 10: 770.

117.	Zhu Z, Hou X, Yang Y. Reduced syntactic processing 
efficiency in older adults during sentence comprehension. 
Front Psychol. 2018; 9: 243.

118.	Ighalo J, Kirby ED, Song X, et al. Brain vital signs as 
a quantitative measure of cognition Methodological 
implementation in a care home environment. Heliyon. 2024; 
10: e28982.

119.	Ghosh Hajra S, Liu CC, Song X, et al. Accessing knowledge 
of the here and now A new technique for capturing 
electromagnetic markers of orientation processing. Journal of 
Neural Engineering. 2018; 16: 016008.

120.	Brinkmann P, Rigoulot S, Kadi M, et al. About time Aging 
influences neural markers of temporal predictability. 
Biological Psychology. 2021; 163: 108135.

121.	Goodin DS, Aminoff MJ. Electrophysiological differences 
between subtypes of dementia. Brain. 1986; 109: 1103-1113.

122.	Ford JM, Pfefferbaum A, Ackles PK, et al. Age-related changes 
in event-related potentials. Advances in Psychophysiology. 
JAI Press. 1985; 1: 301-339.

123.	Asaumi Y, Morita K, Nakashima Y, et al. Evaluation of P300 
components for emotion-loaded visual event-related potential 
in elderly subjects including those with dementia. Psychiatry 
Clin Neurosci. 2014; 68: 558-567.

124.	Miranda EC, Pinheiro MMC, Pereira LD, et al. Correlation of 
the P300 evoked potential in depressive and cognitive aspects 
of aging. Braz J Otorhinolaryngol. 2012; 78: 83-89.

125.	Brickman AM, Meier IB, Korgaonkar MS, et al. Testing 
the white matter retrogenesis hypothesis of cognitive aging. 
Neurobiol Aging. 2012; 33: 1699-1715.

126.	Cóser M, Cóser P, Pedroso FS, et al. P300 auditory evoked 
potential latency in elderly. Braz J Otorhinolaryngol. 2010; 
76: 287-293.

127.	Dinteren R, Arns M, Jongsma MLA, et al. P300 development 
across the lifespan A systematic review and meta-analysis. 
PLOS ONE. 2014; 9: e87347.

128.	Kuba M, Kremlacek J, Langrova J, et al. Aging effect in 
pattern, motion and cognitive visual evoked potentials. Vision 
Res. 2012; 62: 9-16.

129.	Yerlikaya D, Hünerli-Gündüz D, Fide E, et al. The reliability of 
P300 and the influence of age gender and education variables 
in a 50 years and older normative sample. Int J Psychophysiol. 
2022; 181: 1-13.

130.	Caplan D, Waters G. The relationship between age processing 
speed working memory capacity and language comprehension. 
Memory. 2005; 13: 403-413.

131.	Caplan D, DeDe G, Waters G, et al. Effects of age speed 
of processing and working memory on comprehension of 
sentences with relative clauses. Psychol Aging. 2011; 26: 439-
450.

132.	DeDe G, Flax JK, Wright HH. Language comprehension 
in aging. Cognition language and aging. John Benjamins 
Publishing Company. 2016; 107-133.

133.	Kemtes KA, Kemper S. Younger and older adults' on-line 
processing of syntactically ambiguous sentences. Psychol 
Aging. 1997; 12: 362-371.

134.	Thornton R, Light LL, Birren JE, et al. Language 
comprehension and production in normal aging. Handbook of 
the psychology of aging. Elsevier. 2006; 261-287.

135.	Smart CM, Segalowitz SJ, Mulligan BP, et al. Attention 
capacity and self-report of subjective cognitive decline A P3 
ERP study. Biol Psychol. 2014; 103: 144-151.

136.	Park DC, Lautenschlager G, Hedden T, et al. Models of 
visuospatial and verbal memory across the adult life span. 
Psychol Aging. 2002; 17: 299-320.

137.	Toepper M. Dissociating normal aging from Alzheimer’s 
disease A view from cognitive neuroscience. J Alzheimers 
Dis. 2017; 57: 331-352.

138.	Hoffman P, Morcom AM. Age-related changes in the neural 
networks supporting semantic cognition A meta-analysis 
of 47 functional neuroimaging studies. Neuroscience and 
Biobehavioral Reviews. 2018; 84: 134-150.



Neurol Res Surg, 2025 Volume 8 | Issue 1 | 13 of 16

139.	Chaby L, Jemel B, George N, et al. An ERP study of famous 
face incongruity detection in middle age. Brain Cogn. 2001; 
45: 357-377.

140.	Miyamoto T, Katayama J, Koyama T. ERPs, semantic 
processing and age. Int J Psychophysiol. 1998; 29: 43-51.

141.	Cheimariou S, Farmer TA, Gordon JK. Lexical prediction in 
the aging brain The effects of predictiveness and congruency 
on the N400 ERP component. Neuropsychol Dev Cogn B 
Aging Neuropsychol Cogn. 2019; 26: 781-806.

142.	Federmeier KD, Van Petten C, Schwartz TJ, et al. Sounds 
words sentences Age-related changes across levels of language 
processing. Psychol Aging. 2003; 18: 858-872.

143.	Wiese H, Komes J, Tuttenberg S, et al. Age-related differences 
in face recognition Neural correlates of repetition and semantic 
priming in young and older adults. J Exp Psychol Learn Mem 
Cogn. 2017; 43: 1254-1273.

144.	King J, Kutas M, Aleen PA, et al. Do the waves begin to 
waver? ERP studies of language processing in the elderly. 
Advances in Psychology Age Differences in Word and 
Language Processing. Elsevier. 1995; 314-344.

145.	Kutas M, Iragui V. The N400 in a semantic categorization 
task across 6 decades. Electroencephalography and Clinical 
Neurophysiology. 1998; 108: 456-471.

146.	Federmeier KD, Kutas M. Aging in context: Age-related 
changes in context use during language comprehension. 
Psychophysiology. 2005; 42: 133-141.

147.	Federmeier KD, Kutas M, Schul R. Age-related and 
individual differences in the use of prediction during language 
comprehension. Brain Lang. 2010; 115: 149-161.

148.	Payne BR, Federmeier KD. Event-related brain potentials 
reveal age-related changes in parafoveal-foveal integration 
during sentence processing. Neuropsychologia. 2017; 106: 
358-370.

149.	Wlotko EW, Lee CL, Federmeier KD. Language of the aging 
brain Event-related potential studies of comprehension in 
older adults. Lang Linguist Compass. 2010; 4: 623-638.

150.	Wlotko EW, Federmeier KD. Age-related changes in the 
impact of contextual strength on multiple aspects of sentence 
comprehension. Psychophysiology. 2012; 49: 770-785.

151.	Bobes MA, Garcia YF, Lopera F, et al. ERP generator 
anomalies in presymptomatic carriers of the Alzheimer’s 
disease E280A PS-1 mutation. Hum Brain Mapp. 2010; 31: 
247-265.

152.	Salthouse TA. Aging and measures of processing speed. Biol 
Psychol. 2000; 54: 35-54.

153.	Iragui V, Kutas M, Salmon DP. Event-related brain potentials 
during semantic categorization in normal aging and senile 
dementia of the Alzheimer’s type. Electroencephalogr Clin 
Neurophysiol. 1996; 100: 392-406.

154.	An S, Oh SJ, Jun SB, et al. Aging-related dissociation 
of spatial and temporal N400 in sentence-level semantic 
processing: Evidence from source analyses. Frontiers in 
Aging Neuroscience. 2022; 14: 877235.

155.	Kutas M, Federmeier KD. Electrophysiology reveals semantic 
memory use in language comprehension. Trends Cogn Sci. 
2000; 4: 463-470.

156.	Walhovd KB, Fjell AM, Reinvang I, et al. Effects of age on 
volumes of cortex white matter and subcortical structures. 
Neurobiol Aging. 2005; 26: 1261-1270.

157.	Kemmotsu N, Girard HM, Kucukboyaci NE, et al. Age-
related changes in the neurophysiology of language in adults 
Relationship to regional cortical thinning and white matter 
microstructure. J Neurosci. 2012; 32: 12204–12213.

158.	Kramer A, Kray J, Bialystok E, et al. Aging and attention. 
Lifespan cognition Mechanisms of change. Oxford University 
Press. 2006; 57-69.

159.	Chapman RM, Nowlis GH, McCrary JW, et al. Brain event-
related potentials Diagnosing early-stage Alzheimer’s disease. 
Neurobiol Aging. 2007; 28: 194-201.

160.	Salmon DP, Butters N, Chan AS. The deterioration of semantic 
memory in Alzheimer’s disease. Can J Exp Psychol. 1999; 53: 
108-117.

161.	Chan AS, Butters N, Salmon DP. The deterioration of 
semantic networks in patients with Alzheimer’s disease A 
cross-sectional study. Neuropsychologia. 1997; 35: 241-248.

162.	Ober BA, Shenaut GK, Allen PA, et al. Semantic priming in 
Alzheimer’s disease Meta-analysis and theoretical evaluation. 
Advances in Psychology Age Differences in Word and 
Language Processing. Elsevier. 1995; 247–271.

163.	Monsch AU, Bondi MW, Butters N, et al. Comparisons 
of verbal fluency tasks in the detection of dementia of the 
Alzheimer type. Arch Neurol. 1992; 49: 1253-1258.

164.	Wlotko EW, Federmeier KD, Kutas M. To predict or not to 
predict Age-related differences in the use of sentential context. 
Psychol Aging. 2012; 27: 975-988.

165.	Schwartz TJ, Kutas M, Butters N, et al. Electrophysiological 
insights into the nature of the semantic deficit in Alzheimer’s 
disease. Neuropsychologia. 1996; 34: 827-841.

166.	Fabre L, Lemaire P. Age-related differences in automatic 
stimulus-response associations Insights from young and older 
adults’ parity judgments. Psychonomic Bulletin & Review. 
2005; 12: 1100-1105.

167.	Olichney JM, Taylor JR, Chan S, et al. fMRI responses to 
words repeated in a congruous semantic context are abnormal 
in mild Alzheimer’s disease. Neuropsychologia. 2010; 48: 
2476-2487.

168.	Craik FIM, Jennings J, FIM Craik. et al. Human memory. 
Handbook of aging and cognition. Lawrence Erlbaum 
Associates. 1992; 51-110.

169.	Olichney JM, Morris SK, Ochoa C, et al. Abnormal verbal 
event-related potentials in mild cognitive impairment 
and incipient Alzheimer’s disease. Journal of Neurology, 
Neurosurgery, and Psychiatry. 2002; 73: 377-384.

170.	Keane M, Gabrieli J, Fennema A, et al. Evidence for a 
dissociation between perceptual and conceptual priming in 
Alzheimer’s disease. Behav Neurosci. 1991; 105: 326-342.



Neurol Res Surg, 2025 Volume 8 | Issue 1 | 14 of 16

171.	Olichney JM, Taylor JR, Gatherwright J, et al. Patients with 
MCI and N400 or P600 abnormalities are at very high risk 
for conversion to dementia. Neurology. 2018; 70: 1763-1770.

172.	Vecchio F, Määttä S. The use of auditory event-related 
potentials in Alzheimer's disease diagnosis. Int J Alzheimers 
Dis. 2011; 653173.

173.	Goodin DS. Clinical utility of long latency ‘cognitive’ event-
related potentials P3 The pros. Electroencephalogr Clin 
Neurophysiol. 1990; 76: 2-5.

174.	Green J, Levey AI. Event-related potential changes in groups 
at increased risk for Alzheimer disease. Arch Neurol. 1999; 
56: 1398-1403.

175.	Murphy C, Solomon ES, Haase L, et al. Olfaction in aging 
and Alzheimer’s disease Event-related potentials to a cross-
modal odor-recognition memory task discriminate APOE ε4+ 
and APOE ε4− individuals. Ann N Y Acad Sci. 2009; 1170: 
647-657.

176.	Lee MS, Lee SH, Moon EO, et al. Neuropsychological 
correlates of the P300 in patients with Alzheimer's disease. 
Prog Neuropsychopharmacol Biol Psychiatry. 2013; 40: 62-
69.

177.	Bender S, Bluschke A, Dippel G, et al. Auditory post-
processing in a passive listening task is deficient in Alzheimer's 
disease. Clin Neurophysiol. 2014; 125: 53-62.

178.	Cintra MTG, Silva Tavares MC, Gomes SA, et al. P300 
evoked potential and risk of mild cognitive impairment 
progression to Alzheimer's dementia A literature review. 
Journal of Neurology & Neurophysiology. 2015; 6: 1-5.

179.	Pedroso RV, Fraga FJ, Corazza DI, et al. Latência e amplitude 
do P300 auditivo na doença de Alzheimer Uma revisão 
sistemática. Braz j otorhinolaryngol. 2012; 78: 126-132.

180.	Hedges D, Janis R, Mickelson S, et al. P300 amplitude in 
Alzheimer's disease: A meta-analysis and meta-regression. 
Clin EEG Neurosci. 2016; 47: 48-55.

181.	Papaliagkas VT, Kimiskidis VK, Tsolaki MN, et al. Cognitive 
event-related potentials Longitudinal changes in mild cognitive 
impairment. Clin Neurophysiol. 2011; 122: 1322-1326.

182.	Bennys K, Portet F, Touchon J, et al. Diagnostic value of event-
related evoked potentials N200 and P300 subcomponents in 
early diagnosis of Alzheimer’s disease and mild cognitive 
impairment. J Clin Neurophysiol. 2007; 24: 405-412.

183.	Papaliagkas V, Kimiskidis V, Tsolaki M, et al. Usefulness of 
event-related potentials in the assessment of mild cognitive 
impairment. BMC Neurosci. 2018; 9: 107.

184.	Squires KC, Chippendale TJ, Wrege KS, et al. Electro-
physiological assessment of mental function in aging and 
dementia. Aging in the 1980s. American Psychological 
Association. 2018; 125-134.

185.	Patterson JV, Michalewski HJ, Starr A. Latency variability 
of the components of auditory event-related potentials to 
infrequent stimuli in aging, Alzheimer-type dementia, and 
depression. Electroencephalogr Clin Neurophysiol. 1988; 71: 
450-460.

186.	Gordon E, Kraiuhin C, Harris A, et al. The differential 
diagnosis of dementia using P300 latency. Biol Psychiatry. 
1986; 21: 1123-1132.

187.	Pfefferbaum A, Wenegrat BG, Ford JM, et al. Clinical 
application of the P3 component of event-related potentials II: 
Dementia, depression and schizophrenia. Electroencephalogr 
Clin Neurophysiol. 1984; 59: 104-124.

188.	Golob EJ, Irimajiri R, Starr A. Auditory cortical activity in 
amnestic mild cognitive impairment: Relationship to subtype 
and conversion to dementia. Brain. 2007; 130: 740-752.

189.	Tanaka F, Kachi T, Yamada T, et al. Auditory and visual 
event-related potentials and flash visual evoked potentials 
in Alzheimer’s disease Correlations with mini-mental state 
examination and Raven’s coloured progressive matrices. J 
Neurol Sci. 1998; 156: 83-88.

190.	Lai CL, Lin RT, Liou LM, et al. The role of event-related 
potentials in cognitive decline in Alzheimer’s disease. Clin 
Neurophysiol. 2010; 121: 194-199.

191.	Olichney JM, Taylor JR, Hillert DG, et al. FMRI congruous 
word repetition effects reflect memory variability in normal 
elderly. Neurobiol Aging. 2010; 31: 1975-1990.

192.	Sperling RA, Aisen PS, Beckett LA, et al. Toward defining the 
preclinical stages of Alzheimer's disease Recommendations 
from the National Institute on Aging-Alzheimer's Association 
workgroups on diagnostic guidelines for Alzheimer's disease. 
Alzheimers Dement. 2011; 7: 280-292.

193.	Connolly JF, Phillips NA, Forbes KA. The effects of 
phonological and semantic features of sentence ending words 
on visual event-related potentials. Electroencephalogr Clin 
Neurophysiol. 1995; 94: 276-287.

194.	D'Arcy RCN, Marchand Y, Eskes GA, et al. Electrophysiological 
assessment of language function following stroke. Clin 
Neurophysiol. 2003; 114: 662-672.

195.	Giacino JT, Fins JJ, Laureys S, et al. Disorders of consciousness 
after acquired brain injury The state of the science. Nat Rev 
Neurol. 2014; 10: 99-114.

196.	Fickling SD, Smith AM, Pawlowski G, et al. Brain vital signs 
detect concussion-related neurophysiological impairments in 
ice hockey. Brain. 2019; 142: 255-262.

197.	D'Arcy RCN, Connolly JF, Eskes GA. Evaluation of reading 
comprehension with neuropsychological and event-related 
brain potential ERP methods. J Int Neuropsychol Soc. 2000; 
6: 556-567.

198.	Fleck-Prediger C, Hajra S, Dick B, et al. Clinical applications 
of the Halifax consciousness scanner Tracking recovery 
in a severely brain injured patient. International Brain 
Organization. 2014; 1-12. https://www.internationalbrain.
org/publications/international-neurotrauma-letter/clinical-
applications-of-the-halifax-consciousness-scanner-hcs-
tracking-recovery-in-a-severely-brain-injured-patient

199.	Duncan CC, Kosmidis MH, Mirsky AF. Closed head injury-
related information processing deficits: An event-related 
potential analysis. Int J Psychophysiol. 2005; 58: 133-157.

https://www.internationalbrain.org/publications/international-neurotrauma-letter/clinical-applications-of-the-halifax-consciousness-scanner-hcs-tracking-recovery-in-a-severely-brain-injured-patient
https://www.internationalbrain.org/publications/international-neurotrauma-letter/clinical-applications-of-the-halifax-consciousness-scanner-hcs-tracking-recovery-in-a-severely-brain-injured-patient
https://www.internationalbrain.org/publications/international-neurotrauma-letter/clinical-applications-of-the-halifax-consciousness-scanner-hcs-tracking-recovery-in-a-severely-brain-injured-patient
https://www.internationalbrain.org/publications/international-neurotrauma-letter/clinical-applications-of-the-halifax-consciousness-scanner-hcs-tracking-recovery-in-a-severely-brain-injured-patient


Neurol Res Surg, 2025 Volume 8 | Issue 1 | 15 of 16

200.	Mazzini L. Clinical applications of event-related potentials in 
brain injury. Phys Med Rehabil Clin N Am. 2004; 15: 163-175.

201.	Duncan CC, Kosmidis MH, Mirsky AF. Event-related 
potential assessment of information processing after closed 
head injury. Psychophysiology. 2003; 40: 45-59.

202.	Mazzini L, Zaccala M, Gareri F, et al. Long-latency auditory-
evoked potentials in severe traumatic brain injury. Arch Phys 
Med Rehabil. 2001; 82: 57-65.

203.	O'Donnell BF, Vohs JL, Hetrick WP, et al. Auditory event-
related potential abnormalities in bipolar disorder and 
schizophrenia. Int J Psychophysiol. 2004; 53: 45-55.

204.	Ogura C, Miyazato Y. Cognitive dysfunctions of alcohol 
dependence using event-related potentials. Arukoru Kenkyuto 
Yakubutsu Ison. 1991; 26: 331-340.

205.	Miyazato Y, Ogura C. Abnormalities in event-related 
potentials: N100, N200, and P300 topography in alcoholics. 
Jpn J Psychiatry Neurol. 1993; 47: 853-862.

206.	Loheswaran G, Barr MS, Zomorrodi R, et al. Alcohol impairs 
N100 response to dorsolateral prefrontal cortex stimulation. 
Sci Rep. 2018; 8: 3428.

207.	Wang S, Yang C, Liu Y, et al. Early and late stage processing 
abnormalities in autism spectrum disorders An ERP study. 
PLoS ONE. 2017; 12: e0178542.

208.	Chien YL, Hsieh MH, Gau SSF. P50-N100-P200 sensory 
gating deficits in adolescents and young adults with autism 
spectrum disorders. Prog Neuropsychopharmacol Biol 
Psychiatry. 2019; 95: 109683.

209.	Jeste SS, Nelson CA. Event-related potentials in the 
understanding of autism spectrum disorders An analytical 
review. J Autism Dev Disord. 2008; 39: 495-510.

210.	Fickling S, Smith A, Stuart M, et al. Subconcussive brain vital 
signs changes predict head-impact exposure in ice hockey 
players. Brain Communications. 2021; 3.

211.	Lew HL, Gray M, Poole JH. Temporal stability of auditory 
event-related potentials in healthy individuals and patients 
with traumatic brain injury. J Clin Neurophysiol. 2007; 24: 
392-397.

212.	Brush CJ, Ehmann PJ, Olson RL, et al. Do sport-related 
concussions result in long-term cognitive impairment? A 
review of event-related potential research. Int J Psychophysiol. 
2018; 132: 124-134.

213.	Dejanovic M, Ivetic V, Nestorovic V, et al. The role of P300 
event-related potentials in the cognitive recovery after the 
stroke. Acta Neurol Belg. 2015; 115: 589-595.

214.	Korpelainen JT, Kauhanen ML, Tolonen U, et al. Auditory 
P300 event-related potential in minor ischemic stroke. Acta 
Neurol Scand. 2000; 101: 202-208.

215.	Stahlhut L, Grotemeyer KH, Husstedt IW, et al. The impact 
of stroke on cognitive processing A prospective event-related 
potential study. J Neurol Sci. 2014; 339: 157-163.

216.	Polich J. Clinical application of the P300 event-related brain 
potential. Phys Med Rehabil Clin N Am. 2004; 15: 133-161.

217.	Braverman ER, Blum K. P300 Latency event-related 
potential An accurate predictor of memory impairment. Clin 
Electroencephalogr. 2003; 34: 124-139.

218.	Polich J, Corey-Bloom J. Alzheimer's disease and P300 
Review and evaluation of task and modality. Curr Alzheimer 
Res. 2005; 2: 515-525.

219.	Howe AS, Bani-Fatemi A, De Luca V. The clinical utility 
of the auditory P300 latency subcomponent event-related 
potential in preclinical diagnosis of patients with mild 
cognitive impairment and Alzheimer’s disease. Brain Cogn. 
2014; 86: 64-74.

220.	Polich J, Romine JS, Sipe JC, et al. P300 in multiple sclerosis 
A preliminary report. Int J Psychophysiol. 1992; 12: 155-163.

221.	Gil R, Zai L, Neau JP, et al. Event-related auditory evoked 
potentials and multiple sclerosis. Electroencephalogr Clin 
Neurophysiol. 1993; 88: 182-187.

222.	Szilasiova J, Rosenberger J, Mikula P, et al. Cognitive event-
related potentials–The P300 wave is a prognostic factor of 
long-term disability progression in patients with multiple 
sclerosis. J Clin Neurophysiol. 2020; 39: 390-396.

223.	Piras MR, Magnano I, Canu EDG, et al. Longitudinal study of 
cognitive dysfunction in multiple sclerosis Neuropsychological 
neuroradiological and neurophysiological findings. J Neurol 
Neurosurg Psychiatry. 2003; 74: 878-885.

224.	Patrick CJ, Bernat EM, Malone SM, et al. P300 amplitude 
as an indicator of externalizing in adolescent males. 
Psychophysiology. 2006; 43: 84-92.

225.	Johnstone SJ, Barry RJ, Clarke AR. Ten years on A follow-
up review of ERP research in attention-deficit/hyperactivity 
disorder. Clinical Neurophysiology. 2013; 124: 644-657.

226.	Szuromi B, Czobor P, Komlósi S, et al. P300 deficits in adults 
with attention deficit hyperactivity disorder A meta-analysis. 
Psychol Med. 2011; 41: 1529-1538.

227.	Knuepffer C, Murdoch BE, Lloyd D, et al. Reduced N400 
semantic priming effects in adult survivors of pediatric and 
adolescent traumatic brain injury. Brain Lang. 2012; 123: 52-
63.

228.	Mathalon DH, Ford JM, Pfefferbaum A. Trait and state aspects 
of P300 amplitude reduction in schizophrenia A retrospective 
longitudinal study. Biol Psychiatry. 2000; 47: 434-449.

229.	Mathalon DH, Ford JM, Rosenbloom M, et al. P300 reduction 
and prolongation with illness duration in schizophrenia. Biol 
Psychiatry. 2000; 47: 413-427.

230.	Chatrian GE, Bergamasco B, Bricolo A, et al. IFCN 
recommended standards for electrophysiologic monitoring in 
comatose and other unresponsive states. Report of an IFCN 
committee. Electroencephalogr Clin Neurophysiol. 1996; 99: 
103-122.

231.	 Javanbakht A, Liberzon I, Amirsadri A, et al. Event-
related potential studies of posttraumatic stress disorder: A 
critical review and synthesis. Biol Mood Anxiety Disord. 
2011; 1: 5.



Neurol Res Surg, 2025 Volume 8 | Issue 1 | 16 of 16

© 2025 Annie TL Young, et al. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License

232.	Karl A, Malta LS, Maercker A. Meta-analytic review of event-
related potential studies in post-traumatic stress disorder. Biol 
Psychol. 2006; 71: 123-147.

233.	Hansenne M, Pitchot W, Gonzalez Moreno A, et al. Suicidal 
behavior in depressive disorder An event-related potential 
study. Biol Psychiatry. 1996; 40: 116-122.

234.	Key AP, Thornton-Wells TA, Smith DG. et al. Electrophysical 
biomarkers and age characterize phenotypic heterogeneity 
among individuals with major depressive disorder. Front Hum 
Neurosci. 2022; 16: 1055685.

235.	Zhang Z, Mu J, Li J, et al. Aberrant apolipoprotein E 
expression and cognitive dysfunction in patients with 
poststroke depression. Genet Test Mol Biomarkers. 2013; 17: 
47-51.

236.	Tripathi SM, Mishra N, Tripathi RK, et al. P300 latency as 
an indicator of severity in major depressive disorder. Ind 
Psychiatry J. 2015; 24: 163-167.

237.	Lau EF, Phillips C, Poeppel D. A cortical network for semantics 
(De)constructing the N400. Nature Reviews Neuroscience. 
2008; 9: 920-933.

238.	Scheltens P, Leys D, Barkhof F, et al. Atrophy of medial 
temporal lobes on MRI in probable Alzheimer’s disease and 
normal ageing Diagnostic value and neuropsychological 
correlates. J Neurol Neurosurg Psychiatry. 1992; 55: 967-972.


