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Objective: Disorders of consciousness (DoC) result from severe traumatic brain

injury and hypoxia or ischemia of brain tissues, leading to impaired perceptual

abilities. Electroencephalography (EEG) is a non-invasive and widely applicable

technology used for assessing DoC. We aimed to identify the research hotspots

in this field through a systematic analysis.

Methods: Relevant studies published from January 1, 2004 to December

31, 2023 were retrieved from the Web of Science Core Collection database.

The data were analyzed and visualized using CiteSpace, VOSviewer, and

SCImago Graphica.

Results: In total, 1,639 relevant publications were retrieved. The country with

the highest number of publications was the United States, the most productive

institutionwasHarvard University, the journal with the highest output wasClinical

Neurophysiology, and the journal with the highest total number of citations was

Neurology. The author with the most publications was Steven Laureys and the

most common keyword was “vegetative state.”

Conclusion: The field is undergoing rapid development, characterized by

a proliferation of advanced technologies and an increased emphasis on

international collaboration. The document o�ers an impartial perspective on the

advancements of the research study for the benefit of the researchers.

KEYWORDS

disorders of consciousness, electroencephalography, bibliometric analysis, research

trends, unresponsive wakefulness syndrome, minimally conscious state

1 Introduction

Disorders of consciousness (DoC) are characterized by impaired perception of the

surrounding environment that often result from a traumatic brain injury and manifest as

changes to focus, perception, memory, and cognition. According to Sniff ’s central circuit

theory, DoC are associated with weakening of the central thalamus and subsequent reduced

activities of the cortico-thalamic and thalamo-striatal circuits (1). Based on the behavioral

responses of patients, DoC are clinically classified as coma, unresponsive wakefulness
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FIGURE 3

Inter-agency partnerships. The size of the circle shows the number of articles originating from the institution. The thickness of the connecting lines

shows the strength of cooperation among institutions. Agencies that cooperate more frequently form color-coded clusters.

TABLE 3 Top 10 highly productive journals.

Rank Journal Count (%) Citations Average article citations H-index IF (2023) JCR (2023)

1 Clinical Neurophysiology 91 (5.6%) 3,667 40.3 36 3.7 Q1

2 Neurocritical Care 68 (4.1%) 1,461 21.49 20 3.1 Q2

3 Journal Of Clinical

Neurophysiology

60 (3.7%) 1,834 30.57 23 2.3 Q3

4 Resuscitation 48 (2.9%) 1,772 36.92 21 6.5 Q1

5 Frontiers in Neurology 42 (2.6%) 398 9.48 10 2.7 Q2

6 Frontiers in Neuroscience 35 (2.1%) 367 10.49 11 3.2 Q2

7 Clinical EEG and

Neuroscience

33 (2%) 470 14.24 13 1.6 Q3

8 Brain Sciences 29 (1.8%) 209 7.21 9 2.7 Q3

9 Frontiers in Human

Neuroscience

29 (1.8%) 1,030 35.52 16 2.4 Q2

10 Neurology 27 (1.6%) 3,736 138.37 19 7.7 Q1

mutual citations. Analysis of this relationship can reveal common

concerns within the discipline. In total, 197 articles were co-

cited more than 35 times, resulting in three clusters (Figure 7A).

These clusters are centered on a 2004 publication by Giacino

et al. in the Archives of Physical Medicine and Rehabilitation

(30), a 2002 publication by Giacino et al. in Neurology (25), and
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FIGURE 4

Journal co-citation network clustering map. The nodes of larger size indicate higher importance, and the connecting lines between the nodes show

that the journals have been cited by the same source.

a 2013 publication by Hirsch et al. in the Journal of Clinical

Neurophysiology (31).

The 10 most frequently co-cited papers are listed in Table 6.

Two articles with Giacino as the first author are ranked first

and second, with 311 and 295 co-citations, respectively. In 2002,

Giacino et al. proposed the establishment of diagnostic criteria for

a minimally conscious state and a consensus-based case definition

that incorporates behavioral diagnostic criteria to facilitate future

empirical research. In 2004, Giacino and colleagues introduced

the Coma Recovery Scale-Revised, a valuable tool for measuring

and diagnosing DOC, particularly in assessing the recovery of

comatose patients. This scale can be conducted by experienced

examiners to distinguish between UWS and MCS, as a reliable

assessment of the patient’s condition (25, 30). A 2,206 study by

Owen et al. used functional MRI to monitor the brain activity of a

vegetative 23-year-old female and found that the patient exhibited

significant neural responses when listening to verbal utterances,

indicating conscious activity. The results of the experiment provide

a potential method for detecting the conscious activities of patients

in different states. Both Giacino and Owen are dedicated to

exploring diagnostic, assessment, and therapeutic approaches to

impaired states of consciousness, such as a minimally conscious

state, by elucidating the relationship between DoC and brain

structure and function, as well as differentiating the various

types of DoC using neuroimaging techniques, such as MRI and

positron emission tomography, and electrophysiological studies

with EEG. They also emphasize the need for standardization and

international cooperation in the field, and have played significant

roles in the development of international guidelines (32–34). These

highly co-cited articles have introduced innovative diagnostic

tools and methods for DOC, advanced the development of

technology and offered significant scientific evidence and resources

for clinical practice.

The bursts of literature citations were visualized using

CiteSpace (Figure 7B). The initial citation burst occurred in a

research article published in 2004, which outlines the significance of

continuous EEG monitoring to detect unusual seizures in critically

ill patients (28). In 2010, an article titled “Willful Modulation of

Brain Activity in Disorders of Consciousness” garnered intense

interest, peaking at 28.03. The article discussed the use of functional

MRI to assess the ability of patients to generate specific brain

responses while performing mental imagery tasks. This technique,

developed by Monti et al., confirmed the consciousness and

cognitive abilities in a small subset of patients in a vegetative or

minimally conscious state (35). In 2021, new references continued

to contribute to this area of research (4).
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FIGURE 5

A dual–map overlay of journals. The diagram depicts the citing journals on the left, the cited journals on the right, and the connecting lines that

illustrate the citation relationships. The two yellow paths are labeled Y1 and Y2, the three green paths are labeled G1, G2, and G3, and the three white

paths are labeled W1, W2, and W3.

TABLE 4 Top 10 authors with the most publications and most co-cited authors.

Rank Count (%) Author Country Citations Average article
citations

H-index Co-cited
author

Co-citations

1 75 (4.6%) Steven Laureys Belgium 5,213 69.51 34 Joseph Giacino 1,046

2 53 (3.2%) Andrea O. Rossetti Switzerland 3,963 74.77 30 Steven Laureys 740

3 47 (2.9%) Olivia Gosseries Belgium 2,800 59.57 27 Andrea O. Rossetti 663

4 43 (2.6%) Mauro Oddo Switzerland 3,230 75.12 29 Jan Claassen 502

5 33 (2%) Jeannette Hofmeijer Netherlands 1,243 37.67 18 Caroline Schnakers 495

6 32 (1.9%) Jan Claassen USA 2,844 88.88 19 Nicholas D Schiff 431

7 32 (1.9%) Jiang He China 464 14.5 14 James B Young 431

8 31 (1.9%) Lionel Naccache France 2,173 70.1 21 Eelco F MWijdicks 346

9 30 (1.8%) Michel J.A.M. van Putten Netherlands 1,307 43.57 19 Adrian M Owen 334

10 29 (1.8%) Antonello Grippo USA 622 21.45 15 Damian Cruse 309

3.6 Keyword analysis

The top 25 keywords with the highest co-occurrence frequency

and centrality are listed in Table 7. The top five keywords with

the highest co-occurrence frequency were “vegetative state” (334),

“EEG” (286), “coma” (260), “disorders of consciousness” (189),

and “recovery” (180). The 25 most common keywords were

interconnected, which reflected the causes of DoC, the different

levels of DoC from total unconsciousness to partial awareness,

patient prognosis, and the medical tools and methods used to

evaluate, monitor, and treat patients with DoC. In 2010, Laureys

et al. proposed the concept of UWS (80) and recommended

renaming the VS (334) to more accurately reflect the patient’s

condition (36, 37). The term VS can mislead the public about a

patient’s potential awareness. Many patients may actually exhibit

hidden awareness, such as cognitive motor dissociation, which

can be detected through EEG. The definition of UWS more

accurately reflects the patient’s clinical manifestations—specifically,

being awake without exhibiting behavioral responsiveness. This

terminology provides a clearer understanding of the patient’s

Frontiers inNeurology 08 frontiersin.org

https://doi.org/10.3389/fneur.2024.1501947
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Chen et al. 10.3389/fneur.2024.1501947

FIGURE 6

(A) Co-authored web. Each dot represents an author and the size of the dot indicates the number of publications by that author. The lines

connecting the dots represent cooperation among authors and the thickness of the line corresponds to the frequency of cooperation. Di�erent

colors are used to distinguish between author teams. (B) Co-citation cluster analysis. When two authors are cited together by a third author, they

have a co-citation relationship. A higher frequency of co-citation suggests a closer academic relationship between the two authors. The size of the

nodes reflects the number of articles, while the lines indicate citation relationships between them.
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TABLE 5 Top 10 most cited publications.

Rank Author Doi Publication year Citations Source Document type

1 Eelco F. M. Wijdicks 10.1212/01.wnl.0000227183.21314.cd 2006 912 Neurology Review

2 Jan Claassen 10.1212/01.wnl.0000125184.88797.62 2004 790 Neurology Article

3 Emery N. Brown 10.1056/NEJMra0808281 2010 762 New England Journal

of Medicine

Review

4 Damian Cruse 10.1016/S0140-6736(11)61224-5 2011 452 Lancet Article

5 M. A. Bruno 10.1007/s00415-011-6114-x 2011 430 Journal of Neurology Article

6 Fabio Ferrarelli 10.1073/pnas.0913008107 2010 366 Proceedings of the

National Academy

OF Sciences of the

United States of

America

Article

7 Halasz Peter 10.1111/j.1365-2869.2004.00388.x 2004 365 Journal of Sleep

Research

Review

8 S. T. Herman 10.1097/WNP.0000000000000166 2015 361 Journal of Clinical

Neurophysiology

Review

9 Patrick Fuller 10.1002/cne.22559 2011 353 Journal of

Comparative

Neurophysiology

Article

10 Melanie Boly 10.1126/science.1202043 2011 342 Science Article

physical and psychological state, avoiding the oversimplification

of labeling the patient as completely unconscious. Academia

is increasingly adopting the term UWS to better capture the

complexity of the patient’s condition and their potential for

recovery (38, 39). The top five keywords with the highest centrality

rankings were “detecting awareness” (0.19), “management” (0.18),

“absence status” (0.18), “auditory evoked potentials” (0.18),

and “cardiopulmonary resuscitation” (0.16). These keywords all

focused on assessment, management, and treatment of patients

with DoC using various methods and techniques to enhance quality

of life and aid recovery.

Keyword clustering analysis groups keywords in the literature

to identify different research topics and reveal the evolution of

knowledge structure and research directions within a field. A

cluster network diagram of keywords associated with the use of

EEG for assessment of DoC was created with CiteSpace software

to visualize the knowledge structure in this field (Figure 8A).

Clustering with the Latent Semantic Indexing algorithm yielded

15 cluster labels with a mean silhouette value of 0.8975 (>0.7)

and a modularity Q value of 0.781 (>0.3), demonstrating good

homogeneity among clusters and significant clustering results.

The five largest clusters were #0 Minimally conscious state,

#1 Vegetative state, #2 Nonconvulsive status epilepticus, #3

Disorder of consciousness, and #4 Persistent vegetative state. These

clustering labels represent the main themes of the research field

and can be roughly categorized into three groups. The first group

[#0, #1, #2, #4, #6, #14] focused on the clinical manifestations

and diagnosis of DoC. The second group [#5, #9] was primarily

concerned with techniques and theories for diagnosis of DoC.

The third group [#7, #8, #10, #11, #12, #13] mainly focused

on DoC caused by specific diseases. The largest cluster #0 was

associated with aminimally conscious state, which included cardiac

arrest, complex partial status, continuous wavelet, brain death, and

quantitative EEG. These findings indicate a deepening of research

on various states of consciousness in recent years.

A “burst” in keywords refers to a sudden increase in the

frequency of keyword occurrences, which usually indicates cutting-

edge topics in a field at different times and can also be used as an

indicator of research trends. In this study, CiteSpace software was

used to identify the 25 most explosive emergent words, which are

listed in Figure 8B, where the blue lines represent the time interval

and the red lines represent the period when the keyword appeared.

The keywords with the highest outbreak values, aside from DoC,

were “nonconvulsive status epilepticus” (15.11), which emerged as

the earliest notable keyword between 2004 and 2023, followed by

“therapeutic hypothermia” (9.92) and “epilepsy” (9.07). This trend

indicates that monitoring and treatment for DoC is a prominent

area of research.

4 Discussion

4.1 Basic information

The use of EEG for assessment of DoC has gradually expanded

in recent years, as an indispensable tool from early basic research

to modern advanced analytical techniques. The use of EEG

for assessment of DoC focuses on diagnosis, evaluation, and

prognosis of the potential of patients to regain consciousness.

Analysis of EEG data allows for assessment of the state of

consciousness to select an appropriate treatment plan. At present,

EEG for assessment of DoC is a significant research area with a

promising future.

Over the past 20 years, research on the application of EEG

for assessment of DoC has shown fluctuating growth in both

the number and quality of publications. Several countries and
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FIGURE 7

(A) Clustering map of co-cited literature. Di�erent colors represent various clusters, the size of the dots indicates the number of co-citations, and the

connecting lines represent citation relationships among the articles. (B) Top 25 references with the strongest citation bursts. The blue lines represent

time intervals and the red lines represent periods with a sudden increase in the frequency of citations to that publication. The publications were

ranked according to the burst strength. The higher the heat of the publication, the larger the burst strength.

institutions have made significant contributions to this area of

research at the international level. The United States and Italy

are regarded as pioneers. Both the United States and Italy excel

in terms of total citations and the h-index. The high-quality

publications from these two countries have made significant

contributions to the field, far surpassing other countries by a

considerable margin. China is ranked third in terms of the

number of publications, showing explosive growth in 2022 and

2023. However, due to a relatively late start and less cooperation

with the international community, China is less influential than

the United States and Italy. Hence, strengthening cooperation

with other countries and institutions, and commitment to

Frontiers inNeurology 11 frontiersin.org

https://doi.org/10.3389/fneur.2024.1501947
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Chen et al. 10.3389/fneur.2024.1501947

TABLE 6 Top 10 most co-cited publications.

Rank Author Doi Publication year Co-citations Source Document type

1 Joseph Giacino 10.1016/j.apmr.2004.02.033 2004 311 Archives Of Physical

Medicine And

Rehabilitation

Article

2 Joseph Giacino 10.1212/WNL.58.3.349 2002 295 Neurology Editorial Material

3 Adrian M Owen 10.1196/annals.1417.018 2006 187 Science Article

4 Steven Laureys 10.1186/1741-7015-8-68 2010 190 BMCMedicine Article

5 Caroline Schnakers 10.1186/1471-2377-9-35 2009 188 BMC Neurology Article

6 Martin Monti 10.1056/NEJMoa0905370 2010 172 New England Journal

of Medicine

Article

7 Damian Cruse 10.1016/S0140-6736(11)61224-5 2011 156 Lancet Article

8 Jacobo Sitt 10.1093/brain/awu141 2014 138 Brain Article

9 M. A. Bruno 10.1007/s00415-011-6114-x 2011 104 Journal of Neurology Article

10 Adenauer Casali 10.1126/scitranslmed.3006294 2013 97 Science Translational

Medicine

Article

TABLE 7 Top 25 most frequent keywords and highest centrality keywords.

Rank Frequency Keywords Centrality Keywords

1 334 Vegetative State 0.19 Detecting awareness

2 286 EEG 0.18 Management

3 260 Coma 0.18 Absence status

4 189 Disorders of Consciousness 0.18 Auditory evoked potentials

5 180 Recovery 0.16 Cardiopulmonary-resuscitation

6 178 Cardiac arrest 0.16 Convulsive status epilepticus

7 176 Minimally conscious state 0.15 Predictive-value

8 131 Traumatic brain injury 0.14 Mismatch negativity

9 129 Nonconvulsive status epilepticus 0.14 Anoxic coma

10 123 Status epilepticus 0.13 Intensive care unit

11 116 Consciousness 0.12 Prognostic value

12 103 Therapeutic hypothermia 0.12 Evoked-potentials

13 100 Brain 0.11 Connectivity

14 95 Awareness 0.11 Triphasic waves

15 89 Connectivity 0.1 Postanoxic coma

16 84 State 0.1 Persistent vegetative state

17 80 Prognosis 0.1 fMRI

18 80 Unresponsive wakefulness syndrome 0.1 Delirium

19 75 Seizures 0.1 Architecture

20 73 Brain injury 0.09 Event-related potentials

21 72 Prognosis value 0.09 Bispectral index

22 71 Patterns 0.09 Cerebral cortex

23 67 Event-related potentials 0.08 Anesthesia

24 67 Functional connectivity 0.08 Effective connectivity

25 66 Intensive care unit 0.08 Communication
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FIGURE 8

(A) Keyword clustering network. (B) Top 25 keywords with the strongest citation bursts. Blue lines indicate time intervals. Red lines indicate periods of

sudden increases in citation frequency.
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high-quality studies will improve the influence of research

conducted in China.

Analysis of the most prolific authors can help to identify the

core topics in the field of neuroscience research. As the most

academically influential author internationally, Steven Laureys

fromBelgium had the highest number of publications and citations,

with primary research interests focused on the mechanisms

and EEG-based assessment of DoC, pain management, and

neuromodulation therapy (40–43). Through in-depth analysis

of EEG signals, Laureys used the DoC-Forest tool to combine

various EEG data, including alpha-band power, theta-band

connectivity, and time-series complexity, to assess the state

of consciousness, which significantly reduced the impact of

different EEG configurations and experimental protocols on

the distribution and performance of EEG markers to identify

several atypical signs of consciousness that may be overlooked

by traditional clinical assessment methods. Since there are

limitations to processing of a single EEG signal, Laureys

suggested a multimodal assessment strategy that incorporates

other neuroimaging and neurophysiology techniques for more

comprehensive assessment of the state of consciousness. Also,

Laureys has been focused on innovative auxiliary communication

and control channels to develop a brain-computer interface system

based on electroencephalographic activity. These interfaces use

control signals, such as event-related potentials, steady-state visual

evoked potentials, and sensory-motor rhythms, to provide DoC

patients with a new means of communication. These studies not

only provide new diagnostic and therapeutic tools for DoC patients,

but also offer an important scientific basis for understanding the

neural underpinnings of consciousness (44–46).

Clinical Neurophysiology had the highest number of

publications and the highest h-index, while Neurology had

the lowest number of publications and the highest number

of co-citations.

4.2 Research hotspots and future trends

Analysis of the keywords was conducted to identify research

trends and hotspots in the field of neuroscience research. The

most frequently occurring keywords and those with the highest

centrality are shown in Table 7. Most of these keywords (“coma,”

“vegetative state,” “minimally conscious state,” “EEG,” “prognosis,”

“monitoring,” and “status epilepticus”) were related to DoC and

organized into 15 clusters. The first five clusters were focused on

the diagnosis and evaluation of different states of DoC. From 2004

to 2013, the emergent terms “nonconvulsive status epilepticus,”

“seizure,” “convulsive status epilepticus,” “encephalopathy,” and

“epilepsy” had the highest intensity, indicating that attention was

directed toward the use of EEG for monitoring and differentiation

of different types of seizure states. Terms that emerged between

2008 and 2014, such as “evoked potentials,” “bispectral indices,”

and “neuron-specific enolase,” reflected focus on improvements

to EEG techniques for assessment of DoC. Between 2015 and

2023, emergent terms included “hypothermia,” “target temperature

management,” “guidelines,” and “society,” demonstrating a greater

emphasis on the use of EEG in combination with other

techniques for management of DoC. As research progresses, an

increasing number of clinical guidelines are integrating EEG into

the diagnosis of DOC. These standardized protocols enhance

diagnostic consistency across various medical institutions.

Comprehensive analysis of the keywords was conducted to

clarify the application of EEG for diagnosis, monitoring, and

prognosis of DoC over the past two decades. EEG has been

more commonly applied for the diagnosis and prognosis of DoC

during this period, as several research groups have been concerned

with accurate differentiation of the states of DoC, particularly

the UWS and MCS. Although these two states may present

similar clinical manifestations, their underlying neurological

functions and prognoses differ significantly. Therefore, accurately

distinguishing between them is crucial for developing effective

treatment plans and predicting patient outcomes. Researchers

utilize event-related potential-based EEG examinations to evaluate

the state of consciousness in patients with severe consciousness

disorders. This approach allows for the differentiation of patients

based on their levels of consciousness by detecting event-related

potential components related to consciousness, such as P300,

N400, and P600. In several clinical trials, patients exhibiting the

P300 component typically demonstrated a gradual improvement in

their state of consciousness within the MCS, the P600 component

is typically absent in patients with UWS (47–50). The N400

component is widely used to evaluate language processing and

cognitive function. Monitoring changes in the N400 can offer

insights into a patient’s potential for subconscious recovery (51).

You et al. (52) recorded EEG responses from 20 healthy subjects

under three conditions: active mode (with visual and auditory

stimuli), passive mode (where subjects observed brain activity

without responding to stimuli), and breathing mode (which

involved focusing on breathing to minimize external stimuli

processing). Analyzing various characteristics of EEG responses

to different modes and stimuli, the researchers found that the

amplitude of the event-related potential in the respiratory mode

was significantly reduced, demonstrating greater distinguishability

compared to the active counting mode. This finding provides new

insights for more sensitive and accurate detection of consciousness.

Wutzl et al. (53) observed that the alpha wave power in patients

with MCS tends to be higher than in those with UWS, while

delta wave power is generally lower in MCS patients. Additionally,

MCS patients demonstrate better performance in weighted symbol

cross-entropy and transfer entropy across theta, delta, and alpha

frequency bands, indicating that their brain activity is more

complex. In patients with UWS, functional connectivity is typically

lower, particularly between the frontal and parietal lobes. In

contrast, patients with MCS exhibit enhanced interactions between

local and distant cortical networks. These differences may reflect

the fluctuations in consciousness that MCS patients experience,

which are often underestimated in behavioral assessments.

The development of signal processing technology for EEG is

accelerating at an ever faster pace. Noise and artifacts in EEG signals

have long posed challenges for analysts, but recent advancements

in EEG signal processing technology have significantly improved

this situation. Versaci and La Foresta (54) explored the effectiveness

of fuzzy logic techniques, particularly intuitionistic fuzzy systems,
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in eliminating both internal and external noise from EEG

signals. These methods not only enhance the accuracy of artifact

identification and removal but also integrate seamlessly with

artificial intelligence techniques to advance EEG analysis. Wang

et al. (55) observed changes in the EEGmicrostates of patients with

DOC during hyperbaric oxygen therapy. EEG microstates, which

serve as biomarkers—including mean microstate duration, total

time coverage ratio, and global explained variance—are crucial for

diagnosing and assessing the prognosis of patients with DOC. The

study employed real-time EEG recording technology to compare

and analyze the microstate indicators of patients before and after

hyperbaric oxygen therapy. The results demonstrated significant

changes in these EEG microstate indicators corresponding to the

patients’ state of consciousness during treatment. This provides an

important electrophysiological measure for assessing consciousness

andmay offer an objective basis for the precise treatment of patients

with DOC. Overall, these findings underscore the importance

of advanced EEG signal processing and analysis techniques in

improving our understanding and treatment of DOC.

A variety of technologies are being developed for integration

with EEG. Ahmad et al. pointed out that EEG offers high temporal

resolution and can capture transient changes in EEG activity

(56). The high spatial resolution of functional MRI can accurately

localize activity in different brain regions (57). The combination

of these two techniques can gather information about both EEG

activity and blood oxygen level-dependent signals to clarify the

working mechanisms of the brain. A study investigated the use of

EEG and functional magnetic resonance imaging to assess states of

consciousness in patients with multiple brain injuries and DOC.

During a hand squeeze task, some patients exhibited contralateral

event-related potentials in the theta band, mirroring patterns

seen in healthy individuals. This suggests that combining various

tasks and neuroimaging techniques can enhance the accuracy

of detecting states of consciousness in patients with DOC (58).

TMS-EEG technology has proven to be a reliable method for

differentiating between conscious and unconscious patients. The

precise stimulation capabilities of EEG combined with TMS can

quantify the brain’s complexity across different states, making it

a powerful tool for studying cortical excitability and connectivity

(10). Additionally, brain-computer interface (BCI) technology

shows promise for facilitating communication and monitoring the

state of consciousness in individuals with DOC. BCI systems that

leverage vibration and P300 signals can be used to assess the state of

consciousness and provide an innovative communication method

for unresponsive patients (59). With the ongoing optimization

application of new technologies, EEG is poised to play an

increasingly significant role in future clinical practice.

In patients with DOC, EEG can be employed for the rapid

diagnosis, prediction, and monitoring of seizures in emergency

rooms and intensive care units. For instance, nonconvulsive

epilepsy and epilepsy share similar clinical symptoms, but there

are notable differences in causes and treatment options (60).

Advancements in EEG signal processing and machine learning

algorithms have facilitated theoretical studies for the detection

and prediction of epileptic seizures (61). These developments

offer the potential for more timely interventions for patients,

thus improving treatment outcomes and quality of life. The EEG

biomarkers functional connectivity and dominant frequency are

reportedly predictive of the clinical outcome of non-traumatized

patients, at least to some extent (62). The combined application

of these markers can more accurately assess the recovery potential

of patients, thereby providing a basis for individualized treatment

and intervention. Rubinos et al. reported that specific EEG patterns

are predictive of long-term functional and cognitive outcomes, as

well as recovery of consciousness after acute brain injury (63).

This association is particularly useful to predict outcomes of

critically ill patients after ischemic stroke, intracranial hemorrhage,

subarachnoid hemorrhage, traumatic brain injury, anaerobic brain

injury, and metabolic encephalopathy.

The emergence of the keywords “targeted temperature,”

“management,” “multimodal outcome prediction,” “guidelines,”

“society patterns,” and “outcomes” have significantly increased

in recent years, suggesting that future research may focus on

prognostic assessment of DoC, monitoring treatment effects,

and integrated multimodal assessment. EEG technology holds

significant promise for clinical applications in the treatment of

DOC. The spontaneous oscillation state of the EEG, along with

ultra-long cycle rhythm differences and other characteristics, can

more accurately assess the level of consciousness and inform

clinical decision-making. By analyzing EEG signals, it is possible

to determine whether a patient has residual consciousness, which is

critical for developing an individualized treatment plan. EEG is not

only valuable for diagnosis but also for predicting the prognosis and

rehabilitation of patients with consciousness disorders, particularly

in assessing their short-term outcomes. In extreme cases, EEG

can identify potential markers of consciousness and detect its

presence even in the absence of behavioral evidence, offering a

new diagnostic tool for patients who cannot be effectively evaluated

by traditional methods. Furthermore, EEG can be combined

with other diagnostic tools to provide a more comprehensive

evaluation of brain network recovery and changes in metabolic

patterns, thereby offering new insights for treatment. There is a

need to further optimize classification algorithms and enhance

the accuracy of data interpretation. Future research will focus on

addressing these issues tomore effectively utilize EEG technology in

clinical practice for evaluating the consciousness states of patients

with these disorders. With ongoing technological innovation and

research, EEG is expected to become an essential tool for assessing

and treating patients with consciousness disorders, ultimately

aiding efforts to improve patient prognosis and quality of life.

5 Challenges and limitations

In this study, future research hotspots were predicted and

new perspectives were provided. However, only English-language

publications retrieved from the Web of Science Core Collection

database were included for analysis. This single data source and

the exclusion of non-English-language literature may have led

to incomplete results, as certain smaller or emerging areas of

research might not have been adequately indexed. We plan to

broaden our literature search in future work by including additional

international databases such as PubMed, Scopus, and Google

Scholar. We will also consider incorporating relevant articles
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published in other languages to provide a more comprehensive

view of the research landscape. Subjective bias may be introduced

during the literature screening process, leading to research results

that lack objectivity. Bibliometric analysis relies on published

literature, which may not adequately capture emerging research

trends and hotspots. Existing bibliometric tools and techniques face

challenges related to scalability and automated integration, as data

must often be manually exported from providers and imported

into the tools. This manual process adds complexity and increases

the difficulty of analysis. The methods of bibliometric analysis

are somewhat rigid and may not fully capture the actual impact

of a particular study, potentially resulting in the oversight of the

quality and innovativeness. We intend to enhance our findings in

the future by conducting qualitative assessments of key studies to

underscore their significance and contributions to the field. This

approach will provide a more comprehensive understanding of the

literature and its impact on clinical practice.

6 Conclusion

The visualization tool CiteSpace V6.2 R6 and VOSviewer

software were utilized to assess current and future trends of the

application of EEG for assessment of DoC to identify the emerging

areas of research and provide fresh perspectives for future studies.

Since 2005, research on the use of EEG for assessment of DoC has

increased in quality and quantity. The main current issues in the

field of DoC are the accurate diagnosis of the level of consciousness

and the identification of early residual consciousness. Emerging

trends focus on exploring the neural mechanisms of recovery of

consciousness and the development of effective treatment strategies

for patients with DoC, especially neuromodulatory approaches.

Overall, these findings were based on analyses of countries,

institutions, authors, keywords, and references. These findings

provide a more comprehensive understanding of the field and will

help to guide future research.

Data availability statement

The original contributions presented in the study are included

in the article/supplementary material, further inquiries can be

directed to the corresponding authors.

Author contributions

JC: Conceptualization, Data curation, Software, Writing –

original draft. YS: Conceptualization, Methodology, Writing –

original draft. ZD: Data curation, Formal analysis, Writing –

review & editing. FX: Investigation, Software, Writing – review

& editing. MZ: Formal analysis, Validation, Writing – review &

editing. JZ: Investigation, Validation, Writing – review & editing.

JG: Supervision,Writing – review & editing. SL: Conceptualization,

Supervision, Writing – review & editing.

Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This study

was supported by grants from Jiangsu Province Research Hospital,

China (YJXYY202204), Health Commission of Jiangsu Province,

China (M2022052), and Natural Science Foundation of Jiangsu

Province, China (BK20241839).

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

Generative AI statement

The author(s) declare that no Gen AI was used in the creation

of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

References

1. Schiff ND. Recovery of consciousness after brain injury: a mesocircuit hypothesis.
Trends Neurosci. (2010) 33:1–9. doi: 10.1016/j.tins.2009.11.002

2. Giacino JT, Katz DI, Schiff ND, Whyte J, Ashman EJ, Ashwal S, et al.
Practice guideline update recommendations summary: disorders of consciousness:
report of the guideline development, dissemination, and implementation
subcommittee of the American Academy of Neurology; the American
Congress of Rehabilitation Medicine; and the National Institute on Disability,
Independent Living, and Rehabilitation Research. Arch Phys Med Rehabil. (2018)
99:1699–709. doi: 10.1212/WNL.0000000000005926

3. Van Erp WS, Lavrijsen JC, Van De Laar FA, Vos PE, Laureys S, Koopmans
RT. The vegetative state/unresponsive wakefulness syndrome: a systematic
review of prevalence studies. Eur J Neurol. (2014) 21:1361–8. doi: 10.1111/ene.
12483

4. Kondziella D, Bender A, Diserens K, Van Erp W, Estraneo A, Formisano R,
et al. European Academy of Neurology guideline on the diagnosis of coma and other
disorders of consciousness. Eur J Neurol. (2020) 27:741–56. doi: 10.1111/ene.14151

5. Schnakers C, Vanhaudenhuyse A, Giacino J, Ventura M, Boly M, Majerus S,
et al. Diagnostic accuracy of the vegetative and minimally conscious state: clinical
consensus versus standardized neurobehavioral assessment. BMC Neurol. (2009)
9:35. doi: 10.1186/1471-2377-9-35

6. Van Erp WS, Lavrijsen JC, Vos PE, Bor H, Laureys S, Koopmans RT. The
vegetative state: prevalence, misdiagnosis, and treatment limitations. J Am Med Direct
Assoc. (2015) 16:85.e9–14. doi: 10.1016/j.jamda.2014.10.014

7. Giacino JT, Smart CM. Recent advances in behavioral assessment
of individuals with disorders of consciousness. Curr Opin Neurol. (2007)
20:614–9. doi: 10.1097/WCO.0b013e3282f189ef

Frontiers inNeurology 16 frontiersin.org

https://doi.org/10.3389/fneur.2024.1501947
https://doi.org/10.1016/j.tins.2009.11.002
https://doi.org/10.1212/WNL.0000000000005926
https://doi.org/10.1111/ene.12483
https://doi.org/10.1111/ene.14151
https://doi.org/10.1186/1471-2377-9-35
https://doi.org/10.1016/j.jamda.2014.10.014
https://doi.org/10.1097/WCO.0b013e3282f189ef
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Chen et al. 10.3389/fneur.2024.1501947

8. Bareham CA, Roberts N, Allanson J, Hutchinson PJA, Pickard JD, Menon
DK, et al. Bedside EEG predicts longitudinal behavioural changes in disorders of
consciousness. Neuroimage Clin. (2020) 28:102372. doi: 10.1016/j.nicl.2020.102372

9. Sanz LRD, Thibaut A, Edlow BL, Laureys S, Gosseries O. Update on
neuroimaging in disorders of consciousness. Curr Opin Neurol. (2021) 34:488–
96. doi: 10.1097/WCO.0000000000000951

10. Sarasso S, Rosanova M, Casali AG, Casarotto S, Fecchio M, Boly M, et al.
Quantifying cortical EEG responses to TMS in (un)consciousness. Clin EEG Neurosci.
(2014) 45:40–9. doi: 10.1177/1550059413513723

11. Mangia AL, Pirini M, Simoncini L, Cappello A. A feasibility study of
an improved procedure for using EEG to detect brain responses to imagery
instruction in patients with disorders of consciousness. PLoS ONE. (2014)
9:e99289. doi: 10.1371/journal.pone.0099289

12. Forgacs PB, ConteMM, Fridman EA, Voss HU, Victor JD, SchiffND. A proposed
role for routine EEGs in patients with consciousness disorders. Ann Neurol. (2015)
77:185–6. doi: 10.1002/ana.24311

13. Walter WG, Hodge RS, Hutchinson JT. Discussion on recent
advances in the EEG diagnosis of epilepsy. Proc R Soc Med. (1951)
44:315–32. doi: 10.1177/003591575104400417

14. Stoyell SM, Wilmskoetter J, Dobrota MA, Chinappen DM, Bonilha L, Mintz M,
et al. High-density EEG in current clinical practice and opportunities for the future. J
Clin Neurophysiol. (2021) 38:112–23. doi: 10.1097/WNP.0000000000000807

15. Vaughan TM, Wolpaw JR, Donchin E. EEG-based communication: prospects
and problems. IEEE Trans Rehabil Eng. (1996) 4:425–30. doi: 10.1109/86.547945

16. Frauscher B, Rossetti AO, Beniczky S. Recent advances in
clinical electroencephalography. Curr Opin Neurol. (2024) 37:134–
40. doi: 10.1097/WCO.0000000000001246

17. Liao XY, Gao YX, Qian TT, Zhou LH, Li LQ, Gong Y, et al. Bibliometric analysis
of electroencephalogram research in Parkinson’s disease from 2004 to 2023. Front
Neurosci. (2024) 18:1433583. doi: 10.3389/fnins.2024.1433583

18. Chen S, Lu Q, Bai J, Deng C, Wang Y, Zhao Y. Global publications on
stigma between 1998-2018: a bibliometric analysis. J Affect Disord. (2020) 274:363–
71. doi: 10.1016/j.jad.2020.05.006

19. Hu J, Yao Q, Zhao L. Evidences and perspectives on the association between
gut microbiota and sepsis: a bibliometric analysis from 2003 to 2023. Heliyon. (2024)
10:e37921. doi: 10.1016/j.heliyon.2024.e37921

20. Lin B, Jin Y, Qiu Y, Chen J, Ping Z, Zhang L. Global trends and hotpots in
standardised patients research in the last 30 years: a bibliometric analysis. Heliyon.
(2024) 10:e36701. doi: 10.1016/j.heliyon.2024.e36701

21. Liu Y. Research progress and trend analysis of computer vision based on cite
space. J Phys Conf Ser. (2021) 1941:012089. doi: 10.1088/1742-6596/1941/1/012089

22. Zhou M, Jia X, Liu H, Xue Y, Wang Y, Li Z, et al. Bibliometric analysis of
skeletal muscle ischemia/reperfusion (I/R) research from 1986 to 2022.Heliyon. (2024)
10:e37492. doi: 10.1016/j.heliyon.2024.e37492

23. Yusef H-M, Moya-Anegon F, Vicente G-B. SCImago Graphica: a new tool
for exploring and visually communicating data. Prof Inf. (2022) 31:e310502.
doi: 10.3145/epi.2022.sep.02

24. Bernat JL. The natural history of chronic disorders of consciousness. Neurology.
(2010) 75:206–7. doi: 10.1212/WNL.0b013e3181e8e960

25. Fins JJ. The minimally conscious state: definition and diagnostic criteria.
Neurology. (2002) 59:1473; author reply 1473–74. doi: 10.1212/WNL.59.9.1473

26. Yelden K, James LM, Duport S, Kempny A, Farmer SF, Leff AP, et al. A simple
intervention for disorders of consciousness- is there a light at the end of the tunnel?
Front Neurol. (2022) 13:824880. doi: 10.3389/fneur.2022.824880

27. Wijdicks EF, Hijdra A, Young GB, Bassetti CL, Wiebe S. Practice
parameter: prediction of outcome in comatose survivors after cardiopulmonary
resuscitation (an evidence-based review): report of the Quality Standards
Subcommittee of the American Academy of Neurology. Neurology. (2006)
67:203–10. doi: 10.1212/01.wnl.0000227183.21314.cd

28. Claassen J, Mayer SA, Kowalski RG, Emerson RG, Hirsch LJ. Detection of
electrographic seizures with continuous EEG monitoring in critically ill patients.
Neurology. (2004) 62:1743–8. doi: 10.1212/01.WNL.0000125184.88797.62

29. Brown EN, Lydic R, Schiff ND. Mechanisms of disease: general anesthesia, sleep,
and coma. N Engl J Med. (2010) 363:2638–50. doi: 10.1056/NEJMra0808281

30. Giacino JT, Kalmar K, Whyte J. The JFK Coma Recovery Scale-Revised:
measurement characteristics and diagnostic utility. Arch Phys Med Rehabil. (2004)
85:2020–9. doi: 10.1016/j.apmr.2004.02.033

31. Hirsch LJ, Laroche SM, Gaspard N, Gerard E, Svoronos A, Herman
ST, et al. American Clinical Neurophysiology Society’s standardized
critical care EEG terminology: 2012 version. J Clin Neurophysiol. (2013)
30:1–27. doi: 10.1097/WNP.0b013e3182784729

32. Fins JJ. Rethinking disorders of consciousness: new research and its implications.
Hastings Cent Rep. (2005) 35:22–4. doi: 10.1353/hcr.2005.0020

33. Formisano R, Giustini M, Aloisi M, ContradaM, Schnakers C, Zasler N, et al. An
International survey on diagnostic and prognostic protocols in patients with disorder
of consciousness. Brain Injury. (2019) 33:974–84. doi: 10.1080/02699052.2019.1622785

34. Owen AM, Coleman MR. Detecting awareness in the vegetative state. Ann N Y
Acad Sci. (2008) 1129:130–8. doi: 10.1196/annals.1417.018

35. Sun F, ZhouG.Willful modulation of brain activity in disorders of consciousness.
N Engl J Med. (2010) 362:1937; author reply 1937–38. doi: 10.1056/NEJMc1003229

36. Formisano R, Pistoia F, Sarà M. Disorders of consciousness: a taxonomy to be
changed? Brain injury. (2011) 25:638–9. doi: 10.3109/02699052.2011.572948

37. Laureys S, Celesia GG, Cohadon F, Lavrijsen J, León-Carrión J, SannitaWG, et al.
Unresponsive wakefulness syndrome: a new name for the vegetative state or apallic
syndrome. BMCMed. (2010) 8:68. doi: 10.1186/1741-7015-8-68

38. Billeri L, Filoni S, Russo EF, Portaro S, Militi D, Calabrò RS, et al.
Toward improving diagnostic strategies in chronic disorders of consciousness:
an overview on the (re-)emergent role of neurophysiology. Brain Sci. (2020)
10:42. doi: 10.3390/brainsci10010042

39. Sautet A, Hurtado L, Fiveash A, Baron L, DeQuelenM, Perrin F. The importance
of material used in speech therapy: two case studies in minimally conscious state
patients. Brain Sci. (2022) 12:483. doi: 10.3390/brainsci12040483

40. Bonin EC, Binda Fossati ML, Chatelle C,Martens G,Martial C, BriandMM, et al.
Pain and spastic features in chronic DOC patient: a cross-sectional retrospective study.
Ann Phys Rehabil Med. (2022) 65:101566. doi: 10.1016/j.rehab.2021.101566

41. Lee M, Sanz LRD, Barra A, Wolff A, Nieminen JO, Boly M, et al. Quantifying
arousal and awareness in altered states of consciousness using interpretable deep
learning. Nat Commun. (2022) 13:1064. doi: 10.1038/s41467-022-28451-0

42. Malinowska U, Chatelle C, Bruno MA, Noirhomme Q, Laureys S, Durka PJ.
Electroencephalographic profiles for differentiation of disorders of consciousness.
Biomed Eng Online. (2013) 12:109. doi: 10.1186/1475-925X-12-109

43. Mensen A, Bodart O, Thibaut A, Wannez S, Annen J, Laureys S, et al. Decreased
evoked slow-activity after tDCS in disorders of consciousness. Front Syst Neurosci.
(2020) 14:62. doi: 10.3389/fnsys.2020.00062

44. Chatelle C, Chennu S, Noirhomme Q, Cruse D, Owen AM, Laureys S. Brain-
computer interfacing in disorders of consciousness. Brain injury. (2012) 26:1510–
22. doi: 10.3109/02699052.2012.698362

45. Galiotta V, Quattrociocchi I, D’ippolito M, Schettini F, Aricò P, Sdoia S, et al.
EEG-based brain-computer interfaces for people with disorders of consciousness:
features and applications. A systematic review. Front Hum Neurosci. (2022)
16:1040816. doi: 10.3389/fnhum.2022.1040816

46. Engemann DA, Raimondo F, King JR, Rohaut B, Louppe G, Faugeras F,
et al. Robust EEG-based cross-site and cross-protocol classification of states of
consciousness. Brain J Neurol. (2018) 141:3179–92. doi: 10.1093/brain/awy251

47. Kempny AM, James L, Yelden K, Duport S, Farmer SF, Diane Playford E, et al.
Patients with a severe prolonged disorder of consciousness can show classical EEG
responses to their own name compared with others’ names. Neuroimage Clin. (2018)
19:311–9. doi: 10.1016/j.nicl.2018.04.027

48. Laureys S, Perrin F, Brédart S. Self-consciousness in non-
communicative patients. Conscious Cogn. (2007) 16:722–41; discussion
742–25. doi: 10.1016/j.concog.2007.04.004

49. Murovec N, Heilinger A, Xu R, Ortner R, Spataro R, La Bella V, et al.
Effects of a vibro-tactile P300 based brain-computer interface on the coma recovery
scale-revised in patients with disorders of consciousness. Front Neurosci. (2020)
14:294. doi: 10.3389/fnins.2020.00294

50. Rozier C, Seidel Malkinson T, Hasboun D, Baulac M, Adam C, Lehongre
K, et al. Conscious and unconscious expectancy effects: a behavioral, scalp
and intracranial electroencephalography study. Clin Neurophysiol. (2020) 131:385–
400. doi: 10.1016/j.clinph.2019.10.024

51. Schoenle PW, Witzke W. How vegetative is the vegetative state? Preserved
semantic processing in VS patients–evidence from N 400 event-related potentials.
NeuroRehabilitation. (2004) 19:329–34. doi: 10.3233/NRE-2004-19409

52. You Y, Li Y, Yu B, Ying A, Zhou H, Zuo G, et al. A study on EEG differences
between active counting and focused breathing tasks for more sensitive detection of
consciousness. Front Neurosci. (2024) 18:1341986. doi: 10.3389/fnins.2024.1341986

53. Wutzl B, Golaszewski SM, Leibnitz K, Langthaler PB, Kunz AB, Leis S, et al.
Narrative review: quantitative EEG in disorders of consciousness. Brain Sci. (2021)
11:697. doi: 10.3390/brainsci11060697

54. Versaci M, La Foresta F. EEG data analysis techniques for precision removal
and enhanced Alzheimer’s diagnosis: focusing on fuzzy and intuitionistic fuzzy logic
techniques. Signals. (2024) 5:343–81. doi: 10.3390/signals5020018

55. Wang J, Xu L, Ge Q, Xue L, Liu Y, Wang C, et al. EEG microstate changes during
hyperbaric oxygen therapy in patients with chronic disorders of consciousness. Front
Neurosci. (2023) 17:1145065. doi: 10.3389/fnins.2023.1145065

56. Ahmad RF, Malik AS, Kamel N, Reza F. EEG-fMRI combination for better
understanding of brain functions: pros and cons. [2015 ieee international conference
on signal and image processing applications (icsipa)]. In: IEEE 2015 International

Frontiers inNeurology 17 frontiersin.org

https://doi.org/10.3389/fneur.2024.1501947
https://doi.org/10.1016/j.nicl.2020.102372
https://doi.org/10.1097/WCO.0000000000000951
https://doi.org/10.1177/1550059413513723
https://doi.org/10.1371/journal.pone.0099289
https://doi.org/10.1002/ana.24311
https://doi.org/10.1177/003591575104400417
https://doi.org/10.1097/WNP.0000000000000807
https://doi.org/10.1109/86.547945
https://doi.org/10.1097/WCO.0000000000001246
https://doi.org/10.3389/fnins.2024.1433583
https://doi.org/10.1016/j.jad.2020.05.006
https://doi.org/10.1016/j.heliyon.2024.e37921
https://doi.org/10.1016/j.heliyon.2024.e36701
https://doi.org/10.1088/1742-6596/1941/1/012089
https://doi.org/10.1016/j.heliyon.2024.e37492
https://doi.org/10.3145/epi.2022.sep.02
https://doi.org/10.1212/WNL.0b013e3181e8e960
https://doi.org/10.1212/WNL.59.9.1473
https://doi.org/10.3389/fneur.2022.824880
https://doi.org/10.1212/01.wnl.0000227183.21314.cd
https://doi.org/10.1212/01.WNL.0000125184.88797.62
https://doi.org/10.1056/NEJMra0808281
https://doi.org/10.1016/j.apmr.2004.02.033
https://doi.org/10.1097/WNP.0b013e3182784729
https://doi.org/10.1353/hcr.2005.0020
https://doi.org/10.1080/02699052.2019.1622785
https://doi.org/10.1196/annals.1417.018
https://doi.org/10.1056/NEJMc1003229
https://doi.org/10.3109/02699052.2011.572948
https://doi.org/10.1186/1741-7015-8-68
https://doi.org/10.3390/brainsci10010042
https://doi.org/10.3390/brainsci12040483
https://doi.org/10.1016/j.rehab.2021.101566
https://doi.org/10.1038/s41467-022-28451-0
https://doi.org/10.1186/1475-925X-12-109
https://doi.org/10.3389/fnsys.2020.00062
https://doi.org/10.3109/02699052.2012.698362
https://doi.org/10.3389/fnhum.2022.1040816
https://doi.org/10.1093/brain/awy251
https://doi.org/10.1016/j.nicl.2018.04.027
https://doi.org/10.1016/j.concog.2007.04.004
https://doi.org/10.3389/fnins.2020.00294
https://doi.org/10.1016/j.clinph.2019.10.024
https://doi.org/10.3233/NRE-2004-19409
https://doi.org/10.3389/fnins.2024.1341986
https://doi.org/10.3390/brainsci11060697
https://doi.org/10.3390/signals5020018
https://doi.org/10.3389/fnins.2023.1145065
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Chen et al. 10.3389/fneur.2024.1501947

Conference on Signal and Image Processing Applications (ICSIPA). Kuala Lumpur: IEEE
(2015). doi: 10.1109/ICSIPA.2015.7412204

57. Abreu R, Leal A, Figueiredo P. EEG-informed fMRI: a review of data analysis
methods. Front Hum Neurosci. (2018) 12:29. doi: 10.3389/fnhum.2018.00029

58. Gibson RM, Fernández-Espejo D, Gonzalez-Lara LE, Kwan BY, Lee DH, Owen
AM, et al. Multiple tasks and neuroimaging modalities increase the likelihood of
detecting covert awareness in patients with disorders of consciousness. Front Hum
Neurosci. (2014) 8:950. doi: 10.3389/fnhum.2014.00950

59. Lesenfants D, Habbal D, Chatelle C, Soddu A, Laureys S, Noirhomme Q. Toward
an attention-based diagnostic tool for patients with locked-in syndrome. Clin EEG
Neurosci. (2018) 49:122–35. doi: 10.1177/1550059416674842

60. Raymond AA, Gilmore WV, Scott CA, Fish DR, Smith SJ. Video-
EEG telemetry: apparent manifestation of both epileptic and non-epileptic

attacks causing potential diagnostic pitfalls. Epileptic Disord. (1999)
1:101–6. doi: 10.1684/j.1950-6945.1999.tb00304.x

61. Boubchir L. Editorial commentary on special issue of advances in
EEG signal processing and machine learning for epileptic seizure detection
and prediction. J Biomed Res. (2020) 34:149–50. doi: 10.7555/JBR.34.
20200700

62. Di Gregorio F, La Porta F, Petrone V, Battaglia S, Orlandi S, Ippolito
G, et al. Accuracy of EEG biomarkers in the detection of clinical outcome
in disorders of consciousness after severe acquired brain injury: preliminary
results of a pilot study using a machine learning approach. Biomedicines. (2022)
10:1897. doi: 10.3390/biomedicines10081897

63. Rubinos C, Bruzzone MJ, Viswanathan V, Figueredo L, Maciel CB, Laroche
S. Electroencephalography as a biomarker of prognosis in acute brain injury. Semin
Neurol. (2023) 43:675–88. doi: 10.1055/s-0043-1775816

Frontiers inNeurology 18 frontiersin.org

https://doi.org/10.3389/fneur.2024.1501947
https://doi.org/10.1109/ICSIPA.2015.7412204
https://doi.org/10.3389/fnhum.2018.00029
https://doi.org/10.3389/fnhum.2014.00950
https://doi.org/10.1177/1550059416674842
https://doi.org/10.1684/j.1950-6945.1999.tb00304.x
https://doi.org/10.7555/JBR.34.20200700
https://doi.org/10.3390/biomedicines10081897
https://doi.org/10.1055/s-0043-1775816
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

