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Abstract

Critically ill patients admitted to intensive care units require special care and the early diagnosis of the
possible outcome of this coma is clinically important. Electroencephalographic signals are collected daily in
critically ill patients and can be used to aid in the early diagnosis of neurological pathologies in such patients.
Therefore, this study aimed to quantitatively describe the coherence values measured by the EEG signal of
Brazilian individuals. The first group with comatose patients (N = 75), favorable (to live) or unfavorable
(dying) outcomes, and various etiology. The second group was made by neurologically normal people,
named the control group (N = 100). In addition, a number of statistical comparisons were made in order to
verify the difference in coherence behavior according to the levels of consciousness. The coherence index of
the comatose group is smaller than the control group. Besides, different hospitalization results, living or
dying, as well as different etiologies, may be associated with particular values of cerebral coherence. It was
observed that the etiology of coma does not influence the measured values of coherence in terms of
diagnosis due to brain death, which may become a biomarker of this outcome. Another important
consideration was that neurologically healthy patients did not present high values of cerebral coherence at
all electrodes, as seen in the temporal region of the brain.
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1. Introduction

Some features of EEG may be associated with different clinical outcomes (Hofmeijer et al. 2014) so
that most of the comatose patient EEGs presenting burst-suppression patterns with identical bursts were
linked to death. Generally speaking, comatose patients may present different outcomes, both positive, like
recovery, as negative, like brain death (Schomer and Silva 2011). In the last case, there are standard clinical
procedures that might be performed to improve organ donation (Citerio et al. 2016; Westphal et al. 2016).
Therefore, EEG records taken in comatose patients may help diagnosis and prognosis, thus leading to a
better treatment.

Quantitative analysis in EEG signal processing is mainly performed at the frequency domain. For
example, Lehembre et al. (2012) use spectral analysis to identify different conscious states, either the
vegetative state (VS) or the minimum conscience state (MCS), based at three cerebral rhythms: Delta, Theta,
and Alpha. The Delta rhythm power was higher for VS patients when compared with MCS patients, for all
electrodes. On the other hand, Alpha rhythms presented opposite results when compared to Delta.
Therefore, these conclusions are important because they may optimize clinical treatment.
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Patients hospitalized in the Intensive Care Unit (ICU) need special care because they are vulnerable
to several neurological pathologies, which can result in severe neural deficiencies (Herman et al. 2015). The
electroencephalography (EEG) monitoring at ICU may improve visual perceptions of the signal abnormal
morphology of the signal (Ebersole and Pedley 2003; Schomer and Silva 2011), for example at non-convulsive
epileptic phenomena, allowing rapid medical interventions and improving the treatment of such patients
(Vespa 2005; Cavalcanti et al. 2016).

For neuroscience, issues regarding symmetry involve the relationship of the right and left
hemispheres of the brain (Hugdahl 2005). These hemispheres establish interconnections due to existing
simultaneous activity between them; in consequence, the probability of both co-activation is higher in the
absence of neurological abnormality. Therefore, neurology relates the level of cerebral symmetry with
significant physiological roles, in order to detect pathologies. In fact, spectral features assessed by EEG in
both hemispheres are similar for a neurologically normal person, including symmetry, which attains high
amplitudes, although some rhythms present slight physiological asymmetry (Anghinah et al. 2005; Schomer
and Silva 2011).

Therefore, right-left symmetry analysis is quite important for clinical decisions regarding comatose
patients (van Putten 2007). Coherence analysis is a quantifier based on the EEG power spectrum of EEG. In
the study of Tonner and Bein (2006), coherence was used to find out differences in the topographic
distribution of Theta, Delta, Beta, and Alpha rhythms in elderly humans. In the study of Cavinato et al. (2014),
coherence was employed to assess the functional relationships between cortical regions, considering
patients with disorders of consciousness and in the vegetative state. Zubler et al. (2016) investigated
symmetry levels between right and left hemispheres based on EEG coherence of comatose patients, pointing
out different outcomes.

A retrospective study performed at the University Hospital of Federal University of Uberlandia
(UH/FUU) between 2010 and 2013 identified around 128 patients, hospitalized in Adult ICU. This study
pointed out that at least 22 patients had brain death. Using these data, our article aims to relate possible
clinical outcomes (live or dead) with cerebral symmetry features, assessed by EEG signals. The cerebral
symmetry analysis was related to different outcomes of comatose patient hospitalizations (Ramos 2017).

To the best of authors' knowledge, EEG coherence analysis of cerebral symmetry in comatose
patients is very little, as shown in previous studies (Thatcher et al. 2001; Leon-Carrion et al. 2008; Xin et al.
2012; Lehembre et al. 2012; King et al. 2013; Cavinato et al. 2014; Sitt et al. 2014; Zubler et al. 2016; Xin et
al. 2017; Zubler et al. 2017). In consequence, we did not find studies devoted to the quantitative
characterization of coherence EEG signals associated with the Brazilian population. Therefore, we would like
to compare coherence values in different situations, etiologies, or outcomes. For these reasons, this study
is important due to the high number of patients analyzed (75), and the results will feed the very small
literature on this subject.

2. Material and Methods

A retrospective study performed at UH/FUU between 2010 and 2013 (Ramos 2017) led to a total of
75 EEG signals from comatose patients. The inclusion criteria were comatose patients admitted at the adult
ICU of UCH between 01/01/2010 and 31/12/2013, in the minimally conscious state (MCS). This group was
divided into good or poor outcome. The good outcome (favorable outcome), named Alive, refers to all
patients that presented good clinical recovery and were moved to another hospital sector for subsequent
treatment. On the other hand, the poor outcome group was divided into Clinical death (CD), including
patients who died for clinical reasons, like cardiac arrest, and Brain death (BD), referring to patients for which
a diagnosis of brain death was established. These patients were also classified according to coma etiology.
The more frequent etiologies were Stroke, Metabolic Coma (MC), and Traumatic Brain Injury (TBI). All other
possible etiologies were grouped under the name “Others”. By contrast, a control group was analyzed, which
was previously developed in Ramos (2017). It is composed of 100 EEG recordings of healthy individuals,
considering the following inclusion criteria: Neurologically normal person, without any prior neurological
pathology, and that has not taken any neurological medicine in the last one year previous the recording.

All EEG signals processed in this work were collected by the EEG amplifier located at UH/FUU, using
the standard 10-20 system of electrode placement, considering 20 EEG channels. The comatose EEG was
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recorded at the ICU of this hospital as a consequence of the standard daily protocol of patient management,
whereas the control group EEG was collected by our team at the neurological sector, at the same hospital.
The ethics committee of our university released authorization for both data collection, according to
protocols No. 369/11 (comatose group) and No. 54781615.6.0000.5152 (control group).

Two independent neurologists defined clinical neurological criteria to evaluate EEG signals. They
analyzed all tracings and classified the best signals according to visual morphology. Subsequently, they
selected ten different chronological epochs, which are free of artifacts derived from biological signals such
as electrocardiogram and electromyogram, of each EEG signal. The time duration of each epoch was two
seconds.

After the morphological analysis, all epochs were submitted to algorithm analysis, to verify the signal
power behavior in the frequency range between 55 and 65 Hz, in order to minimize possible electromagnetic
interference. If the time was rejected by the algorithm, the neurologist was asked to choose another section.
Thus, all epochs analyzed in the present study were considered free of any noisy interference. Each one of
the epochs was separated and grouped into matrices with 20 rows, following the number of electrodes; and
M columns, which stands for the sample quantity within a segment, composed of two seconds of the signal.

The coherence (1) was evaluated considering all matrices generated. Notice that the coherence
values may range from zero to one so that 'zero' indicates a complete absence of symmetry, and 'one' means
the highest level of symmetry (S6rnmo and Laguna 2005).

v = e 2
xxU )oyy

Where in S_xx (f) and S_yy (f) refer to the power spectrum of signal x and y, respectively; S_xy (f)
refers to the cross-power spectrum of signals x and y.

The signals x and y in (1) represent pairs of electrodes. In the 10-20 system, there are eight pairs of
symmetric electrodes, namely FP1-FP2, F7-F8, F3-F4, T3-T4, C3-C4, T5-T6, P3-P4, and 01-02. In
consequence, for each patient or individual, considering one pair of electrodes, ten calculus of coherence
were performed, since ten different epochs were previously defined (Ramos et al. 2018).

Coherence was estimated considering the standard neurological frequency range of 1 - 30 H
(Schomer and Silva 2011), separated according to the following standard: Delta 1 to 3.5 Hz; Theta 3.5to 7.5
Hz; Alpha 7.5 to 12.5 Hz and Beta 12.5 to 30 Hz (Freeman and Quiroga 2013).

Considering the huge amount of data under processing, descriptive statistical analysis was used to
summarize information as the median and the standard deviation of the median of each quantity. These
values were chosen because at least one index of variation coefficient (VC) was higher 30%, wherein VC
means the ratio between standard deviation and mean (Daniel and Cross 2012).

The coherence values were calculated for each group, Alive, CD, BD, and control, considering all
electrode pairs and all brain rhythms. The significance level used in all comparisons was a = 95% (p-value <
0.05 indicates statistical differences). Median values were selected to summarize the coherence calculations
since random behavior does not follow a Gaussian model. For that reason, the Wilcoxon Hypothesis Test
(Corder and Foreman 2014) was selected to compare the different situations. This is a nonparametric test,
for which the null hypothesis is that the values compared are equal. The significance level used was a = 95%
(p-value < 0.05 indicates statistical differences).

3. Results and Discussion

Table 1 contains the demographic information for the groups considered in this paper. The age of the
comatose group is bigger than the control group. Another consideration is the amount of EEG records from
each comatose subgroup, which is considerably small (the highest value is 42 contributions to the CD
outcome) relative to the control group.
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Table 1. Demographic information of the analyzed data.

Group Etiology N N of Male Gender Age (years) Cerebral Death
out Stroke 5 2 60,40 + 10,60 -
Fa‘\‘locggl‘z MC 5 4 40,20 + 14,29 -
. TBI 11 8 29,9+9,48 -
(Alive)
Comatose Others 0 0 0 -
out Stroke 11 6 63,1+6,67 2
o f” Corm§| MC 19 17 55,45 + 15,84 3
avoravie TBI 11 7 39,81 + 16,72 2
(Death)
Others 13 8 43,53 £+ 19,61 5
Control - 100 49 245+6 -

* MC — Metabolic Coma. TBI - Traumatic Brain Injury. N — Amount of EEG signals.

The coherence values were estimated for Delta, Theta, Alpha, and Beta rhythms and, for all eight
electrode pairs, not only for the comatose groups but also for the control group. Table 2 contains these
results. The following comparisons between the coherence values were made: Alive and CD, Alive and BD,
CD, and BD, Alive and Control, CD and Control, and BD and Control. Considering all these comparisons, about
93% of the p-values achieved were smaller than 0.05, indicating that regardless of the level of consciousness
and outcome, there are significant differences between the values of coherences measured.

Table 2. Coherence values in percentage measured by coma outcomes, which can be Active, CD, or BD.

Pair Delta Theta
Control Active CD BD Control Active CcD BD
FP1- 68.9 + 3458 + 30.76 £ 20.86 * 69.52 33.24 + 32.86 22.26
FP2 25.39 24.6 24.08 22.22 21.43 22.96 22.02 18.96
£7-E8 19.46 18.81 + 21.73 26.26 + 18.65 22.74 £ 19.04 26.44 +
18.91 19.18 21.58 28.22 17.87 22.25 21.82 26.86
F3-F4 62.44 39.71+ 34.4 28.82 + 64.48 + 38.54 29.44 + 29.82 +
22.38 26.66 25.47 25.33 19.84 22.42 23.57 20.88
T3-T4 20.7 + 25.34 + 26.46 + 31.28+ 14.73 £ 26.8 + 2252 + 3152+
19.46 23.64 24.36 30.46 16.23 21.16 21.24 28.24
c3-ca 63.42 + 459 + 42.44 + 28.32 + 59.94 + 40.29 + 36.18 + 26.86
20.85 24.96 26.67 28.5 19.65 22.66 24.29 25.21
T5-T6 33.09 + 30.46 28.22 + 33.94 + 22.87 26.13 26.48 + 28.86
21.93 25.08 26.12 29.19 18.59 20.51 23.41 28.35
P3-p4 65.82 + 54,9 + 40.27 + 33.59+ 61.49 43.87 + 41.02 + 2243 +
22.18 25.68 26.88 27.57 21.3 25.53 25.32 26.77
01-02 68.28 + 63.07 £ 46.5 + 40.68 + 63.46 53.83 40.7 + 30.38 £
22.3 27.1 26.37 28.24 21.48 24.52 26.19 25.74
Pair Alpha Beta
Control Active ch BD Control Active cD BD
FP1- 86.32 ¢ 34,58 + 3252+ 2411+ 58.53 + 30.02 £ 28.58 + 22,15+
FP2 17.7 23.15 22.75 18.62 23.17 27.54 22.97 18.92
F7-F8 40.08 £ 2199+ 16.87 2521+ 15.62 = 21.47 1491 + 20.21
25.05 22.25 19.92 26.93 16.74 22.43 17.42 26.66
F3-F4 76.86 = 33.88 ¢ 29.07 £ 22,99 + 46.26 + 32,15+ 24.85 + 20.21 +
21.71 21.96 21.06 22.65 23.02 27.01 22.27 21.79
T3-T4 17.76 + 25.68 + 20.93 + 32.08 + 13.22 29.67 22.65+ 25.94 +
18.47 22.65 19.49 25.22 14.79 27.85 23.5 25.63
c3-ca 55.57 + 349+ 33.01+ 27.53 ¢ 316+ 29.98 + 29.23 + 21.55+
24.22 224 22.87 25.41 20.66 25.73 24.33 24.24
T5-T6 27.66 25.47 + 23.85+ 28.82 + 13.93 ¢ 23.29 + 25.65 + 20.94 +
22.39 18.88 22.61 25.43 15.41 23.81 23.69 24.95
P3-p4 58.27 + 40.67 37.96 + 2412 + 38.35* 34.47 + 33.36+ 20.47 +
24.41 25.26 24.03 24.98 21.33 28.99 25.66 24.2
01-02 67.96 = 44.7 + 38.13 + 26.48 47.11 + 34,19 + 32,63+ 22.86
22.7 24.41 24.46 25.97 21.3 27.45 259 24.4

* CD — Clinical Death. BD — Brain Death.
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Based on the coherence results for the comatose group, considering besides a patient’s outcomes,
the etiology of this coma, the coherence values were represented in Figure 1. This picture has three graphics,
a) to c¢), referring to the outcomes, and the etiologies. Graphics show the curve of coherence values for range
1 to 30 Hz for all electrode pairs analyzed, like a histogram. The coherence values measured in the Stroke
etiology are statistically different from those obtained in the TBI etiology, considering both the Alive and the
CD outcomes (p-value = 0.02; p-value = 0.003 respectively). This pattern was also observed when the
coherence values obtained in the Stroke etiology with the MC etiology were compared for such outcomes
(p-value = 0.01; p-value = 0.1 respectively). The coherence values measured in the TBI etiology were not
different from the values obtained in the MC etiology, regardless of the outcome of the patient (p-value>
0.05). It is important to note that individuals who progressed from coma to brain death did not present a
statistical difference of coherence values for any etiology and could conclude that in this situation the
coherence values measured in the EEG signal are independent of the etiology.
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Figure 1. Behavior of coherence indices, in percentage, measured at all rhythms and pairs of electrodes,
considering coma etiology and patient outcome. The short dashed line indicates the Stroke etiology. The
continuous line indicates the TBI etiology. Finally, the broad dashed line indicates the MC etiology. A —
outcome: alive; B — outcome: CD; C — outcome: BD. The values of mean and standard deviation obtained
for each etiology are shown alongside each image, as well as the (N) count of the total values considered
for the calculation, which can vary with the number of records analyzed in each case, influencing in the
amplitude of the curves.

Quantitative aspects of comatose EEG, shown in Table 2, can be used for diagnostic purposes in the
patient, as well as possible predictors of coma evolution. In a study (van Putten et al. 2004) carried out with
57 patients under stroke risk, cerebral power levels were estimated, and their amplitudes were inversely
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proportional to frequency. It was also found that the symmetry was low. This result agrees with Table 2. On
the other hand, Table 2 depicts that the symmetry value of the coma group is statistically different from the
control one, regardless of the rhythm and/or the electrode pair. The range of values for the coma group
varies between 14.91% (pair: FP1-FP2 of Beta rhythm; outcome: CD) and 63.07% (pair: O1-02 of Delta
rhythm; outcome: Alive), that is, most of the coherence values are below 50%. The control group presented
values between 13.22% (pair: T3-T4 of Beta rhythm) and 86.32% (pair: FP1-FP2-T4 of Theta rhythm). In
consequence, for the control group, coherence values are not always high, particularly for all temporal
electrodes. Notice that Table 2 represents a simplified quantitative standard of neurological normality and
abnormality associated with coma.

The study conducted by Koskinen et al. (2001) for neurologically normal individuals has shown that
interhemispheric symmetry decreases with the degree of anesthesia. Similar conclusions were achieved in
Wang et al. (2014), for which normal individuals under the anesthesia effect presented low amplitudes of
inter-hemispheric coherence, mainly in the frontal and occipital cortical areas. In addition, EEG records of
both patients with disorders of consciousness and normal individuals had been evaluated in Cavinato et al.
(2014). This work highlighted that the coherence tied to the alpha rhythm at parietal regions of the control
group was significantly higher than the comatose group. All these results agree with Table 2. For this reason,
one may state that the coherence values tied to the control population are higher than those of the
comatose one, in the absence of stimuli, except for the temporal regions. Additionally, the standard values
of these coherences are higher for the comatose group. In King et al. (2013) it was concluded that anatomical
lesions of patients in a vegetative state can lead to functional deficits in the communication between the
thalamus and cerebral cortex, thus generating abnormal activity in the network of cerebral communication,
which in turn may decrease interhemispheric symmetry, e.g., coherence.

Concerning the analysis of the comatose group, Table 2 shows that the coherence indexes calculated
for each outcome are different. For example, in the Alive outcome, electrodes 01-02 (in the Delta, Theta
and Alpha rhythms) and P3-P4 (in Beta rhythm) presented the highest values of coherence. In the CD
outcome, the highest values of coherence were identified in the P3-P4 and 01-02 pairs, whereas, for the BD
outcome, the T3-T4 pair yielded the highest coherence values (Theta, Alpha, and Beta rhythms). Considering
all pairs of electrodes, the minimum coherence values were detected in the CD group, especially in the Beta
rhythm.

In one study (Cavinato et al. 2014), patients in a vegetative state or minimally conscious state and a
control group were evaluated. High values of coherence for the posterior Alpha rhythm were estimated for
both groups. In contrast to the results of Table 2, in other study (Zubler et al. 2016) although most quantifiers
presented significant statistical differences between each other for different outcomes, a high level of
synchrony was assessed at comatose patients who died, including brain death.

Considering not only the outcome but also the etiology of the coma, it was noted that, for the Alive
outcome, Figure 1a, considering the Stroke, TBI, and MC etiologies, coherence values vary between 23.34%
and 34.32%. Results of these curves in Figure. 1a, were compared to each other, most of all values leading
to significant differences (p-value > 0.05, a = 95%). However, the etiologies Stroke and MC presented the
most different coherence values (p-value > 0.005, a = 95%). The behavior of these three curves is similar in
the Alive outcome, and most of the measured values of coherence are located between 10% and 30%.

For the CD outcome, represented in Figure 1b, the coherence range is 20.45% to 28.7%. Notice that
these values are different compared to the Alive outcome. The overall analysis of these figures points out
that each etiology within this outcome presents a different coherence value when compared to each other
(p-value < 0.05; a = 95%). Consider now just BD results in Fig. 1, (c), note that coherence range was from
23.23% to 27.20% and that the coherence values measured in each etiology are similar, indicating that for
the outcome of brain death there is no distinction between coma etiologies.

In the study of Xin et al. (2012), considering patients with stroke, it is possible to associate high levels
of symmetry between the left and right hemispheres of patients with unfavorable outcomes. This was also
concluded in other study (Xin et al. 2017), which supposed patients suffering from a stroke. In view of the
study of Leon-Carrion et al. (2008), performed in patients with minimal consciousness, and patients under
severe neurocognitive disorder, no significant difference between the coherence of these groups was
assessed. Therefore, it is not always possible to distinguish different types of conscious levels of comatose
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patients by using cerebral symmetry. In one study (Thatcher et al. 2001), patients suffering from different
kinds of cerebral lesions were analyzed, grouped into mild, moderate, or severe lesion degree. Coherence
values could be associated with soft and hard trauma.

The neural responses of patients with disorders of consciousness, which were caused by different
etiologies such as stroke, TBI, and MC; as well as healthy controls; were assessed in Cavinato et al. (2014).
For unconscious patients, it was noted low values of coherence in the parietal regions for the Alpha rhythm.
Conversely, high values of coherence were calculated in the parietal and frontal regions for the Theta
rhythm. These findings agree with Table 2 and Figure 1. In consequence, after relating the results of the
literature to the present study, it is clearly quite important to analyze patients with similar levels of
consciousness, in order to achieve reliable results.

4. Conclusions

Findings of the present study, as well as the literature on the subject, point out that EEG recordings
performed in critically ill patients are of extreme clinical relevance since their quantitative interpretation
supports the diagnosis of disturbances of consciousness and prognosis of comatose patients. Coherence
analysis can be used to quantitatively discriminate comatose EEG from control records, as well as comatose
EEG with different outcomes and etiologies. Table 2 summarizes the values of brain symmetry obtained by
coherence estimations, for comatose EEG signals, as well as for control recordings, emphasizing that such
values are higher in the condition of neurological normality.

In this article, EEG examinations performed at early stages of the coma state of Brazilian patients (N
= 75) were studied in a retrospective way and compared to a control group (N = 100), in order to assess
whether quantitative analysis could be useful for prognostic and diagnostic purposes. In brief, one may
conclude that coherence analysis can be used to quantitatively discriminate comatose EEG from control
records, as well as comatose EEG with different outcomes and etiologies, as shown by statistical analysis.

Table 2 summarizes the mean coherence estimations for both comatose EEG signals, as well as for
control recordings, emphasizing that such values are higher in the condition of neurological normality. This
table defines a quantitative pattern characterizing normal and pathological contexts, which is quite
important for clinical diagnostics, brain-machine interface, and rehabilitation purposes, disclosing important
findings. The coherence is lower than 33% for all temporal and F7-F8 electrodes in normal individuals, which
is a quite surprising result, pointing out that neurological normality does not lead to high amplitudes of
coherence in all electrodes.

By analyzing the hospitalization outcomes of comatose patients, such as to live or dying, it is also
possible to establish relevant remarks regarding the brain-death (BD) outcome. As etiologies are considered
in the quantitative analysis, new insights can be derived. Statistical analysis of Figure 1 points out that
guantitative results tied to TBI etiology and those to Stroke etiology are the most different ones, considering
all electrodes and rhythms. However, in the context of patients with BD outcome, it is possible to note that
not present a statistical difference of coherence values for any etiology and could conclude that in this
situation the coherence values measured in the EEG signal are independent of the etiology.

In summary, the values of left-right cerebral coherence are distinct according to the coma etiology
and to the hospitalization outcome. In this sense, future prospective studies should consider patients with
similar etiologies and levels of consciousness. Particularly, the role of the standard deviation of the mean
coherence should be investigated as a complementary quantifier since it is quite important to assess BD
outcomes. In addition, other kinds of theories and quantifiers could be considered, in order to contribute to
the clinical neurology and diagnoses of patients hospitalized in ICU settings.

Authors' Contributions: RAMOS, C.D.: conception and design, acquisition of data, analysis and interpretation of data, and drafting the article;
DESTRO-FILHO, J-B.: conception and design, acquisition of data, analysis and interpretation of data, and critical review of important intellectual
content. All authors have read and approved the final version of the manuscript.

Conflicts of Interest: The authors declare no conflicts of interest.

Ethics Approval: Approved by Research Ethics Committee of Federal University of Uberlandia. Number: 369/11 (comatose group) and
54781615.6.0000.5152 (control group).

Bioscience Journal | 2021 | vol. 37, 37065 | https://doi.org/10.14393/BJ-v37n0a2021-49454



Measurements of coherence in eeg signal in Brazilian people: a comparison of different consciousness states

Acknowledgments: The authors would like to thank the funding for the realization of this study provided by the Brazilian agency CAPES
(Coordenagéo de Aperfeicoamento de Pessoal de Nivel Superior - Brasil), Finance Code 001. The authors also thank the Clinical Hospital of the
Federal University of Uberlandia, for providing assistance in data collection, as well as other retrospective records used in this study. Thanks also
to the medicines, technicians, and nurses of the Intensive Care Unit and of the Neurology sectors, for all the support in data collection and pre-
processing. We also thank scientific initiation students for their help in collecting data from healthy individuals.

References

ANGHINAH, R., et al. EEG alpha band coherence analysis in healthy adults: preliminary results. Arquivos de Neuro-Psiquiatria. 2005, 63, 83—86.
http://dx.doi.org/10.1590/50004-282X2005000100015

CAVALCANTI, S.P., et al. Electroencephalogram in Intensive Care Unit. International Archives of Medicine. 2016, 8, 1-6.
http://dx.doi.org/10.3823/1956

CAVINATO, M., et al. Coherence and Consciousness: Study of Fronto-Parietal Gamma Synchrony in Patients with Disorders of Consciousness.
Brain Topography. 2014, 28(4), 570-579. http://dx.doi.org/10.1007/s10548-014-0383-5

CITERIO, G., et al. Organ donation in adults: a critical care perspective. Intensive Care Medicine. 2016, 42(3), 305-315.
http://dx.doi.org/10.1007/s00134-015-4191-5

CORDER, G.W. and FOREMAN, D.I. Nonparametric Statistics: A Step-by-Step Approach. 2nd ed. New York: Wiley, 2014.
DANIEL, W.W. and CROSS, C.L. Biostatistics: A Foundation for Analysis in the Health Sciences. 10th ed. New York: Wiley, 2012.
EBERSOLE, J.S. and PEDLEY, T.A. Current Practice of Clinical Electroencephalography. 3rd ed. Philadelphia: Lippincott Williams & Wilkins, 2003.

FREEMAN, W.J. and QUIROGA, R. Q. Imaging Brain Function With EEG. New York: Springer, 2013. Available from:
https://link.springer.com/book/10.1007/978-1-4614-4984-3

HERMAN, S.T. et al. Consensus Statement on Continuous EEG in Critically Ill Adults and Children, Part I: Indications. Journal of Clinical
Neurophysiology. 2015, 32(2), 87-95. http://dx.doi.org/10.1097/WNP.0000000000000166

HOFMELJER, J., et al. Burst-suppression with identical bursts: A distinct EEG pattern with poor outcome in postanoxic coma. Clinical
Neurophysiology. 2014, 125(5), 947-954. http://dx.doi.org/10.1016/j.clinph.2013.10.017

HUGDAHL, K. Symmetry and asymmetry in the human brain. European Review. 2005, 13(2), 119-133.
http://dx.doi.org/10.1017/51062798705000700

KING, J.R. Information sharing in the brain indexes consciousness in noncommunicative patients. Current Biology. 2013, 23(19), 1914-1919.
http://dx.doi.org/10.1016/j.cub.2013.07.075

KOSKINEN, M., et al. Propofol anesthesia induces phase synchronization changes in EEG. Clinical Neurophysiology. 2001, 112(2), 386—392.
http://dx.doi.org/10.1016/51388-2457(00)00538-1

LEHEMBRE, R., et al. Resting-state EEG study of comatose patients: A connectivity and frequency analysis to find differences between
vegetative and minimally conscious states. Functional Neurology. 2012, 27(1), 41-47.

LEON-CARRION, J., et al. Brain function in the minimally conscious state: A quantitative neurophysiological study. Clinical Neurophysiology.
2008, 119(7), 1506—1514. http://dx.doi.org/10.1016/j.clinph.2008.03.030

RAMOS, C.D. Characterization of the normal electroencephalogram in wakefulness: elaboration of the database and quantitative analysis
[Master’s dissertation]. Federal University of Uberlandia, 2017. Available from: https://repositorio.ufu.br/handle/123456789/19571

RAMOQS, C.D,, et al. Quantitative Analysis of EEG Records in Distinct States of Consciousness: A Case Study on Brazilian Patient. IEEE Latin
America Transactions. 2018, 16(7), 1878—1883. http://dx.doi.org/10.1109/tla.2018.8447352

SCHOMER, D.L. and SILVA, F.H. Niedermeyer’s Electroencephalography: Basic Principles, Clinical Applications, and Related Fields. 6th ed.
Philadelphia: Lippincott Williams & Wilkins, 2011.

SITT, J.D., et al. Large scale screening of neural signatures of consciousness in patients in a vegetative or minimally conscious state. Brain. 2014,
137(8), 2258-2270. http://dx.doi.org/10.1093/brain/awul41l

SORNMO, L. and LAGUNA, P. Bioelectrical Signal Processing in Cardiac and Neurological Applications. 1 ed. Cambridge: Academic Press, 2005.
Available from: https://www.sciencedirect.com/book/9780124375529/bioelectrical-signal-processing-in-cardiac-and-neurological-applications

THATCHER, R.W. An EEG Severity Index of Traumatic Brain Injury. Journal of Neuropsychiatry. 2001, 13(1), 77-87.
http://dx.doi.org/10.1176/appi.neuropsych.13.1.77

TONNER, P.H. and BEIN, B. Classic electroencephalographic parameters: median frequency, spectral edge frequency etc. Best Practice and
Research: Clinical Anaesthesiology. 2006, 20(1), 147—-159. http://dx.doi.org/10.1016/j.bpa.2005.08.008

VAN PUTTEN, M.J.A.M., et al. A brain symmetry index (BSl) for online EEG monitoring in carotid endarterectomy. Clinical Neurophysiology.
2004, 115(5), 1189-1194. http://dx.doi.org/10.1016/j.clinph.2003.12.002

VAN PUTTEN, M.J.A.M. The revised brain symmetry index. Clinical Neurophysiology. 2007, 118(11), 2362—-2367.
http://dx.doi.org/10.1016/j.clinph.2007.07.019.

Bioscience Journal | 2021 | vol. 37, e37065 | https://doi.org/10.14393/BJ-v37n0a2021-49454



http://dx.doi.org/10.1590/S0004-282X2005000100015
http://dx.doi.org/10.3823/1956
http://dx.doi.org/10.1007/s10548-014-0383-5
http://dx.doi.org/10.1007/s00134-015-4191-5
https://link.springer.com/book/10.1007/978-1-4614-4984-3
http://dx.doi.org/10.1097/WNP.0000000000000166
http://dx.doi.org/10.1016/j.clinph.2013.10.017
http://dx.doi.org/10.1017/S1062798705000700
http://dx.doi.org/10.1016/j.cub.2013.07.075
http://dx.doi.org/10.1016/S1388-2457(00)00538-1
http://dx.doi.org/10.1016/j.clinph.2008.03.030
https://repositorio.ufu.br/handle/123456789/19571
http://dx.doi.org/10.1109/tla.2018.8447352
http://dx.doi.org/10.1093/brain/awu141
https://www.sciencedirect.com/book/9780124375529/bioelectrical-signal-processing-in-cardiac-and-neurological-applications
http://dx.doi.org/10.1176/appi.neuropsych.13.1.77
http://dx.doi.org/10.1016/j.bpa.2005.08.008
http://dx.doi.org/10.1016/j.clinph.2003.12.002
http://dx.doi.org/10.1016/j.clinph.2007.07.019

RAMOS, C.D. and DESTRO-FILHO, J-B.

VESPA, P. Continuous EEG monitoring for the detection of seizures in traumatic brain injury, infarction, and intracerebral hemorrhage: To
detect and protect. Journal of Clinical Neurophysiology. 2005, 22(2), 99-106. http://dx.doi.org/10.1097/01.wnp.0000154919.54202.€0

WANG, K., et al. EEG slow-wave coherence changes in propofol-induced general anesthesia: experiment and theory. Frontiers in Systems
Neuroscience. 2014, 8, 1-16. http://dx.doi.org/10.3389/fnsys.2014.00215

WESTPHAL, G.A., et al. Guidelines for the assessment and acceptance of potential brain-dead organ donors. Revista Brasileira de Terapia
Intensiva. 2016, 28(3), 220-255. http://dx.doi.org/10.5935/0103-507X.20160049

XIN, X., et al. Correlation between the Revised Brain Symmetry Index, an EEG Feature Index, and Short-term Prognosis in Acute Ischemic
Stroke. Journal of Clinical Neurophysiology. 2017, 34(2), 162—-167. http://dx.doi.org/10.1097/WNP.0000000000000341

XIN, X., et al. Correlation of continuous electroencephalogram with clinical assessment scores in acute stroke patients. Neuroscience Bulletin.
2012, 28(5), 611-617. http://dx.doi.org/10.1007/s12264-012-1265-z

ZUBLER, F., et al. Prognostic and diagnostic value of EEG signal coupling measures in coma. Clinical Neurophysiology. 2016, 127(8), 2942—2952.
http://dx.doi.org/10.1016/j.clinph.2015.08.022

ZUBLER, F., et al. EEG synchronization measures are early outcome predictors in comatose patients after cardiac arrest. Clinical
Neurophysiology. 2017, 128(4), 635-642. http://dx.doi.org/10.1016/j.clinph.2017.01.020

Received: 31 October 2019 | Accepted: 3 September 2020 | Published: 28 October 2021

@ This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Bioscience Journal | 2021 | vol. 37, 37065 | https://doi.org/10.14393/BJ-v37n0a2021-49454



http://dx.doi.org/10.1097/01.wnp.0000154919.54202.e0
http://dx.doi.org/10.3389/fnsys.2014.00215
http://dx.doi.org/10.5935/0103-507X.20160049
http://dx.doi.org/10.1097/WNP.0000000000000341
http://dx.doi.org/10.1007/s12264-012-1265-z
http://dx.doi.org/10.1016/j.clinph.2015.08.022
http://dx.doi.org/10.1016/j.clinph.2017.01.020

