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ABSTRACT

Since the power spectral analysis of a non-Gaugs@ess generated by a nonlinear mechanism &G, E
does not provide much information on the underlyimgnlinear dynamics due to the lack of phase
information, the higher-order statistics such as ltispectra are used to better understand the Iyimder
nonlinear dynamics e.g., the quadratic phase aogiphenomena. The quadratic phase couplings hare be
observed in the EEG by the researchers over a ddoadnany diagnostic applications such as epilepsy
sleep, mental states. This study discusses theofubéspectral analysis of the EEG recorded from the
posterior region of the head of the brain tumorigmtin quantifying the quadratic phase couplings t
indicate the presence of the tumor. The Bicoherémdex (BCI) or simply the Bicoherence (BIC) hagbe
used for the purpose. Self-couplings (around 27%2Pthe [8-13] Hz (alpha) band and phase couplings
(around 23-42%) in the [1-8] Hz (delta-theta) bdwade been observed for the normal subjects whilg on
self-couplings (around <6.5% and around 40-53%)ehbgen seen in both bands for the brain tumor
patients. Significant lowering of coupling strergtfirom 38.15% (+12.76%) to 3.51% (+3.28%)) in the
alpha band and mild increase of them (from 32.7&6%8.(73%) to 45.49% (+£17.49%)) in the delta band
have been observed for the brain tumor patients.Adwer Ratio Index (PRI) based on the power spectr
is only statistically inferior (p>0.05) to the BI@ discriminating the brain tumor case from themakone.

Keywords. Quadratic Nonlinearity, Bispectrum, Bicoherenceex, Phase Synchrony, Brain Tumor, PRI

1. INTRODUCTION hazardous radiation, especially in case of children
pregnant women and patients with implant devices
Diagnosis and subsequent (early) treatment arg(Black, 2010). Since an early treatment increases t
either missed or delayed in 69% of the brain tunames  survival rate, a better method that does not irvohuch
due to the fact that the most of the brain tumonspms cost, risks or complexity is required to reduce die¢ay
are highly misleading and around 26% of these casedn the diagnosis of the brain tumors (Black, 20XDhe
suffer a delay of more than a year before propersuch option is the use of the scalp Electroenceghains
diagnosis (MFBTRI, 2013). Once the brain tumor (EEGs) (Fattal-Valevski et al., 2012). Qualitative
symptoms are found, the advanced neuroimaginginvestigations on the use of scalp EEG for the misgs
techniques such as MRI and CT or biopsy are notof brain tumors are numerous (Accokh al., 2011;
immediately suggested due to the following factseyr  Bagchiet al., 1961; Hartman and Lesser, 2012; Walter,
are either costly or invasive or do involve riskkel 1936; Watembergt al., 2002). However the quantitative
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works such as automated classification or locétinaising 2. MATERIALSAND METHODS
the quantitative (scalp) EEG (QEEG) features arg few

(Chetty and Venayagamoorthy, 2002; Hablal., 2000; 2.1. Acquisition of Data
Karameh and Dahleh, 2000; Murugesan and Sukanesh,
2009; Nagateet al., 1985; Selvam and Shenbagadevi, Nineteen-channel Common Average Reference
2011; Silipoet al., 1999). Some of these literatures (CAR) montage EEG records, namely Fz-REF, Cz- REF,
(Selvam and Shenbagadevi, 2011; Sikpal., 1999) are = Pz-REF, FP1-REF, FP2-REF, F3-REF, F4-REF, C3-
interesting and they suggest the use of nonlinealysis =~ REF, C4-REF, P3-REF, P4-REF, O1-REF, O2-REF,
of the scalp EEG for the purpose. F7-REF, F8-REF, T3-REF, T4-REF, T5-REF and T6-
The power spectrum does not provide much REF in the standard 10-20 electrode system, widsey
information about the non-Gaussian processes amd thclosed, from 67 brain tumor patients and 42 normal
processes generated by the nonlinear mechanism® due subjects are obtained at a sampling rate of 2560z
the lack of phase information (Nikias and Raghuyeer about 15-20 min. The age is approximately uniformly
1987). The conditions of non-Gaussianness anddistributed ranging from 14 to 53 years with a meén
nonlinearity are often met in many practical apgiicns, ~ 31.36 years and a median of 30 years for the brain
e.g., the biological signals and the biologicaltsys  tumor patients and ranging from 16 to 53 years \with
generating them. Hence the analysis of such presess mean of 33.34 years and a median of 34 years fr th
requires the use of the higher-order spectra sheh t normal subjects. The majority of the brain tumoses
bispectra as they provide more information suctthes  fall in the age group between 20 and 40 years.
deviation from Gaussianity and linearity, phaseptiogs.
In this study the application of bispectrum, whighveils
the quadratic phase coupling phenomena arising fhem A 50 Hz FIR notch filter and an IIR EMG filter are
second-order nonlinearity, has been considered. used to eliminate the 50 Hz power line interfereand
The bispectrum has been extensively used to amalyzthe EMG artifacts, respectively. Certain artifaaish as eye
the EEG time series to discriminate various pathio& movements, eye rolling and essential tremors aile st
conditions, metal tasks, physical (sleepy, andésjhgtates  present in the EEG records. Generally the remdviilese
(Hosseini et al., 2010; Saikia and Hazarika, 2011; artifacts by the traditional method of filteringrist possible
Swarnkar et al., 2010; Venkatakrishna®t al., 2011;  since they fall in the useful bandwidth of cerelraG.
Yufune et al., 2011). It has been shown in these papers  The method of Independent Component Analysis
that the quadratic phase couplings in EEG do changq|CA) is the best solution for this situation
in accordance with the physical and physiological (Mammoneet al., 2012; Selvanet al., 2011). A recently
conditions of the brain. As the self-emitting proposed ICA technique known as the Modified Wavele
oscillations of the complicated neural network bét |CA (MwWICA) (Selvamet al., 2011) was used to remove
brain (Buzsaki and Draguhn, 2004) can be consideredhese artifacts.
non-Gaussian (Nikias and Raghuveer, 1987), the  From this set of “clean” EEG records, ten min
application bispectrum to EEG is quite intuitives e (10x60%256 = 1,53,600 data points) of only the seve
presence of a brain tumor affects the brain both posterior channels, namely, Pz, P3, P4, O1, O2arkb
physically and physiologically, the expectation of T (‘REF has been dropped for convenience), @hea
changes in the (nonlinear) dynamics of the braid an ggG record are retained for the proposed analysis.
subsequently the use of bispectrum for quantifyil®m  hese 7-channel, 10 min EEG records are then basdpa
are intuitively understandable. filtered to 1-40 Hz as this is the band of interest

In this study, the bispectral analysis of the jgcal o - "
EEG recorded from the posterior (parietal and ?hei;lerraollyofsoer drg(rjlsatl Osfist)h ?P?Qi;al gggg;:atlonscﬂmdmg
occipital) regions of the heads of both the braimar prop y " )

patients and normal subjects has been presentesl. TR 3. Basics of Bispectrum and Bicoherence
Bicoherence Index (BCI) or simply Bicoherence (BIC) , i )
is used to quantify the quadratic phase couplinghé The concept of the bispectrum and its properties
EEG records. The results obtained have been tésted are extensively presented in the literature (Nikaasl
their statistical significance in characterizingeth Raghuveer, 1987).

2.2. Preprocessing

presence of the brain tumor. A power spectral featu The bispectrum, Bwy, ) of a discrete, real,
namely the Power Ratio Index (PRI) has also beenstationary (univariate) random process, X (t) )kt =
analyzed for comparison. 0,£1,+2,... with zero mean is defined as the two-
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dimensional Fourier transform of its third-order methods and parametric methods. Two conventional or
cumulant sequence i-e-Bx(%wz)=F2{v§(Tl,T 2)} where non-parametric methods, namel){, the dirgct andécti
F ts the 2-di ional Fourier t P— methods are generally found in the literatures. The
o} represents the 2-dimensional Fourier trans parametric methods provide higher frequency regoiut
¥;(1,,1,)is the third-order cumulant sequence. The yhan the conventional methods and however suften fr
third-order cumulant sequence is defined asthe difficulty in determining the model order pawter.
Vi(1,,1,) = E{ x(Ox(t+1,)x(t+1,) where E{} represents The conventional methods are popular for their ezfse
- : implementation. In this study, the direct class thé
thxe statistical expecta'Elon. 't can be shpwn that conventional methods is used. The direct methodthik
B (@, ;) = E{ X(@)X (@)X (@, w)} where X@) is the  paceq on the Fast Fourier Transform (FFT), is skiety
Fourier transform of X(t) and * represents the described in (Kim and Powers, 1979; Nikias and
complex conjugate. Raghuveer, 1987). The bicoherence is the normalized
The properties that are worth mentioned here(gre: version of the bispectrum (Kim and Powers, 1979)efGa
the bispectrum is generally complex and has thediscrete-time sequence, x(n), n=0,1, 2,..., Nviere N is
magnitude and phase, (i) the complex plane of thethe cardinality of the sequence, the sequencegimesgted
bispectrum has 12 symmetric regions, (iii)) the épum into K short sequences(®) = x[n + iM-(i +1)(D-1)] , n =
of a (linear) Gaussian process is everywhere Zfothe 01,2..M-1andi=0,1,2,.., K-1 of M sampéh with
bispectrum of a linear non-Gaussian process isan overlap of D samples and each segmgny,ig centered
everywhere constant and (v) the bispectrum of dimear 55 (n) - x_wherex is the arithmetic mean of(x). The
process is varying and peaking due to the phasglings
arising from the nonlinearity. The property (ii)pfies that
there is a “principal” region only in which the pectrum
needs to be computed. This principal region is the P*(ki.k;)=
triangular regionw, = 0,w, andw, +w, < 1.

bicoherence is then given by Equation 1 and 2:

B" (k. ko)

A quadratically nonlinear system is the one with 1K , N 2\ (1)
second-order nonlinearity e.g., a Volterra-Wiengestesm (szi(kl) X, (k)] ] (Kin(k1 +k )| ]
of order 2. The phenomenon, where the phases have t = =
same relations as the frequencies, is called theratic
phase coupling. Generally, in case of a frequenplet Where:
in the output of a system, there are three possiwes:
(i) when they are not harmonically related and it B (k;.k,) =
random phases (i.e., no phase-coupling), the bispac 12 . 2
is identically zero everywhere, (i) when they are E;(%A)[X‘(kl)xi(kz)xi(kl +k?)]
harmonically related with same phase relationstsp a
frequency (i.e., phase-coupling), the bispectrurakpe - _j{zinkn}
due to the quadratic phase coupling and (iii) wttery X (k)=>'x (n)e - " 3)
n=0

are harmonically related with random phases, atin
known as the frequency-coupling, the bispectrum may
still peak under certain frequency and amplitude ~ The X(k), i = 0,1, 2,..,K-1 in Equation 3 are the
combinations. In all the three cases, the powectspa  discrete Fourier transforms of(ix). Each segment;(r)
invariably shows three peaks at these three fraiperDue ~ can be windowed, if desired, in order to reduce the
to this ambiguity, the estimated bispectral peakeeially ~ spectral leakage. The possible window functiontuohe
from a finite data set, needs to be statisticalgted for its ~Hamming, Hann and Blackman. For a given N, the
significance in quantifying the presence of phamgpling. overlapping not only reduces the variance in the
This ambiguity is overcome in the normalized bispgn estimated bispectrum, as it increases the number of
i.e., bicoherence (Elgar and Guza, 1988). segments (i.e., K) for the ensemble averaging,atad
provides a chance for a larger segment length (¥&.
thereby improving the frequency resolution. A segme
The bispectral estimation methods are broadlysize of M samples gives a frequency resolutiodiof
classified into two: The conventional or non-partive fJ/M where § is the sampling rate of the time series in

2.4. Estimation of Bispectrum and Bicoherence
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Hz and an ensemble average over K segments yields band and the [8-13] Hz (alpha) band from each emdch
variance proportional to NAKHence, given a set of &nd each posterior channel EEG record are then selected
N the values of M and D must be properly selecd s averaged over the all the epochs (10,050 from brain
that the desired frequency resolution is achieveti&  tumor case and 6,300 from normal case) to obtan th

the same time the variance in the estimated bispect  final channelwise value for the proposed analysis.
is as low as possible.

The estimation of the bispectrum requires the EEG2-5- Test for Gaussianity and Linearity

signal to be stationary (Sit al., 2008). Since the EEG The Hinich test is the statistical hypotheticasititeg
signals are non-stationary, they are often analyiped ggainst the null hypothesis that the time seriedeun
segments in order to ensure the stationarity using consideration is a Gaussian process generatedibgaa
criterion of weak stationarity, which requires thhe mechanism. The Hinich test is extensively formuate
statistical parameters up to certain order remain(Hinich, 1982). In this test, two statistics, naynéte S
(practically) constant over the entire period ofe th gtatistic and the R statistic derived from the iruait
segment (Blancet al., 1995). The most popularly used piconerence and the non-central Chi-square distoibu
weak stationarity is the second-order stationasibych are used as the measure of deviation from the
requires the second-order statistics, mean andiatdn Gaussianity and the measure of degree of linearity,
deviation (std), to remain constant at some presdri  respectively. The test makes use of the facts that
significant level (e.g., 5%). The test for detegtithe  picoherence is zero for a Gaussian process andasins
stationary segment length was carried out as falow for 3 linear process. The hypothetical test forlitearity
Each channel record was split into overlapping S8081  is considered only if the null hypothesis on the
of length 1s (256 samples) called the bins. Thelape  Gaussianity is rejected. The HOSA toolbox (freely
was 0.5s (128 samples). The means (bin means)tdsid s zyailable at

(bin stds) of each of these bins were computednthe  ptp:/Avww. mathworks.com/matlabcentral/fileexchahge
means and stds of the bin means and bin stds wergp13) contains a MATLAB routine called glstat to
computed and the constancy of the bin means and big|culate these statistics.

stds was tested by checking whether their values i The S and R statistics required for the Hinictt tes
within the 95% confidence interval of their mears,i  gre estimated using the bicoherence for each 4-sec
within mean2std for various lengths of consecutive gpoch. It should be noted that though the Hinicit i
bins. The percentage of number of consecutive thias  performed on the epoch basis i.e., 10,050 epochsairf

met this criterion was calculated. All the conse@it tymor EEG and 6,300 epochs of normal EEG are
bins of lengths, 2s, 3s and 4s remained (weakly)analyzed individually, the results are used, on the
stationary. For the bin length of 5s and aboventimaber  ayerage, to statistically determine the Gaussiaaityl

of consecutive bins that failed the stationaritytte/as  |inearity of the entire channel EEG record.

above 6%. The bin length of 4s is chosen for thedyesis ) )
as this ensures both the quasi-stationarity and the?-6- Comparison of Bispectra and Power Spectra

sufficiency of the data points to estimate the é$pm Nagataet al. (1985) used a parameter, called the
(Miller et al., 2004). Thus there are totally 10,050 (67 power ratio index (PRI), to correlate the epicermtethe
casesx10 minx60 sec/4 sec) epochs of seven posterigower dysfunction to the locality of the tumors 16
channels of brain tumor EEG and 6,300 (42 casesx1(yatients with malignant brain tumors. He definesl BRI
min x60 sec/4 sec) epochs of seven posterior ct&ohe 35 the ratio of absolute power in the [1-8] Hz talel
normal EEG for the analysis. theta) band to that in the [8-30] Hz (alpha-betahd
From each 4-sec (1024 data points i.e., N = 1024)This parameter was also calculated from all theebsd

epoch of each posterior channel EEG record, theEgG epochs for the sake of comparison.

bicoherence is estimated with K = 30 overlapping o )
segments of size M = 256 (1 sec) and overlap D @ 23 2-7- tatistical Analysisof BIC and PRI Values

(0.8984 sec i.e., 90% overlap). The largest (peak)  The objective of the statistical analysis of th€Bind
Bicoherence (BIC) values in the [1-8] Hz (deltatthe PRI values obtained is to assess the ability of the
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proposed parameter in characterizing the preseinteeo  [8-13] Hz (alpha) band across all the normal subjead
brain tumor. Si_nce the size of_ the data set isdarg across all the brain tumor patients are shown ctisdy
enough (>30) in both the brain tumor and normalin Fig. 4 and 5. One of the two mean (largest) BIC
cases for the assumption of the normality of the yalues for the normal case falls in the (axial) dhedof
estimated BIC and PRI values according to the e¢ntr ne [8-13] Hz (alpha) band and the other, in thel(ie)
limit theorem (Montgomery and Runger, 2010), the migge of the [1-8] Hz (delta-theta) band whereasthe
two-tailed z-test is used to statistically test dhannel-  p .t mor case one falls in the left (axial) edgehe
wise and overall_mean BIC values in discriminatthg [8-13] Hz (alpha) band and the other, in the leftigl)
brain tumor patient from the normal subject at 5% .4 410 of the [1-4] Hz (delta) band. In both cags, [1-
significance level and to estimate the 95% confiden 8] Hz (delta-theta) band and [8—.13] Hz (alpha,) band

intervals of these mean differences. The confidameeval h h i d it
is here rather than the p-values following the sstigns show some phase couplings and some self-coupligs.

from (Gardner and Altman, 2000). the average, for the normal case, a self—_coupl'mg i
_ detected in the [8-13] Hz (alpha) band while a phas
2.8. Implementation coupling is observed in the [1-8] Hz (delta-theand.

The entire analysis was carried out using the IN contrast, only self-couplings are seen in bdte t
MATLAB @ (The MathWorks Inc., USA) software Pands for the brain tumor case.

package on a persona' Computer_ The 95% confidence intervals of the channel-wise
mean (largest) BIC values for the normal and brain
3. RESULTS tumor cases in the [1-8] Hz (delta-theta) band taed8-

13] Hz (alpha) band are shown, respectivelyFig. 6

The results of the test for determining the stetiy ~ and 7 where a value, 0.0 equals 0% coupling strength
segments using the second-order weak stationarityand 1.0 equals 100% coupling strength. The coupling
criterion are shown iffig. 1aand b from two exemplary ~ strength in the [1-8] Hz (delta-theta band) varfiesn
EEG records, one being the brain tumor and therpthe about 40% to 53% for the brain tumor patients while
normal. The dotted line shows the 95% confidencein the range around 23-42% for the normal subjects
interval of the respective second-order statistiegn or ~ Meanwhile, the coupling strength in the [8-13] Hz
std) for two sets of 7 consecutive bins i.e., tweed (alpha) band is very low (<6.5%) for the brain tumo
segments. The markers (asterisks) indicate theesadfi ~ case and very high (about 27% to 52%) for the nbrma
the respective statistic. case, especially in and around the occipital region

All the epochs of the seven posterior channel EEG The statistics of the overall mean (largest) BIC
records from both the brain tumor patients and mbrm values in the [1-8] Hz (delta-theta) band and B3]
subjects fail the Hinich test for the Gaussiankyound Hz (alpha) band are shown ihable 1. The mean
94% of the epochs fail the linearity test in thaibr  difference in the [8-13] Hz (alpha) band is sttty
tumor case while around 81% of the epochs fail themore significant (p<0.0001) than that in the [18}
linearity test in the normal case. (delta-theta) band (p<0.001). The 95% confidence

The contour plots of the bispectra of seven interval on the mean difference of the largest B#lles
posterior-channel scalp EEG records from a normalin the [1-8] Hz (delta-theta) band is quite largémost
subject and a brain tumor patient are shown resdgt  11% more than the observed difference. Howeves, thi
in Fig. 2 and 3 where f1 and f2 are the bifrequency quantity in the [8-13] Hz (alpha) band is only
values. Strong self-couplings (Raghuveer, 1988kaem  approximately onequarter (more precisely 23%) @ th
in the [8-13] Hz (alpha) band in the normal casdlavh observed difference.
strong self- (some phase-) couplings are seereifl#3] Table 2 shows the statistical analysis of the Power
Hz (delta-theta) band in the brain tumor cases. Ratio Index (PRI) using the two-tailed z-test. T9&%

The channel-wise distributions of all the (largest confidence interval on the mean difference betwiten
bicoherence (BIC) values (circles) and their mealnes PRI for the brain tumor case and that for the ndicaae
(triangles) in the [1-8] Hz (delta-theta) band andhe is statistically insignificant (p<0.05).
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Fig. 1. Quasi Stationarity Test for Signal Segmentatiorfadfan exemplary normal EEG record and (b) an el@amprain tumor
EEG record. The dotted line shows the 95% confidenterval (meant2std) of the second-order stat{stiean or std) for 7
consecutive bins i.e., a 4-sec segment and theemsaf&sterisks), the values of the statistic ferliims
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Table 1. Statistics of overall mean (largest) BCI values

Mean bifrequency values (std)
Mean BIC value (std)

Normal Brain tumor 9% confidence
Brain s interval on mean
Band Normal tumor ,f(Hz) f, (Hz) f; (H2) f, (Hz) Normal difference
[1-8] Hz (delta-theta) band  0.3276 0.4549 5.6342 48%4 2.5288 1.8165 (0.0569, 0.1977)*
(0.1873) (0.1749) (0.84) (0.82) (0.64) (0.3)
[8-13] Hz (alpha) band 0.3815 0.0351 9.6445 9.3432 8.4744 8.2586
(0.1276) (0.0328) (0.31) (0.35) (0.15) (0.09) (7@3,0.3858)**

*p<0.001; **p<0.0001; std-standard deviation
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Table 2. Statistics of overall mean PRI values with a Variety of phy5i0|ogica|, Cognitive and beilosal
Mean BIC value (std) . _ . states of the brain is once again evident fromethesults.
95% confidence inteal on Since the phase coupling is considered as a $ort o

gc;r;;gl iriglggumor %eggoﬂﬁirsggg)* (nonlinear) phase synchrony (Kim and Powers, 1979;
((')_4532) (io.OOOO) ' T Siu et al., 2008), the strong phase (self-) coupling in the

alpha band suggests a strong phase synchrony in the
alpha band for the normal case. Such a strong phase
4. DISCUSSION synchrony is seen in the delta-theta band for tbéh
normal and brain tumor cases.

The normal cases are selected with an age For the brain tumor patients the [1-4] Hz (delta)
distribution similar to the age distribution of theain ~ Pand exhibits slightly stronger phase synchronylevhi
tumor cases since the EEG characteristics are ggner the phase synchrony in the [8-13] Hz (alpha) band
dependent on the age (Nunez and Srinivasan, 20AR).  S€ems to be significantly lost. Decreased coupling
avoids any ambiguity on the results obtained duthéo  Strengths in the high-frequency band and increased
age-dependency of the scalp EEG. ones in the low-frequency band are often indicatife

The results of the Hinich test for the Gaussiaaitg ~ low brain activity (e.g., levels of sedation, depth
linearity suggest that an EEG record with eyesedos sleep) (Barnettet al., 1971; Roustaret al., 2005;
can most often be considered as a non-Gaussiaegzoc Venkatakrishnanet al., 2011; Yufuneet al., 2011).
generated by a (possibly quadratically) nonlinear Thus the presence of tumor reduces the brain &ctivi
mechanism at a 95% confidence level (or 5%  The absence of phase coupling, which is found in
significance level). This complies with the result the [1-8] Hz (delta-theta) band for the normal caseler
presented in (Pradhanal., 2012) and concludes that the the presence of a brain tumor is an indicationostlof
attempt to quantify the phase couplings in theserds  quadratically nonlinear interaction in this banchege
is meaningful. The EEG time series remains non-findings support the nonlinear interdependency betw
Gaussian all the time and nonlinear most of theetith ~ the brain regions and its contribution to the alpha
may also be noted that the nonlinear structuréénBEG  rhythms (Breakspear and Terry, 2002).
record is more dominant in the brain tumor casa thahe The physiological model proposed for the
normal case. Such dominance of the nonlinear dearat  corticothalamic dynamics in assessing the chariatiter
the scalp EEG has been already observed undeincertaof the EEG associated with the thalamic tumors in
other pathological conditions as well (Diambtal., 2001).  (O’Connor and Robinson, 2005) and subsequent
This might be due to the fact that the presence toimor ~ discussions therein are the evidences for the tedfethe
adds inhomogeneity (spatial non-uniformity) to kbeality supratentorial tumors on the corticothalamic inparsl
of the tumor (O’Connor and Robinson, 2005). corticocortical networks which are responsible the

The reason for the selection of the posterior generation of the alpha rhythms (Schaul, 1998). The
channels is the fact that the alpha activity is ohamt in ~ finding presented in this study not only suppottss t
the frequency range 8-13 Hz during wakefulnesshn t model but might also be helpful in extending thisdel
posterior region of the head, particularly over the to other supratentorial tumors on the assumptionoof
occipital region with eyes closed (Nunez and Seean,  Gaussianity for the model response, the EEG.

2006). The strong self-couplings in the [8-13] Hmb The final note is that the use of the bispectndei

for a normal case indicate the presence of strdpigaa in the assessment of the level of consciousnessglur
rhythms. The presence of strong alpha rhythms én th the administration of the anesthetic agent for lihain
frequency range 8-13 Hz is generally an indicatibthe tumor patients has become questionable and is under
healthy brains in 95% of the cases. Such stronfy sel serious study (e.g.,
couplings in the alpha rhythms for normal subjesith http://clinicaltrials.gov/show/NCT01060631). The
eyes closed have already observed by Baehelt (1971). anticipated correlation between the quadratic phase
These self-couplings are almost lost in the braimar coupling phenomenon and the presence of the brain
cases. The noteworthy association of the alphahmg/t  tumor is possibly the outcome of the presentedyaisal

*p>0.05; std-standard deviation
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