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Abstract

Background: According to current knowledge, gamma frequency is closely related to the functioning of neural networks underly-
ing the basic activity of the brain and mind. Disorders in mechanisms synchronizing brain activity observed in patients diagnosed with
schizophrenia are at the roots of neurocognitive disorders and psychopathological symptoms of the disease. Synchronization mecha-
nisms are also related to the structure and functional effectiveness of the white matter. So far, not many analysis has been conducted concerning
changes in the image of high frequency in patients with comorbid schizophrenia and white matter damage. The aim of this research was to
present specific features of gamma waves in subjects with different psychiatric diagnoses and condition of brain structure.

Methods: Quantitative analysis of an EEG record registered from a patient diagnosed with schizophrenia and comorbid white mat-
ter hyperintensities (SCH+WM), a patient with an identical diagnosis but without structural brain changes present in the MRI (SCH-WM)
of a healthy control (HC). The range of gamma waves has been obtained by using analogue filters. In order to obtain precise analysis,
gamma frequencies have been divided into three bands: 30-50Hz, 50-70Hz, 70-100Hz. Matching Pursuit algorithm has been used for
signal analysis enabling assessing the changes in signal energy. Synchronization effectiveness of particular areas of the brain was meas-
ured with the aid of coherence value for selected pairs of electrodes.

Results: The electrophysiological signals recorded for the SCH+WM patient showed the highest signal energy level identified for
all the analyzed bands compared to the results obtained for the same pairs of electrodes of the other subjects. Coherence results re-
vealed hipercompensation for the SCH+WM patient and her level differed substantially compared to the results of the other subjects.

Conclusions: The coexistence of schizophrenia with white matter damage can significantly disturb parameters of neural activity
with high frequencies. The paper discusses possible explanations for the obtained results.
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Streszczenie

Wstep: Zgodnie z obecng wiedza czestotliwo$¢ gamma jest Scisle powiazana z dzialaniem sieci neuronowych lezacych u podstaw
podstawowej aktywno$ci mézgu i umystu. Zaburzenia mechanizméw synchronizacji aktywnosci mézgu obserwowane u pacjentéw
z rozpoznaniem schizofrenii, s3 podstawa zaburzen neuropoznawczych i objawéw psychopatologicznych choroby. Mechanizmy syn-
chronizacja s takze zwigzane ze strukturg i efektywnoscia istoty biatej mézgu. Dotad przeprowadzono niewiele analiz zmian w obrazie
wysokich czestotliwo$ci, wystepujacych u pacjentéw ze schizofrenia i jednocze$nie uszkodzeniami istoty biatej. Celem pracy byto zobra-
zowanie specyficznych cech fal gamma u 0séb z r6znym rozpoznaniem psychiatrycznym i stanie struktury mézgu

Metody: Przeprowadzono analize ilo§ciowa zapisu EEG zarejestrowanego dla pacjentki chorej na schizofrenie wraz ze stwierdzonym uszko-
dzeniem istoty biatej mézgu (SCH+WM), pacjentki z tozsamym rozpoznaniem, ale bez zmian strukturalnych widocznych w MRI (SCH-WM) oraz
osoby zdrowej (HC). Zakres fal gamma uzyskano przez zastosowanie filtréw analogowych, w celu szerszej analizy czestotliwosci gamma podzielono
na trzy pasma: 30-50Hz, 50-70Hz, 70-100Hz. Do analizy sygnatu uzyto algorytmu Matching Pursuit, dzieki ktéremu oceniono zmiany w energii
sygnatu. Do sprawdzenia efektywnosci synchronizacji poszczegolnych obszaréw mézgu uzyto wskaznika koherencji dla wybranych par elektrod.

Wyniki: Wyniki przeprowadzonych analiz wskazuja, Ze w zapisie EEG pacjentki SCH+WM zidentyfikowano najwyzszy poziom energii sy-
gnatu dla wszystkich analizowanych pasm w poréwnaniu do wynikéw uzyskanych dla tych samych par elektrod pozostatych dwéch osdb.
Whyniki koherencji wykazaty hiperkompensacje u SCH+WM a jej poziom rdznit sie zasadniczo od wynikéw pozostatych osdb.

Whnioski: Wspdétwystepowanie schizofrenii i uszkodzen istoty biatej moze istotnie zaktéca¢ parametry aktywnosci neuronalnej
o wysokich czestotliwo$ciach. Poddano dyskusji propozycje wyjasnien uzyskanych wynikéw.

Stowa kluczowe schizofrenia, istota biata, matching pursuit, koherencja

Introduction gram (EEG), there is observed constant increase in
Since Hans Berger first measured the brain activity knowledge regarding bioelectrical activity of the human
of humans in 1924, using the analog electroencephalo- brain, and this development is associated with the intro-
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duction of digital EEG recording and computational meth-
ods of electrophysiological signal analysis. One aspect of
bioelectrical neurons activity are the fastest oscillations with
a frequency higher than 40 Hz, called gamma waves (y).
This interest is related to the finding that the gamma
frequency is closely related to the functioning of neural
networks underlying the basic activity of the brain and
mind, and that gamma waves are involved in the integration
and synchronization of distant neural structures, enabling
the operation of complex cognitive processes, and taking part
in the sense of the unity of consciousness [1,2,3]. The re-
search focused on the analysis of the gamma frequency,
also allow to assess certain parameters of the brains bio-
chemistry, what is possible because known neural struc-
tures generating gamma rhythm, are also related to the
specific type of neurotransmitters, associated with the
balance between the excitatory and inhibitory processes
regulating neuronal activity. Ensembles of fast-spiking
inhibitory interneurons, included in the GABAergic sys-
tem, are known to be crucial, with their activity being
both necessary and sufficient to generate discussed fre-
quency [4]. GABA (gamma-aminobutyric acid) is an inhib-
itory neurotransmiter that is widely distributed in the
whole brain. Mentioned balance of neuronal activity is on
the other hand associated with glutamatergic transmis-
sion, having an excitatory effect, therefore any substantial
abnormalities in gamma frequency might be associated
with significant impairment of brain activity and highly
probable mental disorders [5].

One of neuropsychiatric disorders in which there
were identified abnormal EEG characteristics, including
the activity of high frequencies is schizophrenia. The
disease is associated with the occurrence of multiple
cognitive functions impairments (e.g. attention, problem
solving, memory and cognitive speed), which significantly
hinder the daily functioning of patients, and sometimes,
with comorbid psychopathological symptoms make inde-
pendent existence impossible. The disease is still not
curable, despite the progress in the development of
pharmacotherapy, and the fact that morbidity continuous-
ly is about 5 cases per 1,000 people, makes the effects of
the disease a significant social and economic concern [6].

In patients with schizophrenia of varying duration of
the disease, gamma oscillations evoked in the auditory
cortex by external stimuli are reduced in power (ampli-
tude) compared with healthy individuals. Decrease in
gamma power were also found in patients with schizo-
phrenia during a visual stimulation that necessitates
perceptual organization and provide the feeling of objects
unity [7,8]. Authors also showed that patients with schiz-
ophrenia are characterized by weaker parameters of the
high frequencies synchronization within one hemisphere
in response to the presentation of the stimulus, which
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modality is consistent with the functional specifics of the
given brain hemisphere, which seems to confirm im-
portant role of gamma frequency in synchronizing distant
brain structures [9]. Majority of the studies are focused on
association between anomalous features of evoked gam-
ma oscillations in schizophrenia and disturbed cognitive
functions, and in most of the papers the existence of such a
relationship was confirmed, although it should be marked,
that those studies include analysis of gamma activity as a
response to external stimuli or an experimental tasks meas-
uring various cognitive processes [10,11]. Less research are
available on the resting state gamma frequency in patients
with schizophrenia, and those resting state records are often
analyzed in clinical practice. In several such papers [12,13,14],
obtained results show that resting state spectral power in
gamma frequencies (30 - 100Hz) bands across many
brain regions was increased in the schizophrenia group
compared to healthy controls, what is an inverse result
comparing with studies using evoked gamma oscillations.
Unfortunately, those data regarding spontaneous gamma
frequencies are not fully explained so far, while taking
into account the main function of gamma oscillations and
power, it seems likely that they reflect an impaired syn-
chronization of various brain areas activity, both during
information processing and in the resting condition.

This raises the question as to what characteristics
will have various parameters of frequency and power in
gamma band in patients in which there are additional
white matter damage, and thus a kind of "wiring" of the
brain impairments, which provides a combination of
anatomical connections between distant neural structures
necessary for the proper operation of the mind. Having
regard to the foregoing data one can hypothesize that:
overactive gamma power and frequency in resting EEG
reflects a pathological hypersynchronization of cortex as a
reaction to the dysfunctional subcortical connections
running through the white matter fibers. If this hypothesis
will be confirmed, it seems more likely that that increase
in the power gamma in resting EEG records of patients
with schizophrenia is associated with damage to the sub-
cortical areas ensuring the correct anatomical connec-

tions for cooperation of distant brain structures.

Subjects and Methods
Subjects

Three participants for the experiment were chosen,
two from group of clinical patients. The first one (SCH-
WM) was a woman aged 25, with clinical diagnosed schiz-
ophrenia. Patient had MRI examination, but visualized
brain structures does not show any structural abnormali-
ties. Also in the EEG study there were no disorders during
steady state record with closed eyes. During therapy
patient took Olanzapine in 20mg doses per day.
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The second one patient (SCH+WM) was a woman
aged 23, also with clinical diagnosed schizophrenia, but
in this case MRI examination show structural abnormi-
ties (Fig.1). Radiologist define result of the examina-
tion as "presence more than seven focuses of white
matter hyperintensities seen on PD and T2-weighted
MR including fluid attenuated inversion recovery se-
quence imaging present in both hemispheres, size up to
8 mm. Changes are localized both in deep white matter
and periventricular. One of them (on the border of the
left frontal and parietal lobes, with a diameter of 3
mm) shows a strengthening intensity after intravenous
administration of contrast”. EEG study also show ab-
normalities in frontotemporal, mainly theta-delta
group of waves.

The healthy control was a woman aged 24, with
clear MRI and EEG examinations.

Recording

Data was recorded from 22 channels, using Ag/Agcl
electrodes mounted in 10-20 system. Sampling frequency
was 256Hz.
stopband filters and 0.1Hz high-pass with 200Hz low-pass

During the recording active 50-60Hz

filters were applied. Electrode impedance was below
10kOhm. Signal was recorded by ELMIKO Digit Track and
converted to EDF data format. During the 20 minute long
EEG procedure subjects has been subjected to
photostimulation and hyperventilation. For most of the
time patients eyes were closed, they open it only for tech-

nician orders.

Data preprocessing

The first thing in EEG data processing was to choose
artefact-free 30s time section for every subject. For better
examination of fast brain waves and to minimized impact
of current artifacts gamma band was split into three
bands 30-50Hz, 50-70Hz, 70-100Hz. To get expected
frequencies, raw signal was filtered with analog filters
designed in MATLAB.

The first two bands 30-50Hz and 50-70Hz where fil-
tered by passband Chebyshev I filter with stopband attenua-
tion 25db. Chebyshev has been chosen because, the falling
edge of the filter in this case is the steepest with the selected
parameters [15]. Filter has been designed based on:

1
JL+&Cl (o] )

Hew (i@ )| = )

where: & - is the ripple factor
@), - is the cutoff frequency
CN (a)/ a)o) - is the Chebyshev polynomial of

the n-th order

Fig 2. White matter hyperintensities in the frontal lobe
(a.) and parietal area (b.) in SCH+WM patient.

The last one frequency band was 70-100Hz and in this
case stopband attenuation was set on 20dB. Passband
ripple was 3dB for both filters and ripple factor & value
was determined by:

£ =~10""" _1 ()

where: A

qass ~ is maximum passband attenuation
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Signal analysis

Coherence

Coherence between individual pairs of signals was
the first step in signal analysis. In many papers research-
ers point disconnections between different brain areas as
one of most common brain dysfunctions in schizophrenia
[16]. In order to provide such abnormalities, it has been
chosen four inside-hemispheric pairs F7-T5, F8-T6, F3-P3,
F4-P4 and four inter-hemisphere pairs F3-F4, F7-F8, T3-T4,
P3-P4. To show coherence changes for every single fre-
quency point, not only average value, coherences was
calculated in MATLAB by magnitude square coherence
(mscohere) function described as [17]:

K (a))——sxy(w)‘2
Y S ()8, ()

where: Sxx(a))Syy(a)) - are the power spectrum

(3)

densities of two signals
Sxy (a)) - is cross power spectral density of two

signals
Cross power spectrum density is defined as:

Sy(@)= > R (m)e 4)

where: ny (m) - is a cross-correlation sequence

Matching Pursuit

Last signal analysis process was to apply Matching
Pursuit (MP) algorithm [18], for time-frequency signal
energy calculation. MP is defined as iterative sequence
that can decompose signal into linear combinations of
functions gn called “atom”. Atom functions, usually called
as Gabor atoms are the best compromise between time
and frequency resolution, set of Gabor atoms create time-
frequency dictionary [19]. At the beginning MP create first
iteration and chose which go atom from dictionary will be
best description of tested signal. For each analyzed signal
frequency band Gabor dictionary was limited to 100 at-
oms, which allows to see precisely for what frequencies
signal energy density ES(t, a)) was highest. Signal ener-
gy density was calculated by:

f:f: Es(t,co)dtdoo:||s||2 (5)

In signal processing theory the energy Es is not
strictly the same value as notion of energy in other sci-
ences. There is possibility to connect those two values by
using:

Curr Probl Psychiatry 2016; 17(3): 141-148

E. 1~ 2
E:—S:—j ()| dt (5)
Z Z°
where: Z - represents the magnitude of the load driven

by the signal

If we consider to apply (5) for electrical circuits, x(t)
will be electrical potential in volts, so the Z value will
represent the impedance of the transmission line.

3. Results

Coherence

Results of mscohere algorithm will be present as a distri-
bution of values for a particular frequency points (Figure 2)
and as an average values for whole band presented in Table 1.

Results of coherence-frequency distribution for sin-
gle points are presented on (Figure 2) three subplots.
Each subplot show different frequency band, a) represent
30-50Hz, b) for 50-70Hz and c) shows 70-100Hz band.
Subplots are divided into two rows of small plots, every
upper one plots series shows intrahemispheric electrode
pairs and the lowers show interhemispheric pairs. Results
for every subject have different line styles: SCH+WM -
solid line, SCH-WM - dotted line, HC - dash-dot line. At
first subplot (a) one can see that in every pair of elec-
trodes most coherent brain signals have subject SCH+WM.
Most discoherent signals have patient SCH-WM which can
be sign of neural disconnections. Red curve representing
HC, mostly oscillates between SCH+WM curve and SCH-
WM, only for coherence of T3-T4 signals SCH-WM have
bigger coherence value. Second subplot (b) shows coher-
ence of signals located in 50-70Hz frequency band. In this
plot series again coherence distributions of subject
SCH+WM are the most dominant. The lowest coherence
value in this frequency band have subject SCH-WM which
also may indicate on desynchronization of some brain
areas. HC participants values are located in upper parts of
plots but still for this band coherence values are lower
than for SCH+WM. Last subplot (c) shows that also for 70-
100 Hz band SCH+WM coherence values are the highest.
Third plot sequence shows also smaller disproportion of
coherence values between HC and SCH+WM. Also for 70-
100Hz band WM-WM have lowest coherence value but
coherence disproportions in that frequency band are
lower between whole group than for subplots a and b.

Additional way to show coherence fluctuations is
described in Table 1, with averaged coherence values.
Table was split horizontally into three rows, each one
shows different frequency band, first 30-50Hz, second 50-
70Hz and the third one is 70-100Hz. Vertically table has
two main verses which divide intrahemispheric and
interhemispheric electrode pairs and third verse
show mean of intra- and interhemispheric coherences.
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Fig.2 Three subplots (a,b,c) contain coherence distribution curves for three frequency bands 30-50Hz, 50-70Hz and 70-
100Hz. Every subplot is split into two rows where upper row contains coherence distributions for intrahemispheric
electrode pairs and lower for interhemispheric pairs. Coherence distribution line styles are: solid line for SCH+WM, dash-
dot line for HC and dotted line for SCH-WM
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Tab.1 The table contains average coherence values for three frequency bands 30-50Hz, 50-70Hz and 70-100Hz, for each
subject individual. Each electrode pairs were split for two groups intrahemispheric and interhemispheric. Third row
placed on the bottom of the table shows mean of intra and interhemispheric average coherences values

30-50Hz 50-70Hz 70-100Hz
HC SCH-WM | SCH+WM HC SCH-WM | SCH+WM HC SCH-WM | SCH+WM

Intrahe- F7-T5S 0.47 0.19 0.94 0.63 0.33 0.96 0.64 0.22 0.96
mispheric | F8-T6 0.50 0.49 0.84 0.66 0.49 0.91 0.67 0.46 091
pairs F3-P3 0.58 0.33 0.88 0.84 0.42 0.97 0.89 0.29 0.96
F4 - P4 0.72 0.54 0.83 0.9 0.57 0.93 0.9 0.48 0.95
M 0.56 0.38 0.87 0.49 0.45 0.94 0.77 0.36 0.945
Interhe- F3 - F4 0.76 0.62 0.92 0.84 0.53 0.98 0.88 0.4 0.96
mispheric | F7 - F8 0.59 0.13 0.84 0.65 0.32 0.92 0.68 0.26 0.91
pairs T3-T4 0.14 0.18 0.88 0.13 0.41 0.95 0.17 0.41 0.95
P3 -P4 0.68 0.49 0.93 0.9 0.71 0.98 091 0.59 0.97
M 0.54 0.37 0.89 0.63 0.49 0.95 0.66 0.41 0.95

Mean of intra- and
interhemispheric 0.55 0.375 0.88 0.57 0.47 0.945 0.71 0.385 0.95

coherences

Tab.2 The table contains energy values for single EEG channels obtained by MP algorithm. Three main rows for three
subjects (HC, SCH-WM, SCH+WM) shows energy values for three frequency bands 30-50Hz, 50-70Hz and 70-100Hz

HC SCH - WM SCH + WM
30-50Hz 50-70Hz 70-100Hz 30-50Hz 50-70Hz 70-100Hz 30-50Hz 50-70Hz 70-100Hz
F3 804 126 185 612 56 80 1403 183 260
F4 771 127 189 668 56 73 1384 182 255
P3 911 125 188 617 53 68 1351 182 261
P4 863 137 201 685 55 72 1289 173 243
F7 763 138 198 472 54 71 1415 186 263
F8 698 132 200 602 61 80 1276 172 242
T3 904 170 248 448 49 64 1364 181 258
T4 1682 329 471 606 53 72 1162 156 218
T5 870 134 191 469 57 71 1347 180 256
T6 834 151 232 605 57 73 1154 160 223

Analyzing the first frequency band (30-50Hz) we
can see that biggest values for coherence have SCH+WM,
values for HC are evidently less than for SCH+WM. Com-
pering SCH+WM with SCH-WM differences are even twice
as high for both intrahemispheric and interhemispheric
pairs. In second frequency band (50-70Hz) differences
between HC and SCH+WM are still high and SCH+WM
have bigger coherence values for second band than for the
first one. Subject SCH-WM in this frequency range have
higher coherence values than in earlier analyses, but
those indexes are still the lowest in both intrahemispheric
and interhemispheric pairs, and lowest among other
subjects. Last frequency band is characterized by high
coherence average values for HC subject, and in this case
again SCH+WM has the biggest average coherence values.
Strongest differences in the third band are for SCH-WM
subject where the values of coherence are lower than in
50-70Hz band when for both HC and SCH+WM the values
of coherence are rising.

Summarizing the coherence results, in all analyzed
cases, SCH+WM subject had abnormally high coherence
values for both intrahemispheric and interhemispheric
pairs. Distribution of coherence values presented on sub-
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plots were also highest for SCH+WM. Lowest coherence
results had subject SCH-WM, the indexes for this subject
where even two times lower than for SCH+WM. Coher-
ence results for HC subject where oscillating around 0.5 -
0.6 average scores and the coherence distribution on plots
was also concentrated in the middle of scale value.

Matching Pursuit

Matching pursuit analysis was implemented to show
energy features of the signal, which can inform about brain
activity abnormalities. Results of MP algorithm were energy
indicators for each EEG channel separately (Table 2). For
better evaluation, the table was split into three main rows,
every one represent energy results for different subjects,
for three different frequency bands. The first row shows
differences of energy level for HC subject, the second one
for SCH-WM subject and the third one for SCH+WM sub-
ject. It can be seen that energy values for every subject are
highest in 30-50Hz frequency band and lowest for 50-
70Hz frequency band. Most important differences can be
seen when energy scores for same bands but different
subjects are compare. For first band (30-50Hz) energy indexes
are the highest for subject SCH+WM which values are signifi-
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cantly bigger than for HC and almost two times higher as in
SCH-WM case. In second frequency band (50-70Hz) differ-
ences between energy indexes are still substantial when
compare HC with SCH+WM but when compare SCH+WM
and SCH-WM differences are higher than in first analyzed
range. For last frequency range energy values were still
highest for SCH+WM and are close to values obtained for HC
but in compare to SCH-WM differences are still very high.

Summarizing the MP results it can be seen that
SCH+WM have highest energy values in every frequency
band in compare to other subjects. Also HC subject in
every frequency range have higher energy indexes than
SCH-WM. Values for SCH-WM can suggest that fast brain
waves of this subject have very low amplitude which can
be connected with abnormalities in voltage generating
mechanism. On the other hand high energy level for
SCH+WM may suggest that subject have problems with
neuronal overload.

Discussion

Our results clearly show a substantial difference in
brain activity of a patient with schizophrenia and comor-
bid white matter damage, and a patient with the same
psychiatric diagnosis, but without perceptible in the MRI
structural brain damage, and a healthy person. Applied
computational methods allowing evaluation of various
gamma bands synchronization and power properties
revealed abnormal hypersynchronization of gamma oscil-
lations and marked increase in indicators of power. Co-
herence indexes of healthy participant, as well as SCH-
WM patient are internally varied, whereas all the coher-
ence parameters, including both the inter- and intra-
hemispheric pairs of SCH + WM patients are very high,
and over 30 - 100 Hz frequencies maintain rate higher
than 0.80. It is also possible to observe, that the higher the
frequency of the gamma bands, the higher are all tested
parameters of brain bioelectric activity. Given the data
discussed earlier, such extreme form of fast oscillations
hyperactivity indicates the imbalance between basic bioe-
lectric and biochemical processes of excitation and inhibi-
tion, leading to a profound disturbance of neuronal home-
ostasis.

Significant increase in the ratios of coherence in the
gamma frequency has been described in several specific
cases. For example, it was observed in individuals with
pharmacologically induced acute psychotic euphoric-like
experiences, for example, after taking ayahuasca; an
entheogenic brew made out of Banisteriopsis caapi vine
and the Psychotria viridis leaf [20]. Analogous abnormal
increase in coherence and power was recorded as a result
of experimentally-induced rapid hypoxia preceded by the
heart arrest in rats [21]. Generally, although a few publi-
cations discuss gamma hypersynchronization determi-

nants, its arises from abnormalities of brain function,
which can be induced pharmacologically, may be associ-
ated with a disturbed neuronal activity in the inter-ictal
periods [22] or damage to these structures and tissues
which are part of the nervous system, causing pathologi-
cal summation of the electrical activity in the form of
overloading the surface of the cortex.

At least two possible mechanisms of excessive high
frequencies activity occurrence comorbid with brain
dysfunction or damage was found in the literature. In
Buzsaki and Silva [23] proposal, based on the model of the
buffering processes regulating synchronization of neural
assemblies to prevent the occurrence of periods of patho-
logical hyper- and hypo-synchronization, it is assumed
that the various forms of brain injury lead to regulatory
mechanisms breakdown. As a consequence, “in the case of
impaired inhibitory control, recruitment of pyramidal
neurons occurs much faster and may involve excess num-
ber of neurons. These patterns reflect an ‘exaggerated’
version of physiological activity.” [23]. Another explana-
tion can be presented by referring to the functional im-
portance of myelin for precision of neural networks and
assemblies operation, as discussed by Prajevic et al [24].
It indicates a key role of the conduction velocity (CV)
parameters, which are closely related to both the axons
diameter, but above all the physiological features of mye-
lin, which as it has been shown [25], is able to adopt the
requirements of temporal organization and synchroniza-
tion of neural networks, and provides mediation of proper
spike-time arrival among axons of various lengths, what
enables converging of electric signals onto a common
target. Temporal differentiation regarding delivery of
action potentials is necessary to ensure proper conduc-
tion delays, without which it is impossible that the signals
coming from distant brain structures through the axons
and axonal clusters with different parameters (e.g. thick-
ness) reached a particular neural goal at the same time,
what is essential for neuronal activity, characterized by
the mechanism of saltatory conduction. The significance
of these properties may be depicted by the fact, that “at
the small scale of neuronal cells, precise arrival of action
potentials at the postsynaptic neuron is perhaps the most
important factor in triggering a new action potential,
since different spikes arriving only a few milliseconds
apart will fail to integrate to cause sufficient depolariza-
tion” [24]. Furthermore the authors show that conduction
delays smaller than 1 ms could affect the phase by 30°,
substantially changing signal amplitude, and what could
be of special importance regarding results obtained in our
study, pathological distortions of a conduction delay on
scale of 5 ms could turn interactions of several synchro-
nized oscillators at the upper end of the gamma band in a
form of destructive interference. Given the anatomical

Curr Probl Psychiatry 2016; 17(3): 141-148
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changes within the white matter in our patient, which
extend far beyond the irregularities on the microstructur-
al level, it can be assumed that the obtained data describ-
ing the neuronal activity, with pathological gamma fre-
quency enhancement, might be significantly related to
serious disturbances of biochemical and temporal mecha-
nisms supporting balance between excitatory and inhibi-
tory processes.

The data we collected and proposals of its explain
show the complexity of the relationship between the
electrochemical activity of the brain and white matter
damage, which, according to current theoretical models is
beginning to be recognized as an important neurophysio-
logical structure involved in the regulation of human
cognition and behavior.
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