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ABSTRACT

Aim. To establish the features of structural and functional changes in the brain in patients with schizophrenia.

Materials and methods. A morphometric analysis of the brain using MRI scans was performed, along with a
clinical assessment of the electroencephalogram (EEG) of 35 patients with schizophrenia (20 men and 15 women).
The control group included 18 healthy sex- and age-matched individuals (10 men and 8 women). Statistical
processing was carried out using the y2 test, the Fisher’s exact test, and the Spearman’s rank correlation coefficient.

Results. Compared to the control group, patients with schizophrenia were significantly more likely to show
signs of ventricular dilation (p = 0.039), asymmetry of the lateral ventricles (p = 0.041), periventricular edema
(» <0.001), and enlargement of the subarachnoid space of the cerebellum (p = 0.004). Changes (class >1A) in the
functional activity of the brain in the group of patients with schizophrenia were detected in 65.7% of the cases. In
more than half of the cases, patients with schizophrenia showed decreased bioelectric activity of the brain (class
2 in 48.6% and class 3 in 11.4%); at the same time, EEG signs of paroxysmal activity were detected in a few
patients (class B in 11.4% and class C in 5.7%) (p < 0.001). A statistically significant direct correlation was found
between the enlargement of the subarachnoid space of the cerebellum and paroxysmal EEG activity in patients with
schizophrenia (= 0.377; p = 0.044).

Conclusion. The findings of our study highlight that the combined use of MRI and EEG can provide important
information about brain pathology in schizophrenia. The data obtained are also important for testing the hypothesis
on the association between vascular and functional disorders of the brain in patients with schizophrenia.
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activity
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PE3IOME

Henb. YcTaHOBUTH OCOOCHHOCTH CTPYKTYPHBIX U (DYHKILMOHAIBHBIX W3MEHEHHUH TOJOBHOrO MO3ra y OOJBHBIX
30 peHeH.

Marepuajbl 1 MeToabl. [IpoBeeH MopoMeTpUUIEeCK A aHATU3 MarHUTHO-PE30HAHCHBIX H300paKeHHUI TOJO0B-
HOTO MO3ra, a TaKXKe KJIMHIYeCcKast OlieHKa 31ekTposniedanorpammsl (D31 35 GonbHbIX mH3odppenuneii (20 Myx-
4yuH ¥ 15 xkeHumH). B koHTpoabHy0 rpynmy Bouuty 18 310poBbix mui (10 My>X4rH H 8 )KEHIINH), KOTOpbIe ObUTH
o00paHbl O BO3PACTY U MOJIy OCHOBHOH rpyIne nanueHToB. CTaTucTHueckas 00paboTka MpoBOIMIACH C IOMO-
IBIO KPUTEPHA X2 U TOUHOTO KpuTepust Puiepa, a Takxke KOppeIAHOHHOro aHann3a CriupMeHa.

Pe3yasTatsl. [To cpaBHEHUIO ¢ TPyNIOi KOHTPOIS Yy OOJIBHBIX MN30(PEHNEH CTATUCTUYECKH 3HAYUMO Yarle 00-
HapY KUBAIOTCS NPU3HAKH paclInpeHns xeryno4koB (p = 0,039), acumMeTprun G0KOBBIX Jkelry0ukoB (p = 0,041),
oTeKa MEepPUBEHTPUKYIAPHBIX 30H (p < 0,001) m pacmmpenus cy0apaxHOMJAIBHOTO IPOCTPAHCTBA MO3XKEUKa
(p = 0,004). Moauduxkarmu (knace >1A) GyHKIIMOHATBHOW aKTHBHOCTH MO3Ta B TPYIIE OOJBHBIX MIM30(ppeHHUCH
ObLTH BBISBICHBI B 65,7% ciydaeB. bosee yeM B mosioBuHE ciiydacB y OOJBHBIX MU30(QpEHUCH 00HAPYKHUBATIOCH
3aMe/IJICHHe OHOAIICKTPUUECKON aKTUBHOCTH Mo3ra (kiacc 2 — 48,6% u knace 3 — 11,4%), OMTHOBPEMEHHO C 3TUM
y HEeOOJIBIION YacTH MAalMeHTOB BBUIBILUIMCH DI -IpU3HaKy mapoKcu3MaibHO#M akTuBHOCTH (Kiace B — 11,4%
n xnacc C — 5,7%) (p < 0,001). BesiBiieHa cTaTHCTHYECKH 3HaYMMask HpsiMasi KOPPEJISIMS MEXIY PacCIIUpEHU-
eM cy0apaxHOUIAIBHOTO MPOCTPAHCTBA MOIKEUKA M NAPOKCH3MAIILHONW aKTUBHOCTBIO Y OOJNBHBIX MIU30(ppeHNeH
(r,= 0,377, p=0,044).

3axinoyenne. [loaydeHHble JaHHBIC B HALIEM UCCICJOBAaHMU IOAYEPKUBAIOT, YTO COBMECTHOE UCIIOJIb30BAHUE
MarHATHO-PE30HaHCHOU ToMorpaduu u 331" MOXKET PEeIOCTaBUTh BAXKHYIO HH()OPMAIHIO 0 MO3TOBOH MaTOJIOTHH
npu mm3odpennn. [lorydeHHbIe HAMH pe3yJIbTaThH IMEIOT 3HAUCHHUE IS IIPOBEPKH THIIOTE3BI O CBS3H JUCIMPKY-
JISITOPHBIX ¥ (QYHKIIMOHAIBHBEIX HAPYIICHUH TOJIOBHOTO MO3Ta y OOJIBHBIX MIM30(peHueil.

KitroueBble cioBa: mu30(peHns, MO3roBast aTtosorus, MarHUTHO-pe30HaHCHas ToMorpadust, saeKTposHedao-
rpadusi, HTapoKcu3MasbHasi aKTUBHOCTh

KoHduMKT HHTEpecoB. ABTOPHI ACKIAPUPYIOT OTCYTCTBHE SBHBIX M ITOTCHIMAJIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNKeil HACTOSIIEeH CTaThH.

Hcrounuk ¢punancuposanus. Mcciaenosanue npoBeeHO B paMKax BbIIONHEHHs roc3afanus Ne 075-01392-23-
00 «Ilepconanu3upoBaHHasi IMarHOCTHKA U Teparus OOJIbHBIX MOJIUMOPOUIHBIMU PACCTPONHCTBAMY IIH30(DPEHU-
4ecKoro 1 ad(eKTUBHOTO CIIEKTPay, perHCTpaloHHbIi HoMep 123041900006-4.

CooTBeTcTBHE NPHHIUNAM ITHKH. Bee yyacTHHKH HcceoBaHys oANHCcaIl HHGOPMUPOBAHHOE COTIacHe Ha
ydacTHe B Hcclie[oBaHuy. VccaenoBanue o100peHO JIOKAIBHBIM dTHIecKiM komuteroM HUU nenxmdeckoro 310-
poBbst Tomckoro HUMII (mporoxon Ne 157 ot 18.11.2022).
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INTRODUCTION

The study of the structural and functional features
of the brain in patients with schizophrenia remains
one of the most actively developed areas in psychiatry
[1,2]. Many previous studies have clearly shown
that in schizophrenia, gray matter atrophy is observed
in various parts of the brain [1-4]. Even at early
stages of the disease, patients with the first episode of
schizophrenia have a decrease in gray matter content
in regions, such as the temporal gyrus, dorsolateral
prefrontal cortex, inferior frontal gyrus, thalamus,
hippocampus, amygdala, etc. [4, 5]. In addition, the
presence of dyscirculatory foci and multiple cysts, as
well as dilation and asymmetry of the lateral ventricles
were found [6, 7].

The literature devoted to neurophysiological
(electroencephalographic) testing has extensively
described flattening of the amplitude of the negative
wave — N100 auditory evoked potentials (EP) in
schizophrenia, although there is contrary information
[10] indicating that the amplitude of N100 does not
change significantly in patients with schizophrenia
compared to the control group. On the other hand,
a relatively high percentage of individuals with
this disorder show changes in the EEG in the form
of generalized slow wave activity (delta and theta
waves), asymmetry, the presence of sharp waves
and/or spike—and—-wave complexes (paroxysmal
patterns) [11-13].

Summarizing the above data, we can say that,
despite the large number of original research conducted
earlier, the results of studying structural and functional
changes in the brain in patients with schizophrenia
are quite debatable, which causes a lot of discussion
regarding the variety of mechanisms (pathogenesis) of
the disease and its diagnostic instability.

On the other hand, despite the widespread
use of new high-tech methods (positron emission
tomography, single-photon emission computed
tomography, magnetoencephalography, functional
magnetic resonance imaging (MRI), etc.), studies
of structural and functional features in the research
of brain diseases, electroencephalography (EEG)
and magnetic resonance imaging (MRI) methods
remain the most adequate in displaying pathological
processes in the brain. Electroencephalography has
almost a hundred-year history and is one of the first
physiological methods used to study the functional
activity of the brain in patients with schizophrenia.
Today it remains a fairly popular way to examine the

brain. In general, bioelectric signals arise as a result
of the combined dendritic inhibitory and excitatory
postsynaptic activity of billions of neurons, primarily
pyramidal cells in the neocortex of the brain [14]. One
of the main limitations of the method is the difficulty
in determining the source of recorded activity, since
pulse activity generators in different parts of the brain
can reproduce the same EEG pattern recorded distally
on the scalp [15]. EEG has high temporal and low
spatial resolution, which is compensated by structural
MRI, which, instead, is characterized by high spatial
and low temporal resolution [16]. Structural MRI
provides detailed information about the regions of the
brain that have pathological changes in many diseases,
including schizophrenia [17].

The aim of the study was to establish the features
of structural and functional changes in the brain in
patients with schizophrenia.

MATERIALS AND METHODS

The study was approved by the local Ethics
Committee at the Mental Health Research Institute
of Tomsk NRMC (Protocol No. 157 of 18.11.2022).
All study participants signed an informed consent to
participate in the study.

In total, 35 patients with schizophrenia (20 men
and 15 women) who underwent treatment in the
Endogenous Disorders Department of the Mental
Health Research Institute Clinic of Tomsk NRMC
were selected for this study. Inclusion criteria were
as follows: patients aged 18—55 years old; they were
diagnosed with schizophrenia according to the criteria
of ICD-10 (F20); the duration of the disease is at
least 1 year; and patients signed a written consent
to participate in the study. Exclusion criteria were
the following: psychoactive substance dependence
(except tobacco), dementia, no significant neurological
history (brain injury, stroke), refusal to participate in
the study.

The age of the patients included in the study was
37 [32; 44] years. The duration of the disease was 15
[11; 21] years. At the time of inclusion in the study,
patients received basic therapy with second-generation
atypical antipsychotic medications (CPZeq — 400
[200; 600] mg / day), the duration of basic therapy
was 4 [3; 8] years. The severity of psychopathological
symptoms was assessed using the PANSS (Positive
and Negative Syndrome Scale) [18] in the adapted
Russian version — SCI-PANSS [19]. The overall
PANSS score of the patients was 81 [68; 101]. The
severity of positive symptoms was 12 [9; 27] points
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versus 23 [20; 26] points for negative ones, while the
severity of general psychopathological symptoms was
44 [39; 53] points.

The control group included 18 healthy individuals
(10 men and 8 women) who matched the main group
of patients in terms of age and gender (p > 0.05) with
similar exclusion criteria.

The methodology of the clinical examination (MRI
and EEQG) is presented in detail in our previous articles
[6, 11].

The statistical analysis was carried out using the
R 4.2.2 software. Compliance with the law of normal
distribution was checked using the Shapiro — Wilk
test. The data did not follow the normal distribution.
Quantitative data were presented as the median and
the interquartile range Me [Q,; Q,]. Qualitative data
were presented by frequency parameters in absolute
and relative units — n (%). The chi-squared test and the
Fisher’s exact test were used to compare frequencies
(in the case of frequencies less than 5). The Spearman’s
rank correlation coefficient (r) was used to identify
the relationships between the studied parameters. The
threshold level of statistical significance of p was
assumed to be 0.05.

RESULTS

According to the analysis of brain morphometry
using MRI, the following pathological changes were
found in the studied groups of patients and controls:
dilation and / or asymmetry of the lateral ventricles,
periventricular edema, enlargement of the subarachnoid
space of the large hemispheres and / or cerebellum, the
presence of cysts in the brain (Table 1).

Table 1

Analysis of brain morphometry using MRI in the studied
groups of patients and controls, n (%)

Patients with

MR parameter schizophrenia, Control, »
n=18
n=35
Ventricular dilation 12 (34.3%) 1(5.6%) | 0.039*
Asymmetry of the lateral 11 (314%) LG.6%) | 00a1s

ventricles

Periventricular edema 6(33.3%) | <0.001*

31 (88.6%)

Enlargement of the
subarachnoid space of the
large hemispheres

13(37.1%) | 4(22.2%) | 0.358

Enlargement of the

subarachnoid space of the 30 (85.7%) 8 (44.4%) | 0.004*
cerebellum
2 (11.1%) | 0.463

Cysts 8 (22.8%)

* Statistically significant differences here and in Tables 2, 3.

Compared to the control group, patients with
schizophrenia were significantly more likely to show
signs of ventricular dilation (p = 0.039), asymmetry of
the lateral ventricles (p =0.041), periventricular edema
(» < 0.001), and enlargement of the subarachnoid
space of the cerebellum (p = 0.004).

When summarizing the obtained EEG data,
changes (class > 1A) in the functional activity of the
brain were detected in 65.7% of cases in the group of
patients with schizophrenia (Table 2).

Table 2
EEG modifications in the studied patient and control groups,
n (%)
Patients with Control
EEG modifications schizophrenia, o
n=18
n=35
1 14 (40%) 18 (100%)
Slowing on EEG 2 17 (48.6%) -
(class) 3 4 (11.4%) -
4 _ _
A 29 (82.9%) 18 (100%)
Paroxysmal activity 8 4 (1 1 .4%) _
(class) s
(class) C 2 (5.7%) -
D — _
*p<0.001.

In more than half of the cases, patients with
schizophrenia showed slowing of the bioelectric
activity of the brain (class 2 in 48.6% and class 3
in 11.4% of cases). At the same time, EEG signs of
paroxysmal activity were detected in a few patients
(class B in 11.4% and class C in 5.7% of cases).

Table 3 shows the correlation analysis data on
EEG changes depending on the detected pathological
changesaccording to the analysis of brain morphometry
using MRI in patients with schizophrenia.

Table 3

The relationship between the parameters of brain MRI and
EEG in patients with schizophrenia

MR parameter Slowing on EEG Parogy.smal
activity
. o r =0.022 r=0.189
Ventricular dilation p=0923 p=0.409
Asymmetry of the lateral r.=0.092 r.=0.148
ventricles p=10.691 p=0.521
Periventricular edema r,=0.09 r,=0.116
p=0.666 p=0.613
Enlargemeqt of the = 0144 r=0152
subarachnoid space of the 053] 0509
large hemispheres p=" p="
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End of table 3

The relationship between the parameters of brain MRI and
EEG in patients with schizophrenia

MR parameter Slowing on EEG Paroxy.smal
activity
Enlargemen.t of the r =0.025 =037
subarachnoid space of the 0326 " 0.044%
cerebellum p= p=
Custs r,=0.111 r.=0.146
Y p=0.632 p=0.527
A statistically significant correlation was

found between paroxysmal activity on EEG and
the enlargement of the subarachnoid space of the
cerebellum in patients with schizophrenia (r, = 0.377;
p = 0.044). We could not find statistically significant
correlations with the clinical parameters of patients
(age, duration of the disease, duration of basic therapy,
severity of psychopathological symptoms according
to PANSS) ( p > 0.05 for all).

DISCUSSION

The data presented in our original study indicate
the presence of extensive structural and functional
changes in the brain in patients with schizophrenia.
The dyscirculatory disorders detected using MRI in
schizophrenia are consistent with the results of earlier
studies [4, 5, 20, 21]. As is known, the detected MRI
parameters are not independent diseases, but arise in
response to pathological processes occurring in the
brain. Nevertheless, unlike a number of previous
studies [4, 5], we were unable to establish significant
correlations of brain abnormalities with the clinical
and dynamic features of schizophrenia, which may
be due to the innate nature of pathological changes
in the brain. For example, parents of newborn
children often learn about the enlargement of
the subarachnoid space after examination. These
phenotypic features reflect disorders of embryonic
morphogenesis resulting from the constellation of
hereditary factors and perinatal effects, the clinical
assessment of which is important for the identification
of abnormalities in the development of the nervous
system [22].

We also identified significant changes in the
functional activity of the brain in patients with
schizophrenia in the form of a slowdown in
biopotentials and emergence of paroxysmal activity on
EEG. It is assumed that these changes are associated
with inhibitory deficit of GABAergic projections of
the cortex to pyramidal neurons. This can lead to
uncontrolled excitation (hyperexcitation) of pyramidal

neurons, which, in turn, affect their targets, causing
excitotoxic changes leading to regression of neural
networks due to loss of dendrites and synapses. This
model is confirmed by data on soma volume deficit
in the primary and secondary cortex (soma volume
of pyramidal cells correlates with the degree of
dendritic branching [23]. It should also be noted that
impaired GABAergic-glutamatergic interaction in
the pyramidal neurons of the brain is one of the main
mechanisms of epileptogenesis [24].

In addition, we found a significant relationship
between MRI and EEG data, namely a direct correlation
between the enlargement of the subarachnoid space of
the cerebellum and the presence of paroxysmal activity
in patients with schizophrenia, which is consistent with
clinical cases of patients with epilepsy [25, 26]. As is
known, the detection of paroxysmal activity on EEG
indicates a trend toward convulsive states. Paroxysmal
activity reflects a change in the functioning of basic
neurophysiological processes with an increase in the
activity of subcortical synchronizing regulators that
contribute to the occurrence of seizures. In clinical
practice, information about brain structures that can
cause paroxysmal activity on EEG is of great value,
especially for patients with schizophrenia receiving
long-term therapy with antipsychotics and, in some
cases, antidepressants.

CONCLUSION

Thus, the data obtained in our study emphasize
that the combined use of MRI and EEG can offer
key insights into brain pathology in schizophrenia.
Our findings also contribute to the search for
specific structural and functional neurobiomarkers of
schizophrenia.
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