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Introduction and purpose of the study: Schizophrenia and recurrent depressive disorder are
important mental disorders worthy of special interest in both the fields of psychiatry and
neuroradiology. The studies presented in the following paper have made it possible to see a
correlation between specific symptoms specific to the aforementioned disease entities and the
location of pathological changes within the CNS.

Review methods: The article was based on a review of scientific papers available in the
PubMed electronic database, in order to select the appropriate quality of scientific articles,
appropriately selected keywords were used: “schizophrenia”, “recurrent depressive disorder”,
“neuroimaging”.

Description of the state of the art: Anatomical changes within the CNS are associated with
various factors, such as genetics, environment or neurochemical interactions, which affect the
development and course of the mental disorders in question. Neuroimaging techniques such as
computed tomography (CT) and magnetic resonance imaging (MRI) allow us to detect
pathologies in specific areas of the brain and correlate them with the clinical condition of the
subject. In this way, we are constantly expanding our knowledge of the connections and
neuronal loops that determine proper human functioning in society.

Summary: The diseases presented not only affect the functioning of the patient himself, but
also affect his loved ones and the health care system. With the ability to observe the brains of
patients with schizophrenia and recurrent depression, knowledge of its structure has expanded
significantly. This is a key element in developing more targeted and effective therapies, both
pharmacological and psychotherapeutic.
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Introduction:

Schizophreniaand recurrent depression are two chronic mental disorders with complex etiology
and pathogenesis. Previous studies suggest their multifactorial nature associated with a variety
of factors affecting the evolution of the disease. In the case of recurrent depression, the physical
state of the body as well as genetic, biological and cultural factors and psychosocial factors
(traumatic, stressful life events, difficulties in interpersonal relationships) influence the
disease [1].

Genetic, biological, environmental and pre- and perinatal factors as well as
neurotransmission disorders in the CNS play a major role in schizophrenia [2]. The two
conditions discussed above have a different course in terms of psychopathological symptoms.
Symptomatic for schizophreniaare productive symptoms, i.e. so-called positive symptoms such
as hallucinations, delusions, negative symptoms including shallowing of feelings, apathy and
disorganization of thinking, cognitive disorders or affect disorders [3].
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Most cases of schizophrenia occur before the age of 30, with men having a lower average age
of onset than women. Recurrent depressive disorder, on the other hand, is characterized by
repeated episodes of depression manifested by lowered mood, decreased energy and anhedonia
[4]. Depressive disorders are a growing health and social problem, according to the World
Health Organization (WHO), and are among the most common mental health problems
worldwide. Figure 1 shows the percentage distribution of the prevalence of depressive disorders
in each WHO region according to gender. Figure 2, on the other hand, illustrates the prevalence
of these disorders by gender by age [5]. Neuroimaging studies indicate that there are structural
differences in the central nervous system of those affected by these disorders compared to the
healthy population. [6]

Il Female Wl Male [ Both

7%
6%
5%
4%
3%
2%

1%

0%

AFRICAN EASTERN EUROPEAN REGION OF THE SOUTH-EAST WESTERN WORLD
REGION MEDITERRANEAN REGION AMERICAS ASIA PACIFIC REGION
REGION REGION

Figure. 1 Prevalence of depressive disorders (%) by WHO regions

Il Female M Male

9%
8%
7%
6%
5%
4%
3%
2%
1%

0%

15-19  20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 65-69 70-74 75-79 80 +

Figure. 2 Prevalence of depressive disorders by gender and age (%)



Objective: This paper aims to present the brain anatomical changes occurring in the course of
schizophreniaand recurrent depression, which may explain the causes and mechanisms of many
psychopathological symptoms of both disease entities.

Review methods: PubMed and Google Scholar databases were reviewed to identify
publications on CNS anatomical changes in schizophrenia and recurrent depression. The
literature search was conducted using relevant English keywords: “schizophrenia”, ‘recurrent
depressive disorder’, ‘neuroimaging’.

CNS changes - Schizophrenia.

In the course of schizophrenia, there are neuroanatomical changes in individual CNS
structures. The most common of these are observed in the frontal lobe, temporal lobe and
transparent septum as well as in the hippocampus, ventricular system, cerebellum and thalamus.

In addition, changes involving the area of white and gray matter and a reductionin the
thickness of the layer covering the surface of the cerebral hemispheres - the cerebral cortex -
have also been observed. Depending on the functions performed by specific anatomical parts
of the brain and the abnormalities present in them in imaging studies, it is possible to see a
differentiated clinical picture in people diagnosed with schizophrenia.

Lesions localized in the temporal lobe can cause perceptual disturbances in the form of
auditory hallucinations. On brain MRI imaging in patients with schizophrenia, a noticeable
reduced volume of the left hemisphere within the superior and middle cingulate regions is
characteristic. In contrast, a defect in the area of the inferior temporal cingulate region affects
both hemispheres of the brain [7].

The transparent septum, also known as the septum pellucidum, is a thin, transparent
structure that separates the lateral ventricles of the brain. It is an anatomical area responsible
for regulating emotion, memory and motivation, among other things. It is also an important
element in the transmission of signals between the two hemispheres of the brain. There is a
discernible link between the formation of this structure and the normal growth in fetal life of
the corpus callosum and hippocampus. Detection of abnormalities in anatomical development
lead to the occurrence of typical behaviors in schizophrenia, which include hallucinations and
hallucinations, delusions, thinking and speech disorders, emotional and motor disturbances [8].
In addition, a dilated cavity of the transparent septum and bilaterally reduced volume of the
amygdala and left posterior parahippocampus have been observed in imaging studies [9].

Special attention should also be paid to the hippocampus, which belongs to the limbic
system. Regulation of emotions, maintenance of cognitive functions and proper memory are
among its most important tasks. In patients affected by schizophrenia, we can observe a variety
of changes in the hippocampus. These include:

1. Reduced volume - studies suggest that people with schizophrenia may have a reduced
volume of this structure compared to healthy individuals which, as a result, may contribute to
memory deficits and cognitive dysfunction.

2 Cellular structure abnormalities - brain imaging studies in patients show reduced
neuronal density and also abnormal shapes of nerve cells. There are abnormalities in the
transmission of nerve impulses between neurons in the hippocampus, resulting in a reduced
number of synapses and abnormal function of neurotransmitters.



3 Changes in neural transmission - neurotransmitters such as glutamate, GABA,
dopamine and others are crucial to hippocampal function. Disturbances in their synthesis and
function can cause abnormalities in the processing of information reaching the hippocampus
and interfere with the regulation of emotions.

4. impaired neuroplasticity - we define neuroplasticity as the brain's flexibility to both
adapt and reorganize neural structures in response to diverse stimuli. Reduced neuroplasticity
of the hippocampus affects learning ability, memory and cognitive function which translates
into the clinical picture in a group of schizophrenic patients.

Moreover, patients with schizophrenic disorders also have difficulty recreating details
of events, which leads to impaired episodic memory and may be associated with the subsequent
breakdown of personality integrity [10].

Other changes involve the brain's ventricular system. This system is a system of spaces
in the brain containing cerebrospinal fluid. There are several important aspects related to this
system:

1. dilatation of the lateral ventricles - neuroimaging studies often reveal dilatation of the
lateral ventricles with a particular focus on the right side. This is associated with an increased
amount of cerebrospinal fluid located in these spaces.

2. changes in ventricle Il and IV - the exact mechanisms of these changes and their
relationship

with the pathogenesis of schizophrenia are still the subject of intensive scientific
research. However, it is known that their purpose is to regulate and transmit neural signals
between parts of the brain, especially between the cerebrum and cerebellum.

3. structural displacement - include pronounced vertical and horizontal shifts

in the structures of the ventricular system. These displacements may be related with
abnormalities of brain development in the etiopathogenesis of schizophrenia [11].

Negative symptoms play a key role in determining poor functional outcomes in patients
with schizophrenia. Antipsychotic drugs, both first- and second-generation, have shown limited
efficacy in treating this group of symptoms. Understanding the neural networks responsible for
these symptoms may be key to developing new, more effective therapeutic approaches [12].
Damage or changes inthe right hemisphere or both frontal lobes are responsible for the negative
symptoms present in schizophrenia, which include apathy, abulia, or anhedonia [13]. A
reductionin the volume of the temporal lobe often correlates with a reduction in the volume of
the frontal lobe responsible for executive functions, planning, impulse control, and integration
of sensory and cognitive information. Deficits in frontal lobe function cause patients to
experience difficulties with non-verbal communication in the form of abnormal facial
expressions, gestures and spatial orientation. It has been noted that these changes occur mostly
in patients with severe disease and even catatonia [14]. With the decrease in volume in the
frontal lobe, there is a concomitant increase in the connections between the described lobe in
terms of the inferior frontal curve and the parietal lobe, as well as the temporal lobe, with a
particular focus on the superior temporal and middle temporal regions. The above problem
represents a significant diagnostic difficulty as well as the reason for numerous treatment
failures in patients with predominantly negative symptoms [15].



Analogous to the changes in the structures described above, there is similarly a reduction
in the volume of the cerebellum and also its cortex compared to the population of healthy
individuals. Regulating balance mechanisms, muscle tension and coordination of motor
activities, it forms one part of the hindbrain [16]. Reduced density of neurons contained in the
cortical layer as well as a decrease in the number of Purkinje cells are among the abnormalities
that we count among the changes present in the cerebellum of patients diagnosed with
schizophrenia. As a result, they contribute to the presence of motor function deficits and balance
disorders [8].

The thalamus is considered another area subject to abnormal modifications that can be
visualized during neuroimaging. One of its functions includes the initial evaluation of stimuli
and the transmission of signals between different brain areas such as the limbic system and
prefrontal cortex. Of great importance is the neuronal connection of the hippocampus and the
cingulate nucleus with the anterior thalamic nucleus and the nucleus accumbens. The noticeable
asymmetry and deformation of the structure of the thalamus due to its reduced size is one of the
anatomical defects within the boundaries of the interbrain. These changes determine reduced
activity of the prefrontal cortex and also disturbances in the functioning of working memory.
Modifications in the transmission of brain signals between the thalamus and other areas of the
brain can also manifest themselves as so-called hyperreactivity. This means that existing
connections between the thalamus and the motor and sensory cortex may operate at a higher
intensity than physiologically. In some cases, auditory hallucinations or cognitive disturbances
may then occur. Over-reactivity of the thalamus can also manifest itself through the appearance
of perceptual disturbances, difficulties in processing information or problems with emotion
regulation.

Schizophrenia spectrum disorders result from the simultaneous occurrence of
neurodegenerative and neurodevelopmental processes . Intense degenerative changes have been
observed in people treated for schizophrenia [17].

CNS changes - Recurrent depressive disorder

A breakthrough in the discovery of the correlation of mood disorders typical of
depression with changes in the central nervous system is proving to be neuroimaging. Advances
in medical technology are enabling clinicians to increasingly diagnose disease entities in all
fields, including psychiatry. There are papers and studies confirming the validity and
advisability of performing imaging studies in a group of patients suffering from depression.
They allow early detection of changes in brain structures and adaptation of individualized
targeted therapy. Another undeniable benefit of radiological imaging techniques is the
possibility of functional evaluation of the CNS organs under study. Such techniques include
proton spectroscopy, functional resonance based on the BOLD effect, as well as diffusion
imaging and magnetization transfer evaluation. With these, we are able to determine the activity
of individual brain structures. and also assess whether it is adequate. Stuart Oldham and Alex
Fornito [18] describe the concept of network nodes, which are defined as special brain regions
characterized by a large number of interneuronal connections that play a special role in
information processing and integration. Evidence accumulated so far suggests that these nodes
are formed already in the prenatal period, but undergo migration and development during
childhood, adolescence, and early adulthood.



Fei-Fei Zhang et al [19] indicate that damage to the network nodes highlighted earlier
plays a significant role in the onset of major depression (MDD). Among MDD patients, the
most common abnormality detected on MRI is lesions of the cortical -subcortical loop. Nodes
of this loop include the frontal lobe, parietal lobe, thalamus, shell and hippocampus. The
prefrontal cortex has an important function in handling working memory, planning actions and
analyzing their consequences; it also inhibits violent emotional states flowing from the
hypothalamus and limbic system. Its dysfunction can result in impulsive behavior, memory
problems and loss of ability to solve new problems. Reduced divisibility of attention is also
observed in patients with disorders of the prefrontal cortex.

Fei-Fei Zhang et al. also describe other changes in a number of brain anatomical
structures that accompany patients with MDD, these include gray matter changes in the
temporal lobe. White matter changes include reduced fractional anisotropy in the cingulate,
hippocampus, parietal areas, inferior temporal lobe and superior frontal lobe. Considering the
above data, it is noteworthy how many MRI changes involve the limbic system. It is responsible
for regulating emotions, recognizing and interpreting emotions, and creating defensive
reactions in response to stimuli. Thanks to it, a person is able to remember given reactions to
the stimulus triggering them and use them in the future. Chengxiao Yang et al. paid particular
attention to changes in the thalamus that can be visualized in MDD patients. The thalamus
transmits most of the information to the right parts of the cerebral cortex, and is involved in
processing emotions, arousal and the ability to relate observed stimuli to oneself. The cortico-
thalamo-cortical loop of the neuronal network, of which the thalamus is a part, may be an
important determinant of various psychiatric diseases, including depression. The medial -dorsal
nucleus of the thalamus accumulates information flowing from the cortex, limbic system and
striatum to match the appropriate action to the acting stimulus. At the same time, it also
functions as part of the reward center by helping to send information from the ventral striatum
to the prefrontal cortex. A study by Chengxiao Yang et al [20] suggests that dysfunction within
the previously mentioned loop is a result of abnormal functioning of the thalamus. Also,
Takamura et al [21] described the specific impact of dysfunction of the reward system seen in
MRI studies, leading to anhedonia, or loss of the ability to experience pleasure, one of the axial
symptoms of depression.

Adina S Fischer et al [22] specifically pointed out that neuroimaging may also allow us
to isolate a group of patients who will respond better to antidepressant treatment and
psychotherapy. This has to do with the functioning of the frontal cortex and prefrontal cortex.
The greater the activity of the aforementioned areas, the greater the chance of a positive
response to treatment. The explanation for this phenomenon is the cooperation between the
prefrontal cortex and the limbic system, also known as the main coordinator of reward system
functioning. Adequate functional connectivity between these centers makes it possible to
optimally adjust the patient's response to an externally acting stimulus. The discovery of a link
between the variable activity of areas of the central nervous system monitored by imaging
studies and patients' response to treatment could provide an extremely important cue for
clinicians intreatment planning. Depression, due to its recurrent nature, poses a huge challenge
primarily to the patient himself, so the potential possibility of tests that can function as some
kind of predictor in assessing response to treatment could significantly affect his comfort level,
as well as how he prepares for pharmacotherapy and/or psychotherapy.



Recurrent depression (MDD) can emerge independently as a separate disorder or as part
of bipolar affective disorder. In the course of bipolar affective disorder, anatomical changes
occur in similar locations as in depression, but atrophy is more pronounced in the temporal
horns of the lateral ventriclesand the corpus callosum. In addition, the changes are more often
scattered throughout the white matter [23]. Both of these disorders often co-occur together,
which causes serious disruption in daily life.

Overview of changes occurring in the CNS - Schizophrenia and Recurrent
Depressive Disorder

Analyzing neuroanatomical changes in the course of recurrent depression and
schizophrenia, we can see both significant similarities and noticeable differences regarding
abnormalities in the area of brain structures. In both diseases, we can find reduced brain volume
both within individual brain lobes and within structures such as the hippocampus and thalamus.
In recurrent depression, we primarily observe reduced gray matter volume in the temporal lobe,
which may correlate with cognitive and emotional deficits. In schizophrenia, on the other hand,
a number of changes are observed in the frontal and temporal lobes, transparent septum,
hippocampus and thalamus manifested in the form of clinical symptoms such as auditory
hallucinations and memory losses.

In both depression and schizophrenia, changes related to the brain's ventricular system
have been observed, particularly concerning the dilation of its lateral ventricles. Changes in
ventricles Il and IV may affect the regulation and transmission of neural signals associated
with the pathogenesis of depression. In schizophrenia, on the other hand, the structural shiftin
the ventricular system may be related to the abnormalities of brain development and neural
transmission that occur.

Referring to the analogy of CNS changes between schizophrenia and relapsing
depression, both of these disease entities also experience reduced volume within the frontal
lobe. This results in dysfunction of executive and cognitive functions, impaired planning,
impulse control and also integration of sensory information. Moreover, in the context of
depression, reduced volume of the frontal lobe can manifest itself through apathy and reduced
psychomotor drive belonging to some of the main negative symptoms. In schizophrenia, the
noticeable differences seen in the structure of the frontal lobe can translate into difficultiesin
non-verbal communication as well as problems with memory, especially episodic memory.

Reduced hippocampal volume in the course of schizophreniaand recurrent depression,
can generate memory deficits and cognitive dysfunction. Given the abnormalities in the
transmission of neural signals and impediments to the brain's adaptation to environmental and
therapeutic changes associated with neurochemical dysfunction of the hippocampus, we suspect
that these changes occurred in the course of depression. Nevertheless, difficulties related to the
reconstruction of details of events and impairment of episodic memory are typical of changes
in the hippocampus following schizophrenia.



Summary

Continuous advances in technology related to imaging of the central nervous system
and the constant advancement of knowledge in the field of neuroradiology have become
fundamental elements that complement the diagnosis of these psychiatric entities as well as
enable a comprehensive understanding of their symptomatology. Both recurrent depression and
schizophrenia show analogous structural and functional changes occurring in the CNS.
Discrepancies in the localization and nature of the changes can lead to a diverse spectrum of
clinical symptoms as well as a multidimensional course of these diseases.
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