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1. 1. General presentation of the procedure and the Ph.D. candidate. The presented set

of materials on paper/electronic media is concerning Art. 70 (1) of Sec. 1. ,,Acquisition of
the educational and academic degree "DOCTOR OF PHILOSOPHY" at the Medical
University - Plovdiv; Regulations of the MU - Plovdiv from 28.01.2021

2. Short biography of the Ph.D. candidate

Dr. Katerina Borisova Gaberova was born on 02.01.1988 in the city of Plovdiv. She graduated
from medicine in 2013 from Medical University - Plovdiv with excellence, winner of the "Golden
Hippocrates" award for excellent students. From 2014-2019, she was a resident in Pediatric
Neurology at the Department of Pediatrics and Medical Genetics and also at the Medical
University - Plovdiv. Since August 2015, she has been working as a physician in the Department
of Neurology and the Intensive Care Unit at the Pediatric Clinic of University Hospital "St.
George", Plovdiv. Since 2016 she is part of a project of the Department of Pediatrics and Medical
Genetics at the Translational Neuroscience Complex at the Medical University of Plovdiv. She
specialized in a Center for Translational Neuroscience in Aachen, Germany (3-month course) and
a Center for Translational Neuroscience at the University of Lausanne, Switzerland (in2017-2018
— one-year course). In 2019 she acquired the specialty "Pediatric Neurology". Since November
2019, she has been a full-time Ph.D. student at the Department of Pediatrics and Medical Genetics
of the Medical University - Plovdiv. Since November 2022, she is an assistant professor at the
Department of Pediatrics and Medical Genetics of the Medical University - Plovdiv.

Characteristics of the Ph.D. thesis

The Ph.D. thesis of Dr. Katerina Gaberova was written according to the accepted requirements on
212 pages and contains: Introduction (2 pages), literature review (43 pages); aim and objectives (1
page); material and methods (12 pages); results (64 pages); discussion (40 pages); conclusions (3
pages, 14 conclusions in total), contributions. The separate chapters of the thesis are
chronologically connected and meet the structural and content requirements for such scientific



work. The bibliography has 385 up-to-date literature sources, 6 in Bulgarian and 379 printed in
international editions; The Ph.D. thesis is very well illustrated with 58 tables, 78 figures, and 11
appendices. A list of required publications related to the thesis is presented: 5 articles, 2 of which
are in international journals (a review article in J Eval Clin Pract. 2018 and an article on
individualized assessment of neuroplasticity in early brain injury in Front Psychiatry. 2019) and 3
publications in Bulgarian journals; 5 participations in national conferences and congresses, 2 with
international participation and 1 at an international congress - 14th Congress of the European
Pediatric Neurology Society (EPNS).

3. Relevance of the topic, the aim, and the objectives

The dissertation topic is quite contemporary due to several circumstances: Cerebral palsy (CP) is
a common and socially significant disease with varying extend of lifelong disability, with social,
psychological, and economic consequences. Hemiparetic cerebral palsy (HCP) with an incidence
of 0.7/1000 is caused by unilateral brain damage and adequate planning and individualization of
the patient’s therapy are essential. There is an insufficient number of studies on brain
reorganization in HCP in the literature to date with a small number of patients that are included in
them, and more thorough and larger studies are needed with a comprehensive review of brain
reorganization of different functions: motor, sensory and speech, as well as with the assessment of
the type, localization of the lesions and the functional capacity of the patients through 1. Clinical
evaluation of the sensory-motor function; 2. Structural magnetic resonance imaging (sMRI), which
reveals the lesion's localization and size, affects the pyramidal and other conduction tracts in the
CNS and the lesion type (residual encephalomalacic lesions and gliosis or brain malformations);
3. Functional magnetic resonance imaging (fMRI) to elucidate the brain functional capacity as a
result of neuroplasticity in the period of early structural damage in children with CP and establish
the reorganization patterns for motor, sensory, and speech control; 4. The degree of involvement
of the corticospinal tracts by tractography. The lack of research in our country on the structural
changes in the brain of children with CP by sMRI, the corticospinal pathways by tractography, and
the different reorganization patterns in the motor, sensory, and speech systems by fMRI to prove
brain neuroplasticity in the early stages of development and to determine factors for a better
outcome, motivate the need for this dissertation.

4. Knowledge of the problem

The Ph.D. candidate knows the state of the problem and creatively evaluates literary material. The
literature review on 385 current sources (6 in Bulgarian and 379 in international editions) is
highly informative and analytically presents the problems of the development and functional
organization of the human brain; neuroplasticity and principles of reorganization; development
and reorganization of the motor and sensory cortex; development and reorganization of speech;
the problems of cerebral palsy and HCP; specialized magnetic resonance modalities in the study
of HCP (morphometry, tractography, fMRI), therapeutic approaches.

5. Study methods

The aim, objectives, and methodology of the study are clearly formulated, specific, and justified.
The Ph.D. thesis aims to analyze the neuroplasticity after unilateral brain damage in HCP, which



occurred antenatally, perinatally, or in the early postnatal period of life, the dependence of the
brain reorganization on various factors and to find indicators determining better sensory, motor,
and speech function of patients with HCP. To achieve this aim, 6 adequate objectives have been
set: 1. Determination of neurological symptoms and the degree of motor, sensory, and speech
deficits for each patient with HCP by using established methods. 2. Determination of risk factors
for each patient with HCP and classification according to the time of their action. 3. Carrying out
structural MRI of patients with HCP and age- and gender-matched control individuals: 3.1
Morphometry to determine the anatomical characteristics of the brain lesion (size, type, estimated
time of occurrence of the brain lesion). 3.2. Correlation between functional deficit in each system
and anatomical characteristics of the lesion in patients. 4. Carrying out fMRI with a motor, sensory,
and speech paradigm in patients with CP and healthy controls to determine the type of brain
organization in the motor, sensory and speech systems. 5. Search for a correlation between the
type of brain reorganization in each of the three paradigms (respectively in the motor,
somatosensory, and speech systems) and the anatomical characteristics of the lesion (size, type,
presumed time of occurrence), as well as with the patient’s functional capacity. 6. Carrying out
tractography in patients and controls and to compare the microstructural properties of the white
matter between the two groups, as well as to look for a correlation between the established changes
in the patient group and: the type of lesion; motor; sensory; speech deficit. The methods used in
the research ensure the successful achievement of the aim and adequate solution of the objectives
in the Ph.D. thesis. The study is prospective, it was conducted in the Pediatrics Clinic of the
University Hospital "St.George", Plovdiv, and the Translational Neuroscience Complex of the
Medical University - Plovdiv for the period 01.01.2017 - 31 .10.2021, with 86 participants selected
- 44 with diagnosed with "HCP - Congenital hemiplegia" according to ICD-10, who have norma!l
intelligence and 42 healthy controls of a similar age. Clinical assessment methods were used
(somatic, neurological status, with an assessment of motor and sensory function; Psychological
methods with an assessment of intellectual quotient, and dyslexia; Imaging methods - Structural
magnetic resonance imaging (sMRI), Functional magnetic resonance imaging ( fMRI),
Tractography; Statistical methods.

6. Characteristics and evaluation of the Ph.D. thesis.

The results of Dr. Katerina Gaberova's research are presented in Chapter III of the Ph.D. thesis.
They are grouped into 5 thematic sections, following the chronology of the objectives
(neurological symptoms, risk factors for HCP, characteristics of the anatomical lesion by type,
size, localization, presumed time of occurrence of the lesion, functional MRI, tractography).
The obtained results are analyzed precisely, which allows essential conclusions about the role
of type, size, and localization for plasticity and compensatory potential in patients with HCP,
with original contributions and confirmatory results, and the obtained scientific information and
analysis are systematically presented in 5 sections:

L. Determination of neurological symptoms and the degree of motor, sensory, and
speech deficits with a prevalence of right-sided hemiparesis — 30/44 patients
(66.18%), 14 patients with left-sided hemiparesis (33.81%),

II. Determination of risk factors for HCP — prenatal in 20 /contractions (n=9),
preeclampsia (n=8), bleeding (n=6)/; perinatal in 28/44 patients with main factor
birth asphyxiation (23 patients); Postnatal risk factors in 9 patients. A combination
of risk factors was found in a large proportion of patients.



IIl. Characteristics of the anatomical lesion (size, type, presumed time of occurrence
of the lesion) according to the results of structural MRI and morphometry

The analysis of lesion size correlating with motor, sensory deficits, and epilepsy has
an original contribution character, since for the first time in the scientific literature, on a large
number of studied patients with HCP and healthy controls 3 modalities were simultaneously
performed and summarized: morphometry to determine the characteristics of the lesion,
tractography to determine the microstructure of the white matter and functional MRI to assess
motor, sensory and speech representation in patients with HCP. The established data on the
distribution of the #ype of brain lesions based on the Magnetic Resonance Imaging
Classification System MRICS is confirmatory - with statistically significant gradation by
frequency: brain malformations - 3 (6.8%); white matter damage - 18 (40.9%) (periventricular
leukomalacia, consequences of IVC and periventricular hemorrhagic infarction or
combinations); Predominantly gray matter damage in 19 (43.2%) (basal ganglia/thalamus,
cortico-subcortical lesions), arterial infarcts, with the highest % being arterial infarcts (43.2%).
A significant difference was also found for the "lesion size" indicator, with the largest size of
arterial infarcts, and the smallest - periventricular leukomalacia, as well as a significant
relationship between the lesion Yype and the presence of epilepsy in the three types of lesions
with cortical involvement, which is an original contribution. The factor Time of occurrence of
the brain lesion serves to compare the reorganization potential depending on the entire "critical
period" of development - from the first trimester of pregnancy to the postnatal period.

[MRI in _patients with HCP is the first study of this kind in Bulgaria, which is a
significant contribution of the Ph.D. student. Motor paradigms for the paretic and non-paretic
hand, sensory paradigms for the paretic and non-paretic hand, and speech production paradigms
were studied:

When studying the motor paradigm for the paretic hand, important original results have been

obtained because to date there has not been a study, that compares four different periods of
early development during which the lesion was acquired. Mainly ipsilesional reorganization in
the primary motor cortex is confirmed, but also bilateral cerebellar activation, for which there
are single reports only in animal models. When comparing the patients with cortical and
subcortical lesions, significantly higher activation in the left (ipsilesional) postcentral gyrus
was found for the group of patients with subcortical lesions, which is of a significant
contributory nature. When studying the dependence of brain activation in JMRI on the
Junctional level (MACS), there are results of contributing nature, proving the possibility of
some interhemispheric reorganization in HCP, with activation outside the primary motor cortex
and bilateral activation in the cerebellum, for which there are single scientific reports so far.

When studying the motor paradigm for the non-paretic hand, depending on the
characteristics of the brain lesion and the motor deficit in the non-paretic (unified left) hand,
significant activation was found in areas typically associated with the motor system: 4 global
dysfunction of the functional connectivity between the two hemispheres was demonstrated in
patients with larger lesions; Significant practical contributions were also the established
differences in activation between the Ppatient and control groups for the non-paretic hand, with
evidence of higher activation in non-motor regions, in the temporal and occipital cortices on
the right, i.e. interhemispheric to achieve good enough, close to normal, motor function of the
non-paretic hand.




The studies of the sensory paradigm for_the paretic hand have an original contribution, as
they demonstrate the sensory cortical reorganization for the paretic hand in patients with HCP
bilaterally - in a typical location in the ipsilesional primary sensory cortex and atypically -
perilesional and contralesional: the data for a significant negative correlation between the
lesion size and signal strength in the left (ipsilesional) postcentral gyrus, and significantly
higher activation in the left (contralateral to the hand, ipsilesional) postcentral gyrus and
Rolandic operculum in the subcortical lesions. At the group (second) level, the activation in
regions around S1 and contralesionally confirm the possibility of contralesional and perilesional
reorganization in the sensory system in patients with HCP.

When studying the sensory paradigm for the non-paretic hand, altered cortical and cerebellar
activation in HCP was demonstrated, with impaired cortical connectivity between regions of
the somatosensory system bilaterally, outside the affected hemisphere, which is Dr. Gaberova's
contribution.

When studying the speech production paradigm, very interesting and important results were
obtained, that demonstrate brain plasticity in early brain lesions in HCP with correlations
between lesion location and size and activation of different areas in the brain. Dr. Gaberova
proves that the reorganization of speech production depends on the affected hemisphere. At the
group (second) level, in the right-sided HCP group, there is activation with statistical
significance depending on the characteristics of the brain lesion and intellectual functioning:
Atypical activation in homologous areas of the right hemisphere (the opercular part of the right
inferior frontal gyrus, the so-called "Broca - analog"), perilesional with activation of the orbital
part of the lower lefi frontal gyrus and activation in the right /contralesional/ precentral gyrus,
as well as the activation of the cerebellum bilaterally, associated with brain plasticity in early
focal lesions with a mirror-like organization of the entire cerebro-cerebellar network involved
in speech production. In smaller lesions, there is an activation in the left inferior frontal gyrus
(Broca's area), while in larger lesions there is significantly higher activation in the left
(ipsilesional) middle temporal gyrus — an area usually associated with speech perception, as a
compensatory “ perilesional' involvement. Also, important practical results are those, that show
greater plasticity of the cortex with the possibility of interhemispheric reorganization in earlier
(pre-and perinatal) stroke compared to later stroke. In left-sided HCP patients with intact lefi-
hemisphere, cortical and cerebellar activation were as in healthy controls, but with a difference
in intelligence (IQ = 70) compared to healthy controls (IQ = 98) associated with a reduced
capacity of the intact left hemisphere.

Through tractography in HCP, which is the first study of this kind in Bulgaria, significant
scientific and scientifically applied contributions have been made — in the analyses that compare
patients with healthy controls, patients with cortical and subcortical lesions, patients with mild
and severe motor deficits, patients with and without the sensory deficit and patients with and
without intellectual disability. Tractography analysis found an impaired microstructure of the
white matter in patients with UCP bilaterally, predominantly in the ipsilesional hemisphere: in
the corticospinal tracts, somatosensory tracts, associative tracts, and corpus callosum. This
finding supports fMRI evidence of ongoing bilateral reorganizational changes in the motor,
sensory, and speech production systems, that lead to disorganization of the underlying white
matter. Original data of a contributing nature are the differences between patients and healthy
controls in left- and right-sided lesions, demonstrating not only changes in the CS tract of the
ipsilesional hemisphere in children with HCP, but also the involvement of the pyramidal tracts
in the contralateral hemisphere and lesions outside the pyramidal tracts. This demonstrates



that the occurring functional reorganization at the cortical level affects both the ipsi- and
contralesional motor cortex, with secondary microstructural changes in the underlying white
matter in both hemispheres and affects the diffusive properties of the CS tracts. A significant
contribution of Dr. Gaberova is the innovative finding of involvement of structures outside the
pyramidal tracts in HCP compared to controls: Bilateral impairment of the thalamocortical
projections in HCP, also supported by fMRI data for the presence of bilateral reorganization in
the sensory system; The involvement of the optical radiation with subsequent deficits in visual
function; Changes in the corpus callosum, disrupting communication between the hemispheres,
important for motor control and bimanual coordination; Lower FA (Fractional Anisotropy) in
the anterior limb of the internal capsule, more pronounced in the ipsilesional hemisphere,
where the anterior thalamic radiations and frontopontine fibers pass, which are also associated
with cognition and verbal memory; Bilateral changes in the diffusion properties of large
associative pathways — superior and inferior longitudinal fascicles bilaterally, that connect
several structures intrahemispherically.

Based on the research and analysis of the results of a large number of patients with adequate
clinical, psychological, and neuroimaging methods (structural magnetic resonance imaging,
functional magnetic resonance imaging, tractography), Dr. Gaberova made 14 important
conclusions regarding the clinical characteristics, features of risk factors, possibilities for motor
cortical reorganization for the paretic and non-paretic hand, sensory cortical reorganization for the
paretic and non-paretic hand, reorganization of speech production, tractography analysis,
prediction of better motor and sensory functioning, which are essential for the prognosis in HCP.

7. Contributions and significance of the thesis for science and practice.

The doctoral thesis has significant scientific, scientifically applied, and methodological
contributions:

Original contributions: 1. For the first time in the world, morphometry to determine
lesion characteristics, tractography to determine white matter microstructure, and fMRI to
evaluate motor, sensory, and speech systems in patients with HCP (with the largest number of
participants investigated to date in the literature). 2. For the first time in Bulgaria, fMRI was
performed in children and patients with Cerebral Palsy, with three paradigms applied: for the
assessment of the motor, sensory, and speech systems. 3. For the first time in Bulgaria,
tractography was performed in patients with Cerebral Palsy, and a TBSS analysis of the results
was made. 4. Brain neuroplasticity after early brain damage is revealed through different
patterns of reorganization of motor, sensory, and speech systems. 5. Global brain dysfunction
(altered motor and sensory system in both hemispheres, impaired connectivity between the two
hemispheres, impaired intrahemispheric information processing) is demonstrated in patients
with HCP, even though the brain damage that occurred in the early stages of human brain
development is unilateral. 6. For the first time in the world, an analysis of cortical activation
during speech production depending on existing dyslexia in patients with CP was conducted. 7.
Through magnetic resonance studies, prognostic biomarkers for a better functional outcome in
patients with HCP are discovered.

Theoretical: 1. The anatomical and functional brain representation of the motor,
sensory, and speech system is illustrated through the conducted magnetic resonance studies.



Confirmatory: 1. The significance of the lesion size for the motor and sensory
performance of patients with HCP, as well as for the type of reorganization in the motor,
sensory, and speech systems, is confirmed. 2. Better motor functioning of patients with HCP is
achieved with the preservation of near-typical (contralateral to the limb) cortical activation in
the motor cortex. 3. Better intellectual functioning in patients with right-sided HCP occurs when
activation during speech production is preserved in the typical regions in the left hemisphere.

4. The tractography data prove the role of the CS tract in the processing of sensory information
and the thesis that the integrity between sensory information and motor response is important
for good motor function.

Scientifically applied and methodological: 1. A system to determine the probable time
of occurrence of the lesion is introduced based on a combination of risk factors and
morphological characteristics of the lesion. 2. A method for automatic delineation and
determination of the volume of chronic lesions in children with CP was applied.

8. Assessment of publications on the thesis. The Ph.D. student has submitted 5 high-
quality publications, 2 of which in international journals (a review article in J Eval Clin Pract.
2018 and an article on individualized assessment of neuroplasticity in early brain damage in Front
Psychiatry. 2019) and 3 publications in Bulgarian journals; 5 participations in national conferences
and congresses, 2 - with international participation and 1 at an international congress - 14th
Congress of the European Pediatric Neurology Society (EPNS).

9. Personal involvement of the Ph.D. student. The conducted research, conclusions,
and contributions in the thesis are the personal work of the Ph.D. student.

10. Abstract. The presented abstract fully reflects the aim, the research methods and the
obtained results, the discussion, and the conclusions of the Ph.D. thesis.

11. Critical remarks - none.

12. Personal impressions - an extremely thorough scientific work with significant
contributions of scientific and scientifically applied nature in the complex and thorough research,
meeting the needs of science and practice for the knowledge of the hemiplegic form of CP - the
clinical characteristics, the peculiarities of the risk factors, brain neuroplasticity and the possibilities
for motor cortical reorganization for the paretic and non-paretic hand, the sensory cortical
reorganization for the paretic and non-paretic hand, the reorganization of speech production,
tractography analyses, prediction of better motor and sensory functioning.

In conclusion, I believe that the Ph.D. thesis presented by Dr. Katerina Gaberova on the topic
"Role of magnetic resonance imaging studies for the evaluation of brain damage and
neuroplasticity in hemiplegic cerebral palsy" contains results of scientific, scientifically applied,
and applied nature that represents an original contribution in science, and meets all the requirements
of the Development of Academic Staff in the Republic of Bulgaria Act (DASRBA), the regulations
for the implementation of DASRBA and the relevant Regulations of Medical University - Plovdiv.
The presented materials and dissertation results fully correspond to the specific requirements of the
Medical University - Plovdiv.

The dissertation shows that the Ph.D. candidate Dr. K. Gaberova possesses thorough theoretical
knowledge and professional skills in the scientific specialty "pediatric neurology", demonstrating
qualities and skills for independent conduct of scientific research.



Due to the above, I convincingly give my positive assessment of the conducted research,
presented by the above-reviewed Ph.D. thesis, abstract, achieved results, and contributions and I
propose to the honorable scientific jury to award the educational and academic degree "Doctor
of Philosophy" in Professional direction: MEDICINE in the Ph.D. program: PEDIATRICS,
03.01.50 to Dr. Katerina Gaberova for her dissertation on the topic "Role of magnetic resonance
imaging studies for evaluation of brain damage and neuroplasticity in hemiplegic cerebral
palsy".
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