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1. General presentation of the Procedure and the doctoral student

The set of electronic materials submitted by the candidate is in accordance with Art. 115 (1)
of the Procedure for acquiring the degree "doctor" in the MU - Plovdiv; Regulations of MU-Plovdiv
from 06.11.2014 and includes the required documents.

The PhD student has submitted five scientific articles in peer-reviewed journals, two of them
with IF, and five scientific reports in congresses and scientific forums (3 of them with international

participation).



Biographical data and career development

Doctor Katerina Borisova Gaberova was born on 02.01.1988 in the city of Plovdiv. In 2007,
she graduated with honors from his secondary education at the Plovdiv Language High School.
She obtained her higher education at the Medical University of Plovdiv, where she graduated in
2013 as a "Golden Hippocrates" award winner. Since 2013, she has been carrying out primary and
secondary pediatric examinations at the "Unique" Medical Center, Plovdiv. During 2014-2019 she
worked as resident Pediatric Neurology at the Department of Pediatrics and Medicine genetics MU
- Plovdiv. Since August 2015, she has worked as a doctor in the Neurological Department and
Department of Intensive Care at the Pediatric Clinic of UMBAL "St. George", Plovdiv. Since 2016
Dr. Gaberova has participated in a project of the Department of Pediatrics and Medical Genetics at
the Translational Neuroscience Complex at the MU-Plovdiv. The PhD student has attended
specializations in prestigious translational neuroscience centers: in 2017 - 3-month training in
Aachen, Germany; in 2017-2018 - one-year study at the University of Lausanne, Switzerland. After
passing the exam in 2019, she acquired a specialty in Pediatric neurology. Since November 2019
Dr, Ganerova has enrolled as a full-time PhD student. From 2019 the PhD student actively
participates in training medical and dental students in medicine in English. Since November 2022,
she has been an assistant at the Department of Pediatrics and medical genetics of MU - Plovdiv.
The candidate has participated in many Bulgarian and International conferences and congresses.

Dr Gaberova is fluent in English and German.

2. Relevance of the subject

Cerebral palsy (CP) is a disease that leads to disability and has a very high clinical and social
importance, to which many scientific types of research have been devoted. There is considerable
variability in clinical presentation, but brain underdevelopment or damage in the prenatal, perinatal,
and postnatal periods have been proven causes.

One of the forms of cerebral palsy is hemiplegic/hemiparetic cerebral palsy (HCP), which is
caused by unilateral brain damage. In addition to clinical tests, there is modern diagnostics of these
patients by magnetic resonance imaging (MRI) to assess the structural and functional lesions of the
brain. The variety of findings in structural MRI allows us to determine approximately the time of
appearance of the lesions - prenatal, perinatal or postnatal. Thanks to the development of MR
protocols and sequences, the study of the brain is not limited only to the identification of
pathological substrates. MR tractography provides information on the degree of damage to the
corticospinal tracts. In addition to the structural changes in recent years, scientific research is also
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aimed at revealing the unique mechanisms of compensation and adaptation in case of damage in
the early development of the brain. In some patients, there is no strict correlation between the
topography and the size of the structural damage and the functional deficit, which is explained by
neuroplasticity. Significant deviations from the typical cortical organization were observed in these
patients, and brain reorganization of motor, sensory and speech control was established.
Translational neuroscience via MR tractography and structural and/or functional MRI has been
applied in pediatric patients. It can be used to identify networks that are commonly damaged or
maladapted in HCP. Research using these methods would enrich the theoretical knowledge of
neuroplasticity in the early stages of development. The data from structural, functional MR and
MR tractography as predictive factors for a more favourable outcome and evaluation of the effect
of early interventional procedures in patients with CP are of great importance for personalised
medicine.

The importance of hemiplegic CP, the still unexplained mechanisms of neuroplasticity in the
individual patient and the application of translational neuroscience determine the relevance and
significance of the topic of the dissertation work.

3. Knowledge of the problem

The PhD student is very familiar with the state of the problem and the change in the level of
knowledge in recent years. The literature review is written in an excellent scientific style, and the
information is presented comprehensively but simultaneously accessible and fascinating to read.
Modern understanding of the development and functional organization of the human brain and the
etiology and classification of cerebral palsy are explained. In addition, unsolved problems in
hemiplegic CP are presented. Attention is also given to the most modern scientific research on MR
morphometry, tractography and functional MR, emphasizing the contradictions in the individual
studies.

Dr Gaberova demonstrated excellent analytical skills, synthesized after the literature review,
and conclusions were drawn, determining the need for further scientific research in this area.

4. Methods of the study

The study is prospective, it was conducted in the Pediatrics Clinic of UMBAL "St. Georgi"
city of Plovdiv for the period 01.03.2021 - 31.10.2021. Functional and structural magnetic
resonance imaging were performed at the Translational Neuroscience Complex of the Medical
University — Plovdiv. Forty-four children and adult patients with a diagnosis of "HCP - Child
Hemiplegia" were included. In the control group (42 subjects) were selected healthy persons
corresponding to gender and age without neurological and intellectual deficits and without
structural lesions from MRI. The inclusion and exclusion criteria for both groups of persons are

indicated.



The clinical, psychological method, and technical characteristics of the MRI unit and
protocols of structural and functional magnetic resonance imaging are described in detail, as well
as the data processing software, which allows for reproducibility. Modern methods for processing
structural and functional data and subsequent statistical processing and analysis are used.

The research methodology chosen by the doctoral student is modern and allows achieving
the set goal and obtaining an adequate answer to the tasks of the dissertation work.

5. Characterization and assessment of the dissertation

The presented material is written on 212 pages, contains 78 figures, 58 tables and 11annexes.
The dissertation is in accordance with the requirements of MU-Plovdiv for structuring and volume
content. The bibliography covers 385 literature sources, 379 out of them in Latin. It is up-to-date

and comprehensive, covering modern sources.

The paper is structured in the following sections Introduction, Literary Review, Purpose and
Tasks, Material and Methods, Results, Discussion, Conclusions, Contributions, Bibliography. The
technical layout of the dissertation meets the requirements.

As a result of the review, a clear goal is logically derived. The set 6 tasks correspond to it
and are scientifically substantiated. They were completed in stages during the study.

The results of the study are presented in 5 sections: 1. Determination of neurological
symptoms and the degree of motor, sensory and speech deficits according to established methods
for each individual patient; 2. Determination of risk factors for HCP, the most common of which
are perinatal; 3. Characteristics of the structural lesion 4. Results of functional MR 5. Results of

tractography.

Dr. Gaberova logically presents the results in detailed tables and visualizes the distribution
of patients by groups according to various criteria. A significant correlation was found between the
size of the lesion and the severity of motor and sensory deficits and the frequency of epilepsy, as
well as the presence of therapeutic resistance. The highest proportion of perinatal ischemic strokes

is proven as the leading cause of HCP.
In the morphometric analysis, a correlation was established between the size of the lesions
and their type. Based on the MRICS image classification and anamnestic data on risk factors, the

possible time of onset of the lesion was determined.

A statistically significant difference was found between the size of the lesions in the four
groups, the perinatal ones being the largest, followed by the postnatal ones.

Dr. Gaberova established and described in detail that in HCP there is a brain reorganization
of motor, sensory control for the paretic and non-paretic hand.

The PhD student found that the organization of speech production depends on the affected
hemisphere, as in patients with left-sided lesions it shows a dependence on the size, type and time

of occurrence of the brain lesion.



Tractographic analysis found a disturbed microstructure of the brain white matter in patients
with CLP bilaterally, predominantly ipsilesional: in the corticospinal pathway, somatosensory
pathways, associative pathways and corpus callosum.

The PhD student found that normal intelligence is not determined by morphological
characteristics of the lesion such as size, type or time of occurrence, but depends on the preserved
microstructure of the associative pathways bilaterally and the corpus callosum.

In the discussion section Dr. Gaberova compares her data with the known literature, which
shows in-depth knowledge of the problem and critical analysis. The 14 conclusions drawn are
based on the literature review, analysis of own results and discussion. They are precisely
formulated and reflect the tasks set and the results obtained.

I fully accept the contributions mentioned by the PhD student.

As world-original contributions, for the first time, lesion morphometry, tractography for
white matter microstructure, and fMRI for evaluation of motor, sensory, and speech systems in
patients with HCP have been performed and summarized simultaneously; for the first time, an
analysis of cortical activation during speech production was conducted depending on the presence
of dyslexia in patients with CP.

As contributions of an original nature for Bulgaria: For the first time, fMRI was performed
in childhood and in patients with Cerebral Palsy, and three paradigms were applied: for the
assessment of motor, sensory and speech systems; tractography was performed for these patients
for the first time; the knowledge about brain neuroplasticity after early brain injury is
supplemented; prognostic biomarkers for better functional outcome in patients with HCP are being

established.

Along with the theoretical and confirmatory contributions, the scientific work also has
scientific-applied and methodological ones: A system is introduced to determine the probable time
of occurrence of the lesion based on a combination of risk factors and morphological characteristics
of the lesion; A method for automatically delineating and determining the volume of chronic
lesions in children with HCP was applied

6. Evaluation of the publications and personal contribution of PhD student

On the topic of the PhD thesis, Dr. Gaberova has submitted 5 scientific articles in peer-
reviewed journals, two of which in a journal with an Impact factor. In the presented articles, Dr.
Gaberova is the first author. Five scientific reports have been reported at congresses and scientific
forums (3 of them with international participation) and the PhD student is the first author in all of

them.

The personal participation of Dr. Gaberova is evident from the text of the PhD Thesis, the
abstract and the presented publications.



I have no critical remarks or recommendations for the conducted research and the
presented materials.

7. The author’s abstract

The abstract reflects the essence of the dissertation and meets the requirements. It is presented
on 60 pages and consists of parts that present the structure and content, main results and

contributions of the PhD thesis.

CONCLUSION

In my opinion the presented dissertation of Dr. Katerina Borisova Gaberova is relevant,
conducted with modern imaging methods and has a theoretical and scientifically applied
contribution to modern pediatrics and pediatric neuroradiology.

The dissertation contains scientific, scientific-applied and applied results, which represent

an original contribution to science.
The structure, content and volume meet all regulatory requirements of the Academic Staff

Development Act (ASDA) in the Republic of Bulgaria, Regulations for implementation of ASDA
and Regulations of Medical University — Plovdiv.

The dissertation shows that the doctoral student Dr. Katerina Borisova Gaberova has in-depth
theoretical knowledge and professional skills in the scientific specialty pediatrics, demonstrating
qualities and skills for independent research.

Due to the above, I confidently give my positive assessment of the research presented by the
above-reviewed dissertation, abstract, results and contributions, and I propose to the esteemed
scientific jury to award the educational and scientific degree 'Doctor' to Dr. Katerina Borisova
Gaberova in the doctoral program "Pediatrics"
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