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Appointed member of the scientific jury by order Ne P-119/25.01.2023 In accordance with
art. 4, paragraph 2 of the Act on Development of Academic Staff in the Republic of Bulgaria;
art. 30, paragraph 3 of the Implementing Regulations of the Act on Development of
Academic Staff in the Republic of Bulgaria (ADASRB) and and in connection with the
procedure for awarding the educational and scientific degree "Doctor" to Dr. Katerina
Gaberova, doctoral student on independent training in the Department of "Pediatrics and
Medical Genetics Prof. Dr. Ivan Andreev", MF, MU-Plovdiv, after preliminary discussion by
the extended cathedral council (Ex. No. 07/20.04.2022) and acceptance by the FS (Ex. No.
05/11.05.2022, Ex. No. 10/05.12.2022) with scheduled defense on 10.04. 2023

SUBJECT: The dissertation work of Dr. KATERINA BORISOVA GABEROVA
on a subject - "ROLE OF MAGNETIC RESONANCE STUDIES FOR THE
ASSESSMENT OF BRAIN DAMAGE AND BRAIN NEUROPLASTICITY IN
HEMIPLEGIC CEREBRAL PALSY", submitted for the award of the educational and
scientific degree "Doctor" in the field of higher education 7 - "Health and Sport" in the
professional field 7. 1 - "Medicine" and scientific specialty "Pediatrics" with scientific
supervisors Prof. Dr. Stefan Nedev Stefanov, PhD. The review of the materials submitted for
the competition is based on the requirements of the Law on the Development of Academic
Staff in the Republic of Bulgaria, the Regulations for its implementation, as well as the
Regulations on the Conditions and Procedures for the Acquisition of Scientific Degrees and
Academic Positions and the Qualitative Criteria for the Development of the Academic Staff
of MU-Plovdiv.

Dr. Gaberova's dissertation covers 212 pages, is based on 385 references (almost all in
Latin) and is illustrated with 78 figures and 51 tables and 11 appendices. It is structured
according to the classical model.

The dissertation is very well designed and addresses a topical problem from both a
scientific and practical point of view. One of the forms of cerebral palsy (CP) is
hemiplegic/hemiparetic cerebral palsy (HPP) due to unilateral brain damage. Patients are left
with certain motor deficits throughout life, which places a great emotional and financial
burden on families and society. Clinical assessment of sensory and motor function alone is
not sufficient, but must be supplemented with information on the structural and functional



integrity of the motor and sensory systems. Structural magnetic resonance imaging (MRI)
provides information on the location, type and size of the brain lesion and also provides
indirect information on the timing of the lesion. In-depth analysis of factors underlying
functional deficits due to early brain lesion, such as the pattern of brain reorganization, is
warranted. The reorganizational changes that have occurred in the cortical receptive fields
can be determined by functional magnetic resonance imaging (fMRI), and the degree of
involvement of the corticospinal tracts, in addition to the cerebral reorganization, is important
for the functional capacity of the patient, which can be determined by tractography.

In her dissertation, Dr. Gaberova examines and analyzes structural changes in the brain
by structural MRI (¢MRI), the microstructure of the cerebral white matter by tractography,
and different patterns of reorganization in the motor, sensory, and speech systems by fMRI to
demonstrate brain neuroplasticity in the early stages of an individual's development and to
determine factors that predict a better outcome after early-onset brain injury.

After the detailed and analytical review of the literature data on the topic developed in the
review part of the dissertation, Dr. Gaberova concludes with the most important unsolved
problems and prognosis options for the individual patient based on the conducted studies.
Analyzing the neuroplastic processes in CKD may allow prediction of functional capacity
and individualization of rehabilitation in these patients for optimal outcome. The paucity of
studies on brain reorganization in CKD and the small number of patients included in them
raise the need for more in-depth and larger-scale studies, as well as a collective consideration
of brain reorganization of different functions - motor, sensory and speech. There is a need to
discover whether different patterns of reorganization determine different degrees of
functional deficit and whether they depend on factors related to the brain lesion. The
aforementioned existing deficits in the literature as well as some contradictory and variable
data define the aim of the present thesis: to analyze the neuroplasticity of the brain after
unilateral brain lesion (occurring ante-, peri- or postnatally), the dependence of brain
reorganization on different factors and to find indicators conditioning better sensory,
motor and speech functioning of patients with CSF. To accomplish the aim, 6 tasks were
formulated.

Materials and methods. The study was conducted in the Pediatric Clinic of St. George's
Hospital, Sofia. The study was carried out in the Department of Translational Neuroscience
of St. George's Hospital, Plovdiv and the Complex of Translational Neuroscience of Medical
University Plovdiv for the period 01.01.2017 - 31.10.2021, and included 86 participants. The
subject of the study are children and adults diagnosed with "CKD - Childhood Hemiplegia"
according to ICD-10. Gender and age matched healthy subjects without neurological and
intellectual deficits and without structural lesions on MRI were selected as control group.
Clear inclusion and exclusion criteria were developed and followed based on the National
Consensus for the Diagnosis, Rehabilitation, Treatment and Administration of Children with
Cerebral Palsy, 2019 and recruitment criteria for the control group. Patient demographics
were clarified, somatic and neurological status was reflected, motor function was assessed
using the MACS scale given the ability to numerically assess the degree to which the upper
limb is used, and sensory function was assessed. Intellectual development was evaluated,



dyslexia testing with DDR2 battery. Of the imaging methods performed: 1. Structural
magnetic resonance imaging (cMRI); 2. Functional magnetic resonance imaging (fMRI); 3.
Magnetic resonance imaging (MRI). The results were subjected to statistical processing of
the digital data.

The results and discussion are presented over 103 pages. The data from the complex
examination of the patients - determination of the neurological symptomatology and the
degree of motor, sensory and speech deficits using validated methods are discussed. Clinical
examination confirms the high prevalence of comorbidities (sensory deficits, intellectual
deficits, and epilepsy) and pathological synkinesias ("mirror movements") in patients with
CP. Risk factors for HCP are identified. The anatomic lesion (type, volume, localization, and
presumed time of lesion onset) was characterized according to the results of structural MRI
and morphometry. The influence of brain lesion size on clinical parameters was determined. A
larger lesion was found to predispose to more severe motor and sensory deficits, but there
was 1o significant correlation between intellectual deficit and lesion size. Lesions were typed
based on the MRICS classification system. Of all lesion types, arterial ischemic infarcts had
the highest proportion of 43.2%. There was a statistically significant difference for the
indicator "lesion size" , with the largest lesion size being the type of arterial ischemic infarcts,
and the smallest - periventricular leukomalacia. Analyses of the dependence of clinical
parameters on lesion types determined by MRICS did not reveal an influence of brain lesion
type on clinical parameters. A chi-square test for each qualitative clinical indicator and the
time of lesion onset was performed to determine the relationship of clinical indicators and the
presumed time of lesion onset, and Spearman correlation analysis was performed for
quantitative indicators, and no statistically significant correlations were found.

Regarding fMRI in patients with CKD, in particular the motor paradigm for the paretic
hand - the results at the intraindividual (first) level showed for lateralization index and
reorganization type in the regions of interest (primary motor cortex) that CKD patients
showed a significant predominance of left-sided, ipsilesional reorganization in the region of
interest (M1) (p < 0.001), whereas the majority of fMRI studies conducted to date report a
dominant bilateral reorganization in the motor system. This warrants further analyses. The
results of the second level - PATIENT GROUP activation - at the group level, depending on
the characteristics of the brain lesion and on the motor deficit, confirms a predominantly
ipsilesional reorganization in the primary motor cortex in patients with CKD, together with
the finding of bilateral cerebellar activation.

The results for the dependence of activation on brain lesion characteristics showed that
patients with smaller lesions activated the ipsilesional (contralateral to the hand) primary
motor cortex and the contralateral (ipsilateral to the hand) cerebellum to a higher degree.
Comparison of patients with cortical and those with subcortical lesions revealed statistically
significant higher activation in the left (ipsilateral) gyrus postcentralis for the group of
patients with subcortical lesions, a result consistent with the literature to date. The correlation
analysis performed at the second (group) level did not reveal a significant difference in
activation when performing a motor paradigm with the paretic arm depending on the time of
lesion onset. Based on the results, the dissertation concludes that best motor function



(MACS]I) is achieved by compensatory engagement of ipsilesional regions not typically
associated with motor function. A second possible mechanism that results in some but weaker
compensation (MACS2) is by engaging contralesional regions (ipsilateral to the affected
limb). Similar findings have not been found in previous fMRI studies in HCP. Some authors
identify contralesional reorganization as an adverse predictor of motor performance, while
others find no association between the severity of motor impairment in patients with CP and
the type of cortical reorganization.

Comparing the two groups of patients and controls, we found significantly greater
activation in both contrasts. Comparison between the two groups found significantly higher
activation in the typical contralateral limb M1 in the controls, whereas the contralesional
(right) M1 was activated to a significantly higher degree in the patients, supporting the
possibility of some interhemispheric reorganization taking place in the patient group.
Significantly higher activation was also found in the patient group in the ipsilesional posterior
cerebellar hemisphere - regions in the temporal and in the occipital cortex.

In the motor paradigm with the nonparetic (uniformly left) hand, statistically significant
activation was found in 5 clusters typically associated with the motor system: the right gyrus
precentralis, basal ganglia, posteromedial frontal cortex, and left cerebellum. Patients with
larger lesions activate the gyrus precentralis ipsilateral to the limb (ipsilateral) and the gyrus
frontalis medialis contralateral to the limb (contralateral) to a greater extent, whereas patients
with smaller lesions activate the insular cortex contralateral to the limb to a greater extent.
The dissertator attributes this difference to the presence of global dysfunction of cerebellar
connectivity between the two hemispheres in patients with larger lesions. Comparison of
activation in the two groups: patients with cortical and those with subcortical lesions revealed
statistically significant higher activation in several clusters in subcortical versus cortical
lesions - in the right rolandic operculum and basal ganglia on the right, and in the cerebellum
on the left. In a motor task with the nonparetic hand, the different functional patterns
observed depending on lesion characteristics did not affect the motor performance of the
nonparetic upper limb. The lower activation of a typical site (M1 contralateral to the limb) in
the patient group compared to the control group may be associated with a reduced capacity
not only of the affected but also of the morphologically intact right hemisphere in the
patients.

Regarding the sensory paradigm for the paretic hand, there was a significant
predominance of ipsilesional reorganization in the primary somatosensory cortex (p < 0.001).
There were no patients with bilateral reorganization. These results support evidence from the
literature that sensory organization in primary somatosensory cortex is preserved
ipsilesionally, in contrast to motor cortex, which shows diverse patterns of reorganization.
Regarding activation in the PATIENT GROUP - at the group level and depending on the
characteristics of the brain lesion, and on sensory and motor deficits - statistically significant
activation was found in 2 clusters, the left gyrus postcentralis and the right rolandic
operculum. Patients with smaller lesions were found to activate the ipsilesional (contralateral
to the hand) primary somatosensory cortex to a greater extent. Subcortical versus cortical
lesions were found to have significantly higher activation in the left (contralateral to the hand,



ipsilateral) gyrus postcentralis and rolandic operculum in subcortical lesions. No areas of
higher activation were found in cortical versus subcortical lesions. Significantly higher
activation was found in the left (contralateral to the hand, ipsilateral) gyrus precentralis and
gyrus postcentralis in patients without sensory deficit compared with those with sensory
deficit. In patients with sensory deficits compared to those without, activation was
significantly higher in the left (contralateral to the hand, ipsilateral) gyrus cinguli and right
(ipsilateral to the hand, contralateral) gyrus parietalis superior. A comparison between the
patient and control groups revealed that controls activated the left gyrus postcentralis and
gyrus precentralis to a greater extent, whereas patients activated regions in the right parietal
and temporal cortex, left gyrus frontalis medialis, and left precuneus. The obtained
differences confirm the possibility of contralesional and perilesional reorganization also in
the sensory system in patients with CSF.

In the sensory paradigm with the non paretic (uniformly left) hand, statistically significant
activation was found in 3 clusters, the right rolandic operculum, right and left gyrus
postcentralis. There was no significant difference in activation according to the anatomical
characteristics of the lesion (size, type, time of occurrence), and according to the presence or
absence of sensory deficit.

In terms of the speech production paradigm, the prevalence of right-sided lateralization of
speech production in right-sided CSF is consistent with the literature on language
organization after congenital focal brain lesions. Determination of group-level activation in
the group of patients with right-sided CSF for the speech production paradigm revealed
statistically significant activation in 7 clusters. Patients with larger lesions were found to
activate the left gyrus temporalis medialis to a greater extent, whereas those with smaller
lesions activated the left gyrus frontalis inferior (Broca's area). Patients with cortical lesions
were found to have significantly higher activation in the left gyrus temporalis medialis
(ipsilesional). In patients with subcortical lesions, no areas of higher activation were found.
Lesion onset time correlated positively with activation in 3 clusters in the left temporal cortex
(ipsilesional) and in one cluster in the right cerebellum. No clusters with significant negative
correlation were found (in carly-onset lesions). Regions in the right hemisphere
(contralesional) - medial temporal pole, gyrus frontalis inferior and gyrus frontalis medialis
and one cluster in the right cerebellum - were found to be activated to a greater extent in
patients with lower verbal intelligence (as determined by the Wechsler numerical scale).

Differences on tractography showed significantly higher values of fractional anisotrophy
(FA) in multiple regions in both hemispheres, the corticospinal tract bilaterally, more to the
left (corona radiata, capsula externa, anterior and posterior leg of the capsula interna, crus in
the control group compared with the patient group. The higher FA in controls compared to
patients is explained by a better level of myelination, axonal density, axonal membrane
integrity and is found along the entire corticospinal (CS) pathway in both the affected and
unaffected hemisphere. The results of this dissertation demonstrate significant differences
between patients and controls and-outside the CS pathway. The authors relate this to impaired
communication between the hemispheres, which is particularly important for motor control,
including bimanual coordination. They also found bilateral changes in the diffusion



properties of large associative pathways - fasciculus longitudinalis superior et inferior
bilaterally, connecting a number of structures intrahemispherically, which may be associated
with deficits in higher cortical functions in patients. Irrespective of the side of the lesion,
patients with subcortical lesions showed significantly higher FAs in the affected hemisphere
compared with patients with cortical lesions with differences predominantly in the CS
pathway. The group of patients with left-sided lesions and better motor functional capacity
(MACS1) showed significantly higher FA values ipsilesionally. Similarly, in the group of
patients with right-sided lesions, significantly higher FA values were found in the group of
patients with MACS]1 in restricted regions in the right (ipsilateral) hemisphere. The data from
the present study provide evidence that impaired CS pathway integrity correlates with the
severity of motor impairment, and that better somatosensory pathway microstructure (higher
FA in posterior thalamic radiations) in patients with better motor function (MACS1).

Patients with right-sided CP were found to have significantly higher FA values on the left
(ipsilateral). No pathways with significantly higher FA were found in the group of patients
with sensory deficit compared with the others. In the group of patients with left-sided CP,
significantly higher FA values were found in regions in the right (ipsilesional) hemisphere in
the group of patients without sensory deficit. The present results also show a more severely
disrupted microstructure of the CS pathway in patients with sensory deficits compared with
those without, and the study in the group with right-sided lesions found bilateral lesions more
pronounced on the paretic side, supporting the hypothesis of a role for the CS pathway in
sensory function as well. The dissertation results also show a more severely impaired
microstructure of the CS pathway in patients with sensory deficits compared to those without,
and the study in the group with right-sided lesions found bilateral lesions more pronounced
on the paretic side, supporting the hypothesis of a role for the CS pathway in sensory function
as well. Patients with left-sided hemipareses also showed significantly higher FA values in
the group of patients with normal intelligence, but predominantly in the contralesional (left)
hemisphere. Patients without intellectual deficit, regardless of lesion side, showed better
diffusion indices for the association fibers in the left hemisphere.

On the basis of the obtained origenal results and when compared with the data from the
literature review, Dr. Gaberova forms 14 conclusions, which I fully accept and find adequate
to the dissertation - the goal and the tasks she has set. Of the conclusions I would highlight
several - 1. The motor cortical reorganization for the paretic hand in patients with CKD is
varied - with three patterns of motor cortical reorganization - ipsilesional (typical), bilateral
and contralesional, the most common pattern being ipsilesional; 2. Somatosensory cortical
reorganization for the paretic hand in patients with CKD is bilateral - at a typical location in
the ipsilesional primary somatosensory cortex and atypical - perilesional and contralesional;
3. Tractographic analysis reveals abnormal white matter microstructure in patients with CKD
bilaterally, predominantly ipsilesional:; 4. Normal intelligence is not determined by
morphologic characteristics of the lesion such as size, type, or time of occurrence, but
depends on the preserved microstructure of the association tracts bilaterally and the corpus
callosum.



I think the framing of the conclusions could be improved - they could be more
synthesized.

Of the contributions that I also accept, the most important are those of an original nature,
and I would particularly single out a few: 1. For the first time in the world, morphometry to
determine lesion characteristics, tractography to determine white matter microstructure, and
fMRI to assess motor, sensory, and speech systems in patients with CKD (with the largest
number studied to date in the literature) have been simultaneously performed and
summarized; 2. For the first time in Bulgaria, fMRI was performed in childhood and in
patients with Cerebral Palsy, and three paradigms were applied: to assess the motor, sensory
and speech systems; 3. For the first time in Bulgaria, tractography was performed in patients
with Cerebral Palsy and TBSS analysis of the results was performed; 4. For the first time in
the world the analysis of cortical activation in speech production in relation to the presence of
dyslexia in patients with CKD; 5. The anatomical and functional brain representation of the
motor, sensory and speech systems is illustrated by MRI studies.

The results of the dissertation are reflected in S articles, of which 2 are in international
Journals with impact factor, one in Bulgarian periodical - sp. Pediatrics, which is refereed in
Scopus and Web of science, and 2 are in conference proceedings, which exceeds the
requirements for a PhD. Dr. Gaberova also submitted 5 scientific reports at national and
International conferences and congresses related to her PhD.

CONCLUSION: With her PhD Dr. Katerina Borisova Gaberova presents herself as a
mature researcher, capable of conducting research at a high scientific level and analyzing
complex scientific results covering intermediate fields of science — neurology, physiology
and radiology.

With her scientific achievements she satisfies both the requirements of the Law on the
Development of Academic Staff in the Republic of Bulgaria and the internal criteria of MU-
Plovdiv for the acquisition of the educational and scientific degree "DOCTOR" and I take the
liberty to recommend with conviction to the esteemed members of the W

conducting the defense to award her the degree.

“ 3anuUyeHo Ha OCHOBaHUe
Yn.5 §1, 6.“B“ PernameHT (EC)2016/679

17.02.2023 r. Reviewer: -
/ Prof. Ivan Litvinenko, PhD/



