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INTRODUCTION

Actuality and importance of the researched problem

Stroke represents a major medico-social problem, an important cause of mortality and the main
cause of disability in the population worldwide [1, 2]. Prospective research states that this condition
is expanding annually, in terms of incidence and prevalence, and World Health Organization (WHO)
experts report that strokes will become the main cause of mortality by 2030 [3].

Although pediatric stroke is included in the category of rare neurological diseases in children,
it represents an important cause of long-term disability and significant neurological deficits [4, 5]. The
authors of several studies report that up to 20% of affected children die after an ischemic stroke, and
more than 50% of those who survive have neurological sequelae, among which, most frequently,
hemiparesis [4, 6].

Quality of life has the greatest relevance among the most important outcomes assessed after
stroke [7], as it provides a comprehensive assessment of health status that includes physical, mental
and social well-being, a concept of the WHO health definition [8, 9, 10]. Depending on the type and
severity of stroke in children, in the post-stroke period, multiple brain injuries can be encountered that
cause consequences in all domains of quality of life (physical, psychological, cognitive and social
disorders) [11, 12]. The assessment of the quality of life of children with stroke provides
complementary information on health status, and beneficial or negative influences of treatment and
medical care [13].

At the same time, sleep disturbances occurring after a stroke predispose to recurrence, decrease
quality of life, increase the risk of mortality and are associated with poorer functional outcomes [11,
14, 15].

The purpose of the research: the evaluation of the peculiarities of the quality of life of a child
with a history of pediatric ischemic stroke under the influence of rehabilitation programs for the
assessment of the medical and social prognosis.

Research objectives: (1) Demographic, causal and clinical-paraclinical analysis of children
who suffered a pediatric ischemic stroke; (2) Complex evaluation of children with ischemic stroke in
the antecedents by assessing the quality of life, the specifics of neurological deficits, the particularities
of sleep disorders and the rehabilitation program; (3) Estimation of the relationship between the
quality of life of the child who suffered an ischemic stroke and the degree of neurological deficit,
sleep disorders, the serum level of the S100B protein and the recovery program; (4) Assessment of
potential negative prognostic factors of low quality of life in children who suffered ischemic stroke
according to the studied parameters.

1. ISCHEMIC STROKE - PECULIARITIES IN CHILDREN

The incidence of pediatric stroke varies from 1,3 to 13 per 100,000 children (aged 29 days to
18 years) [16], and the most common involvement is the middle cerebral artery (MCA) [17].

Scientific research has demonstrated that pediatric ischemic stroke can be induced by a
multitude of etiological factors, with more than 100 causes reported [18]. Also, the congenital heart
malformations, some genetic diseases and sickle cell disease are considered the most common causes
of stroke in infants, and vasculopathies and hypercoagulation states - among adolescents [19, 20].

Data in the biomolecular scientific literature highlight the major role of biomarkers in the
assessment of neurological prognosis and stroke recovery in children. In the list of included
biomarkers, the most studied is the S100B protein, which possesses intracellular and extracellular
properties. Intracellularly, this protein is part of calcium homeostasis, having a role in transferring
signals from its secondary messengers [21, 22].

Considering the onset of stroke in childhood and the impact on the quality of life of the child
and his family, the economic costs and the emotional burden on society are great, as pediatric stroke
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affects the physical, cognitive abilities and quality of life of children and their families [23]. The
quality of life is defined by the physical, mental and social well-being, as well as the patient's ability
to perform their usual tasks of their daily existence [9, 24]. Although stroke survival is a key indicator,
studying the quality of life is an important feature of survivors and provides information on how stroke
treatment and complications affect the child and their ability to function at home, school, and
community environments [24, 25, 26].

At the same time, the prophylaxis, diagnosis and treatment of sleep disorders in children who
have suffered a ischemic stroke represent an important section in the rehabilitation process of these
children. Also, the caregivers of children without post-stroke sleep disorders must be educated and
motivated to respect sleep hygiene, to create favourable conditions for the rehabilitation process [27].

Consensus guidelines for management of pediatric stroke suggest that early and continuous
rehabilitation therapy is essential [28]. Medical rehabilitation is a continuous process, which starts
from the wards/departments within the hospital and continues to outpatient clinics and community
locations/centres. The quarterly rehabilitation therapy is only applied in the hospital by the
rehabilitation doctor, physiotherapist, physiotherapist, etc.

2. RESEARCH METHODOLOGY

2.1 General characteristic of the research: research group and sample size

The study was a cross-sectional one carried out within the project "Evaluation of incidence,
prevalence, risk factors, research of clinical, neuroimaging, neurophysiological and neurotrophic
remedial aspects of strokes in children”, being carried out under the auspices of the state program
"Systemogenesis of risk factors risk, optimization of the medical assistance service, sustainable
evaluation and mathematical modelling of strokes™, No. 17.000418.80.07A, accomplished within the
Neuropediatrics Clinic of the Department of Pediatrics of "Nicolae Testemitanu” SUMP during the
years 2019-2021. Fifty eight subjects with a history of ischemic stroke (6 months and more after
illness) were included.

The subjects included in the study met the following inclusion criteria: (1) Children of
both sexes, aged 3-12 years; (2) The diagnosis of ischemic stroke in the anamnesis performed
following the criteria of the ICD-10 Classification of the World Health Organization, confirmed by
imaging method on CT and/or MRI brain images, or both; (3) Age of stroke more than 6 months; (4)
The written consent of the child's parent or legal custodian.

Exclusion criteria were: (1) Neonatal stroke; (2) Hemorrhagic stroke; (3) Children with
neurodegenerative, congenital genetic, Central Nervous System demyelinating diseases; (4) Refusal
of the parent or the child to participate in research

The sample size required for the study
To determine the required number of patients for the study, the following formula was used:

n = (2)? % where:

n- The volume of the representative sample;
Z- 1.96 for the 95.0% confidence interval;
e- accepted error, e=0.001,
P- according to bibliographic data [Mallick AA, O'Callaghan FJ. The epidemiology of childhood
stroke. Eur J Pediatr Neurol, 2010 May;14(3):197-205] the incidence of stroke is 1.3 per 100
thousand children (P=0.000013)

After entering the data in the respective formula above, it was obtained:

n=0,000013 x 0,999987 (1,96/0,001)> = 49,9,

and with a 10.0% non-response rate, the representative sample was obtained consisting of 55
patients with ischemic stroke



The detailed research design is represented in figure 1
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Figure 1. Overall study design
Note. IS - ischemic stroke, PIS - pediatric ischemic stroke, NS - neonatal stroke, HS - hemorrhagic
stroke, CT - computed tomography, MRI - magnetic resonance imaging, EEG -
electroencephalography

2.2 Research methodology

The general research methods used were: (1) Clinical method (clinical and neurological
examination); (2) Instrumental methods (electroencephalography, imaging); (3) Immunoenzymatic
tests (S100B protein); (4) Statistical-mathematical method.

The methods and sources of primary data collection: (1) The clinical-anamnestic
questionnaire; (2) Standardized questionnaires; (3) The data of outpatient records.

3. CHARACTERISTICS OF ISCHEMIC STROKE IN CHILDREN

3.1 Description of the socio-demographic, clinical and imaging characteristics of the
ischemic stroke of the subjects included in the research

According to the division by sex, a prevalence of the male sex was found, constituting 62% or
36 subjects, and the female sex 38% or 22 subjects. The subjects included in the study were aged
between 3 and 12 years, with an average age of 5.3 £ 2.5 years, Median — 4.5, IQR- 4.2. Out of the
total number of 58 children, 26 or 44.8% suffered an ischemic stroke during infancy, 20 or 34.5% -
during early childhood, 8 or 13.8% - during preschool and 4 or 6.9% of children in school age.



Etiological factors potentially associated with ischemic stroke were determined by cardiac
pathology (17%) and infectious (13%), Centrale Nervous System arteriovenous malformations (7%),
hereditary genetic syndromes (5%) and coagulation disorders (7 %) (Table 1).

Table 1. Causes of ischemic stroke in children in the total study group, abs., %

Causes of ischemic stroke abs. % 95% CI
TOTAL 58 100

Undetermined etiology 26 448 31,8-58,5
Congenital heart malformations 10 17,3 8,5-29,4
CNS infections 8 13,8 6,1-25,4
Arteriovenous malformations of the CNS 4 6,9 1,9-16,7
Coagulability disorders 4 6,9 1,9-16,7
Hereditary genetic syndromes 3 51 1-14,3
Hypovolemia 3 51 1-14,3

Analyzing the location of the ischemic stroke, the predominance of the left hemisphere was
highlighted in 26 cases or 44.8% (figure 2).

21%

= Right
m Left

Bilateral

Figure 2. Stroke lateralization according to the results of imaging examinations, %

Brain CT and/or MRI imaging assessment data suggested that 41 or 70.6% of patients had
predominant involvement of the middle cerebral artery (MCA), followed by the posterior cerebral
artery (PCA) in 7 cases or 12%, then the anterior cerebral artery (ACA) in 5 cases or 8.7% (figure 3).

9%

= ACA
= MCA
= PCA

Several arteries

Figure 3. Structure of the study group according to cerebral artery involvement in stroke, %



Analyzing the results of electroencephalography and clinical examination, 36.2% (21) of the
subjects presented post-stroke structural epilepsy, while 63.8% (37) did not present this diagnosis
(figure 4).

= Children without
Epilepsy

= Children with
Epilepsy

Figure 4. Structure of the study group according to epilepsy diagnosis, %

From the point of view of the program (frequency) of rehabilitation treatment applied to
children, 47% (28) of the subjects benefited from continuous rehabilitation treatment, i.e. both during
the child's hospitalization and at home, carried out by parents or specialists in the field of
rehabilitation. Quarterly rehabilitation therapy was applied to 53% (30) of the children, carried out
only in the hospital by the rehabilitation doctor/physiotherapist/physiotherapist (figure 5).

= Continuous
rehabilitation
treatment

= Quarterly
rehabilitation
therapy

Figure 5. Frequency of rehabilitation treatment performed in post-stroke children, %

As can be seen in figure 5, more than half of the children with ischemic stroke did not benefit
from continuous rehabilitation treatment, the consequences of this fact having repercussions on all
aspects of the quality of life.

3.2 Functional evaluation of the neurological deficits of the subjects included in the research

Stroke can have significant neurodevelopmental consequences in children, particularly
physical development and locomotor function. Most of the children included in the research after the
onset of the ischemic stroke episode, according to the patient's outpatient record, presented a motor
deficit of different degrees of severity, such as mild degree, which did not later influence daily
activities, moderate or severe degree. Most children presented with hemiparesis/hemiplegia — 40
(69%), followed by those with tetraparesis/tetraplegia — 11 (19%) and monoparesis/monoplegia — 7
(12%) subjects (table 2).



Table 2. Type of motor deficit of the subjects, abs., %

Parameters Total, (n=158)
Type of motor deficit, abs., (%)
e Monoparesis/ Monoplegia 7 (12%) (C1 95%: 4,9 — 23,3)
e Hemiparesis/ Hemiplegia 40 (69%) (CI 95%: 55,5 —-80,5)
e Tretraparesis/ Tetraplegia 11 (19%) (C1 95%: 9,8 — 31,4)

The score of neurological deficits after sustaining a stroke, according to the standardized
PSOM neurological evaluation tool, allowed the assessment of the degree of severity of the motor
deficit. Thus, the PSOM neurological deficits score varied from 0.5 to 10 points, with a median score

of 2.5 + 2.6 points (figure 6).

Frequency

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 100
Total_PSOM

Figure 6. Frequency of total PSOM score, points

According to the results of the interpretation of the total score of the PSOM scales, only 9
(15.5%) of the children had no neurological deficit, 16 children (27.6%) had a mild neurological
deficit, 17 children (29.3%) had moderate neurological deficit and 16 children (27.6%) severe

neurological deficit.

3.3 Analysis of sleep disorders in the child who suffered an ischemic stroke
According to the standardized T score of the SDSC questionnaire, 74% (43) of the participants
had poor sleep quality, presenting different sleep disorders, and 26% (15) - had good sleep quality

(figure 7).

= Children without
Sleep Disorders

= Children with Sleep
Disorders

Figure 7. Structure of the study group according to the presence or absence of sleep disorders,%
9



According to the 6 subscales (categories) of SDSC sleep disorders, the most common sleep
disorders were sleep initiation and maintenance disorders that occurred in 48.3% (28 subjects) of
children, breathing disorders in sleep — at 38% (22 subjects), sleep-wake transition disorders — 38%
(22 subjects) and pathological daytime hypersomnolence — 29.3% (17 subjects). Parasomnias and
nocturnal hyperhidrosis occurred in 10.3% (6 subjects) and 12% (7 subjects), respectively.

Thus, it is observed that almost half of the children with ischemic stroke had sleep initiation
and maintenance disorders, and a third of them had sleep breathing disorders, sleep-wake transition
disorders, and excessive daytime sleepiness. Sleep disorders present in children after stroke may
worsen disease progression, neural plasticity and recovery mechanisms of the brain after stroke,
influencing quality of life by maintaining disability.

4. CHILDREN'S QUALITY OF LIFE AFTER ISCHEMIC STROKE, CORRELATION
WITH DETERMINANTS OF NEUROLOGICAL DEFICIT, SLEEP DISORDERS,
FREQUENCY OF REHABILITATION METHOD AND POTENTIAL NEGATIVE

PROGNOSTIC FACTORS

4.1 Quality of life in children with ischemic stroke: general, medical and social aspects

The average total score calculated according to the PedsQL quality of life questionnaire,
represented by the accumulated points on the scale of physical, emotional, and social well-being and
preschool/school activity, was 56.2+25.2 points, varying between 9.5 and 95.6 points.

The lowest average score was registered on the scale indicating the limitation of the role of
school and preschool activities, with a value of 47.1 points (£33.5), suggesting that children with
ischemic stroke included in the study seem to feel the greatest burden of the disease through the prism
of fitting into the preschool and school space. With the help of another scale of PedsQL, we assessed
the degree of participation and social involvement of post-stroke children. This scale indicated
children's absence from preschool and school activities due to poor physical health and/or the
importance of regular check-ups. This fact was demonstrated with the help of the physical health
score, the second scale with the lowest average score — 51.3 points (£31.5). The highest average score
recorded was that of the emotional function - 72.0 points (x17.4), suggesting that parents of children
with different degrees of disability offer appropriate psycho-emotional support to their children, the
latter having a relatively good emotional state (table 3).

Table 3. Scores obtained by children with ischemic stroke in the PedsQL questionnaire, points

Quality of life scales Mean, Std Std 95% CI Min | Max | Reference
points | Deviation | Error values
Physical functions 51,3 31,4 4,13 43,0-59,6 0 100 0-100
Emotional functions 72,0 17,4 2,29 67,4-76,6 20 100 0-100
Social activities 55,1 29,5 3,87 47,3-62,8 0 100 0-100
Pre/school activities 47,1 33,5 4,40 38,2-55,9 0 100 0-100

According to the total quality of life score, 38 (65.5%) of the children included in the study
accumulated a score of less than 70 points, which is considered a very low quality of life, 5 (8.6%) of
the participants presented a score between 71 — 80 points, which corresponds to a quality of life at a
low level, 9 (15.5%) - a score between 81 — 90 points, which corresponds to a quality of life at
moderate level and 6 (10.3%) of the subjects - a score higher than 90 points, corresponding to a high
quality of life (figure 8).
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Figure 8. The structure of the study group according to the accumulated total score of
the quality of life, abs.

We aimed to evaluate whether there were differences between the means of the quality of life
score of children with ischemic stroke, depending on age, by ANOVA statistical analysis, adjusted
with the help of the Bonferroni multiple correction test (table 4).

Table 4. ANOVA statistical analysis, mean quality of life score in age groups 3-4 years, 5-7
years, 8-12 years, multiple Bonferroni correction

Source of Variation Sum of Squares Degrees of Mean of Squares F p
Freedom

Among groups 42000.942 2 2100.471 3.592 | .034

Within groups 32164.716 55 584.813

Total 36365.658 57

As can be seen in table 4, the analysis of the variance of the sum of squares of the score
between groups with the variation within the groups revealed that the variation between the groups
was greater, i.e. that there was reason to suggest that differences between the groups were significant.
A statistically significant F parameter (3.59) was also obtained (p< 0.05), so we could suggest that the
average score of the quality of life was statistically significantly different in the groups of children
depending on their age.

The results of PedsQL scores on the physical scale ranged from 0 to 100 points, with a mean
of 51.3 + 31.5, with a lower mean level in female subjects (46.4 vs 54.2; p > 0.05) and a statistically
significant reduced score in children aged 3-4 years (39.5 vs 65.4; p< 0.05) (table 14).

The PedsQL scale on the emotional component varied from 0 to 100, with an average of 72.0
+ 17.4, with a lower average level being recorded in female children (68.2 + 18.5 vs 74.3 £16.6; p>
0.05) and children aged 3-4 (69.1 £17.5 vs 76.0 £15.3; p> 0.05).

The PedsQL quality of life score on the social scale ranged from 0 to 100, with a mean of 55.1
+ 29.5, with a lower mean level being recorded in male patients (54.3 = 29.6 vs 56 .4 £29.9 p> 0.05)
and those in children aged 3-4 years (48.1 £28.5 vs 67.8 £26.3; p> 0.05).
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The PedsQL quality of life score on the preschool/school activities scale ranged from 0 to 100,
with a mean of 47.1 + 33.5, with a lower mean level being recorded in females (46.7 £ 33.6 vs 47.3
+33.9; p> 0.05) and statistically significantly reduced in children aged 3-4 (36.2 + 37.1 vs 65.0 £17.9;

p< 0.05).

4.2 The relationship between the quality of life and the degree of neurological deficit, sleep
disorders and the frequency of the applied rehabilitation method

Analyzing the relationship between the mean PedsQL quality of life score and the mean PSOM
neurological deficits score, we observed that the PSOM score correlated negatively and highly with
the PedsQL score, (Pearson's correlation coefficient being - 0.7 (p < 0.0001)) ( figure 9).
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>| 8 e e °
o 400 o
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g -] e -]
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Figure 9. Scatter plot of correlation between PSOM and quality of life score

We notice that the points were distributed on the graph in a general ascending manner. This
indicates that as the neurological deficits were more severe, the quality of life was lower.

The influence of sleep disorders on the quality of life of post-stroke children

In children who did not have sleep disorders, the average value of the total quality of life score
was 86.6+8.1 points, being statistically significantly higher compared to the one recorded in children
with sleep disorders — 45.7+20 .0 points (p< 0.001).

The graphs from the Mann-Whitney Statistical Analysis of the quality of life scores between
the group of children without sleep disturbances and the group of children with sleep disturbances
suggested visualizing the differences in the quality of life scores between the two groups. It was
visually observed that the quality of life scores in the group of children with sleep disorders was lower,
thus sleep disorders represented a significant negative factor in the quality of life of children with
ischemic stroke (figure 10).
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Independent-Samples Mann-Whitney U Test

0- without sleep disorders, 1- with sleep disorders
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Figure 10. Mann-Whitney analysis of quality of life scores between the group of children
without/with sleep disorders

The result of the Mann-Whitney U test, which measured the difference between the two groups

(children with/without sleep disorders), was 20.5. This result suggested that there was a significant

difference between the mean quality of life score of the two compared groups. Also, the Wilcoxon W

value had a higher value (966.5) and thus indicated a difference between the 2 groups.
The analysis of quality of life on all PedsQL scales indicated statistically significant
differences between subjects without sleep disorders and those with sleep disorders: on the physical

health scale the mean value was 90.8+7.5 points vs 37.5£23.9 points (p< 0.001), on the emotional

health scale the average value 86.7+10.5 points vs 66.9£16.5 points) (p< 0.001), on the social scale,

the average value was 85.0+16.7 points vs 44.6
activities scale the average value was 81.4+11.6

The Spearman correlation coefficient between SDSC and QL score was -0.9 (p<0.0001)

(figure 11).
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Figure 11. Scatter plot of correlation between sleep disturbance and quality of life score
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Thus, it was observed that as the severity of sleep disturbances increased (the higher the score),
the quality of life scores were lower. Thus, the association of sleep disorders after a stroke leads to a
series of negative consequences, which influence both the physical state (and thus precarious of the
post-stroke subjects), as well as the psychological and emotional state, all of which amplify the social
integration disorders.

Influence of epilepsy on quality of life in post-stroke children

We analyzed the relationship between epilepsy as a post-stroke complication and the PedsQL
quality of life score. The average value of the total quality of life score in children without this
diagnosis was 67.1+£21.7 points and was higher compared to children with epilepsy — 37.0+£19.1 points
(p < 0.005).

The graphs from the Mann-Whitney statistical analysis of the quality of life scores between
the group of children without epilepsy and the one with epilepsy suggested the visualization of the
differences in scores between the two groups, in the group of children with epilepsy the average score
of the quality of life was lower (figure 12).

The result of the Mann-Whitney U test, which measured the difference between the two groups
(children with/without epilepsy), was 114,000. and suggested that there was a significant difference
between the mean quality of life score of the two compared groups. Also, the Wilcoxon W value had
a higher value (345,500) and thus indicated a greater difference between the 2 groups.

Independent-Samples Mann-Whitney U Test

0-children without epilepsy, 1- children with epilepsy Total number 58
0. 1.
N=37 N=21 Mann-Whitney U 114.0
120.00 |Mean Rank = 36 92 Mean Rank = 16 43 120.00 =
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Figure 12. Mann-Whitney analysis of the mean score of Quality of Life between the group of
children without/with epilepsy

Influence of continuous or quarterly rehabilitation programs on quality of life in children
post-ischemic stroke

In children who followed continuous rehabilitation treatment, the average value of the total
quality of life score was 69.2+24.3 points, being significantly higher compared to children with
quarterly rehabilitation treatment - 45.0£20.4 points (p < 0.001).

The graphs from the Mann-Whitney statistical analysis of the quality of life scores between
the group of children with quarterly or continuous rehabilitation treatment suggested the visualization
of the differences in the quality of life scores between the two groups, in the group of children with
quarterly treatment it was lower, thus the diagnosis of epileptic disease representing a significant
negative factor on the quality of life of children with ischemic stroke (figure 13).
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Figure 13. Mann-Whitney analysis of mean Quality of Life score among children with
continuous/quarterly rehabilitation treatment

The result of the Mann-Whitney U test, which measured the difference between the two groups
(children continuous or quarterly rehabilitation treatment), was 186,000 suggesting that there was a
significant difference between the average score of the quality of life of the two compared groups.
Also, the Wilcoxon W value had a higher value (682,000) and thus indicated a greater difference
between the 2 groups.

Stroke rehabilitation treatment is important, both in its type and duration, as well as in its
continuity. Therefore, these children require a continuous rehabilitation program that facilitates
positive progress in the child's motor, cognitive and social functions.

The analysis of the quality of life on all PedsQL scales indicated statistically significant
differences between subjects with continuous rehabilitation treatment and those with quarterly
rehabilitation treatment: on the physical health scale the mean value was 68.2+30.2 points vs
36.6+£24.7 points (p<0.001), on the emotional health scale the mean value 68.3+28.5 points vs
43.5+25.6 points) (p<0.001), on the social scale the mean value was 61.8+31.3 points vs 34.2+30.4
(p<0.001), on the scale of preschool and school activities the average value was 81.4+11.6 points vs
35.1+30.2 points) (p< 0.05).

Consequently, it was determined that neurological deficits with a more severe degree, the
presence of sleep disorders, epilepsy and discontinuous rehabilitation treatment had a negative impact
(possible also of mutual aggravation, with bidirectional influence) on all the average scores of the
quality of life scales.

5. POTENTIAL PROGNOSTIC FACTORS OF QUALITY OF LIFE IN CHILDREN WITH
ISCHEMIC STROKE

In our study, to evaluate the prognostic factors of poor quality of life in children with ischemic

stroke, we studied the mean quality of life scores and used univariate analysis depending on the child's

sex, age at stroke onset, time since the onset of the stroke until the examination of the child included

in the study group, the aetiology of the ischemic stroke, the results of the PSOM neurological deficits,
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the presence or absence of sleep disorders, the presence or absence of the diagnosis of epilepsy, as
well as the serum level of protein S-100B. These characteristics and assessed parameters were
included as prognostic factors of low quality of life.

At the same time, we also studied the relationship between the protein S-100B biomarker level
(serum concentration at least 6 months after suffering an ischemic stroke) with long-term neurological
outcomes and the quality of life of children with ischemic stroke. The Pearson correlation coefficient
between serum Protein S-100B values and the PedsQL quality of life score indicated a strong negative
correlation (rho coefficient -0.64 (p < 0.0001) (figure 14), meaning that there is an inverse association
between the two variables, that is, when serum levels of Protein S-100B are higher, the quality of life
score (assessed with PedsQL) tends to be lower (and thus a poor quality of life).
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Figure 14. Scatter Plot of Correlation Between Serum Protein S-100B Values and Quality of
Life Score, Pearson Correlation Coefficient -0.64

In this context, we could interpret the fact that the levels of increase of S100 B protein could
be associated with a greater severity of ischemic stroke or the presence of complications affecting
quality of life. These results allow us to support the hypothesis that Protein S-100B is a biomarker
that can serve as a prognostic factor of poor quality of life in children who have had an antecedent of
ischemic stroke.

Analyzing the results of the quality of life depending on the gender of the child, we established
lower scores in female patients. At the same time, we evaluated the influence of age on neurological
outcomes and quality of life and observed that quality of life was lower in children with stroke onset
at a younger age (infancy), supporting the argument that neurons are more vulnerable in the brain than
in the development process. At once, the presence of sleep disorders and/or epilepsy in children with
stroke was associated with a more severe prognosis and a very low quality of life. Etiological factors
leading to ischemic stroke were also analyzed, thus, congenital heart malformations, CNS infections,
coagulability disorders and arterio-venous malformations were negative prognostic factors for a low
quality of life. Higher levels of protein S-100 B above normal limits were also associated with lower
quality of life, thus increasing the potential of this biomarker as a negative prognostic factor in
pediatric ischemic stroke (Table 5).
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Table 5. Predictors of poor quality of life in children with ischemic stroke

Prognostic factors Regression Logistic regression
coefficient, Exp 95 9% ClI p
(B)
Female -0,073 -0,13-0,2 <0.05
Age
3-4 years 29.855 2,9-301,5 <0.001
5-7 years 13.383 1,2-14,7 <0.05
Moderate or severe neurological 0,879 0,7-1,01 <0.001
deficits, PSOM
The presence of sleep disorders 0,674 0,4-0,9 <0.001
The presence of epilepsy 0,055 0,009-0,3 <0.005
Quarterly rehabilitation treatment 0,037 0,005-0,2 <0.001
Risk factors
MCC 0,356 0,2-0,8 <0.001
Coagulability disorders 0,186 0,4-0,9 <0.005
Protein S-100B -0,94 -125,4 - -62,5 <0.001

Understanding and knowing the prognostic factors of ischemic stroke can contribute to the

development of more effective approaches to improve the quality of life.

THE MAIN CONCLUSIONS OF THE THESIS

. Pediatric ischemic stroke predominated in male children (62%), its onset was predominantly in
children under 1 year of age (48%), being associated with the following etiological factors: cardiac
pathology (17%) and infectious neurological pathology (13%). In most cases the etiology of the
ischemic stroke was not determined (44.8%).

Most of the children (84%) had motor deficits of varying degrees of severity, and the structures
most often involved in ischemic stroke were the territory of the middle cerebral artery (71%) and
the left hemisphere (46%).

. The quality of life was significantly affected in children with an antecedent of ischemic stroke) 38
(65.5%) of the children included in the study scored less than 70 points (according to the average
score of the PedsQL questionnaire), which counts as the quality of life at a very low level.

. Three-quarters of children presented with sleep disorders (74%), in particular, sleep initiation and
maintenance disorder (48%) and sleep-disordered breathing (38%), and more than half (53%) of
the children did not benefit from continuous rehabilitation treatment.

. The mean value of the total quality of life score correlated strongly negatively with the
neurological deficits score (correlation coefficient - 0.7 (p < 0.0001)), highly negatively with the
sleep disturbances score (correlation coefficient -0.906 (p < 0 .0001)) and strongly negative with
S100B protein values (correlation coefficient -0.64 (p < 0.0001)).

. Poor quality of life outcomes was determined by female gender (Exp (B) -0.073, p<0.05) of the
child, younger age at stroke onset (Exp (B) 29.885, p<0.001), MCC (Exp ( B) 0.356, p<0.001),
coagulability disorders (Exp (B) 0.186, p<0.05), moderate or severe degree of PSOM neurological
deficits (Exp (B) 0.879, p<0.001), presence of sleep disorders (Exp (B) 0.674, p<0.001), presence
of epilepsy (Exp (B) 0.055, p<0.005), quarterly rehabilitation treatment (Exp (B) 0.037, p<0.001),
higher serum levels of S-100B protein ( (Exp (B) -94.0, p<0.001), and thus were included as
negative prognostic factors of poor quality of life in children an antecedent of ischemic stroke.

In the current research, the solved scientific problem suggested the need to evaluate children in
the post-stroke period, the assessment of the quality of life of these children to eliminate the
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barriers in performing continuous rehabilitation treatment and social integration of these children
oriented us towards the assessment of potential negative prognostic factors regarding the low
quality of life of children with an antecedent of ischemic stroke.

RECOMMENDATIONS
We consider it necessary to mention some recommendations ((explained in the Algorithm for

the management of the pediatric post-ischemic stroke patient) concerning the management of the
quality of life of children who have suffered an ischemic stroke, which include questionnaires
regarding the quality of life, the neurological clinical examination according to the PSOM, the sleep
disorders questionnaire, and the evaluation of some markers, such as protein S -100B.

Thus, the recommendations for a child with an antecedent of ischemic stroke must be

personalized and established in collaboration with a specialized medical team, including pediatric
neurologists, rehabilitators, physical therapists, occupational therapists, and other professionals.

1.

Repeated medical examinations. These regular visits to the pediatric neurologist will allow the
child's health to be assessed and progress to be monitored. Parents (guardians) and children will be
questioned regarding the quality of life and sleep disorders, the neurological clinical examination
according to the PSOM will be performed, and some markers will be evaluated, such as S-100B
protein for a prognosis of the disease. The treatment and recommendations will also be adapted
according to the results of these investigations/examinations and the individual needs of the child.
Because sleep is an indispensable process for the cognitive, physical, and psycho-emotional
development of children, but also very important for the rehabilitation process, the identification
of sleep disorders and their correct management should become a mandatory objective in the
process of children's recovery in the post-stroke period. Especially since, in most cases, the
identification of sleep disorders is possible by conducting a detailed survey of parents and/or
children, and the resolution of these disorders is based on behavioural methods, which do not
require expensive interventions and hospitalization. At the same time, it is opportune to train
medical staff and parents to prevent, identify and resolve sleep disorders and other disorders in
children after ischemic stroke.

. Continuous rehabilitation treatment with a physical therapy program where parents of children

with stroke will be trained. The exercise program will be tailored to the child's needs and will help
improve muscle strength, coordination and mobility.

. Occupational Therapy. It will help the child to develop practical skills needed for daily activities

(such as personal hygiene, feeding, dressing, etc.), as well as improve coordination and motor
control.

Speech therapy and communication. If the stroke has affected the child's speech or
communication skills, a speech therapist and language and communication techniques are essential
to improve verbal or other ways of communication.

. Emotional support. It will be ensured that the child and family receive adequate emotional

support, either through individual counselling or through support groups.

. Education and cognitive stimulation. An educational program adapted to the child's needs will

be carried out, which will include various games and activities that will develop thinking,
concentration and memory.

. Pharmaceutical treatment. Management of ischemic stroke symptoms and comorbidities

(seizures, muscle spasticity) is essential.

. Healthy lifestyle. It will necessarily include a balanced diet, regular, moderate physical exercise

and individually adapted to each child. Also maintaining an optimal weight and identifying risk
factors for another stroke.
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Practical recommendations at different levels of the medical service:

1. At the level of primary medicine, we recommend the following:

= Evaluation of children who suffered an ischemic stroke by assessing the degree of functionality
and impairment of various functions (motor, sensory, communication, behavioural, sleep quality,
etc.)

When identifying different types of disorders, patients with health problems are recommended to
be referred to a medical specialist_(neurologist-pediatrician, psychologist, speech therapist,
physiotherapist, specialist in sleep disorders) to confirm or deny complications arising after an
accidental stroke.

2. At the level of specialized medicine, we propose:

Evaluation of the child through the following examinations: EEG, brain MRI imaging examination,
the inclusion of the child in the recovery group with the application of a continuous rehabilitation
treatment through the involvement of the family and guardians according to the child's needs.

3. At the research level, we recommend continuing the study of ischemic stroke with onset at the
pediatric age with research at the cardiological, hematological, molecular-genetic level, etc. to identify
the risk factors for this disease with onset in childhood and those to develop of long-term
complications according to predisposing factors.

Child with previously confirmed ischemic stroke
.

Repeated medical examinations
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Figure 15. Algorithm for the management of the pediatric post-ischemic stroke patient
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ADNOTARE

Lupusor Nadejda, ,,Calitatea vietii copilului dupa accidentul vascular cerebral ischemic:
considerente medico-sociale ”, teza de doctor in stiinte medicale, Chisiniu, 2024

Structura tezei: Teza este expusa pe 148 pagini de text (100 pagini text de baza) si include:
introducere, 5 capitole, sinteza rezultatelor obtinute, concluzii generale, recomandari practice, indice
bibliografic cu 164 de titluri si 11 anexe. Materialul ilustrativ contine 26 de tabele si 58 figuri.

Cuvinte cheie: accident vascular cerebral pediatric, calitatea vietii, deficit, tulburari, somn,
reabilitare, proteina S100B, prognostic.

Scopul cercetarii: evaluarea particularititilor calitatii vietii copilului cu antecedente de
accident vascular cerebral ischemic pediatric sub influenta programelor de reabilitare pentru a aprecia
prognosticul medical si social.

Obiectivele cercetarii: 1) Analiza demografica, cauzald si clinico-paraclinica a copiilor care
au suportat un accident vascular cerebral ischemic pediatric; (2) Evaluarea complexa a copiilor cu
accident vascular cerebral ischemic in antecedente prin aprecierea calitatii vietii, specificului
deficitelor neurologice, particularitatilor tulburdrilor de somn si programului de reabilitare; (3)
Estimarea relatiei dintre calitatea vietii copilului care a suportat accident vascular cerebral ischemic
si gradul de deficit neurologic, tulburdrile de somn, nivelul seric al proteinei S100B si programul de
recuperare; (4) Aprecierea factorilor potentiali de prognostic negativ al calitatii vietii la copiii care au
suportat accident vascular cerebral ischemic, in functie de parametrii studiati.

Noutatea si originalitatea stiintifici. In premiera in populatia pediatrici autohtoni a fost
realizat un studiu de evaluare a calitatii vietii copiilor cu accident vascular cerebral ischemic Tn
antecedente. Acest studiu ne-a permis sa facem o analiza complexa a statutului medico-social prin
utilizarea chestionarelor de apreciere a calitatii vietii, evaluarea clinica a deficitului neurologic,
identificarea tulburirilor de somn si estimarea eficientei programului de reabilitare. In baza
rezultatelor obtinute a fost elaborat un algoritm de conduita si recomandari privind evaluarea copilului
cu accident vascular cerebral ischemic in perioada de reabilitare, calitatea somnului si programul de
recuperare recomandabil (terapie continud/trimestriald). De asemenea, a fost elaborat un algoritm de
prognostic la distantd al acestor copii pentru ameliorarea calitatii vietii lor, precum si a Ingrijitorilor
lor.

Rezultatele obtinute care contribuie la solutionarea unei probleme stiintifice. Rezultatele
obtinute consta in elaborarea algoritmului de prognostic si recomandari al copilului in perioada post-
accident vascular cerebral ischemic, fapt ce va avea ca efect ameliorarea calitatii vietii copilului si
familiei acestuia.

Semnificatia teoretica. Copiii cu accident vascular cerebral au calitatea vietii redusa, insa
deseori nu sunt evaluati conform scalelor calitatii vietii si tulburarilor de somn. Rezultatele obtinute
in urma cercetarii vor contribui la elaborarea unor activitdti de gestionare complexd a copiilor cu
accident vascular cerebral ischemic.

Valoarea aplicativa. Recunoasterea timpurie a nevoilor acestor copii (fizice, emotionale si
sociale), dar si a problemelor legate de tulburarile de somn, precum si incurajarea parintilor referitor
la programul de recuperare recomandat, asigura un management corect al pacientului dupa un accident
vascular cerebral ischemic. Studiul dat a facilitat formularea unor recomandari detaliate referitor la
examinarea copiilor post-AVC ischemic pentru a creste calitatea vietii acestora si a ingrijitorilor lor.

Implementarea rezultatelor stiintifice. Rezultatele obtinute in cadrul studiului, algoritmul
de conduita a pacientului pediatric post-accident vascular cerebral ischemic au fost implimentate in
Clinica de Pediatrie si Neurologie pediatricd a Departamentului Pediatrie, sectia de reabilitare
medicala pediatrica, sectia de neurologie si psihoneurologie varsta frageda a IMSP Institul Mamei si
Copilului.
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ANNOTATION

Lupusor Nadejda, "Child's quality of life after ischemic stroke: medico-social considerations',
PhD thesis in medical sciences, Chisinau, 2024

Thesis structure. The thesis is presented on 148 pages (100 pages of basic text) and including
an introduction, 5 chapters, synthesis of the obtained results, general conclusions, practical
recommendations, bibliographic index with 164 titles and 11 appendices. The illustrative material
contains 26 tables and 58 figures.

Keywords: pediatric stroke, quality of life, deficit, disorders, sleep, rehabilitation, S100B
protein, prognosis.

The aim of the research: to evaluate the peculiarities of the quality of life of the child with a
history of pediatric ischemic stroke under the influence of rehabilitation programs in order to assess
the medical and social prognosis.

Research objectives: 1) Demographic, causal and clinical-paraclinical analysis of children
who suffered a pediatric ischemic stroke; (2) Complex assessment of children with a history of
ischemic stroke by assessing the quality of life, the specifics of neurological deficits, the particularities
of sleep disorders and the rehabilitation program; (3) Estimation of the relationship between the
quality of life of the child who suffered an ischemic stroke and the degree of neurological deficit,
sleep disorders, the serum level of the S100B protein and the recovery program; (4) Appreciation of
the potential negative prognostic factors of the quality of life in children who suffered ischemic stroke,
according to the parameters studied.

Scientific novelty and originality of the research. For the first time in the native pediatric
population, a study was conducted to evaluate the quality of life of children with a history of ischemic
stroke. This study allowed us to make a complex analysis of the medico-social status by using quality
of life assessment questionnaires, clinical assessment of neurological deficit, identification of sleep
disorders and estimation of the effectiveness of the rehabilitation program. Based on the results
obtained, a behavior algorithm and recommendations were developed regarding the evaluation of the
child with ischemic stroke during the rehabilitation period, the quality of sleep and the recommended
recovery program (continuous/quarterly therapy). A remote prognostic algorithm for these children
was also developed to improve the quality of life for them as well as their caregivers.

The obtained results contribute to the solution of a scientific problem. The obtained results
consist in the elaboration of the prognosis algorithm and recommendations for the child in the post-
ischemic stroke period, which will have the effect of improving the quality of life of the child and his
family.

Theoretical importance. Children with stroke have reduced quality of life, but are often not
assessed according to quality of life and sleep disturbance scales. The results obtained from the
research will contribute to the development of complex management activities for children with
ischemic stroke.

Applicative value: Early recognition of the needs of these children (physical, emotional and
social), but also of problems related to sleep disorders, as well as encouraging parents regarding the
recommended recovery program, ensures correct management of the patient after an ischemic stroke.
The given study facilitated the formulation of detailed recommendations regarding the examination
of children post-ischemic stroke to increase the quality of life of them and their caregivers.

Implementation of the scientific results. The results obtained in the study, the algorithm for
the behavior of the pediatric patient after ischemic stroke were implemented in the Clinic of Pediatrics
and Pediatric Neurology of the Department of Pediatrics, the pediatric medical rehabilitation section,
the neurology and early psychoneurology section of Mother and Child Institute.

30



AHHOTAIUA
Jlynymop Hanexna, «KayecTBo KU3HU pedeHKA MOCJIe HIIEMHUYECKOr0 HHCYJIbTA: MeINKO-
COIHAJIbHBbIE ACNEKThI», TUCCEPTALNS JOKTOPa MeIMINHCKUX HayK, Kumunues, 2024

Crtpykrypa aucceprauuu. J[uccepranus uznoxena Ha 148 crpanumax (100 cTpaHuI] 0CHOBHOTO
TEKCTa) M BKIIOYAET: BBEACHUE, 5 TaB, 0000IIEHNE MOIYyYEHHBIX PE3YJbTaTOB, OOIINE BBIBOJIBI,
MpakTUYECKUE peKOMEeHIanuu, oudimorpadudeckuit ykazarensb u3 164 HazBanuii u 11 npunoxeHui.
WnmocTpaTUBHBIN MaTepuan coaepKuT 26 TabuuI 1 58 pUCYHKOB.

KitoueBble cjioBa: JETCKUH MHCYJIBT, KayecTBO JKM3HHU, JCPUIUT, HAPYIICHHS, COH,
peabunutanusi, 6enox S100B, mporuHos.

Henab: oneHUTh OCOOCHHOCTH KauecTBa JKU3HHU peOeHKa, MEePEHECIIero UIIeMUYeCKUl HHCYIIbT,
MOJT BIMSIHUEM PeaOMIINTAIIMOHHBIX IPOTPAMM C LETbI0 OLEHKH MEIMKO-COLUAIBHOTO MTPOrHO3a.

Hean uccaenoBanus: 1) Jlemorpabuyeckuii, MPUUMHHBIA U KJIMHUKO-TIAPAKIUHUYCCKUNA aHATN3
JeTel mepeHecuX uieMudecknii MHeynbT; (2) KommuiekcHoe obcnenoBanue JeTell mepeHecnx
UIIEMUYECKUA MHCYJBT, MyTeM OLIEHKH KadyecTBa J>KU3HHU, OCOOEHHOCTEH HEBPOJIOTHYECKOTO
nedunnTa, 0cOOCHHOCTEH HApYIIEHU CHA U MporpaMMBbl peadbmutanui; (3) OnieHka cBA3u KauecTBa
KHU3HU peOeHKa, MEPEHECIIer0 UIIEMUYECKII HHCYIBT, CO CTEIIEHbIO HEBPOJIOTUYECKOTO Ne(UIINTa,
HapyIIeHUH CHa, CBIBOPOTOYHOTO ypoBHs Oenka S100B u mporpammel peabunuranum; (4) Ouenka
MOTEHIIUAJIbHBIX HETAaTHUBHBIX MPOTHOCTUYECKUX (DAKTOPOB KauecTBa KU3HHU JETeH IMepeHecIInX
UIIEMUYECKUN UHCYJIIBT, 10 U3yUYEHHBIM [TapaMeTpam.

Hayuynasi HOBHM3HA M OpPHMIHMHAJBHOCTH. BrepBble B OTEUECTBEHHOH NeAMATPHUUECKON
MOMYJISLUY IPOBEJECHO UCCIIEI0OBAHUE IO OLIEHKE KaueCTBa KU3HHU JIeTEH MepeHECHINX UILIEMUYECKHUI
uHcyneT. [lpoBenpeHHoe uccrnenoBaHHE MO3BOJIMIO IPOBECTH KOMIUIEKCHBINM aHallu3 MEIUKO-
COLIMAJIbHOTO CTaTyca IyTeM HCIOJIb30BaHUS ONPOCHUKOB OLIEHKU KAayecTBa >KU3HH, KIMHUYECKOU
OLICHKH HEBPOJIOTHMYECKOTro JepUIUTa, BBIABICHUS HApPYLICHHH CHAa M OUEHKH 3(PPEeKTUBHOCTU
nporpaMmsl peadmmmtanuy. Ha ocHOBaHUM MOTyYeHHBIX pe3yJIbTaTOB ObLIH pa3pabdOoTaHbl aITOPUTM
MOBE/ICHUS U PEKOMEH AN IO OIleHKE peOeHKa C UIIEMHUYECKUM WHCYJIBTOM B peaOUINTallHOHHOM
nepuoJe, KayeCTBY CHa u PEKOMEHTyeMOoi porpamMme BOCCTAHOBJICHUS
(HempepbIBHAs/@KeKBapTallbHas Tepamnus). Takxke ObUT pa3paboTaH aNTOPUTM JAUCTAHIIMOHHOTO
MIPOrHO3UPOBAHUS 3TUX JIETEH C LEbI0 YIyUIICHHUS KaueCTBa )KU3HU UX CaMHUX U UX OIIEKYHOB.

ITosrydyeHHble pe3yJbTaTbl CHOCOOCTBYIOT PpeEIICHHI0O Hay4Ho#ll 3agaum: [lomydeHHble
pe3yJIbTaThl 3aKJIIOYAIOTCS B pa3paboTKe aNropuTMa IporHo3a U peKoMeHAaluuil pedeHKa B IEPUOJ]
MOCTUIIEMHUYECKOT0 HapyIIEHUs MO3OBOT'0 KPOBOOOPAILIEH!S, UTO OyA€T UMETh dPPEKT Yy dILIeHHs
KauecTBa JKU3HHU peOeHKa. peOEHOK U €r0 CEMbH.

Teopernyeckas 3HAYMMOCTB. Y JETEH C MHCYJIBTOM CHUXKAETCA Ka4e€CTBO KM3HHU, HO UX 4aCTO
HE OLEHHMBAIOT IO IIKajaM KayecTBa XU3HM M HapyLIeHUH cHa. Pe3ynbTaThl, MOJIy4YeHHBIE B
pe3yibTaTe HCCIEAOBaHUS, OyAyT CIOCOOCTBOBaTh pPa3pabOTKe KOMIUIEKCHBIX —JIe4eOHBIX
MEPOIPUATHHI Y IETEN C NIIEMUYECKUM HHCYJIBTOM.

IIpukiaagHas weHHocTb. PaHHee mnpu3HaHWe moOTpeOHOCTEH H3TuUX JeTed ((PpU3NMUEcKux,
SMOLIMOHANBHBIX M COLMANbHBIX), @ TAK)K€ MPOOJIEM, CBSI3aHHBIX C HAapYLICHUSIMH CHA, a TaK¥Ke
MOOIIPEHNUE POJUTENeH K PeKOMEHyeMoi mporpaMMe peaduiIuTanuu oOecreyrBaeT MpaBHIIbHOE
BEJICHHUE MallMeHTa Moclie UIlleMUYecKoro HHCybpTa. [IpoBeieHHoe nccienoBaHie crocoOCTBOBAIIO
(bopMyIHPOBAHHUIO IETATBHBIX PEKOMEHIAIMI 110 00CIIeJOBaHUIO JeTel, HepEeHEeCIINX NIIIEeMUYECKH
UHCYJIBT, C LIE€JIbI0 TOBBIIICHNS KauecTBa KU3HU UX CAMUX U JIUL, OCYIIECTBIISIIOIINX YXO0/1 32 HUMH.

Peasm3anms pe3yiabraToB: Pe3ynbpTaTsl, IOJyUYEHHBIE B UCCIIEIOBAaHUH, AJITOPUTM IOBEICHUS
ManueHTa JEeTCKOro Bo3pacTa Iociie UIIEMUYECKOTO MHCYNIbTa BHEApeHbl B KilnHuke neauatpuu u
JeTCKOM HEeBpoJIOTMH Kadedphl NMeIuaTphH, OTAEICHUS JETCKOW MEIMIMHCKOW peabuiauTaIu,
OTJIEJICHNS HEBPOJIOTUH. OT/IeJIEHUE paHHEH ncuxoHeBposioruu MHCTUTYyTa MaTepu U peOeHKa.
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