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NOTA EXPLICATIVA

A apresentacdo da presente tese foi organizada sob a forma de artigos cientificos, de
acordo com a resolucéo 03/2010, aprovada pelo Programa de Pds-graduacdo em Medicina
Molecular da Faculdade de Medicina da Universidade Federal de Minas Gerais.

O primeiro artigo consiste em uma revisdo da literatura, na qual sdo discutidos os
principais aspectos, achados recentes e controvérsias sobre a associacdo das citocinas,
quimiocinas e fatores neurotréficos com o desenvolvimento neuropsicomotor em criangas
com paralisia cerebral. O segundo artigo avalia o impacto e relevancia do programa de
intervencdo precoce de reabilitacdo para criancas com paralisia cerebral, associando 0s
valores plasmaticos de citocinas, quimiocinas e fatores neurotréficos com o
desenvolvimento neuropsicomotor mensurado atraves do teste Bayley Scales of Infant
and Toddler Development — 3™ Edition (Bayley I11). Cada artigo esta formatado de acordo
com as especificacdes das revistas a que foram submetidos.

A estrutura dessa tese consiste em introducdo, manuscrito de revisdo sistematica,
objetivos, métodos, manuscrito original e consideragdes finais. As referéncias

bibliogréaficas estdo dispostas ao final de cada artigo ou sec¢éo.
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RESUMO

Introducdo: As lesdes cerebrais ocorridas no periodo fetal-neonatal podem ter causas
distintas, sendo a resposta inflamatoria sistémica exacerbada e/ou neuroinflamagéo
classicamente correlacionada a leséo cerebral precoce. Essa inflamacéo persistente pode
resultar em alteracdo do funcionamento dos mecanismos neurais, com consequente
limitacdo na capacidade funcional das criancas, devido a espasticidade, reducdo da
coordenacdo e do controle motor. Dentre as principais consequéncias clinicas da leséo
cerebral no periodo fetal-neonatal destaca-se a paralisia cerebral (PC). As intervencgdes
de reabilitacdo, por sua vez, podem promover mudancas funcionais no cérebro, que se
associam a maior liberacdo de fatores neurotréficos, além de favorecer o desenvolvimento
neuropsicomotor com aprendizado de novas habilidades. Objetivos: Avaliar os efeitos
de programa de reabilitacdo sobre o DNPM, marcadores inflamatérios e fatores
neurotroficos em criangas com PC. Métodos: Para revisdo da literatura foi realizada
busca sistematica nas bases de dados Bireme, Embase, PubMed e Scopus, incluindo
estudos que foram publicados até abril de 2018. A qualidade dos estudos elegiveis foi
determinada de acordo com os critérios da escala Newcastle-Ottawa. Para a compreensdo
da relacdo paralisia cerebral, reabilitacdo e desenvolvimento neuropsicomotor foi
realizado estudo de coorte prospectivo que incluiu 90 criangas com diagndstico de
paralisia cerebral. Dessas, 60 criangas foram submetidas a reabilitacdo por seis meses e
foram comparadas a 30 criangas ndo submetidas a reabilitacdo. Biomarcadores periféricos
e parametros neuropsicomotores (Bayley Ill) foram comparados entre 0s grupos
intervencdo vs. controle no inicio do estudo e seis meses depois. Resultados: Na reviséo
sistematica, os estudos diferiram quanto aos fatores de risco relacionados a PC e sua
classificacdo. Niveis mais altos de citocinas foram associados a piores desfechos
neuroldgicos. Em nossa pesquisa, apos seis meses de reabilitacdo, as criancas exibiram
escores mais altos no Bayley 11, niveis mais baixos de IL-12p70, IL-6, IL-1p, CXCLS8/IL-
8 e CXCLI9/MIG, e niveis mais altos de BDNF e GDNF. Conclusédo: Programas de
intervencdo precoce parecem ter efeito na modulacdo dos mediadores sistémicos,
diminuindo os niveis de moléculas inflamatorias e aumentando os fatores neurotréficos,

além de promover o desenvolvimento neuropsicomotor em criangas com PC.

Palavras-chave: Paralisia cerebral; inflamacdo; estresse oxidativo; citocinas;

quimiocinas; fatores neurotréficos; desenvolvimento neuropsicomotor; crianga.



ABSTRACT

Background: Brain damage in the fetal-neonatal period may have different causes. An
exacerbated systemic inflammatory response and/or neuroinflammation have been
associated with early brain injury. This persistent inflammatory response may result in
abnormal neural mechanism, with consequent limitation in children's functional capacity
due to spasticity, reduced coordination and motor control. Cerebral palsy (CP) is one of
the main consequences of brain injury in fetal and neonatal period. Rehabilitation
interventions may promote functional changes in the brain, which are associated with
greater release of neurotrophic factors, besides favoring neuropsychomotor development
with learning of new abilities. Objective: To evaluate the effects of rehabilitation
program on DNPM, inflammatory markers and neurotrophic factors in children with CP.
Methods: A systematic search was conducted in Bireme, Embase, PubMed and Scopus
including studies that were published until April 2018. The quality of the eligible studies
was determined according to the criteria of Newcastle-Ottawa Scale. We performed a
prospective, observational, cohort study to better understand the relationship of cerebral
palsy, rehabilitation programs and neuropsychomotor development. Ninety children with
a diagnosis of CP were enrolled in this study. Sixty children were submitted to
rehabilitation for six months and were compared to 30 children waiting for rehabilitation
enrollment. Peripheral biomarkers and neuropsychomotor parameters (Bayley Il1) were
compared between intervention vs. control groups at baseline and six months later.
Results: In the systematic review, the studies differed regarding the risk factors related
to PC and its classification. Higher levels of cytokines were associated with worse
neurological outcomes. In our research, after six months of rehabilitation, children
exhibited higher scores on Bayley Ill, lower levels of IL-12p70, IL-6, IL-1B, CXCL8 /
IL-8 and CXCL9 / MIG, and higher levels of BDNF and GDNF. Conclusion: Early
intervention programs seem to modulate systemic mediators. It decreases inflammatory
molecules levels, increases neurotrophic factors levels, and promotes neuropsychomotor

development in children with cerebral palsy.

Key-words: Cerebral palsy; inflammation; oxidative stress; cytokines; chemokines;

neuropsychomotor development, neurodevelopment outcomes and child.
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1 INTRODUCAO

A Paralisia Cerebral (PC) é uma encefalopatia cronica ndo progressival? que acomete
cerca de trés a cada 1000 nascidos vivos'®. E a incapacidade fisica mais comum na
infancia, sendo um diagnostico heterogéneo e de etiologia variada®®. De todos 0s casos
de PC, 70% podem ndo ter causa definida e o restante dos casos podem estar associados
a prematuridade, trauma perinatal, hipoxia cerebral, bem como infec¢des e malformacdes

que surgem durante a vida fetal® até os primeiros anos de vida da crianca?.

A PC ¢é descrita como um grupo de desordens do desenvolvimento do movimento e
postura, causando limitacdo nas atividades, que sdo atribuidas a distarbios néo
progressivos que ocorrem no cérebro fetal ou na primeira infancia. A incapacidade motora
da PC frequentemente é acompanhada por altera¢des sensoriais, cognitivas, da percepcao,
da comunicagdo, comportamentais e/ou por crises convulsivas*°. A PC pode ser dividida
em espastica, discinética ou ataxica, de acordo com as alteracdes neuromotoras®. A forma
espéastica, também pode ser dividida em unilateral ou bilateral, de acordo com o

envolvimento motor®.

A gravidade da PC pode ser classificada em um dos cinco do Sistema de Classificacdo da
Funcdo Motora Grossa (GMFCS) de acordo com a capacidade da crianca iniciar
movimentos voluntariamente, com énfase no sentar, transferéncias e mobilidade®. Trata-
se de uma escala ordinal, sendo classificada no nivel I a crianga com amplo repertério de
habilidade e funcdo motora grossa preservada, e, no nivel V, a crianca com repertorio

restrito de habilidades e com limitagdo significativa na funcio motora grossa’.

O diagndstico de PC baseia-se em historico médico cuidadosamente coletado. No entanto,
o diagndstico precoce pode ser dificil em criangas com discretas alteracdes®. A PC,
incluindo diferentes tipos clinicos, padrdes de imagem cerebral, comorbidades e causas
maultiplas, tem como mecanismo sugerido alteracBes na resposta inflamatdéria com

consequente neuroinflamagao®.

A neuroinflamacdo desempenha papel central na patogénese da lesdo cerebral®®. E
caracterizada por infiltracdo de leucdcitos no parénquima cerebral, com ativacdo da
micrdglia e astrocitos, os quais podem causar morte neuronal e comprometimento do
desenvolvimento da substancia branca!l. Diversos mecanismos relacionados ao sistema

imune, incluindo a liberacéo de citocinas e a ativacao de células T, podem contribuir para

17



a neuroinflamacdo, que, por sua vez, potencialmente interfere no desenvolvimento do
Sistema Nervoso Central (SNC)*2. (Figura 1)
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Figura 1 — Representacdo esquematica da atuacdo de citocinas e quimiocinas na ativacdo da micrdglia e
células da glia, na ruptura da barreira hematoenceféalica e sua interferéncia no funcionamento dos neurénios,
podendo causar lesdo ou reparo celular no parénquima cerebral.

De acordo com essa teoria, a inflamacdo sistémica e no SNC altera a proliferacdo, a
diferenciacdo da microglia e células neuronais, podendo também aumentar a taxa de
morte celular com lesdo neuronal, astrogliose e perda de oligodendrécitos't3!4, Os
possiveis mecanismos pelos quais a inflamagdo promove leséo cerebral precoce sdo: (i)
reducdo do fluxo sanguineo para o SNC, o que reduz a disponibilidade de oxigénio e
glicose; (ii) ruptura da barreira hematoencefélica (BHE); (iii) infiltracdo de leucdcitos no
SNC; (iv) aumento da liberagdo de citocinas e quimiocinas no parénquima cerebral; (v)
disfung@o mitocondrial e falha de energia; (vi) aumento do influxo de célcio, liberacédo de
neurotoxinas, formacdo de radicais livres de oxigénio e oxigénio nitrico; (viii) edema
cerebral. Todos esses mecanismos tém sido associados a apoptose de células neuronais e

gliais'**® (Figura 2).
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Figura 2 — Representacéo esquematica do funcionamento do sistema nervoso em homeostase (fisioldgico)
e em presenca de resposta inflamatoria, mostrando os possiveis mecanismos pelos quais a inflamagéo
promove lesdo cerebral precoce. Figura adaptada do artigo Orchestrated leukocyte recruitment to immune-
privileged sites: absolute barriers versus educational gates?.

As lesdes neuronais relacionadas a inflamacdo podem induzir uma cascata de respostas
imunes envolvidas na instauracdo da lesdo cerebral'’-*°, incluindo a elevacio de citocinas
e quimiocinas circulantes®®. As citocinas sdo responsaveis pela mediacio da maioria das
interacOes celulares desse processo, e sdo liberadas sob acio de diferentes estimulos>?°,
Os leucdcitos e células endoteliais sdo sensiveis as lesdes neuronais e, podem liberar e/ou
responder a citocinas e quimiocinas?. Essas moléculas no sangue também estio
correlacionadas com o inicio e manutencéo da resposta inflamatdria, bem como desfechos

neuroldgicos adversos??23,

Esse processo conta com a liberagéo desregulada de citocinas pro-inflamatérias incluindo
Fator de Necrose Tumoral (TNF), interleucinas (IL)-1p, IL-6, IL-8/CXCL-8 e receptores
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do tipo Toll (TLR’s) no plasma e no tecido cerebra'>?3, Essas citocinas pro-inflamatérias
(TNF, IL-1B e IL-6) e quimiocinas (CXCL8/IL-8 e CXCL9/MIG) circulantes estdo
relacionadas ao desenvolvimento de lesdo cerebral?'?? ¢ PC?2, Essas citocinas pro-
inflamatdrias, como IL-1pB, IL-6 e TNF, também afetam negativamente o tamanho do
musculo esquelético e o trofismo?*. Assim, niveis elevados dessas citocinas representam
um mecanismo comum plausivel para o crescimento atrofiado e a formacéo de contratura
no musculo esquelético em criangas com PC24. Além disso, respostas anti-inflamatorias
e regulatérias inapropriadas, detectadas por baixos niveis de IL-10 e altos niveis de

metabolitos citotoxicos, podem aumentar o risco de lesdo cerebral?.

Na fase aguda, em resposta aos fatores de agressao ao tecido cerebral, ha aumento na
liberacdo de fatores tréficos, incluindo o fator neurotréfico derivado do cérebro (BDNF)
e o fator neurotréfico derivado da linhagem de células gliais (GDNF), capazes de
ativarem mecanismos neuroprotetores endogenos na tentativa de reduzir a extensao do

acometimento causado pelo processo inflamatorio e estimular a neuroplasticidade?®.

O BDNF promove os efeitos protetores das células-tronco neurais, desempenha um papel
significativo na neurogénese e aumenta a sobrevida do cérebro?’?6, O GDNF é um fator
protetor identificado como essencial para a sobrevivéncia e diferenciacdo neuronal, por
sua agdo na neuroplasticidade? e protecdo aos neurdnios motores?’. Embora os fatores
neurotréficos estejam mais presentes no SNC, essas moléculas também séo detectaveis
na circulacéo sistémica®’. Como essas moléculas podem atravessar a BHE?®2°, os niveis
periféricos de BDNF podem refletir os niveis de BDNF no cérebro®®. Além disso,
interagBes mutuas entre citocinas e fatores neurotrdficos, tanto no SNC quanto
perifericamente, podem resultar em variacGes dindmicas na concentracéo e na a¢ao dessas

moléculas®>%,

A inflamacéo persistente pode resultar em alteracdo do funcionamento dos mecanismos
neurais, com consequente limitacdo na capacidade funcional das criancas, devido a
espasticidade, reducdo da coordenacéo e do controle motor®. Assim, a neuroinflamagéo é
considerada um dos principais fatores relacionados ao comprometimento do
neurodesenvolvimento!!215, No entanto, é importante ressaltar que o desenvolvimento
cerebral apds a lesdo associada a inflamag&o neonatal ndo é estatico, nem decorrente de
evento Unico. Nesse processo dinamico, ha participacdo de diversas cascatas celulares e

moleculares, presentes no SNC ao longo da vida®.
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Em geral, altos niveis de biomarcadores inflamatorios, incluindo citocinas, moléculas de
adesdo, quimiocinas, fatores de crescimento, fatores neurotroficos, moléculas produzidas
pelo figado e neutrdfilos ativados, durante as primeiras semanas ap6s 0 nascimento, tém
sido associados a lesdo cerebral e/ou pior desenvolvimento neuropsicomotor (DNPM) em
longo prazo®®3°. Os recém-nascidos que possuem elevados niveis de citocinas e
quimiocinas e baixos niveis de fatores neurotréficos circulantes no primeiro més de vida

apresentam pior DNPM em longo prazo324041,

Em contrapartida, as intervengdes de reabilitacdo, por sua vez, promovem mudancas
funcionais no cérebro, que se associam a maior liberacao de fatores neurotroficos, além
de favorecer o desenvolvimento neuropsicomotor com aprendizado de novas
habilidades*?. Em resposta a estimulagdo ambiental e/ou reabilitagdo, 0 mecanismo de
plasticidade cerebral permite que o SNC reorganize a rede neuronal, com surgimento de
novas sinapses, espinhas dendriticas e circuitos neuronais*?“®. E uma propriedade
intrinseca do SNC, refletindo sua capacidade de responder, de maneira dindmica, ao
ambiente e as novas experiéncias por meio da modificacdo de circuitos neurais e/ou

restauracdo estrutural®.

Os estudos disponiveis que investigaram inflamacéo e desenvolvimento concentraram-se
na associacao entre a inflamacéo peri/neonatal e o desenvolvimento neuropsicomotor em
longo prazo®*-*!, Esses estudos se limitaram a mensurar os marcadores biol6gicos nas
primeiras semanas ap0s 0 nascimento e correlacionaram tais medidas com o DNPM
avaliado aos 24363 36 meses de idade corrigida® e aos dez anos de idade®’. Outro
estudo avaliou a associacdo desses marcadores com o desenvolvimento durante o
primeiro més de vida?®. Por outro lado, os estudos que avaliaram a neuroplasticidade
cerebral o fizeram por meio de técnicas de neuroimagem funcionais**“¢, como a

ressonancia magnética®®.

A reorganizacdo cerebral apds lesGes cerebrais pré-natais e perinatais € mais intensa
durante os primeiros anos de vida. Dessa forma, considera-se que a intervencdo precoce
possa interferir positivamente no desenvolvimento neuropsicomotor®®. No entanto,
existem dados insuficientes na literatura sobre o impacto das intervencdes de reabilitacéo,
nos processos inflamatorio e anti-inflamatorio, no DNPM e na aquisi¢cdo de novas

habilidades funcionais nas criangas com PC.

Sdo crescentes as evidéncias da alteragdo de marcadores inflamatdrios e fatores
neurotroficos circulantes em decorréncia da neuroinflamagdo em neonatos e seu possivel
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papel na deteccdo precoce de lesdo cerebral. Entretanto, hd poucas informacdes sobre o
comportamento longitudinal desses biomarcadores apos a fase aguda da lesdo cerebral e
sua associacdo com 0 neurodesenvolvimento nos primeiros anos de vida. Estudos em
criancas com PC também sdo escassos, 0 que torna relevante compreender e descrever o
comportamento longitudinal de moléculas inflamatorias em resposta ao periodo de

reabilitacdo em criangas com PC.

Portanto, o presente estudo se insere na mesma linha de pesquisa de minha dissertacao de
mestrado, que compreende aspectos clinicos, do neurodesenvolvimento e biomarcadores

que atuam no SNC. Desta vez, porém, estudando criangcas com diagndstico de PC.

A hipdtese desta tese € de que programas de reabilitacdo que utilizam intervencao
sistematizada e estruturada, realizada por equipe multidisciplinar, séo capazes de modular

a resposta inflamatoria, a liberacdo de fatores neurotroficos e promover o DNPM.
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Abstract:

Background: An exacerbated systemic inflammatory response has been associated with
the occurrence of central nervous system injuries that may determine, in long term, motor,
sensorial and cognitive disabilities. Persistence of this exacerbated inflammatory
response seems to be involved in the pathophysiology of cerebral palsy (CP). Methods:
A systematic search was conducted in Bireme, Embase, PubMed and Scopus including
studies that were published until August 2018. The key words used were “cerebral palsy”,
“inflammation”, “oxidative stress”, “cytokines”, “chemokines”, “neuropsychomotor
development”, “neurodevelopment outcomes” and “child”. The quality of the eligible
studies was determined according to the criteria suggested by the Newcastle-Ottawa Scale
(NOS). Results: Six eligible studies aimed to investigate the association between
peripheral inflammatory molecules and neurodevelopment in infants. No studies
including markers of oxidative stress were found. The studies differed regarding CP-
related risk factors and its classification. All of them measured inflammatory proteins in
whole blood, plasma or serum. In four studies, higher circulating levels of cytokines,
including IL-1B, IL-6, TNF-a and CXCLS8/IL-8, were associated with abnormal
neurological findings. Conclusion: The investigation of the potential association
between inflammatory molecules and neurological development in children with CP
requires further original studies in order to clarify the influence of prenatal and perinatal

inflammation on neurological outcomes.

Key words: cerebral palsy, inflammation, oxidative stress, cytokines,

neurodevelopmental outcome.

What this paper adds?

This systematic review about the relation between inflammatory molecules and
neurodevelopment in children with cerebral palsy showed current evidence on the role of
cytokines and brain damage. In this review, studies were selected through rigorous
inclusion criteria and were carefully analyzed. The main finding was that higher
circulating levels of IL-1p, IL-6, TNF-a.and CXCL8/IL-8 were associated with abnormal

neurological findings in patients with cerebral palsy.
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1- Introduction

Cerebral palsy (CP) is a chronic non-progressive encephalopathy characterized by the
occurrence of acquired brain injury associated with altered neuropsychomotor
development [1-3]. It is the most common cause of motor disability in children worldwide
with an estimated prevalence of 1.5 to 4 per 1000 children [1,4,5], but with a higher

prevalence of up to 10 per 1000 in low-resource settings [5].

The classification of CP varies according to the type and distribution of motor
abnormalities and the location of the brain injury, including spastic (quadriparetic,

diparetic or hemiparetic/unilateral), dyskinetic and ataxic subtypes [9].

Central nervous system (CNS) injury is multifactorial and includes exposure of the fetus
or the newborn to acute and chronic infection/inflammation and/or perinatal hypoxia-
ischemia (HI) [11]. The exacerbated inflammatory response is related to neuronal death
[12,13] and, as a consequence, long-term motor, sensorial, or cognitive disabilities
[7,12,13]. There is also evidence that CP may be related to the persistence of exacerbated
or chronic inflammatory processes in CNS [7-8].

Neuronal lesions related to inflammation can induce a cascade of immune responses,
including elevation of circulating cytokines and chemokines that might participate in the
establishment of brain injury [14,15], [16]. Some molecules, including interleukin (IL)-
1, IL-6, IL-8, and Tumor Necrosis Factor-a (TNF-a), have been frequently associated

with inflammatory response and adverse neurologic outcomes [17,18].

The balance between pro-inflammatory and immunomodulatory processes modulates the
repair/resolution continuum and the consequent occurrence of injury [17,19-21]. It is
important to emphasize that brain development after an injury related to inflammation is
not a static event, but a complex and dynamic process, in which several cellular and

molecular cascades are involved, throughout lifetime [22].

Thereby, we conducted a systematic review to evaluate the current findings regarding the
association between cerebral palsy, inflammatory mediators, oxidative stress and
neurodevelopmental outcome in children. Our aim is to better understand this
relationship, by the hypothesis of exacerbate inflammatory response and increased

oxidative stress may impair neurodevelopment in children with CP.
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2- Objective
The aim of this study was to provide a systematic review on the evidence of the interaction

between inflammatory biomarkers, oxidative stress and neuropsychomotor development
in children with CP.

3- Methods
3.1- Design

This systematic review was conducted according to the guidelines of the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [23].
Criteria for Considering Studies for this Review
3.2- Types of Studies

Observational studies, as well as transversal or cohort, were eligible for inclusion. The
following studies were excluded from this review: (i) animal studies, (ii) review articles,
(iii) intervention studies, or (iv) studies in which inflammatory or oxidative stress markers

were not measured.

3.3- Studies Populations

The target population of this review consisted of children with CP.
3.4- Search Methods for Identification of Studies

An electronic search for relevant articles was performed independently by three authors
(R.C.M., A.O.L. and A.A.S.S.) using BIREME, EMBASE, PUBMED and SCOPUS.
Articles published until August 2018 were included in this review. No language
restrictions were applied. The search terms utilized were “cerebral palsy”,
“inflammation”, “oxidative stress”, ‘“cytokines”, “chemokines”, ‘“neuropsychomotor
development”, “neurodevelopment outcomes” and “child”. The search combinations used
were: ((cerebral palsy) OR (brain injury)) AND ((inflammation OR (oxidative stress) OR
(cytokines) OR (chemokines))) AND ((neuro psychomotor development) OR

(neurodevelopmental outcomes)) AND child.
3.5- Selection of Studies

Three researchers independently (R.C.M., A.O.L. and A.A.S.S.) reviewed the eligibility
of the studies and analyzed their characteristics, quality, and accuracy. Studies were

initially extracted for abstract screening and those found to be relevant were fully
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retrieved for a detailed review. Disagreements on eligibility were resolved by discussion
between the authors. Once the studies to be included were established, the authors
extracted relevant data. Whenever necessary, authors of the selected articles were
contacted and asked to provide raw data. To describe potential for bias, the level of
evidence of each retrieved study was evaluated according to the Newcastle-Ottawa Scale

(NOS) for assessing the quality of non-randomized studies in meta-analyses [24].
4- Results

The first search strategy identified 461 articles. Prisma Protocol was used to select the
studies [23]. Initial screening removed duplicates, studies with no apparent relevance and
papers that included subjects specific conditions, such as autism, yielded 375 unique
articles. After excluding non-experimental review articles, studies with animal models,
and clinical trials in which inflammatory markers were not measured, six original studies
were considered eligible for this systematic review (Figure 1). All selected studies [25-
30] were assessed by the Newcastle-Ottawa Scale [24] (Table 1).

4.1- Study characteristics and methodological issues

The selected studies (n=6) investigated diverse populations exposed to different risk
factors for neurodevelopmental delay [25-30]. The gestational age varied among the
studies. Preterm [25,28,29] and term neonates [26,30] were included. Only one study had
birth weight between 401-1000g as an inclusion criterion (Table 2). We did not find any
study evaluating oxidative stress markers. Inflammatory molecules analyzed included IL-
1, IL-1B, IL-2, IL-6, CXCLS8/IL-8, IL-12, IL-13, IL-17, IFN-y, TNF-a, TNF-B,
CCL4/MIP-B, CCL5/RANTES [26-30]. The samples for the analysis of these molecules
were collected within the first three weeks after birth, and analyzed in whole blood,
plasma or serum [26-30]. Patients with diagnosis of sepsis or necrotizing enterocolitis
(NEC) were included in three studies [27-29]. The results from these latter articles were
shown separately, considering that infection may be an independent risk factor for
increased inflammatory response [27-29] (Table 3).

In only one study inflammatory molecules were analyzed in association with placental
culture and histopathology [29]. Comparison to a control group occurred in three studies
[25,28]. Samples were collected at different time points: at birth (umbilical cord serum)
[22,27,29], at one [26,30], two [26] three [26,27], seven [27], fourteen or 21 days after
birth [27,28]
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The methods used to assess inflammatory molecules differed among the studies. In regard
to immunoassay techniques, three studies used Enzyme-linked Immunoassay (ELISA)
[25,26,29] and three used cytometry techniques, including Multiplex Luminex Assay
[27], DPC Immulite System [28] and Recycling Immunoaffinity Chromatography [30].

All studies evaluated the association between inflammatory molecules and
neuropsychomotor development [25-30]. In these studies, the collection of biological
material and the evaluation of neurodevelopmental outcome were not simultaneous. The
protocol of each study had a different age parameter for the developmental evaluation,
being performed only once within a corrected gestational age of 15-18 [26], 18-22 [27],
24 [25], 24-28 [28] or 30 months [30]. Only one study investigated long-term outcome,
at the age of five to eight years [29].

The studies also differed in regard to the choice of developmental tests used to measure
children's neuropsychomotor abilities. The tests used were the Bayley Scales of Toddler
Development 11 or 111 scale (BDS I1/111) [25-28,30] and Peabody Picture Vocabulary test
3rd edition (PPVT-I1I1), Wechsler Intelligence Scale for Children-I1V (WISC-1V) or the
Differential Ability Scales (DAS) [29]. The BDS IlI/lll, PPVT-I1I and WISC-IV were

indicative of delay or significant impairment if the scores were below 70 [25-30].

The studies also diverged regarding the diagnosis and classification of CP. Different
diagnostic criteria were used by the studies, including: (i) the proposed definition and
classification of cerebral palsy [25]; (ii) abnormal tone, muscle tone and impaired range
or control of movements assessed by a neurologist [27-29]; (iii) asphyxia with metabolic
acidosis [26,30]; and (iv) magnetic resonance (MR) alterations [30]. Additionally, the age
of diagnosis varied from 6 months to 8 years of age [25-27]. Two studies stratified CP by
standardized classification such as Gross Motor Function Classification System
(GMFCS) [25], Eunice Kennedy Shriver National Institute of Child Health (NICHD)
classification [26]. Other two studies presented CP classification according to severity

type [28,30], while one study subdivided CP between quadriparetic, diparetic or
hemiparetic/unilateral [27]. One study did not rank the CP [29].

4.2- Blood Analysis and Neurodevelopment Outcome

The neurodevelopment outcome was associated with peripheral inflammatory biomarkers [25-
30] (Table 4). Four of the studies associated higher levels of cytokines and chemokines,
including IL-1, IL-1p, IL-6, CXCL8/IL-8 and TNF-a, and trophic factors, such as VEGF
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and GFAP, with abnormal neuropsychomotor development [26-28,30]. IL-6 and
CXCLS8/IL-8 have been described as responsible for a variety of inflammatory challenges
and represent a final common pathway of brain injury [26]. CXCLB8/IL-8 promotes the
infiltration of activated neurotrophils in brain parenchyma and has been associated with
neuropsychomotor delay or moderate-severe CP [27,28]. In addition, VEGF is a grow
factor that may contribute to inflammatory responses by causing edema and vascular
permeability [26]. The cytokine signaling is a potential mechanism through which IL-1p,
IL-6, and TNF-a may lead to or exacerbate neonatal brain injury. Summarizing, in four
studies, peripheral inflammatory biomarkers can be predictive of abnormal neurological
outcome [26-28,30] and increase risk for CP [27]. On the other hand, no significant
relation between inflammatory molecules and neurodevelopment was found in two
studies [25,29].

In three studies, neurological examination and MR or ultrasound (US) were used to
correlate the inflammatory profile with neuropsychomotor development [26,28,30]. In
these studies, neurological evaluation may help to understand the severity of brain injury.
It was used to strength the correlation of inflammatory profile and neurological outcome
[26,28,30].

5- Discussion

The current systematic review summarizes the available evidence on the association
between inflammatory molecules and neurodevelopment outcome in children with CP.
Six studies were identified and the majority reported an association between peripheral

inflammation and neurological impairment during the first years of life [25-30].

A prolonged or exacerbated inflammatory response may be characterized by the elevation
of inflammatory molecules, including cytokines, chemokines, adhesion molecules, liver-
produced proteins, neutrophil activation molecules and also growth factors [31]. The
selected studies analyzed cytokines, chemokines and neurotrophic factors. No studies

including markers of oxidative stress were found.

Inflammation is considered a physiological and necessary process for the protection and
development of CNS [17,32-35]. It can become pathological depending on its location,
timing, intensity, and chronicity [17,33]. Systemic inflammatory response characterized
by higher levels of cytokines, as IL-1p, IL-6, TNF-a, chemokines, as CXCL8/IL-8, and
lipopolysaccharide (LPS) may result in activation of the cerebrovascular endothelium and
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surrounding cells, breaking he blood-brain-barrier (BBB) [36,37]. As a consequence,
there is infiltration of circulating immune cells and extravasation of plasma components

into the brain tissue, resulting in brain damage [36,37].

These increased levels of cytokines trigger the inflammatory response in the CNS [38-
40]. Inflammatory stimulus may induce neuronal and glial cell apoptosis, therefore
interfering in axonal growth and myelin sheath formation [41,42]. Problems with
neuronal migration, division and synaptic development may also occur, resulting in
neurodevelopmental alterations [43]. When this response occurs and is fully resolved
without brain cells death, typical abilities are maintained [44]. On the contrary, if this
response is prolonged or exacerbated, cell death in CNS and consequent loss of function
may occur [17,32]. In summary, brain damage and lasting functional impairment most
likely result from the abnormal balance between injury mechanisms and endogenous

protection [45].

MR findings are important resources to evaluate the extension and severity of brain injury
[26,30,46], aiding in the detection of ischemia and/or diffuse axonal injury, and
complementing the neurological evaluation to establish the prognosis [46]. Nevertheless,
in the studies that analyzed inflammatory molecules and MR, peripheral cytokine levels
were not associated with structural MR findings [26,30]. The majority of
neuropsychomotor deficits did not relate to specific patterns of injury, including severe
grade intraventricular hemorrhage with post hemorrhagic ventricular dilatation,
hemorrhagic parenchymal infarction or cystic periventricular leukomalacia (PVL) [47].
This suggests that there might be damage and remodeling in the developing brain that
result in a more diffuse process, not detected as brain lesions on MR imaging [47].

Brain injury at birth is multifactorial, frequently correlated to preterm birth and hypoxia-
ischemia. External factors can modulate how injury evolves, and affect the measurements
used for diagnosis and prognosis. [48]. Hipoxia-ischemia at birth and prematurity were
associated with nearly half of all cases of CP [48]. Subjects included in these six selected
studies diverge in clinical characteristics and in the exposure to risk factors related to
brain injury and CP. Demographic factors, gestational age and neonatal care may be key
factors, capable to influence the pro or anti-inflammatory response and
neurodevelopmental outcomes [47,49,50]. Also, birth weight is a known independent risk
factor for worst neurodevelopment, and is associated with systemic inflammation [51].

However, only one study had low birth weight as the single inclusion criterion. Perinatal
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infection and inflammation are also independent risk factors related to brain injury [52]
and neuropsychomotor delay [53]. Recent reports have shown that any form of systemic
inflammation, such as sepsis, meningitis with or without bacteremia, bronchopulmonary
dysplasia (BPD) and necrotizing enterocolitis (NEC) were all associated with impaired
growth and increased risk of adverse neurologic sequelae in premature neonates [47].
Three among the six selected studies included subjects with sepsis, although with
contradictory results [27-29]. In two of them, elevated cytokine levels were associated
with worst development [27,28]. The presence of neonatal bacteremia may imply in the
activation of the fetal inflammatory response [51,54]. It is a key event, in which the
duration of exposure to inflammation can aggravate brain injury and adverse development
[52]. Both a sensitizing and preconditioning role of bacterial endotoxin upon the effect of
hypoxia-ischemia on the immature brain have been seen in animal models, but supporting
clinical data are limited [52]. In addition, neurotrophins, such as BDNF and NT-3, were
associated with NEC and sepsis, rather than neurological outcomes. These findings
suggest that neurotrophins may have additional roles in the inflammatory response [18].
In one study, neonatal complications, gestational age at delivery and caregiver
intelligence quotient were related to neuromotor impairment, but not to in utero exposure
to acute inflammation [29]. These findings emphasize the crucial impact of demographic

characteristics on neurodevelopment.

This systematic review has limitations. The studies used different time-points in their
research, impairing the comparison of their findings. Different results, diverse etiology
and poor understanding of the exactly trigger or moment of the inflammatory stimuli
hinder the definition of cause or consequence of the elevated levels of inflammatory
markers in relation to brain injury and neurological outcome. The knowledge gap
regarding the mechanisms by which the neurodevelopmental delay occurs is also
considered another problem. As a matter of fact, it is hard to define whether the elevation
of inflammatory related-proteins is responsible for the neurodevelopmental impairment
or if both processes occur in parallel. It is also difficult to obtain homogenous groups in

observational studies.

This review summarizes the current results regarding the association of inflammatory
molecules and neurodevelopment outcome in children with CP. It should be pointed that
there are established precepts by the Food and Drug Administration (FDA) and the

European Medicine Agency (EMA) that encourage the integration of biomarkers in drug
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development [55]. Still, more knowledge is necessary in order to discriminate reliable

biomarkers that might assist in the prediction of outcomes and be used in clinical practice.
6- Conclusion

The association of inflammatory molecules with CP and neurodevelopment outcome
requires further investigation in order to clarify the real influence of inflammation on

neurological outcomes.

Acknowledgement section:

Financial disclosure:

The authors do not have any financial relationships relevant to this article to disclose.
Funding source:

None.

Conflicts of interest:

None.

Contributors’ statement

Dr. Magalhdes conceptualized and designed the study, reviewed identified articles to
determine if they met defined study inclusion and exclusion criteria, drafted the initial

manuscript, and approved the final manuscript as submitted.

Dr. Simdes e Silva conceptualized and designed the study, reviewed identified articles to
determine if they met defined study inclusion and exclusion criteria, critically reviewed

the manuscript, and approved the final manuscript as submitted.

Drs. Lauar and Saldanha da Silva reviewed identified articles to determine if they met
defined study inclusion and exclusion criteria, critically reviewed the manuscript, and

approved the final manuscript as submitted.

Drs. Moreira and Teixeira conceptualized the study, critically reviewed the manuscript,

and approved the final manuscript as submitted.

All authors approved the final manuscript as submitted and agree to be accountable for

all aspects of the work.

37



7-References

[1] Chambers C, Sokhey T, Gaebler-Spira D, Kording KP. The integration of probabilistic
information during sensorimotor estimation is unimpaired in children with cerebral palsy.
Plos One. 2017;12(11):e0188741. DOI: https://doi.org/10.1371/journal.pone.0188741

[2] Dreher T, Thomason P, Svehlik M, Déderlein L, Wolf S, Putz C, Uehlein O, Chia
K, Steinwender G, Sangeux M, Graham HK. Long-term development of gait after
multilevel surgery in children with cerebral palsy: a multicentre cohort study. Dev Med
Child Neurol. 2017. DOI: https://doi.org/10.1111/dmcn.13618.

[3] Colver A, Fairhurst C, Pharoah PO. Cerebral palsy. Lancet. 2014;383(9924):1240-9.
DOI: https://doi.org/ 10.1016/S0140-6736(13)61835-8

[4] Franzén M, Hagglund G, Alriksson-Schmidt A. Treatment with Botulinum toxin A in
a total population of children with cerebral palsy - a retrospective cohort registry study.
BMC Musculoskelt Disord. 2017;18(1):520. DOI: https://doi.org/10.1186/s12891-017-
1880-y

[5] Monokwane B, Johnson A, Gambrah-Sampaney C, Khurana E, Baier J, Baronov E,
Westmoreland KD, Mazhani L, Steenhoff AP, Bearden DR. Risk Factors for cerebral
palsy in Botswana. Pediatr Neurol. 2017;77:73-77 DOI: https://doi.org/
10.1016/j.pediatrneurol.2017.07.014

[6] Savard A, Brochu ME, Chevin M, Guiraut C, Grbic D, Sébire G. Neuronal self-injury
mediated by IL-1 and MMP-9 in acerebral palsy model of severe neonatal
encephalopathy induced by immune activation plus hypoxia-ischemia. J
Neuroinflammation. 2015;12:111. DOI: https://doi.org/10.1186/s12974-015-0330-8.

[7] Girard S, Kadhim H, Rou M, Lavoie K, Brouchu ME, Larouche A, Sébirre G. Role
of perinatal inflammation in cerebral palsy. Pediatric Neurology. 2009;40(3):168-174.
DOI: https://doi.org/10.1016/j.pediatrneurol.2008.09.016

[8] Rosenbaum P, Paneth N, Leviton A, Goldstein M, Bax M, Damiano D, Dan B,
Jacobsson B. A report: the definition and classification of cerebral palsy. Dev Med Child
Neurol Suppl. 2007;109:8-14. DOI: https://doi.org/10.1111/j.1469-8749.2007.tb12610.x

[9] Longo M, Hankins GD. Defining cerebral palsy: pathogenesis, pathophysiology and
new intervention. Minerva Ginecol. 2009;61(5):421-29.
DOI: https://doi.org/10.1016/S0029-7844(03)00574-X

38


https://doi.org/10.1155/2017/8201423
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dreher%20T%5BAuthor%5D&cauthor=true&cauthor_uid=29171016
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thomason%20P%5BAuthor%5D&cauthor=true&cauthor_uid=29171016
https://www.ncbi.nlm.nih.gov/pubmed/?term=%C5%A0vehl%C3%ADk%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29171016
https://www.ncbi.nlm.nih.gov/pubmed/?term=D%C3%B6derlein%20L%5BAuthor%5D&cauthor=true&cauthor_uid=29171016
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wolf%20SI%5BAuthor%5D&cauthor=true&cauthor_uid=29171016
https://www.ncbi.nlm.nih.gov/pubmed/?term=Putz%20C%5BAuthor%5D&cauthor=true&cauthor_uid=29171016
https://www.ncbi.nlm.nih.gov/pubmed/?term=Uehlein%20O%5BAuthor%5D&cauthor=true&cauthor_uid=29171016
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chia%20K%5BAuthor%5D&cauthor=true&cauthor_uid=29171016
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chia%20K%5BAuthor%5D&cauthor=true&cauthor_uid=29171016
https://www.ncbi.nlm.nih.gov/pubmed/?term=Steinwender%20G%5BAuthor%5D&cauthor=true&cauthor_uid=29171016
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sangeux%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29171016
https://www.ncbi.nlm.nih.gov/pubmed/?term=Graham%20HK%5BAuthor%5D&cauthor=true&cauthor_uid=29171016
https://doi.org/10.1155/2017/8201423
https://doi.org/10.1155/2017/8201423
https://www.ncbi.nlm.nih.gov/pubmed/?term=H%C3%A4gglund%20G%5BAuthor%5D&cauthor=true&cauthor_uid=29228927
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alriksson-Schmidt%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29228927
https://doi.org/10.1155/2017/8201423
https://doi.org/10.1155/2017/8201423
https://doi.org/10.1155/2017/8201423
https://www.ncbi.nlm.nih.gov/pubmed/?term=Savard%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26025257
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brochu%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=26025257
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chevin%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26025257
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guiraut%20C%5BAuthor%5D&cauthor=true&cauthor_uid=26025257
https://www.ncbi.nlm.nih.gov/pubmed/?term=Grbic%20D%5BAuthor%5D&cauthor=true&cauthor_uid=26025257
https://www.ncbi.nlm.nih.gov/pubmed/?term=S%C3%A9bire%20G%5BAuthor%5D&cauthor=true&cauthor_uid=26025257
https://doi.org/10.1155/2017/8201423
https://doi.org/10.1155/2017/8201423
https://doi.org/10.1155/2017/8201423
https://doi.org/10.1155/2017/8201423

[10] Shin HI, Sung KH, Chung CY, Lee KM, Lee SY, Lee IH, Park SM. Relationships
between isometric muscle strength, gait parameters, and gross motor function measure in
patientes with cerebral palsy. Yonsel Medical Journal. 2016;57(1):217-24.
DOI: https://doi.org/10.3349/ymj.2016.57.1.217.

[11] Bennet L, Dhillon S, Lear CA, van den Heuiji L, King V, Dean JM, Wassink G,
Davidson JO, Gunn AJ. Chronic inflammation and impairment development of the
preterm brain. J Reprod Immunol. 2018;125:45-55
DOI: https://doi.org/10.1016/j.jri.2017.11.003

[12] Falahati S,Breu M, Waickman AT, Phillips AW, Arauz EJ, Snyder S, Porambo M,
Goeral K, Comi AM, Wilson MA, Johnston MV, Fatemi A. Ischemia-induced
neuroinflammation is associated with disrupted development of oligodendrocyte
progenitors in a model of periventricular leukomalacia. Dev Neurosci. 2013;35(2-3):182-
96. DOI: https://doi.org/ 10.1159/000346682

[13] Hagberg H, Gressens P, Mallard C. Inflammation during fetal and neonatal life:
implications for neurologic and neuropsychiatric disease in children and adults. Ann
Neurol. 2012; 71(4): 444-57. DOI: https://doi.org/10.1002/ana.22620

[14] Kazak F, Yarim GF. Neuroprotective effects of acetyl-l-carnitine on
lipopolysaccharide-induced neuroinflammation in mice: Involvement of brain-derived
neurotrophic factor. Neurosci Lett. 2017;658:32-36.
DOI: https://doi.org/10.1016/j.neulet.2017.07.059.

[15] Malaeb S, Dammann O. Fetal inflammatory response and brain injury in the preterm
newborn. J Child Neurol. 2009; 24(9):1119-26.
DOl:https://doi.org/10.1177/0883073809338066

[16] Molnar Z, Rutherford M. Brain maturation after preterm birth. Sci Transl Med.
2013;5(168):168ps2. DOI: http://doi.org/10.1126/scitransImed.3005379

[17] Magalh&es RC, Pimenta LP, Barbosa 1G, Moreira JM, de Barros JLVM, Teixeira
AL, Simdes e Silva AC. Inflammatory molecules and neurotrophic factors as biomarkers
of neuropsychomotor development in preterm neonates: A Systematic Review. Int J Dev
Neurosci. 2017;65:29-37. DOI: https://doi.org/10.1016/j.ijdevneu.2017.10.006.

[18] Cordeiro CN, Savva Y, Vaidya D, Argani CH, Hong X, Wang X, Burd I.
Mathematical modeling of the biomarker milieu to characterize to preterm birth and

39


https://doi.org/10.1155/2017/8201423
https://doi.org/10.1155/2017/8201423
https://doi.org/10.1155/2017/8201423
https://doi.org/10.1155/2017/8201423
https://doi.org/10.1126/scitranslmed.3005379
https://doi.org/10.1155/2017/8201423

predict adverse neonatal outcomes. Am J Reprod Immunol. 2016;75(5):594-601.
DOI: http://doi.org/ 10.1111/aji.12502.

[19] Lou ZY, Yu WB, Chen J, Jiang LS, Xiao BG, Liu ZG. Neuroprotective effect is
driven through the upregulation of CB1 receptor experimental autoimmune
encephalomyelitis. J Mol Neurosci. 2016;58(2):193-200.

[20] Stewart, A, Tekes A, Huisman TAGM, Jennings JM, Allen MC, Northington FJ,
Everett AD, Graham EM. Glial fibrillary acidic protein as a biomarker for periventricular
white matter injury. Am J Obstetr Gynecol. 2013;209(1):1010-16.

[21] Kinjo T, Ohga S, Ochiai M, Honjo S, Tanaka T, Takahata Y, Ihara K, Hara T:. Serum
chemokine levels and developmental outcome in preterm infants. Early Hum Dev. 2011;
87(6):439-43.

[22] Hielkema T, Hadders-Algra M. Motor and cognitive outcome after specific early
lesions of the brain - a systematic review. Dev Med Child Neurolol. 2016;58(4)46-52.
DOI: http://doi.org/10.1111/dmcn.13047.

[23] Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. PLoS Med. 2009;6(7):
€1000097. DOI: http://doi.org/10.1371/journal.pmed.1000097

[24] Wells GA, Shea B, O'Connell D, Peterson J, Welch V, Losos M, Tugwell P. The
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised studies in

meta-analyses. Avaliable at:
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp. Accessed
December/2017.

[25] Varner MW, Marshall NE, Rouse DJ, Jablonski KA, Leveno KJ, Reddy
UM, Mercer BM, lams JD, Wapner RJ, Sorokin Y, Thorp JM, Malone FD, Carpenter
M, O'Sullivan MJ, Peaceman AM, Hankins GD, Dudley DJ, Caritis SN, et al.
The association of cord serum cytokines with neurodevelopmental outcomes.  Am J
Perinatol. 2015;30(2):115-22. DOI: http://doi.org/10.1055/s-0034-1376185.

[26] Chalak LF, Sanchez PJ, Adams-Huet B, Laptook AR, Heyne RJ, Rosenfeld CR.
Biomarkers for severity of neonatal hypoxic-ischemic encephalopathy and outcomes in
newborns receiving hypothermia therapy. J Pediatr. 2014;164(3):468-74.el.
DOI: http://doi.org/10.1016/j.jpeds.2013.10.067.

40


http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://www.ncbi.nlm.nih.gov/pubmed/?term=Varner%20MW%5BAuthor%5D&cauthor=true&cauthor_uid=24936937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marshall%20NE%5BAuthor%5D&cauthor=true&cauthor_uid=24936937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rouse%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=24936937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jablonski%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=24936937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leveno%20KJ%5BAuthor%5D&cauthor=true&cauthor_uid=24936937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reddy%20UM%5BAuthor%5D&cauthor=true&cauthor_uid=24936937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reddy%20UM%5BAuthor%5D&cauthor=true&cauthor_uid=24936937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mercer%20BM%5BAuthor%5D&cauthor=true&cauthor_uid=24936937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Iams%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=24936937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wapner%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=24936937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sorokin%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24936937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thorp%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=24936937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Malone%20FD%5BAuthor%5D&cauthor=true&cauthor_uid=24936937
https://www.ncbi.nlm.nih.gov/pubmed/?term=O%27Sullivan%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=24936937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peaceman%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=24936937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hankins%20GD%5BAuthor%5D&cauthor=true&cauthor_uid=24936937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dudley%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=24936937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chalak%20LF%5BAuthor%5D&cauthor=true&cauthor_uid=24332821
https://www.ncbi.nlm.nih.gov/pubmed/?term=S%C3%A1nchez%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=24332821
https://www.ncbi.nlm.nih.gov/pubmed/?term=Adams-Huet%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24332821
https://www.ncbi.nlm.nih.gov/pubmed/?term=Laptook%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=24332821
https://www.ncbi.nlm.nih.gov/pubmed/?term=Heyne%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=24332821
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rosenfeld%20CR%5BAuthor%5D&cauthor=true&cauthor_uid=24332821

[27] Carlo WA, McDonald SA, Tyson JE, Stoll BJ, Ehrenkranz RA, Shankaran
S, Goldberg RN, Das A, Schendel D, Thorsen P, Skogstrand K, Hougaard DM, Oh
W, Laptook AR, Duara S, Fanaroff AA, Donovan EF, Korones SB, Stevenson
DK, Papile LA, Finer NN, O'Shea TM, Poindexter BB, Wright LL, Ambalavanan
N, Higgins RD, et al. Cytokines and neurodevelopmental outcomes in extremely low
birth weight infants. J Pediatr. 2011, 159(6): 919-25.e3.
DOI: http://doi.org/10.1016/j.jpeds.2011.05.042.

[28] Lodha A, Asztalos E, Moore AM. Cytokine levels in neonatal necrotizing
enterocolitis and long-term growth and neurodevelopment. Acta
Paediatr. 2010;99(3):338-43. DOI: http://doi.org/10.1111/].1651-2227.2009.01600.x

[29] Andrews WW, Cliver SP, Biasini F, Peralta-Carcelen AM, Rector R, Alriksson-
Schmidt Al, Faye-Petersen O, Carlo W, Goldenberg R, Hauth JC. Early preterm birth
association between in utero exposure to acute inflammation and severe
neurodevelopmental  disability at 6 years of age. Am J Obstet
Gynecol. 2008;198(4):466.e1-466.e11. DOI: http://doi.org/10.1016/j.aj0og.2007.12.031.

[30] Bartha Al, Foster-Barber A, Miller SP, Vigneron DB, Glidden DV, Barkovich
AJ, Ferriero DM. Neonatal encephalopathy Association of cytokines with MR
spectroscopy and outcome. Pediatr Res. 2004; 56(6): 960-6.
DOI: http://doi.org/10.1203/01.PDR.0000144819.45689.BB

[31] Kuban KC, O'Shea TM, Allred EN, Fichorova RN, Heeren T, Paneth N, Hirtz D,
Dammann O, Leviton A, et al. The Breadth and Type of Systemic Inflammation and the
Risk of Adverse Neurological Outcomes in Extremely Low Gestation Newborns. Pediatr
Neurol. 2015; 52(1):42-48. DOI: http://doi.org/10.1016/j.pediatrneurol.2014.10.005.

[32] Magalhaes RC, Moreira JM, Vieira ELM, Rocha NP, Miranda DM, Simdes e Silva
AC. Urinary Levels of IL-1B and GDNF in Preterm Neonates as Potential Biomarkers of
Motor Development: A  Prospective Study. Mediators of Inflammation.
2017;2017:8201423. DOI: http://doi.org/10.1155/2017/8201423.

[33] Nadeau-Vallée M, Chin PY, Belarbi L, Brien ME, Pundir S, Berryer MH, Beaudry-
Richard A, Madaan A, Sharkey DJ, Lupien-Meilleur A, Hou X, Quiniou C, Beaulac A,
Boufaied I, Boudreault A, Carbonaro A, Doan ND, Joyal JS, Ludell WD, Oslon DM<
Robertson SA, Girard S, Chemtob S. Antenatal supression of IL-1 protects against

inflammation-induced fetal injury and improves neonatal and developmental outcomes in

41


https://www.ncbi.nlm.nih.gov/pubmed/?term=Carlo%20WA%5BAuthor%5D&cauthor=true&cauthor_uid=21798559
https://www.ncbi.nlm.nih.gov/pubmed/?term=McDonald%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=21798559
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tyson%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=21798559
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stoll%20BJ%5BAuthor%5D&cauthor=true&cauthor_uid=21798559
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ehrenkranz%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=21798559
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shankaran%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21798559
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shankaran%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21798559
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goldberg%20RN%5BAuthor%5D&cauthor=true&cauthor_uid=21798559
https://www.ncbi.nlm.nih.gov/pubmed/?term=Das%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21798559
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schendel%20D%5BAuthor%5D&cauthor=true&cauthor_uid=21798559
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thorsen%20P%5BAuthor%5D&cauthor=true&cauthor_uid=21798559
https://www.ncbi.nlm.nih.gov/pubmed/?term=Skogstrand%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21798559
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hougaard%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=21798559
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oh%20W%5BAuthor%5D&cauthor=true&cauthor_uid=21798559
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oh%20W%5BAuthor%5D&cauthor=true&cauthor_uid=21798559
https://www.ncbi.nlm.nih.gov/pubmed/?term=Laptook%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=21798559
https://www.ncbi.nlm.nih.gov/pubmed/?term=Duara%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21798559
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fanaroff%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=21798559
https://www.ncbi.nlm.nih.gov/pubmed/?term=Donovan%20EF%5BAuthor%5D&cauthor=true&cauthor_uid=21798559
https://www.ncbi.nlm.nih.gov/pubmed/?term=Korones%20SB%5BAuthor%5D&cauthor=true&cauthor_uid=21798559
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stevenson%20DK%5BAuthor%5D&cauthor=true&cauthor_uid=21798559
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stevenson%20DK%5BAuthor%5D&cauthor=true&cauthor_uid=21798559
https://www.ncbi.nlm.nih.gov/pubmed/?term=Papile%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=21798559
https://www.ncbi.nlm.nih.gov/pubmed/?term=Finer%20NN%5BAuthor%5D&cauthor=true&cauthor_uid=21798559
https://www.ncbi.nlm.nih.gov/pubmed/?term=O%27Shea%20TM%5BAuthor%5D&cauthor=true&cauthor_uid=21798559
https://www.ncbi.nlm.nih.gov/pubmed/?term=Poindexter%20BB%5BAuthor%5D&cauthor=true&cauthor_uid=21798559
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wright%20LL%5BAuthor%5D&cauthor=true&cauthor_uid=21798559
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ambalavanan%20N%5BAuthor%5D&cauthor=true&cauthor_uid=21798559
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ambalavanan%20N%5BAuthor%5D&cauthor=true&cauthor_uid=21798559
https://www.ncbi.nlm.nih.gov/pubmed/?term=Higgins%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=21798559
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lodha%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19922507
https://www.ncbi.nlm.nih.gov/pubmed/?term=Asztalos%20E%5BAuthor%5D&cauthor=true&cauthor_uid=19922507
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moore%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=19922507
https://www.ncbi.nlm.nih.gov/pubmed/?term=Andrews%20WW%5BAuthor%5D&cauthor=true&cauthor_uid=18395043
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cliver%20SP%5BAuthor%5D&cauthor=true&cauthor_uid=18395043
https://www.ncbi.nlm.nih.gov/pubmed/?term=Biasini%20F%5BAuthor%5D&cauthor=true&cauthor_uid=18395043
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peralta-Carcelen%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=18395043
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rector%20R%5BAuthor%5D&cauthor=true&cauthor_uid=18395043
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alriksson-Schmidt%20AI%5BAuthor%5D&cauthor=true&cauthor_uid=18395043
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alriksson-Schmidt%20AI%5BAuthor%5D&cauthor=true&cauthor_uid=18395043
https://www.ncbi.nlm.nih.gov/pubmed/?term=Faye-Petersen%20O%5BAuthor%5D&cauthor=true&cauthor_uid=18395043
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carlo%20W%5BAuthor%5D&cauthor=true&cauthor_uid=18395043
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goldenberg%20R%5BAuthor%5D&cauthor=true&cauthor_uid=18395043
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hauth%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=18395043
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bartha%20AI%5BAuthor%5D&cauthor=true&cauthor_uid=15496611
https://www.ncbi.nlm.nih.gov/pubmed/?term=Foster-Barber%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15496611
https://www.ncbi.nlm.nih.gov/pubmed/?term=Miller%20SP%5BAuthor%5D&cauthor=true&cauthor_uid=15496611
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vigneron%20DB%5BAuthor%5D&cauthor=true&cauthor_uid=15496611
https://www.ncbi.nlm.nih.gov/pubmed/?term=Glidden%20DV%5BAuthor%5D&cauthor=true&cauthor_uid=15496611
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barkovich%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=15496611
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barkovich%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=15496611
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferriero%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=15496611

mice. J Immunol. 2017;198(5):2047-2062. DOL: http://doi.org/
10.4049/jimmunol.1601600.

[34] Ranchhod SM, Gunn KC, Fowke TM, et al. Potential protective strategies for
perinatal infection and inflammation. Int J Dev Neurosci. 2015;45:44-54.
DOI: http://doi.org/10.1016/j.ijdevneu.2015.02.006.

[35] Mallard C, Davidson JO, Tan S, et al. Astrocytes and microglia in acute cerebral
injury underlying cerebral palsy associate with preterm birth. Pediatr Res.
2014;75(1):234-40. DOI: http://doi.org/10.1038/pr.2013.188

[36] Piro JR, Suidan GL, Quan J, Pi Y, O'Neill SM, llardi M, Pozdnyakov N, Lanz TA,
Xi H, Bell RD, Samad TA. Inhibition of 2-AG hydrolysis differentially regulates blood
brain barrier permeability after injury. J Neuroinflammation. 2018;15(1):142. DOI:
http://doi.org/ 10.1186/s12974-018-1166-9.

[37] Diaz-Cafiestro C, Merlini M, Bonetti NR, Liberale L, Wust P, Briand-Schumacher
S, Klohs J, Costantino S, Miranda M, Schoedon-Geiser G, Kullak-Ublick GA, Akhmedov
A, Paneni F, Beer JH, Lischer TF, Camici GG. Sirtuin 5 as a novel target to blunt blood-
brain barrier damage induced by cerebral ischemia/reperfusion injury. Int J Cardiol.
2018;260:148-155. DOI: http://doi.org/ 10.1016/j.ijcard.2017.12.060.

[38] Tomasoni R, Morini R, Lopez-Atalaya JP, Corradini I, Canzi A, Rasile
M, Mantovani C, Pozzi D, Garlanda C, Mantovani A, Menna E, Barco A, Matteoli M.
Lack of IL-1R8 in neurons causes hyperactivation of IL-1 receptor pathway and induces
MECP2-dependent synaptic defects. Elife. 2017; 6: pii:e21735.
DOI: http://doi.org/10.7554/eL ife.21735.

[40] Coronel-Restrepo N, Posso-Osorio |, Naranjo-Escobar J, Tobon GJ. Autoimmune
diseases and their relation with immunological, neurological and endocrinological axes.
Autoimmun Rev. 2017;16(7): 684-692. DOI: http://doi.org/10.1016/j.autrev.2017.05.002.

[41] Jaeger HM, Pehlke JR, Kaltwasser B, Kilic E, Bahr M, Hermann DM, et al. The
indirect NMDAR inhibitor flupirtine induces sustained post-ischemic recovery,
neuroprotection and  angioneurogenesis.  Oncotarget.  2015;6(16):14033-44.
DOI: http://doi.org/10.18632/oncotarget.4226

42


https://www.ncbi.nlm.nih.gov/pubmed/?term=Tomasoni%20R%5BAuthor%5D&cauthor=true&cauthor_uid=28347403
https://www.ncbi.nlm.nih.gov/pubmed/?term=Morini%20R%5BAuthor%5D&cauthor=true&cauthor_uid=28347403
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lopez-Atalaya%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=28347403
https://www.ncbi.nlm.nih.gov/pubmed/?term=Corradini%20I%5BAuthor%5D&cauthor=true&cauthor_uid=28347403
https://www.ncbi.nlm.nih.gov/pubmed/?term=Canzi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28347403
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rasile%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28347403
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rasile%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28347403
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mantovani%20C%5BAuthor%5D&cauthor=true&cauthor_uid=28347403
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pozzi%20D%5BAuthor%5D&cauthor=true&cauthor_uid=28347403
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garlanda%20C%5BAuthor%5D&cauthor=true&cauthor_uid=28347403
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mantovani%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28347403
https://www.ncbi.nlm.nih.gov/pubmed/?term=Menna%20E%5BAuthor%5D&cauthor=true&cauthor_uid=28347403
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barco%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28347403
https://www.ncbi.nlm.nih.gov/pubmed/?term=Matteoli%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28347403
https://www.ncbi.nlm.nih.gov/pubmed/?term=Coronel-Restrepo%20N%5BAuthor%5D&cauthor=true&cauthor_uid=28479489
https://www.ncbi.nlm.nih.gov/pubmed/?term=Posso-Osorio%20I%5BAuthor%5D&cauthor=true&cauthor_uid=28479489
https://www.ncbi.nlm.nih.gov/pubmed/?term=Naranjo-Escobar%20J%5BAuthor%5D&cauthor=true&cauthor_uid=28479489
https://dx.doi.org/10.18632%2Foncotarget.4226

[42] Vinall J, Grunau RE. Impact of repeated procedural pain-related stress in infants
born very preterm. Pediatric Res. 2014, 75(5): 584-7.
DOI: http://doi.org/10.1038/pr.2014.16

[43] Vasconcelos AR, Yshii LM, Viel TA, Buck HS, Mattson MP, Scavone C, et al.
Intermittent fasting attenuates lipopolysaccharide-induced neuroinflammation and
memory impairment. J Neuroinflammation. 2014;11:85.
DOI: http://doi.org/10.1186/1742-2094-11-85

[44] Hassell KJ, Ezzati M, Alonso-Alconada D, Hausenloy DJ, Robertson NJ. New
horizons for newborn brain protection: enhancing endogenous neuroprotection. Arch Dis
Child Fetal Neonatal Ed. 2015; 100(6): F541-F552.
DOI: http://doi.org/ 10.1136/archdischild-2014-306284

[45] O'Shea TM, Allred EN, Kuban KCK, Dammann O, Paneth N, Fichorova R, et al.
Elevated concentrations of inflammation-related proteins in postnatal blood predict
severe developmental delay at 2 years of age in extremely preterm infants. J Pediatr.
2012;160(3):395-401.e4. DOI: https://doi.org/10.1016/j.jpeds.2011.08.069

[46] Willianson C, Morgan L, Klein JP. Imaging in neurocritical care practice. Semin
Respir Crit Care Med. 2017;38(6):840-852. DOI: https://doi.org/10.1055/s-0037-
1608770.

[47] Patra A, Huang H, Bauer JA, Giannone PJ. Neurological consequences of systemic
inflammation in the premature neonate. Neural Regen Res. 2017;12(6):890-896.
DOI: https://doi.org/10.4103/1673-5374.208547.

[48] Dhillon SK, Lear CA, Galinsky R, Wassink G, Davidson JO, Juul S, Robertson NJ,
Gunn AJ, Bennet L. The fetus at the tipping point: modifying the outcome of fetal
asphyxia. J Physiol. 2018. DOI: http://doi.org 10.1113/JP274949.

[49] Allred EN, Dammann O, Fichorova RN, Hooper SR, Hunter SJ, Joseph RM, Kuban
K, Leviton A, O'Shea TM, Scott MN, et al. Systemic inflammation during the first month
and the risk of attention deficit hyperactivity disorder characteristics among 10 years-old
children born extremely preterm. J Neuroimmune Pharmacol. 2017;12(3):531-543.
DOI: http://doi.org/ 10.1007/s11481-017-9742-9.

[50] Talati AN, Hackney DN, Mesiano S. Pathophysiology of preterm labor with intact
membranes. Semin Perinatol. 2017; DOI: http://doi.org/10.1053/j.semperi.2017.07.013.

43


https://www.ncbi.nlm.nih.gov/pubmed/?term=Hassell%20KJ%5BAuthor%5D&cauthor=true&cauthor_uid=26063194
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ezzati%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26063194
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alonso-Alconada%20D%5BAuthor%5D&cauthor=true&cauthor_uid=26063194
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hausenloy%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=26063194
https://www.ncbi.nlm.nih.gov/pubmed/?term=Robertson%20NJ%5BAuthor%5D&cauthor=true&cauthor_uid=26063194
https://dx.doi.org/10.1136%2Farchdischild-2014-306284

[51] Leviton A, Fichorova RN, Shea TM, Kuban K, Paneth N, Dammann O, et al. Two-
hit model of brain damage in the very preterm newborn: small for gestational age and
postnatal systemic inflammation. Pediatr Res. 2013;73(3):362-70.
DOI: https://doi.org/10.1038/pr.2012.188

[52] Tann CJ, Nakakeeto M, Willey BA, Sewegaba M, Webb EL, Oke |, Mutuuza
ED, Peebles D, Musoke M, Harris KA, Sebire NJ, Klein N, Kurinczuk JJ, Elliott
AM, Robertson NJ. Perinatal risk factors for neonatal encephalopathy: an unmatched
case-control study. Arch Dis Child Fetal Neonatal Ed.2017;pii:fetalneonatal-2017-
312744. DOI: https://doi.org/10.1136/archdischild-2017-312744.

[53] Ferreira RC, Mello RR, Silva KS. Neonatal sepsis as a risk factor for
neurodevelopmental changes in preterm infants with very low birth weight. J Pediatr (Rio
J). 2014;90(3):293-9. DOI: https://doi.org/10.1016/j.jped.2013.09.006

[54] Tilley SK, Joseph RM, Kuban KCK, Dammann OU, O'Shea TM, Fry RC. Genomic
biomarkers of prenatal intrauterine inflammation in umbilical cord tissue predict later life
neurological outcomes. Plos One. 2017;12(5):e0176953. DOI:
https://doi.org/10.1371/journal.pone.0176953

[55] Serpero LD, Bellissima V, Collivicchi M, Sabatini M, Frigioa A, Ricotti A,
Ghiglione V, Strozzi MC, Li Volti G, Galvano F, Gazzolo D. Next generation for brain
injury. J Matern Fetal Neonatal Med. 2013; suppl 2: 44-9. DOI: http://doi.org/
10.3109/14767058.2013.829688.

44


https://dx.doi.org/10.1038%2Fpr.2012.188
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tann%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=28780500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nakakeeto%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28780500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Willey%20BA%5BAuthor%5D&cauthor=true&cauthor_uid=28780500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sewegaba%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28780500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Webb%20EL%5BAuthor%5D&cauthor=true&cauthor_uid=28780500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oke%20I%5BAuthor%5D&cauthor=true&cauthor_uid=28780500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mutuuza%20ED%5BAuthor%5D&cauthor=true&cauthor_uid=28780500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mutuuza%20ED%5BAuthor%5D&cauthor=true&cauthor_uid=28780500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peebles%20D%5BAuthor%5D&cauthor=true&cauthor_uid=28780500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Musoke%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28780500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harris%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=28780500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sebire%20NJ%5BAuthor%5D&cauthor=true&cauthor_uid=28780500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Klein%20N%5BAuthor%5D&cauthor=true&cauthor_uid=28780500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kurinczuk%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=28780500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Elliott%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=28780500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Elliott%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=28780500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Robertson%20NJ%5BAuthor%5D&cauthor=true&cauthor_uid=28780500

Studies identified through database searching:
Bireme (n = 29)
Embase (n = 358)
Pubmed (n = 33)
Scopus (n =41
- pus (n = 41)
=]
u oy
)
1]
o
5=
)
=
)
=)
—
v Excluded:
o N Duplicate studies (n = 65)
TOtal Stud|es |dent|f|ed: q No apparent relevance (n = 8)
(n=461) | Inflammation in specific pathologies (n = 13)
=T
=
E \ 4
Q Excluded:
2 Total studies screened: Animal studies (n = 13)
% (n = 375) Review articles (n = 239)
—
"SR
v
Full-text articles assessed for Full-text articles excluded:
eligibility: | Intervention studies (n = 58)
B\ (n=123) Any Inflammatory markers were not measured
) (n=55)
:5 Peripheral Inflammatory markers were not
0 measured (n= 1)
5 Neuropsychomotor development were not
measured (n = 3)
"SR
\ 4
.= o _ o
) Studies included in qualitative
= synthesis:
= (n=6)
[3)
=
L
—

Figure 1: PRISMA flow diagram for observational studies of correlation between inflammatory markers
and neurodevelopment. (2-column fitting image)
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Table 1. Assessment of the studies by the Newcastle-Ottawa Scale (NOS) for assessing the quality of non-

randomized studies in meta-analyses. (2-column fitting image)

Author Selection Comparability Outcome
Varner et al, 2015 [29] ok k *k * %k
Chalak et al, 2014 [30] Sk ok * & *kk
Carlo et al, 2011 [31] Jhk Kk * % *kk
Vasiljevic et al, 2011 [32] ok hk * * * ok
Lodha et al, 2010 [33] e * % Kk
Andrews et al, 2008 [34] ok kk * % * %k
Bartha et al, 2004 [35] ok ko * % *hk
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Table 2. Association between inflammatory molecules and neurodevelopment outcome in cerebral palsy (2-column fitting image)

Development

Author . Age of Subjects/ Analyz'ed Laboratory Inflammatory markers Assessment (months Neurological Neurological outcome
subjects (weeks)  Controls  Material technique CcA) Assessment
» Cord serum IL-8, IL-1B, and TNF-a levels in preterm
Varner et al, Umbilical ] . .
24-31 339/276 ELISA CXCLS8/IL-8, IL-1B and TNF-a 6,12,24 BSID-II infants are not associated with subsequent cerebral palsy
2015 [25] cord serum
or neurodevelopmental delay
. IL-6, IL-8 and VEGF were greater at 6-24 hours in
Umbilical . o .
) IL-1, IL-6, CXCLS8/IL-8, VEGF, moderate to severe versus mild hypoxic-ischemic
Chalak et al, arterial
>36 2017 ELISA TNF-a, IFN-y, CCL5/RANTES, 15-18 BSID-III encephalopathy. Elevated IL-1, IL-6, IL-8, VEGF, TNF-
2014 [26] serum or
| UCH-L1, GFAP a, IFN-y and GFAP were associated with abnormal
asma
P neurological outcomes.
Children with abnormal neurodevelopmental outcome
IL-1p, IL-6, CXCL8/IL-8, IL-12, had higher neonatal levels of IL-1 B, IL-6, IL-8, and
Bartha et al, Whole blood IL-13. TNF ) .
>36 62/- . RIC i o 30 BSID-II lower levels of IL-12. Elevated inflammatory cytokines
2004 [30] (heel-stick)

were associated with impaired cerebral oxidative

metabolism.

CA: Correct Age; HIE: Hypoxic-Ischemic Encephalopathy IL: Interleukin; CCL / CXCL: Chemokines; TNF: Tumor Necrosis Factor; ELISA: Enzyme-linked immunosorbent assay RIC: Recycling immunoaffinity
chromatography; BSID I1: Bayley Scales of Infant Development — Second Edition: indicative of delay if score < 70. BSID I11: Bayley Scales of Infant Development — Third Edition: indicative of delay if score < 70.
Denver Il: Denver Developmental Screening Test 11
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Table 3. Association between inflammatory molecules, motor and/or cognitive development, and sepsis in cerebral palsy (2-column fitting image)

Development

Gestational Patients/ Analyzed Laboratory
Author ) Assessment Inflammatory markers Neurodevelopment Assessment  Neurodevelopmental Outcome
Age (weeks) Controls Material method
(months CA)
IL-1B, IL-6, IL-6R, TNF, TNF-R1, TNF-
R2, CXCL1, CXCL2, CXCL5, CXCLS,
CCL2, CCL13, CCL4, CCL5, CXCL11, ILro, TNF-p, IL-12, IL-17, MIP-
Newborn (401 Multiplex CCL20, ICAM-1, ICAM-3, VCAM-1, -
Carlo et al, 2011 [27] ( 755/- Whole blood . 18-22 E-SEL, MMP-1, MMP-9, CRP, SAA, BSID-II 11[3:“:013 ?n"‘i’s][aeni'sti\r,‘;‘lon
10009) Luminex Assay MPO, GUCY1A2, GUCY1A3, PPMLL, ; Iy P L8t
PLCE1, PRKAG2, PLCL1, CCR2, eveloped LF. [L-c remainé
S100A8, CAV1, GUCY1A2, higher subsequently.
GUCY1A3, GAB1,PLCE1, PRKAG2,
PLCL1
Elevated IL-6 was found in
infants with proven necrotizing
. enterocolitis. Neonatal cytokines
DPC Immulite ) )
Lodha et al, 2010 [28] <37 27/13 Plasma Syt 24-28 TNF-a, IL-6, CXCLS8/IL-8 BSID-II tended to be greater, with a wide
stem
y variation, in infants later found
to have abnormal cognitive and
psychomotor outcomes.
Neonatal complications,
gestational age at delivery, and
caregiver 1Q, but not in utero
Andrews et al, 2008 Umbilical exposure to acute inflammation,
23-32 424/- ELISA 48 IL-6 PPVT-1I1, WISC-IV,DAS . o
[29] cord blood were associated with increased

risk of severe adverse
neurodevelopmental outcomes at

age 6 years.

CA: Correct Age; MSD: Meso Scale Discovery electrochemiluminescence system; CBA: Cytometric Bead Array; PCR: Polymerase Chain Reaction; IL: Interleukin; CRP: C - reactive protein; CCL / CXCL.:
Chemokines; TNF: Tumor Necrosis Factor; TNF-R1: Tumor Necrosis Factor Receptor 1. BSID I1: Bayley Scales of Infant Development — Second Edition: indicative of delay if score < 70; PPVT-I11: Peabody
Picture Vocabulary test 3rd edition — Third Edition, indicative of delay if score < 70; WISC-1V: Wechsler Intelligence Scale for Children-1V, indicative of delay if score < 70; DAS: Differential Ability Scales,
indicative of delay if score < 70

48



Table 4. Association between the most studied inflammatory molecules and neurological outcome in cerebral palsy

Inflammatory markers

Studies

Conclusion

IL-6

IL-1

CXCLS8/IL-8

TNF-a

Chalak et al, 2014, Bartha et al, 2004, Carlo et al, 2011,
Lodha et al, 2010, Andrews et al, 2008

Varner et al, 2015, Chalak et al, 2014, Bartha et al, 2004,
Carlo et al, 2011

Varner et al, 2015, Chalak et al, 2014, Bartha et al, 2004,
Carlo et al, 2011, Lodha et al, 2010

Varner et al, 2015, Chalak et al, 2014, Bartha et al, 2004,
Lodha et al, 2010, Carlo et al, 2011

Mixed results

Two studies: increased blood levels predicted
abnormal neurological outcome

Three studies: no association
Mixed results
Two studies: no association

Two studies: increased blood levels predicted
abnormal neurological outcome

Mixed results
Two studies: no association

Three studies: increased blood levels predicted
abnormal neurological outcome

Mixed results
Three studies: no association

One study: increased blood levels predicted poor
neurological outcome

One study: decreased blood levels predicted poor
neurological outcomes

CCL / CXCL: Chemokines; IL: Interleukin; TNF: Tumor Necrosis Factor.
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4 OBJETIVOS
41 OBJETIVO GERAL

Avaliar os efeitos de programa de reabilitacdo sobre 0 DNPM, marcadores inflamatorios

e fatores neurotroficos em criancas com PC.
4.2  OBJETIVOS ESPECIFICOS

. Mensurar a concentracdo de citocinas, quimiocinas e fatores neurotréficos em
criangas com PC na primeira infancia, antes e apds seis meses de programa de
reabilitacéo;

. Comparar essas medidas com as mesmas obtidas com intervalo de seis meses
em criangas com PC que ndo foram submetidas a reabilitacdo (grupo controle);

. Avaliar o DNPM antes e apds seis meses de reabilitacdo em criancas com PC;

. Comparar a avaliagdo do DNPM com a mesma realizada nos mesmos
periodos, com intervalo de seis meses, em criancas com PC que ndo foram
submetidas ao programa de reabilitagdo (grupo controle);

. Relacionar o perfil dos mediadores imuno-inflamatérios e os fatores
neurotroficos com as classificacdes de paralisia cerebral, bem como com as
aquisicdes no desenvolvimento neuropsicomotor;

. Compreender como 0s programas de reabilitacdo de intervencdo precoce
interferem na resposta imuno-inflamatéria e no DNPM de criangas com PC.
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5 PACIENTES E METODOS
5.1 DESENHO DO ESTUDO

Trata-se de um estudo de coorte prospectivo, no qual amostras de sangue foram coletadas
e o desenvolvimento avaliado em criancas com diagnostico de PC, aos 18 e 24 meses de

idade, submetidas ou ndo a intervencdes sistematicas de reabilitacao.

52 ASPECTOSETICOS

O estudo foi aprovado pelo Departamento de Pediatria da Faculdade de Medicina da
UFMG e pelo Comité de Etica da UFMG (COEP) sob o protocolo CAAE
56771316.7.0000.5149. Além disso, obteve anuéncia do Nucleo de Ensino e Pesquisa
(NEP) da AMR. Os pais ou responsaveis legais das criancas leram e assinaram o Termo

de Consentimento Livre e Esclarecido (TCLE).

5.3 PERIODO E LOCAL DE COLETA

As avaliacBes ocorreram na Associacdo Mineira de Reabilitacdo (AMR), no periodo de
agosto de 2016 a setembro de 2018. A AMR é uma instituicdo filantropica especializada
na reabilitacdo de criancas e adolescentes com transtornos neuroldgicos e do
neurodesenvolvimento, localizada em Belo Horizonte/Brasil. A AMR é composta por
uma experiente equipe multiprofissional, incluindo assistentes sociais, fisioterapeutas,

fonoaudiologos, neurologista, ortopedistas, psicélogos e terapeutas ocupacionais.

5.4  POPULACAO PARTICIPANTE

O célculo amostral foi baseado em um estudo anterior que investigou a associacdo da
funcdo cerebral com o DNPM em criancas com risco de desenvolvimento atipico®.
Considerando erro amostral de 5% e 95% de confiabilidade, obtivemos o total de 60
criancas com PC submetidas ao programa de reabilitacdo e 30 criangas com PC néo
submetidas ao programa de reabilitacdo no grupo controle.

Participaram desse estudo um total de 90 criangas com o diagndstico de PC, com menos
de 18 meses de vida, de acordo com os critérios de inclusdo e exclusdo descritos abaixo.

Todas as criancas foram avaliadas por neurologista pediatrico que diagnosticou o tipo de
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PC de acordo com a Forca Tarefa Internacional para CP?. Esse neurologista também
classificou a gravidade do comprometimento motor pelo Sistema de Classificagcdo da
Funcdo Motora Grossa (GMFCS)3. Os resultados de tomografia computadorizada (TC)

foram utilizados para avaliar a topografia e extensao das lesdes cerebrais.

As criangas foram divididas em dois grupos: reabilitacdo e sem-reabilitacdo. O grupo
reabilitacdo consistiu de criangas com o diagnostico de PC que realizaram programa de
reabilitacdo sistematica, enquanto o grupo sem-reabilitagdo foi composto por criangas
com o diagnostico de PC que ndo foram submetidas a intervencdo de reabilitacdo
sistematica e que estavam em fila de espera para atendimento especializado. Para tanto,
todas as criangas em atendimento na AMR, que atendiam ao critério de incluséo, foram
convidadas a participar do estudo e os pais ou responsaveis assinaram o TCLE e
constituiram o grupo reabilitacdo. De acordo com a inclusdo das criangas no grupo
reabilitacdo, foi feito contato telefénico com os responsaveis de criangas com PC que
estavam inscritos em fila de espera. Apds confirmar o diagndstico de PC e a auséncia de
reabilitagdo foram convidados a participar do estudo, conforme o pareamento de idade e

Sexo.
5.4.1 CRITERIOS DE INCLUSAO

As criancas incluidas nesse estudo no grupo reabilitacdo possuiam menos de 18 meses
idade cronolégica, com diagnéstico de PC, em acompanhamento no servico de
reabilitacdo de instituicdo filantrépica especializada no atendimento de reabilitacdo para
criancas e adolescentes com disfuncbes neuroldgicas em Belo Horizonte — MG. Para o
grupo sem-reabilitacdo utilizaram-se 0s mesmos critérios para a inclusdo no estudo,
exceto por ndo estarem em programa reabilitacdo. As crian¢as no grupo sem-reabilitagdo
encontravam-se em fila de espera para atendimento de reabilitacdo e ndo estavam
submetidas a acompanhamento sisteméatico. Houve concordancia de todos o0s

responsaveis em participar do estudo e assinatura do TCLE.
5.4.2 CRITERIOS DE EXCLUSAO

Foram excluidas as criancas que apresentaram alguma das situages/condic¢Bes descritas

abaixo:

. Diagnostico de sindromes genéticas ou outras doencas associadas, tais como

artogripose, miopatias e doengas metabdlicas;
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. Quadros infecciosos ou inflamatoérios agudos no momento da coleta ou nos 15
dias que a antecederam;
. Uso atual ou nas 4 semanas anteriores a coleta de antibidticos, anti-

inflamatdrios ou corticoides.

55 PROCEDIMENTO/PROTOCOLO:
5.5.1 PROGRAMA DE REABILITACAO

As criancgas do grupo reabilitacdo foram submetidas a cinco sessfes de reabilitacdo por
semana. O programa de reabilitacdo incluiu sessfes individualizadas de fisioterapia,
terapia ocupacional e fonoaudiologia, com duracdo de 45 minutos cada, conduzidas por
profissional especializado. O programa de reabilitacéo teve a seguinte estrutura de sessoes
semanais: primeiro fisioterapia, em seguida terapia ocupacional e depois fonoaudiologia.
As estratégias terapéuticas utilizadas nas sessdes de reabilitacdo foram: (i) tratamento
neuroevolutivo, (ii) treinamento funcional e (iii) programas domiciliares visando
melhorar o repertdrio de habilidades e 0 DNPM?*, com base no cuidado centrado na
familia®>. O grupo de nido reabilitagdo ndo foi submetido a nenhum programa de

reabilitacdo.

5.5.2 COLETA E PROCESSAMENTO DE AMOSTRAS

As coletas de sangue foram realizadas no periodo da manha, no mesmo dia da avaliacéo
do desenvolvimento. As amostras de sangue periférico foram obtidas por meio de punc¢éo
venosa periférica, com assepsia prévia, em tubos individualizados de 3 mL contendo
EDTA. As amostras foram armazenadas e transportadas para o laboratério e processadas
em seguida. O protocolo para separacdo do plasma consistiu em centrifugacdo a 5000
rpm, por 10 minutos, a 4°C. As amostras de plasma, entdo, obtidas foram transferidas

para microtubos de 1,5 mL e armazenadas em freezer a -80°C até o0 momento das analises.
5.5.3 DOSAGEM DE CITOCINAS E FATORES NEUROTROFICOS
- Cytometric Bead Array — CBA

As dosagens de citocinas no plasma dessas criancas foram realizadas pelo método de
CBA, utilizando-se os kits da R& D Systems (BD Biosciece, San Diego, CA, USA):
Human Inflammation (IL-1p, IL-6, IL-10, TNFa e IL-12p70) e Chemokines (CXCLS8/IL-
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8, CCL2/MCP-1, CCL5/RANTES, CXCL10/IP-10, CXCL9/MIG) e seguindo as
recomendag0es do fabricante. As amostras foram lidas em citdmetro de fluxo da marca
BD FACS Calibur (BD Bioscience, San Diego, CA, USA). Os resultados foram gerados
em resultado grafico e tabulados utilizando o programa BD CBA Analysis Software (BD
Biosciece, San Diego, CA, USA). Os limites minimos de deteccdo para estes ensaios
foram: IL-1p = 7,2 pg/mL, IL-6 = 2,5 pg/mL, IL-10 = 3,3 pg/mL, TNF = 3,7 pg/mL, IL-
12p70 = 1,9 pg/mL, CXCLS8/IL-8 = 0,2 pg/mL, CCL2/MCP-1 = 2,7 pg/mL,
CCL5/RANTES = 1,0 pg/mL, CXCL10/IP-10 = 2,8 pg/mL and CXCL9/MIG = 2,5
pg/mL.

Ensaio imuno-enzimatico (ELISA) para fatores neurotréficos

A determinacdo dos fatores neurotroficos no plasma foi realizada por ensaio
imunoenzimatico (ELISA), utilizando Kits da R&D systems (BD Bioscience,
Minneapolis, MN, USA), especificos para cada componente avaliado (BDNF e GDNF).
O protocolo de ELISA utilizou um anticorpo monoclonal especifico para determinagdo
de cada fator neurotréfico de interesse, conforme recomendacdes do fabricante. As placas
foram lidas a 492 nm em espectofotdmetro modelo E max (Molecular Devices, San Jose,
CA, USA). Os limites inferiores de detec¢cdo foram definidos como 5 pg/mL para ambas

moléculas.

Todas as amostras foram analisadas em duplicata num Unico ensaio e os resultados foram

expressos como picogramas por mililitro®.
5.5.4 AVALIACAO DO DESENVOLVIMENTO

Para a avaliacdo do desenvolvimento foi utilizada a Bayley Scales of Infant and Toddler
Development — Third Edition (Bayley—IIl), 20067 - aplicada por profissional capacitado
e treinado na utilizacdo dessas escalas. A avaliacdo foi realizada em dois momentos
distintos: no momento da inscri¢cdo, quando as crianc¢as tinham cerca de 18 meses de idade
e apos 6 meses de intervencdo, quando tinham 24 meses de idade. As criangas do grupo
sem-reabilitacdo foram avaliadas nas mesmas idades. Para as criangas com nascimento

pré-termo foi utilizada a correcdo da idade cronoldgica.

A escala de Bayley-Ill consiste em uma escala padronizada para avaliar o
desenvolvimento infantil de criangas entre um e 42 meses, possuindo uma margem de
erro na avaliacdo de 15 dias a mais ou a menos. O objetivo principal do instrumento é

identificar criancas com atraso no desenvolvimento e fornecer informacdo para o
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planejamento da intervencdo’. A Bayley—IIl é composta por cinco escalas padronizadas:
Escala Cognitiva; Escala Motora (subdivida em Escala Motora Fina e Escala Motora
Grossa); Escala de Linguagem (composta pela Linguagem Receptiva e Linguagem
Expressiva); Questionario Comportamental Adaptativo e Questionario Social-emocional.
Cada escala é composta por diferentes nimeros de itens, sendo alguns aplicados em
situacdo de teste, mediante manobras, materiais especificos e tempo pré-determinado, e
outros de observagdo de movimentos/atitudes realizados espontaneamente pela crianca
durante a avaliagdo’. Para o presente estudo foram aplicadas as escalas motora, de

linguagem e cognitiva.

A Escala Motora, subdividida em Escala Motora Fina e Escala Motora Grossa, com 66 e
72 itens, respectivamente, totalizando 138 itens, avalia minuciosamente o comportamento
motor infantil. A Escala Motora Fina investiga habilidades relacionadas a preensao,
integracdo perceptivo-motora, planejamento motor e atividades que incluem velocidade
manual. A Escala Motora Grossa mensura 0s movimentos dos membros superiores,
inferiores e tronco, por meio da avaliagcdo do posicionamento estatico, movimentacao

dinamica, incluindo locomoc&o e coordenacdo, equilibrio e planejamento motor’.

A Escala de Linguagem € composta por Linguagem Receptiva e Linguagem Expressiva,
totalizando 97 itens. A Escala de Linguagem Receptiva possui 49 itens que investigam 0s
comportamentos pré-verbais, o desenvolvimento do vocabulario ao verificar se a crianca
é capaz de identificar objetos e figuras relacionadas, pronomes possessivos, preposicoes,
plural, tempos verbais, além de itens que investigam a referéncia social e compreensao
verbal. Ja a Escala de Linguagem Expressiva, avalia, em 48 itens, a comunicacao verbal,
como balbucio, risos, grunhidos e fala, o desenvolvimento do vocabulario ao verificar se
a crianca nomeia objetos, figuras, cores, tamanhos e se é capaz de formar sentencas de 2

ou mais palavras’.

A Escala Cognitiva inclui 91 itens que avaliam o desenvolvimento sensério motor,
exploracdo e manipulacdo de objetos, formacéao de conceitos, memaria e outros aspectos

do processamento cognitivo’.

Em estudo de validacdo e investigacdo de confiabilidade da escala de Bayley—Ill, foram
obtidos coeficientes elevados, indicando se tratar de instrumento valido e fidedigno para
avaliagdo do neurodesenvolvimento’. E reconhecido internacionalmente como uma das
ferramentas mais abrangentes para a avaliacdo de criancas pequenas, amplamente
utilizado em pesquisas e em préticas clinicas para avaliar as intervencdes®. Foi traduzida,
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adaptada para o portugués e testada em criancas brasileiras. Dessa forma o Bayley Il
pode contribuir para 0 avango nas pesquisas em contexto nacional na area de avaliagcdo
do desenvolvimento infantil, por apresentar adequadas propriedades psicométricas a essa

popilacéo®.

Para interpretacdo da avaliacdo e analise dos dados, foram seguidas as padronizacbes
definidas no manual, de acordo com o Index Score, no qual foram considerados os escores

escalonados para as anélises estatisticas.
5.6  ANALISE ESTATISTICA

As variaveis qualitativas foram expressas em frequéncias absolutas e porcentagens. A
distribuicdo gaussiana das varidveis quantitativas foi verificada pelo teste de Shapiro
Wilk. As varidveis ndo paramétricas foram apresentadas como mediana e intervalo
interquartilico (1° quartil - percentil 25 e 3° quartil - percentil 75). O teste t de Student
ndo pareado ou Mann-Whitney foram usados para comparar dois grupos independentes,
de acordo com a distribuicdo. O teste t de Student pareado ou o teste de Wilcoxon foram
usados para comparar pré e pos-tratamento dentro do mesmo grupo. As variaveis
qualitativas dos dois grupos foram comparadas pelo teste do qui-quadrado de Pearson e
pelo teste qui-quadrado assintotico de Pearson Exato, de acordo com a distribuicdo
paramétrica ou ndo paramétrica. O coeficiente de correlacdo de Spearman foi utilizado
para anélise de correlacéo.

A regressao logistica foi utilizada para determinar o efeito independente de cada variavel
associada a0 DNPM. O modelo multivariado inicial incluiu todas as varidveis
potencialmente associadas ao desfecho (p <0,20 na anélise univariada). As variaveis com
maior valor de p foram removidas do modelo. O modelo final incluiu apenas as variaveis
que foram estatisticamente significativas com p <0,05. O ajuste do modelo na regressao

logistica foi avaliado pelo teste de Hosmer & Lemeshow.

As andlises estatisticas foram realizadas utilizando os softwares IBM SPSS Statistics®
versdo 20.0 (IBM SPSS Statistics, Armonk, NY, USA) e o Prism® verséo 5.0 (GraphPad
Software, San Diego, CA, USA).
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6 MANUSCRITO ORIGINAL

Rehabilitation intervention improves neurodevelopment and modulates

inflammatory molecules in children with cerebral palsy.

Short title: Rehabilitation in children with cerebral palsy

Rafael Coelho Magalh&es?, et al.

1- Laboratério Interdisciplinar de Investigagdo Médica, Faculdade de Medicina da UFMG, Belo Horizonte, MG

ABSTRACT:

Objective: Objective: To evaluate whether structured rehabilitation care improves
neuropsychomotor development of children with cerebral palsy (CP) and influences
peripheral markers of inflammatory/immune response and brain plasticity. Study Design:
Sixty children were submitted to rehabilitation for six months. A comparison group
consisted of 30 children waiting for rehabilitation enrollment. Peripheral biomarkers and
neuropsychomotor parameters (Bayley I11) were compared between intervention vs.
control groups at baseline and six months later. Results: The groups were matched for
age, sex and type of CP. After six months of rehabilitation, children in the intervention
group exhibited higher scores on the Bayley Ill. Control children did not change their
scores during the follow-up. Lower levels of 1L-12p70, IL-6, IL-13, CXCLS8 IL-8 and
CXCL9/MIG, and higher levels of BDNF and GDNF were detected in the intervention
group when comparing pre- and post-treatment time points. In the non-intervention
group, the levels of immune molecules did not change overtime, but BDNF levels
reduced. Conclusion: Rehabilitation improved neurodevelopment parameters, reduced
the levels of inflammatory molecules and increased neurotrophic factors in children with
CP.

Key words: cerebral palsy, brain injury, cytokines, neurotrophic factors, rehabilitation,

neuropsychomotor development
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1- INTRODUCTION

Cerebral palsy (CP) refers to a heterogeneous group of disorders related to non-
progressive conditions that affect fetal neurodevelopment. They are characterized by
impaired movement and/or posture with different levels of disability’. Based on the
predominant neuromotor impairment, CP can be categorized into spastic, dyskinetic or
ataxic*. The spastic form is also further classified as unilateral or bilateral according to
the extension of motor involvement?. Frequently there are associated impairments in

cognition, communication, perception, behavior, and seizures®*.

The mechanisms of brain injury related to CP are complex and multifactorial, involving
the interaction among different pathophysiological and developmental processes. Several
antenatal and postnatal stimuli, including placental dysfunction, fetal inflammatory
response syndrome (FIRS), preterm birth>® and hypoxia-ischemia (HI)-® may trigger
systemic perinatal inflammation and, as a consequence, contribute to brain damage and/or
dysfunction!®. Furthermore, a complex and dynamic balance between damage vs.
protective responses influences the severity of brain injury'l. The protective response
involves cell and molecular mechanisms that stimulate neuroplasticity'?*4, a dynamic

adaptive response of the central nervous system to environmental stimuli and demands®.

Rehabilitation programs aim to promote effective interventions to increase the functional
level of the child with CP and to stimulate environmental enrichment. It has been
described that rehabilitation interventions have the potential to improve motor function,
and neuropsychomotor development (NPMD). Therefore, pediatric rehabilitation
programs may play an important role in the management of CP potentially through
neurolasticity®™>"1%, However, the pathways by which rehabilitation might contribute to
neuroplasticity are still unclear. In this study, we hypothesize that a structured
rehabilitation program might positively affect NPMD of children with CP and that this
effect might be associated with changes in circulating levels of inflammatory markers and
neurotrophic factors.
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2- PATIENTS AND METHODS
2.1- Study Design and Ethics.

This is a prospective cohort study that occurred at Associacdo Mineira de Reabilitagéo
(AMR) from August 2016 to September 2018. AMR is a philanthropic institution
specialized in the rehabilitation of children and adolescents with neurological and
neurodevelopmental disorders located in Belo Horizonte/Brazil. AMR comprises a multi-
professional and patient-centered team with expertise in complimentary areas, including
rehabilitation medicine, occupational therapy, physiotherapy, speech therapy, psychology

and social service.

The study was approved by the Ethics Committee of UFMG (COEP) under the protocol
CAAE 56771316.7.0000.5149. Parents or legal guardians of all children signed a written

informed consent document.
2.2- Subjects.

Sample size calculations were based on a previous study investigating the association of
brain function with NPMD in children at risk of abnormal development?°. Considering a
sample error of 5% and 95% of reliability, we obtained a number of 60 children with CP
in the rehabilitation program and 30 children with CP out of a rehabilitation program in

the control group.

A total of 90 children with diagnosis of CP and with almost 18 months of age participated
in this study. All children were evaluated by a pediatric neurologist who diagnosed the
type of CP according to the International Task Force for CP?L. The neurologist also
classified the motor severity by the Gross Motor Function Classification System
(GMFCS)?. Computed tomography (CT) neuroimaging was used to evaluate the

topography and extension of brain lesions.

Children with CP undergoing rehabilitation (rehab group) were compared to children with

CP in the waiting list to be included in the rehabilitation program (non-rehab group).

Children who had one or more of the following conditions were excluded: (i) established
diagnosis of genetic syndromes or other associated diseases, such as arthrogryposis,
myopathy, metabolic anomalies; (i) acute infectious or inflammatory diseases at the time
or 15 days prior to evaluation; (iii) current or within 4 weeks prior to evaluation, use of

antibiotics, anti-inflammatories or corticosteroids.
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2.3- Study Protocol.
2.3.1- Intervention Procedures

Children in the rehab group were submitted to five sessions of rehabilitation per week.
The rehabilitation program included physical, occupational and speech therapies
individualized sessions, lasting 45 minutes each, conducted by an expert clinician. The
rehabilitation program had the following structure: first physiotherapy, second
occupational therapy and then speech therapy sessions every week. The suite of
interventions options were: (i) neurodevelopmental treatment, (ii) functional training and
(iii) home programs to improve developmental skills?® based in family-centered care?*.

The non-rehab group did not engage in any rehabilitation program.
2.3.2- Blood Samples.

Blood sample collection occurred in the mornings (8 — 10 am) of the clinical assessment.
Blood samples were obtained through peripheral venous puncture with all aseptic care in
sterile EDTA tubes of 3mL. After blood collection, samples were centrifuged at 5,000
rpm for 10 minutes at 4°C to obtain plasma. Plasma samples were then transferred to

1.5mL microtubes and stored at -80°C until analysis.
2.3.3- Measurement of Plasma Concentrations of Molecular Markers

Plasma levels of tumor necrosis factor (TNF), interleukins (IL)-IL-1p, IL-6, IL-101L-
12p70, CXCLS8/IL-8, CCL2/monocyte chemoattractant protein-1  (MCP-1),
CCL5/regulated on activation, normal T expressed and secreted (RANTES),
CXCL10/interferon-y-induced protein-10 (IP-10), CXCL9/monokine-induced by
interferon-y (MIG) were measured by cytometric bead arrays (CBAs), Human
Inflammatory and Chemokines Kits, according to manufacturer’s instructions (BD
Biosciences). Quantitative results were generated using FCAP Array v1.0.1 software
(Soft Flow Inc., Pecs,Hungary), as previously described??. The minimum detection limits
for these assays were: IL-1B = 7.2 pg/mL, IL-6 = 2.5 pg/mL, IL-10 = 3.3 pg/mL, TNF =
3.7 pg/mL, IL-12p70 = 1.9 pg/mL, CXCL8/IL-8 = 0.2 pg/mL, CCL2/MCP-1 = 2.7
pg/mL, CCL5/RANTES = 1.0 pg/mL, CXCL10/IP-10 = 2.8 pg/mL and CXCL9/MIG =
2.5 pg/mL. The determination of neurotrophic factors (BDNF and GDNF) was performed
by enzyme-linked immunosorbent assay (ELISA), using R&D systems Kits specific for

each molecule, following the manufacturer’s instructions (R&D Systems, MN, USA). All
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samples were assayed in duplicate in a single assay and the results are expressed as

picogram per mililiter®®. The lower detection limits were defined as 5 pg/mL.
2.3.4- Neuropsychomotor Development (NPMD) assessment.

Bayley Scales of Infant and Toddler Development - Third Edition (BSID-111)? applied
by a trained professional was used to evaluate development. The evaluation was
performed at two different time-points: at enrollment, when children had around 18
months of age (baseline), and after 6 months of follow-up, when they had 24 months of

age. For preterm birth children, corrected gestational age was used.

BSID-I1I consists of a standardized scale for assessing the development of children
between 1 and 42 months?. For the present study, only motor, language and cognitive
scales were applied. The scale scores were considered for the interpretation of the
evaluation and statistical analysis of the data, following the standardizations defined in

the manual, according to the Index Score.
2.4- Statistical Analysis.

Statistical analysis was performed using IBM SPSS Statistics® version 20.0 and Prism®
version 5.0. Qualitative variables were expressed in absolute frequencies and percentages.
Gaussian distribution of quantitative variables was verified using the Shapiro Wilk test.
Non-parametric variables were shown as median and interquartile range (1% quartile —
percentile 25 and 3™ quartile — percentile 75). Unpaired Student t test or Mann-Whitney
was used to compare two independent groups, according to distribution. Paired Student t
test or Wilcoxon test were used to compare pre and post-treatment within the same group.
Qualitative variables of both groups were compared using chi-square test of Pearson and
asymptotic chi-square test of Pearson Exact, according to parametric or non-parametric
distribution. The Spearman correlation coefficient was used for correlation analysis.
Logistic regression was used to determine the independent effect of each covariate
associated with Neuropsychomotor Development (NPMD). The initial multivariate
model included all covariates potentially associated with outcome (p< 0.20 in univariate
analysis). The covariates with higher p-value were removed from the model through
backward elimination and the final model included only those covariates that were
statistically significant at p<0.05. Model fit in the logistic regression was evaluated with

Hosmer & Lemeshow test.

62



3- RESULTS

3.1- Clinical Characteristics

This study enrolled 90 children with a diagnosis of CP, 40 (44.4%) girls and 50 (55.6%)
boys, being 60 in rehabilitation program (rehab) and 30 in the waiting list (non-rehab).
Both groups were matched by age and sex, as shown in Table 1. There was no difference
between the groups regarding diagnosis, CP classification, and type of injury (Table 1).
In addition, both groups did not differ in relation to gestational age, birth weight and

weight classifications at baseline and end of study Table 2.
3.2- Neuropsychomotor development.

After six months of rehabilitation, CP patients significantly improved their NPMD as
shown by the increase of the scores obtained at Time-point 2 (in comparison to Time-
point 1 (baseline). Non-rehab group scores in BSID-I1I at the two time-points did not
vary. The frequency of rehabilitation care was positively correlated with Motor (Gross
and Fine), Receptive Communication and Cognitive scales of BSID-III.

3.3- Cytokines, chemokines, and neurotrophic factors at two time points (18 and 24

months of corrected gestational age).

Blood sampling occurred at baseline (18 months of age) and after 6 months of

intervention (24 months of age).

At baseline (time point 1), there was no difference between both groups in relation to

plasma concentrations of the measured molecules.

After intervention, rehab group decreased the concentrations of IL-12p70, TNF, 1L-10,
IL-6, IL-1B, CXCLS8/IL-8 and CCL2/MCP-1, CXCL9/MIG (table 3). Furthermore, both
neurotrophic factors (BDNF and GDNF) levels increased after intervention (table 3). In
sharp contrast, non-rehab group had stable levels of all molecules, except BDNF, on the
follow-up (table 3). BDNF levels were significantly lower at time-point 2 in comparison

to time-point 1 (Figure 1).

Six months after the rehabilitation program (time-point 2) there were significant
differences in the values of cytokines, chemokines and neurotrophic factors between both
groups. The non-rehab group had higher concentrations of IL-12p70, TNF, IL-10, IL-6,
IL-1B, CXCL10/IP-10, CXCL9/MIG and CXCLS8/IL-8 than the rehab group (Figures 2
and 3). Conversely, the rehab group had higher concentration of BDNF and GDNF in
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comparison to the non-rehab group at the end of the study (Figure 4). IL-1p concentrations
negatively correlated with GDNF, while CCL2/MCP-1 negatively correlated with BDNF
and GDNF.

3.4 - Cytokines, chemokines, neurotrophic factors, NPMD, and rehabilitation.

There was a positive correlation of BDNF (Time-point 2) with all domains or subscales
of the BDSI-I1I. Conversely, inflammatory molecules correlated negatively with NPMD.
There was a negative correlation of TNF with fine motor, receptive communication and
cognitive BSID-III scales. IL-1pB correlated negatively with fine motor BSID-111 scale.
(Table 4)

A negative correlation was also found between the frequency of rehabilitation and levels
of IL-12p70, TNF, IL-10, IL-6, IL-1p and CXCLS8/IL-8. In contrast, a positive correlation

was detected between frequency of rehabilitation and levels of BDNF.

In univariate regression analysis, the variables sex, gestational age, GMFCS, Apgar 5',
IL-18, TNF, BDNF, GDNF and rehabilitation showed significant association with
NPMD. In the multivariate logistic regression, levels of BDNF and rehabilitation were
independent predictors of better NPMD, while concentrations of IL-1p negatively
influenced NPMD. The rehabilitation program resulted in significant reduction of IL-1

levels and increase of BDNF concentrations.
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4- DISCUSSION

Inflammatory profile and neurotrophic factors levels differed significantly between
children with CP after being enrolled in rehabilitation program for 6 months when
compared to CP children in a waiting list and not receiving rehabilitation intervention.
Reduction of the levels of IL-12p70, IL-6, IL-1p, CXCL8 IL-8 and CXCL9/MIG and
increase of the levels of BDNF and GDNF were observed in children with CP after the
intervention. Conversely, after six months inflammatory molecules levels remained
stable, while BDNF concentrations decreased in those children in the waiting list (non-
rehab group). The rehab group improved NPMD, as revealed by higher scores on BSID-
I1l, and high levels of BDNF and participation in the rehabilitation program were
independent predictors of improved NPMD.

In our study, children in rehabilitation care were submitted to an intensive program
involving physical, occupational and speech therapy activities, five times per week. We
observed that the higher the frequency, the better the NPMD outcome. In line with our
findings, previous studies reported the effectiveness and benefits of rehabilitation
strategies on recovery of motor and cognitive functions'”?7-3%3! |n addition to improving
neuroplasticity, early intervention might theoretically minimize deleterious modifications
to muscles and bone growth and to NPMD?!, Thus, early intervention seems to be highly
recommended and should be the standard of care to optimize motor, cognition, and
communication outcomes, which may improve infant neuroplasticity, prevent

complications, and enhance parent/caregiver well-being and quality of life3132,

Brain development after injury is neither static nor a single event, but a dynamic process
encompassing multiple cellular and molecular cascades in the central nervous system
throughout life?®. In response to rehabilitation and/or positive environmental stimulation,
neuroplasticity enables the reorganization of the neural network, with the emergence of
new synapses, dendritic spines and neuronal circuits®®. Neuroimaging studies have shown
structural changes in brain regions of children undergoing rehabilitation compared to
control subjects®. Besides improving NPMD outcomes by the acquisition of new
abilities®*35-%  rehabilitation intervention may promote functional and structural
modifications in the brain associated with a greater release of neurotrophic factors3335-3,
Our finding of increased BDNF after intervention and its association with better NPMD

outcome corroborate this assumption.
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Previous studies in humans have also proposed that the inflammatory markers are critical
in brain injury, thus probably interfering in the neuropsychomotor outcome®-4,
Cytokines, such as IL-1B, IL-6, TNF and chemokines, as CXCLS8/IL-8, have been
associated with worst NPMD outcomes®®#2#4_In our study, increased levels of TNF
correlated with worse fine motor skills, cognitive score and scores of receptive
communication, according to BSID-III. In addition, higher levels of IL-8/CXCLS8
correlated with lower cognitive score, while increase concentrations of IL-1p correlated
with lower fine motor skills. Conversely, the neurotrophic factors BDNF and GDNF have
been described as endogenous protective agents, capable of improving NPMD3* and
reducing the extent of injury caused by the inflammatory process?>32454¢, Qur results
support this hypothesis since BDNF levels positively correlated with higher scores in all
BSID-I11 scales. Furthermore, in multivariate analysis, levels of BDNF and rehabilitation
were independent predictors of better NPMD, while concentrations of IL-1 negatively
influenced NPMD. Indeed, the rehabilitation program led to significant decrease of IL-
1B levels and other inflammatory molecules, while increased BDNF concentrations. In
contrast, non-rehab CP patients exhibited unaltered levels of cytokines on the follow-up,
but reduced BDNF concentrations. These findings further support the modulatory role of

rehabilitation on inflammation and neuroplasticity.

The originality and strength of this study is the longitudinal evaluation of circulating
levels of inflammatory markers and neurotrophic factors in children with CP
simultaneously to the evaluation of the NPMD. Moreover, in order to control the
influence of confounding factors, children presenting acute disorders were excluded from
the study. Also, all CP children had controlled seizures at both time-points. It is well
known that CP children are prone to many types of seizures and epileptic syndromes,
which can be treated with antiepileptic drugs and other strategies*’. Since children
enrolled in our study had controlled seizures, the changes detected in the inflammatory
profile and NPMD were unlikely to be related to this comorbidity.

This study has limitations that must be acknowledged. First, the molecular changes
reported in the periphery (i.e. blood) may not reflect reciprocal changes in the CNS.
Cerebrospinal fluid and neuroimaging analyses could have added meaningful information
in this regard. Second, socioeconomic factors might interfere in NPMD. It would be
necessary multicentric or translational approaches to better understand the mechanisms

beyond these associations between inflammatory molecules, neurotrophic factors,
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rehabilitation and NPMD in different socioeconomic conditions. However, we controlled
the study for the main factors (diagnoses, age and sex) that have been described to
influence NPMD, immune mediators and neurotrophic factors. Other limitation is the
non-blinded assessment of the children. However, the BSID-II1 is a standardized test that
requires professional training which might reduce bias. There are also other molecules
that can reflect neuronal death and plasticity. We assembled this panel due to the
relevance of these molecules in the development and maturation of the brain, and also by
the association with NPMD.

5- CONCLUSION

The management of CP involves a multidisciplinary approach that aims to improve
NPMD by helping children and their families to acquire new skills and to increase quality
of life. In our study, an intensive rehabilitation program significantly improved NPMD
and modulated cytokines and neurotrophic factors, and may play a critical role in long-

term neurodevelopmental outcomes.
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Table 1 — Clinical characteristics of children with cerebral palsy submitted to early
intervention of rehabilitation program (rehab group) and not submitted (non-rehab group)

to the rehabilitation intervention.

Characteristics n(%)

Rehab group (n= 60)

Non-rehab group (n=30) p value

Sex
Female
Male
Diagnostic
SCP Bilateral
SCP Unilateral
CP Dyskinetic
CP Ataxic
Cause
Hypoxia
Preterm birth
GMFCS
I
I
"
v
\%
Medication
None
Anti-spastic
Antiepileptic
Antiepileptic polypharmacy
Anti-spastic + Antiepileptic polypharmacy
Computed Tomography
Occipital encephalomalacia
Parietal encephalomalacia
Frontal encephalomalacia
Bilateral encephalomalacia
Cortical hypotrophy
Ventricular system dilatation
Leukomalacia
Cerebellar atrophy

24 (40,0)
36 (60,0)

30 (51,0)
6 (10,0)

22 (36,7)
2(3,3)

35 (58,4)
25 (41,6)

4(6,7)
4(6,7)
6 (10,0)
15 (25,0)
31 (51,7)

15 (25,0)
6 (10,0)
15 (25,0)
19 (31,7)
5(8,3)

3(5,0)
4(6,7)
0(0,0)
16 (26,7)
16 (26,7)
10 (16,7)
10 (16,7)
1(1,7)

0.5517
14 (46,7)
16 (53,3)
0.6955
15 (50,0)
7(23,3)
7 (23,4)
1(3,3)
0.3121
17 (56,7)
13 (43,3)
0.9600
5(16,7)
2(6,7)
5 (16,7)
7(23,3)
11 (36,7)
0.2871
14 (46,7)
1(3,3)
3(10,0)
8 (26,7)
4 (13,4)
0.1232
2(6,7)
3(10,0)
4 (13,3)
3(10,0)
7(23,3)
6 (20,0)
3(10,0)
2(6,7)

CP = Cerebral Palsy; SCP = Spastic Cerebral Palsy; GMFCS = Gross Motor Function Classification
System. Values are expressed in numbers of individuals and percentage for categorical variables. Chi-
square test of Pearson or asymptotic chi-square test of Pearson Exact were used for comparisons.
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Table 2 — Characteristics at birth and at two time-points for collection of biological
samples and evaluation of neuropsychomotor development in children with cerebral palsy
submitted to early intervention of rehabilitation program (rehab group) and not submitted
(non-rehab group) to rehabilitation intervention.

Characteristics

Rehab group (n= 60)

Non-rehab group (n=30) p value

At birth
Birth weight
Gestational age
Apgar 1'
Apgar 5'

First time point
Age
Body weight

Adequate weight
Low weight
Very low weight
Rehabilitation frequency
Second time point
Age
Body weight
Adequate weight
Low weight
Very low weight

Rehabilitation frequency

2755 (1779;3100)
38 (32;39)

6 (3;8)

8 (5;9)

18 (18;18)

9600 (8500;11030)
36 (60,0)

18 (30,0)

6 (10,0)

5 (4:5)

24 (24;24)

9800 (8800;11300)
34 (56,7)

21 (35,0)

5 (8,3)

5 (4:5)

2828 (2466;3251)
39 (36;40)

6 (5;8)

7(6:9)

18 (18;18)
9900 (8575;10250)
22 (73,3)

3(10,0)

5(6,7)

0 (0;0)

24 (24;24)
10400 (9050;10850)
23 (76,6)

3(10,0)

4 (13,3)

0 (0;0)

0.1705
0.0754
0.2605
0.4858

1.0000
0.6454

<0.0001

1.0000
1.0000

<0.0001

Numerical variables are expressed as medians followed by (percentile 25 — percentile 75). Values for
classification of body weight are expressed in numbers and percentages. Mann-Whitney test was used for

median comparisons.
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Table 3 — Comparison between plasma levels of the molecules at time-point 1 (baseline)
and time-point 2 (after six months of intervention) in children with cerebral palsy
submitted to early intervention of rehabilitation (rehab group) and not submitted (non-
rehab group) to early intervention on rehabilitation program.

Rehab group Non-rehab group
Molecules Time-point 1 Time-point 2 p value Time-point 1 Time-point 2 p value
4.77 2.55 4.32 4.99
IL-12p70 0.0010 0,4590
(4.15;5.843) (1.67 ; 4.10) (1.21;6.18) (2.93;6.01)
5.39 2.48 4.58 5.51
TNF <0.0001 0.4716
(4.13; 6.75) (1.61; 4.02) (1.06 ; 8.40) (3.24; 8.27)
7.78 3.76 7.19 6.50
IL-10 <0.0001 0.3441
(6.07 ; 11.45) (2.860 ; 5.783) (1.63;9.07) (4.88; 10.43)
12.75 6.740 8.33 15.16
IL-6 0.0105 0.2667
(6.49 ; 39.33) (4.400 ; 17.48) (4.80 ; 25.06) (8.46 ; 25.76)
13.73 7.24 13.58 13.58
IL-1B <0.0001 0.3600
(12.17 ; 16.26) (4.780; 10.62) (3.52;17.61) (9.01; 18.65)
26.80 12.26 20.05 20.76
IL-8/CXCLS8 0.0002 0.7577
(15.53; 81.87) (8.800; 21.48) (10.94 ; 52.62) (15.39 ; 38.56)
145.3 153.5 202.6 155.7
IP-10/CXCL10 0.4074 0.2120
(118.9; 215.9) (134.1; 220.4) (142.8; 241.5) (118.5; 191.6)
47.18 92.47 52.42 172.1
MCP-1/CCL2 0.0046 0.4904
(34.85; 105.5) (30.96 ; 265.0) (32.92; 131.0) (35.79 ; 254.5)
54.74 82.68 92.17 80.55
MIG/CXCL9 0.0147 0.7266
(49.59 ; 93.70) (55.76 ; 115.3) (51.82 ; 127.5) (60.44 ; 121.3)
0.0 0.0 0.0 0.0
RANTES/CCL5 0.5273 0.8666
(0.0; 0.0 (0.0; 67.41) (0.0;0.0) (0.0 ; 74.06)
6107 10503 8746 5053
BDNF 0.0049 0.0096
(1823 ; 14201) (4324 ; 18084) (3556 ; 20921) (5053 ; 10745)
23.10 214.4 56.97 33.59
GDNF 0.0087 0.1247
(0.0; 206.7) (42.82; 332.9) (6.57 ; 326.0) (3.36 ; 133.5)

Values are expressed as medians and (percentile 25; percentile 75).

comparisons between values of the same individual at both time-points.

Wilcoxon test was used for
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Table 4— Correlation of inflammatory mediators and neuropsychomotor development
showed as scaled score in the five sub-scales of the BSID-I11 test used in the assessment
of the neuropsychomotor development of children with cerebral palsy.

Molecules NPMD Spearman r ICC 95% p value
Gross Motor 0.2705 -0.06095 - 0.4572 0.005
Fine Motor 0.2188 -0.006005 - 0.4126 0.0191
BDNF Expressive Communication 0.2215 -0.008819 - 0.4150 0.018
Receptive Communication 0.2351 -0.02323 - 0.4268 0.0128
Cognitive 0.1827 -0.03156 - 0.3810 0.0424
Fine Motor -0.2421 - 0.4328 - 0.03059 0.0108
TNF Receptive Communication -0.1787 -0.3774 - 0.03571 0.0459
Cognitive -0.1758 -0.3749 - 0.03869 0.0487
IL-1P Fine Motor -0.1823 -0.3806 - 0.03201 0.0427
CXCLS/IL-8 Cognitive -0.1839 -0.3820 - 0.03035 0.0413

Cl = confidence interval. Spearman correlation test was used for analysis.
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Figure 1 - Plasma BDNF levels at Time-point 1 (baseline) and Time-point 2 (after six
months of intervention) in children with cerebral palsy (n=90) submitted to early
intervention of rehabilitation program (rehab group) (A) or not submitted (non-rehab
group) to the rehabilitation intervention. (B). ELISA was used in ex vivo analysis for
neurotrophic factors. Wilcoxon test was used for comparisons between medians of both
groups. The difference was significant with p value < 0.05.
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Figure 2 - Plasma levels of IL-12p70 (A), TNF (B), IL-10 (C), IL-6 (D) and IL1p (E) in
children with cerebral palsy (n=90) submitted to early intervention of rehabilitation
program (rehab group) (A) or not submitted (non-rehab group) to the rehabilitation
intervention after six months of intervention. Cytometry Bead Array was used in ex vivo
analysis of cytokines. Mann—Whitney test was used for comparisons between medians of
both groups. The difference was significant with p value < 0.05.
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Figure 3- Plasma chemokine levels of CXCL10/IP-10 (A), CXCL9/MIG (B) and
CXCLS8/IL-8 (C) in children with cerebral palsy (n=90) submitted to early intervention
of rehabilitation program (rehab group) (A) or not submitted (non-rehab group) to the
rehabilitation intervention after six months of the intervention. Cytometry Bead Array
was used in ex vivo analysis of chemokines. Mann—Whitney test was used for
comparisons between medians of both groups. The difference was significant with p value

< 0.05.
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Figure 4- Plasma neurotrophic factors levels of BDNF (A) and GDNF (B) in children
with cerebral palsy (n=90) submitted to early intervention of rehabilitation program
(rehab group, n=60) (A) or not submitted (non-rehab group, n=30) to the rehabilitation
intervention after six months of intervention. ELISA was used in ex vivo analysis for
neurotrophic factors. Mann—Whitney test was used for comparisons between medians of
both groups. The difference was significant with p value < 0.05.
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7 CONSIDERACOES FINAIS

O trabalho realizado evidencia a importancia da assisténcia multiprofissional a crianca
com paralisia cerebral. Programas de intervencdo precoce reduziram as concentracdes
plasméticas de moléculas inflamatérias e aumentaram os niveis circulantes de fatores
neurotroficos (BDNF e GDNF). Além disso, a reabilitacdo ampliou o repertério de
habilidades da crianca e melhorou o DNPM. Tais resultados se deveram provavelmente

a plasticidade cerebral*?,

Os achados desse estudo mostraram que ha correlacdo inversa entre as citocinas pro-
inflamatdrias e os fatores neurotroficos. Dessa forma, a imunomodulagdo ocorrida nas
criangas submetidas a intervencgdo precoce favorece a liberacdo de fatores neurotréficos
e diminui as concentracGes plasméaticas de moléculas inflamatorias. Como esses
mediadores avaliados atravessam a BHE®, podemos postular que as mudancas nas
concentracdes dessas moléculas podem ter favorecido a plasticidade cerebral e,
consequente mente, melhorado o DNPM em resposta a intervencio de reabilitagdo. E
importante ressaltar que a inflamagdo sisttmica, mensurada por amostras de sangue
periférico, pode representar a inflamacdo no SNC devido a capacidade dessas moléculas

de atravessarem a BHES.

Em todas as criancas incluidas nesse estudo, a melhora do DNPM ocorreu
concomitantemente a reducao da resposta inflamatéria e aumento na liberacdo de fatores
neurotréficos. Quando essa resposta inflamatoria elevada é mantida ndo ha melhora no

DNPM, conforme observamos nas criancas que ndo foram submetidas a reabilitacéo.

Em nosso estudo, as intervencdes de reabilitacdo foram capazes de promover o DNPM
de criancas com PC. Por outro lado, a auséncia de programas sistematicos de reabilitacdo
foi um fator que impediu que houvesse melhora no DNPM, o que foi claramente mostrado
no grupo sem-reabilitagcdo. Nas criangas com PC que ndo realizaram a reabilitagdo néo
houve modificacdo dos escores da escala de Bayley-1ll no intervalo de tempo desse

estudo.

Todavia, este estudo tem limitagOes que devem ser reconhecidas. Primeiro, as alteragoes
moleculares relatadas na periferia (ou seja, sangue) podem néo refletir com exatidado
mudancgas reciprocas no SNC. As analises do liquido cefalorraquidiano e da neuroimagem

poderiam ter acrescentado informagdes significativas a esse respeito®. Segundo, fatores
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socioeconémicos podem ter interferido no DNPM, apesar de termos incluido nos dois
grupos criangas provenientes de familias com niveis socioecondémicos bem semelhantes.
Seriam necessarias abordagens multicéntricas para melhor compreender as associagdes
entre moléculas inflamatorias, fatores neurotroficos, reabilitacdo e DNPM em diferentes
condigdes socioecondmicas®. No entanto, nosso estudo foi controlado para os principais
fatores (diagnosticos, idade e sexo), os quais poderiam influenciar o DNPM e as
mensuracGes dos mediadores imunoldgicos e fatores neurotréficos. Outra limitacdo é a
avaliacdo ndo cega das criancas incluidas nesse estudo. No entanto, o Bayley-11l1 é um
teste padronizado que requer treinamento profissional, o que pode reduzir o viés do
examinador®. Obviamente, poderiamos ter mensurado outras moléculas que podem
refletir a morte e a plasticidade neuronal’®. No entanto, optamos por este painel de
marcadores devido a relevancia dessas moléculas no desenvolvimento e maturacdo do

cérebro, bem como por sua associagdo em estudos prévios com DNPM-15,

Entretanto, ha que se ressaltar as contribuicdes trazidas pelo presente estudo. Pela
primeira vez, foi comprovado, por meio de estudo prospectivo e de intervencdo, o efeito
benéfico da intervencdo de reabilitacdo no DNPM de criangas com PC. Além disso, ficou
evidente que tal intervencdo modifica as concentracbes plasmaticas de moléculas
inflamatdrias e fatores neurotréficos, que foram mensurado por meio de técnicas
padronizadas, com todo rigor cientifico e metodoldgico. Dessa forma, torna-se necessario
ampliar a investigacdo do processo inflamatério nas criangas com PC para determinar 0s
fatores de risco e 0s mecanismos que interferem no neurodesenvolvimento e no processo

de maturacdo do SNC ap0s lesdo cerebral.
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A resposta inflamatoria exacerbada esta classicamente relacionada a morte celular no tecido nervoso,
associando-se as lesdes cerebrais que podem determinar, em longo prazo, limitagées motoras, sensoriais e
cognitivas. Todavia, células da microglia, envolvidas na resposta inflamatéria no sistema nervoso central
(SNC), também possuem um papel fisiologico, participando do desbastamento sinaptico e apoptose que
ocorrem durante o desenvolvimento, além de agdes na neurogénese e diferenciagdo neuronal. O balango
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neuropsicomotor aos dois anos de vida. Os recém-nascidos que possuem elevados niveis de citocinas e
quimiocinas e baixos niveis de fatores neurotréficos circulantes no primeiro més de vida apresentam pior
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que o sistema nervoso central reorganize a rede neuronal, associadas a mudancas fisicas em espinhas
dendriticas e circuitos neuronais, com surgimento de novas sinapses em resposta a estimulagéo ambiental
ou reabilitacéo. Estimulos de reabilitagéo, por sua vez, promovem mudancas estruturais e funcionais no
cérebro, que se associam a maior liberacéo de fatores neurotroficos, além de favorecer o desenvolvimento
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habilidades. Os estudos que correlacionam inflamac&o, neuroplasticidade e desenvolvimento limitam-se em
associar a inflamag&o peri/neonatal com o desenvolvimento neuropsicomotor sem descrever as mudangas
possiveis no processo inflamatorio e anti-inflamatério no decorrer do desenvolvimento, bem como néo
consideram o impacto que os estimulos de reabilitagcéo possa ter de forma a interferir nesses processo.
METODOLOGIA:

Trata-se de um estudo observacional, longitudinal, prospectivo, no qual amostras de sangue e urina seréao
coletadas em criangas de zero a trés anos de idade com paralisia cerebral, estratificadas de acordo com
classificagéo.

- Periodo e local de coleta: As avaliagdes ocorreréo a cada seis meses, durante o periodo de um ano, nos
dias em que as criangcas comparecerem para as atividades de reabilitacdo na Associacao Mineira de
Reabilitagdo (AMR). Em todos os momentos de avaliagéo, sera realizada coleta de sangue periférico e
aplicada uma escala de neurodesenvolvimento: Bayley Il

- Coleta e Processamento de sangue periférico. Sera realizada coleta das amostras de sangue periférico
através de pung¢éo venosa periférica, resguardando-se todos os critérios de assepsia, em tubos
individualizados de 3 ml de sangue com heparina sodica. As amostras serdo armazenadas e transportadas
para o laboratorio, onde seréo processadas. Sera realizada centrifuga¢éo a 5000 rpm, por 10 minutos, a
40C. As amostras de plasma entéo obtidas serao transferidas para microtubos de 1,5mL e armazenadas a -
80°C até o momento das analises.

- Dosagem de citocinas, quimiocinas e fatores neurotroficos- Citometria de Fluxo (Cytometric Bead Array —
CBA)As dosagens de citocinas e quimiocinas no soro dos recém-nascidos serao realizadas pelo método de
CBA. utilizando-se os kits da R& D Systems: Human Inflammation (IL-1, IL-6, IL-10, TNF e IL-12p70) e
Chemokines (IL-8, MCP-1, RANTES, IP-10, MIF-1). Seguindo as recomendagdes do fabricante. As amostras
serao lidas em citometro de fluxo, BD FACS Calibur (BD Biosciece, San Diego, CA, USA). Os resultados
serdo gerados em resultado grafico e tabular utilizando o BD CBA Analysis Software.

Ensaio imunoenzimatico (ELISA) para citocinas e fatores neurotréficos no sangue. A determinacéo das
citocinas plasmaticas e fatores neurotréficos sera realizada por ensaio imunoenzimatico (ELISA), utilizando
Kits da R&D systems, especificos para cada componente avaliado. O protocolo de ELISA utiliza um
anticorpo monoclonal especifico para determinag¢é@o de cada citocina e fator neurotrofico de interesse
fornecido pelo fabricante (kit da R&D Systems). As placas ser&o lidas a 492 nm em espectofotometro (E
max — Molecular Devices). Todas as amostras serdao analisadas em duplicata. Os padroes consistem em
diluigdes 0.5-log de citocinas recombinantes em
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concentrages que variam de 7.5 pg/ ml a 1000 pg/ ml (100 ). (100 I).

- Avaliagdo do Desenvolvimento: Para a avaliacdo do desenvolvimento sera utilizada a Bayley Scales of
Infant and Toddler Development — Third Edition (Bayley—IIl), 2006. Consiste em uma escala padronizada
para avaliar o desenvolvimento infantil de criancas entre um e 42 meses, possuindo uma margem de
avaliacido de 15 dias a mais ou a menos. O objetivo principal do instrumento & identificar criangas com
atraso no desenvelvimento e fornecer informacéo para o planejamento da intervencéao. Apesar de n&o ser
traduzida para o portugués e n&o ter sofrido adaptacéo transcultural, tornou-se consenso entre varios
autores, de que esta escala estd entre as melhores existentes na érea, sendo considerada “padréo-ouro”,
por abarcar uma avaliacéo completa e detalhada do desenvolvimento neuropsicomotor, sendo utilizada em
diversos estudos com a populacg&o brasileira. A Bayley—Ill & composta por cinco escalas padronizadas:
Escala Cognitiva; Escala Motora (subdivida em Escala Motora Fina e Escala Motora Grossa); Escala de
Linguagem (composta pela Linguagem Receptiva e Linguagem Expressiva); Questionario Comportamental
Adaptativo e Questionario Social emocional. Cada escala € composta por diferentes numeros de itens,
sendo alguns aplicados em situac&o de teste, mediante manobras, materiais especificos e tempo pré-
determinado, e outros de observac&o acidental, realizadas espontaneamente pela crianga durante a
avaliag&o.

Critério de Incluséo:

+ Criangas de zero a trés anos com diagnostico de paralisia cerebral firmado atraves de critérios clinicos de
acordo com a Forca-tarefa Internacional para Paralisia Cerebral em acompanhamento no servigo de
reabilitacéo de instituicéo filantropica especializada no atendimento de reabilitac&o para criancas e
adolescentes com disfun¢des neurologicas em Belo Horizonte - MG;

+ Concordancia dos responsaveis em participar do estudo e assinatura do Termo de consentimento livre e
esclarecido — TCLE.

Critério de Excluséo:

Serao excluidas as criangas que apresentarem que apresentarem alguma das situacdes descritas abaixo:

* Diagnostico de ma-formacé&o congénita, sindromes ou outras doengas associadas;

* Quadros infecciosos ou inflamatorios agudos no momento da coleta ou nos 15 dias que a antecederam;

* Uso atual ou nas 4 semanas anteriores a coleta de antibidticos, anti-inflamatorios ou corticoide.

Objetivo da Pesquisa:

Objetivo Primario:
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Avaliar a associagio entre a resposta inflamatoria, o quadro clinico da paralisia cerebral e as aquisigbes no
desenvolvimento neuropsicomotor durante a intervencéo de reabilitag&o em criancas com paralisia cerebral
de zero a trés anos de idade.

Objetivo Secundario:

* Mensurar a concentracéo de citocinas, quimiocinas e fatores neurotroficos em criancas de zero a trés anos
de acordo com a classificagdo de paralisia cerebral.

+ Avaliar possiveis associacdes entre perfil imuno-inflamatorio e fatores neurotroficos;

* Relacionar o perfil dos mediadores imuno-inflamatorios e os fatores neurotréficos com as classificagdes de

paralisia cerebral bem como com as aquisi¢ées no desenvolvimento neuropsicomotor.

Avaliagdo dos Riscos e Beneficios:

Riscos:

Seréo cumpridos Serdo cumpridos os termos da Resolugéo 466/12, de 12 de dezembro de 2012, do
Conselho Nacional de Saude garantindo a preservacéao da identidade integridade dos participantes sem
comprometimento a assisténcia prestada a crianca. Ndo havera dnus para 0s mesmos e 0s responsaveis
que aceitarem participar do estudo serdo informados sobre o procedimento a ser realizado e deverao
assinar o TCLE, podendo desistir quando quiserem. A coleta das amostras de sangue sera realizada por
profissionais graduados em enfermagem ou medicina, capacitados para tal procedimento, durante a rotina
da reabilitagédo. Assim, os riscos da coleta de amostras de sangue dos participantes sao minimos, sendo os
mesmos a que ja estédo sujeitos durantes os exames de rotina. A aplicac&o da Bayley lll ndo envolvem risco
consideravel para os participantes por se tratar de uma escala observacional e de movimentos eliciados,
que é aplicada rotineiramente no servigco. O estudo sera encaminhado para avaliacdo da Camara do
Departamento de Pediatria e do Comité de Etica em Pesquisa da (COEP) da UFMG.

Beneficios:

Os participantes da pesquisa poderao ser diretamente beneficiados por ter seu desenvolvimento
acompanhado. Caso sejam detectadas qualquer anormalidade no desenvolvimento medidas preventivas

serdo tomadas a fim de garantir melhor conduta no cuidado clinico com o paciente.

Comentarios e Consideragdes sobre a Pesquisa:
As solicitages do COEP foram atendidas e estas foram as mudancgas realizadas pela pesquisadora no
TCLE:

“Objetivo: Este estudo ira avaliar o desenvolvimento e medir algumas substancias que podem estar
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no sangue de sua crianca. Estas podem se associar a inflamacé&o ou a protecéo do sistema nervoso e
podem ter relac&o com problemas do desenvolvimento do cérebro na primeira infancia.”

“A escala de Bayley ¢ um instrumento de avaliagéo internacional, que identifica alteractes do
desenvolvimento em varias areas (como motora, linguagem, social, emocional, de adaptacéo). Ela e
composta por varios itens, sendo alguns testados pelo pesquisador, em outros o comportamento da crianca
sera observado, e algumas perguntas serao feitas diretamente a vocé. O tempo gasto varia para cada
criancga, de 30 a 90 minutos.”

“Estas amostras seréo coletadas na AMR e enviadas para o laboratorio na Faculdade de Medicina da
UFMG, onde seré&o processadas e avaliadas em conjunto com as das outras criangas participantes. Como
estes exames ainda estao em fase de pesquisa, estes resultados n&o seréo liberados individualmente.”
“Rubrica do responsavel:

‘Riscos: A avaliagdo do desenvolvimento vai ocupar algum tempo seu e de sua crianca, mas vocé é livre
para parar a qualquer momento, se vocés estiverem incomodados. A interrupcéo néo vai influenciar os
cuidados oferecidos ao seu filho. Se algum item ou pergunta causar desconforto, por favor, informe o
pesquisador, que estara disponivel para fornecer as informacdes que vocé precisar. Se néo for possivel
continuar a avaliacao, esta sera remarcada para uma data posterior.

Beneficios: A avaliacao detalhada do desenvolvimento, realizada atraves do questionario Bayley, trara
informacdes importantes que podem auxiliar na identifica¢géo de areas de melhora ou necessidades
especificas de sua crianca, e podem ser utilizadas pela equipe de reabilitacdo. Os resultados desta
avaliacdo serdo entregues a vocé apos o teste pelo pesquisador, e suas duvidas em relagéo a estes
resultados poderéo ser tiradas a qualgquer momento. Em relagéo aos exames laboratoriais, como estas
substancias ainda estdo em estudo, estes resultados s6 serdo avaliados em conjunto com os das outras
criangas, e ndo havera entrega destes resultados. Mas eles poder&o ajudar a avaliar e promover o
desenvolvimento de outras criangas no futuro. Se percebermos uma alterac&o significativa para a saude do
seu filho, ele sera encaminhado para uma avaliagéo pela equipe de saude.”

“Contato com a Comiss&do de Etica: Durante o estudo, se vocé tiver qualquer duvida em relagéo aos
aspectos éticos da pesquisa, vocé pode entrar em contato com o pesquisador Rafael Magalhées (celular
98455-1767) ou com a Comissdo de Etica, no telefone 3409-4592, ou no endereco abaixo.”

“e recebi uma cdépia desta autorizagéo.”

"Belo Horizonte, de de
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"Assinatura do pesquisador:

Consideragoes sobre os Termos de apresentacao obrigatoria:

Presentes:

Projeto de Pesquisa na Plataforma Brasil; Projeto Completo de Pesquisa; Folha de Rosto Assinada pelo
Diretor da Faculdade de Medicina; Parecer Consubstanciado Aprovado pelo Departamento de Pediatria da
Faculdade de Medicina da UFMG; Carta de Anuéncia da Sociedade Mineira de Reabilitagéo; Carta de
Anuéncia do Laboratorio Interdisciplinar de Investigagédo Medica; TCLE para Pais ou Responsaveis
corrigido, carta resposta ao COEP-UFMG.

Recomendagodes:

Tendo em vista que a palavra "copia” refere-se a um documento néo original e que ndo detém, portanto, o
mesmo valor legal do documento original, solicita-se sua substituicéo pela palavra "via" no TCLE, conforme
o disposto pela Resolug&o CNS n°® 466 de 2012 itens IV.3.fe IV.5.d.

Solicita-se a obtencao da rubrica da pesquisadora junto a do responsavel na primeira pagina do TCLE.

Recomenda-se a aprovacéo do projeto de pesquisa.

Conclusdes ou Pendéncias e Lista de Inadequacgdes:
Somos favoraveis a aprovacao do projeto "Relacéo da resposta imuno-inflamatoria com o desenvolvimento
neuropsicomotor em criancas com paralisia cerebral na primeira infancia " da

Pesquisadora Responsavel Profa. Dra. Janaina Matos Moreira.

Consideragoes Finais a critério do CEP:

Aprovado conforme parecer.

Tendo em vista a legislacéo vigente (Resolugcdo CNS 466/12), o COEP-UFMG recomenda aos
Pesquisadores: comunicar toda e qualquer alteracéo do projeto e do termo de consentimento via emenda na
Plataforma Brasil, informar imediatamente qualquer evento adverso ocorrido durante o desenvolvimento da
pesquisa (via documental encaminhada em papel), apresentar na forma de notificac&o relatorios parciais do
andamento do mesmo a cada 06 (seis) meses e ao término da pesquisa encaminhar a este Comité um

sumario dos resultados do projeto (relatorio final).
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Este parecer foi elaborado baseado nos documentos abaixo relacionados:

e

Tipo Documento Arquivo Postagem Autor Situacéo
Informacdes Basicas|PB_INFORMACOES_BASICAS_DO_P 20/07/2016 Aceito
do Projeto ROJETO 726328 pdf 11:52:03
Outros Carta_resposta_ao_cep.pdf 14/07/2016 |Janaina Matos Aceito
16:45:53 | Moreira

TCLE / Termos de | TCLE_corrigido.pdf 14/07/2016 |Janaina Matos Aceito

Assentimento / 16:22:56 | Moreira

Justificativa de

Auséncia

Folha de Rosto Folha_rosto_assinada_FMUFMG pdf 06/06/2016 |Janaina Matos Aceito
16:48:55 |Moreira

Declaracéo de Carta_Lab_Interdisciplinar.pdf 30/05/2016 [Janaina Matos Aceito

Instituicéo e 16:54:01  |Moreira

Infraestrutura

Declaracéo de Carta_ AMR _pdf 30/05/2016 [Janaina Matos Aceito

Instituicéo e 16:52:48 |Moreira

Infraestrutura

Outros Parecer_ pdf 25/05/2016 |Janaina Matos Aceito
16:09:53 | Moreira

TCLE / Termos de | TCLE. pdf 25/05/2016 |Janaina Matos Aceito

Assentimento / 15:54:16 | Moreira

Justificativa de

Auséncia

Projeto Detalhado / | Protocolo_de Pesquisa_Departamento_| 25/05/2016 |Janaina Matos Aceito

Brochura de_Pediatria_Plataforma_Brasil.pdf 15:53:37 |Moreira

Investiqador

Outros 567713 16parecer. pdf 04/08/2016 |Telma Campos Aceito
12:06:03 | Medeiros Lorentz

Outros 567713 16aprovacao.pdf 04/08/2016 |Telma Campos Aceito
12:06:21 Medeiros Lorentz

Situagao do Parecer:

Aprovado

Necessita Apreciacido da CONEP:

Né&o

Enderego:

UF: MG
Telefone:

BELO HORIZONTE, 04 de Agosto de 2016

Assinado por:

Telma Campos Medeiros Lorentz

(Coordenador)

Av. Presidente Antdnio Carlos 6627 2° Ad Sl 2005
Bairro: Unidade Administrativa Il

Municipio: BELO HORIZONTE
(31)3409-4592

CEP: 31.270-901

E-mail:

coep@prpq.ufmg.br
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ANEXO Il - CARTA DE ANUENCIA DA AMR

Belo Horizonte, 10 de maio de 20186.

CARTA DE APQIC

A Associagao Mineira de Reabilitagdo tem irteresse em colabiorar com o projeto
tle pesquisa intitulado “Avaliacao longitudinal & resposta imuno-inflematéria e
o desenvolvimento neuropsicomotor em criaincas som paralisia cerebral na
primeira infancia”, a ser desenvolvido pelo Terapeuts Ocupacio al Rafael Goelho
Magalhdes, sob orientagdo da Profa Dri Ana Cristine Simdes e Silvi, da
Universidade Federal de Minas Gerais. Tal cokaborzcio serd fieita no senticlo de
disponibilizar informagtes sobre as criangas de zeio @ frés anos con paralisia
cerebral que sdo atendidos na instituigao e cadar sspago parz i coleta de dados.

C' pesquisador responsavel entrard em cantulo cir1 os pais cas crigngas e
devera explicar os objetivos da pesquisa e us proszdimantos dz coleta de dacios
no ato do convite para participagdo. Aquales pas jJus tiveram interesse em
participar voluntariamente do estudo deveris assinar Terma ce Consentirento
l.ivre e Esclarecido. Reitero que qualquer procedimento r: acionaco a ess:
pesquisa somente devera ter inicio apés aprovagiic te um Comité de [Etica
em Pesquisa com Seres Humanos (CEP). Infanio arcla que a aka de
aprovagao do projeto no CEP devera ser erviaca a0 Nucsleo de Engine e
Pesquisa da AMR tao logo o projeto seja anrovade e orevisinente a¢ inicio da
pesquisa. Esperamos que as evidéncias a serein dlispon ilizadas pessan
acrescentar informagdes relevantes para o processc ‘€ raséulico disponibilizado
a clientela atendida na AMR. Apés a finalize¢ac desse ostode. g pesjuisacdores
lesponsaveis deverdo apresentar os resultaclos @ conTrados para os
profissionais interessados da AMR.

Atenciosamente,

Leonardo Cury Abiairéi s
Gerente Médicc - AlNIF:
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APENDICE — TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
(para o responsavel legal)

“Relacdo da resposta imuno-inflamatoria com o desenvolvimento neuropsicomotor

em criancas com paralisia cerebral na primeira infancia”

Prezado, voceé e sua crianca estdo sendo convidados(as) a participar da pesquisa chamada
“Relagdo da resposta imuno-inflamatdéria com o desenvolvimento neuropsicomotor
em criangas com paralisia cerebral na primeira infancia”. Antes de aceitar participar
desta pesquisa, é importante que vocé leia e entenda a explicacdo a seguir. Esta descreve

0 objetivo, procedimentos, beneficios e riscos do estudo, e 0 seu direito de sair do estudo

a qualguer momento. Nenhuma garantia ou promessa pode ser feita sobre o resultado do

estudo. Estas informacGes estdo sendo dadas para esclarecer quaisquer duvidas sobre a

pesquisa proposta, antes de obtermos o seu consentimento.

Objetivo: Este estudo ird avaliar o desenvolvimento e medir algumas substancias que
podem estar no sangue de sua crianca. Estas podem se associar a inflamacg&o ou a protecao
do sistema nervoso e podem ter relacdo com problemas do desenvolvimento do cérebro
na primeira infancia. Vocés foram convidados(as) a participar dessa pesquisa porque sua
crianca possui diagnéstico de paralisia cerebral, possui menos de trés anos de idade, e

esta em acompanhamento na Associacdo Mineira de Reabilitacdo (AMR).

Procedimentos: Caso vocé aceite que sua crianga participe deste estudo, serdo feitos 0s

seguintes procedimentos:

- Serdo realizadas duas avaliacdes do desenvolvimento global de sua crianca, através da
avaliagdo Bayley Ill, com um intervalo de tempo de seis meses entre elas. A escala de
Bayley é um instrumento de avaliagdo internacional, que identifica alteracGes do
desenvolvimento em varias areas (como motora, linguagem, social, emocional, de
adaptacdo). Ela é composta por varios itens, sendo alguns testados pelo pesquisador, em
outros 0 comportamento da crianca sera observado, e algumas perguntas serdo feitas

diretamente a vocé. O tempo gasto varia para cada crianca, de 30 a 90 minutos.

- Serdo coletadas amostras de 3 ml de sangue da veia de sua criancga, em dois momentos,
com intervalo de tempo de seis meses entre eles. Estas amostras servirdo para tentar

identificar possiveis substancias que se modificam no sangue em criangas que sofreram
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paralisia cerebral e sua possivel relagdo com o seu desenvolvimento. Estas amostras serdo
coletadas na AMR e enviadas para o laboratério na faculdade de Medicina da UFMG,
onde serdo processadas e avaliadas em conjunto com as das outras criangas participantes.
Como estes exames ainda estdo em fase de pesquisa, estes resultados néo serdo liberados

individualmente.

Riscos: A avaliacdo do desenvolvimento vai ocupar algum tempo seu e de sua crianga,
mas vocé e livre para parar a qualquer momento, se vocés estiverem incomodados. A
interrupcdo ndo vai influenciar os cuidados oferecidos ao seu filho. Se algum item ou
pergunta causar desconforto, por favor, informe o pesquisador, que estara disponivel para
fornecer as informacdes que vocé precisar. Se nao for possivel continuar a avaliacdo, esta
sera remarcada para uma data posterior. O procedimento de coleta de sangue pode,
raramente, causar dor no local, formacdo de hematoma, infecgéo, lesdo de uma artéria ou
nervo. E importante ressaltar que esses riscos serdo diminuidos pelo fato de as coletas
serem realizadas por profissionais altamente capacitados, durante procedimentos
programados para as criangas e com todos os cuidados necessarios.

Beneficios: A avaliacdo detalhada do desenvolvimento, realizada através do questionario
Bayley, trara informac6es importantes que podem auxiliar na identificacdo de areas de
melhora ou necessidades especificas de sua crianga, e podem ser utilizadas pela equipe
de reabilitacdo. Os resultados desta avaliacdo serdo entregues a vocé apos o teste pelo
pesquisador, e suas duvidas em relacéo a estes resultados poderdo ser tiradas a qualquer
momento. Em relacdo aos exames laboratoriais, como estas substancias ainda estdo em
estudo, estes resultados sé serdo avaliados em conjunto com os das outras criancas, e nao
havera entrega destes resultados. Mas eles poderdo ajudar a avaliar e promover o
desenvolvimento de outras criancas no futuro. Se percebermos uma alteracdo
significativa para a saude do seu filho, ele ser4 encaminhado para uma avaliacdo pela

equipe de salde.

Confidencialidade: Os registros de participacao neste estudo serdo mantidos em segredo
até onde é permitido por lei e todas as informacdes estardo restritas a equipe responsavel
pelo projeto. O pesquisador e, em certas, circunstancias, o Comité de Etica em
Pesquisa/UFMG, poderao verificar e ter acesso aos dados confidenciais que identificam
seu filho. Ap0s o estudo, os resultados serdo divulgados apenas para fins cientificos, mas

qualquer publicacdo dos dados nédo o identificaré.
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Desligamento: Vocé tem o direito de recusar ou deixar de participar deste estudo, em
qualguer momento, sem nenhum prejuizo para vocé e/ou para sua crianga, junto a
Associacdo Mineira de Reabilitacdo. A participacdo no estudo ndo ird modificar o

planejamento do acompanhamento de sua crianga nesta unidade.

Compensacéao: Vocé ndo recebera qualquer compensacéo financeira por sua participacdo

no estudo.

Contato com a Comissdo de Etica: Durante o estudo, se vocé tiver qualquer divida em
relacdo aos aspectos éticos da pesquisa, Vocé pode entrar em contato com o pesquisador
Rafael Magalhaes (celular 98455-1767) ou com a Comissdo de Etica, no telefone 3409-

4592, ou no endereco abaixo.

Consentimento: Li e entendi as informagdes acima. Tive a oportunidade de fazer
perguntas e todas as minhas davidas foram respondidas. Este formulario estd sendo
assinado por mim de livre vontade, indicando que meu filho podera participar do estudo

até que eu decida o contrario, e recebi uma via desta autorizag&o.

Belo Horizonte, de de

Assinatura do responsavel:

Assinatura do pesquisador:

Em caso de qualquer diavida ou complicacdo, vocé podera entrar em contato com 0s

pesquisadores nos telefones informados a seguir.
Pesquisadores responsaveis:

Ana Cristina Simoes e Silva — Médica: Fone: 3409-8073. Avenida Professor Alfredo
Balena, 190/sala 281 - Centro, Belo Horizonte - MG, 30130-100 — acssilva@hotmail.com

Janaina Matos Moreira — Médica: Fone: 3409-8073. Avenida Professor Alfredo Balena,
190/sala 281 - Centro, Belo Horizonte - MG, 30130-100 — jajammoreira@gmail.com

Rafael Coelho Magalhées — Terapeuta Ocupacional — Fone: 3304-1312/98455-1767. Rua
Professor Otavio Coelho de Magalhdes, 111. Belo Horizonte — MG, 30210-300. E-mail:
rafa_to@hotmail.com

COEP - Comité de Etica em Pesquisa (UFMG) Fone: (31) 3409-4592; Endereco: Av.
Antbnio Carlos, 6627, Unidade Administrativa 1l - 2° andar - Sala 2005, Campus
Pampulha Belo Horizonte, MG — Brasil, CEP 31270-901. E-mail: coep@prpg.ufmg.br
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