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RESUMO

Alteragdes cognitivas, comportamentais e neuropsiquiatricas sio comumente observadas
em pacientes com Traumatismo Cranioencefalico (TCE) moderado e grave. Cada vez
mais surgem evidéncias de que pacientes com TCE leve também apresentam essas
alteragdes. O objetivo deste trabalho foi de investigar alteragcdes cognitivas em pacientes
com TCE leve em estdgio agudo e investigar alteragcdes cognitivas e comportamentais e
marcadores associados em até um més apos o TCE. O resultado encontra-se dividido em
trés estudos: 1) artigo sobre avaliacdo cognitiva no TCE leve em até 24 horas apds o
trauma; 2) revisao sistematica sobre impulsividade no TCE; e 3) artigo sobre a avaliagao
da impulsividade, aspectos cognitivo-comportamentais e de marcadores no sangue de
pacientes com TCE leve em até um més pds TCE. A metodologia em comum dos estudos
1 e 3 incluiu pacientes com TCE leve atendidos no pronto atendimento da neurologia do
Hospital Jodo XXIII em até 24 horas apos o trauma. Os pacientes foram avaliados por
meio de testes cognitivos e escalas de autorrelato. No estudo 3, marcadores inflamatorios
e de dano neuronal e vascular também foram dosados no soro de pacientes e controles de
maneira exploratéria. No estudo 1, pacientes com TCE leve (n=53) apresentaram pior
desempenho em cogni¢cdo geral, memoria episddica, aprendizagem e funcionamento
executivo quando comparados a controles (n=28). No estudo 2, observou-se grande
heterogeneidade nos estudos incluidos (n=39), com pacientes de diferentes gravidades,
diferentes métodos de diagnostico do TCE, e tempos de avaliacdo com variacao de 1 més
a 63 anos poés TCE. Foi possivel encontrar indicios de alteragdes cognitivas,
comportamentais e de autorrelato indicativos de impulsividade aumentada nos pacientes
em comparacao a controles. No estudo 3, os pacientes com TCE leve (n=21) foram mais
impulsivos e ansiosos que controles (n=19) em até trinta dias apos o TCE em medidas de
autorrelato. Também houve diferenca nos marcadores copeptina, GRO,
LIGHT/TNFSF14, MMP9 e Lipocalina-2/NGAL, MIF, EGF, enolase/NSE e ECA.
Observou-se associacao entre escores de impulsividade com os marcadores copeptina,
MMP9, Lipocalina-2, LIGHT, APP, NCAM, e com o TCE. Nao houve diferenga nas
medidas cognitivas. Os achados apontam para alteragdes do funcionamento cognitivo nos
pacientes com TCE leve no estagio agudo (Estudo 1), e alteragdes indicativas de
impulsividade nos pacientes com TCE (estudos 2 e 3), além de alteracdes em marcadores
indicando possiveis alteragdes no funcionamento do sistema nervoso central, relacionadas
a neuroinflamacao, dano neuronal e vascular no TCE leve e impulsividade associada
(estudo 3). A identificagdo de alteragdes cognitivo-comportamentais € neuropsiquiatricas
e compreensao de fatores fisiopatologicos associados a essas alteragdes podem contribuir
para o desenvolvimento de melhor assisténcia e acompanhamento ao paciente vitima de
TCE leve, além de elucidar aspectos relacionados a fisiopatologia do TCE leve, indicando
futuros caminhos para o desenvolvimento de intervengdes clinicas.

Palavras-chave: Traumatismo Cranioencefalico Leve, avaliacdo neuropsicolégica,

fungdes executivas, impulsividade, inflamagao.



ABSTRACT

Cognitive, behavioral, and neuropsychiatric changes are commonly observed in patients
with moderate and severe traumatic brain injury (TBI). Growing evidence supports that
patients with mild TBI also have these changes. The aim of this work was to investigate
cognitive alterations in patients with mild TBI in the acute stage and to investigate
cognitive and behavioral alterations and associated biomarkers up to one month after TBI.
The result is divided into three studies: 1) article on cognitive assessment in mild TBI up
to 24 hours after trauma; 2) systematic review of impulsivity in TBI; and 3) article on the
assessment of impulsivity, cognitive and behavioral changes, and blood markers in mild
TBI patients within one month after TBI. The common methodology of studies 1 and 3
included patients with mild TBI treated at the neurology emergency room at Hospital
Jodo XXIII up to 24 hours after mild TBI. Patients were assessed using cognitive tests
and self-report scales. In study 3, inflammatory, neuronal, and vascular markers were also
measured in the serum of patients and controls in an exploratory manner. In study 1,
patients with mild TBI (n=53) had worse performance in general cognition, episodic
memory, learning and executive functioning compared to controls (n=28). In study 2,
there was great heterogeneity in the included studies (n=39), with patients of different
severities, different methods of diagnosis of TBI, and time of assessment ranging from 1
month to 63 years after TBI. It was possible to find evidence of cognitive, behavioral and
self-report changes indicative of increased impulsivity in patients compared to controls.
In study 3, patients with mild TBI (n=21) were more impulsive and anxious than controls
(n=19) within 30 days after TBI on self-report measures. Mild TBI patients presented
higher blood levels of copeptin, GRO, LIGHT/TNFSF14, MMP9 and Lipocalin-
2/NGAL, and lower levels of MIF, EGF, enolase/NSE and ECA compared to controls.
There was an association between impulsivity scores with the markers copeptin, MMP9,
Lipocalin-2, LIGHT, APP, NCAM, and with TBI. There was no difference in cognitive
measures. The findings point out changes in cognitive functioning in patients with mild
TBI in the acute stage (Study 1), and to changes indicative of impulsivity in patients with
TBI (studies 2 and 3). In addition, findings regarding the blood markers may indicate
changes in central nervous system, related to neuroinflammation, neuronal and vascular
damage in mild TBI and its association to impulsivity (study 3). The identification of
cognitive-behavioral and neuropsychiatric alterations may contribute to the development
of better care and follow-up to patients suffering from mild TBI. Additionally, the better
comprehension of mild TBI pathophysiology may open new avenues for the development
of novel therapy strategies focus in prevent or minimize mild TBI cognitive and
behavioral outcomes.

Keywords: Mild Traumatic Brain Injury, Neuropsychological assessment, executive

functions, impulsivity, inflammation.
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1 — Apresentac¢ao

O presente trabalho faz parte de um estudo longitudinal, realizado com pacientes com
Traumatismo Cranioencefalico (TCE) leve, que tem como objetivo avaliar biomarcadores
no sangue, alteracdes cognitivas, neuropsiquiatricas e de neuroimagem de 24 horas a até

um ano pos-trauma.

Este trabalho encontra-se organizado da seguinte forma: 1) Apresentacdo; 2) Introdugao
e revisao da literatura; 3) Justificativa; 4) Objetivos; 5) Métodos; 6) Resultados, que serao
apresentados em trés partes: 6.1) Estudo 1: artigo sobre alteragdes cognitivas em pacientes
com TCE leve em estagio agudo, publicado na revista Frontiers in Neurology; 6.2) Estudo
2: artigo de revisao sistematica sobre a impulsividade no traumatismo cranioencefalico;
e 6.3) Estudo 3: artigo sobre impulsividade no TCE leve e marcadores séricos associados;

7) Discussao; 8) Conclusao; 9) Referéncias.

Devido a escassez de investigacdes cognitivas sobre o TCE leve no Brasil, foi realizado
o estudo 1, apresentado no formato de artigo, publicado na revista Frontiers in Neurology.
O estudo teve como objetivo investigar, de forma transversal, alteragdes cognitivas em
pacientes com TCE leve em até 24 horas apds o trauma e identificar fatores que poderiam

estar associados a um pior desempenho cognitivo nesses pacientes.

No estudo 2 foi realizada uma revisao sistematica da literatura, registrada na plataforma
PROSPERO, sob o nimero CRD42019125482, com o objetivo de investigar alteragcdes
cognitivas, comportamentais ¢ de autorrelato indicativos de impulsividade em pacientes

com TCE de diferentes gravidades.

No estudo 3, ¢ apresentado um estudo de carater transversal, no qual os pacientes com

TCE leve foram investigados por meio de avaliacdo neuropsicoldgica, escalas de

10



autorrelato e dosagem de marcadores no sangue no tempo de até um més apds o TCE. O
objetivo deste estudo foi investigar alteracdes cognitivas, comportamentais e de
autorrelato indicativas de impulsividade e, de maneira exploratodria, identificar possiveis

marcadores no sangue associados a impulsividade.
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2 — Introducao e revisao da literatura

O TCE ¢ definido como uma lesdo encefalica aguda, decorrente de acdo de energia
mecanica no cranio, derivada de forcas fisicas externas (Gardner & Zafonte, 2016). E a
maior causa de morte e incapacidade por lesio mundialmente, com prejuizos fisicos,
emocionais € cognitivos que representam impacto negativo para os pacientes e para suas
familias. Em paises desenvolvidos, ¢ relatado um aumento significativo em casos de TCE
por quedas, especialmente em populacdo idosa, em contraponto ao aumento de casos de
TCE em paises em desenvolvimento devido a acidentes com veiculos motorizados,
observado principalmente em populagdo jovem adulta (Lefevre-Dognin et al., 2021; Maas

etal., 2017).

O TCE pode ser classificado como decorrente de uma lesao aberta, na qual o parénquima
cerebral ¢ diretamente atingido, como, por exemplo, em lesdes por projétil de arma de
fogo, ou fechada, na qual a lesdo decorre do choque da superficie de estruturas cerebrais
contra 0ssos do cranio e/ou estiramento de axonios e vasos cerebrais devido a forgas de
aceleracdo/desaceleracdo e forgas rotacionais, nao ocorrendo contato de objetos externos
com o contetido intracraniano (Andrade et al., 2009). As lesdes decorrentes do TCE
podem ainda ser divididas em primarias ou secundarias (Andrade et al., 2009; Lozano et
al., 2015). As lesdes primdrias sdo aquelas decorrentes de dano mecanico, como
estiramento, ruptura e compressao de estruturas encefalicas, podendo ser focais ou
difusas. As lesdes focais geralmente acometem regides especificas do cérebro e sao
constituidas por hematomas, hemorragias, contusdes, isquemia em determinadas regides
e fraturas cranianas. Ja as lesdes difusas sdo caracterizadas por sua dispersao por todo o
cérebro, sendo compostas principalmente pela lesdo axonal difusa, decorrente de

estiramento ou ruptura de axénios e vasos, e inchago cerebral (Lozano et al., 2015). As

12



lesdes primarias provocam alteracdes metabodlicas, bioquimicas e celulares que
desencadeiam as lesdes secundarias do TCE (Andrade et al., 2009; Lozano et al., 2015).
As lesdes secundarias podem ocorrer em tempos variaveis desde minutos e até mesmo
anos apos o TCE e sdo caracterizadas pela agdo de mecanismos de excitotoxicidade,
estresse oxidativo, disfungdo mitocondrial, ruptura da barreira hematoencefalica e

inflamacao, que podem exacerbar as lesdes primarias (Lozano et al., 2015).

O TCE ¢ uma condi¢cdo com alta prevaléncia mundial, com estimativas de incidéncia
anual de 349 casos a cada 100.000 individuos (Nguyen et al., 2016). Apesar da sua alta
prevaléncia e das taxas de incidéncia em constante elevacao, principalmente em paises
em desenvolvimento (Maas et al., 2017), estudos epidemiologicos relacionados a
populagdo brasileira permanecem escassos (Magalhaes, 2017). A maioria dos casos de
TCE sao leves, cerca de 80%-95% (Maas et al., 2017). O parametro mais utilizado para
se classificar a gravidade do TCE ¢ a Escala de Coma de Glasgow — ECG (Teasdale &
Jennett, 1974), que avalia parametros de abertura ocular, resposta verbal e resposta
motora, com pontuagdo que varia de 3 a 15. Um escore na ECG abaixo de 9 ¢ definido
como TCE grave, de 9 a 12, moderado e de 13 a 15, leve (Maas et al., 2017). Os critérios

consensuais para diagnostico de TCE leve (Carroll et al., 2004) sdo:

e ECG (13 a 15), em cerca de 30 minutos pds-trauma ou em primeiro atendimento em

servico de satude;
e confusdo ou desorientagdo, ou
e perda de consciéncia por 30 minutos ou menos, ou

e amnésia pds-traumatica por menos de 24 horas, e/ou outras anormalidades neurologicas
transitorias como sinais focais, crise epilética e lesdo intracraniana sem necessidade

cirurgica.
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O custo hospitalar médio por individuo vitima de TCE leve em pronto atendimento (até
24h de observagdo) pode ser estimado em cerca de $4.716,97 pesos mexicanos, o
equivalente a aproximadamente R$ 950 reais, segundo estudo realizado no México

(Barragan-Hervella et al., 2016).

Fisiopatologia do TCE leve

A fisiopatologia do TCE ¢ complexa, envolvendo diversos mecanismos que ocorrem
desde a lesdao inicial, decorrente de for¢as mecanicas de aceleragdao e desaceleragao
aplicadas sobre o cranio, chamada de lesdo primaria, e de outros mecanismos como
neuroinflamagdo, estresse oxidativo, ruptura da barreira hematoencefalica,
excitotoxicidade, etc., que provocam a lesdo secundaria do TCE, podendo ocorrer
minutos apds o trauma e se estender por meses e até anos (Lozano et al., 2015; Pearn et
al., 2017; Werhane et al., 2017). Os mecanismos de lesdo secundaria nao estdo
completamente elucidados e ainda estao sendo investigados, principalmente no caso do
TCE leve (Verboon et al., 2021; Werhane et al., 2017). Contudo, a neuroinflamagao
parece ser um mecanismo chave para compreensao dos danos secundarios no TCE leve

(van der Horn et al., 2020; Verboon et al., 2021).

No TCE leve, forcas mecanicas exercidas sobre o encéfalo repercutem em diversos tipos
celulares (ex.: neuronios, células gliais e endoteliais) podendo causar deformacao,
estiramento e ruptura dos tecidos celulares. Essas alteragdes mecanicas podem provocar
alteragdes no equilibrio de ions no neurdnio, por meio de alteracao da permeabilidade da
membrana, com entrada de ions de sodio e calcio e saida de ions de potassio. Esse

desequilibrio i6nico gera uma demanda de reequilibrio, realizado por meio da bomba de
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sodio e potassio e das mitocondrias, gerando uma demanda aumentada de energia celular
(consumo de moléculas de ATP) e possivel falha da fungcdo mitocondrial, ativando

mecanismos de morte celular (Pearn et al., 2017; Werhane et al., 2017).

Além disso, como observado no TCE leve, mesmo que ndo ocorram microssangramentos
ou lesdes celulares, situacdes nas quais moléculas associadas a dano celular seriam
liberadas (DAMPs), provocando a ativagao microglial, o proprio estimulo mecanico do
TCE pode, por si sd, ser um estimulo para a ativacao microglial (Verboon et al., 2021).
Dessa forma, o TCE leve, mesmo sem ocorréncia de lesdo axonal de forma primaria,
poderia provocar ativacao microglial, o que daria inicio a uma resposta inflamatoria,
mediada por citocinas expressas por microglias e astrocitos (Verboon et al., 2021).
Ativagdao prolongada microglial, produzindo uma inflamacdo sem resolug¢dao, pode
resultar em neurodegeneracgao (Pearn et al., 2017; Verboon et al., 2021). Dessa forma, a
inflamacdo decorrente de eventos traumadticos poderia estar relacionada ao
desenvolvimento de quadros demenciais como a encefalopatia traumadtica cronica ¢ a

doenga de Alzheimer (Verboon et al., 2021).

Alteragdes na barreira hematoencefalica podem ocorrer devido a lesdes nas células
endoteliais e astrocitos causadas pelo proprio estimulo mecanico do TCE. O aumento de
metaloproteinase 9 (MMP9) p6s TCE ligado a cascata inflamatoria, pode digerir as
juncdes ocludentes, causando aumento adicional de permeabilidade na barreira
hematoencefalica, contribuindo para uma exacerbacao da resposta inflamatoria, na qual
células imunes periféricas sdo recrutadas para o sitio da lesdao, adentrando no parénquima

cerebral (Lozano et al., 2015; Sulhan et al., 2020).

Observa-se entdo que o TCE leve apresenta diversos fatores de alteragdo fisiopatoldgica
como lesdo celular, inflamagdo, mas também alteragdo do funcionamento de diferentes
redes neurais e vivéncia de estresse, que contribuem para as manifestagdoes cognitivas e
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emocionais apresentadas por pacientes apos o TCE leve (van der Horn et al., 2020).
Conforme proposto por Van der Horn e colaboradores (van der Horn et al., 2020), essa
complexa interacao entre alteragdes fisiologicas e aspectos psicoldgicos relacionados ao
enfrentamento de estresse poderia explicar a persisténcia de sintomas apos o TCE leve e
o porqué do TCE estar associado ao desenvolvimento de transtornos psiquiatricos como

ansiedade, depressao e transtorno de estresse pds-traumatico (TEPT).

A resposta aguda ao estresse (com ativagao do eixo Hipofise-Pituitaria-Adrenal - HPA)
que ocorre no TCE leve pode variar de pessoa para pessoa, estando possivelmente
associada a fatores psicologicos como estratégias de coping ou experiéncias prévias de
estresse (van der Horn et al., 2020). Nao se pode deixar de lado também possiveis
predisposicdes genéticas que estariam relacionadas a maior ativagao do eixo, predispondo
o individuo a maiores niveis de estresse e ansiedade (D1 lorio et al., 2017). O excesso de
ativacdo do eixo HPA, com liberagdao de altos niveis de cortisol pode também induzir
neuroinflamacgao com ativagao microglial e liberagdo de citocinas pro-inflamatorias como
IL-6, IL-1 beta e TNF alpha (van der Horn et al., 2020). Por sua vez, transtornos
neuropsiquiatricos tém sido associados a neuroinflamacao (Bauer & Teixeira, 2019; Pape

et al., 2019), ressaltando sua importancia de ser investigada no TCE leve.

Aspectos cognitivos do TCE leve

A ocorréncia de TCE, de forma geral, encontra-se associada a déficits cognitivos,
sintomas neuropsiquiatricos € a impacto funcional, sendo que a maior gravidade do
trauma geralmente encontra-se associada a maior grau de comprometimento (Gardner &

Zafonte, 2016; Griffen, 2014).
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No TCE leve, alteragdes cognitivas também podem ser observadas, inclusive em periodos
proximos apos o trauma, conforme observado por (McCauley et al., 2014). Pacientes
com TCE leve (n=73) foram avaliados dentro de 96 horas pds TCE e seu desempenho em
testes cognitivos foi comparado ao de um grupo com lesdes ortopédicas (n=65) e a um
grupo de pessoas saudaveis (n=40). Em comparacdo ao grupo com lesdo ortopédica,
observou-se que pacientes com TCE leve tiveram diferenca significativa nas medidas de
memoria episddica verbal e na velocidade de processamento, com pior desempenho
nessas habilidades. Quando comparado a controles, pacientes com TCE leve também
apresentaram diferencas estatisticamente significativas, com pior desempenho em
memoria episodica verbal, velocidade de processamento, memoria episodica

visuoespacial, fluéncia e flexibilidade cognitiva.

Em outro estudo mais recente, Lunter et al (Lunter et al., 2019) avaliaram pacientes com
TCE leve (n =36) em até 24 horas pos TCE e compararam seu desempenho também com
pacientes com trauma (sem evidéncia de lesdes na cabeca; n= 20) e com controles
saudaveis (n= 20). Pacientes com TCE leve apresentaram desempenhos
significativamente piores em tempo de reacdo e pior funcionamento executivo
(planejamento) quando comparados a pacientes com trauma. Quando comparados a
controles saudaveis, pacientes com TCE leve exibiram desempenho significativamente
pior em tempo de reagdo, memoria de trabalho e funcionamento executivo

(planejamento).

A literatura apresenta alguns dados controversos em relagdo a duracao das alteragdes
cognitivas no TCE leve, que possivelmente contribuiram para falta de atengdo/
importancia que foi dada para esta condi¢do, que se tornou foco nas pesquisas mais
recentes (Barr, 2014). Um estudo de meta-analise de alteragdes neuropsicoldgicas no

TCE leve demonstrou que pacientes com essa condigdo, apesar de exibirem alteragdes

17



cognitivas poOs-trauma, ndo apresentariam persisténcia dos déficits cognitivos,
apresentando resolucdo completa em até noventa dias (Karr et al., 2014). Este trabalho
incluiu uma meta-analise que afirma algo similar: o TCE leve apresentaria um efeito
inicial (agudo) pequeno na cognicao, com uma resolucao rapida e completa (Rohling et
al., 2011). Entretanto, uma revisao desta ultima meta-andlise aponta falhas em seu
processo de analise de dados, levando a um erro do tipo II (conclusao sobre auséncia de
alteragcdes, quando na verdade existem alteracdes) e reitera que € possivel haver
persisténcia de alteracdes cognitivas no TCE leve para mais de trés meses'®. Além de
identificarem que houve uma inconsisténcia na definicdo de TCE leve usada nos estudos
que foram analisados por Rohling, et al (Rohling et al., 2011), Bigler et al (Bigler et al.,
2013) apontam que o subgrupo de individuos que ndo apresentaram recuperagao completa
(em termos cognitivos) em até noventa dias pode nao ter sido detectado em meio a média
geral de desempenho do grupo, principalmente se o grupo for muito heterogéneo, como
foi o caso. Além disso, ndo foram utilizados nos estudos analisados por Rohling et al
(Rohling et al., 2011), testes neuropsicologicos computadorizados, que seriam mais
sensiveis a alteragdes mais sutis, e técnicas mais avangadas em neuroimagem, como a
Difusion Tensor Imaging, que permitem identificar altera¢cdes no TCE leve mesmo no

periodo pds-agudo(Bigler et al., 2013).

Os argumentos apresentados por Bigler et al (Bigler et al., 2013) junto a varios outros
estudos mais recentes com desenho longitudinal (Barker-Collo et al., 2015; Dikmen et
al., 2017; Theadom et al., 2016; Theadom et al., 2018) mostram que uma parcela de
pacientes com TCE leve apresentam alteragdes cognitivas € comportamentais que se
estendem por mais de trés meses, sendo identificadas um ano, e até quatro anos pés TCE.
As alteragdes cognitivas, emocionais e somaticas que persistem por mais de trés meses

pos TCE leve, ¢ dado o nome de sindrome pos-concussiva (Bigler, 2008). A prevaléncia
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da sindrome pds-concussiva varia dependendo de diversos fatores, como o método
diagnostico que ¢ utilizado (CID-10 ou DSM-IV), tempo ap0s a lesdao e populagao que ¢
avaliada, podendo variar de seis a 64% aos trés meses pos TCE (Polinder et al., 2018).
Os sintomas observados ap6s o TCE como alteragao do nivel de consciéncia, cefaleia,
tontura, vertigem, fadiga, reducao da velocidade de processamento, comprometimento de
memoria de curto prazo, atengdo, alteragdes de humor e etc., podem advir da ocorréncia
de estiramento da substancia branca de regides que estariam mais suscetiveis a acdo de
forgas biomecanicas, como a parte superior do tronco encefalico, eixo hipotalamo-
pituitaria, lobo temporal medial, regido fronto-basal, junto a irritacdo de meninges. A
persisténcia de sintomas pds-concussivos estaria, entdo, relacionada com o tempo
necessario para a recuperagao desses danos e retorno da homeostase do sistema nervoso
central (Bigler, 2008). Decorrente do fato de que os sintomas da sindrome pds-concussiva
ndo sdo especificos' ao paciente pos TCE (Bigler, 2008; Polinder et al., 2018), alterando
a validade dessa sindrome como uma entidade diagndstica, sugere-se que os sintomas que
ocorrem apds o TCE devam ser denominados apenas como sintomas pds-concussivos

(Polinder et al., 2018).

Um estudo prospectivo de base populacional realizado na Nova Zelandia (Barker-Collo
et al., 2015) acompanhou 246 pacientes com TCE leve, em um periodo minimo inferior
de duas semanas a até doze meses pos TCE, utilizando medidas neuropsicolédgicas e
escalas de sintomas depressivos e ansiosos e sintomas pos-concussao. Este estudo faz
parte de um estudo populacional mais amplo denominado The Brain Injury Incidence and
Outcome In the New Zealand Community (BIONIC study), que incluiu todos os casos de

TCE registrados na area de abrangéncia do estudo ao longo de doze meses. A avaliagao

! Alguns sintomas como dor de cabega, irritabilidade, alteragdes de sono, fadiga, sintomas de ansiedade e
depressdo podem ocorrer em pacientes com lesdes ortopédicas, pacientes psiquiatricos ou até mesmo na
populacdo geral (Bigler, 2008; Polinder, 2018).
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neuropsicologica foi realizada por meio da bateria CNS Vital Signs Test (CNS-VST), que
¢ uma bateria computadorizada que avalia as habilidades de memoria episodica verbal e
visual, velocidade psicomotora, velocidade de processamento, funcionamento executivo,
atencao complexa e flexibilidade cognitiva, e apresenta dados de normatizacao baseados
em uma amostra de 552 pessoas. Também foram utilizadas no estudo escalas de ansiedade
e depressao (Hospital Depression and Anxiety scale) e um questionario para avaliacdo de
sintomas pos-concussivos (The Rivermead post-concussion questionnaire). A inclusio,
foi observado que 21,5% dos pacientes apresentaram desempenho deficitirio em
habilidades executivas (neste estudo nao foram especificadas quais as fun¢des executivas
aqui consideradas), 26% em atencdo complexa e 27,4% em flexibilidade cognitiva e
11,4% em memoria episddica. Em um ano pos TCE, foi observada melhora significativa
em comparacdo a avalia¢do inicial em todas as medidas cognitivas, com excecao das
memorias episddicas verbal e visual. Contudo, doze meses poés TCE, 16% dos pacientes
continuaram a apresentar desempenho deficitdrio em atencdo complexa, 15% em
memoria episddica e 14% em flexibilidade cognitiva. Maior nimero e intensidade de
sintomas pos-concussivos, representado pelo escore total da Rivermead no tempo de doze
meses, esteve relacionado a piores medidas velocidade de processamento, funcionamento
executivo, velocidade psicomotora, atengao complexa e flexibilidade cognitiva aos doze
meses. Escores de ansiedade e depressao estiveram relacionados a pior desempenho nas
medidas de velocidade de processamento e flexibilidade cognitiva no desfecho(Barker-

Collo et al., 2015).

Theadom et al (Theadom et al., 2016) acompanharam 341 pacientes com TCE leve até
um ano pos TCE. Foram utilizados os questionarios Rivermead post concussion
questionnaire para avaliar os sintomas pos-concussivos, € o Short Form Survey (SF-36)

para avaliar a qualidade de vida relacionada a satude. Observou-se que quase metade dos
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pacientes (47,9%) apresentavam quatro ou mais sintomas poOs-concussivos quando
avaliados um ano pos-trauma. Os sintomas mais frequentemente relatados foram dores
de cabeca, fadiga, esquecimentos, concentracao fraca e necessidade de mais tempo para
raciocinar. Em relacdo a qualidade de vida, foi relatado comprometimento em 48,1% dos
pacientes, em relacdo aos aspectos mentais, € em 47,4% dos pacientes, em relagdo aos

aspectos fisicos.

Em um acompanhamento ainda mais longo, Theadom et al (Theadom et al., 2018)
observaram que pacientes com TCE leve (n=232) apresentaram significativamente mais
sintomas cognitivos (avaliados por meio do Rivermead Post-Concussion Questionnaire)
que controles saudéaveis (n=232), quando avaliados quatro anos ap6s o TCE leve. Esses
pacientes também relataram significativamente pior participacao social que controles,
com piores indices de produtividade, relagdes sociais e atividades de lazer. Esses aspectos
foram avaliados por meio da escala The Participation assessment of recombined tools
(part-0), que € um instrumento validado para uso na populagao com TCE, que avalia a
participacdo do individuo em diversas atividades do cotidiano. Ao explorar fatores
relacionados a persisténcia de sintomas cognitivos quatro anos pés TCE leve, os autores
obtiveram um modelo de regressao que conseguiu predizer 41%, composto pelos fatores:
ter procurado atendimento médico apds o TCE, historico de TCE prévio, pior qualidade
de sono, piores sintomas cognitivos na avaliacao inicial em até duas semanas pds TCE,

presenca de sintomas de ansiedade e de depressao.

Em outro estudo longitudinal, realizado por Dikmen et al (Dikmen et al., 2017), 421
pacientes com TCE leve foram estratificados em diferentes grupos (ECG 15 sem
alteragcdes na TC; ECG 15 com alteragdes na TC; ECG 13-14 com alteragdes na TC) e
comparados com 120 controles que sofreram lesdo em outros locais do corpo que ndo a

cabeca. Foram consideradas alteragcdes na TC presenga de contusdo cerebral, hematomas
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subdurais, epidurais e intracerebrais, hemorragias subaracndidea e intraventricular,
edema, inchaco focal, fratura com afundamento de cranio e desvio de linha média. Outras
alteracdes observadas na TC como fratura linear de cranio, fratura basilar de cranio ou
pneumoencétalo foram consideradas como normais. Os grupos foram avaliados um més
e um ano pds TCE por meio de uma extensa bateria de testes neuropsicologicos nao
computadorizados, escala de sintomas pos-concussivos e escala de status funcional, que
avalia a recuperacgao do paciente — Glasgow Outcome Scale (GOS). No tempo de um més
pos TCE, o grupo com ECG 15 e sem alteracdes a TC nao diferiram dos controles;
entretanto, o grupo com ECG 15 e alteragdo a TC apresentou pior desempenho em
memoria episodica e aprendizagem e o grupo ECG 13-14 com alteragdes a TC apresentou
pior desempenho em quase todas as medidas cognitivas e apresentou pior medida
funcional pela GOS. No seguimento de um ano, ndo foram observadas diferencas
significativas entre os grupos com TCE e controles, com excecao do grupo ECG 13-14
com alteragdes na TC, que apresentou pior desempenho em memoria episodica.
Entretanto, apesar de ndo ter identificado alteragdes cognitivas nos demais grupos de
pacientes com TCE por meio dos testes neuropsicologicos, cerca de 30 a 40% dos
pacientes (ex: no grupo ECG 15 sem alteracdo a TC, 32% relataram sintomas cognitivos)

continuaram a relatar sintomas cognitivos € emocionais um ano apos o TCE.

Em um estudo transversal realizado em até trés meses pds-trauma (média de 62 dias;
desvio-padrao 15,1 dias), L’Ecuyer-Giguere et al (L'Ecuyer-Giguere et al., 2020)
avaliaram o desempenho em memoria episddica visuoespacial, por meio do teste da
Figura Complexa de Rey, de pacientes com TCE leve sem alteragdes na TC (n=90),
pacientes com TCE leve com alteragdes na TC (n=19) e controles saudaveis (n=29). Em
relagdo ao grupo com alteragdes a TC, foram incluidos pacientes que apresentavam

evidéncias de lesdo cerebral na TC, tendo a seguinte distribuicdo: 36% (n=7)
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apresentaram lesoes cerebrais no hemisfério direito, como hemorragia cortical; 15 (n=3)
apresentaram lesdo cerebral esquerda e 47% (n=9) apresentaram lesdo cerebral bilateral.
Os grupos de TCE nao apresentaram diferenca entre si nas medidas de memoria imediata
e memoria tardia; entretanto, foi observada diferenga significativa quando os grupos de
TCE foram comparados ao grupo controle, com o grupo controle apresentando melhor
desempenho que ambos os grupos de TCE em relagdo as duas medidas. Nao foi observada

diferenca significativa entre grupos na tarefa de reconhecimento.

Com o objetivo de se ter uma melhor compreensdo sobre as bases neurais das alteragcdes
do funcionamento cognitivo do TCE leve, medidas neuropsicologicas t€m sido utilizadas
junto a métodos de neuroimagem. Em um estudo transversal, realizado por Killgore et al
(Killgore et al., 2016) foram avaliados 26 pacientes com TCE leve em diferentes tempos
pos TCE leve: duas semanas, um mes, trés meses, seis meses € um ano. Os participantes
realizaram testes neuropsicologicos e ressonancia magnética estrutural (os dados foram
analisados por meio de Voxel-Based Morphometry), e os dados foram comparados aos de
doze controles saudéaveis. O maior tempo desde a lesdao esteve associado a maior volume
de substancia cinzenta no cortex prefrontal ventromedial e giro fusiforme direito, sendo
que pacientes com mais de cem dias pos TCE apresentaram significativamente maior
volume de substancia cinzenta nessas regides quando comparados aos controles. Os dados
foram interpretados com a hipotese de um possivel espessamento de regides corticais que
pode ter ocorrido de forma compensatoria pos-lesdao. Os valores dos clusters de ambas as
regides estiveram correlacionados a melhor desempenho em tarefa de fluéncia de
desenhos, e os valores da regido do giro fusiforme direito correlacionaram-se com menor
tempo de reacdo em uma tarefa de vigilancia. Os dados observados indicam que, mesmo

no TCE leve, mudancas estruturais no cérebro podem ser detectadas.

23



Pacientes com TCE leve (n=58) foram avaliados dentro de sete dias pos-trauma, por meio
do uso de ressonancia magnética e da aplicagdo da bateria Montreal Cognitive Assessment
(MoCA), que avalia de forma breve as habilidades visuoespacial /executiva, nomeagao,
atencao, linguagem, abstragdo, memoria episddica e orientacao temporal e espacial (Li et
al., 2020). Os pacientes foram comparados a 32 controles saudaveis em relacdo as
medidas cognitivas e analises volumétricas estruturais (por meio de Voxel-Based
Morphometry) e de conectividade funcional. Pacientes com TCE leve apresentaram
desempenho cognitivo geral significativamente inferior ao de controles, com pior
habilidade visuoespacial/executiva (p=0,013) e atencional (p=0,038). Em relacdo a
neuroimagem, pacientes com TCE leve exibiram redugdo volumétrica de substancia
cinzenta da insula direita, conectividade reduzida entre a regido da insula direita e giro
parahipocampal direito e conectividade aumentada entre a insula direita e giro
supramarginal direito, quando comparados aos controles. O volume da insula direita
esteve positivamente correlacionado ao escore total da MoCA (p=0.045) e a medida de

atencao na MoCA (p=0.016)(Li et al., 2020).

Em um estudo longitudinal realizado por Wang et al (Wang et al., 2021), pacientes com
TCE leve foram avaliados em catorze dias, trés meses e seis a doze meses poés TCE. Os
dados cognitivos e de neuroimagem por ressondncia magnética (Diffusion Tensor
Imaging e conectividade funcional) foram comparados aos de 42 controles pareados para
sexo, idade e nivel sociocultural. Na avaliacdo inicial, foi observado que pacientes nao
diferiram de controles no desempenho do Mini-exame do estado mental (p=0,87), mas
houve diferencga significativa no desempenho do Teste de trilhas parte A (velocidade de
processamento) e parte B (funcionamento executivo — flexibilidade), ambos p<0,01. Este
resultado se manteve nas avaliacdes de trés e seis a doze meses, com pacientes

apresentando pior velocidade de processamento e funcionamento executivo em relacao a
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controles. A integridade das fibras do corpo caloso do cérebro de pacientes em relagao a
controles foi analisada, revelando redugao de integridade na regido 2 (correspondente a
projecdes para as areas pré-motoras e area motora suplementar) na avaliagao inicial. Apds
trés meses, foi observada reducdo da integridade também nas areas 1 (projecao para o
cortex pré-frontal), 4 (projecao para area sensorial primaria) e 5 (projecdes para o cortex
parieto-temporo-occipital). No tempo de seis meses a um ano, houve uma extensao da
perda de integridade para todas as cinco areas do corpo caloso que foram segmentadas
(area 3 — projecdo para a area motora primaria). As medidas cognitivas estiveram
associadas a area 2, na avaliagdo inicial (p = 0.05), e a area 4 nos tempos de 3 meses (p =
0.047) e 6 a 12 meses (p = 0.049). Na analise de conectividade funcional interhemisférica,
encontrou-se conectividade reduzida nas regides pré-frontais, pré-motora/area motora
suplementar, cortex motor primario e areas parieto-temporo-occipital. Além disso, pior
desempenho executivo esteve relacionado a conectividade funcional diminuida na regido

pré-frontal dorsolateral (Wang et al., 2021).

Em suma, ha alteragdes neurofuncionais no TCE leve tanto em fase aguda quanto cronica.
Entretanto, apesar de evidenciarem alteragcdes cognitivas, principalmente em relagdo a
velocidade de processamento e funcionamento executivo, ¢ de neuroimagem no TCE
leve, os resultados sdo bastante heterogéneos, apontando para a necessidade de mais
estudos que possam identificar fatores que influenciem a diversidade de alteragdes

cognitivas observada no desfecho do TCE leve.

Biomarcadores no TCE leve
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Além da investigacdo de pacientes com TCE leve por meio de medidas cognitivas e
comportamentais que refletem mudangas no funcionamento cerebral, medidas de
biomarcadores no sangue tém sido investigadas (Kanefsky et al., 2019; Shetty et al., 2019;
Sun et al., 2019; Zetterberg & Blennow, 2016). Esses biomarcadores poderiam contribuir
para o diagnéstico e prognostico do TCE leve, refletindo alteragdes subjacentes as
alteragcdes cognitivo-comportamentais observadas (Jeter et al., 2013; Zetterberg &
Blennow, 2016). Varios biomarcadores tém sido investigados no TCE leve como
citocinas, marcadores de dano neuronal, glial e vascular, que refletem diferentes
processos patoldgicos que ocorrem ao longo do tempo ap6s a lesdo encefalica (Zetterberg

& Blennow, 2016).

De acordo com Zetterberg (Zetterberg & Blennow, 2016), “biomarcador fluido ¢ definido
como uma molécula que ¢ mensuravel em um fluido bioldgico, € que a medida deve se
relacionar a um processo fisioldogico ou patoldgico que ocorre em uma célula viva ou
organismo”. De forma aguda, os biomarcadores apresentam potencial tanto para auxiliar
na identificacao de possiveis alteragdes que requerem uma tomografia computadorizada
de cranio (TC), como lesdes intracranianas € hemorragias, que podem nao ser presumidas
por meio de sinais clinicos, quanto na identifica¢ao de casos de TCE leve, que geralmente

nao apresentam alteracdes a TC (Gan et al., 2019; Zetterberg & Blennow, 2016).

Gan et al (Gan et al., 2019) identificaram diversos estudos com biomarcadores séricos
que apresentariam importancia clinica discriminativa no TCE leve em 3 diferentes
situagdes: 1- detectar a presenca de concussdo em estdgio agudo, 2- predizer dano
intracraniano apds TCE leve, 3- predizer o atraso na recuperagdo dos sintomas pés TCE
leve. Para a detec¢ao de concussao/TCE leve foram identificados como excelentes (que
apresentaram area sob a curva -AUC — acima de 0.9) quatro painéis de biomarcadores: 1)

copeptina, galectina-3, e matrix metalloproteinase-9 (MMP-9); 2) proteina acida fibrilar
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glial (GFAP) e Ubiquitina C-terminal Hidrolase-L1 (UCH-L1); 3) painel de 10
metabolitos; 4) painel de 17 metabdlitos. Além desses painéis, foram considerados como
bons (AUC= 0.80-0.89) os biomarcadores copeptina, Creatina quinase tipo B (CKBB),
galectina 3, MMP-9, ocludina ¢ um painel de 10 metabolitos. Para a detec¢ao de dano
intracraniano em pacientes com TCE leve, foram identificados como excelentes
biomarcadores a fosfo-tau (P-tau) e razdo de P-tau/total tau e dois painéis: 1)
metalloproteinase-2 (MMP-2), proteina C reativa (CRP), CKBB; 2) UCH-L1 ¢ GFAP.
Como bons marcadores apareceram a razaio GFAP/GFAP-BDP e D-Dimer. O marcador
S-100B apresentou AUC entre 0.70-0.79, o que o deixou em uma classificagdo aceitavel.
Ja para identificar o atraso na recuperacao de pacientes com TCE leve, foram
identificados biomarcadores classificados como bons: grelina, glucose, neurofilamento
de cadeia leve (NFL), Calpain-derived oll-spectrin N-terminal fragment (SNTF),
proteina tau A (Tau-A). Esses biomarcadores teriam a capacidade de detectar risco de

déficits cognitivos persistentes pds TCE (Gan et al., 2019).

No estudo realizado por Clarke et al (Clarke et al., 2021), os niveis dos marcadores
neuronais GFAP, NFL e proteina tau foram avaliados de forma prospectiva em uma larga
amostra de pacientes com TCE leve (n=207), pertencentes ao estudo prospectivo de
traumatismo cranioencefalico leve de Trondheim, que foram comparados a controles
ortopédicos (n=52) e controles comunitarios (n=84). Os tempos de avaliagao foram de até
24 horas, 72 horas, duas semanas, trés meses ¢ 12 meses poés TCE. Observou-se que os
niveis plasmaticos de GFAP e tau estiveram significativamente aumentados nos pacientes
com TCE leve em comparagdo aos controles (n=136 — controles ortopédicos +
comunitdrios) em até 24 horas, com maior diferenga em relagdo aos niveis de GFAP, que
também obteve boa capacidade discriminativa de pacientes x controles (AUC 0.92). Os

niveis de GFAP permaneceram elevados 72h pos TCE e posteriormente se reduziram,
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nao havendo diferenca em relacdo a controles duas semanas pos TCE. Em relacdo a
proteina tau, seus niveis estiveram significativamente elevados nos pacientes somente no
tempo de 24 horas pés TCE, sem diferengas em relagdo aos controles nos outros tempos
de avaliagdo. Por sua vez, em relagdo ao NFL, houve diferenca significativa entre
pacientes e controles somente no tempo de duas semanas pos TCE, sendo que os niveis
de NFL estiveram elevados em pacientes e assim permaneceram no tempo de trés meses
pos TCE, retornando ao nivel dos controles somente no tempo de doze meses (Clarke et
al.,, 2021). De acordo com esses dados, os autores sugerem que GFAP e tau sejam
marcadores de lesdo primaria e o NFL seja um marcador de lesdo secundaria do TCE

leve.

Os 207 pacientes com TCE leve do estudo prospectivo de Trondheim foram investigados
quanto a alteragdes plasmaticas dos niveis de citocinas ao longo de doze meses apds o
TCE (Chaban et al., 2020). Identificou-se que pacientes com TCE leve apresentaram
niveis plasmaticos de interferon gamma, interleucina-8, eotaxina, proteina 1 beta
inflamatéria de macrofago (MIP-1 beta), proteina 1 quimioatraente de mondcito (MCP-
1), interleucina-17A, interleucina-9, fator de necrose tumoral (TNF), e fator de
crescimento de fibroblasto (FGF) significativamente elevados em relacao a controles
(n=82) nos tempos de 72 horas, trés meses e doze meses pos-trauma. A identificagdao de
niveis elevados desses marcadores inflamatérios pode indicar processo inflamatorio
relacionado ao TCE leve ocorrendo de forma persistente, até um ano pds trauma (Chaban
et al., 2020). Outro estudo prospectivo recente (Vedantam et al., 2021) também procurou
identificar alteragdes nos niveis de diferentes citocinas no plasma de pacientes com TCE
leve (n=53) em comparagdo a controles ortopédicos (n=24) nos tempos de 24 horas e seis
meses pos trauma. Os pacientes apresentaram reducao significativa dos niveis de IL-1

beta, IL-4, IL-6 e IFN gamma de 24 horas para o tempo de seis meses pds TCE. Houve

28



diferenca significativa nos niveis de IL-2 e IL-6 no tempo de 24 horas e nos niveis de IL-
6 aos 6 meses, sendo que os pacientes com TCE leve apresentaram niveis elevados em
comparacao aos controles ortopédicos. Piores sintomas pos-concussivos (avaliados pelo
Rivermead Post Concussion Questionnaire — inclui queixas cognitivas, emocionais €
somaticas como falta de concentracdo, irritabilidade e alteracdes de sono) uma semana
pos TCE estiveram associados a niveis agudos de IL-2 aumentado e de IL-6 e IL-17 A
reduzidos. Além disso, observou-se associagdo significativa entre maiores niveis de IL-
17 A aos seis meses € pior funcionamento executivo na tarefa de Stroop da bateria Delis-
Kaplan, indicando pior controle inibitério aos seis meses pos TCE (Vedantam et al.,
2021). Dessa forma, podemos presumir que biomarcadores inflamatorios poderiam ser
uteis para auxiliar na compreensao de mecanismos fisiopatologicos do TCE leve e de seus

impactos cognitivo-comportamentais.
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A tabela 1 apresenta alguns dos potenciais biomarcadores no TCE leve segundo (Clarke
etal., 2021; Kim et al., 2018; Sapin et al., 2021; van der Horn et al., 2020; Zetterberg &

Blennow, 2016).

Tabela 1: Biomarcadores associados ao TCE leve
Tipos de biomarcadores Biomarcadores

Biomarcadores de lesao neuronal e Enolase (NSE)

axonal UCHL-1
Neurofilamento de cadeia leve (NFL)
Neurofilamento de cadeia pesada (NFH)
Proteina Tau
APP
Biomarcadores gliais Mielin basic protein (MBP)
S100B
GFAP
Biomarcadores de fun¢do da barreira SNTF (N-terminal alpha II-Spectrin
hematoencefalica fragment)
Ocludina
Razdo liquor-soro da albumina
Biomarcadores inflamatorios 1L-6
IL-8
1L-10
MMP-9
MMP-2
TNF
IL-1 beta
Outros Fator neurotrofico derivado do cérebro
(BDNF)
Copeptina
Galectina-3
(Clarke et al., 2021; Kim et al., 2018; van der Horn et al., 2020; Zetterberg & Blennow,
2016)

Alteragoes psiquiatricas no TCE leve

Pacientes com TCE leve apresentam maior risco para transtornos psiquidtricos como
transtorno depressivo maior (TDM) e transtorno de estresse pos-traumatico (TEPT). Este
dado foi demonstrado por Stein et al (Stein et al., 2019) que avaliou prospectivamente

pacientes com TCE leve (n=1155) dentro de até 24 horas até o periodo de doze meses pos
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TCE, comparados a 230 controles que sofreram algum outro tipo de trauma que ndo o
TCE (os controles foram acompanhados até seis meses). Os pacientes com TCE deste
estudo fazem parte de um estudo prospectivo multicéntrico chamado Transforming
Research and Clinical Knowledge in Traumatic Brain Injury (TRACK-TBI). Os
participantes foram avaliados por meio do PTSD Checklist for DSM-5 (PCL-5), para
deteccao de sintomas do transtorno de estresse pds-traumatico, ¢ do Patient Health
Questionnaire-9 (PHQ-9), para detec¢ao de sintomas depressivos. Em seis meses poOs-
trauma, pacientes com TCE leve (n=671) apresentaram uma prevaléncia de 19% sintomas
sugestivos de TEPT em comparagdo a 9,8% no grupo controle. Em relagdo a sintomas
indicativos de TDM, pacientes com TCE apresentaram prevaléncia de 9% versus 5,5%
no grupo controle. Os fatores significativamente relacionados a maior chance de
apresentar TEPT provavel aos seis meses nos pacientes com TCE foram anos de
escolaridade (OR=0,89), raca negra (OR=5.11), causa da lesdo decorrente de violéncia,
assalto (OR=3,43) e historico psiquiatrico prévio (OR=3,57). O fator relacionado a maior
chance de apresentar provavel TDM em seis meses foi ter historico psiquiatrico prévio
(OR=3,71). Foi observado que pacientes com TCE leve doze meses pds-trauma
apresentaram uma prevaléncia de provavel TEPT de 17,2% e de provavel TDM de 6,6%

(Stein et al., 2019).

No estudo longitudinal de base populacional (BIONIC study) realizado por Barker-collo
et al(Barker-Collo et al., 2015), j& mencionado acima, pacientes com TCE leve (n=223)
foram avaliados em relagdo a presenca de sintomas depressivos e ansiosos por meio da
escala Hospital Anxiety and Depression Scale (HADS). Houve redugdo significativa de
sintomas depressivos do periodo da avaliagdo inicial (até duas semanas pos TCE) a um
més e em relacdo a avaliacao inicial e reavaliacdo em doze meses (p<0,001). Ja em relacao

aos sintomas de ansiedade, foi identificado um aumento significativo da avaliagdo inicial
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para o periodo de um més e da avaliagdo inicial para seis meses (ambos p<0,001).
Entretanto, do periodo de seis meses a doze meses, foi observada reducao significativa

dos sintomas ansiosos nos pacientes com TCE leve (p=0,006).

Barker-collo et al(Barker-Collo et al., 2018) investigaram a prevaléncia de sintomas de
ansiedade e depressao neste estudo de base populacional (BIONIC study) por um periodo
ainda mais extenso. Além das avalia¢des no periodo inicial (até duas semanas pos TCE),
de seis meses ¢ de doze meses, pacientes com TCE foram avaliados também no periodo
de 48 meses pos TCE. Para identificar sintomas significativos de ansiedade e depressao,
foi aplicada a escala HADS e utilizou-se o ponto de corte de sete pontos ou mais em cada
subescala para indicar a presenca de ansiedade e depressao. Observou-se, de forma geral,
diminui¢dao do numero total de sintomas de depressao (p<0,001) e ansiedade (p= 0,013)
ao longo do tempo. Na avalia¢do inicial (n=223) identificou-se prevaléncia de 2,8% de
depressao somente, 29,5% de ansiedade somente e 20,7% de comorbidade entre
ansiedade e depressdo. Aos seis meses poés TCE (n=267), ndo foram identificados
pacientes com critério para depressao de forma isolada, entretanto, observou-se que 3,7%
dos pacientes tinham critério para ansiedade somente e 15,7% apresentaram critério para
ansiedade e depressdo. No periodo de doze meses (n=315), 2,2% dos pacientes
apresentaram somente depressdo, 25,5% apresentaram somente ansiedade e 10,2%
apresentaram comorbidade de ansiedade e depressao. Aos 48 meses pds TCE, foi
identificada prevaléncia de 7,7% de depressao somente, 13,6% de ansiedade somente e

11,8% de ansiedade mais depressao.

A presenca de depressao em pacientes com TCE leve também pode estar associada com
pior desempenho cognitivo, conforme observado por Terry et al (Terry et al., 2019).
Pacientes com TCE leve (n=76) foram avaliados de forma transversal por meio da bateria

computadorizada de testes NIH Toolbox Cognition Battery (NIHTB-CB), que avalia
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habilidades de conhecimento verbal e vocabulario (que fazem parte do composto
cristalizado), e flexibilidade cognitiva, atencao e inibi¢ao, memoria de trabalho, memoria
episodica e velocidade de processamento (que fazem parte do composto fluido). A escala
PHQ-9 foi utilizada para avaliar a presenca de sintomas depressivos. Esses pacientes
foram avaliados com uma média de 11,7 semanas pés TCE (dp 6,3). De acordo com o
critério para depressdao baseado no DSM-5 (presenca de anedonia ou humor deprimido
mais quatro ou mais sintomas na escala PHQ-9 sinalizados como “ocorrendo em mais da
metade dos dias” ou “quase todos os dias”) 35,5% dos pacientes apresentavam depressao
e segundo o critério para presenca significativa de depressao com ponto de corte de dez
pontos ou mais no questionario, uma propor¢ao ainda maior de pacientes apresentou
indicio de depressdo: 55,3%. Observou-se que maior pontuagdo na escala PHQ-9 esteve
correlacionada a menor pontuagdo no composto cognitivo fluido - fungdes executivas,

atencao, memoria episddica e velocidade de processamento - (r=-0,22; p<0,05).

Em um estudo transversal realizado por Bomyea et al (Bomyea et al., 2019), participantes
(n=625) foram avaliados em relacao a presenca de historico de TCE leve de acordo com
os critérios propostos pela Academia Americana de Reabilitagdo em Medicina (ACRM).
Consideraram-se individuos com provavel historico de TCE leve quando identificada a
presenca de um ou mais dos sintomas de alteracdo de consciéncia, perda de consciéncia
e amnésia pos-traumatica. Os participantes também foram avaliados em relagdo a possivel
presenca de TEPT (por meio de entrevista com o Mini-International Neuropsychiatric
Interview 6.0 (MINI 6.0), The PTSD Checklist Civilian version (PCL-C) ou Clinician
administered PTSD scale). Foram entdo divididos trés grupos, participantes com provavel
TCE leve (n=183), participantes com provavel TCE e TEPT (n=133) e controles
saudaveis (n=309). Os grupos de provavel TCE exibiram média tempo de 9,09 anos (dp

10,78) — TCE leve — e 9,08 anos (dp 9,90) — TCE+TEPT — p6s lesao. Foram aplicadas
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escalas para identificar comprometimento funcional (Sheehan Disability Scale- SDS),
qualidade de vida relacionada a satde (The Short Form Health Survey — SF-12), sintomas
depressivos (PHQ-9) estresse geral (Brief Symptom Inventory-18 -BSI-18), e sintomas
pos-concussivos (Rivermead post-concussion Questionnaire). Pacientes com provavel
TCE+TEPT apresentaram significativamente mais sintomas de depressao, estresse geral,
maior comprometimento funcional e pior qualidade de vida do que pacientes com TCE e
controles, e por sua vez, pacientes com provavel TCE apresentaram significativamente
mais sintomas de depressdo, estresse geral, maior comprometimento funcional e pior
qualidade de vida em relagdo a controles. Dentre os grupos de provavel TCE e provavel
TCE+TEPT, um total de 204 pacientes apresentavam dados cognitivos que foram
correlacionados as escalas. Pior aspecto fisico de qualidade de vida esteve associado a
pior aprendizado verbal, pior memoria episodica verbal e visuoespacial e velocidade
psicomotora. Pior aspecto metal da qualidade de vida esteve associado a pior velocidade
psicomotora. Sintomas depressivos, mensurados pela PHQ-9 correlacionara-se de forma
negativa com algumas medidas cognitivas, sendo que quanto maior o nimero de sintomas
depressivos, pior o desempenho em flexibilidade cognitiva, velocidade psicomotora e
atencao (Bomyea et al., 2019). A presenca de comorbidades psiquiatricas com o TCE
pode entdo aumentar o impacto negativo em termos de qualidade de vida e funcionalidade

na vida do paciente.

Em um estudo longitudinal, Roy et al (Roy et al., 2020) tentaram identificar a relagao
entre aspectos da lesdo, sintomas depressivos e pos-concussivos. Pacientes com TCE leve
(n=407) foram acompanhados e avaliados nos periodos de um e seis meses p6s TCE em
um estudo de coorte prospectivo no qual foram incluidos apenas pacientes identificados
em pronto atendimento, dentro de até 24 horas pos-lesdo. Esses pacientes foram divididos

em quatro grupos, com base na presenga ou ndo de sintomas de perda de consciéncia (PC)
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ou alteracao de consciéncia (AC) pos TCE, da seguinte forma: PC (n=127), AC (n=64),
PC+AC (n=127), sem AC ou PC (n=133). Foram utilizados os questiondrios Patient
Health Questionnaire-9 (PHQ-9), para identificagdo de sintomas depressivos, €
Rivermead Post-Concussion Questionnaire, para identificagdo de sintomas poOs-
concussivos.  Pacientes com TCE leve que tiveram AC ou PC apresentaram
significativamente maior risco para apresentar sintomas pds-concussivos significativos
(escore maior que dezesseis na Rivermead) no periodo de um més pds trauma (AC -
OR=1,55; PC - OR=1,80). Apenas pacientes que apresentaram AC tiveram
significativamente maior chance de apresentar sintomas depressivos significativos
(escore maior que cinco no PHQ-9) em um més pés TCE. Nao foram encontrados
resultados significativos em relacao a PC ou AC para maior risco de sintomas no periodo

de seis meses.

Em outro estudo longitudinal (Ma et al., 2019) que acompanhou pacientes com TCE leve
por até dois anos pos-trauma, sintomas de ansiedade e depressao foram avaliados junto a
qualidade de sono dos participantes. De 366 pacientes com TCE leve que foram avaliados
inicialmente, apenas setenta (19,12%) completaram o acompanhamento dois anos depois
e seus dados foram comparados aos de 73 controles saudaveis. Os pacientes foram
avaliados nos tempos inicial, seis semanas, um ano ¢ dois anos pos TCE, ja os controles
foram avaliados em um tUnico tempo. Para a avaliagdo de sintomas de ansiedade e
depressao foram utilizadas as escalas Beck's Anxiety Inventory (BAI) e Beck's
Depression Inventory (BDI), e para a avaliagdo da qualidade do sono e da presenca e
gravidade de sonoléncia durante o dia, foram aplicados os questionarios Pittsburgh Sleep
Quality Index (PSQI) e Epworth Sleepiness Scale (ESS). Em comparagao aos controles,
pacientes com TCE apresentaram significativamente mais sintomas de ansiedade,

depressao e pior qualidade de sono em todos os tempos avaliados. Para cada uma das
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medidas, baseado nos pontos de corte das escalas, os pacientes foram subdivididos em
dois grupos: um grupo sem a condicao clinica e outro grupo com a presenca da condig¢ao
clinica. Pacientes com ansiedade (BAI maior que 7) apresentaram significativamente
maior pontuacdo na BAI em todos os tempos em comparagdo aos pacientes sem
ansiedade. Da mesma forma, observou-se que pacientes com depressao (BDI maior que
9) apresentaram significativamente maior pontuacao no BDI que pacientes sem depressao
em todos os tempos. Os mesmos resultados foram obtidos em relacao a qualidade de sono
(PSQI). Embora os pacientes ndo tenham retornado aos niveis iniciais de ansiedade e
depressao, houve melhora significativa desses sintomas ao longo do acompanhamento. O
mesmo ndo foi observado para a qualidade de sono, indicando que pacientes com TCE

leve podem apresentar significativamente pior qualidade de sono dois anos p6s TCE.

Além de pior qualidade de sono, outro estudo refor¢a que a presenca de sintomas
psiquiatricos em pacientes com TCE leve pode estar associada a pior funcionalidade. No
estudo longitudinal realizado por Zahniser et al (Zahniser et al., 2019), 717 pacientes com
TCE leve pertencentes ao estudo longitudinal multicéntrico chamado Transforming
Research and Clinical Knowledge in Traumatic Brain Injury (TRACK-TBI) foram
avaliados nos tempos de duas semanas e trés meses pos TCE. Os sintomas de ansiedade
e depressao foram avaliados por meio do questionario Brief Symptom Inventory 18-item
version (BSI-18) e o status funcional foi avaliado por meio da escala Glasgow Outcome
Scale-Extended (GOSE). Trés meses pos TCE 15,6% dos pacientes apresentou
pontuacdo indicativa para depressdao e 15,3% apresentou pontuagdo indicativa de
ansiedade. Apenas 41,7% dos pacientes relataram 6timo nivel de recuperacdo aos trés
meses. Maior presenca de sintomas depressivos duas semanas pos TCE correlacionou-se
a pior funcionalidade em trés meses (r=0,32; p<0,001). Resultado similar foi observado

em relacao a ansiedade, sendo que maior nivel ansiedade esteve correlacionada a pior
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funcionalidade no tempo de trés meses (r=0,38; p<0,001). O status funcional nao
conseguiu prever significativamente sintomas de ansiedade ou de depressdo, entretanto,
sintomas de ansiedade e de depressdo conseguiram predizer significativamente o status
funcional, indicando que esses sintomas podem preceder o impacto funcional nessa

populagao.

Os sintomas pos-concussivos e psiquiatricos e pior qualidade de vida associados ao TCE
leve podem ser observados até cinco e dez anos p6s TCE, conforme relatado por Lange
et al (Lange et al., 2020). Participaram do estudo 445 membros e veteranos do servigo
militar dos Estados Unidos que estavam sendo acompanhados em um estudo prospectivo
chamado The Defense and Veterans Brain Injury Center (DVBIC) 15-Year Longitudinal
TBI study. Os participantes foram divididos em duas coortes: cinco (n=245) e dez anos
pos TCE(n=281) e subdivididos em controles sem lesdo, controles com lesao, TCE leve
nao-complicado (sem alteracdes intracranianas & TC) e TCE (pacientes com TCE leve
com alteracoes intracranianas a TCE, TCE moderado, TCE grave e TCE penetrante).
Foram avaliados os aspectos de qualidade de vida, por meio do instrumento 7he
Traumatic Brain Injury Quality of Life (TBI-QOL), sintomas de TEPT, por meio da PTSD
Checklist-Civilian version (PCL), e sintomas pds-concussivos, por meio da escala The
Neurobehavioral Symptom Inventory (NSI). Pacientes com TCE leve aos cinco anos pés
TCE (n=79) apresentaram significativamente piores escores nas subescalas de qualidade
de vida de raiva, descontrole emocional/comportamental, preocupagdes cognitivas gerais,
luto/perdas, maior nimero de sintomas pds-concussivos e sintomas de TEPT comparados
aos controles sem lesao (n=81). Na coorte de dez anos, pacientes com TCE leve (n=117)
apresentaram significativamente pior qualidade de vida, com piores escores nas
subescalas de raiva, descontrole emocional/comportamental, luto/perdas, fadiga, dores de

cabeca, interferéncia de dor, preocupacao cognitiva-executiva, preocupagao cognitiva-
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geral, auto-avaliacdo e ansiedade quando comparados a controles sem lesao (n=81).
Também foram observados significativamente mais sintomas pos-concussivos e sintomas

de TEPT em pacientes com TCE leve comparados a controles, dez anos pds-lesao.

De forma geral, observa-se que o TCE leve esta associado a maior risco de transtornos
psiquiatricos, pior qualidade de vida, pior qualidade de sono, pior funcionalidade e
funcionamento cognitivo sendo que alguns desses impactos podem ser observados por

varios anos apos o TCE.

Impulsividade

O comportamento impulsivo ¢ um dos possiveis déficits cognitivo-comportamentais
consequentes ao TCE (McAllister, 2008). De forma geral, a impulsividade ¢ definida
como um padrao em responder de forma rapida, sem planejamento, a estimulos internos
ou externos, sem considerar possiveis consequéncias negativas para si mesmo ou para

outros individuos (Moeller et al., 2001).

Existem diversos modelos que estudam a impulsividade, que se concentram
principalmente em teorias da psicologia da personalidade e da neuropsicologia
cognitiva (Nigg, 2000). Os modelos advindos da psicologia da personalidade
compreendem a impulsividade como um aspecto da personalidade?(Carvalho, 2017) do
individuo (Bari & Robbins, 2013; Nigg, 2000), podendo ser mensurado por meio de
questionarios de autorrelato, como a escala UPPS (Whiteside, 2001) e a escala de

impulsividade de Barratt - BIS-11 (Patton et al., 1995). Ambas as escalas representam

2 por personalidade entende-se um padrio de comportamento individual, relativamente estavel,
decorrente de uma combinagao de diferentes tragos psicoloégicos (Carvalho, 2017).
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modelos que consideram a impulsividade como multifatorial € ndo como um construto
unitario.

De acordo com DeYoung (DeYoung, 2011), para que ocorra uma agao impulsiva, sao
necessarios dois elementos: 1- um senso de urgéncia em executar o comportamento; 2-
uma falha em inibir esse impulso de realizar o comportamento. Sem o senso de urgéncia,
nao haveria o que inibir, e sem a inibi¢ao, nao haveria o ato impulsivo em si. Diferencas
em ambos os elementos apontam para as diferencas individuais observadas em relagao a

impulsividade na populacao e podem refletir a existéncia de suas multiplas concepgoes

(DeYoung, 2011).

No modelo proposto por Whiteside & Lynam (Whiteside, 2001), a impulsividade ¢
composta por quatro fatores: urgéncia, (falta de) premeditacdo, (falta de) perseveranga e
busca de sensagdes, que sao mensuradas pela escala UPPS. O fator “urgéncia” se refere
a tendéncia a cometer agdes precipitadas como resultado de afeto negativo intenso. O
fator “busca de sensagOes” refere-se a tendéncia em buscar excitagao e aventuras. O fator
“(falta de) premeditacao” reflete a tendéncia em postergar acgdes favorecendo o
planejamento e pensamento cauteloso. Por ultimo, o fator “(falta de) perseveragao”
refere-se a habilidade em se manter em uma tarefa até sua conclusdo e capacidade de
evitar o tédio. Esses fatores se relacionam bem com a teoria da personalidade dos cinco
grandes fatores (as diferencas individuais encontradas na populagdo geral poderiam ser
reduzidas a cinco grandes fatores da personalidade: extroversao, neuroticismo, abertura
para experiéncia, conscienciosidade e amabilidade), podendo se observar a associagao da
impulsividade as dimensdes de neuroticismo, extroversdo e conscienciosidade
(DeYoung, 2011). A dimensao do neuroticismo parece refletir a sensibilidade a punigao
(comportamento de reagdo a ameagas) ¢ a dimensdo extroversao refletiria o aspecto da

sensibilidade a recompensa (comportamento de aproximagao) frente a estimulos. Ja o
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dominio da conscienciosidade refletiria a capacidade de controle do comportamento,
exercida por meio de processamento do tipo top-down, com seguimento de regras e

controle dos impulsos que foram gerados a partir da reacao a estimulos (DeYoung, 2011).

Ja de acordo com o modelo proposto por Patton, Stanford & Barratt (Patton et al., 1995),
a impulsividade ¢ composta por 3 fatores: 1) impulsividade atencional: inabilidade em
focar a atengdo ou concentrar; 2) impulsividade motora: agir sem pensar, ¢ 3)
impulsividade por ndo-planejamento: falta de consideracao sobre o futuro, falta de
planejamento. A BIS-11 € o instrumento de autorrelato mais utilizado na literatura (Dalley
& Robbins, 2017; Stanford, 2009), inclusive em populagdao com TCE, e parece conseguir
capturar tanto aspectos da personalidade quanto do funcionamento cognitivo impulsivo

(Dalley & Robbins, 2017).

Na neuropsicologia cognitiva, a impulsividade ¢ vista como decorrente de falha nos
processos cognitivos superiores, ou seja, uma falha no funcionamento executivo,
principalmente em relagdo ao funcionamento do controle inibitério (Bari & Robbins,
2013; Nigg, 2000). Segundo o modelo proposto por Diamond (Diamond, 2013), o
controle inibitério seria um dos trés fatores nucleares que compdem as fungdes
executivas, junto a flexibilidade cognitiva e a memoria de trabalho. Por controle inibitorio
entende-se a habilidade de controlar a aten¢do, o comportamento, pensamentos € emogoes
de forma a executar algo que seja mais apropriado a determinado contexto ou ocasiao,
superando respostas prepotentes ou automaticas. A flexibilidade cognitiva refere-se a
habilidade de mudar de perspectiva espacialmente ou de forma interpessoal, mudar a
forma como pensamos sobre algo, ter flexibilidade para se ajustar a demandas ou
prioridades. Por sua vez, memoria de trabalho ¢ o nome que recebe a habilidade de manter
informag¢des na mente e trabalhar mentalmente com elas, sendo dividida de acordo com

o tipo de material a ser processado: verbal ou visual. O controle inibitério, a flexibilidade
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cognitiva e a memoria de trabalho seriam fung¢des parcialmente independentes entre si e
sua interacdo daria base para o funcionamento de outros aspectos executivos, como
raciocinio e planejamento. O déficit no funcionamento executivo encontra-se associado a
aspectos negativos como pior saude fisica e mental, pior qualidade de vida e problemas
sociais como crimes e violéncia (Diamond, 2013). Dessa forma, outro meio comum de
avaliacdo da impulsividade ¢ através uso de paradigmas neuropsicoldgicos, que avaliam
a desinibicdo de respostas (Moeller et al., 2001). Dentro do aspecto cognitivo, a
capacidade de inibicdo de respostas, aqui denominado controle inibitério, pode ser
subdividida em comportamental — mensurada por paradigmas de inibicdo de respostas
motoras — e cognitiva — mensurada por meio de paradigmas de controle de interferéncia,
no qual € necessaria a inibigao de processos mentais e atencionais (Bari & Robbins, 2013;

Diamond, 2013).

As tarefas mais comumente utilizadas para avaliar o controle inibitério sao tarefas que
avaliam o paradigma de Stroop, tarefas do tipo Go/No-go e Stop-signal e tarefas de
postergacao de recompensas (Diamond, 2013). Em tarefas que possuem o paradigma de
Stroop, na etapa incongruente, ¢ solicitado ao individuo que nomeie a cor na qual a
palavra esté escrita ao invés de realizar a leitura da mesma. E necessario que o individuo
realize a inibicao da resposta automatica de ler a palavra e realize um processo mais
controlado, que seria nomear a cor. Neste processo, observa-se uma lentificagao no tempo
de resposta e maior chance de erros, o que caracteriza o efeito Stroop. Nas tarefas do tipo
go/no-go, o individuo deve pressionar uma tecla do computador, sempre que aparecer
algum estimulo, entretanto essa resposta nao deve ser executada quando determinado
estimulo (que aparece em menor frequéncia em relagdo aos demais) aparecer. De forma
similar, existem as tarefas do tipo Stop-signal task, onde o individuo deve pressionar

determinada tecla do computador sempre que aparecer um estimulo na tela, mas deve
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inibir a resposta caso o estimulo seja precedido por um sinal sonoro (Diamond, 2013). J&
as tarefas de postergagdo de recompensa envolvem tarefas de escolha entre ganhos
imediatos (menores) em relacdo a ganhos no futuro (maiores), que avaliam a tomada de
decisdo impulsiva, representada pela preferéncia em relagao a ganhos imediatos (Bari &

Robbins, 2013).

Com a existéncia de diversos instrumentos para investigacao da impulsividade, alguns
estudos promoveram uma tentativa de organizar essas medidas e identificar aspectos
especificos da impulsividade que estariam sendo mensurados. De acordo com uma anélise
de componente principal realizada por Reynolds et al (Reynolds, 2006) envolvendo
diferentes medidas comportamentais (testes), observou-se que as medidas carregaram em
dois fatores distintos: 1 - desinibi¢do impulsiva (tarefas que envolvem a inibicdo de
respostas como o Stop signal task e Go/ no go); e 2 - tomada de decisao impulsiva (tarefas
que envolvem a postergacao de recompensas como Delay-discounting task e Balloon
analogue risk task). As medidas de autorrelato e medidas experimentais de impulsividade
geralmente ndo apresentam alta correlagdo entre si (Dalley et al., 2011; Jauregi et al.,
2018) ou sequer apresentam correlacao (Reynolds, 2006) o que parece refletir o aspecto

multifatorial da impulsividade.

Medidas de autorrelato parecem refletir padroes impulsivos mais gerais, de longo prazo
do comportamento, enquanto medidas comportamentais de laboratorio (testes cognitivos)
refletem aspectos momentaneos e nao incorporam aspectos sociais ou de longo prazo do
comportamento impulsivo (Cyders, 2012; Moeller et al., 2001). Contudo, conforme
observado por Jauregi (Jauregi et al., 2018), em um estudo realizado com 167 jovens
universitarios (entre 18 e 26 anos), a impulsividade por resposta rapida (rapid-response
impulsivity — relacionada a medidas de inibi¢ao de resposta) relacionou-se a medidas de

impulsividade de escolha (impulsive choice — relacionada a medidas de tomada de
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decisdo, desconto temporal e postergacao de recompensa) e vice-versa. Apesar de nao ter
observado correlacao entre medida de autorrelato da impulsividade por resposta rapida
(BIS motora) com medidas experimentais (Go/No Go e Stop-signal Task), a tarefa de
desconto temporal (impulsividade de escolha) correlacionou-se com a BIS total e sua
subescala de impulsividade por ndo planejamento (Jauregi et al., 2018). Além disso,
foram realizadas analises dividindo os grupos nas situagdes A e B. Na situagdo A, o grupo
dividido em alta x baixa impulsividade motora medida pela subescala de impulsividade
motora da BIS-11: observaram-se diferencas entre os grupos em relagao as diferentes
medidas de impulsividade por autorrelato Behavioural inhibition/Activation Scale (BAS)
escore total, fun seeking da escala BAS, psicoticismo do questiondrio Eysenck Personality
Questionnaire (EPQ), fator de urgéncia da UPPS, fator premeditacao da UPPS e fator
perseveranga da UPPS. Na situagdo B, os grupos foram divididos em alta x baixa
impulsividade de postergacdo de recompensa (medida pela escala BAS) e foram
observadas diferencas nas medidas de autorrelato: BIS-11 escore total, fator de nao
planejamento da BIS-11, fator motor da BIS-11, fator de perseveranca da UPPS, fator
busca de sensagdes da UPPS. Em ambas as comparacdes de grupos (A e B) com as
diferentes dimensodes de impulsividade, a tinica medida comportamental (teste) que
diferenciou os grupos foi a tarefa de desconto temporal. Dessa forma, observa-se certa
evidéncia de relagdo entre os dominios de impulsividade por resposta rapida e
impulsividade de escolha, apesar de serem diferentes dimensoes (Jauregi et al., 2018). De
forma parecida, em um amplo estudo conduzido por MacKillop et al (MacKillop et al.,
2016), 1252 adultos jovens foram avaliados por meio de diversas medidas de
impulsividade e a estrutura latente a essas diferentes medidas foi analisada. Observou-se
uma organizagdo da impulsividade em trés diferentes dimensoes: 1) Impulsive action -

Ac¢do impulsiva (contemplando medidas de inibig¢ao de respostas); 2) Impulsive choice -
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Escolha impulsiva (medidas de tomada de decisdo e desconto temporal); e 3) Impulsive
personality trait - trago impulsivo de personalidade (medidas de autorrelato — BIS-11 e

UPPS).

Outra forma similar de se agrupar os diferentes aspectos da impulsividade medidos por
tarefas neuropsicoldgicas proposta em Dalley et al (Dalley & Robbins, 2017), seria a
divisdo entre “waiting impulsivity”- avaliada por tarefas de desconto temporal e testes que
envolvem resposta prematura - e “stopping impulsivity”- avaliada por tarefas que
demandam do individuo conseguir interromper uma agao que ja foi iniciada. Esta divisao
guardaria similaridades em relacdo a paradigmas e as circuitarias neurais observadas em
estudos com roedores e com humanos (Dalley & Robbins, 2017), permitindo uma

compreensdo da impulsividade de forma translacional.

Bases neurais da impulsividade e marcadores

A impulsividade ¢ amplamente considerada com um conceito multifatorial, envolvendo
aspectos relacionados a personalidade, a aspectos cognitivos € comportamentais que nem
sempre apresentam associacdo entre si, 0 que aponta que esses diferentes aspectos da
impulsividade envolvem também diferentes redes neurais (Dalley et al., 2011; Dalley &

Robbins, 2017; Grant & Kim, 2014).

De acordo com a divisdo relatada em Dalley & Robbins (Dalley & Robbins, 2017), as
bases neurais subcorticais da impulsividade, observadas de forma translacional seriam:
1) em relagdo a “waiting impulsivity” - dependente de circuitaria que envolve o estriado
ventral, que recebe projecao dopaminérgica da area tegmentar ventral; 2) em relacao a

“stopping impulsivity”- dependente de circuito envolvendo o estriado dorsal, que recebe
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principalmente projecdes dopaminérgicas da substancia negra do mesencéfalo. Em
humanos, o circuito relacionado a “waiting impulsivity” (representada pelo aumento de
resposta prematura) foi de reducao da conectividade funcional do estriado ventral direito
com cingulo em sua por¢ao subgenual e nicleo subtalamico bilateralmente. Em relagao
a “stopping impulsivity”, que pode ser observada na execugao dos paradigmas Stop-signal
task e também Go/No Go, os circuitos relacionados foram do cingulo anterior, cortex pré-
frontal inferior direito (porgao lateral), dreas pré-motora e motora suplementar, estriado e
nucleo subtalamico (Dalley et al., 2011; Dalley & Robbins, 2017). Além da influéncia
das projecdes dopaminérgicas ja mencionadas, projecdes serotoninérgicas dos nucleos da
rafe e noradrenérgica do locus ceruleus também aprecem modular esses diferentes
circuitos da impulsividade (Dalley et al., 2011; Dalley & Robbins, 2017; Dalley & Roiser,

2012).

De forma mais especifica, a regido do estriado ventral e cortex medial frontal aparecem
relacionadas a valoragao subjetiva de recompensas (Grant & Kim, 2014). O giro frontal
inferior direito e suas conexdes com regides como o nucleo subtalamico e area motora
suplementar sdo importantes para inibicao de respostas, encontrando-se relacionado ao
controle fop down das respostas, ou seja, controle voluntario (Aron et al., 2014; Grant &
Kim, 2014). Grant (Grant & Kim, 2014) especifica dois diferentes circuitos relacionados
aos dois diferentes grupos de impulsividade mensurada por tarefas: 1) Circuito
relacionado ao déficit na inibi¢do motora: CPF ventrolateral>cingulo anterior> area
motora pré-suplementar> caudado e putamen; 2) Circuito envolvido no desconto de
recompensas: CPF ventromedial> cingulo subgenual>nucleo accubens/estriado ventral.
Essa divisdo guarda certa relacdo com a divisdo apresentada por (Dalley & Robbins,

2017), em que a “waiting impulsivity” estaria relacionada a postergagao de recompensas
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e desconto temporal, envolvendo aspectos valorativos e a “stopping impulsivity” que se

refere a inibicdo da resposta motora.

A impulsividade € uma caracteristica que pode ser encontrada na populacao geral, embora
esteja relacionada a transtornos psiquidtricos. Em um estudo sobre a prevaléncia da
impulsividade na populacao geral dos Estados Unidos, Chamorro et al (Chamorro et al.,
2012) encontraram, dentre 34.653 adultos com dezoito anos ou mais, uma prevaléncia de
impulsividade de 17%, sendo mais comum em jovens do sexo masculino. Foram
definidos como impulsivos individuos que responderam afirmativamente a pergunta: “Na
maioria das vezes ao longo da sua vida, independentemente da situagdo ou com quem
vocé estava, vocé frequentemente fez coisas de forma impulsiva?”’. Ser impulsivo esteve
associado a maior chance de ter pelo menos um diagnostico psiquiatrico ao longo da vida
(odds-ratio (OR)= 2,78), sendo que os transtornos com as maiores chances foram o
Transtorno do Déficit de Atengao e Hiperatividade (OR=3,21), dependéncia de
substancias (OR=3,19) e transtorno afetivo bipolar (OR=4,46). Individuos impulsivos
tiveram maior chance de se envolver em comportamentos de risco, como dirigir de forma
irresponsavel, comecar brigas, cometer furtos em lojas, tentar se machucar ou auto

exterminar (OR=1,57 a 3,53)(Chamorro et al., 2012).

A impulsividade encontra-se associada a diversos transtornos psiquiatricos, fazendo
parte, inclusive, dos sintomas diagnosticos de alguns transtornos como Transtorno de
Déficit de Atengdo e hiperatividade, Transtorno afetivo bipolar, Transtorno de
personalidade borderline e Transtorno de controle de impulsos (Hollander & Rosen,
2000; Moeller et al., 2001). Encontra-se relacionada ao Transtorno de estresse poOs-
traumatico, conforme observado por Roley et al (Roley et al.,, 2017), no qual a
impulsividade mensurada pela escala UPPS associou-se de forma significativa a todos os

grupos de sintomas desse transtorno (sintomas de intrusdo, sintomas de evitagao,
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sintomas de alteracdo negativa do humor e da cogni¢do e sintomas de alteragdo na
ativacdo e reatividade), sendo a dimensao de urgéncia da UPPS (agir de forma impulsiva

no contexto de emogdes negativas) a que melhor prediz os sintomas (Roley et al., 2017).

Transtornos psiquiatricos, por sua vez, t€ém sido associados a alteracdes no sistema imune,
que parece refletir no funcionamento do sistema nervoso central (Pape et al., 2019; Reus
et al., 2015). A inflamacdo estaria relacionada a ativagdo microglial e producao de
citocinas como IL-1 beta, IL-6 ¢ TNF alfa, que podem alterar o funcionamento de redes
neuronais por meio de reducao da sintese das monoaminas, aumento da transmissao
glutamatérgica e producao de espécies reativas a oxigénio, o que parece contribuir para o
desenvolvimento de alteragdes psiquiatricas (Pape et al., 2019; Reus et al., 2015). Dessa
forma, estudos tém investigado essas alteragdes inflamatorias e sua relagdo com
caracteristicas centrais de diversas condi¢des psiquiatricas, como a impulsividade (Chang
et al., 2019; Coccaro et al., 2014; Coryell et al., 2018; Gassen et al., 2019; Isung et al.,

2014; Kim et al., 2020).

No estudo realizado por Corywell et al (Coryell et al., 2018) pacientes com depressao ou
transtorno bipolar com historico (n=79) ou sem historico de tentativa de suicidio (n=123)
foram avaliados para identificar a relagdo entre agressividade, impulsividade e niveis de
citocinas pro-inflamatorias no plasma (IL-6, TNF, IL-1 beta, IL-1 ra, proteina C reativa).
Foi observada diferenca significativa entre os grupos em relagdo aos niveis de IL-1 beta,
impulsividade medida pela escala BIS-11 total e suas 3 subescalas (atencional, nao-
planejamento e motora) e niveis de agressividade medidos pela escala Overt Aggression
Scale-Modified - OAS-M (mensura a frequéncia de comportamento agressivos). Os niveis
de IL-1 beta, contudo, foram menores nos pacientes com histérico de tentativas de

suicidio e ndo houve associacdo com a impulsividade. Contudo, tanto os niveis de IL-1
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beta quanto aos escores de impulsividade e agressividade foram preditores significativos

das tentativas de suicidio.

Niveis de citocinas pro-inflamatorias (IL-1, TNF alpha e IL-6) foram investigadas no
plasma de pacientes com transtornos do humor (transtorno bipolar I e II e transtorno
depressivo maior) junto a medidas comportamentais de impulsividade (Go/No Go task e
Immediate and delayed memory task), de auto-relato de impulsividade (BIS-11) e
parametros de EEG da regido frontal do cérebro (Kim et al., 2020). Os pacientes foram
divididos em dois grupos: n=23 com autolesdo e n=22 sem autolesdo. Nao houve
diferenca entre os grupos em relacdao a BIS-11 e suas subescalas, mas houve diferencga no
tempo de reagdo da tarefa GNG (grupo com autolesdo com menor tempo de reagdo) e nos
niveis de TNF alpha (grupo com autolesao com niveis mais altos). Os niveis de TNF alpha
estiveram significativamente associados com o poder relativo da onda frontal teta do EEG
em analise de regressao; o tempo de reagdo no GNG associou-se significativamente com
o poder alfa e teta frontal do EEG em analise de regressao. Dessa forma, observou-se que
pacientes com autolesdo apresentam maiores niveis de impulsividade e TNF alpha. Os
niveis de TNF estiveram associados com o padrao frontal teta, assim como a medida de
tempo de reagao na tarefa GNG, indicando que a regido frontal se encontra relacionada a

impulsividade e a inflamagdo nesses pacientes (Kim et al., 2020).

Niveis plasmaticos de IL-6 estiveram associados a maiores niveis de impulsividade e
busca de sensacdes em pacientes que tentaram suicidio (Isung et al., 2014). O fator de
extroversao (que inclui subescalas de impulsividade e evitagdo de monotonia) da escala
The Karolinska Scale of Personality correlacionou positivamente com o0s niveis
plasmaticos de IL-6, mas ndo houve correlacdo de nenhum dos fatores de personalidade
e nem dos niveis plasmaticos de IL-6 com os niveis de IL-6 no liquor. Ao analisar

separadamente as subescalas do fator de extroversdo, encontrou-se que os niveis IL-6 no
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plasma correlacionaram de forma positiva com a subescala de impulsividade e com a
subescala de evitagao de monotonia (p<0.01 para ambos). Apenas a subescala de evitagao
de monotonia correlacionou-se de forma significativa com os niveis de IL-6 no liquor
(Isung et al., 2014). Niveis de IL-6 no plasma também foi investigado por Coccaro et al
(Coccaro et al., 2014) em pacientes com Transtorno Explosivo Intermitente (TEI),
controles psiquiatricos e controles saudaveis. Os niveis de proteina C-reativa também
foram investigados junto a medidas de agressividade (Life History of Aggression (LHA)
e Buss-Perry Aggression Questionnaire (BPAQ)) e de impulsividade (Life history of
impulsive behavior (LHIB), Barratt Impulsiveness Scale (BIS-11)). Houve diferenca
entre os grupos nas medidas de agressividade (LHA/BPAQ) e impulsividade (LHIB/BIS-
11) e também em relacdo aos niveis de IL-6 e proteina C-reativa, com o grupo com TEI
com maiores escores € niveis de marcadores. Ambos o0s escores compostos de
agressividade e de impulsividade apresentaram correlagao positiva com os niveis de IL-
6 e de proteina C reativa. Contudo, nas andlises de regressao, apenas o composto de
agressividade apareceu como preditor significativo para os niveis de proteina C-reativa e

IL-6 (Coccaro et al., 2014).

De forma especifica, um estudo (Gassen et al., 2019) investigou o papel de alteragdes
inflamatérias no comportamento impulsivo, sugerindo um modelo de interagdo. Niveis
plasmaticos de IL-6, TNF alpha e contagem de células brancas foram medidos em
pacientes saudaveis junto a medidas de impulsividade: BIS-11, versao reduzida do
Delaying Gratification Inventory, Delay discounting task e The Temporal Focus Task. As
medidas de impulsividade foram carregadas em um construto denominado “tomada de
decisdo focada no presente”, e os niveis dos marcadores plasmaticos carregados em um
fator denominado “inflamagdo atual”. Estimula¢do celular com lipopolissacarideo

também foi realizada in vitro de forma a identificar a tendéncia de resposta inflamatodria
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desses participantes, na qual foram medidos niveis de IL-1 beta, IL-6 ¢ TNF alfa, que
juntos compuseram o fator “tendéncia inflamatoria celular”. Os niveis de citocinas in vitro
foram preditores dos niveis de citocinas no plasma (p=0.005), e, por sua vez, os niveis de
citocinas no plasma foram preditores da “tomada de decisdo focada no presente”
(p=0.009). Tal resultado sugere que a inflamagcdo pode exercer influéncia no
comportamento impulsivo, caracterizado pela tendéncia em focar no presente e na

incapacidade de postergar gratificagoes.

A associacdo da impulsividade com outros possiveis marcadores, como fatores
neurotroficos, foram investigados por Li (Li et al., 2018) e Pasik (Pasyk et al., 2020). No
estudo realizado por Li et al (Li et al., 2018), individuos saudaveis, do sexo masculino,
que iriam se submeter a cirurgia para lesao de ligamento cruzado, tiveram os niveis de
FGF-23 do liquor dosados e dados sobre impulsividade, depressao e ansiedade analisados
por meio dos questionarios BIS-11 (versao chinesa), Inventario de Depressao de Beck
(BDI) e Self-Rating Anxiety Scale (SAS), respectivamente. Os niveis de FGF-23
apresentaram correlagdo somente com as medidas de impulsividade BIS total, BIS nao-
planejamento e BIS atencional, sendo que, apos a aplicagdo da correcao de Bonferroni,

apenas a correlagao entre FGF-23 e BIS atencional permaneceu significativa (p=0.0069).

Em individuos saudaveis e pacientes psiquiatricos sem tentativa de suicidio, Pasyk et al
(Pasyk et al., 2020) observaram que niveis séricos de BDNF estiveram significativamente
associados a impulsividade medida pela escala BIS-11, apontando para um possivel
biomarcador da impulsividade. Segundo os autores, niveis elevados de atividade do
BDNF poderiam levar a ativagao neurobiologica exacerbada que poderia estar associada

a comportamentos rapidos e repentinos, sem consideragao prévia.

Dessa forma, podemos observar que diversos estudos procuram encontrar possiveis
marcadores relacionados a impulsividade encontrada em individuos saudéveis ou nos
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diversos transtornos psiquiatricos, como forma de identificar suas possiveis bases
biologicas. Contudo, ainda faltam mais estudos que nos permitam compreender
adequadamente essas bases ¢ possiveis mecanismos relacionados, notadamente no que

diz respeito ao TCE leve.

Impulsividade no TCE

Pacientes com TCE usualmente apresentam impulsividade como uma sequela decorrente
do trauma, o que pode impactar consideravelmente aspectos como qualidade de vida,
processo de reabilitagdo e seguranga do paciente (Kocka & Gagnon, 2014; McAllister,
2008). Em uma meta-analise sobre inibicdo de respostas e déficit de controle de
interferéncia em individuos com TCE, Dimoska-Di Marco et al (Dimoska-Di Marco et
al., 2011) avaliaram 38 estudos, totalizando uma amostra de 989 pacientes adultos com
TCE leve a grave e 969 controles adultos. Em relagao ao controle de interferéncia, foram
incluidos e analisados estudos (n=19) que utilizaram o paradigma de Stroop e que
forneceram dados sobre o efeito de interferéncia nesta tarefa (tempo na etapa
incongruente menos tempo na etapa congruente). A inibicdo de respostas, definida como
decorrente de uma situagdo em que ¢ necessaria a inibi¢ado de uma resposta motora
frequente (em mais de 50% das respostas), foi analisada pela inclusdao de estudos que
utilizaram as seguintes tarefas: go/no-go task (n=5), tarefas de atengdo sustentada a
respostas (n=11), Stop-signal Task (n=3), Conner's Continuous performance task (n=1).
Os autores encontraram uma média de tamanho de efeito de 0,05 para o efeito de
interferéncia medido pelo Stroop, sendo nao significativo. Entretanto, a analise sobre a
inibicao de respostas obteve um resultado estatisticamente significativo, com média de

tamanho de efeito de 0,50, ou seja, um efeito moderado para déficit de inibicdo de
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respostas para pacientes com TCE (Dimoska-Di Marco et al., 2011). Vale ressaltar que
0s autores ndo apontam possiveis prejuizos funcionais ou de qualidade de vida associados
ao déficit de inibicao nos pacientes com TCE, algo comumente nao explorado na maioria

dos estudos que investigam impulsividade nessa populagao.

Pacientes com TCE moderado a grave (n=28) exibiram aumento em diversos aspectos da
impulsividade, de acordo com um estudo realizado por Rochat et al (Rochat et al., 2013).
Os pacientes foram avaliados de forma retrospectiva por familiares que compararam os
niveis atuais com os niveis pré-morbidos de impulsividade, por meio de uma versao da
escala UPPS Impulsive Behavior scale. As habilidades de inibi¢do de respostas motoras
e resisténcia a interferéncia proativa, medidas pelos testes Stop Signal Task e Recent
Negative Task, foram comparadas as de controles (n=27). Os pacientes com TCE
demonstraram pior resisténcia a interferéncia e pior controle inibitdrio motor, sendo que
este desempenho esteve associado ao fator Urgéncia (aspecto da impulsividade

relacionado a agir de forma precipitada quando aflito) da escala UPPS.

Rebetez et al (Rebetez et al., 2015) relataram que individuos vitimas de TCE grave (n=60)
exibiram aumento da impulsividade pos-lesdo, observado por altos escores em urgéncia
e (falta de) perseveranca (habilidade de se manter focado em uma tarefa tediosa ou
dificil). De forma similar ao estudo de Rochat et al (Rochat et al., 2013), os pacientes
foram avaliados de forma retrospectiva e atual por familiares por meio da escala UPPS.
O fator (falta de) perseveranca esteve correlacionado de forma negativa ao desfecho
funcional, ou seja, quanto maior este fator de impulsividade, pior o desfecho funcional
do paciente, avaliado pela Glasgow Outcome Scale Extended (compara o nivel de

funcionamento atual ao nivel pré-morbido).

Em um dos poucos estudos com pacientes com TCE realizados no Brasil, Fonseca et al
(Fonseca, 2012) investigaram o desempenho de pacientes com TCE leve a grave (n=16)
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em comparacao ao de controles saudaveis (n=16) em tarefas de funcdes executivas. Para
avaliar o funcionamento executivo “frio”*(Rubia, 2011), como medida de controle
inibitorio, foi utilizado o teste de Hayling, e para avaliar o funcionamento executivo
“quente”*(Rubia, 2011), como medida de tomada de decisdo, foi utilizado o lowa
Gambling Task (IGT). Em relacdao a tomada de decisdo, ndo houve diferenga significativa
entre os grupos no teste IGT, embora pacientes com TCE tenham apresentado
significativamente maior preferéncia por uma pilha de baralho mais desvantajosa. No
teste de Hayling, pacientes com TCE apresentaram diferenca significativa no indice que

reflete pior controle inibitorio (tempo parte B menos tempo parte A).

A impulsividade em pacientes com TCE tem sido associada a alteragdes neurofuncionais.
Knutson et al (Knutson et al., 2015) realizaram um estudo em veteranos de guerra com
TCE penetrante (n=177) e utilizaram o método voxel-based lesion-symptom mapping
(VLSM) para identificar areas com lesao em comum. A impulsividade foi avaliada por
meio da escala de desinibicdo comportamental do Inventario Neuropsiquiatrico (NPI). A
maioria das lesdes dos pacientes foi causada por fragmentos de baixa velocidade, como
fragmentos de misseis ou armas de fogo. Foi observado que lesdes nas regides frontal e
lobos temporais, insula e giro reto estiveram associadas a maior desinibi¢ao

comportamental no NPI.

Em outro estudo (McDonald et al., 2017) que também avaliou veteranos de guerra que
foram vitimas de TCE penetrante (n=131), a investigacao de impulsividade foi associada

a métodos de neuroimagem. Os pacientes apresentaram, em média, perda de 3,05% do

3 Denomina-se fungdes executivas frias as habilidades que sdo mediadas por regides do cortex pré-frontal,
parietal e do lobo temporal e suas conexdes com regides do talamo, nucleos da base e cerebelo. Fazem parte
dessas habilidades frias o controle inibitorio, a atengdo, a flexibilidade cognitiva, a memoria de trabalho e
a estimagao temporal.

4 Sdo habilidades executivas quentes aquelas relacionadas a regulagdo emocional e motivacional, que sio
mediadas por regides cerebrais do cortex orbitofrontal lateral e cortex ventromedial, incluindo regides
limbicas como cingulo anterior, amigdala, insula, hipocampo, hipotdlamo e estriado ventral.
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volume cerebral total estimado (desvio-padrao de 3,78). Devido ao fato de que muitos
dos participantes possuiam fragmentos metalicos intracranianos ou clipes cirurgicos, o
que impossibilitava o uso de ressonancia, a obtencao das neuroimagens foi realizada por
meio de tomografia computadorizada. As imagens também foram analisadas por meio do
método VLSM, do qual foram identificadas areas com lesdo em comum (de ao menos
quatro pacientes) ao longo da amostra e este dado foi comparado aos escores
comportamentais. Observou-se neste estudo que a impulsividade, medida pela Escala de
Impulsividade de Barratt — BIS-11, esteve associada a lesdes em dreas corticais pré-
frontais bilateralmente, giros temporal superior, médio e inferior esquerdo e hipocampo
esquerdo. Lesdes em regides do cortex pré-frontal esquerdo se associaram a

impulsividade motora, que corresponde a “agir sem pensar” (McDonald et al., 2017).

Ao avaliar a tomada de decisdo em individuos com TCE fechado de todas as gravidades
sem lesoes focais significativas (n=42) em comparag¢ao a controles (n=18), Newcombe et
al (Newcombe et al., 2011) utilizaram o Cambridge Gambling Task (CGT) e a técnica
Difusion Tensor Imaging (DTI) obtida por meio de ressonancia magnética. Foi observado
que pacientes com TCE tiveram padrao de aposta impulsivo em comparagao a controles,
sendo que o indice de impulsividade do CGT aumentado esteve associado ao aumento do
coeficiente de difusdo nas regides do cortex orbitofrontal, insula e nucleo caudado

bilateralmente, indicando perda de integridade nessas regioes.

Em outro estudo conduzido com veteranos que sofreram TCE fechado (n=15) e controles
(n=17), Yurgelun-Todd et al (Yurgelun-Todd et al., 2011) investigaram a relacdo entre
integridade de substancia branca, medida por meio da DTI, impulsividade, medida pela
Barratt Impulsiveness Scale (BIS), e ideagdao suicida passada e atual, avaliada pela
Columbia Suicide Severity Rating Scale. Pacientes foram significativamente mais

impulsivos que controles na BIS total e na BIS subescala de impulsividade atencional.
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Alteragdes na DTI foram observadas em regides do cingulo a esquerda e joelho do corpo
caloso bilateral, quando pacientes foram comparados a controles. As alteracdes na regiao
do cingulo bilateral e joelho do corpo caloso a direita estiveram correlacionadas com as
medidas de impulsividade (BIS total e BIS impulsividade atencional). Observou-se que
as medidas de impulsividade (BIS total, BIS impulsividade atencional, BIS impulsividade
por nao-planejamento e BIS impulsividade motora) também estiveram associadas a

presenca de ideagdo suicida atual.

Usando métodos ainda mais sofisticados de neuroimagem, Bonnelle et al (Bonnelle et al.,
2012) avaliaram um grupo de 57 pacientes com TCE e queixas cognitivas em comparagao
a um grupo de 25 controles. Foi utilizada a tarefa Stop Signal Task (SST) junto a medidas
de ressonancia magnética funcional e DTI. Pacientes com TCE apresentaram pior
acuracia na SST e significativamente maior tempo de reagao (Stop Signal Reaction Time
- SSRT), que reflete pior eficiéncia do processo inibitorio. Durante as tentativas de
inibicao da tarefa (Stop trials), quando comparados a controles, pacientes apresentaram
menor desativagdo nas regides do pré-cineus e cortex cingulado posterior, cortex pré-
frontal ventromedial e hipocampo esquerdo, regides que fazem parte do Default Mode
Network - DMN (rede relacionada a funcionamento cognitivo mais automatico, com a
atencao direcionada internamente, ex: pensamentos). Pacientes que ndo apresentaram
desativagdo na regido do pré-cuneus/ coértex cingulado posterior apresentaram
significativamente maior SSRT quando comparados a pacientes que tiveram desativagao
e controles, indicando pior controle inibitério. Quanto a andlise de integridade da
substancia branca, medida pela anisotropia fracional (FA) da DTI, pacientes com TCE
apresentaram significativamente menores valores de FA (indicando pior integridade da
substancia branca) em conexodes entre as regioes da area motora suplementar/ cingulo

dorsal anterior e insula anterior direita e esquerda (que fazem parte da Salience Network,
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uma rede que estaria relacionada a sinalizagdo da necessidade de mudanga
comportamental, associada a detec¢do de estimulos externos, e atuaria regulando a
atividade de outras redes neurais de forma dinamica), além do trato do giro do cingulo
direito que liga as regides do cortex pré-frontal ventromedial a regido do pré-
cuneus/cortex cingulado posterior. Uma andlise de regressao logistica identificou o trato
que conecta as regides da insula anterior direita a area pré-motora suplementar como a
estrutura que conseguiu melhor predizer o funcionamento do DMN, alcangando uma
acuracia de 78,3% em discriminar os dois grupos de pacientes. Além disso, os valores de
FA desse trato estiveram significativamente correlacionados de forma negativa com o
grau de ativacao das regides do pré-cuineus/ cortex cingulado posterior em Stop trials,
além de também apresentar correlacdo negativa com a medida SSRT. Assim, os autores
(Bonnelle et al., 2012) observaram que a alteracao estrutural de conexdes da SN esteve
relacionada a falha na desativagdo da DMN, o que poderia explicar o comprometimento

de controle inibitério em pacientes com TCE.

Em estudo recente, Shen (Shen et al., 2020) investigaram o funcionamento executivo de
individuos com TCE leve em comparacao a controles saudaveis por meio da tarefa SST,
CPT-II e teste de trilhas. Apesar de nao apresentarem diferengas em relagdo a controles
nas tarefas de trilhas, CPT-II e em acertos e erros na tarefa SST, pacientes com TCE leve
exibiram significativamente maior tempo de reacao (SSRT) em Stop trials. Foi observado
também que controles apresentaram diferenga na amplitude do componente P3 do
potencial de acdo evocado em situagdes de sucesso na inibi¢do x falha na inibi¢do na
tarefa SST, algo ndo observado em pacientes com TCE leve, indicando diferencas

neurofisiologicas entre os grupos relacionadas a inibigao.

Desta forma, verificamos que alteragdes relacionadas a impulsividade parecem estar

associadas a alteragdes cognitivas, comportamentais € neurofuncionais, apontando para a
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necessidade de estudo dessas varidveis em conjunto na investigagao da impulsividade no
TCE leve. Observa-se que poucos estudos utilizam diversos parametros em conjunto
como medidas cognitivas, comportamentais e escalas de personalidade para investigar a
impulsividade no TCE. Nao foram encontrados estudos longitudinais que apresentem
dados pré-morbidos em relagdo a impulsividade, e, em sua maioria, os desenhos dos

estudos também nao permitem inferir causalidade em relacao a impulsividade no TCE.

Outros impactos do TCE

Além dos diversos impactos ja mencionados, pode-se identificar uma abrangéncia ainda
maior de impactos negativos no TCE leve. Pacientes que sofreram TCE apresentaram
maior risco para desemprego um ano pos-trauma, conforme observado por Doctor et
al(Doctor et al., 2005). Fizeram parte do estudo 418 participantes que estavam
empregados quando sofreram TCE (de todas as gravidades), sendo acompanhados
prospectivamente até um ano apos o TCE (n=374). Observou-se que dentre os pacientes
com TCE grave (n=87), cerca de 62% estavam desempregados um ano pods lesdo, dentre
os pacientes com TCE moderado (n=84), 46%, e dentre os pacientes com TCE leve
(N=228), 30% estavam desempregados. Outro estudo (Theadom et al., 2017)
acompanhou prospectivamente 245 pacientes com TCE leve, participantes do estudo
longitudinal BIONIC study, que estavam empregados quando sofreram o TCE.
Identificou-se que, quatro anos apds TCE leve (n=110), cerca de 17% dos pacientes se
aposentaram ou precisaram reduzir sua carga horaria de trabalho apds o TCE. Em um
estudo realizado por Chu et al (Chu et al., 2017), observou-se que mais da metade dos
pacientes com TCE leve nao conseguiram retornar ao trabalho em duas semanas p6s TCE

e 26% ndo conseguiram retornar ao trabalho em um més pds TCE. Os impactos do TCE
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leve podem permanecer por mais tempo e serem ainda mais abrangentes. Graff et al (Graff
etal., 2019) realizaram um estudo de base populacional na Dinamarca, que incluiu 19.732
pacientes adultos (18 a 60 anos) com TCE leve que foram acompanhados até cinco anos
pos TCE. Estes pacientes foram comparados a controles (n=18.840) pareados por sexo,
idade e municipalidade. Cinco anos p6és TCE, encontrou-se uma prevaléncia de
desemprego de 43% no grupo com TCE leve, com significativamente maior chance de
desemprego em relagdo a controles (OR=1,54). A chance de desemprego de pacientes
com TCE leve em relagdo a controles aumentou ao longo do seguimento do estudo (inicio
do estudo — OR=1,01; 6 meses — OR=1,30; 12 meses — OR=1,35). Pacientes com TCE
leve cinco anos pos-lesdo apresentaram também maior chance de mortalidade em

comparacao a controles (OR=2,62)(Graff et al., 2019).

Observa-se, entao, que o TCE leve apresenta diversos impactos que abrangem nado so
aspectos cognitivos, comportamentais € emocionais, mas também sociais e financeiros.
Esses dados refor¢gam a importdncia de estudos com essa populacdo que possam
contribuir para uma melhor compreensdo dos fatores relacionados aos desfechos

negativos no TCE leve.
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3 — Justificativa

O TCE leve ¢ uma condicao bastante frequente na populacdo mundial, com estimativas
de possivel aumento devido a situagdes como acidentes de trafego, violéncia interpessoal
e esportes (Maas et al., 2017). Dada a alta prevaléncia do TCE leve, sua associagdo com
transtornos psiquiatricos que comprometem a funcionalidade e a qualidade de vida dos
individuos (van der Vlegel et al., 2021; Zahniser et al., 2019), incluindo o impacto do
TCE leve no retorno ao trabalho e empregabilidade (Chu et al, 2017; Grafet al. 2019; van
der Vlegel et al., 2021) e evidéncias de associagdo com quadros neurodegenerativos como
a Encefalopatia traumatica cronica e a doenga de Alzheimer (Iacono et al., 2021; Snowden
et al., 2020; Verboon et al., 2021) torna-se urgente compreender melhor essa condi¢do e

suas consequéncias para investigar possiveis intervencdes futuras.

Em relagdo a investigacdo da impulsividade, os estudos encontrados na literatura que
investigam a populacdo com TCE leve sdo em sua maioria de abordagem transversal, com
populacdo veterana de guerra e com comorbidades psiquiatricas, como sintomas do
transtorno de estresse pds-traumatico (Bjork et al., 2017; Depue et al., 2014; James et al.,
2014; Matthews et al., 2011; Shu et al., 2014; Travis Seidl et al., 2015). Poucos estudos
(Burg et al., 1995; Chen et al., 2012; Shen et al., 2020; Stafford et al., 2020; Xu et al.,
2017) investigam aspectos de impulsividade em pacientes com TCE leve ndo-militar,
usando medidas cognitivas e comportamentais (testes neuropsicologicos). Até a presente
data, ndo foram identificados estudos que utilizem medidas neuropsicologicas e escalas
de autorrelato de forma conjunta para investigar a impulsividade em pacientes com TCE

leve na populagdo geral.

Por ter sido considerada uma condi¢do com alteragdes minimas e de recuperagao rapida

(Rohling et al., 2011), os impactos a médio e longo prazo do TCE leve foram
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subestimados por muito tempo, tornando-se foco de estudo apenas recentemente, com a
observagao de populacdes militares e atletas altamente expostos a esta condi¢do (Barr,
2014). Em um estudo prospectivo realizado com 831 pacientes com TCE leve (Seabury
et al., 2018), foi observado que menos da metade dos pacientes (41%) receberam algum
material educativo sobre o TCE leve ao receberem alta hospitalar ¢ menos da metade
(44%) teve algum tipo de retorno médico em até trés meses pos TCE. Do total da amostra,
279 (34%) dos pacientes relataram trés ou mais sintomas pos-concussivos moderados ou
graves em trés meses pos TCE. Apesar da presenca dos sintomas, somente 52% (n=145)
destes pacientes tiveram algum retorno médico (Seabury et al., 2018). Este dado reflete a

falta de acompanhamento e assisténcia ao paciente com TCE leve pos estagio agudo.

Este estudo permitira a identificagao de fatores neuropsicologicos, neuropsiquiatricos e
marcadores associados ao TCE leve de forma a compreender seus possiveis impactos € a
estimular o estudo de intervengdes que sejam mais especificas e eficazes, potencialmente

reduzindo o impacto cognitivo-comportamental do TCE na vida do paciente.

Hipotese

Neste estudo espera-se que pacientes com TCE leve, em comparagdo a controles,
apresentem alteracdes cognitivas em relacdo ao funcionamento executivo, além de
exibirem maiores niveis de impulsividade e relato de pior funcionamento cognitivo no
dia a dia nas escalas de autorrelato, em at¢ um més apds o TCE. Espera-se, de maneira
exploratoria, encontrar marcadores inflamatorios ou de lesdo que apresentem associagao

com a impulsividade.
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4 — Objetivo geral
Investigar alteragdes cognitivas e presenga de impulsividade cognitiva, comportamental
e de trago de personalidade, em pacientes vitimas de TCE leve em comparagao a controles

por meio de medidas neuropsicoldgicas, comportamentais e escalas de autorrelato.

4.1 — Objetivos Especificos

e Investigar a ocorréncia de déficits cognitivos em pacientes com TCE leve em

estagio agudo (até 24h pds-trauma), em comparagao a controles saudaveis.

e Investigar na literatura, por meio de revisdo sistemadtica, se pacientes com TCE
sdao mais impulsivos que controles em medidas cognitivas, comportamentais e de

autorrelato.

e Investigar niveis de impulsividade avaliados pela escala BIS-11 e de déficits de

controle inibitorio em vitimas de TCE leve em comparacdo a controles saudaveis.

e Investigar se hd um comprometimento especifico de controle inibitério ou um

déficit global de funcionamento executivo nos pacientes com TCE leve.

e Investigar de forma exploratdria possiveis marcadores séricos de inflamagao, de

lesdo neuronal, glial e vascular e potencial associagdo com a impulsividade.
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5 — Métodos

5.1 — Participantes e critérios

5.1.1 — Participantes e critérios de inclusio e exclusiao do estudo 1

Participantes com TCE leve (n=53) foram avaliados no pronto atendimento da neurologia
do Hospital Joao XXIII. As coletas foram realizadas durante trinta dias consecutivos, em
dois periodos ao dia, ao meio dia e as dezoito horas. Todos os casos de TCE identificados
na sala do pronto atendimento foram registrados e apenas os pacientes com TCE leve que
concordaram em participar do estudo por meio da assinatura do Termo de Consentimento
Livre e Esclarecido (TCLE) foram incluidos. Foram incluidos pacientes com a pontuagdo
de treze a quinze na escala de coma de Glasgow a admissdo hospitalar, com idade de
dezoito a 65 anos, que sofreram TCE ha menos de 24 horas. Foram excluidos pacientes
com histérico de epilepsia, neurocirurgia, deméncia, fratura de cranio, lesdo penetrante
ou achados de alteragdes intracranianas no exame de tomografia computadorizada do

cranio realizada no pronto atendimento.

O grupo controle foi composto por 28 participantes saudaveis recrutados na comunidade,
que concordaram em participar do estudo por meio da assinatura do TCLE. Foram
incluidos participantes de dezoito a 65 anos de idade, sem historico de TCE. Os critérios
de exclusdo adotados para o grupo controle incluiam também historico de neurocirurgia,
doengas neurodegenerativas, acidente vascular enceféalico, epilepsia e outras doengas

neurologicas, declinio cognitivo.
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5.1.2 — Participantes e critérios de inclusio e exclusiao do estudo 3

Para compor o grupo clinico, participaram do estudo 21 individuos inicialmente
admitidos no Hospital Joao XXIII (HJ-XXIII) com diagndstico de TCE leve (pontuagao
na escala de Glasgow de 13-15 a admiss@o) sem lesdes aparentes em exame de tomografia
computadorizada de cranio, com idade igual ou maior que 18 anos e com até 59 anos,
com até 24 horas pds-trauma, que concordaram em participar voluntariamente mediante
a assinatura do termo de consentimento livre e esclarecido (TCLE). A avaliagdo foi

realizada em até um més pos TCE (média de 13,5 dias, desvio-padrao de 6,6 dias).

Foram critérios de exclusdo: apresentar lesdo penetrante, fratura de cranio, ter diagndstico
de epilepsia, histérico prévio de TCE moderado ou grave, neurocirurgia, neoplasia,
deméncia, doenca neurodegenerativa, doencgas autoimunes, gravidez, uso cronico de

alcool e substancias ilicitas, pertencer a populagdo carceraria ou de rua.

Para compor o grupo controle, foram incluidos no estudo participantes da comunidade,
com idade de 18 a 59 anos, sem histérico de TCE moderado ou grave, que ndo tenham
sofrido TCE leve nos ultimos 5 anos. Os participantes do grupo controle (n=19) seguiram

os mesmos critérios de exclusdo adotados para o grupo clinico.

5.2 — Aspectos éticos

Este projeto apresenta aprovacdo no COEP-UFMG e na Comissao de ética da FHEMIG,

sob o numero de protocolo CAAE: 49623015.0.0000.5149.
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5.3 — Financiamento

O projeto de pesquisa apresenta financiamento internacional adquirido pelo 2016
NARSAD Young Investigator Grant from the Brain and Behavior Research Foundation,

NY, USA, nimero 25414.

5.4 — Desenho do estudo

5.4.1 — Estudo 1

O estudo 1 (relatado no artigo) consistiu em investigacdo transversal do funcionamento
cognitivo de pacientes com TCE leve em até 24 horas apos o trauma. Cinquenta e trés
pacientes com TCE leve, com idade de dezenove a 64 anos foram avaliados no leito
hospitalar da sala de neurologia do pronto atendimento do Hospital Joao XXIII, que ¢ um
centro de referéncia em trauma no estado de Minas Gerais. A avaliagdo foi composta por

testes cognitivos de avaliacdo breve que estdo descritos na se¢ao 5.5.1.

Para compor o grupo controle, 28 participantes saudaveis (de 18 a 65 anos), sem historico
de TCE, recrutados na comunidade foram avaliados com os mesmos testes que os

pacientes.
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5.4.2 — Estudo 3

O estudo 3 consistiu em investigagdo transversal, no periodo de um més pds-trauma, dos
parametros clinicos, neuropsicologicos e de marcadores séricos em outra amostra de

pacientes com TCE leve (n=21), diferente da avaliada no estudo 1.

A inclusdo no estudo e a coleta de dados sociodemograficos ocorreu no pronto
atendimento do HIJ-XXIII, em até 24 horas pos TCE. A avaliagdo cognitivo-
comportamental no periodo de at¢ um més pdés TCE foi realizada no ambulatorio do
proprio HJ-XXIII e no Laboratorio Interdisciplinar de Investigacdes Médicas (LI1IM) da
Faculdade de Medicina da UFMG, mediante agendamento. A coleta de todos os
participantes foi composta por bateria de avaliagdo neuropsicologica, escalas de
funcionamento cognitivo, de impulsividade, de ansiedade e de depressdo, e coleta de

sangue periférico para analise de marcadores.

5.5 — Instrumentos

5.5.1 — Avalicao de até 24 horas (estudo 1)

A avaliagcdo neuropsicologica breve, realizada no pronto atendimento do Hospital Joao

XXIII, foi composta pelos seguintes instrumentos:

1. Mini-exame do estado mental - MEEM (Brucki et al., 2003; Folstein et al., 1975):
Este teste avalia o status cognitivo geral do paciente. Apresenta tarefas que

avaliam a orientacao temporal e espacial, memoria, atencao, nomeacao de objetos,
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5.5.2 -

capacidade de obedecer a ordens verbais e escritas, além de realizagdo de copia

de desenho e escrita de frase.

Bateria de Avaliacao Frontal — BAF (Beato et al., 2007; Dubois et al., 2000): Essa
bateria breve foi desenvolvida para avaliar o funcionamento executivo. E
composta por seis tarefas que avaliam a capacidade de conceituagao e o raciocinio
abstrato; flexibilidade mental, programag¢ao motora, sensibilidade a interferéncia,

controle inibitorio e autonomia ambiental.

Teste de Span de digitos (Figueiredo, 2007): Este teste ¢ composto por duas
tarefas nas quais o sujeito deve repetir uma sequéncia de numeros na ordem direta
(tarefa 1) e na ordem inversa (tarefa 2). Avalia a capacidade de atengao e de

memoria de trabalho.

Teste de memoria visual (Nitrini et al., 1994): Este teste avalia a percepcao visual
e nomeacdo de 10 figuras de objetos comuns, memoria (memoria incidental,
memoria imediata, aprendizado e memoria tardia — 5 minutos), além de tarefa de

reconhecimento dessas 10 figuras dentre 20 figuras distratoras.

Avaliacao de até 30 dias (estudo 3)

A avaliagdo realizada até 30 dias pds TCE, foi composta pelos seguintes instrumentos:

1.

Escala Wechsler abreviada de inteligéncia — WASI (Wechsler, 2014): Esta
bateria ¢ um instrumento breve de avaliagdo da inteligéncia, que permite estimar
o Quociente Intelectual (QI) total, QI de execugdo e QI verbal. E composta por

quatro subtestes (vocabuldrio, cubos, semelhangas e raciocinio matricial).
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Apenas os subtestes vocabulario e raciocinio matricial foram aplicados, servindo

de referéncia para a estimag¢ao do QI dos pacientes com TCE leve.

Psychology Experimental Building Language Continuous Performance Test —
PEBL CPT (Piper et al., 2016): Nesta tarefa, sao apresentadas letras na tela do
computador que aparecem em tempos variaveis e independentemente da forma
de resposta do individuo. E solicitado ao individuo que responda o mais
rapidamente possivel, exceto quando a letra ‘x” aparecer na tela, o que requer a
inibicdo da resposta. Este apresenta a duracdo de 14 minutos e permite a
avaliacdo da capacidade de atencdo sustentada (erros por omissao — nao
responder a estimulos-alvo) e controle inibitdrio (erros por comissao — respostas

aos estimulos ‘x’).

Teste de memoria logica (Nitrini, 2008): Nessa versao do teste, ¢ lida uma breve
estoria para o individuo. Apos a leitura, ¢ solicitado que ele fale tudo o que se
lembrar da estoria, imediatamente apds a leitura (memoria imediata), e
novamente 30 minutos mais tarde (memoria tardia). Posteriormente, sdo
realizadas 16 perguntas a respeito da estoria e € solicitado ao individuo que

responda se a afirmativa ¢ verdadeira ou nao (reconhecimento).

Figura Complexa de Rey (Oliveira, 2017): Este teste avalia a capacidade de
planejamento, organizagdo visuoespacial ¢ memoéria episodica. E solicitado ao
individuo realizar a copia de uma figura complexa e posteriormente ¢ solicitada
a evocacao livre desta figura. Neste estudo foi utilizada a figura A e foi solicitado
ao participante evocar a figura logo apos a copia (memoria imediata) e apos 30

minutos (memoria tardia).

Fluéncia verbal (de Paula et al., 2015): Nesta tarefa ¢ solicitado ao individuo

falar o maximo de palavras que conseguir se lembrar durante 60 segundos. De
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acordo com a tarefa, o paciente deve falar palavras que pertencam a determinada
categoria (fluéncia semantica — ex: frutas) ou que iniciam com determinada letra
(fluéncia fonémica - ex: letra F). Foram realizadas as fluéncias fonémicas das
letras F, A e S, e as fluéncias semanticas de frutas, animais e fluéncia alternada

(animais e frutas).

Teste de Hayling (Siqueira, 2010; Zimmermann et al., 2017): Este teste requer
que o individuo complete frases com uma palavra, sendo composto por duas
etapas: 1) parte A o individuo deve completar a frase com uma palavra que
combine semanticamente com a frase; 2) parte B — o individuo completa a frase
com uma palavra que nao tenha relagdo semantica com a frase. Neste teste ¢

avaliada a capacidade de controle inibitorio de forma verbal.

Tarefa de cubos de Corsi (Kessels et al., 2008; Kessels et al., 2000): Esta tarefa
avalia a capacidade de memoria de curto-prazo (ordem direta) € memoria de
trabalho (ordem inversa) visuoespacial, sendo considerada uma tarefa analoga a
tarefa de span de Digitos. A tarefa consiste na apresentacdo de um tablado
contendo 9 cubos dispostos em posi¢coes randomicas, que contém numeros
visiveis apenas para o examinador. O examinador toca em uma sequéncia de
cubos e solicita ao participante que toque na mesma sequéncia (ordem direta) ou

na sequéncia contraria (ordem inversa).

Teste dos cinco digitos — FDT (Sedd, 2015): Este teste avalia a velocidade de
processamento, as fungdes executivas (controle inibitorio e flexibilidade
cognitiva) e o funcionamento atencional (processos atencionais automaticos e
controlados). E constituido por digitos de 1 a 5 dispostos espacialmente,

apresentados em posi¢ao candnica, que podem estar organizados de forma
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10.

congruente (dois nimeros 2, trés nimeros 3, cinco nimeros 5) ou incongruente

(dois nimeros 3, cinco numeros 1, um nimero 4).

Escala de impulsividade de Barratt — BIS-11 (Malloy-Diniz, 2010; Patton et al.,
1995): Essa escala ¢ uma medida de autorrelato que avalia a impulsividade sendo
composta por trés fatores, de acordo com Patton (1995): impulsividade
atencional (inabilidade em prestar atengdo ou concentrar em alguma tarefa),
impulsividade motora (agir sem pensar, de forma prepotente) e impulsividade
por ndo planejamento (foco no presente, falta de planejamento futuro). E
composta por 30 itens que recebem pontuagdo de 1 a 4 de acordo com a
frequéncia do comportamento, sendo 1- raramente ou nunca e 4- quase sempre
ou sempre. Em estudo de validacio da escala no Brasil, Vasconcelos
(Vasconcelos, 2015) nao encontrou os 3 fatores originalmente propostos,
contudo identificou que a BIS-11 estaria medindo 2 fatores: a) fator de
impulsividade por ndo planejamento — dificuldade em postergar gratificagdes e
em fazer escolhas com anélise cuidadosa de possiveis consequéncias; e b) fator
de controle inibitorio — habilidade em inibir respostas prepotentes, automaticas
ou respostas em curso que sejam ineficientes. Também inclui habilidade em

inibir respostas concorrentes, denominada de controle de interferéncia.

Questionario de Falhas Cognitivas — QFC (Broadbent et al., 1982; de Paula et
al., 2018): Este questionario composto por 25 questoes avalia a frequéncia da
ocorréncia de erros no dia a dia relacionada a processos cognitivos como atengao,
percepcao, memoria e linguagem. Os escores variam de 0 a 100, com maiores

escores refletindo pior funcionamento cognitivo.
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5.6 — Coleta e analise dos marcadores no sangue

O sangue periférico dos participantes foi coletado logo apds as avaliagdes descritas no
item 5.4.2 (Estudo 3), por punc¢do venal com tubos a vacuo, no periodo de até¢ 30 dias
ap6s o TCE. O processamento do sangue para obten¢do de soro ocorreu em até 3 horas
pos coleta, no qual os tubos foram centrifugados por 10 minutos, a 4° C, com 3.000
rotagdes por minuto. As aliquotas de soro foram armazenadas a -80° C até o momento da
analise. Os marcadores Copeptina e do sistema renina-angiotensina (Angiotensina I,
angiotensina, II, Enzima conversora de angiotensina e enzima conversora de angiotensina
2) foram dosados por meio do método Elisa (MyBioSource, CA, USA), enquanto os
marcadores descritos a seguir foram quantificados por meio de Luminex LUMINEX, TX,
USA; R&D Systems, Minneapolis, MN, USA): epidermal growth factor (EGF),
fibroblast growth factor 2 (FGF-2), Eotaxin, transforming growth factor alpha (TGF-
alpha), granulocyte colony-stimulating factor (GCSF), granulocyte-macrophage colony-
stimulating factor (GM-CSF), interferon alpha 2 (IFN-alpha2), interferon gamma (IFN-
gamma), growth-related oncogene (GRO), Interleucina-10 (IL-10), monocyte
chemotactic protein 3 (MCP-3), interleucina-12 p40 (IL-12p40), macrophage-derived
chemokine (MDC), interleucina -12 p70 (IL-12p70), interleucina-13 (IL-13),
interleucina-15 (IL-15), soluble CD40 ligand (sCD40L), interleucina-17 A (IL-17A),
interleucina-1 alpha (IL-1aplha), interleucina-9 (IL-9), interleucina-1 beta (IL-1beta),
interleucina-2 (IL-2), interleucina-3 (IL-3), interleucina-4 (IL-4), interleucina-5 (IL-5),
interleucina-6 (IL-6), interleucina-7 (IL-7), interleucina-8 (IL-8/CXCLS8), IP-10,
monocyte chemotactic protein 1 (MCP-1), macrophage inflammatory protein-1 alpha
(MIP-1alpha), macrophage inflammatory protein-1 beta (MIP-1beta), Fator de necrose

tumoral alfa (TNF-alfa), vascular endothelial growth factor A (VEGF-A), fator
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neurotrofico derivado do cérebro (BDNF), Catepsin D, soluble intercellular adhesion
molecule-1 (SICAM-1), myeloperoxidase (MPO), platelet derived growth factor-AA
(PDGF-AA), RANTES, neural cell adhesion molecule NCAM), platelet derived growth
factor-AB (PDGF-AB/BB), soluble vascular cell adhesion molecule-1 (sVCAM-1),
plasminogen activator inhibitor-1 (PAI-1), matrix metalloproteinase-9 (MMP-9),
Fibroblast Activation Protein, Neuropilin-1, Lipocalin-2/ neutrophil gelatinase-
associated lipocalin (NGAL), vascular endothelial growth factor receptor 2 (VEGF-
R2/KDR), matrix metalloproteinase-1 (MMP-1), macrophage migration inhibitory
factor (MIF), S100 calcium binding protein B (S100-B), tumor necrosis factor
superfamily member 14 (TNFSF14/LIGHT), amyloid precursor protein (APP), receptor
for advanced glycation endproducts (RAGE), Fracktalkine/CX3CL1, Enolase-2/ neuron
specific enolase (NSE), neuregulin-1-beta-1(NRG1-betal), ubiquitin carboxyl-terminal

hydrolase isozyme L1(UCH-L1/ PARK-5).

5.7 - Analise estatistica

A andlise estatistica foi realizada utilizando-se o programa estatistico SPSS 26.0 (SPSS
Inc., Chicago, IL, USA). Os dados sao apresentados de forma descritiva utilizando-se as
medidas de tendéncia central média e desvio padrdo e mediana e percentis. A distribui¢ao
dos dados foi analisada pelo teste Shapiro-Wilk, revelando distribuicao ndo-paramétrica
para a maioria das variaveis. Dessa forma, optou-se pela utilizagao do teste estatistico de
Mann-Whitney U para realizar a comparagdo de dados quantitativos entre grupos. De

forma a comparar o desempenho do grupo com TCE leve nos diferentes tempos (24h e
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até 30 dias), o teste de postos de Wilcoxon foi utilizado. Para comparagdo de dados

categoricos, o teste Qui-quadrado foi utilizado.

Nas analises de correlacao, o teste de Spearman foi utilizado. Nas analises de regressao
linear multipla, os escores totais da BIS-11 e suas subescalas motora (com transformagao
logaritmica) e nao planejamento (corre¢do de 2 fatores) foram identificados como
variaveis dependentes e os biomarcadores (variaveis independentes) foram selecionados
para serem incluidos caso apresentassem correlacio com a variavel dependente do
modelo <0.2. Sexo, idade e grupo (TCE ou controle) foram incluidos nas analises como
variaveis independentes. Adicionalmente, foi adotado o método Backward e o teste de
Anova foi usado como parametro para identificagao da significancia do modelo. O nivel

de significancia para todas as andlises foi estabelecido em p<0,05.

72



6 — Resultados

6.1 — Estudo 1: Artigo “Cognitive impairment following acute mild

traumatic brain injury”
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ABSTRACT

Individuals affected by Traumatic brain injury (TBI) may exhibit many consequences as
cognitive impairment, behavioral changes, and higher levels of impulsivity. However, the
current data is controversial, and it is also unclear whether there is a specific association
with impulsivity and traumatic brain injury (TBI) severity. Our aim was to run a
systematic review to investigate impulsivity in TBI patients across all severities and
identify whether findings differ among measures of impulsivity. Search was conducted
in Pubmed and Biblioteca Virtual de Saude (LILACS, IBECS, Index psicologia,
CUMED) with related terms that combined ‘Traumatic Brain Injury and Impulsivity/
Inhibitory control’. The Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement was followed. Original articles in English or Portuguese,
that investigated human TBI adult population with standardized instruments for
impulsivity measurement were included. Articles that did not provide results for the
instruments were not included. A total of 250 articles were initially found. After applying
the inclusion/exclusion criteria, the final sample was composed by 39 articles. Of them,
thirty-two studies presented measures of impulsivity in TBI patients as their main
outcome. A total of 24 studies (61.5%) included control groups. In 66.6%, TBI patients
were more impulsive than controls at cognitive, behavioral, and self-report measures.
Only 33.3% of the studies found no difference between TBI patients and controls. The
most employed measures were the Stroop task (n=7), the Stop signal task (n=7) and the
Barratt Impulsiveness Scale (n=10). The studies included herein provide some evidence
of impulsivity on mild, moderate to severe and TBI as a group (with different severities).
However, findings are not conclusive for association of specific impulsive measurement
(impulsive action, impulsive choice, and trait impulsivity) to different TBI severities.
More studies are needed to identify the specificity of impulsivity dimensions association

to TBI severities.

Key-words: Traumatic brain injury; impulsivity; inhibitory control; response inhibition;

systematic review.
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Introduction

Traumatic brain injury (TBI) is a highly prevalent condition worldwide, affecting
individuals of all ages and socioeconomic status, and representing a significant economic
burden. It is the leading cause of injury-related death and disability and is growing in low-
and medium-income countries, mainly due to traffic accidents (Maas et al., 2017). It is
relevant to identify consequences that can represent an impact on patients’ and relatives’

lives, such as cognitive deficits and behavioral changes.

It is reported that individuals with TBI may commonly exhibit behavioral changes, like
impulsivity (Bjork et al., 2016; McAllister, 2008; Ozga et al., 2018; Rebetez et al., 2015)
. Impulsivity is a multidimensional concept, and one broad definition involves acting
without considering future negative consequences for himself or others (Moeller et al.,
2001). The study of impulsivity herein comprises two main areas: personality theories
from Psychology and Neuropsychology. From the personality theory field (Psychology),
impulsivity is considered as a personality trait, found across different personality factors
from The Big Five theory of personality, such as openness and neuroticism (Whiteside,
2001). It is usually investigated by self-report measures that reflects individual’s
behavioral tendency in long-term (MacKillop et al., 2016; Moeller et al., 2001; Reynolds,
2006). Examples of the most used self-report measures of impulsivity are The Barratt
Impulsiveness Scale (BIS-11) (Patton et al., 1995; Stanford, 2009) and The Urgency,
(lack of) Premeditation, (lack of) Perseverance and Sensation seeking impulsivity scale

(UPPS) (Whiteside, 2001).

In the Neuropsychology field, impulsivity is considered as an outcome of executive
functioning impairment that is investigated by employing cognitive and behavioral
measures, also called performance measures or laboratory task-measures (Bari &
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Robbins, 2013; Moeller et al., 2001). Cognitive measures are those that include
interference control, cognitive inhibition, which requires the individual to inhibit
thoughts, memory contents and perception, such as it is required in tasks based on the
Stroop paradigm. Behavioral measures are those that require an inhibition of an action,
such as stopping a motor response that has already been initiated, inhibiting prepotent
responses or deferring gratification, as required in Stop-signal tasks, go/no-go tasks and
in delay gratification tasks, respectively (Bari & Robbins, 2013). Different categories
were proposed for organizing the wide range of impulsivity measures (Cyders, 2012;
Dalley et al., 2011; Dalley & Robbins, 2017; MacKillop et al., 2016; Moeller et al., 2001;
Reynolds, 2006), which reflect a lack of consensus in the literature. However, as proposed
by MacKillop et al (MacKillop et al., 2016) impulsivity measures seem to load on three
different factors, that also seems to integrate most proposals: 1) Impulsive action or rapid-
response impulsivity or stopping impulsivity; 2) Impulsive choice or waiting impulsivity
or delay response impulsivity; and 3) Trait impulsivity or impulsive personality traits.
Impulsive action comprises measures of behavioral inhibition, response inhibition, and
herein also cognitive inhibition; Impulsive choice includes delay discounting, delay
reward and risk-taking paradigms, all involving value-based stimulus; Finally, trait
impulsivity refers to self-report measures of impulsive behavior (Dalley & Robbins,

2017; MacKillop et al., 2016; Moeller et al., 2001; Reynolds, 2006)

Impulsivity is associated with many negative consequences such as risky driving behavior
(Aragjo, 2009), compulsive buying on TBI (Rochat et al., 2011) and worse clinical
outcomes on TBI (as measured by Extended Glasgow Outcome Scale - (Rebetez et al.,
2015). It is also associated to various psychiatric disorders (Dalley & Robbins, 2017;

Hollander & Rosen, 2000; Moeller et al., 2001).
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Some studies have investigated impulsivity in TBI population with different measures.
Rochat et al (Rochat et al., 2013) investigated trait impulsivity and found that TBI patients
presented increase in some impulsivity factors measured by the UPPS impulsivity scale,
as urgency, lack of premeditation and lack of perseverance, comparatively to their
premorbid impulsivity levels. A meta-analysis conducted with studies that investigated
inhibition in TBI population found that compared to controls, TBI patients exhibit deficits
on inhibitory control (using behavioral measures), which varied from mild to moderate
effect (d¢=0.3) (Dimoska-Di Marco et al., 2011). Contrary, Chen et al (Chen et al., 2012)
found no differences between mTBI patients and controls on inhibition at the Continuous
Performance Task. Using an impulsive choice paradigm, Newcombe et al, (Newcombe
et al., 2011) found that TBI patients exhibited an impulsive pattern, with preference for
early bets at the Cambridge Gambling task. Therefore, there is a lack of consensus about
impulsivity in TBI. It is not known whether there is a specific association of impulsivity
with TBI severity and whether this association is specific for the different impulsivity

measurcs.

To better comprehend whether patients with TBI are more impulsive through measures
of impulsive action, impulsive choice and trait impulsivity or all aspects, a systematic
review was conducted. This study also aimed to investigate whether there is a specific

association between different aspects of impulsivity and TBI severity.

Methods

A systematic review was performed in Pubmed and the Virtual Library of Health
(“Biblioteca Virtual de Saude”) (LILACS, IBECS, Index psicologia, CUMED) with
related terms that combined ‘Traumatic Brain Injury and Impulsivity/ Inhibitory control’.

The articles were searched in June 24th, 2021. At Pubmed, the specific terms used were:
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("Brain Injuries, Traumatic"[Mesh]) OR "Brain Concussion"[Mesh]) OR "Contrecoup
Injury”[Mesh]) OR "Head Injuries, Closed"[Mesh]) OR "Craniocerebral
Trauma"[Mesh])) OR (("Traumatic Brain Injuries"[Title/Abstract] OR "Brain
Concussion"[Title/Abstract] OR "Contrecoup Injury"[Title/Abstract] OR "Closed Head
Injuries"[Title/Abstract] OR "Craniocerebral Trauma"[Title/Abstract])))) AND
(((("Impulsive Behavior"[Mesh:noexp]) OR "Inhibition (Psychology)"[Mesh:noexp]))
OR (("Impulsive Behavior"[Title/Abstract] OR "impulsivity"[Title/Abstract] OR

"inhibitory control"[Title/Abstract])

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement (Moher et al., 2009) was followed to conduct this review. The articles were
screened by two authors (MGFC and LIM). Original articles in English or Portuguese that
investigated human TBI adult population reporting impulsivity assessment in the abstract
were included. Articles with children/adolescents, non TBI sample, animals, duplicates,
reviews, interventions, and studies that investigated only sports related TBI were
excluded. The exclusion of studies with sports TBI is supported by reports that this
population seem to represent a different pattern of TBI regarding recovery (Karr, 2014;
McCrea et al., 2003). We also excluded studies that did not use structured methods for
impulsivity assessment, such as cognitive and behavioral tasks or self-report scales, or

that did not provide results for the impulsivity measures.

This review is registered in PROSPERO under the number CRD42019125482.

Results
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A total of 250 articles were initially found. After applying inclusion and exclusion criteria,
the final sample was composed of thirty-nine studies. Figure 1 shows the flow diagram.

The studies included are summarized in table 1.

Most studies of this review (61.5%) - 24 out of 39 - included control groups, without TBI,
providing an adequate parameter to compare TBI patients’ performance on impulsivity
measures. Among those 24, it was observed that 8 studies (33.3%) have not found
differences between TBI patients and controls on those measures (Brenner et al., 2015;
Burg et al., 1995; Chen et al., 2012; Fischer et al., 2014; James et al., 2014; Rigon et al.,
2018; Struchen et al., 2008; Travis Seidl et al., 2015). On the other hand, 16 studies out
24 (66.6%) found significant differences between patients and controls (Arcia &
Gualtieri, 1994; Bonnelle et al., 2012; Depue et al., 2014; Dyer et al., 2006; Fonseca,
2012; Lewis et al., 2017; McHugh & Wood, 2008; Newcombe et al., 2011; O'Keeffe et
al., 2007; Rochat et al., 2013; Shen et al., 2020; Stafford et al., 2020; Stewart & Tannock,
1999; Wood & McHugh, 2013; Xu et al., 2017; Yurgelun-Todd et al., 2011), and the
majority of positive findings were observed for measures of impulsive action/ rapid-
response impulsivity (64.7 % - 11/17), where patients presented worse inhibition
performance. Moreover, a total of 32 out 39 studies (82%) used some measure of
impulsivity as their main outcome — investigated trait impulsivity or deficit in inhibitory

control (executive functioning).

TBI of mild severity was investigated in 11 of the 39 studies (28.2%), and five of them
enrolled mTBI from general population (Chen et al., 2012; Shen et al., 2020; Stafford et
al., 2020; Stewart & Tannock, 1999; Xu et al., 2017). Four of those studies found some
evidence of altered inhibitory control (impulsive action) for mTBI patients, while only
Chen et al (Chen et al., 2012) found no difference. The other 6 studies (Bjork et al., 2016,

2017; Depue et al., 2014; James et al., 2014; Shu et al., 2014; Travis Seidl et al., 2015)
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on mTBI included military members with or without comorbid psychiatric symptoms

such as posttraumatic stress disorder (PTSD) symptoms. They will be described below.

On moderate to severe TBI, from 6 studies that included control groups (Arcia &
Gualtieri, 1994; Brenner et al., 2015; Fischer et al., 2014; Rigon et al., 2018; Rochat et
al., 2013; Wood & McHugh, 2013), two of them found evidence of trait impulsivity, and
one of impulsive action. It’s worth mentioning that the only two studies (Rochat et al.,
2013; Wood & McHugh, 2013) that investigated trait impulsivity on moderate to severe
TBI found increased impulsivity in TBI patients. The studies of (Brenner et al., 2015;
Fischer et al., 2014; Rigon et al., 2018) found no differences on impulsive choice,
impulsive action and on report of impulsivity symptoms. From the studies that included
TBI patients from different severities or that did not provide this data (n=10) and that
included control groups (Bonnelle et al., 2012; Burg et al., 1995; Dyer et al., 2006;
Fonseca, 2012; Lewis et al., 2017; McHugh & Wood, 2008; Newcombe et al., 2011;
O'Keeffe et al., 2007; Struchen et al., 2008; Yurgelun-Todd et al., 2011), it was found
that eight of them reported evidence of impulsive action or trait impulsivity on TBI
patients. Only the studies of (Struchen et al., 2008) and (Burg et al., 1995) found no

differences on impulsivity measures.

The instruments most used in all studies included (n=39) in this review were The Stroop
task (N=7; 17.9%), The Stop signal task (N=7; 17.9%) and The Barratt Impulsiveness
Scale (BIS) (N=10; 25.6%). Those main impulsivity measures are described in the

supplementary table 1.

Impulsivity as main outcome

Impulsive action or rapid-response impulsivity - Cognitive measures
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Here were described the studies that investigated impulsivity by employing only
cognitive measures, which require inhibition of cognitive processes such as thoughts and

memories.

Cognitive performance was investigated in participants with reported concussion or not
in the general population (Stafford et al., 2020). Participants (n=19271) were assessed
through 12 cognitive tasks and were asked about life history of concussion, and presence
of anxiety, depression, and problems with concentration. Participants with reported
concussion (n= 3750) only differed from those without history of concussion (n=15511)
on inhibitory control measure (Stroop task), with worse performance. Moreover, those
participants with reported concussion also reported significantly more trouble
concentrating, more anxiety and depression in the last month compared to participants
without concussion history. On regression analysis, the number of concussions
significantly predicted the scores of the inhibitory control task, but not the performance
on other tasks (Stafford et al., 2020). Those findings point to possible executive deficits
and psychiatric symptoms associated with mTBI history. Similarly, football players
(which are exposed to multiple impacts to the head) (n=74), presented impairment on
inhibitory control when compared to controls with no history of concussion (n=36), as

found in the second study conducted in the paper of Stafford et al (Stafford et al., 2020).

Hot (decision making) and cold (inhibition) executive functions were investigated by
Fonseca et al (Fonseca, 2012) in TBI patients and controls. Patients did not differ from
controls on decision making performance (IGT), however, they were significantly slower
than controls at an inhibitory parameter of the Hayling Test, which indicates deficit in

inhibitory control (Fonseca, 2012).

Some studies did not include control groups but used normative data to compare TBI
patients’ performance and associations between impulsivity measures and other cognitive
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functions or with observational data. TBI patients (n=7) and patients with right cerebral
damage (n=7) were investigated to identify the frequency of executive and pragmatic
deficits observed through neuropsychological assessment. TBI patients demonstrated an
overall performance below average on executive tasks (Hayling test and Trail Making
test), with some patients (up to 29%) presenting executive deficit (performance of 1.5 sd
below test’s normative data) in tasks that require inhibition (Zimmermann, 2011).
Moreover, TBI patients tended to present more deficits in pragmatic than RCD patients

and pragmatic was correlated to executive functioning for the hole sample.

In the study conducted by Kochhann et al (Kochhann, 2014), deficits in executive
functioning and episodic memory and its associations and dissociations were investigated
in TBI patients (n=81). It was observed that 33 patients presented deficit (below 1.5
standard deviation below normative data) on Hayling time part B, and 18 of them also
presented deficits on RAVLT learning over trials. Deficit on executive measure was
greater than deficit on episodic memory, which indicates that deficits on executive

functioning may contribute to deficit in episodic memory for those TBI patients.

Pearce et al (Pearce et al., 2016) investigated the relationship between impairment in
inhibitory control and communication deficits associated to poor inhibition in TBI
patients (n=14) by employing The Hayling sentence completion Test and The La Trobe
Communication Questionnaire (LCQ). The Hayling latency B-A was the only significant
predictor for the Inhibitory control Factor of LCQ, accounting for 20% of the variance,
which suggests that the speed of inhibitory process is associated to difficulties in

inhibition affecting communication in TBI patients.

Impulsivity in TBI patients of a rehabilitation clinic was investigated through
neuropsychological tests, scales and behavioral observation (Votruba et al., 2008). The
impulsive behavior (verbal and motor) was recorded during occupational therapy or
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physical therapy sessions. It was found that impulsivity measures dissociated from each
other: behavioral observation of verbal impulsivity was related to impulsivity rating
scales completed by rehabilitation therapists (Impulsivity Rating Scale and Agitated
Behavior Scale) and only behavioral observation of motor impulsivity was related to
performance measures (Go/No-go task, Stop Signal Task, Stroop interference) (Votruba

et al., 2008).

Impulsive action or rapid-response impulsivity — behavioral measures

Behavioral measures of impulsivity are those measures that requires response inhibition.
It includes an inhibition of a motor act, such as withholding a response or stopping one
response that had already started, as observed in go/no-go and stop signal tasks (Bari &

Robbins, 2013).

A study was conducted with mTBI patients (n=18) from general population to investigate
executive control using The Stop Signal Task (SST) and Event-related potential (ERP)
measures (Shen et al., 2020). Their performance was compared to 18 healthy controls and
measures of depression symptoms (Beck Depression inventory — BDI-II), anxiety
symptoms (Beck anxiety Inventory - BAI), and cognitive performance (CPT-II and Trail
making test) was investigated. They found no differences between groups on BDI-II and
BAI and CPT-II. However, a significant difference was observed on SST overall reaction
time and on 250 ms random stimulus onset, with worse performance on mTBI patients.
Moreover, significant group differences emerged on P3 amplitude, which controls
presented greater amplitude on successful inhibition trials compared to failure inhibition
trials and no difference was found for mTBI patients. This may reflect inefficient process

on inhibitory control among those mTBI patients (Shen et al., 2020).
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Using a modified Stop signal task, Stewart (Stewart & Tannock, 1999) investigated
inhibitory control process in participants with reported mild head injury (MHI) and
compared to those that did not. MHI individuals did not differ regarding errors but were

significantly slower than controls on Stop-signal task.

Bonnelle et al (Bonnelle et al., 2012) investigated TBI patients using Stop signal task,
fMRI and Diffusion Tensor Imaging (DTI) to observe whether structural Salience
network disruption could impact on dynamic regulation of other large scale brain
networks such as the Default Mode Network (DMN). TBI patients showed impaired
inhibitory control, which was associated with failure in deactivation of DMN. Moreover,
the abnormal function of DMN was predicted by the amount of damage in Salience
Network connections, which indicates that integrity of large-scale brain networks is

important for adequate coordinated functioning.

TBI patients (n=17 - n=3 moderate TBI and n=14 mild TBI), were investigated in tasks
requiring attention and inhibitory control (the 4-Choice reaction Task - 4CRT - and the
Stroop paradigm) and their performance was compared to 17 healthy controls (Xu et al.,
2017). In conditions where the 4CRT required switching, which involves response
inhibition, mTBI patients presented significantly longer response time compared to
controls. On Stroop task, mTBI patients presented significantly more errors than controls,
with three times more. Those performance differences remained significant even when
patients with only one mTBI (n=12) were analyzed. In addition, it was observed that
mTBI patients presented significantly less activation on fMRI in right putamen, left
thalamus and right cerebellum compared to controls on all-go conditions of the 4CRT. In
go switch conditions, mTBI patients presented significantly more activation of those areas

compared to controls. Moreover, mTBI patients did not show differences on activation of
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fronto-basal-ganglia between go and switch conditions as observed in controls, indicating

a possible difficulty in adequately discriminating the inhibition occasion(Xu et al., 2017).

Most studies that used behavioral measures of impulsive action/rapid-response

impulsivity were based on military population.

Veterans with mTBI and comorbid PTSD showed higher levels of self-reported
impulsivity (BIS) along with significantly more commission errors in Go No-go task
compared to controls (veterans without PTSD or mTBI). Also, mTBI + PTSD patients
presented reduced volume in bilateral anterior amygdala (a brain region associated to
functions such as impulsivity, aggression, and fear conditioning). Comission errors in Go
No-go task were related to decreased volume in left amygdala in a regression analysis

(Depue et al., 2014).

In another study that also investigated veterans with mild TBI with comorbid PTSD, there
was no difference in Stop signal performance between mTBI veterans with PTSD and
mTBI without PTSD. However, there was a significant difference among groups in event
related potentials, where mTBI+PTSD group showed larger N200 amplitude, revealing

different brain activation (Shu et al., 2014).

In a study conducted by Fischer et al (Fischer et al., 2014), blast-exposed military,
military controls, civilian TBI and civilian with orthopedic injuries were submitted to
functional magnetic resonance imaging (fMRI) while performing the Stop signal task to
investigate whether there was a difference in brain activation. Blast-exposed military and
civilian TBI showed hypoactivation during correct inhibition trials in bilateral medial
prefrontal, bilateral precuneus and left inferior parietal regions. However, during
inhibition failures, blast-exposed military presented hyperactivation and civilian TBI

presented hypoactivation related to controls in the left caudate nucleus and left posterior

95



lobe of the cerebellum (Fischer et al., 2014). These data indicate differences from TBI

military population and civilian TBI population.

Veterans with TBI history and PTSD (n=116) were investigated through
neuropsychological tests (Stroop task from D-KEFS) and self-report measure of
impulsivity (BIS-11) to identify whether neuropsychological measures could predict
impulsivity and maladaptive behavior (reported by informants) (Kois et al., 2018). It was
found that worse performance on Trail making task (TMT) letter sequencing, TMT motor
speed, and on Stroop color and Stroop word tasks were correlated to higher scores on
BIS-11. BIS-11 scores were also positively correlated to PTSD scores and to informant
report of maladaptive behavior. A regression analysis found that only TMT letter
sequencing and PTSD scores were significant predictors of BIS-11 scores, which
indicates that impulsivity was best predicted by attention, processing speed and PTSD

symptoms (Kois et al., 2018).

To determine whether increased impulsivity was related to augmented affective
symptomatology in blast-exposed military patients, Bjork et al. (Bjork et al., 2017) used
Continuous Performance Task (CPT-II) and measures of depression, PTSD
symptomatology and alcohol use in a longitudinal study. It was observed that commission
errors on CPT II at baseline were related to depression scores and PTSD symptomatology
at 1 year follow-up. This was the only identified longitudinal study with mild TBI
population in this review. Bjork et al (Bjork et al., 2016) also found that laboratory-
measure impulsivity associated to depressive symptoms in blast exposed military with
post-concussion symptoms (n=117) in a cross-sectional study. CPT-II comission errors
and perseverative errors correlated significantly with depression scores (p=0.049 and
p=0.031, respectively) even after controlling for age and Wechsler Test of Adult Reading

performance.
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Impulsive choice or Delay-response impulsivity

Here are the described the studies that used paradigms such as delay discounting and

decision making that reflects impulsive choice.

Impulsive decision making was investigated by Wood et al. (Wood & McHugh, 2013) in
patients with moderate to severe TBI through a temporal discounting paradigm and the
BIS scale. TBI patients discounted more than controls and were significantly more
impulsive at total BIS and across all 3 BIS impulsivity dimensions. Additionally,
discounting performance was related to total BIS and BIS attention subscale in TBI
patients. In another study, McHugh & Wood (McHugh & Wood, 2008) also investigated
impulsivity using a temporal discounting paradigm and the BIS scale. Similarly, TBI
patients were significantly more impulsive than controls on BIS scale and discounted
more than controls on delayed discounting task. Greater discount on the task was

associated with higher levels of impulsivity on BIS (McHugh & Wood, 2008).

Moreover, in another task that evaluates impulsive choice (the Cambridge Gambling
Task), Newcombe et al. (Newcombe et al., 2011) found that TBI patients presented
significantly higher impulsivity index and slower deliberation time compared to controls.
In addition, impulsivity indices associated significantly to MRI diffusion coefficient in
orbitofrontal, insula and caudate nucleus. Contrary, Brenner et al (Brenner et al., 2015)
found no differences in performance at lowa Gambling Task between moderate to severe
TBI patients and controls. TBI patients with suicidal behavior presented no differences
on IGT or on Immediate and Delayed memory task compared to TBI patients without

suicidal behavior (Homaifar et al., 2012).
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Trait impulsivity

Herein the impulsivity was investigated by employing scales that investigate impulsivity

as one part of the individual’s personality.

Seidl et al (Travis Seidl et al., 2015) found that BIS non-planning impulsivity was
associated with AUDIT score (measure of alcohol use) in veterans with and without
mTBI. There was no difference between groups in regression analysis regarding
impulsivity measured by BIS and Color-word interference task (Stroop task). However,
a significant difference (p<0.01) was observed between groups on BIS total, BIS
attention, and BIS non planning, which indicates that mTBI patients are more impulsive

than healthy controls (Travis Seidl et al., 2015).

In a study conducted with veterans with mild TBI with comorbid PTSD (James et al.,
2014), it was found that this group presented more risk-taking behavior (the measurement
was made by a scale constructed by authors) and more impulsive behaviors on UPPS

scale than mTBI patients and controls (James et al., 2014).

Rochat et al (Rochat et al., 2013) used an emotional Stop signal test and relatives’ report
from the short version of the UPPS Impulsive Behavior Scale to investigate impulsivity
in patients with moderate to severe TBI. There were significant differences in informant’s
report regarding preinjury to current patients’ impulsivity levels: urgency, lack of
premeditation and lack of perseverance levels increased and sensation seeking levels
decreased. TBI patients exhibited significantly higher stop signal reaction times than
controls. Furthermore, stop signal reaction time was positively associated to urgency

reported by patients’ relatives.

In another study conducted by Rochat et al (Rochat et al., 2010), a short questionnaire

assessing impulsivity based on UPPS Impulsive Behavior scale was developed and
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validated in patients with moderate to severe TBI. It was also observed an increase on
patients’ impulsivity levels, from preinjury to post TBI, in the dimensions of urgency,
lack of premeditation and lack of perseverance, and a decrease of sensation seeking
decreased. The scale reached a satisfactory model for the informant’s report form, but not

for the patient’s self-report.

Severe TBI patients with aggression risk were investigated by Greve et al (Greve et al.,
2001) and compared to patients with no problems of aggression. It was found that TBI
patients with impulsive aggression were significantly more impulsive than TBI patients

without impulsive aggression on BIS total scale and BIS non-planning impulsivity.

McDonald et al (McDonald et al., 2017) investigated patients with focal penetrating
traumatic brain injury (pTBI) using Barratt Impulsiveness Scale (BIS) and voxel-based
lesion-symptom mapping (VLSM) to observe if impulsivity and its components share a
common network. The mean estimated percentage of brain volume loss for the whole
sample was of 3.05% (sd 3.87). It was found that impulsivity was associated with brain
injuries in bilateral prefrontal cortex, left superior, middle, and inferior temporal gyrus
and left hippocampus. In addition, motor impulsivity (act without thinking) was related

to left prefrontal cortex injury.

Using BIS scale to measure impulsivity and another neuroimaging method (Diffusion
Tensor Imaging - DTI), a study conducted by Yugerlun-Todd et al (Yurgelun-Todd et al.,
2011) explored frontal white matter integrity, impulsivity, and suicidality in veterans with
TBI. It was found that TBI patients were significantly more impulsive than controls at
BIS total scale and attentional impulsivity subscale. Significant changes on DTI in
cingulum and genu of corpus callosum were found in TBI patients compared to controls,

and changes in these areas correlated to impulsivity measures. Additionally, it was found
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that impulsivity measures were related to current suicidal ideation in this sample

(Yurgelun-Todd et al., 2011).

Other scales of impulsivity symptoms

Studies that used scales or questionnaires that report impulsivity symptoms were

described here.

Patients (n=46) with moderate to severe TBI were investigated in their ability to recognize
facial emotions and the relationship between this ability and self and other reported
communication problems (LaTrobe Communication Questionnaire), that included
problems with impulsivity and disinhibition (Rigon et al., 2018). TBI patients presented
worse performance on the Emotion Recognition Task compared to controls (n=42) and
significantly = more  self and  other-reported = communication  problems.
Impulsivity/disinhibition factor of the LCQ was predicted by ERT performance, through
self-report the association was positive, and through report of others the association was
negative. This indicates that emotion recognition may be one important factor for

communication problems in TBI patients.

Impulsive symptoms measured by Neuropsychiatric Inventory (NPI) were investigated
by Knutson et al (Knutson et al., 2015) along with neuroimaging in veterans with
penetrating TBI. Most of the penetrating injuries of their sample were caused by low-
velocity penetrating fragments, such as missile fragments or gunshots. The Voxel-based
Lesion Symptom Mapping analysis was used to identify the association between
symptoms and brain structural changes. They observed that damage in the frontal and
temporal lobes, insula and gyrus rectus was associated with greater behavioral

disinhibition identified by the NPI.
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TBI patients that endorsed suicide had significantly higher scores on disinhibition scale
from Frontal Systems Behavior scale both at 6 and 12 months. Disinhibition at 12 months
was inversely associated with acute serum TNF-a levels and disinhibition at 6 months

was a significant predictor of suicide report at 6 and 12 months (Juengst et al., 2014).

To create an ecologically measure of executive functioning, Lewis et al (Lewis et al.,
2017) developed a Functional Task of cooking and investigated cognitive performance
on TBI patients (Study 1). Beyond the Functional Task, TBI patients (n=27 — Study 2)
were assessed on neuropsychological standard tests (The Sorting Test and the Tower Test
from the Delis-Kaplan Executive Function System — D-KEFS) and The European brain
injury questionnaire (EBIQ). TBI patients presented worse performance than controls
(n=16) on several measures from the Functional task, including impulsivity score and
significantly more difficulties on the EBIQ. Moreover, the impulsivity score from the
Functional task correlated to DKEFS Sorting Test scores and Tower Test total score, and
to the impulsivity domain from the EBIQ scale. Those findings seem to reinforce the

impulsivity among TBI patients, which can be observed through different measures.

Other studies

Herein, we briefly describe studies that used impulsivity measures but which those

measures were not the primary outcome (n=7, 17.9%).

TBI patients did not differed from controls in the Standard Delayed Task from Gordon
Diagnostic System that reflects impulsivity. Instead, they presented worse performance
on the tasks Vigilance and Distractibility, which indicate attentional deficit (Burg et al.,
1995). Chen et al (Chen et al., 2012) also did not find difference between controls and

mTBI patients in commission errors in the Continuous Performance Task. Finally, on
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symptom report at the Impulsivity subscale from La Trobe Communication

Questionnaire, TBI patients did not differ from controls (Struchen et al., 2008).

Nevertheless, other studies (n=4) found that TBI patients, when compared to controls,
presented significant results for impulsivity, as observed by higher scores on BIS scale
(Dyer et al., 2006). Among cognitive measures, more commission errors on go/no-go
tasks were observed in TBI patients (O'Keeffe et al., 2007). Likewise, TBI patients were
slower and had more inaccurate results on Continuous Performance Task (Arcia &
Gualtieri, 1994). Finally, mTBI patients with growth hormone deficiency (GHD)
presented worse cognitive performance, including worse inhibitory control compared to

those mTBI patients without GHD (Ioachimescu et al., 2015).

Discussion

In this systematic review it was observed that TBI patients present higher impulsivity
levels according to measures of impulsive action, impulsive choice, and trait impulsivity.
Evidence of increased impulsivity was observed for all TBI severities. On mTBI there is
evidence of impulsive action/ rapid-response impulsivity. On moderate to severe TBI
there is data on trait impulsivity. On TBI including different severities, impulsive action

and trait impulsivity were observed.

It is worth mentioning that we found no study that covered all the 3 types of impulsivity
measures and their pattern for mild, moderate, and severe TBI. The only study that
included the 3 types of impulsivity measures was conducted by Votruba (Votruba et al.,
2008), which included TBI patients from different severities and that had no control
group. More studies are needed to investigate whether impulsive action, impulsive choice

and trait impulsivity is equally present across all TBI severities.
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On studies with mild TBI, deficits on inhibition and interference control were observed,
corroborating, in part, the meta-analysis of Dimoska-Di Marco (Dimoska-Di Marco et
al., 2011), that found evidence on inhibition for TBI patients, but not for interference
control. This difference may be related to differences in TBI severity and different time
points of assessment. In addition, most findings of deficit were observed in recent studies,
that were not available when the meta-analysis of Dimoska-Di Marco was published. Of
note, we found no studies with measures of impulsive choice/ delay impulsivity in mTBI,

and no study with trait impulsivity measures on mTBI from general population.

Some studies on TBI patients found in this review (Depue et al., 2014; James et al., 2014;
Kois et al., 2018; Shu et al., 2014) included subjects with comorbid posttraumatic stress
disorder (PTSD) or subjects with significant other psychiatric symptoms (Bjork et al.,
2016, 2017; Brenner et al., 2015; Homaifar et al., 2012; Yurgelun-Todd et al., 2011).
PTSD is associated with impulsivity and the degree of severity of one seems to affect
another (Contractor et al., 2018; Netto et al., 2016; Roley et al., 2017). Moreover, mTBI
is associated to PTSD (Stein et al., 2019). As observed in mTBI studies, groups with
comorbid PTSD or higher PTSD symptomatology were significantly more impulsive than
groups with mTBI only (James et al., 2014; Shu et al., 2014). Other psychiatric disorders
are also associated to impulsivity, as observed for substance use disorders, attention-
deficit hyperactivity disorder, bipolar disorder, and personality disorder (Moeller et al.,
2001). Psychiatric symptoms are common in TBI patients, with important association to
diagnosis of some disorders, e.g. odds ratio of 3.38 for bipolar disorder type I (Hammond
et al., 2019; Vaughn et al., 2019). Symptoms such as anxiety, stress and depression also
seem to be related to impulsivity in general population (Moustafa et al., 2017). In turn,
anxiety and depression are also other common symptoms observed in TBI patients

(Barker-Collo et al., 2018; Ma et al., 2019). In general population, Chamorro et al
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(Chamorro et al., 2012) investigated the prevalence and associated factors of impulsivity
and found that impulsivity was present in 17% of the sample. It was more common in

younger males and was associated with drug dependence and psychiatric disorders.

One critical point is that inclusion criteria for defining TBI varied widely across studies.
Some provided standardized methods and reliable sources for defining TBI, such as
medical records of Glasgow Coma Score data at hospital admission, loss of consciousness
and posttraumatic amnesia duration, allowing documented and objective parameters for
severity classification; others included subjects that reported TBI, but have not provided
medical records to verify and/or estimate it. Some studies included patients with different
TBI severities in the same group, which may hamper the conclusion about specific mTBI
cognitive deficit or impulsivity, given that severe injuries may result in worse cognitive

outcomes (Iverson et al., 2017; Pereira, 2016).

One more point of attention is time since injury (TSI). In many studies TSI was not
reported (Brenner et al., 2015; Depue et al., 2014; James et al., 2014; Kochhann, 2014;
Kois et al., 2018; Shu et al., 2014; Stafford et al., 2020; Stewart & Tannock, 1999; Travis
Seidl et al., 2015; Votruba et al., 2008) or ranged widely in the other studies (from 1
month to 63 years post TBI). TSI is an important factor, mainly when mild injuries are
investigated, considering that changes from acute phase to chronic phase are observed in
neuroimaging studies (Eierud et al., 2014; Killgore et al., 2016). Longer duration of TSI
was associated with larger gray matter volume and better neuropsychological
performance in mTBI patients (Killgore et al., 2016). This data suggests that beyond
cognitive differences observed after injury, it is also possible to detect structural changes
in the brain, even at the “mild” end of traumatic brain injury. Additionally, another study
reported that one-month post-injury mTBI patients did not differed from healthy controls

in cognitive measures. However, difference in brain activation was found in functional
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MRI, which indicates that neuroplasticity mechanisms have being activated since injury

(Chen et al., 2012).

A total of eight studies (20.5%) investigated neuroanatomical correlates of impulsivity in
TBI patients. Five of them used structural neuroimaging methods (Depue et al., 2014;
Knutson et al., 2015; McDonald et al., 2017; Newcombe et al., 2011; Yurgelun-Todd et
al., 2011) and three used functional neuroimaging methods (Bonnelle et al., 2012; Fischer
et al., 2014; Xu et al., 2017). On structural neuroimaging, bilateral prefrontal cortex and
left temporal cortex (Voxel-based Lesion Symptom Mapping analysis) (McDonald et al.,
2017) and fractional anisotropy (DTI) in the cingulum were associated to trait impulsivity
(Yurgelun-Todd et al.,, 2011); right temporal cortex, bilateral insula, and right
orbitofrontal cortex (Voxel-based Lesion Symptom Mapping analysis) were associated to
disinhibition on Neuropsychiatric Inventory (NPI) (Knutson et al., 2015). Decreased
volume of left amygdala (Voxel-based morphometry) was associated to more commission
errors on Go/No Go task in mTBI patients with comorbid PTSD (Depue et al., 2014).
Increased apparent diffusion coefficient (DTI) in orbitofrontal cortex, insula and caudate
was associated to increased impulsivity in the Cambridge gambling task (Newcombe et
al., 2011). On functional neuroimaging, mTBI patients presented less activation
compared to controls in left thalamus, right putamen and right cerebellum on go
conditions in the 4 Choice Response Task (4CRT). However, they presented increased
activation in go conditions when there were occasional switch responses, with no
differences in activation between go conditions versus switch conditions, where some
inhibition was required (Xu et al., 2017). This indicates difficulty in mTBI patients to
accurately employ inhibitory process. Additionally, two studies (Bonnelle et al., 2012;

Fischer et al., 2014) found abnormalities in functional connectivity in default mode
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network of TBI patients using the Stop signal task. These data demonstrate that TBI

patients present altered brain function suggesting impulsivity behavior.

In a healthy population, impulsivity measured by Stop Signal task during stop trials was
associated with activation of right anterior insula and middle frontal cortex and inversely
related to non-planning impulsivity score on BIS scale (Farr et al., 2012). Urgency trait
from UPPS scale was negatively correlated to right inferior frontal gyrus activation in
healthy individuals while performing a reward-modulated Stop signal task in fMRI
(Wilbertz et al., 2014). As a multidimensional concept, impulsivity covers a wide range
of mechanisms, such as inhibitory control, which, for example, can be divided into
behavioral inhibition and cognitive inhibition (Bari & Robbins, 2013). Beyond the
complexity for inhibitory control measurement, the different neuroimaging methods used,
different time points since injury and different TBI severities can also explain the wide

range of brain areas associated to it.

Areas such as the right inferior frontal gyrus and anterior insula have been reported to be
critical for inhibition, however, they do not work alone, but depend on networks (Aron et
al., 2014). Garavan et al. (Garavan et al.,, 2006) suggests that inhibitory control is
specifically supported by right hemisphere areas. This discussion can be contrasted by
some evidence that a more holistic and integrative system is related to inhibitory control
(Hampshire & Sharp, 2015). Areas associated with inhibitory control seem to be not
specifically devoted to inhibition process, being activated, for example, when the
individual is not inhibiting a response, but only passively monitoring the task. The
inhibitory control, in turn, would be supported by frontoparietal networks that were
named as ‘multiple-demand cortex’, which includes the right inferior frontal sulcus,
inferior frontal operculum, anterior insula, anterior cingulate cortex, pre-supplementary

motor area and inferior parietal cortex. The interaction between these regions provides
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adequate cognitive control (Hampshire & Sharp, 2015). Such view encompasses the
notion that executive functions are related to broad regions, not only prefrontal structures
(Bettcher et al., 2016). Moreover, subcortical structures also seem to be essential for
inhibition (Dalley & Robbins, 2017). An important one is the nucleus accumbens, that is
involved in both clusters of impulsive behavior: 1) waiting impulsivity, related to dorsal
striatum circuitry and, 2) delay-reward impulsivity, related to ventral striatum (Dalley &
Robbins, 2017). Those clusters correspond to impulsive action and impulsive choice

mentioned in this review.

Another issue concerning the heterogeneity of the studies is that there are different
instruments for impulsivity measurement, each one investigating different aspects of
impulsivity (Cyders, 2012; Moeller et al., 2001; Reynolds, 2006). The diversity of
measurement parameters can be clearly observed in this review. Of note, self-report
measures of impulsivity may dissociate from performance on behavioral measures
(neuropsychological tests) (Cyders, 2012; Farr et al., 2012; MacKillop et al., 2016;
Schiehser et al., 2011). Behavioral measures tend to capture the impulsive behavior at the
time of assessment, while self-report measures reflect general tendencies of long-term
behavior (Cyders, 2012; Moeller et al., 2001). So, different impulsivity measures should

be used within the same study, to adequately capture the complexity of impulsivity.

Conclusion

Herein, we found that TBI patients are more impulsive than healthy controls in cognitive,
behavioral, and self-report measures of impulsivity. However, specificity of associations
between impulsive dimensions and TBI severities could not be identified due the
heterogeneity of studies. Moreover, studies that investigate trait impulsivity in mild TBI

from general population are still missing.
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PRISMA 2009 Flow Diagram

Records identified through Pubmed Additional records identified
database searching through BVS
(n=230) (h=20)
) A 4 A 4
PR Records after duplicates removed
(n=247)
Records excluded
(n=194): review (n=36);
children/adolescent (n=30);
Y non TBI sample (n=29); no
Records screened | impulsivity (n=20); animals
(n=247) | (n=22); case report (n=22);
) intervention (n=10); Sports
only (n=9); not English or
) portuguese (n=6); other
(n=10)
Full-text articles assessed Full-text articles excluded
- > (n=14).
for eligibility > . ;
(n=53) (Did not provide results
for impulsivity measures
— (n=3); non TBI sample
. (n=9); Full-text not
accessible (n=2)).
Studies included in
qualitative synthesis
(n=39)

Figure 1: Flow diagram of the systematic review

Legend: BVS- Biblioteca Virtual de Saude; TBI- Traumatic Brain Injury
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Table 1: Studies included in this systematic review (n=39)

Autor/Year

Title

Sample

Study design

Instruments
(impulsivity measure)

Objective

Results

diagnosis criteria for TBI1/
time since injury (TSI)

Impulsivity as main outcome - mild TBI

Stafford, 2020

Concussion-related
deficits in the general
population predict

impairments in varsity
footballers

n = 19261 participants (n=15511 no
concussion and n=3750 at least one
concussion).

Cross-sectional

Cambridge Brain
Sciences (CBS) battery -
task of inhibitory control

based on Stroop paradigm

Investigate the long-
term cognitive effects
of concussion in
general population and
in a cohort of varsity
American football
players with a history
of frequent head
impacts

Post-concussion and non-
concussed participants did not
differ on 11 of the 12 cognitive
tasks employed. However, on a
test of inhibitory control, post-
concussion participants showed
accuracy-related impairments
specific to the incongruent
conditions of the task. Post-
concussion participants reported
higher levels of anxiety,
depression, and trouble
concentrating.

Concussions were self-
reported. TSI: not reported

Shen, 2020

Neural Correlates of
Response Inhibition and

Error Processing in
Individuals with Mild

Traumatic Brain Injury:
An Event-Related

Potential Study

n=18 adults with mTBI and n=18
controls

Cross-sectional

Stop-signal tasks (SST)

This study investigated
the executive control of
mTBI by using the
Stop signal task.

The mTBI group presented a
longer stop signal reaction time.
On Stop trials, the SSRT
(measures the latency of the
inhibitory process) at stimulus
interval of 250 ms exhibited a
significant group effect, as also
observed for overall SSRT. The
probability of inhibition at 250
ms exhibited a significant group
effect.

Definition for mTBI by the
American Congress of
Rehabilitation Medicine in
1993: head trauma with loss
of consciousness lasting less
than 30 minutes, a Glasgow
coma scale score of 13-15,
and posttraumatic amnesia
lasting less than 24 hours.
TBI history and diagnosis
was made by a licensed
neurologist. TSI: ranged
from 3.1 to 30.9 months,
median of 7.8 months.

Xu, 2017

Lasting deficit in
inhibitory control with

mild traumatic brain
injury

n=17 mTBI patients (14 mild and 3
moderate) and n=17 healthy controls
(HO)

Cross-sectional

4-choice response task
(4CRT) and Stroop Task

To examine the ability
of patients with chronic
mTBI and controls to
perform tasks that
required sustained
attention with or
without significant
burden on inhibitory
control. Changes in
brain activity
associated with these
tasks were measured
by event-related
functional magnetic
resonance imaging
(efMRI) .

mTBI patients performed
similarly as the HC in “go”
responses in 4CRT. When
inhibiting/stopping the “go”
response was necessary
occasionally (i.e., in the Switch
or Stop condition), patients had
significantly longer response
time. In the Stroop Task, mTBI
patients presented significantly
more errors. Results from efMRI
revealed differences in brain
activation in mTBI patients in
the cerebellum-thalamo-cortical
and the fronto-basal ganglia
networks regulating inhibitory
control.

Did not specify diagnosis
criteria. TSI: Average time
since last concussion = 28
months; range 5 to 100
months
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Rapid-Response
Impulsivity Predicts

Depression and
Posttraumatic Stress

Continuous Performance

To investigate if rapid
response impulsivity is
predictive of increased

Comission errors at CPT at
initial assessment, which
indicate impulsive response,
were predictors of more

All participants had close
exposure to at least one blast
event during combat. Severe
or moderate TBI defined by

>30 minutes of coma or
brain bleeding or blood clot

on CT scan or PTA> 24
hours, was excluded. Self-

report blast exposure was

Bjork, 2017 Sym toD—r;lSa(igizr at 1 n=84 Blast-exposed military (80 men) Longitudinal Test-11 (CPT) psychiatric symptoms of post-traumatic evaluated by The Blast
ymp gy at 1- . . .
Year Follow-Up in symptomatology over stress disorder and more Experience Screening
-Up . . . . .
Blast-Exposed Service time. symptoms of depression on year | Questionnaire (a modified
Mgmbers later. version from the Walter
- Reed Army Medical Center
Blast injury Questionnaire).
TSI: Interval since most
recent blast - mean of 11.8
(sd 9.3) months
All participants met ICD-10
criteria for post-concussion
syndrome. Severe or
Investicate the Depression scores correlated moderate TBI defined as
associati i between significantly with CPT-II >30min in coma, brain
Laboratory impulsivity ss(;): res(;ioneang comission errors. When bleeding or clot on CT scan,
and depression in blast- Conners Continuous . P . controlled for age and Wechsler PTA duration >24 hours,
P impaired behavioral g
Bjork, 2016 exposed military n=117 blast exposed TBI cross-sectional Performance Task (CPT- inlf)ibi tion in service Test of Adult Reading, was excluded. n=98
personnel with post- 10 membersoan d f]z terans depression scores correlated participants met the criteria
concussion syndrome with post-concussion significantly with both CPT-II for mTBI proposed by the
P drome comission errors and VA/Department of Defense
Synéro perseverative errors. guidelines. TSI: Most
recent blast exposure event
ranged from 3.8 to 65.3
months (mean 11.5, sd 8.5)
Investicate the Self-report data of mTBI
. . ostig Nonplanning impulsivity was was collected in a structured
Neuropsychological and Barratt Impulsiveness relations between associated with Alcohol use interview. mTBI was
behavioral correlates of Scale—11 (BIS-11); impulsiveness, . . . . : .
. . . . ; disorders identification test defined by the Mild
impulsiveness in _ e, _ . Delis—Kaplan Executive substance use and L . .
. . n=127 veterans (controls=55; mTBI=72) | Cross-sectional . score. The association of Traumatic Brain Injury
Seidl, 2015 veterans with and Function System Color— | performance on tests of L . . :
. . . . L nonplanning impulsivity and Committee of the American
without mild traumatic Word Interference Test executive functioning lcohol infl d £ Rehabilitati
brain injury (DKEFS) in veteran with and alcohol use was not influence Congre_ss o I_(e abilitation
without TBI histo by history of TBI Medicine criteria (1993).
Y TSI: not reported
Combat veterans with Patients with mTBI and
“comorbid PTSD and Investigate inhibitory vcomorbld PTSD ShOWe.d
mild TBI exhibit a processing in patients 1gcreased N200 negativity Self-report of mTBI thgt
Shu. 2014 reater inhibito n=32 mTBI veterans (n=17 cross-sectional Stop signal Task with comorbid mTBI during Stop Task compared to | resulted in loss or alteration

processing ERP from the

dorsal anterior cingulate
cortex.

mTBI+PTSD; n=15 mTBI only)

and PTSD using Event
related potentials.

patients with mTBI only. Greater
N200 negativity correlated to
greater PTSD and stress
symptom severity.

of consciousness of 20 min
or less. TSI: not reported
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Depue, 2014

Reduced amygdala
volume is associated

with deficits in inhibitory
control: a voxel- and
surface-based
morphometric analysis
of comorbid PTSD/mild
TBL

n=21 mTBI + PTSD; n=16 without
mTBI or PTSD

cross-sectional

Barratt Impulsiveness
Scale; Go/No-Go task

investigate anatomical
differences in patients
with mTBI and PTSD.
Investigate if these
differences correlate
with measures of
inhibitory control, self-
report of impulsivity
and sympthoms of
mTBI and PTSD.

Patients with mTBI+PTSD
showed increased impulsivity
and made more comission errors
than controls. Errors of
comission were related to
volume in the left amygdala;
increased errors of comission
were predicted by decreased
volume of the left amygdala in
mTBI+PTSD patients.

Recruitment trough fliers.
The Ohio State University
Traumatic Brain Injury
Identification Method (OSU
TBI-ID) structured clinical
interview, which allows for
interrogation of mTBI
symptoms. Additional
criteria for severity - mild
and moderate - according to
brain scan results, length of
LOC or alteration of
consciousness, PTA and
GCS. TSI: not reported

James LM, 2014

Risk-taking behaviors

and impulsivity among
veterans with and

without PTSD and mild
TBL

n= 234 veterans (control n=82; PTSD n
=69; mTBI n= 6; +PTSD, +mTBI n=77)

Cross-sectional

UPPS (Negative Urgency
and Sensation Seeking
scales)

Evaluate the
relationship between
impulsivity, risk-taking
behaviors and PTSD,
mTBI and PTSD
+mTBI

Patients with PTSD+mTBI
showed more Negative urgency
than controls and than patients

with mTBI. There were no group
differences in Sensation Seeking
scale.

The Brief Traumatic Brain
Injury Screen, consistent
with mTBI definition
established by the American
College of Rehabilitation
Medicine. TSI: not
reported

Stewart, 1999

Inhibitory control
differences following
mild head injury

n=42 mild head injury (MHI); n=42
controls (8.38 to 72.12 years)

Cross-sectional

Modified Stop Signal task

Investigate whether
individuals who had
experienced MHI
would exhibit
inhibitory control
deficits.

Individuals with MHI presented

significant slower reaction time

on Stop Signal task compared to
controls.

Participants that responded
"once" or "more than once"
to the question "have you
ever had a head injury that
resulted in loss of
consciousness?" were
classified as having MHL.
TSI: not reported

Moderate to severe TBI

Rigon, 2018

Facial-affect recognition
deficit as a predictor of
different aspects of
social-communication
impairment in traumatic
brain injury

n=46 adults with chronic moderate to
severe TBI and n=42 healthy
comparison (HC) adults

Cross-sectional

LaTrobe Communication
Questionnaire (LCQ),
completed by patients and
close others

To examine the
relationship between
facial affect
recognition and
different aspects of
self- and proxy-
reported social
communication
impairment following
moderate-severe TBI

Multivariate regression analysis
revealed that patients with higher
Emotion Recognition Test
(ERT) scores predicted self-
reported problems with
disinhibition/impulsivity and
partner sensitivity. Also, lower
ERT scores predicted higher
problems with
disinhibition/impulsivity and

TBI severity was assessed
according to the Mayo
Classification System.

Participants were considered
moderate-severe if only one
of the four following criteria

was met: (1) GCS<13, (2)

positive acute CT findings
or lesions visible on a

chronic MRI, (3) LOC>30
minutes or PTA>24 hours,
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conversational effectiveness
reported by others.

and (4) retrograde
amnesia>24 hours. TSI: All
participants were at least 6
months post injury (range
6 to 506 months).

Brenner, 2015

Executive functioning
and suicidal behavior
among veterans with and
without a history of
traumatic brain injury.

n=133 (no SA/no TBI=48; no SA/yes
TBI=51; yes SA/no TBI =12; yes
SA/yes TBI=22) moderate to severe TBI

cross-sectional

Towa Gambling Test
(IGT); Immediate
Memory Test (IMT)

examine the
relationship between
executive dysfunction
and suicide attempt
history

The group with TBI and Suicide
Attempt history showed worse
performance on IGT; they were
not able to learn and implement
information over trials

The Ohio state University
TBI identification method -
structured clinical interview.
Injury severity was defined

by Department of
Defense/Department of
Veterans Affairs guidelines.
TSI: not reported

Juengst, 2014

Exploratory associations
with tumor necrosis
factor-a., disinhibition
and suicidal endorsement
after traumatic brain

injury.

n=74 moderate to severe TBI; n=15
controls

longitudinal

Frontal Systems Behavior
Scale - Disinhibition
subscale

Examine the
relationship between
TNFa, disinhibition

and suicidal

endorsement

Patients that endorsed suicidality
showed significantly higher
levels of disinhibition.
Disinhibition at 12 months
correlated negatively with acute
serum TNFa. Disinhibition
scores at 6 months correlated
positively with chronic serum
TNFa levels. Disinhibition at 6
months was a significant
predictor of suicidal
endorsement at both 6 and 12
months. Disinhibition at 12
months significantly predicted
suicidal endorsement at 12
months.

patients recruited from a
trauma center; GCS <12; CT
scan compatible with TBL
TSI: 6 and 12 months post
TBI

Fischer, 2014

Neural activation during
response inhibition
differentiates blast from
mechanical causes of
mild to moderate

traumatic brain injury.

blast-related military TBI (n=21);
military controls (n=22); non-blast
civilian TBI (n=21); civilian controls
(n=23) with orthopedic injuries

Cross-sectional

Stop Signal Task (SST)

Investigate if blast-
related TBI has a
differential impact on
brain activation on
response inhibition
compared to TBI
caused by mechanical
forces

The military groups
demonstrated worse performance
than the civilians at Stop signal
Task. There were no differences
in performance at SST between
TBI and controls, however there
was a decreased activation at
Default Mode Network in TBI
groups during correct
inhibitions. The civilian TBI
group showed less activation
than civilian controls in fMRI
during SST inhibition failure and
the military TBI group showed
more activation than military
control group.

TBI diagnosis was made
from patient's self-report by
trained interviewers. Blast-
related injury with LOC or
AOC or any period of PTA.
No intracranial findings on
brain scan; GCS between 9-

15. TSI: 1 to 6 years post

injury.

112



Rochat, 2013

How inhibition relates to

impulsivity after
moderate to severe

traumatic brain injury.

n= 28 moderate to severe TBI, n=27
controls

cross-sectional

UPPS; Stop-signal test

investigate impulsivity
levels of patients with
moderate to severe TBI
retrospectively
compared to preinjury
condition, compare
TBI patients and
matched healthy
controls in two
inhibitions mechanisms
and examine the
relationship between
inhibition performance
and impulsivity in TBI
patients.

There was a significant increase
in urgency, lack of perseverance
and lack of premeditation and a
significant decrease in sensation
seeking compared to preinjury
levels in patients with TBI. TBI
patients presented worse
response inhibition and
resistance to proactive
interference compared to
controls. Urgency significantly
correlated to prepotent response
inhibition in patients with TBL.

Patients were prospectively
recruited from a database of
a Hospital. Severity was
measured by PTA duration,
GCS or coma length where
avaliable. TSI: 5 to 110
months post-injury (mean
33.4).

Wood, 2013

Decision making after
traumatic brain injury: a
temporal discounting
paradigm.

n= 51 moderate to severe TBI; n= 51
healthy controls

cross-sectional,
case-control
design

Barratt Impulsiveness
Scale (BIS-II); Temporal
discounting paradigm

Investigate the impact
of TBI on temporal
discounting compared
to controls; Examine
the influence of
intelligence and
impulsivity across
groups; investigate the
relationship between
temporal discounting
and
neuropsychological
performance;
determine if mood
influences temporal
discounting and if
performance on
discounting task was
related to ratings of
executive functions in
everyday life.

TBI patients were significantly
more impulsive than age-
matched control group, with
greater scores on BIS. There was
a significative association
between temporal discounting
task and total BIS score and
attention subscale score. TBI
patients discounted more than
controls on Temporal
discounting paradigm.

Symptomatic TBI patients
(executive problems) were
recruited from a tertiary
head injury clinic. Severity
was determined by GCS at
hospital admission and
length of PTA obtained
retrospectively. TSI: 1 to
7.3 years post TBIL.
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Assessment of

To develop and
validate a short

TBI patients showed significant
increases in urgency, lack of
premeditation and lack of
perseverance and a significant
decrease in sensation seeking
when compared form pre- to

diagnosis of TBI (Mazaux &
Joseph, 2000 - article in

impulsivity after n=82 moderate to severe TBI and their . UP.PS Impulsive questionnaire assessing post- injury according to french); PTA through self-
Rochat, 2010 X cross-sectional Behavior Scale - Short . - . . . .
moderate to severe relatives . four dimensions of informant ratings. According to report, medical report or
traumatic brain injury. version impulsivity in patients patients' report, there were relative's report. TSI: 5 to
with TBL significant increases in urgency 283 months.
and lack of perseverance,
decrease in sensation seeking
and no changes in lack of
premeditation.
Characterize TBI

Greve, 2001

Personality and
neurocognitive correlates
of impulsive aggression
in long-term survivors of
severe traumatic brain

injury.

n= 45 severe TBI

Cross-sectional

Barratt Impulsiveness
Scale - BIS 11, Eysenck
Personality Questionnaire

patients who are an
aggression risk and
investigate whether
patients with impulsive
aggression show
personality style and
neurocognitive
performance similar to
other impulsive
aggressive groups.

The IA group was significantly
more impulsive in BIS total and
BIS non planning than TBI
control group.

Patients were recruited from
a residential brain injury
rehabilitation facility.
Length of coma. TSI:
controls - mean of 12
years (sd 6.32); IA - mean
0f 10.6 years (sd 6.32)

Penetrating TBI

McDonald, 2017

Networks underlying
trait impulsivity:
Evidence from voxel-

based lesion-symptom

mapping.

n=131 (focal penetrating TBI)

Cross-sectional

Delis-Kaplan Executive
function System (D-
KEFS); Frontal systems
Behavioral Scale
(FrSBe); Barratt
Impulsiveness Scale
(BIS-11)

Determine the extent to

which impulsivity and

its components share a
common network

Global impulsivity was related to
multiple areas in bilateral
prefrontal cortex, left superior,
middle and inferior temporal
gyrus and left hippocampus. Left
prefrontal cortex associated with
motor impulsivity

Veterans from the Vietnam

Head Injury Study. Medical

records, CT scan data. TSI:
33-39 years post injury
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Areas of Brain Damage

Investigate Behavioral
Disinhibition in

19% of TBI patients had
behavioral disinhibition, as rated
by their caregivers. Disinhibition

was associated to lower post-
injury intelligence. Disinhibition
was associated to lesions in right

Patients were recruited from
The Caveness Vietnam

Knutson, 2015 Underlying Increased Incregsed n=177 penetrating TBI Cross-sectional Neuropsychiatric pgtlentg with pTBI e}nd orbitofrontal cortex, bilateral Head I.n Jury .Stud.y rgglstry
Reports of Behavioral Inventory investigate the brain insula. rieht temporal lobe. left No diagnosis criteria for
Disinhibition. regions responsable for fr,ongga 1 precr; ntral an d, TBI were reported. TSI: 33-
behavioral inhibition postcentral regions, and bilateral 39 years post injury.
gyrus rectus, according to
Voxel-Based Lesion-Symptom
Mapping analysis.
Mixed TBI severities or not specified
Average BIS-11 scores were of
71.09 (sd 12.73). Poorer
performance on Trail Making
Neuropsychological investigate whether Task letter sequencing was Participants were

Kois, 2018

correlates of self-
reported impulsivity and
informant-reported
maladaptive behaviour
among veterans with
posttraumatic stress
disorder and traumatic
brain injury history

n=116 veterans with TBI history and
PTSD

Cross-sectional

Stroop test (D-KEFS) and

BIS-11

neuropsychological
performance could
predict self-report
impulsivity and
informant report of
maladaptative behavior

in veterans with TBI
history and PTSD

associated to high scores on BIS-
11. High scores of PTSD
symptom severity was
significantly associated to higher
scores on BIS-11. Stroop task
scores (color and words) were
negatively associated to BIS-11
scores. PTSD Symptom scores
and Trail making task score
significantly predicted BIS-11
scores in a regression model
analysis.

interviewed through the
Clinical Practice Guidelines
of the Department of
Veteran Affairs and
Department of Defense. The
average number of TBI was
2.63 (sd1.24). TSI: not
reported

Lewis, 2017

Systematic behavioral
observation of executive
performance after brain

injury

Study 1 — n=10 TBI participants. Study
2 —n= 27 people with TBI and 16
healthy controls.

Cross-sectional

European brain injury
questionnaire - EBIQ
(includes impulsivity
symptoms). Functional
Task (cooking).

Study 1 — to develop a
reliable method of
quantifying cognitive
activity limitations,
using systematic
behavioral observation
of an everyday task.
Study 2 — to compare
the performance of
people with TBI on the
functional measure to
their performance on
both measures of
cognitive impairments
and self-reports and
family member reports.
To compare the
performance of people
with TBI to people
without on the
functional task.

Impulsivity score from the
functional cooking task
correlated positively with
DKEEFS Sorting task scores and
Tower test total score. The
control group performed
significantly better than the TBI
group on Impulsivity, Error
Detection and Time
Management on the Functional
Task. Participants with TBI
reported significantly more
difficulties on all of the
subscales of the EBIQ than
controls, including in
impulsivity domain. A multiple
regression analysis found that
gender and group (TBI) were
associated to impulsivity and
error detection on the Functional
task. EBIQ Impulsivity scores
correlated negatively to

Did not specify diagnosis
criteria. TSI: mean of 5.9
years (sd 7.4)

115



Impulsivity score from the
functional task.

Pearce, 2016

Inhibitory control and
traumatic brain injury:
The association between
executive control
processes and social
communication deficits

n= 14 TBI patients

cross-sectional

Hayling Sentence
Completion Test (HSCT)
and La Trobe
Communication
Questionnaire (LCQ)

To examine whether
executive impairments
in inhibitory control
are correlated with
social communication
difficulties that reflect
poor inhibition
following TBI.

Part B error scores and B-A
latencies from HSCT accounted
for 51% of the variability in
LCQ Inhibitory Control Factor
scores. However, only the B-A
latency score on the HSCT was a
significant regression
coefficient.

No diagnosis criteria
specified. TSI: ranged
from 3 months to 34 years,
5 months (M = 83.50, SD =
130.78 months)

Kochhann, 2014

Primary and secondary
executive function
deficits following TBI:
analysis of dissociations

n=81 TBI

Cross-sectional

Hayling Test

To investigate the
associations and
dissociations between
deficits in episodic
memory and executive
function in patients
following TBL

33 patients (40.7%) presented
deficit on Hayling part B. There
were significative associations
and dissociations between
deficits at Hayling Test time part
B and Learning over trials of
Rey Auditory verbal learning
test and between deficits on time
of parts A and B of Hayling
Test. Associations of deficits in
executive function and episodic
memory were more common
than dissociations.

TBI patients recruited from
hospital with TBI diagnosis
- GCS at admission, LOC
and PTA duration, only
closed injuries were
included. TSI: not reported

Fonseca, 2012

Neuropsychological
assessment of executive
functions in traumatic
brain injury: hot and cold

n=16 TBI; n=16 healthy controls

Cross-sectional

Hayling Test

To investigate
differences in decision
making between
patients with TBI and
controls and to identify
dissociations between
frequencies of deficits

TBI patients were significantly
slower than controls in the
measure that reflects inhibitory
control on Hayling Test

TBI patients were identified
through outpatient records
from hospitals. TBI
diagnosis criteria not
reported. TSI: 1 to 50

Homaifar, 2012

components in executive functions months post injury
(decision making and
inhibition).
Diagnosis of TBI -
structured interview using
Explore the Center for Control Disease

Traumatic brain injury.

executive functioning,
and suicidal behavior: a

brief report.

n=47 (n=18 TBI+, AS+; n=29 TBI+,
AS)

cross-sectional

Immediate and Delayed
Memory Test
(IMT/DMT); lowa
Gambling Task

relationship between
executive dysfunction
and Suicide Attempt in
a veteran TBI
population

There was no difference between
groups in Immediate and
Delayed Memory Test comission
errors or performance on IGT.

criteria and injury severity
was determined by
Department of Veterans
Affairs and Department of
Defense (2009). TSI: 1 to
63 years post TBI (mean
23.5y)

116



Bonnelle, 2012

Salience network
integrity predicts default

mode network function

after traumatic brain

Investigate whether
damage to connections TBI patients showed impaired | TBI patients with persistent
between the nodes of o . .
. inhibition and slower reaction neurological problems.
Salience Network . . . . .
_ L . i times. During stop, patients Mayo classification system
n=57 TBI; n=25 healthy controls . . predicts abnormalities LR .
(MRI); n=30 healthy controls (DTI) Cross-sectional Stop-signal test in the pattern of brain showed less deactivation in parts for TBI severity (LOC,
’ . of Default Mode Network when PTA, GCS and initial
i~ activation and . .
injury. . compared to controls. It was neuroimaging). TSI: 2 to 96
behavioral . . PR -
associated to impaired inhibition. months post injury.
performance on Stop
Signal Test.
Patients with TBI showed higher
Neuroimaging correlate
Yurgelun-Todd, 2011

s
of traumatic brain injury

Newcombe, 2011

Parcellating the

n=15 TBI; n= 17 controls
and suicidal behavior.

Cross-sectional

neuroanatomical basis of

impaired decision-

making in traumatic
brain injury.

n=42 TBI; n=18 controls (for tests),

Examine the
relationship between

the integrity of major
Barratt Impulsivity Scale

frontal white matter
systems on measures of
impulsivity and
suicidality in veterans
with TBL

Investigate decision
making and risk-taking

cingulum correlated positively
with BIS total score; right genu
correlated positively with BIS

TSI: from the first TBI 48
subscale and BIS non-planning
subscale. Suicidal ideation
correlated positively with BIS
total, BIS attention subscale, BIS
non-planning subscale and BIS

scores in BIS attention subscale
and BIS total, reflecting higher
impulsivity levels. Measures of
fractional anisotropy of total
cingulum correlated positively
with BIS total score and BIS

The Ohio State University
attention subscale; right

TBI Identification Method

(OSU-TBI). Length of LOC

defined the TBI severity.
total score, BIS attention

to 456 months.

motor subscale.

n=38 controls (for neuroimaging)

cross-sectional Cambridge Gambling

behavior in TBI
patients using the
Cambridge Gambling
Task and comparing to
imaging findings on
diffusion tensor
magnetic resonance

imaging.

TBI patients exhibited a
P re.ferevnce_for egrly bet§ . Patients with no significant
resulting in higher impulsivity . .

. . .. focal lesions were recruited
index. Increased impulsivity was

. L . from a larger cohort. GCS

associated with increasing

apparent diffusion coefficient in

the orbitofrontal cortex, insular

cortex and caudate bilaterally.

range: 3-15. TSI: 171 to
1437 days post injury.
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Zimmermann. 2011

Pragmatic and executive
functions in traumatic
brain injury and right

brain damage: An
exploratory comparative

study

n=7 TBI and n=7 right brain damaged
(RBD)

Cross-sectional

Trail Making Test,
Hayling Test

To describe the
frequency of pragmatic
and executive deficits
in RBD and in TBI
patients, and to verify
possible dissociations
between pragmatic and
executive functions in
these two groups.

TBI individuals exhibited a
general profile of below average
performance in executive
functions including inhibition,
working memory, initiation,
planning and switching
regarding to the tests' normative
data. Up to 29% presented
deficits. TBI patients showed a
wider spread pattern of
pragmatic deficits.

All patients were recruited
from outpatient records of
hospitals in Porto Alegre,
Brazil. No diagnosis criteria
for TBI were mentioned.
TSI: Subjects were
evaluated at least one-
month post-onset. Range:
3 to 90 months post TBI.

McHugh, 2008

Using a temporal
discounting paradigm to
measure decision-
making and impulsivity
following traumatic
brain injury: a pilot
study.

n=34 TBI; n=34 controls

Cross-sectional

The Barratt Impulsivity
Scale (BIS); Temporal
discounting paradigm

to investigate decision
making and
impulsivity in patients
with TBI and controls
using a temporal
discounting paradigm
and a standardized
questionnaire for
impulsivity

TBI patients were significantly
more impulsive than controls
measured by BIS. Higher levels
of impulsivity were related to
greater discounting of the larger
later reward.

consecutive series of
referrals from the Tertiary
Head Injury Clinic at
Swansea University;
severity was based upon
GCS recorded at hospital
admission. TSI: mean 2.75
years (sd 1.25y)

Votruba, 2008

Impulsivity and
traumatic brain injury:
the relations among
behavioral observation
performance measures,

and rating scales.

n=40 TBI (GCS 3-15; mean 9.5, sd: 3.9)

Cross-sectional

Impulsivity Rating Scale
(IRS); Agitated Behavior
Scale (ABS); Barratt
Impulsivity Scale (BIS);
Stroop Color and Word
test; Part B of Trail
Making Test (TMT-B);
Go-No go Task; Stop-
signal test

Evaluate the nature of
impulsivity among TBI
patients through
simultaneous use of
direct behavior
observation, self-report
and informant rating
scales and performance
measures.

Behavioral observation index
(BO) of verbal impulsive
behaviors showed moderate to
strong relation to IRS and ABS,
and to TMT B. BO of motor
impulsive behaviors showed
moderate to strong correlations
to performance measures. There
was a convergence between
performance measures of
impulsivity, ranging from
moderate to strong correlations.
BIS scale did not associate with
performance measures. On
regression analysis, the IRS was
the only significant predictor of
verbal impulsive behaviors, and
the TMT B was the only
significant predictor for motor
impulsive behaviors.

TBI patients who were
hospitalized in a
rehabilitation hospital. GCS
at hospital admission. TSI:
not reported

Other studies
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Ioachimescu, 2015

Growth hormone
deficiency after mild

combat-related traumatic

brain injury.

n=20 mTBI veterans (males)

Cross-sectional

Stroop Color-Word
Interference Test from the
Delis Kaplan Executive
Function System

Determine the
prevalence of Growth
hormone deficiency in
veterans with TBI and

its association with
cognitive and
psychosocial
dysfunction.

Patients with TBI and Growth
Hormone Deficiency (GHD)
showed worse measures of
inhibitory control when
compared to those without GHD.

Mild TBI was defined by
LOC/PTA/mental state
alteration up to an hour and
no abnormalities on CT
scans. The diagnosis was
made by the TBI clinic
providers following
Department of Defense and
VA criteria. TSI: 8 to 72
months post TBI

Chen, 2012

Working memory in
patients with mild
traumatic brain injury:
functional MR imaging
analysis.

n=20 mTBI; n=18 controls

Prospective,
cross-sectional

Continuous Performance
Test (CPT)

Analyze brain
activation patterns in
response to tests of
working memory in
patients after mTBIL.

There were no differences
between groups among
comission errors in CPT.

Patients were recruited from
Hospitals. MTBI was
established by the American
Congress of Rehabilitative
Medicine criteria. TSI: <1
month and 6 weeks later.

Struchen, 2008

Perceptions of
communication abilities
for persons with
traumatic brain injury:
validity of the La Trobe
Communication

Questionnaire.

n=80 TBI; n=80 controls

Cross-sectional

La Trobe Communication
Questionnaire
(Disinhibition/

impulsivity scale)

one of the main
objectives was to
investigate
discriminant validity
between self-ratings of
TBI patients and
controls on total scale
and subscales

there were no differences
between patients and control in
disinhibition/impulsivity scale of
La Trobe Communication
Questionnaire

Diagnosis of TBI resulting
in hospital admission
between 8 to 24 hours post-
injury; Patients
consecutively admitted in a
level 1 trauma center. GSC
mean 9.06 (sd 4.5), range 3-
15. TSI: at least 6 months
post-injury

O'Keeffe, 2007

Characterising error-
awareness of attentional

lapses and inhibitory
control failures in
patients with traumatic
brain injury.

n= 18 TBI; n=18 controls

Cross-sectional

Go No-go tasks; Frontal
systems behavioral rating
scale (FrSBe)

Investigate online error
monitoring in patients
with TBI

TBI patients made significantly
more comission errors than
controls on all go-no go tasks.
TBI patients presented
significantly more frontal
symptoms than controls, as
reported by patient’s significant
others on FrSBe.

TBI patients were recruited
from a rehabilitation
hospital. PTA length

(medical records) and GCS

(where avaliable). TSI:
mean of 38.6 (sd 26.97) -
data not provided for all

participants.
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Aggression after
traumatic brain injury:
analysing socially

To compare patients
with TBI with controls

TBI group had higher levels of
impulsivity than patients with
spinal cord injury and uninjured
individuals. Impulsivity measure

medical history of TBI; any
insult to the brain verified

n=69 (n=24 TBI; n=21 spinal cord . Barratt Impulsiveness on sub-types of n TBI group correlated . by CT scan that was caused
Dyer, 2006 - ST L Cross-sectional . . positively with total aggression .
desirable responses and injury; n=24 uninjured) Scale - Version 11 aggression and explore .. by mechanical forces. GCS.
; . scale. Impulsivity was one of the
the nature of aggressive the role of social £ h dicted TSI: mean of 1036 days
traits desirability . gctors that predicte post injury
* ' significantly self-rated total
aggression, accounting for 13%
of the variance.
Gordon Diagnostic To provide TBI patients performed
En performance data of | significantly worse than controls | Patient's report. Coma and
Performance data for System (Standard . T -
- . controls and patients on tasks of Vigilance and PTA (self-report or medical
traumatic brain-injured Delayed Task and . . oo
- » o . L. with TBI at Gordon Distractibility from The Gordon | record). TSI: mean of 4.5
Burg, 1995 subjects on the Gordon n=29 TBI; n=25 controls Cross-sectional Vigilance and . . . . s
- - . o Diagnostic System and | Diagnostic System. There was years post injury (sd 7.5
Diagnostic System Distractibility tasks), . .
- compare to no difference in performance years). Range 1 month to
(GDS) tests of attention. Stroop color-word
interference task performance on other between groups on Standard 27 years.
attention tests Delayed Task.
Examine the
neurobehavioral
performance of
patients with CHI, Personal history of closed
Neurobehavioural patients with ADD and . ionificant] head injury and review of
performance of adults . . normal controls in the CHI patients were significantly accident/medical records
Arcia. 1994 with closed-head injury. n=26 minor to moderate CHI; n=23 Continuous Performance :

adults with attention
deficit, and controls.

ADD; n=25 controls

Cross-sectional

Task - CPT (5 min)

areas of simple motor
response, response
speed and attention,
complex perceptual-
motor performance,
and memory and
learning

slower and presented
significantly more errors on CPT
than controls

Record of brief period of
LOC or post-traumatic
confusion. TSI: mean of
0.85 years (sd 0.80)
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Supplementary table: Main instruments used to assess impulsivity in Traumatic Brain

Injury

Instruments

Objective

Studies (Author,

year)

Stroop Task

It is a measure of interference control. The
participant must inhibit an
automatic/prepotent response to execute a
less familiar one. According to Strauss et
al. (2006),

consisted of three white cards, each one

Stroop’s original version
containing 10 rows of five items. The test
is applied in four stages. In Stage 1, subject
is required to read color names (blue,
green, red, brown, purple) printed in black.
In Stage 2, subject must read the same
color names (blue, green, red, brown,
purple) printed in colored ink (blue, green,
red, yellow), ignoring the color of the print
(the printed color is not congruent to the
color name). In Stage 3, subject names the
color of squares (blue, green, red, brown,
purple). And in Stage 4, card 2 is brought
back and subject must name the color in
which the color names are printed and
disregard their verbal content. It is
observed an increase of time in this last
condition, which is named color-word
interference. There are several versions of
this task, which differs mainly in colors,
numbers of cards and number of items used

(Strauss et al, 2006).

Stafford, 2020; Kois,
2018; Xu, 2017,
Seidl, 2015;
McDonald, 2017;
Toachimescu, 2015;

Votruba, 2008

Stop Signal Task:

This task is an experimental measure of
response inhibition, in which the subject
must respond to a “go stimulus”, most of

the time in a computerized version.

Shen, 2020; Shu,
2014; Fisher, 2014;
Rochat, 2013;
Bonnelle, 2012;
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However, from time to time, the stimulus
is followed by a stop-signal and the subject
must withhold the response (Verbruggen &
Logan, 2008).

Votruba, 2008;
Stewart, 1999.

The Barratt
Impulsiveness Scale

(BIS):

It is a self-report measure of impulsivity,
which contains 30 items that are rated
according to frequency and intensity of
behaviors. It measures impulsivity as a
which is

multidimensional construct,

composed by 3 aspects: attentional
impulsivity, motor impulsivity and non-
planning impulsivity (Patton et al, 1995).
The BIS is the most used self-report
measure for impulsivity (Stanford et al,

2009).

Kois, 2018;
McDonald, 2017;
Seidl, 2015; Depue,
2014; Wood, 2013;
Yurgelun-Todd,
2011; McHugh,
2008; Votruba, 2008;
Dyer, 2006; Greve,
2001.
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ABSTRACT

Traumatic brain injury (TBI) is associated with cognitive changes and with inflammatory
in neuronal damage. Moderate and severe TBI have been also associated to behavioral
changes such as impulsivity. Interestingly, for mild TBI (mTBI), data on impulsivity trait
and cognition is mainly investigated in military population, either with or without
psychiatric comorbidities. There is a lack of studies investigating impulsivity in general
mTBI population. On the other side, it is unclear whether inflammation, vascular and
neuronal damage may modulate impulsivity in mTBI. The objective of this study was to
investigate impulsivity in mTBI and to explore possible associated biomarkers of vascular
and neuronal damage and of inflammation. Methods: 21 mTBI patients were assessed
within one-month post-TBI and their data were compared to 19 healthy controls on
measures of impulsivity (Barratt Impulsiveness Scale — BIS -11), executive functioning,
episodic memory, anxiety and depression symptoms, self-report cognitive failures and
blood biomarkers of vascular and neuronal damage and of inflammation. Results: mTBI
patients were significantly more impulsive than controls on BIS total, BIS motor and BIS
2 factor correction non planning impulsivity. There was no difference on
neuropsychological tests of inhibitory control or other cognitive measures. Anxiety
symptoms were significantly elevated in mTBI patients. Moreover, mTBI patients
differed from controls in several biomarkers. BIS-11 Impulsivity scores were
significantly associated to Copeptin, MMP9, Lipocalin-2/NGAL, LIGHT/TNFSF14,
APP, NCAM and mTBI. Conclusion: MTBI patients were more impulsive than controls,
and non-planning impulsivity was associated to mTBI. Inflammatory, vascular and

neuronal markers were associated with impulsivity in this population.

Keywords: Impulsivity; Inhibitory control; mTBI; blood biomarkers
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Introduction

Traumatic Brain Injury (TBI) is a highly prevalent condition worldwide affecting more
than 50-60 million people every year (Maas et al., 2017). Among all TBI severities, mild
TBI (mTBI) is the most prevalent, accounting for approximately 80% of cases, which in
turn contributes to a large socioeconomic burden (Maas et al., 2017). Despite its high
prevalence, mTBI has only received attention recently. Studies from populations highly
exposed to this condition such as militaries and athletes called attention to the possible
long-term impact of mTBI on cognition and behavior (Barr, 2014; Levin & Diaz-Arrastia,

2015).

Cognitive impairment is commonly reported at the acute stage post mTBI (Croall et al.,
2014; de Freitas Cardoso et al., 2019; Lunter et al., 2019). Those cognitive consequences,
however, seem to extend beyond the acute stage and can be observed weeks, months, and
even years post TBI (Barker-Collo et al., 2015; Dikmen et al., 2017; Theadom et al.,
2016; Theadom et al., 2018). Along with cognitive deficits, behavioral changes such as
impulsivity have also been reported in the TBI population (Bjork et al., 2017; McAllister,
2008; Ozga et al., 2018; Rebetez et al., 2015; Rochat et al., 2013; Travis Seidl et al.,
2015). Impulsivity can be defined as a tendency to react rapidly without forethought of
future negative consequences for oneself or others (Moeller et al., 2001). Impulsivity
includes cognitive, psychiatric, and behavioral aspects and can be assessed by employing
self-report scales (to measure trait impulsivity) or laboratory measures (to measure
cognitive or behavioral impulsivity) such as tests of inhibitory control — a core component
of executive functioning (Bari & Robbins, 2013; Diamond, 2013; Moeller et al., 2001).
Failures in inhibitory control — response inhibition or interference control — are considered

signs of impulsivity (Bari & Robbins, 2013).
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Impulsivity is often reported as a possible consequence of moderate to severe TBI
(Rebetez et al., 2015; Rochat et al., 2013). A retrospective study showed increased
impulsivity levels in TBI patients compared to premorbid levels evaluated by the
Urgency, (lack of) Premeditation, (lack of) Perseverance and Sensation seeking
impulsivity scale (UPPS scale) (Rebetez et al., 2015; Rochat et al., 2013). TBI patients
also presented a worse cognitive performance on both interference control and response
inhibition tasks in comparison with healthy controls (Dimoska-Di Marco et al., 2011;
Rochat et al., 2013). In addition, TBI patients presented more impulsive choices on the
Cambridge Gambling Task compared with controls, thus evidencing that TBI-related
impulsivity is associated with impaired decision-making cognitive measures (Newcombe
et al., 2011). Importantly, TBI was associated not only with impulsivity [as measured by
the Barratt Impulsiveness Scale (BIS)] but also with measures of suicidality (Yurgelun-
Todd et al., 2011). Of note, impulsivity measures are significantly correlated to past and
current suicidal ideation (Yurgelun-Todd et al., 2011), suggesting a potential relationship
between impulsivity and mental health. Moreover, impulsivity is also correlated with
functionality post severe TBI, with worse functional outcomes associated with more

severe impulsivity (Rebetez et al., 2015).

Regarding mTBI, the studies in impulsivity trait and cognition are scarce and the results
are controversial (Chen et al., 2012; Depue et al., 2014; James et al., 2014; Shen et al.,
2020; Travis Seidl et al., 2015; Xu et al., 2017). For instance, in a prospective study, Chen
et al (Chen et al., 2012) found no differences between mTBI patients and healthy controls
in the Continuous Performance Task (CPT) within one-month post-TBI. Another study
reported a deficit in inhibitory control on the 4-Choice Reaction Task (4CRT) and on the
Stroop Task in mTBI patients in comparison with healthy controls (Xu et al., 2017).

Likewise, mTBI patients differed from controls on the Stop Signal Task reaction time,
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reflecting worse inhibitory control (Shen et al., 2020). In addition, veterans with mTBI
were significantly more impulsive than veterans without a history of mTBI, as measured
by the Barratt Impulsiveness Scale - BIS-11, with no differences in an interference control
task (Travis Seidl et al., 2015). Interestingly, mTBI veterans with a comorbid diagnosis
of post-traumatic stress disorder (PTSD) are significantly more impulsive on measures of
negative urgency, defined as the tendency to act impulsively when in a negative emotional
context, than veteran controls and veterans with mTBI only (James et al., 2014). In
another study, patients with mTBI and comorbid PTSD were significantly more
impulsive on the BIS scale and showed worse performance on response inhibition than
healthy controls (Depue et al., 2014). It is worth mentioning’ that the majority of studies
about impulsivity on mTBI were performed on the military population, investigating
participants with comorbid psychiatric disorders. Studies investigating trait impulsivity
with measures of inhibitory control in mTBI patients from the general population are still

missing.

From a pathophysiological perspective, TBI is a complex and multifactorial condition.
Although molecular and cellular mechanisms involved in TBI pathophysiology are not
fully understood, a growing body of evidence supports the involvement of neural,
inflammatory, vascular, oxidative stress, and metabolic events in TBI-associated
cognitive and behavioral disturbances (Furtado & Katzman, 2015; Kim et al., 2018;
Machado et al., 2020; Woodcock & Morganti-Kossmann, 2013). Among markers of
neural injury, amyloid precursor protein (APP) positive axonal swellings were reported
in brains of patients with both mild and severe TBI (Blumbergs et al., 1995), and neuron-
specific enolase (NSE) was increased in the blood of veterans with a history of mTBI
compared to those veterans without mTBI history (Powell et al., 2020). Markers of glial

injury such as calcium-binding protein B (S100B) and Glial Fibrillary Acidic Protein
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(GFAP) were found increased in serum samples of mTBI patients acutely, serving as an
indicator of possible intracranial lesions on brain scan (Cevik et al., 2019). Regarding
vascular biomarkers such as Copeptin has been also associated with a worse prognosis

and mortality in TBI (Zhang et al., 2021).

Regarding inflammatory mediators, veterans that suffered mTBI with loss of
consciousness (LOC) presented significantly higher levels of Interleukin (IL)-6 on
plasma compared with both mTBI patients without LOC and controls (Kanefsky et al.,
2019). Increased serum levels of inflammatory cytokines (IL-1p and IL-6) were also
found in mTBI patients within one week post-injury compared with controls (Sun et al.,
2019). Increased serum levels of the chemokine monocyte chemoattractant protein-1
(CCL2-MCP1) were also increased and associated with acute post-concussive symptoms

severity (Sun et al., 2019).

Particularly in impulsivity resulting from TBI, serum levels of the inflammatory cytokine
tumor necrosis factor (TNF)-a were correlated with disinhibition scores in patients victim
of severe to moderate TBI, which endorsed suicide. This finding supports the role of

inflammation in TBI-related impulsivity (Juengst et al., 2014).

In sum, mTBI seems to be associated with impulsivity, and there is increasing evidence
of the participation of inflammation in the pathophysiology of mTBI. However, the
possible pathophysiological interactions between impulsivity, inflammation and neuronal
damage remain to be further explored. To the best of our knowledge, this is the first study
to conduct an exploratory investigation to identify potential biomarkers of impulsivity
following mTBI in the general population. The identification of biomarkers involved in
impulsivity secondary to mTBI may open new avenues for the development of potential
therapeutic targets that might be also expanded to other TBI-related psychiatric
conditions like anxiety disorders.

136



We hypothesized that patients with mTBI: 1) perform worse than healthy controls on
measures of inhibitory control, 2) present higher levels of impulsivity on a self-report
measure of impulsivity, and 3) markers of inflammation and axonal injury are associate

with TBI-related impulsivity.

Methods and materials

Participants

We prospectively recruited mTBI patients in an Emergence Trauma Hospital — Hospital
Jodao XXIII, Belo Horizonte, Brazil; these patients took part in a longitudinal study that
evaluated mTBI patients from 24 hours to one-year post-TBI. The study was approved
by the local — Universidade Federal de Minas Gerais — and hospital’s ethics committee
under the number CAAE: 49623015.0.0000.5149. Herein, we analyzed cross-sectional
data of patients who were reassessed in the period within one-month post-mTBI, in which

patients were evaluated on cognitive and behavioral measures and blood biomarkers.

mTBI patients (Glasgow coma score of 13 to 15 at hospital admission) were recruited at
the hospital and included in the study if: aged between 18 to 59 years old, within 24 hours
post mTBI, agreed to participate by providing written informed consent. mTBI definition
followed the criteria of The World Health Organization Task Force described at Kristman
et al (Kristman et al., 2014). Patients were not included if they had any of the following:
Computerized Tomography (CT) intracranial with abnormalities; skull fracture,
penetrating injury, previous history of moderate or severe TBI, history of neurosurgery,
diagnosis of autoimmune disease or cancer, neurodegenerative disease, severe psychiatric
disease (e.g. schizophrenia, bipolar disorder), present diagnosis of drug or alcohol

dependence, belonging to street or prison population, current infectious disease,
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pregnancy, or unavailability to take part of the longitudinal study. From the 1,334 TBI
cases analyzed at emergency, 60 met the inclusion and exclusion criteria, and 21 returned

at follow-up.

At follow-up, patients (n=21) were assessed within one-month post-mTBI, (13.5 = 6.6
days) in an outpatient clinic, where a neuropsychological assessment was conducted by a
single well-trained psychologist, and blood samples were collected. Healthy controls
were recruited from the local community and were included if they agreed to participate
in the study by providing written informed consent and had never had a previous history
of moderate or severe traumatic brain injury and have not had a history of mild TBI within
the past 5 years. For the control group (n=19), the same exclusion criteria of the patient

group were applied.

Neuropsychological assessment

The Barratt Impulsiveness Scale — BIS-11 (Malloy-Diniz, 2010) is a self-report scale
that evaluates impulsivity. It is composed of three second-order factors, according to
Patton et al (Patton et al., 1995) — attentional impulsivity, non-planning impulsivity, and
motor impulsivity. According to Vasconcelos et al (Vasconcelos, 2015), the Brazilian
version of the BIS-11 scale is composed of two factors — inhibitory control and non-
planning. In our study, both the original factors and the Brazilian two-factors were

analyzed.

The Five-Digit Test — FDT (Sed6, 2015) and The Hayling Test (Burgess & Shallice,
1997, Siqueira et al., 2010) were applied for measures of speed processing, inhibitory
control, and cognitive flexibility. Psychology Experimental Building Language

Continuous Performance Test — PEBL CPT (PCPT) (Piper et al., 2016) was used to
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assess sustained attention (omission errors) and inhibition (commission errors). Verbal
fluency tasks (de Paula et al.,, 2015) assessed verbal fluency and flexibility. The
Complex Rey Figure Test (Oliveira, 2017) and The Modified Logical Memory Test
(Nitrini, 2008) were used to assess episodic memory and The Corsi Task (Kessels et al.,
2008; Kessels et al., 2000) and Digit Span Tasks (Figueiredo, 2007) to assess working
memory. The Wechsler Abbreviated Intelligence Scale - WASI (Wechsler, 2014) was

used to measure general cognitive ability in mTBI patients.

In addition, The Hospital Anxiety and Depression Scale —- HADS (Zigmond & Snaith,
1983) and the Cognitive Failures Questionnaire - CFQ (Broadbent et al., 1982; de
Paula et al., 2018) were applied to measure anxiety and depression symptoms and self-

report cognitive failure respectively.

Blood sample processing

Peripheral blood samples were drawn using vacuum tubes, centrifuged at 4 °C, 3000 rpm,
for 10 minutes for serum obtaining. The serum was collected and stored at -80 °C for
posterior analysis. Renin-angiotensin (RAS) molecules [Angiotensin I, Angiotensin II,
Angiotensin-converting enzyme (ACE), ACE2)] and copeptin levels were measured by
enzyme-linked immunosorbent assay — ELISA (MyBioSource, CA, USA). The following
biomarkers were measured by quantification of serum proteins by technical microspheres
(LUMINEX, TX, USA; R&D Systems, Minneapolis, MN, USA): epidermal growth
factor (EGF), fibroblast growth factor 2 (FGF-2), Eotaxin, transforming growth factor
alpha (TGF-alpha), granulocyte colony-stimulating factor (GCSF), granulocyte-
macrophage colony-stimulating factor (GM-CSF), interferon alpha 2 (IFN-alpha2),
interferon gamma (IFN-gamma), growth-related oncogene (GRO), Interleukin -10 (IL-

10), monocyte chemotactic protein 3 (MCP-3), interleukin-12 p40 (IL-12p40),
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macrophage-derived chemokine (MDC), interleukin -12 p70 (IL-12p70), interleukin-13
(IL-13), interleukin-15 (IL-15), soluble CD40 ligand (sCD40L), interleukin-17 A (IL-
17A), interleukin-1 alpha (IL-1aplha), interleukin-9 (IL-9), interleukin-1 beta (IL-1beta),
interleukin-2 (IL-2), interleukin-3 (IL-3), interleukin-4 (IL-4), interleukin-5 (IL-5),
interleukin-6 (IL-6), interleukin-7 (IL-7), interleukin-8 (IL-8/CXCLS8), IP-10, monocyte
chemotactic protein 1 (MCP-1), macrophage inflammatory protein-1 alpha (MIP-1alpha),
macrophage inflammatory protein-1 beta (MIP-1beta), Tumor necrosis factor alpha
(TNF-alpha), wvascular endothelial growth factor A (VEGF-A), brain-derived
neurotrophic factor (BDNF), Catepsin D, soluble intercellular adhesion molecule-1
(sICAM-1), myeloperoxidase (MPO), platelet derived growth factor-AA (PDGF-AA),
RANTES, neural cell adhesion molecule (NCAM), platelet derived growth factor-AB
(PDGF-AB/BB), soluble vascular cell adhesion molecule-1 (sVCAM-1), plasminogen
activator inhibitor-1 (PAI-1), matrix metalloproteinase-9 (MMP-9), Fibroblast Activation
Protein, Neuropilin-1, Lipocalin-2/ neutrophil gelatinase-associated lipocalin (NGAL),
vascular  endothelial growth factor receptor 2 (VEGF-R2/KDR), matrix
metalloproteinase-1 (MMP-1), macrophage migration inhibitory factor (MIF), S100
calcium binding protein B (S100-B), tumor necrosis factor superfamily member 14
(TNFSF14/LIGHT), amyloid precursor protein (APP), receptor for advanced glycation
endproducts (RAGE), Fracktalkine/CX3CL1, Enolase-2/ neuron specific enolase (NSE),
neuregulin-1-beta-1(NRG1-betal), ubiquitin carboxyl-terminal hydrolase isozyme

L1(UCH-L1/ PARK-5).

Statistical analysis

Statistical analysis was conducted on SPSS- 26.0. Descriptive data was provided in terms
of means, standard deviations, medians, percentiles 25 and 75, and frequencies. The
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Shapiro-Wilk test was used to investigate the variable’s distribution. For the variables
with normal distribution, the Student’s t-test was applied to compare differences between
groups, and for those variables with non-parametric distribution, the Mann-Whitney test
was applied. For frequencies comparison, the Chi-square test (or Fisher’s exact test, when
appropriate) was used. To investigate an exploratory relationship between impulsivity
measures and biomarkers, Spearman’s correlations with impulsivity measures and
biomarkers were conducted to select variables for regression analysis including all
participants. Correlations that resulted in p value below 0.2 were included in the linear
regression models. A backward stepwise approach was used for all regression analysis.
The initial model to predict BIS total scores included the following variables: group, sex,
age, copeptin, ACE, angiotensin 1-7, angiotensin 2, TGF alpha, IL-4, IL-5, MPO,

sVCAM, PAI-1, MMP-9, Neuropilin-1, Lipocalin-2/NGAL, LIGHT, APP.

The initial model to predict BIS 2 factor nonplanning included: group (patients x
controls), sex, age, copeptin, ACE, ACE 2, angiotensin 2, IFN alpha 2, IL-10, MPO,

MMP-9, Lipocalin-2/NGAL, LIGHT.

A logarithmic transformation was conducted to normalize the distribution of BIS motor
variable. The initial model to predict LOG BIS motor included the following variables:
group, sex, age, copeptin, ACE, GM CSF, GRO, IL-12 p40, VEGF-A, MPO, NCAM,
MMP-9, sVCAM, Neuropilin-1, Lipocalin-2/NGAL, LIGHT, APP. ANOVA values were

examined for each model. Significance level was set at 0<0.05.

Results

Comparison between mTBI patients and healthy controls on demographic, cognitive, and

behavioral data
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Patients and controls were compared for demographic variables (Table 1). There was no
difference between groups on age (p=0.469), sex (p=0.545), or years of education
(p=0.436). Most patients presented a score of 15 (85.7%, 18/21) in the Glasgow Coma
Scale at hospital admission and 57% (12/21) had lost consciousness. The main TBI causes
were attributable to falls from variable heights (23.8%, 5/21) and traffic accidents (23.8%,

5/21).

The comparisons between groups on cognitive and behavioral data are shown in Table 2.
There were significant differences in motor impulsivity, non-planning impulsivity
Brazilian factor, and total impulsivity (all p<0.05). No differences were found on
attentional impulsivity, non-planning impulsivity, and inhibitory control Brazilian factor
(all p>0.05). There were no differences between groups on cognitive measures of
executive function and attention (all p >0.05). Patients presented increased scores in the
scale assessing anxiety compared with healthy controls, while no difference was observed
on depression scores. No differences were found on self-report cognitive failures of
everyday life, working memory, episodic memory, and verbal fluency (Tables S1, S2,

and S3).

Correlations between BIS-11 and HAD scales

Impulsivity scores were positively correlated with anxiety scores in mTBI patients
(n=20), resulting in the following significant correlations: BIS total (r=0.582, p= 0.007,
BIS attention (r=0.655, p=0.002), BIS 2F inhibitory control (r=0.586, p=0.007). The
correlations between anxiety scores and BIS non-planning, BIS motor, and BIS 2F non-

planning were not significant (all p>0.05).
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Biomarkers in mTBI and controls and its association with impulsivity

Regarding biomarkers levels (Table 3), it was observed that healthy controls and mTBI
patients differed significantly on Copeptin, GRO, LIGHT, MMP-9 and lipocalin-
2/NGAL (all p<0.05), with mTBI patients presenting increased serum levels of those
biomarkers. In addition, there was also a significant difference in MIF, EGF, and enolase
levels (all p<0.05), in which mTBI patients presented decreased levels compared to health

controls.

The linear regression analysis (Table 4) using BIS total as a dependent variable resulted
in a significant model [F (5,34) = 10.203; p<0.001; R?=0.600] with the following
predictive variables: Copeptin (p=0.014), MMP-9 (p<0.001) Lipocalin-2/NGAL

(p=0.003), LIGHT (p=0.001), and APP (p=0.038).

Moreover, the linear regression analysis (Table 5) to predict BIS 2F non-planning
impulsivity resulted in a significant model [F (1,38) = 7.960; p=0.008; R>=0.173] with
group (Patients x Controls) as the only significant predictor (p=0.008). Also, a linear
regression analysis (Table 6) was conducted to predict BIS motor impulsivity that
resulted in a significant model [F (6,33) = 10.352; p<0.001; R?=0.653] with the following
significant predictors: copeptin (p=0.005), NCAM (p=0.003), MMP-9 (p<0.001),

Lipocalin-2/NGAL (p<0.001) and LIGHT (p=0.001).

Additional correlations were conducted to investigate whether the impulsivity-associated
biomarkers would be specific for impulsivity (Table S4). No significant correlations were
found between cognitive measures and LIGHT, APP or NCAM. However, significant
correlations were found between Copeptin and FDT inhibition (r=-0.484, p=0.026), Rey
complex figure copy (r=-0.526, p=0.014), and Hayling A time (r=0.556, p=0.009).

Lipocalin-2 correlated with Verbal Fluency Task — fruits (r=0.511, p=0.018) and Verbal
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Fluency Task — animals (r=0.505, p=0.020). Finally, MMP9 correlated to Hayling time

B-A (r=-0.441, p=0.045), which reflects inhibitory control.

Discussion

This study sought to investigate whether mTBI patients were more impulsive than
controls. Additionally, it also aimed to explore associations between impulsivity and
serum markers. We found that higher levels of impulsivity in mTBI patients within one
month post-TBI in comparison with controls. mTBI patients also showed increased and
decreased levels of several biomarkers compared to controls, which indicates
pathophysiological changes in mTBI. Moreover, impulsivity levels were significantly
associated with serum levels of Copeptin, MMP-9, LIGHT, Lipocalin-2/NGAL, NCAM,

and APP.

Several studies have reported impulsivity in TBI patients. A meta-analysis with 38 studies
with TBI patients ranging from mild to severe TBI found no effect for interference
control, however, a significant effect (d=0.5) was observed for response inhibition
(Dimoska-Di Marco et al., 2011). TBI patients performed worse on measures of
interference control and response inhibition compared with healthy controls (Rochat et
al., 2013). Accordingly, mTBI patients presented increased reaction time on the 4-Choice
Response Task switching condition and significantly more errors on a modified Stroop
task compared with controls, reflecting a deficit in inhibitory control processes (Xu et al.,
2017). mTBI patients also presented a worse performance on Stop-signal Task reaction
time, supporting a worse inhibitory control (Shen et al., 2020). Herein, mTBI patients and
controls did not differ on measures of interference control and response inhibition (FDT,
Hayling, and PCPT). Differences in requirements of inhibitory control ability between

different tasks may explain, at least in part, the contradictory results.
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In a study conducted by Mosti & Coccaro (Mosti & Coccaro, 2018), patients with
intermittent explosive disorder (IED), other psychiatric disorders, and healthy controls
were investigated to identify aggression and impulsivity and its possible association to
mTBI history. Patients with IED were more likely to have mTBI compared to other
groups. When patients with a history of mTBI were analyzed separately from those
without mTBI, it was observed a significant difference in composite impulsivity (BIS-11
and the Life History of Impulsive Behavior). Patients with mTBI history were more
impulsive and the impulsivity levels increased according to the presence of LOC and
frequency of TBI occurrence (TBI with LOC or TBI with two or more episodes of LOC).
In our study, significant differences emerged from controls and mTBI patients on self-
report measures of impulsivity (BIS-11). Patients were more impulsive on total BIS,
motor impulsivity, and non-planning impulsivity from the Brazilian 2-factor correction.
The last was significantly associated with mTBI in a regression model, strengthening
impulsivity findings on mTBI. Increased levels of impulsivity, measured by The UPPS
impulsivity scale, were reported by family members of TBI patients when TBI patients
were compared to their premorbid impulsivity levels (Rochat et al., 2013). Attentional
impulsivity and total impulsivity scores were also significantly higher in veterans with
TBI compared to controls, as revealed by the BIS scale (Yurgelun-Todd et al., 2011).
These data show clear association between TBI and impulsivity, but current available
data do not allow the inference about causality — whether TBI causes impulsivity or
impulsivity is a risk for TBI. It is possible that both occur, with a bidirectional relationship
between them. Further longitudinal studies are necessary to provide evidence for this

hypothesis.

The veterans with TBI studied by (Yurgelun-Todd et al., 2011) also presented higher

anxiety and depression scores on Hamilton Anxiety and Depression Rating scales.
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Interestingly, impulsivity scores were associated with current suicidal ideation in TBI. In
another study, veterans with mild TBI without suicidal behavior (SB-) and mild TBI with
suicidal behavior (SB+) were compared to healthy controls. mTBI patients (SB+) were
more impulsive than controls and than mTBI (SB-) on BIS total, attentional impulsivity,
and non-planning impulsivity. Also, they were significantly more anxious and depressed
in the Hamilton Depression and Anxiety Rating scales (Lopez-Larson et al., 2013). Both
studies (Lopez-Larson et al., 2013; Yurgelun-Todd et al., 2011) were conducted with
veterans and identified TBI retrospectively, by employing The Ohio State University TBI
identification Method. Our study, however, enrolled mTBI patients from the general
population that were prospectively followed up to 30 days after discharge from the
Emergency Department (<24 hours post-TBI). Likewise, increased levels of anxiety were
also observed in mTBI patients from our study. Symptoms of anxiety are common in
mTBI patients and were found to be increased one-month post-mTBI (Barker-Collo et

al., 2015).

We found some moderate correlations between self-report measures of impulsivity and
impulsivity laboratory measures (neuropsychological tests) [supplementary data]. BIS-
11 scores significantly correlated with PEBL CPT scores and Hayling B scores, however,
there were no differences between groups on neuropsychological tests but only on self-
report measures. Self-repot measures of impulsivity and laboratory measures (cognitive
and behavioral tests) are related to each other in some aspects, reflecting a measure of a
unitary construct, i.e., impulsivity (Jauregi et al., 2018). In addition, the relationship
between those types of impulsivity measurement is not perfect and they tend to load on
different factors of impulsivity, as observed by Cyders et al (Cyders, 2012). Self-report

measures tend to reflect traits and long-term behavioral tendencies of impulsivity, while
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tests seem to reflect impulsive actions at the assessment time (Cyders, 2012; Moeller et

al., 2001). These findings reflect the conceptual complexity of impulsivity.

Anxiety levels were significantly associated with attentional impulsivity, BIS total, and
BIS inhibitory control in mTBI patients in our study. In a study conducted with healthy
individuals (Yu et al., 2020), impulsivity levels were also associated with anxiety, in
which cognitive flexibility seemed to moderate the association. Moreover, anxiety levels
significantly predicted motor impulsivity in those participants (Yu et al., 2020). In a study
conducted by Moustafa et al (Moustafa et al., 2017), impulsivity levels measured by BIS-
11 were significantly predicted by anxiety and stress scores in young (18-28 years) and
middle-aged (29-48 years) individuals from the general population. Patients with major
depressive disorder and bipolar disorder with comorbid anxiety disorder or with anxiety
symptoms exhibit higher levels of trait impulsivity than patients without the comorbidity
(Bellani et al., 2012). It indicates a possible influence of anxiety on impulsivity. However,
the relationship between anxiety and impulsivity is not elucidated and needs further

investigation (Jakuszkowiak-Wojten et al., 2015).

Other studies that investigated impulsivity in TBI come mainly from the military
population and subjects with comorbid PTSD (Depue et al., 2014; James et al., 2014;
Kois et al., 2018). To the best of our knowledge, no study has investigated mTBI in
patients from the general population with cognitive and self-report measures of
impulsivity. Importantly, there is no available data on potential serum biomarkers
associated with impulsivity in mTBI in the general population. It is worth mentioning that
blood biomarkers have been studied to improve the diagnosis and prognosis of mTBI
(Jeter et al., 2013; Zetterberg & Blennow, 2016). In our study, significant differences
were found between mTBI and healthy controls on serum levels of copeptin, LIGHT,

MMP-9, Lipocalin-2, EGF, MIF, ACE, enolase/NSE, and GRO.
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GRO or CXCLI is a potent neutrophil chemoattractant that seems to be associated with
inflammatory reactions in the brain, as observed in stroke patients (Losy et al., 2005). In
TBI, increased levels of GRO were found in the cortex of rats with focal, diffuse, and
blast injuries (Li et al., 2019; Redell et al., 2013). In line with these findings, we showed

a significant increase in GRO serum levels in mTBI compared with healthy controls.

Epidermal growth factor (EGF) is a mitogen for progenitor cells that seems to promote
cell proliferation in CNS, as observed in animals treated with EGF post-TBI (Sun et al.,
2010). Rats that received EGF infusion after moderate TBI presented improvements in
cognitive function and reduced neuronal loss in the hippocampus (Sun et al., 2010). In
humans, EGF levels were significantly increased in TBI patients compared with patients
with simple fractures. Moreover, serum EGF levels tended to increase in TBI across 1, 3,
7, and 14 days post-injury (Zhuang & Li, 2013). Conversely, in the current study mTBI
patients presented lower serum levels of EGF at 30 days after injury compared with
controls, which may also contribute to the behavioral changes found in this population.
Divergent findings may be attributed to different TBI severity as the mentioned study

included only TBI patients with cerebral contusion on brain scan.

Macrophage migration inhibitory factor (MIF) is a cytokine expressed by neurons,
immune cells, and many other cells outside the CNS (Leyton-Jaimes et al., 2018). In the
CNS MIF acts as an immune-modulator and its levels seem to rise in stress conditions
and inflammation (Leyton-Jaimes et al., 2018). In a study conducted with severe TBI,
MIF levels measured at hospital admission were significantly elevated when compared
to healthy controls and correlated to GCS score and levels of other proinflammatory
markers such as C-reactive protein, IL-6, and TNF alpha, which were also increased in
patients. Moreover, MIF levels were significantly associated with hospital mortality and

predicted worse outcomes at 6 months post-injury, defined by a Glasgow Outcome Scale
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(GOS) score of 1-3 (Yang et al., 2017). Conversely, herein mTBI patients presented a
decrease in the MIF serum levels compared with controls. The severity of TBI and the

time-point of MIF evaluation may explain, at least in part, the distinct findings.

Enolase is an enzyme that seems to contribute to many conditions such as injury,
autoimmunity, inflammation, and infections (Haque et al., 2016). In the CNS, enolase is
expressed by astrocytes and oligodendrocytes (Haque et al., 2016). In patients with severe
TBI, enolase levels were increased compared with controls. In addition, higher levels of
enolase were reported in non-survivors TBI victims compared with survivors 6 months
after the traumatic event (Zhang et al., 2014). Enolase levels were also significantly
increased in mTBI patients compared with controls at the acute stage (<24 hours)
(Peacock et al., 2017). Similarly, increased enolase levels were found in soldiers with
reported mTBI history compared with those without mTBI history (Powell et al., 2020).
In our study, however, enolase levels were significantly decreased compared with
controls. Those differences may be related to differences in TBI severity, time points of

sample collection, and sample characteristics.

ACE levels were significantly reduced in mTBI patients compared with controls. ACE is
one of the main molecules of the RAS, which is an important regulator of water-
electrolyte balance and blood pressure. ACE is responsible to convert angiotensin 1 to
angiotensin 2, thus contributing to the classical RAS axis effects (mainly through the
activation of the AT1 receptor), which include cerebral blood flow reduction, increase in
oxidative stress and inflammation, leading to increased injury (Rocha et al., 2018). In
addition, it was found that ACE polymorphism (presence of D allele), which is correlated
with higher tissue and plasma ACE concentrations, was associated with worse cognitive
performance after moderate to severe TBI (Ariza et al., 2006). Differences in TBI severity

and methods of analysis may explain, at least in part, the divergences from our findings.
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Our regression analyses revealed that total BIS-11 scores were significantly associated
with copeptin, MMP-9, Lipocalin-2/NGAL, LIGHT, and APP. In addition, motor
impulsivity was significantly associated with copeptin, NCAM, MMP-9, Lipocalin-

2/NGAL, and LIGHT.

Copeptin is a C-terminal portion of preprovasopressin, a precursor of arginine
vasopressin (AVP), and as it is produced at similar proportions as AVP, it can be
considered as an equivalent measure of AVP in the organism. Copeptin levels seem to
indicate individual stress response, as it reflects the HPA axis activation (Choi et al.,
2017; Christ-Crain & Fenske, 2016). Copeptin and impulsivity were investigated in
patients with borderline disorder with (SM+) and without self-mutilation behavior (SM-
B). Borderline patients with self-mutilation behavior were significantly more impulsive
(BIS total) and presented higher levels of copeptin compared to SM- patients (Korkmaz
et al., 2016). Conversely to our data, copeptin levels did not correlate significantly with

BIS total in the borderline patients.

Copeptin levels in the TBI population have been associated with increased risk for worse
outcomes and even mortality (Choi et al., 2017; Kleindienst et al., 2010; Zhang et al.,
2021). In our study, mTBI patients presented higher levels of copeptin compared with
healthy controls. Accordingly, a recent meta-analysis revealed that increased copeptin
levels in TBI patients from all severities (GCS 3 to 15) was an effective marker for
accurately identify brain concussion, progressive hemorrhagic injury, acute traumatic
coagulopathy, and mortality (Zhang et al., 2021). A study conducted by Castello et al
(Castello et al., 2018) was not able to identify copeptin as a predictor of worse prognosis
in mTBI patients, despite its increased levels compared with controls. These controversial

findings might be explained, at least in part, by differences in methodological approaches
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including the techniques used to analyze copeptin as well as the tasks employed to

investigate the TBI outcomes.

Metalloproteinase-9 (MMPY) is a gelatinase that has been associated with several brain
diseases, such as epilepsy, multiple sclerosis, brain tumor, stroke, TBI, and even
psychiatric disorders as schizophrenia, bipolar disorder, and drug addiction (Vafadari et
al., 2016). It seems to play different roles in brain physiology including synaptic plasticity
as well as in pathophysiological processes contributing to neuroinflammation and blood-
brain barrier disruption (Rempe et al., 2016; Vafadari et al., 2016). Regarding MMP9
association with impulsivity, one study observed that increased serum levels of MMP-9
were correlated to more severe symptoms of Attention deficit hyperactivity disorder
(ADHD)/Hyperkinetic disorder and were significantly associated with the impulsive
domain of the disorder in children with diagnosed ADHD (Kadziela-Olech et al., 2015).
In severe TBI, a subgroup of patients who were submitted to mild hypothermia within 72
hours presented a decrease in MMP9 mRNA expression and MMP9 serum levels.
Moreover, there was a significant improvement in outcome measures of the GCS and Full
Outline of Unresponsiveness scale (FOUR — a neurological measure) in those patients
(Prasetyo et al., 2017). The increase of MMP9 levels in TBI is thought to be associated
with secondary injury caused by brain edema and hemorrhage (Grossetete et al., 2009).
Petrone et al (Petrone et al., 2017) observed an increased expression of MMP9 mRNA in
the blood of TBI patients compared to controls. The MMP9 expression could predict TBI
with 100% sensitivity and 95% specificity (Petrone et al., 2017). In mTBI, MMP9 levels
were also increased one to eight hours post-injury compared with controls and continued
to be increased for up to 24 hours (Shan et al., 2016). In line with these findings, we found
increased levels of MMP9 in mild TBI patients displaying impulsivity one-month post-

TBI.
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Lipocalin-2/Neutrophil Gelatinase-Associated Lipocalin (NGAL) is a small soluble
amino acid with different functions under physiological and pathological conditions, such
as in iron metabolism, immune response, inflammation, and neurodegeneration (Ferreira
et al., 2015). In patients with severe TBI, increased serum levels of Lipocalin-2, as well
as increased mRNA Lipocalin-2 expression in injured brain samples, were observed when
compared with controls (Zhao et al., 2016). Serum Lipocalin-2 levels correlated
negatively with GCS, reflecting an association between Lipocalin-2 and TBI severity
(Zhao et al., 2016). Accordingly, our study also revealed an increase in the serum levels
of lipocalin-2 levels in mTBI patients at the subacute stage (within one-month post-TBI)
compared with healthy controls. Regarding impulsivity and its association to Lipocalin,

to the best of our knowledge, this is the first study to investigate its relationship.

In the current study, serum levels of LIGHT/STNFSR14, a TNF superfamily ligand
involved in the control of activated microglia and macrophages activation in the CNS
(Sonar & Lal, 2015), were associated with total impulsivity and with motor impulsivity.
In addition, mTBI patients presented higher serum levels of LIGTH compared with
healthy controls. To the best of our knowledge, no studies to date have investigated
LIGHT and its possible association to impulsivity and a few studies investigated LIGHT
expression in TBI compared with controls. Contrary to our findings, decreased levels of
LIGHT were found in concussed athletes compared with controls (Begum et al., 2020).
The time-points of blood collection were comparable to our study, so differences in the
population studied (athletes vs general population) might explain the controversial
findings, as athletes seem to have a different pattern of recovery from mTBI (Karr et al.,

2014).

The Neural Cell Adhesion Molecule (NCAM) is a member of the immunoglobulin

superfamily and is involved in the formation of synapses, as observed in vitro in
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hippocampal cells (Cremer et al., 2000). NCAM is associated with the formation of long-
term potentiation, stability, and plasticity of synapses (Barker et al., 2012; Cremer et al.,
2000). NCAM seems to be associated with impulsive behavior, as observed in a study
with NCAM knockout mice, in which those animals showed impaired performance on
tasks that required suppression of behavior despite presenting learning ability in other
tasks (Matzel et al., 2008). NCAM1 polymorphisms could be involved in traits related to
suicide behavior (Giegling et al., 2010). Moreover, NCAM has been associated with
psychiatric disorders, such as bipolar disorder, depression, and addiction (Barker et al.,

2012; Ishiguro et al., 2019; Varea et al., 2012).

In severe chronic TBI patients, plasma NCAM concentrations were inversely related to
changes in the Coma Recovery Scale Revised (measure of consciousness) score before
and after sessions of transcranial direct current stimulation (Ziliotto et al., 2019). In a
mice model of TBI (cryogenic injury model), after an intraperitoneal injection of an
antioxidant allyl isothiocyanate (AITC) following TBI, levels of NCAM in brain tissue
significantly increased compared with controls (Caglayan et al., 2019). This change
probably reflects neurogenesis and a regeneration mechanism occurring 24 hours after
injury (Caglayan et al., 2019). In our study, although we observed an association between
impulsivity and NCAM, there were no differences between mTBI patients and controls

on this biomarker.

Amyloid precursor protein (APP) once cleaved can potentially contribute to amyloid-beta
deposits formation, a classic marker of Alzheimer’s disease (Muller et al., 2017).
Importantly, APP is also found post-TBI, being a marker for axonal injury (Blumbergs et
al., 1995; Gentleman et al., 1993). The presence of APP in the brain, as a marker of axonal
injury, differs according to the TBI severity. Individuals with severe injuries present

higher APP in several brain regions compared with those with mild injuries. Moreover,
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in brain tissue of controls, there were no signs of APP, strengthening its association with
brain injury (Blumbergs et al., 1995). In our sample there were no differences in serum
APP levels between mTBI patients and controls; however, APP was associated with
impulsivity total score, regardless of group (mTBI or controls). Few studies investigated
APP and its possible association with impulsivity in humans. In a human gene databases
study, the APP protein was linked to both Alzheimer’s Disease as well as to behavioral
and psychological symptoms of dementia (BPSD). These symptoms included agitation,
aggression, irritability, anxiety, depression, apathy, euphoria, psychosis, disinhibition,
and impulsivity (Mao et al., 2020). Accordingly, the APP-SWE mice, which carried a
mutant gene responsible for overexpressing of APP in the brain presented behavior
compatible with motor impulsivity when compared to wild-type controls (Adriani et al.,
2006). The APP-SWE mice displayed a higher percentage of responses in task situations
where they should wait for nose-poke to receive a reward. Additionally, they showed less
tolerance to wait, exhibiting the response at shorter intervals than controls, reinforcing

the impulsive-like behavior (Adriani et al., 2006).

In the current study, APP, LIGHT, NCAM, and MMP9 seem to be specifically associated
with impulsivity as no correlation with other cognitive measures were found (Table S4).
The correlations found between Copeptin and Complex figure copy, Hayling time A and
FDT inhibition may indicate wider association with executive functioning, beyond
impulsivity. The same may be applied to the correlation found between Lipocalin-2 and

verbal fluency tasks.

Some limitations of our study must be addressed. The study was based on a small sample,
which hampers the generalization of the observed data. Studies with larger samples
should confirm our data with larger statistical power. In addition, the present analysis

refers to a cross-sectional observation, which limits any conclusions about causality
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among variables of impulsivity and biomarkers in mTBI. Longitudinal studies are needed
in this regard. We analyzed serum markers, which may not totally reflect the CNS
response to the TBI. However, it is worth mentioning that the blood-brain barrier
permeability is increased in the mTBI, which contributes to the entrance of circulating
peripheral molecules and cells into the brain parenchyma and also to the leakage of CNS
molecules to periphery (Sulhan et al., 2020; Wu et al., 2020). In this scenario, it is tempted

to hypothesize that the peripheral environment may reflect the CNS milieu in TBI.

In conclusion, we provided evidence of impulsivity in patient’s victims of mTBI from the
general population. We also revealed increased and decreased levels of inflammatory and
vascular mediators in the serum of mTBI patients compared with controls. Our findings
may open new avenues for the identification of potential biomarkers and/or therapeutic
targets that may underlie the development of treatments focused on the management of

TBI-related impulsivity and other psychiatric disorders.
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Table 1: Comparison between TBI patients (24h) and healthy controls on

demographic variables

Variables Controls (SD, pc25- mTBI (SD, pc25- P value
75) 75, %)

N 19 21 -
Age 40 (26-51) 33 (27.5-42) 0.469°
Sex
Female 11 (58%) 10 (47.6%) 0.545?
Male 8 (42%) 11 (52.4%)
Years of education 11 (8-11) 11 (9-11) 0.436°
WASI matrix - 43.57 (2.22) -
reasoning - T score
Estimated of general - 88.44 (3.55) -
cognitive ability
(WASI vocabulary +
matrix reasoning 1Q)
n=18
GCS

13 - 2 (9.5%)

14 - 1 (4.8%) -

15 - 18 (85.7%)

Loss of consciousness
Yes

12 (57.1%)

No - 8 (38.1%) -
Unknown - 1 (4.8%)

Cause of mTBI

Fall from own height - 3 (14.3%)

Traffic accident - 5(23.8%)

Aggression - 3 (14.3%) -
Runover - 1 (4.8%)

Fall from variable - 5(23.8%)

height - 4 (19%)

Other

b- Mann-Whitney test; a- Fisher’s exact test; mTBI — mild traumatic brain injury; GCS

— Glasgow coma scale
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Table 2: Comparison between TBI and controls on measures of executive function,
impulsivity and biomarkers

Variables

Controls (SD, pc25-

75)

mTBI (SD, pc25-
75)

P value

BIS attentional
(controls — n=19, TBI
—n=21)

16.05 (0.981)

18.33 (0.955)

p=0.104°

BIS nonplanning
(controls — n=19, TBI
—-n=21)

24.47 (0.947)

26.76 (0.966)

p=0.10°

BIS motor (controls —
n=19, TBI — n=21)

17 (15-19)

20 (17.5-24)

p=0.008"

BIS total (controls —
n=19, TBI — n=21)

57.79 (1.341)

65.71 (2.261)

p=0.005*

BIS 2F nonplanning
(controls — n=19, TBI
—n=21)

15.526 (0.6277)

18.762 (0.9307)

p=0.008*

BIS 2F inhibitory
control (controls —
n=19, TBI — n=21)

36 (32-42)

39 (34-49.5)

p=0.069°

FDT Reading
(controls — n=14, TBI
—n=21)

21 (18.75-23.75)

22 (20-27.5)

p=0.118

FDT inhibition
(controls — n=14, TBI
- n=21)

18.07 (1.66)

17.14 (2.077)

p=0.75°

FDT flexibility
(controls — n=14, TBI
—n=21)

29.07 (2.29)

29 (2.18)

p=0.983"

PCPT RT (controls —
n=14, TBI — n=21)

444.2 (20.347)

445.028 (17.78)

p=0.997°

PCPT Omission
(controls — n=14, TBI
—n=21)

2 (1-6)

3(2-13.5)

p=0.175°

PCPT Comission
(controls — n=14, TBI
—n=21)

11.0 (1.64)

13.45 (1.667)

p=0.353¢

Hayling test A - time
(controls — n=12, TBI
—n=21)

3(3-9)

5(3-8)

p=0.471°

Hayling test A - score
(controls — n=12, TBI
—n=21)

15 (15-15)

15 (15-15)

p=0.782°

Hayling test A - errors
(controls — n=12, TBI
—n=21)

0 (0-0)

0 (0-0)

p=0.956"

Hayling test B - time
(controls — n=12, TBI
—n=21)

37.00 (15.25-43.00)

40.00 (20.50-
72.50)

p=0.308°
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Hayling test B - score  11.00 (6.25-12.00)
(controls — n=12, TBI
—n=21)

11.00 (7.00-13.00)

p=0.542"

Hayling test B - errors 4.00 (3.00-8.00) 4.00 (2.00-8.00) p=0.593°
(controls — n=12, TBI

—n=21)

Hayling test — time B-  29.00 (12.25-37.50)  35.00 (15.00- p=0.385°
A (controls — n=12, 61.50)

TBI — n=21)

HADS Anxiety 5.895 (0.772) 9.1 (1.05) p=0.020*
(controls-n=19; mTBI

—n=20)

HADS Depression 4 (3-7) 6 (3-8.75) p=0.079°
(controls-n=19; mTBI

—n=20)

CFQ score (controls-  33.14 (4.2) 44.55 (5.06) p=0.093?

n=14; mTBI-n=18)

mTBI: Mild Traumatic brain injury; FDT: Five Digit Test; BIS: Barratt Impulsiveness

Scale 11; HAD: Hospital Anxiety and Depression Scale; pc:percentile, sd: standard

deviation; a -T-test; b- Mann-Whitney test
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Table 3: Blood biomarkers of mTBI patients and controls

Biomarkers Controls (SD, pc25- mTBI (SD, pc25- P value
75) 75)

Copeptin levels FUP 60.77589 (2.774) 75.328 (2.566) p<0.001*
(controls — n=19, TBI
—n=21)
MIF (controls — n=19, 895.008 (90.8519) 600.459 (68.3569) p=0.013*
TBI — n=21)
EGF (controls — n=19, 113.760 (42.130 — 27.820 (15.860 — p=0.005"
TBI — n=21) 192.900) 49.755)
GRO (controls — n=19, 1337.00 (1080.00 - 2767.00 (1702.00 — p=0.011°
TBI — n=21) 2160.00) 12107.00)
IL-2 (controls — n=19, 0.35(0.13 -2.73) 0.13(0.11-0.53)  p=0.057°
TBI — n=21)
LIGHT (controls — 18.99 (11.64 — 42.54 (32.64 — p=0.003>
n=19, TBI — n=21) 39.05) 80.40)
Enolase (controls — 4005.000 (2016.000  1818.000 (398.665  p=0.041"
n=19, TBI — n=21) —7431.000) —3267.000)
MMP-9 (controls — 35026.0 (17234.0—  96251.0 (35370.5 - p=0.008"
n=19, TBI — n=21) 66273.0) 228723.0)
Lipocalin (controls — 25325 (23407.00 - 28549.00 p=0.014"
n=19, TBI — n=21) 28549.00) (25839.00 —

30923.00)
ACE (controls —n=19, 649.398 (587.259 -  535.6060 p=0.002"
TBI — n=21) 696.334) (507.3070 —

611.3030)

pc:percentile, sd: standard deviation; a -T-test; b- Mann-Whitney test
Table 4: Multiple regression linear model BIS total (Step 14)
Predictive variable  Standardized t P value
coefficient

Copeptin 0.322 2.593 0.014
MMP-9 0.721 3.921 <0.001
Lipocalin 0.387 3.235 0.003
LIGHT -0.718 -3.836 0.001
APP 0.263 2.157 0.038
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Table 5: Multiple regression linear model -BIS (2F) nonplanning (Step 13)

Predictive variable  Standardized t P value
coefficient
Group 0.416 2.821 0.008

Table 6: Multiple regression linear model — Log BIS motor (Step 12)

Predictive variable  Standardized t P value
coefficient
Copeptin 0.383 3.042 0.005
NCAM 0.360 3.212 0.003
MMP-9 0.680 3.899 <0.001
Lipocalin 0.446 3.941 <0.001
LIGHT -0.643 -3.599 0.001
APP 0.211 1.795 0.082
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Supplementary tables and material

Table S1 — Performance and comparison between mTBI patients and controls on
neuropsychological measures of working memory

Variables

Controls (SD, pc25-
75)

mTBI (SD, pc25-
75)

P value

Digit span task
forward -score
(controls — n=12, TBI
—n=21)

7.50 (0.515)

8.00 (0.680)

p=0.615°

Digit span task
forward - span
(controls — n=12, TBI
- n=21)

5(4-6)

5 (4-6.5)

p=0.645°

Digit span task
forward - total
(controls — n=12, TBI
—n=21)

35.00 (24.00-52.50)

35.00 (24.00-
62.00)

p=0.811°

Digit span task
backward - score
(controls — n=12, TBI
—n=21)

4.50 (4.00-5.00)

5.00 (4.00-6.00)

p=0.542°

Digit span task
backward - span
(controls — n=12, TBI
- n=21)

4.00 (3.25-4.00)

4.00 (3.00-5.00)

p=0.782°

Digit span task
backward - total
(controls — n=12, TBI
—n=21)

18.00 (13.00-20.00)

20.00 (12.00-
30.00)

p=0.671°

Corsi forward score
(controls — n=12, TBI
—n=21)

8.50 (0.622)

8.19 (0.328)

p=0.631°

Corsi forward span
(controls — n=12, TBI
- n=21)

6.00 (5.25-7.00)

6.00 (5.00-6.00)

p=0.163°

Corsi forward total
(controls — n=12, TBI
—n=21)

55.25 (6.372)

47.38 (3.187)

p=0.373¢

Corsi backward score

(controls — n=12, TBI
- n=21)

9.00 (6.00-10.00)

8.00 (7.00-10.00)

p=0.671°

Corsi backward span
(controls — n=12, TBI
—n=21)

6.00 (4.00-6.00)

6.00 (5.00-6.00)

p=0.726

Corsi backward total
(controls — n=12, TBI
—n=21)

54.00 (30.00-60.00)

48.00 (35.00-
60.00)

p=0.518°

pc:percentile, sd: standard deviation; a -T-test; b- Mann-Whitney test
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Table S2 — Performance and comparison between mTBI patients and controls on
neuropsychological measures of episodic memory

Variables Controls (SD, pc25- mTBI (SD, pc25- P value
75) 75)

Logical memory test- 11.33 (1.214) 9.95 (0.989) p=0.395?

immediate recall

(controls — n=12, TBI

—n=21)

Logical memory test-  10.25 (1.206) 8.86 (0.837) p=0.339?

delayed recall

(controls — n=12, TBI

—n=21)

Logical memory test— 13.00 (10.00-13.75)  11.00 (9.00-13.50)  p=0.385°

recognition (controls —

n=12, TBI — n=21)

Rey complex figure 34.50 (32.25-35.75)  34.00 (32.00- p=0.726"

test - copy (controls — 35.00)

n=12, TBI — n=21)

Rey complex figure 24.00 (18.37-27.00)  34.00 (32.00- p=0.175°

test - immediate recall 35.00)

(controls — n=12, TBI

—n=21)

Rey complex figure 23.50 (18.62-26.75)  19.50 (15.25- p=0.213°

test - delayed recall 23.00)

(controls — n=12, TBI
- n=21)

pc:percentile, sd: standard deviation; a -T-test; b- Mann-Whitney test

Table S3 — Performance and comparison between mTBI patients and controls on

neuropsychological measures of verbal fluency

Variables

Controls (SD)

mTBI (SD)

P value

Verbal fluency task —
letter F (controls —
n=14, TBI — n=21)

13.07 (1.220)

11.29 (1.035)

p=0.276"

Verbal fluency task —
letter A (controls —
n=14, TBI — n=21)

12.21 (1.159)

9.76 (0.839)

p=0.088"

Verbal fluency task —
letter S (controls —
n=14, TBI — n=21)

10.71 (0.780)

9.81 (0.824)

p=0.454°

Verbal fluency task —
Total FAS (controls —
n=14, TBI — n=21)

36.00 (2.643)

30.857 (2.399)

p=0.168"

Verbal fluency task —
animals (controls —
n=14, TBI — n=21)

17.64 (1.507)

16.90 (1.129)

p=0.693°

Verbal fluency task —
fruits (controls —
n=14, TBI — n=21)

15.14 (0.971)

14.43 (0.742)

p=0.558"
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Verbal fluency task 8.64 (0.580) 8.24 (0.487) p=0.599?
alternated animals x

fruits - pairs (controls

—n=14, TBI — n=21)

Verbal fluency task 17.14 (0.999) 16.29 (0.831) p=0.516*
alternated animals x

fruits - Total (controls

—n=14, TBI — n=21)

pc:percentile, sd: standard deviation; a -T-test; b- Mann-Whitney test

Additional correlations between executive measures and BIS-11

Neuropsychological measures of executive functioning were correlated to BIS-11 scores
and factors to explore the association between tasks and self-report measures of
impulsivity. BIS impulsivity scores (BIS total, BIS non-planning, BIS attentional, BIS
motor, BIS 2F non-planning, and BIS 2F inhibitory control) correlated to measures of
executive function (PCPT omission, PCPT commission, PCPT mean reaction time,
Hayling B time, Hayling B score, Hayling B errors, Hayling time B-A, FDT inhibition
and FDT flexibility) in patients and controls (N=34). It was found that BIS total correlated
positively with PCPT omission (r=0.435, p=0.010) and Hayling B score (r=0.381,
p=0.029), and correlated negatively with Hayling B errors (r=-0.380, p=0.029). BIS
motor correlated positively with both PCPT omission (r=0.479, p=0.004) and PCPT
comission (r=0.489, p=0.003). BIS attention correlated positively with Hayling B score
(r=0.394, p=0.023) and negatively with Hayling B time (r=-0.373, p=0.033), Hayling B
errors (r=-0.383, p=0.028) and Hayling time B-A (r=-0.455, p=0.008). Finally, BIS 2F
inhibitory control correlated positively with PCPT omission (r=0.385, p=0.025), and
Hayling B score (r=0.390, p=0.025) and negatively with Hayling B errors (r=-0.385,
p=0.027). No other correlation was statistically significant (all p>0.05).
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Table S4 - Spearman correlations between biomarkers and neuropsychological

tests - n=21

Copeptin

MMP9

Lipocalin-
2/ NGAL

LIGHT/
TNFSF14

APP

NCAM

FDT -0.484*
inhibition

-0.312

-0.176

-0.116

-0.091

0.358

Rey -0.526*
complex

figure -

copy

-0.267

0.278

-0.105

0.011

0.195

Hayling  0.556**
A time

0.159

0.042

0.063

0.229

-0.250

Hayling  -0.006
B-A

-0.441*

-0.096

-0.144

-0.040

-0.237

Verbal 0.012
fluency

task -

fruits

-0.009

0.511*

-0.041

0.010

-0.141

Verbal -0.232
fluency

task —

animals

0.026

0.505*

0.037

0.142

-0.100

*p<0.05; **p<0.01; FDT — Five Digit Test
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7 — Discussao geral da tese

O primeiro estudo indicou que pacientes com TCE leve apresentaram pior desempenho
em habilidades de cogni¢do geral, memoria episddica e funcionamento executivo em
comparagdo a controles saudaveis dentro de até 24 horas pds TCE. Conforme observado,
fatores como o nivel de escolaridade parecem influenciar no desempenho observado
nesse estagio agudo, de forma que pacientes com nivel de escolaridade mais baixo

apresentaram pior desempenho cognitivo.

No segundo estudo, observou-se que a maior parte dos estudos incluidos na revisao (66%)
trazem evidéncias de impulsividade em pacientes com TCE, sejam por medidas de testes
neuropsicologicos ou de escalas de autorrelato. Contudo, os estudos variaram em relagdo
a: 1) método utilizado para identificar o TCE e sua gravidade; 2) inclusdo de niveis de
diferentes gravidades do TCE; 3) tempo desde a ocorréncia do TCE; 4) instrumentos
utilizados para medir aspectos da impulsividade. Tais divergéncias impedem a
comparacdo entre os estudos e a compreensdo sobre as dimensdes da impulsividade que
estariam presentes no TCE - agcdo impulsiva, escolha impulsiva, impulsividade de trago
(MacKillop et al., 2016) - e se haveria diferenca em fun¢do da gravidade do TCE. Por
fim, ndo foram encontrados estudos que investigassem pacientes com TCE leve ndo

militar por meio de escalas de autorrelato de impulsividade.

No terceiro estudo, houve diferenca significativa entre os participantes em relacao a
impulsividade, com o grupo de pacientes com TCE leve apresentando significativamente
maiores escores em impulsividade motora, impulsividade por nao planejamento (solugdo
de 2 fatores encontrada na versao brasileira) e na escala de impulsividade total em

comparacao aos controles. Além disso, a impulsividade por ndo-planejamento (2 fatores)
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esteve significativamente associada ao grupo de TCE, reforcando essa relacdo. Esses
achados sao similares aos observados por Rochat et al, Yurgelun-Todd et al, McHugh &
Wood e Wood & McHugh em pacientes com TCE moderado a grave, nos quais pacientes
com TCE foram significativamente mais impulsivos que controles em medidas de

autorrelato.

Contrario a nossa hipotese inicial, observamos que ndo houve diferencga significativa
entre o desempenho de pacientes com TCE leve (avaliados em até 30 dias p6s TCE) e
controles nas medidas de funcionamento executivo, incluindo as medidas de controle
inibitério (Teste dos cinco digitos, Teste de Hayling e PEBL Continuous Performance
Task). Esse achado, em conjunto a observag¢do de niveis elevados de impulsividade
medida pela BIS-11 em pacientes quando comparados a controles, apontam para uma
dissociacdo entre as diferentes medidas que refletem impulsividade — testes
neuropsicologicos que avaliam aspectos cognitivos e comportamentais versus escalas de
autorrelato. Tal dissociagdo também foi observada por Mariano et al (2019) em pacientes
com variante comportamental da deméncia frontotemporal e pacientes com doenca de
Alzheimer, no qual testes de controle inibitério ndo diferenciaram os quadros clinicos,
mas a BIS-11 sim. A dissocia¢do entre as medidas cognitivo-comportamentais e de
autorrelato de impulsividade também ¢ demonstrada por MacKillop et al (2016) que, ao
avaliar a estrutura latente da impulsividade, encontrou uma divisdo em trés dimensdes:
acdo impulsiva (compreende as tarefas cognitivo-comportamentais de controle
inibitdrio), escolha impulsiva (compreende tarefas de postergacdo de recompensa e
tomada de decis@o) e traco impulsivo de personalidade (compreende as escalas de
autorrelato). Desta forma, podemos concluir que as tarefas neuropsicologicas e escalas
de autorrelato provavelmente estdo mesurando diferentes aspectos da impulsividade.

Reforgando essa hipotese, de acordo com Moeller (2001) e Cyders et al. (2016), tarefas
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comportamentais como 0s testes neuropsicologicos parecem capturar bem, de forma
objetiva, o funcionamento impulsivo do individuo no momento da avaliagdo, enquanto
escalas de autorrelato refletem, de forma subjetiva, o comportamento do individuo ao

longo do tempo, correspondendo a tendéncias mais gerais.

De forma similar ao observado em relacdo as funcgdes executivas, também ndo foi
encontrada diferenca em outras medidas cognitivas de memoria episoddica verbal e visual
e de fluéncia verbal. De forma geral, ¢ relatado na literatura que pacientes com TCE leve
apresentam estimativa de recuperagdo cognitiva completa em até 90 dias pés TCE para a
populacdo geral, e cerca de sete dias para atletas (Karr et al., 2014). Presume-se que a
auséncia de diferengas cognitivas em relacdo ao grupo controle no tempo de até 30 dias
se deva por algum aspecto relacionado a recuperagdo desses pacientes desde o TCE.
Alteragdes induzidas pelo TCE, como estiramento de axénios e vasos podem causar
mudancas no funcionamento cerebral com consequente comprometimento no
funcionamento cognitivo, que se resolveriam a medida em que essas estruturas retornem
a sua homeostase (Bigler, 2008). Outra hipdtese que poderia explicar nossos achados seria
em relacdo a validade ecoldgica da avaliagdo neuropsicoldgica, ou seja, os testes
utilizados, principalmente aqueles realizados em papel e lapis, ndo seriam sensiveis o
suficiente para detectar alteragdes cognitivas que ocorrem no dia a dia do paciente com

TCE leve apos o estagio agudo (Bigler, 2008; Bigler et al., 2013).

Nossos resultados mostram-se similares aos resultados observados por Chen et al (Chen
et al., 2012), que ndo encontraram diferengas significativas no desempenho de memoria
de trabalho e de controle inibitorio (erros de comissao no Continuous Performance Task)
entre controles e pacientes com TCE leve, cerca de um més ap6s o TCE. Entretanto, esses

autores observaram diferencas no padrao de ativagdo cerebral desses pacientes (medido
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por meio de ressonancia magnética funcional) comparado a controles ao executar tarefa
de memoria de trabalho com maior nivel de dificuldade. O nosso resultado também se
mostra convergente com o observado no estudo de Shen et al (Shen et al., 2020), que
também nao encontrou diferengas na performance entre pacientes com TCE leve e
controles na tarefa CPT. Entretanto, em outra tarefa computadorizada utilizada no estudo
— Stop-signal task — foi observada diferenca entre pacientes e controles no tempo de
reacdo em situacdes que demandam inibi¢ao da resposta em curso, com maior tempo para
os pacientes (Shen et al., 2020). Dessa forma, podemos inferir que o nivel de exigéncia
da habilidade de controle inibitério demandado pelas tarefas utilizadas poderia ser um

fator importante para explicar os nossos achados.

O estudo 3 apresenta uma limitagdo que merece ser pontuada. O nimero pequeno de
participantes dos grupos pode ter influenciado o resultado aqui observado, além de limitar
possiveis generalizacdes. Além disso, devido ao desenho transversal, ndo ¢ possivel
inferir causalidade em relagdo ao TCE leve e a impulsividade, embora tal relagdo possa

ser bidirecional. Futuros estudos sdo necessarios para compreender melhor essa relacao.

Diversos marcadores se apresentaram alterados no TCE leve em comparacao a controles.
Observa-se que os marcadores mais investigados nessa populacdo como S100B, GFAP,
IL-1 beta, IL-6 e TNF alfa (Chaban et al., 2020; Kim et al., 2018; Zetterberg & Blennow,
2016) ndo estiveram alterados em nossa amostra. Diferencas no tempo de avaliacio
desses marcadores (tempo agudo x subagudo), especificidades da amostra (presenca
alteragdes intracranianas em tomografia computadorizada de cranio no estagio agudo) e

tamanho da amostra podem justificar essa divergéncia.

Encontramos associacao de alguns marcadores com a impulsividade que possivelmente

estariam refletindo diferentes aspectos fisioldgicos que, por sua vez, estariam
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relacionados com o TCE leve, como alteragdes no funcionamento vascular (Copeptina,
ECA), lesdao neuronal (APP) e inflamagao (MMP-9, LIGHT, Lipocalin-2). Devido ao
carater exploratorio dessas andlises, esses achados devem ser melhor investigados em

amostras maiores, servindo de norte para investigagoes futuras.
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8 — Conclusio e consideracoes finais

De acordo com os dados observados no estudo 1 (artigo), pacientes com TCE leve
apresentam alteragdes cognitivas em fase aguda (até 24 horas apdés o TCE) quando
comparados a controles, principalmente em relacdo a memoria episddica e as funcdes
executivas. No estudo 2 (revisdo sistematica), observam-se, de maneira geral, indicios de
impulsividade no TCE por meio de medidas cognitivas, comportamentais e de
autorrelato. Contudo, ndo foi possivel identificar a relagdo entre as diferentes dimensdes
relacionadas as medidas de impulsividade e as diferentes gravidades de TCE. Por fim, no
estudo 3 (artigo sobre impulsividade no TCE leve), observa-se que pacientes sdo mais
impulsivos que controles, com maior nivel de impulsividade geral, impulsividade motora
e por falta de planejamento, mas com padrao similar de respostas em testes de controle
inibitério, sugerindo a ocorréncia de uma dissociacdo cognitivo-comportamental.
Adicionalmente, pacientes com TCE leve apresentam diferengas nos niveis de diversos
marcadores no sangue que indicam alteragdes inflamatorias, vasculares e neurais, o que
aponta para alteracdes fisioldgicas decorrentes do TCE leve. Finalmente, diversos
marcadores estiveram associados a impulsividade, podendo refletir alteracdes fisiologicas

relacionadas.
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