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RESUMO

A Doenca de Parkinson (DP) é um dos disturbios do movimento mais encontrados na
populacédo idosa, e, em se tratando de uma enfermidade neurodegenerativa, esta
muito relacionada as Fungdes Executivas. Assim, o objetivo desta pesquisa foi avaliar
as Funcgdes Executivas (FE) de pacientes com o implante de Estimulagdo Cerebral
Profunda/Deep Brain Stimulation (ECP/DBS) e comparar os resultados com o grupo
de pacientes diagnosticados com Parkinson que fazem o tratamento apenas com
medicamentos, e também com o grupo de idosos saudaveis. Como forma de mapear
o conhecimento ja existente sobre o assunto, foi realizada uma Revisdo Sistematica,
baseada nos critérios PRISMA, sendo em seguida realizada a avaliagao das Funcbdes
Executivas e Memoéria dos pacientes por meio de uma bateria de testes
neuropsicolégicos. Os instrumentos utilizados foram o Montreal Cognitive Assessment
(MoCa), o Teste Auditivo Verbal de Rey (RAVLT), o Teste de Trilhas partes A e B, o
Subteste de Digitos do WAIS Il (ordem direta e inversa), o Teste de Fluéncia Verbal
Semantica (animais e frutas) e o de Fluéncia Verbal Fonoldgica (F, A e S), além do
Teste de Stroop. A amostra total foi de 76 participantes, sendo 30 no grupo controle,
30 sem DBS e 16 com DBS. Os principais resultados ndo indicaram diferencgas
significativas entre os grupos com Doenga de Parkinson (com e sem DBS), apenas
entre o grupo controle e o grupo com o diagndstico. Estas diferengas apareceram em
todas as fungdes avaliadas, o que era esperado, tendo em vista a diferenca entre as

amostras em termos cognitivos.

Palavras-chave: Doenca de Parkinson. Estimulacdo Cerebral Profunda. Fungdes

Executivas.



ABSTRACT

Parkinson's Disease (PD) is one of the movement disorders most found in the elderly
population, and as it is a neurodegenerative disease, it is closely related to Executive
Functions. Thus, the objective of this research was to evaluate the Executive Functions
(EF) of patients with the Deep Brain Stimulation (ECP / DBS) implant and compare the
results with the group of patients diagnosed with Parkinson's who are treated with only
medications and also with the healthy elderly group. As a way of mapping the existing
knowledge on the subject, a Systematic Review was carried out based on the PRISMA
criteria, and then the neuropsychological assessment of patients was carried out. The
evaluation was made through a battery of neuropsychological tests, and the
instruments used were the Montreal Cognitive Assessment (MoCa), Rey Verbal
Hearing Test (RAVLT), Trail Test Parts A and B, WAIS-III Digit Subtest ( direct and
inverse order), Semantic Verbal Fluency Test (animals and fruits) and Phonological
Verbal Fluency (F, A, and S), and the Stroop Test. The total sample was 76
participants, 30 in the control group, 30 without DBS, and sick groups. These
differences appeared in all evaluated functions, which was expected considering the
difference between the samples in cognitive terms.and 16 with DBS. The main results
did not indicate significant differences between the groups with Parkinson's disease

(with and without DBS), only between the control.

Keywords: Parkinson Disease. Deep Brain Stimulation. Executive Functions.
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INTRODUGAO

A Doenca de Parkinson (DP) foi descrita inicialmente por James Parkinson
como “Paralisia Agitante”, em 1817 (ROMANN, 2012). Naquele primeiro momento, a
doenca foi descrita pela presenga de movimentos tremulantes involuntarios, fraqueza
muscular, tendéncia de inclinar o tronco para frente, e alteracdo da marcha, tendo os
sentidos e as funcdes cognitivas nao afetadas (XIE et al., 2011).

Por muitos anos, a DP foi descrita como sendo apenas uma desordem motora,
negligenciando-se as mudancgas cognitivas associadas a ela (KAMEI et al., 2010). No
entanto, tais alteragdes sao importante causa de incapacidade funcional nos
pacientes, podendo chegar a 93% (CAMPOS-SOUSA et al., 2010). Além disso, dentre
0S prejuizos cognitivos que mais aparecem na DP, as alteragdes das Fungdes
Executivas sdo as mais comuns (MACUGLIA, 2012).

Atualmente, a DP é entendida pela dele¢cao do neurotransmissor Dopamina,
que resulta da degeneracao de neurdnios dopaminérgicos da substancia negra, e as
consequéncias para o paciente incluem alteragdes nos movimentos voluntarios, no
sistema de motivacdo e recompensa, no sono, no humor, na atencdo e,
consequentemente, na aprendizagem (CAMILLO, 2017). O tratamento mais comum
para a doenca é a reposicdo da Dopamina, mas também s&o utilizados outros
métodos, como a implantagao do aparelho de Estimulagéo Cerebral Profunda (ECP),
que é recomendada apenas quando o uso de medicamentos nao faz mais o efeito
desejado. Além disso, para passar pela implantacdo do ECP, o paciente precisa ter o
diagnostico de DP ha mais de 5 anos, além de n&o apresentar sinais de depressao e
suspeita de deméncia, nem ter realizado cirurgia ablativa prévia, dentre outros critérios
(CAMILLO, 2017).

Deste modo, visando a contribuir com o conhecimento a respeito dos possiveis
efeitos do ECP nas fungdes executivas do paciente com Doencga de Parkinson, este
trabalho foi dividido em dois capitulos, ambos escritos em inglés e formatados de
acordo com as normas das revistas cientificas as quais os artigos foram submetidos.
O primeiro deles (Estudo I) configura-se como artigo de revisao sistematica acerca da
tematica da Doenca de Parkinson, uso do Aparelho de Estimulagdo Cerebral Profunda
(ECP) e relagdo com as fungdes executivas, ja publicado pela Revista Dementia &
Neuropsychologia. O segundo (Estudo Il) consiste no artigo empirico, resultado da

avaliacao das Fungdes Executivas da amostra (pacientes com Doenga de Parkinson



com e sem DBS), formatado de acordo com as normas da Revista Neurology,
Psychiatry & Brain Research, ja submetido a apreciagao da equipe editorial.

Ao final dos artigos, encontram-se a conclusdo dos estudos, as referéncias
gerais e os anexos. Nesta ultima sessdo, encontram-se também os materiais
utilizados na avaliagao (protocolos e testes neuropsicolégicos), o Termo de Aprovagao
no Comité de Etica em Pesquisa e o Termo de Consentimento Livre e Esclarecido,

para eventuais consultas.
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Executive Function in Parkinson’s Disease with and without Deep Brain Stimulation

(DBS): a systematic review

ABSTRACT

Introduction: Observing the aging of the world population, it is essential to investigate which
methods are most effective for treating the diseases that appear with age. This study addresses
Parkinson's disease (PD). In PD has been increasing the use of the Deep Brain Stimulation
(DBS) to treat the disease. Objective: To investigate the Executive Function (EF) in patients
with and without the DBS. Method: We designed a systematic review of the literature according
to the Preferred Reporting Items for Systematic Review and Meta-Analyzes (PRISMA) criteria.
We selected scientific papers published from the Scopus, Web of Science and PsycInfo
databases. Results: 13 articles were selected. Were noticed that there is no standardization in
the instruments used to evaluate EF and in most studies the lack of group control may have
affected the results. Conclusion: The decline in EF was observed in verbal fluency and
processing speed in patients with DBS.

Keywords: Parkinson's Disease, Deep Brain Stimulation, Executive Functions,

Neuropsychological Assessment.

RESUMO

Introducdo: Observando o envelhecimento da populagdo mundial, € essencial investigar quais
métodos sdo mais eficazes no tratamento das doencas que aparecem com a idade. Este estudo
aborda a Doenga de Parkinson (DP). Na DP tem aumentado o uso da Estimulacao Cerebral
Profunda (DBS) para o tratamento da doenga. Objetivo: Investigar a Fungdo Executiva (FE) em
pacientes com e sem DBS. Método: Foi realizada uma revisdo sistematica da literatura de
acordo com os critérios de Principais Itens para relatar Revisdo Sistematica e Meta-Analises
(PRISMA). Selecionamos artigos cientificos publicados nas bases de dados Scopus, Web of
Science e PsycInfo. Resultados: 13 artigos foram selecionados. Observou-se que nao ha
padronizacao nos instrumentos utilizados para avaliar a FE e, na maioria dos estudos, a falta de
controle de grupo pode ter afetado os resultados. Conclusdo: Observou-se declinio na FE na
fluéncia verbal e velocidade de processamento em pacientes com DBS.

Palavras-Chave: Doenga de Parkinson, Estimulacao Cerebral Profunda, Fungdes Executivas,

Avaliagao Neuropsicologica.



INTRODUCTION

According to data from World Population Prospects: the 2019 Revision, by 2050, one
in six people in the world will be over age 65 (16%), up from one in 11 in 2019 (9%). In 2018,
for the first time in history, persons aged 65 or above outnumbered children under five years of
age globally. The number of persons aged 80 years or over is projected to triple, from 143
million in 2019 to 426 million in 2050 !. With this growth, Parkinson's Disease (PD) and other
neurodegenerative problems will grow together, and PD is one of the most commonly found
movement disorders in the elderly and as a neurodegenerative disease, being very related to the
Executive Functions?.

Study the possible effects of DBS implantation on Executive Functions in Parkinson's
patients becomes important because Executive Dysfunctions (ED) that are the basis for
manifestations of cognitive impairment in these patients (due to disruption of striatal dopamine
flow). In addition, EF can also be affected by changes affected as depression, which is the most
frequent mood disorder in PD?.

Parkinson's Disease (PD) was initially described by James Parkinson as “Agitating
Paralysis” in 1817° and several drug therapies have been applied since 1867 in the treatment of
PD, been the dopamine replacement is the most common®. However, due to the therapeutic
limitations found in the available treatments, many studies are being conducted to find other
alternatives for the treatment of PD. One of these alternatives is the surgical intervention of
Deep Brain Stimulation (DBS) implantation and how it is brain surgery, it is necessary to
understand if there are and what the possible changes are caused by the intervention in the
patient's cognition and its possible consequences in their daily lives. It should be noted that the
protocol for DBS implantation is only recommended when the patient is refractory to

medications*



Neurons are known to be structures susceptible to variations in the electrical potential
of their cell membrane when exposed to a variable electric field. The DBS device activates
brain structures through implanted electrodes and is used to treat neurological and
psychological disorders, often reducing useless medication administration®. It is common to
implant the DBS in Parkinson's Disease in the Subthalamic Nucleus (STN), and for
psychological problems in Internal Globo Palidus (GPi). The surgical procedure is performed
using stereotactic neurosurgical techniques, with local anesthesia and with an awake patient.
After electrode implantation, the pulse generator (similar to a cardiac pacemaker) is placed on
the patient, but under general anesthesia, and usually in the subclavicular region or chest, but
can also be placed directly on the skull®.

Looking at the growing use of surgical interventions as a treatment for PD, we sought
to understand how these interventions affect the patient's cognition and their possible
consequences in their daily lives, analyzing the results of other studies already conducted with
these patients into the global literature. The aim of this systematic review was to analyze the
empirical studies, considering that the results on the subject are controversial in the world and
the fact that there is almost no research comparing ways to treat Parkinson's disease with its

effects on executive functions (nothing found in the databases searched).

METHODS

We designed a systematic review of the literature according to the Preferred Reporting
Items for Systematic Review and Meta-Analyzes (PRISMA)® criteria. The following terms
were used: “Deep Brain Stimulation”, “Parkinson Disease” and “Executive Functions” with the
Boolean operator “AND”. We selected scientific papers published in all languages without
delimiting a period, involving comparative clinical trials in humans, from the Scopus, Web of
Science and PsycInfo databases. The inclusion criteria were a neuropsychological assessment

of Parkinson's patients with and without DBS, comparison between Parkinson's and control



groups, use of classic neuropsychological tests. The exclusion criteria were studies of
systematic reviews, case studies, book chapters, absence of a neuropsychological assessment

and inclusion and exclusion criteria and focus on other aspects that not the Executive Functions.

Study selection

Initially, this method retrieved 202 studies (Figure 1). In PsycInfo database were found
22 articles, but 2 of them were excluded because we had no access to them. In Web of Science
database were found 5 articles, 1 we had no access. In Scopus database were found 175 articles,
to refine the research was added a filter in “Field of Research: Psychology” because the focus
of this study is to understand by neuropsychology if there is some difference between the
interventions for PD, 21 articles were found, among which 17 were published in journals, and
only 14 we had access.

From the material retrieved, we examined titles and abstracts for studies involving only
human clinical trials and applying a neuropsychological assessment, excluding the duplicates,
studies of review, case studies, meta-analysis, related only to the medicine field totalizing 27
studies to be analyzed. Reading these articles, excluding articles with problems in the
methodology, we stayed with 13 studies to compare. The researchers selected the articles
independently: considering suitable studies that (a) evaluated PD patient cognition with STN-
DBS, (b) reported the instruments and domains evaluated, and (c) has the focus on

neuropsychological assessment.
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Figure 1. Literature Research Flow Diagram

RESULTS

The final list of articles included based on the search criteria in order of year, with the
results are in Table 1. The list of instruments with quantity, separated by domains and behavior
measured are in Table 2, and the principal conclusions come below. A total of 40 (forty)
instruments were used to evaluate different aspects of patients, including batteries, subtests,
scales and tasks (Table 2). These can be ordered from the most evaluated to least used, as
follows: executive functions, memory, global cognitive functioning, language, and mood,
visuoconstructive skills, and attention.

Of the 13 studies, only 1 had a healthy control group'®, 4 compared the only PD versus
DBS PD patients > 131618 7 \ere tested before and after DBS implantation or ON/OFF
condition &% 1011 14.16.17.19 "and 1 compared DBS patients versus GPi patients’. It shows us the
evident limitation of comparing the results with a control group in most studies and an absence

of a specific assessment protocol for PD with and without STN-DBS (pointed for the variability



of instruments used in the different studies, 40 to be exact). Besides that, there was a lack of an
initial screening of the patient's overall functioning, only applied in 5 of 13 studies. Thus, the
construction and validation of a battery for use with this population would be interesting for
future studies.

Comparing the results in Executive Functions (EF) among the healthy group and PD
patients, we note that the disease stage had a linear effect on verbal fluency that worsened with
the progression of the disease. In addition, the presence of depression was associated with the
worsening of verbal fluency score, as depression would negatively influence tasks that require
word generation, contributing to this low score. Furthermore, the authors pointed out that
patients that PD started on the right side of the brain had significantly worse verbal fluency than
those with left-sided onset'>.

Comparing the EF between PD patients with and without DBS we observe a statistically
significant decline in the DBS group on verbal fluency and literal semantic tests, where a higher
proportion of patients with DBS (50%) than controls (11%) exhibited an individual level
decline in one or structures as fluency measures'2. We need to observe here the fact that decline
in Verbal Fluency should not be considered as part of disease progression, even if patients with
DBS are the most severe PD patients according to the Unified Parkinson's Disease Rating Scale
section [II (UPDRS, section III), but that, according to the authors, could be a side effect
induced by surgery'>.

A significant decline in Verbal Memory and a late retrieval of information in the DBS
group compared to the treated group was also observed!®. There was no group or individual
level difference for the others tested (numbers and Boston naming test)!?, but no other study or
group of counters had a higher occurrence in this task'®. The DBS group showed a significant

increase in difficulty in the Hopkins Verbal Learning Test-Revised (HVLT-R), Trail Making

Test A and B, word reading and Stroop Test, and related the most severe motor dysfunction



when evaluating the condition "off"'?. In addition, the DBS group had a decrease in Mini-
Mental State Examination (MMSE), which was higher in the control group, but in both groups
indicated for non-pathological performance'®. Another interesting point in the studies was
when, when offered a reward to the DBS group, patients were able to be faster and with task
execution goals, suggesting that STN-DBS increased the incentive effect of promised rewards
(action selection more impulsive in a low incentive context).

In general, there is a decrease in DBS groups (when compared to PD patients without
DBS) in Verbal Fluency tasks, and in other cases in immediate verbal memory and in long term
memory. However, DBS retains its ability to decide in many domains, does not change reaction
times and response type morally, but also affects the effect of reward incentive, when offered,
thus altering the processes involved in the solution of problems. Comparing cognitive functions
before and after DBS surgery, we will bring the information in order of function, namely:
Verbal Fluency, Memory, Processing Speed, Inhibitory Control, Global Functioning, Apathy,
Depression, Anxiety, and Social Aspects.

In summary: 1. Verbal Fluency - Decrease in verbal fluency test scores® %1719 n

0
reduction in verbal fluency after STN stimulation'!"!*. 2. Memory - One of the studies showed
no changes after STN DBS in memory and verbal learning, which remained stable after
implantation'®. On the other hand, there was an improvement in the results of a verbal memory
test performed 6 months after the operation when reapplied 12 months after the DBS procedure
in other studies'*!”. 3. Processing speed - Significantly reduced after DBS, being the most
important predictor of decline in verbal fluency tests'®. 4. Inhibitory control - Stroop test
worsening after stimulation and Random Number Generation Task (RNGT) counting after
stimulation worsened in one study® These effects may be induced by stimulation of the

associative territory of the STN, but there was no significant difference between groups with

and without DBS®. In another study, there was a significant reduction in obsessive-compulsive



characteristics after STN DBS'?. 5. Global Functioning - There is no global deterioration in
neuropsychological function attributable to STN-DBS itself, confirming that mild postoperative
cognitive decline is transient”!%!4!7- 6 Apathy - The apathy score has changed significantly,
showing an increasing proportion of apathetic patients over time®!°. 7. Depression - The indices
fluctuated without being significantly different’ or remained the same after implantation!’. It
may appear with greater latency and be related to dopaminergic treatment decrease and loss of
the antidepressant effect of levodopa. It should be considered that mood often was significantly
reduced postoperatively!*!7. 9. Social - after implantation, the motor benefit allows patients to

be more autonomous in life, facilitating social situations'®.



HITSIV NSV LOSU) sutpL) [VHUWARN JLOL(] PUE (§)) YI1E9dy
10quAS “(V/d-LIALL) 182.L SUBRIA [feLL pue ‘(LSDIN) ¥S3L Sunios
pIe) paYIPOIA UOS[AN (-D4 ‘D) uonuapy AepAIoAd Jo 1sd, oy} dnois Sgq 12103 87
NLLS - (Te1ore[1q) WOy $)$9)qNs UondeNsI(J pue Jununo)) 10jeAd[H 9s9 ] uonedonuy (orewdy) 11
S sno[onN drwereyqns [eneds uoixrg s ] uonajdwo) souajuag Jurjdey ‘doong (orewr) £ 1 G L10T T8 19 [ “Aaj04

dnou3 Sqq 1e103 §T
(orewoy) €1

(Srew) 71
1501, doong 1s9 ], SunyeN dnoas (qd 18303 St
NLS — ([esre[iq)  [rerp {(LSOIA) 1591 SUIOS pie)) UISUOISIAN SU} JO UOISIOA payyrjduurs (orewIdy) 61
SgQ snoponN drwuereyiqns  s,uosoN (d 1019) Aouon[] onuduoyd pue (sjewnue) Aouon[j [BQIOA (Orew) 01 4;910T ‘T8 12 "4 ‘[PYSeUSIANOY

189} Aouan|j
[BQI9 A ‘UOISIOA BLIOIIA 9souly)) 1591 doong (1.SQ) 1591 ueds
1N31p {(LOAH) 3593 uonezruedio [ensia 10dooH (LNg) 1593 Surweu dnoas ggq #2101 L7

NLLS — ([exareqiq) uo3jsog 9y} JO UOISIOA 9saUIy)) B (L YAH) 1S9 UOnujay [ensIp (a1ewdy) 6
SEQ sna[oNN dnue[RYIqng uojudg H(LTAVD) 1S9 SuIuIea [EqIdA A10)Ipny dSdUly) DO (orew) 81 1STOT Te R °A Suey
dnoas qd #1017 11
(Sreway) 9
189, erxerdy (orewn) ¢
[EUONONIISUO)) (SAOLNEBJA [BUONUSNY Aoudn[ [BQIdA OLUBWIAS dnoa3 ggq 1103 11
NLS - (Jexdre[iq) pue [eoiSojouoyd ‘v, ‘SOOLNBIN SAISSAIZ0IJ PIIO[0) USARY (oreWIody) 9
S Ssno[onN orweeyIqng 4S9, [[BoY AI01S }o0dqeq ‘s9) Jurdde]-yoorg 1s10) ‘uedg n3ig (orewr) ¢ o1ST10T T8 19 "I ‘Ijesewny
dnoa3 [013u09 180} (S
(orewy) 87
(orew) 7T
dnou3 ad 18103 00¢
(oewoy) €8
pasn S ON (d 101191) Aouany [eqIOA (V) AloNeg JUSWISSISSY [BIUOI] (orewn) 217 ¢1T10T '[® 19 ] ‘08390
NS — ([exore(iq) 1189) Surweu uojsoq (Sv ) Aouanyg
S snoonyN orweeypqng  [8qIOA S(LINL) 1591 Sunjejq [Tel], 1So] SuruIed] [eqIOA BIUIOIED) dnous sg( 12103 9 p1110T T8 19 Y ‘0[0ARIDD
uonedo0| Ppasn syudwinsuj [ed130[0ydAsdo.anaN Jjdweg J1edk pue sioyny

BLIJJLID MIIAJI JJBUIIISAS ) UI PIPN[IUI SI[II)IE JO ISI'] °[ dqeL



NS — (Jesare[iq)
S SnO[ENN OIWeeyIqns

(8) ¥o1 “($) W8y

140 [eurdjur snprfjed snqofn
(8) YaI

‘(€) WSy NLLS - ([erspe[iun)
S Sn[ENN OIWeeyiqns

NLLS - (Je1oreriq)
SEQ SNI[ONN dNWB[RYIqNS

NLLS - (erere[iq)
S Sn[ENN dOrwe[eyIqns

NS - (Jerore[iq)
S snajony orwefeyiqng

NS - (Jerore[iq)
S SNA[ONN dIWe[RYIqNS

140 - [eussyur snpifred snqorH
NLLS - (ferere[iq)
S SO[ENN OIWE[eyIqns

‘Kouan[ ] [eqI9A A10393)) pue JIWAUOY 1S9} SURIOS pIe)) POYIPOIA
UOS[ON ‘g SunjeA [rel], Surured  djeroossy paireq Surdde] yoorg
S,1510D) ‘159) uonodoy SpIoAy JIqe[[As-1g (SOOLIB]N JO[0D) UOABY

uojuag 1S9 [, UOIBIUALIQ) dUIT JO JudWIpn[ 1S9,
doong 9sa], Sunye [1B1], STV Y} JO 1s91qns AIOWIJA [ed1307]
‘(4-L'TAH) Pos1aAoy-1s9], Suruied] [eqioA sunjdoy 9so] SumueN
uojsog premyoeq uedg N3 {(sjewruy pue pIoAy) Aouanyq [BqIdA

1S9 ], UOIIRIO0SSY PIOA\
[BIO Po[[onuo)) s9], SurweN uojsoq oImnsiq Io[Ae]/QmS3I] Aoy
9591, [euonjeziue3iQ [ensi A JodooH 1S9, sanIepo [eN3id [0qUIAS
‘doong 159, SunI0g pIe)) UISUOISIA| ‘UOPUOT JO JIdMO [, {(pIremyorq
pue premioy) uedg NSIQ-SIVAM ‘9mS1j J0[Ae] /31 [POLIISO
Koy 0[e0S AIOWA IO[SUIIAN ISQ ], AIOWOJA [qI0A A103IpNY A9y

"sy[se) Aouanyj [eqloA A1039)e0 pue oSrwduoy 9s9 ], Sunios
pie) uIsuoosipy (LSOIN) IS Suliog pie) PIYIPON UOS[ON
‘g 1ed 1S9 SunRIA [TRL], $1S1qns J[BOS AIOWSIA O[S M B ‘(TVd)
Juruieo| 9yeroossy -parred ((1.gD) 1sol Suidde]-yoorg s.1s10)
‘(I G) 1591 uonnadoy pIOA\ OIQe[[AS-Tg (SR IO[0)) USARY

"1S9) 9YIsng pue 1oqoiL) (SIS JOJOJA pue drydern
‘Kouanyy [e1o)r] pue 1033180 (LSO AL) 1591 SUNIOS PIBD UISUOIST A\

‘(IONY) JSeL UOneIduaD) IquInN WOopuey
‘doong ‘(JA/T1 10 N/3) Aouan(q [e13r] {(syuejd/sjewrue ‘Qureu Jsiiy
‘orew/orewa)) Aouany,] [eqI9A ‘(premdoeq pue piemioy) uedg nSiq

1501, SunjeIA [1e1], s9 L,
doong ‘sor1os 1030w pue orydern) (Y 10 A Jono[) Aouon|] [eIoN]
‘(ormyruIny 1o symy) Aoudny [BqIOA 1S9 Surliog pie)) UISuoISIp\

drdures [e)0) 85
dnou3 Sqq 1®103 LT
(orewoy) o1 (orew) L1
dnou3 qd 1e103 1¢
(oewy) g1 (orew) 91

ddwes [8)0) ¢
dnoi3 s 18103 $7
(oreway) ¢ (sreWr) 0T
dnoas qd 18303 61
(ereway) £ (arew) 1

dnou3 g 18103 ST
(orewdy) 9
(orew) 6

dnoi3 sgq 18103 59
(oewdy) LT
(erew) g¢

dnou3 Sg@ 18103 LL
(SreWwdy) H¢
(orewn) ¢t

dnoi3 sqgq 18103 €7
(oreway) 9
(orew) L1

dnoi3 sgq 1e103 79
“(oreWay)

¥ “(srewr) 6 1D €1
(orewdy) ¢ “(orew)
v7:S9d NLS 61

¢1010T ‘Te 30 T ‘1ase)

21600T ‘T8 19 'V ‘SOqIN

11800C ‘T8 30 ‘A ‘orodeIer

01900T T8 39 T “1[[a1se)

6700T '8 1 'V ‘Zormanyunyg

s700T T8 12 " MM

(6661 ‘1819 °D ‘umopiy

uonedIO|

Pasn syudwin.ysujy [ed130[0ydAsdo.anaN

Jjdweg

sioyny

(UONENUIU0J) BLIIILID MIIAII JJBWIISAS IY) UI PIPN[IUI SI[INIE JO ISIT [ dIqeL



Table 2. List and frequency of instruments used

Instruments Used in
articles
Verbal Fluency Tasks — Semantic 9
Verbal Fluency Tasks — Phonemic 10
Wisconsin Cards Sorting Test (WCST) 4
Stroop Test 7*
Trail Making Test (TMT) 7
Digit Span Forwardand Backward 6
Frontal Assessment Battery (FAB) 2
Hayling Sentence Completion Test 1
Tower of London 1
Luria graphic and motor series'® 2
Random Number Generation Task (RNGT). 1
Nelson Modified Card Sorting Test (MCST) 4
Brixton Spatial Anticipation Test 1
Grober and Buschke test 1
Boston Naming Test (BNT)* 4*
Controlled Oral Word Association Test 1
Attentive Matrices 1
Symbol Digital Modalities 1
The judgment of Line Orientation 1
Elevator Counting and Distraction subtests from the Test of Everyday Attention (EC, 1
EC-D);
Rey’s Auditory Verbal Learning Test (RAVLT) 2%

Note: *Chinese version of the Task



DISCUSSION

The results found in the present study suggest that in general after the implementation
of the Deep Brain Stimulator (DBS), in most studies, there was a decrease in executive
functions of Verbal Fluency, Processing Speed and some modification in apathy levels.
However, the studies also suggest that there was a decrease in the degree of anxiety and in a
single case there was an improvement in memory scores and obsessive-compulsive symptoms
(related to inhibitory control).

When comparing DBS implant surgical interventions and Pallidus Globe internal injury,
we observed an improvement in motor function in both DBS and Internal Pallidus Globe (GP1)
injury surgery. There is also a slight and significant improvement in mood, but no improvement
in language, memory or in other cognitive functions, indicating that the few cognitive changes
shown by neuropsychological tests are subtle. Verbal fluency deficits were found under STN
but not GP1i stimulation and were not associated with executive deficits generally found in GPi
injuries’. These results may be related to the methodology used for patient evaluation, such as
the absence of a standard evaluation protocol, and the non-standardization of these instruments
often. Moreover, the lack of control groups in most evaluations may also have contributed to
the inconclusive results (no comparison with healthy groups).

The implications of the results obtained in the literature may have a direct impact on the
choice of whether to perform DBS implantation surgery. However, as the results are
inconclusive about improvement/worsening or a possible impact on patient cognition, it is not
possible to infer whether motor improvement offsets cognitive risk for implant candidates.
Thus, further research in the area is required using more advanced evaluation methods such as
fMRI, PET, etc. In addition to traditional neuropsychological testing techniques. Thus, it would
be possible to achieve a more satisfactory result on the subject and thus contribute to the
literature and objectively instrumentalize the choice of the patient who wishes to undergo

surgery, even knowing the difficulty in conducting research involving the use of neuroimaging.



Therefore, this study aimed to list the main instruments used in patients diagnosed with
PD and their frequency in studies, to know the material that has been used in the evaluation of
these patients. In addition, we also sought to understand the possible cognitive effects and their
impacts on the patient's daily life, which may be appearing after the implementation of DBS in
PD. It should be noted then that even after so many years of research on Parkinson's Disease
and the use of various techniques for treating the disease, there are still no conclusions about
the cognitive impacts of one of them, which is of such importance to their patients.

Considering the small number of articles on the focus theme (Executive Functions and
Parkinson's Disease), it is necessary to take these data with caution, since the numbers in the
samples were small and in 12 of the 13 cases, there was no healthy control group, that difficult
a more appropriate comparison. In addition, the lack of a standardized battery for evaluating
these patients also made the comparison more difficult: different instruments/ different modes
of analysis.

Thus, further research with larger samples and healthy control groups is suggested, as
well as the standardization of instruments to enable later comparison. Moreover, longitudinal

follow-up of these patients could also add to the results more reliably.

CONCLUSIONS

In summary, we sought to systematize the results obtained studies conducted with
patients diagnosed with Parkinson's disease and it was observed that in theory, there are equal
levels between benefits and risks in the implementation of the DBS. Results observed as
improvement could be attributed to memory and social life and also decrease anxiety. The
worsening after the intervention could be observed mainly in verbal fluency, processing speed,
and apathy. The other aspects (inhibitory control, global development, and depression) did not
show significant differences in the studies, remaining stable over time. These results highlight

the need for further studies on the techniques used to treat Parkinson's disease because there is



a noticeable decline in the cognition of these patients that may or may not be attributed to their
treatment. It is necessary to clarify what is causing these declines, possible rehabilitation
techniques, and a standard assessment protocol. This protocol could start with an evaluation of
the patient's general condition, if he/she has the diagnosis of depression and/or other
comorbidities, the time of diagnosis in PD and surgery, main causes for the implantation. Then
a screening instrument such as the Montreal Cognitive Assessment (MoCa) and classic
neuropsychological tests could be applied for the evaluation of executive functions such as:
Rey's Auditory-Verbal Learning Test (RAVLT) for auditory memory assessment. short and
long term, Trail Making Test A and B for cognitive flexibility, Semantic and Phonological
Verbal Fluency Test, Stroop Test for Inhibitory Control, WAIS-III Digit Subtest for auditory

and working memory.
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EXECUTIVE FUNCTIONS AND MEMORY ASSESSMENT OF PARKINSON'S
DISEASE PATIENTS WITH DEEP BRAIN STIMULATION

ABSTRACT
Background: It is known that Parkinson's disease (PD) in addition to affecting
movements, also has an impact on the patient's cognition. One of the forms of
treatment for PD is the implantation of Deep Brain Stimulation and in this study, we
seek to assess the possible impacts of this implant on the patient's cognition.
Objective: Evaluate the Executive Functions (EF) and Memory of patients with Deep
Brain Stimulation (DBS) and to compare with the group of patients with Parkinson's
Disease (PD) who did not receive treatment with DBS and with a group control.
Methods: Instruments of characterization and a battery of neuropsychological tests:
MoCA, RAVLT, Trail Making Test A and B parts, Subtest of Digits (WAIS-III), and
Stroop Test. The sample was composed of 76 participants subdivided into the three
groups, 30 healthy people, 30 diagnosed with PD treated only with drugs, and 16 with
PD treated with DBS. Results: The groups diagnosed with PD had lower scores when
compared to the control group. However, there was no significant difference between
these groups. A statistically significant difference occurred between the control group
and the PD and DBS groups. Conclusion: Due to the tests' results, it can observe that
there was no significant cognitive impairment due to surgery or Deep Brain Stimulation

in the patients evaluated.

Keywords: Parkinson’s disease, Deep Brain Stimulation, Executive Functions.



1. Introduction

Parkinson’s Disease (PD) is the second most frequent neurodegenerative
disorder (Noyce et al., 2016) and affects more than 6 million people around the world
(Ray Dorsey et al., 2018). Generally, patients between 55 and 65 affect 1% to 2% of
the population over 60 but can reach 3.5% of the population in people aged 85-89 (De
Lau & Breteler, 2006). The diagnosis of PD is performed using clinical criteria and on
the identification of clinical manifestations of motor symptoms. Meantime, known that
PD presents a variety of non-motor symptoms involving neuropsychiatric symptoms
(Lohle et al., 2009), changes in sleep, behavior, and cognition (Barbosa & Fichman,
2019) and which may lead to dementia (Lenka et al., 2017). In this way, because there
are many impairments between cognitive functions as Memory, Executive Functions
(EF), visuospatial skills, and language and PD, many studies have been drawn in the
current literature (Lenka et al., 2017).

PD treatment most common use of pharmacological interventions with
Levodopa replacement. However, due to the degenerative process's progression on
the substantia nigra, there may be an increase in symptoms and, consequently, an
increase in levodopa doses (Park et al., 2017). When drug treatment is no longer
sufficient, other alternatives to treat PD are surgical interventions, as Deep Brain
Stimulation implantation in the Sub-Thalamic Nucleus (STN) or the Internal Pale Globe
(GPi).

Since 1993 with the development of STN in DBS for PD, numerous studies have
demonstrated the many motor benefits of stimulation, like in lessening motor
fluctuations, reducing dyskinesias, and others that result in improvement in the
patients’ quality of life. However, over the years, cognitive declines also began to be
observed (Pham & Bronstein, 2017). The etiology of cognitive declines is multifactorial,
and that can increase with PD's natural progression. However, patients with DBS
regardless of the target (STN or GPi) have shown a more cognitive decline than
patients undergoing treatment with the best medical therapy compared with processing
speed, working memory, and other neuropsychological testing (Rothlind et al., 2015).

It is essential to clarify the electrode's path before generating the stimulation
pulse and its location in the brain. The surgery's standard trajectory passes through
the dorsolateral prefrontal cortex, subcortical white matter, thalamus, anterior limb of
the internal capsule, and the basal nuclei (Tesio et al., 2019). Recently, the caudate

nucleus has been implicated in cognitive decline after DBS, as it connects the anterior



part of the prefrontal areas to the motor and pre-motor cortices (Leh et al., 2007), which
are part of the corticostriatal circuit, being, as a consequence, closely related to
cognition (Kurtis et al., 2017), in particular, to the EF (Tesio et al., 2019).

The possible effects of DBS on patient's cognition are quite studied. The main
conclusions point to changes in Verbal Fluency (VF) (Aono et al., 2014; De Gaspari et
al., 2006; Lefaucheur et al., 2012; Saez-Zea et al., 2012). However, these results need
consideration with caution because few studies comparing the effect of the stimulation
between the on/off stimulation condition. It is also essential to note that some authors
defend the idea that VF's decline is due to microlesions resulting from implantation
surgery. Therefore, it would be temporary declines (Romann et al., 2017), but this is
not a consensus as well. Also, to the limited material relating to EF, PD, and DBS in
the world, the implant has been used in several other treatments, including major
depression and Obsessive-Compulsive Disorder (OCD), for example, that there are
also no further studies on the consequence of use on patient cognition (Blomstedt et
al., 2013).

We decided to conduct this research due to the lack of materials available in the
researched literature regarding the possible cognitive consequences of DBS's
implantation in EF and memory. In this way, this study aimed to evaluate these aspects
(EF and memory) in two groups of patients with PD, one treated only with drugs and

others treated with DBS, comparing them with the healthy group.

2. Methods

2.1 Participants

The initial sample was composed of 76 people divided into three groups. The
first group was composed of 16 patients diagnosed with PD and treated with Deep
Brain Stimulation (DBS). The second was composed of 30 patients diagnosed with PD
without the implant (treated only with drugs), and the third, a control group of 30 healthy
participants without PD and the implant. The last group comprised relatives of patients
in the institution and others who made part of a Program to older aging at university.
The sample consisted of both sexes, and all groups comprised people over 60 years
old and with at least complete high school (12 years of schooling). In groups with PD,
there was a male prevalence. The control group had a majority of women who

generally accompanied family members to consultations. The time of diagnosis of PD



in the sample was higher than ten years in both groups, 10.1 (4.95; min 3 - max 20) in
the PD group and 15.3 (3.73; min 10 - max 23) in the DBS group, which the average
time of surgery was 4.1 (2.18; min 1 — max 8) years. Thus, although they are almost
the same age, the group with DBS has been diagnosed for much longer than the group
without DBS, thus suggesting a more severe form of the disease. The vast majority
(14 of the 16 participants) performed the surgery bilaterally in the STN, which may
have impacted cognition through the surgery and the possible effects of the stimulation
itself (Table 1).

2.2 Instruments

The instruments used to characterize the sample were an Identification Protocol
to obtain general patient data as age, clinical history, time since diagnosis, medications
used, and sociodemographic information. The Geriatric Depression Scale (Matias et
al., 2016) to verify possible levels of depression, The Activities of Daily Living (Lawton
& Brody, 1969) to assess the subject's level of independence and The Montreal
Cognitive Assessment (MoCA) (Carson et al., 2018) a screening test that aims to
evaluate eight cognitive functions (memory, language, capacity for abstraction,
visuospatial capacity, and concentration).

For neuropsychological assessment, the instruments used were The Trail
Making Test Part A and B (Hamdan & Hamdan, 2009) evaluate the cognitive flexibility,
The Verbal Fluency Test (Opasso et al., 2016), "Animals," and "Fruits” in semantic
category and F, A and S in phonological fluency. The Stroop Test (Scarpina & Tagini,
2017) lecture of Color and Word and the interference part Color x Word to assess
inhibitory control and selective attempting. Rey Auditory-Verbal Learning Test —
RAVLT (Cotta et al., 2012) A1 to A5 trials with a List A, B1 with the List B, A6 and A7
trials of later memory. WAIS-III Digit Subtest (Wechsler, 2004 ) that measures attention,

immediate and working memory.

2.3 Procedures

After Ethics Committee Approbation (approval number 3.430.248), we started
the data collection conducted in a Parkinson's disease Specialized Association in
Curitiba, Brazil, and was held during the waiting period for medical consultation and
other specialties at the service. The data collection started explaining the research

objectives and collecting the necessary signatures to agree to participate (Informed



Consent Form). After signature, we characterized the sample by identification
protocols and applying MoCA Test. Then, depending on the result of this instrument,
we proceeded with the testing by applying in sequence: RAVLT, Trail Making Test Part
A, and B, Digits Subtest, direct and reverse order, Stroop Test, and finally the part of

late memory recovery (RAVLT A7 and recognition).

2.4 Data Analysis

Measures of central tendency (mean) and variability (standard deviation,
minimum and maximum value) were used for numerical variables and absolute values
for qualitative variables. The research hypothesis was that there would be a significant
difference in the test results in the DBS group with the group without PD when
considering the evaluation battery of EF and memory. The two-tailed statistical tests
used to analyze the results were ANOVA and Dunnett's Pos-hoc Test for all variables,
and the groups were paired by age and education to reduce the possible bias in the
data. After pairing, the DBS group was composed of 16 people, the PD group by 21,

and the control group of 26 participants, totaling a sample of 63 individuals.

3. Results
The demographic characteristics of the sample are shown in Table 1. The

results of the EF and memory assessment are disposed in the Table 2.

Table 1. Demographic characterization of the sample

Characteristics Control (n=26) PD (n=21) DBS (n=16) P-Value
M (SD) M (SD) M (SD)
Age 66.7 (6.12) 67.4 (7.42) 61.8 (8.90) N.S.
Scholarly 14.5 (2.94) 13.3 (3.29) 12.3 (3.42) N.S.
MoCA 27.4 (1.81) 24.2 (4.37) 23.9 (2.01) N.S.
M= Mean

SD= Standard Deviation
N.S.= Not significant
Control group men 7, PD group men 14, DBS men 12.

In Table 2, it is possible to observe that, in general, the results of the evaluation
showed the best averages for the Control Group (CG), followed by the PD group
(without DBS). In the RAVLT instrument, although the best average was healthy and



the PD groups were statistically tied, there was a statistical difference between the
control groups when compared to the PD and DBS groups, which were similar. The
ANOVA test indicated these differences in the gross ANOVA scores [F (2, 60) = 17.95,
p <0.001], B1 [F (2,60) =6.78, p = 0.002], A6 [F (2, 60) = 11.52, p <0.001], and A7 [F
(2, 60) = 13.19, p <0.001]. For the Word Recognition test in RAVLT, which also found
a difference between the control group to the PD and DBS groups, the Welch test was
used [F (2, 31.7) = 15.90, p < 0.001].

Table 2. Memory and Executive Functions assessment results

Assessments Conlucz!s(g) 26) Pll:\)n((r;‘, D2)1) DBMS((QD;G) P-Value
Memory
Gross score 38.6 (8.67) 27 (9.63) 24.6 (5.35) <0.001
Recognition 12.4 (1.96) 8.6 (4.36) 8.6 (2.66) <0.001
Trial B1 4.6 (1.6) 3.1(1.8) 3.2(1.3) 0.002
Trial A6 7.3(24) 4.4 (2.9) 4.1(1.9) < 0.001
Trial A7 7.2 (2.9) 4.3 (3.0) 3.1 (1.6) <0.001
Executive Functions
Trial-A 42 (13.89) 62,4 (20.6) 68,8 (20.46) <0,001
Trial-B 101 (31.3) 143.5 (63.1) 150.1 (47) 0.002
FV Fruits 14.9 (2.94) 12 (3.39) 11.5 (2.63) 0.001
FAS 39.9 (7.47) 29.5 (12.95) 26.3 (10.80) <0.001
Stroop 3 31.3 (6.89) 40.3 (12.18) 41 (13.25) 0.004
M= Mean

SD= Standard Deviation

On the Trail Making Test in both part A and part B, the times were close between
the PD and DBS groups, and the best time was in the control group. The statistical
analysis also found a significant difference between the PD and DBS groups (similar)
with the control group. In part A of the ANOVA test [F (2, 60) = 13.12, p < 0.001] and
in part B [F (2, 60) =6.97, p = 0.002].

In the Verbal Fluency Tests, the best scores were in the control group, followed
by the PD and DBS group. The statistical analysis also pointed out differences between

the control group about the PD and DBS groups that were similar. In the Fruit Verbal



Fluency test, the result was ANOVA [F (2, 60) = 8.33, p < 0.001], whereas in FAS [F
(2,60)=10.26, p < 0.001].

In the Stroop Test, the color x word interference part (Stroop 3) took less time
for patients with DBS than for the PD group when looking at the averages alone. The
control group remained with the highest scores throughout the test. Regarding
corrections, it was possible to observe that these occurred more abundantly in the DBS
group. The statistical analysis revealed a difference only between the control and PD
and DBS, not between those that were similar once again. The result was ANOVA [F
(2,60) =5.96, p = 0.004].

4. Discussion

The study's objectives were to evaluate the EF and memory of patients with
DBS and compare with the group of patients with PD who did not receive treatment
with DBS and with a group control. We could observe that the test results' significant
differences occurred only in the control group about the groups with PD, and not
between the groups with and without DBS as was expected. To VF in our research,
the worst score was in the DBS group. Approaching VF in isolation is complicated
because it involves other fundamental mechanisms such as language development,
for example, and because other cognitive abilities and dysfunctions can easily affect
performance, such as lexical search, memory recovery, selection of stimuli, and the
executive functioning itself (Hgjlund et al., 2017). In addition, some studies suggest
that DBS implanted in STN and GPi may be involved in VF through the basal-ganglia-
thalamocortical network (Jahanshahi, Obeso, Rothwell, et al., 2015; Temel et al.,
2005), and other areas such as the dorsolateral prefrontal cortex and the inferior frontal
gyrus (Schroeder et al., 2003). We can point out factors that may contribute to the
lower performance in this regard in the DBS group, such the natural progression of the
disease that involves the motor part of speech, the reduction of dopaminergic
medications, which in some studies have shown to be effective in stimulating of this
function (Saez-Zea et al., 2012), the position of the electrodes and the inconclusion
about the effects of the surgery itself to the consequences of stimulation (Hgjlund et
al., 2017).

Also, some studies have observed this function when comparing the stimulation
frequencies and concluded that when submitted to high frequencies (130 Hz or more)

there was a worsening in VF, while patients who submitted to low-frequency



stimulation (less than 130 Hz) showed improvement in the same function (Wojtecki et
al., 2006). These authors suggested that the low frequency could activate the frontal
regions, while the high frequency could deactivate them. However, we cannot
corroborate this idea only because the stimulation frequency was not data raised at
the evaluation time.

In the assessment of working memory and also long-term, no significant
difference observed between the groups with DBS and PD, but again the worst results
were found in the DBS group. Some studies suggest that this result may be related to
flow penetration, which could induce a risk of global impairment in cognition (Witt et
al., 2013). However, other studies revealed that this relationship could only establish
in the six months after surgery, and that, therefore, it could not be conclusive for the
cognitive worsening in working memory (Tesio et al., 2019).

The dysfunction of the frontal-basal ganglia circuits caused by PD affects,
among other functions, the ability to inhibit impulsive action trends (van Wouwe et al.,
2017) that occurs in approximately 17% of PD patients receiving dopamine
replacement therapy (Weintraub et al., 2010). Thus, we seek to evaluate this function
using the Stroop test classic. As expected, groups with PD had the worst scores on
the test compared to the control group. However, the means PD and DBS were very
close.

Subsequent research has investigated the potential of the STN in inhibitory
control, suggesting that STN failures can result in impulsive acts (Jahanshahi, Obeso,
Baunez, et al., 2015). Thus, the implementation of DBS in both STN and GPi can
increase the speed of response initiative resulting in the inhibitory control dysfunction
observed in patients (Pan et al., 2018), which in our case, it was also the participants
who most corrected their incorrect answers in the interference part of the task.

The last function evaluated in our study was cognitive flexibility, which defined
as the ability to alternate perspectives, thoughts, thinking styles, and strategies
(Diamond, 2013). In this way, cognitive flexibility facilitates the performance of adaptive
behavior that is essential for achieving goals, including the ability to control thoughts,
emotions, impulses, and behaviors (Gailliot et al., 2007). In PD with the lack of
dopamine in the dorsal striatum and the dysfunction in the frontostriatal loops, patients'
cognitive deficits could sustain in instruments that assess Cognitive Flexibility could be

related to repetitive, excessive and compulsive behaviors that interfere in the daily life



of the patient (Schreiber et al., 2011). The worst results were of the DBS group,

corroborate what is reported in the literature so far in this function.

4.1 Limitations

The study's limitations consist mainly of the lack of a pre-test in patients with DBS as
a baseline for further comparison and the evaluation of DBS patients under ON/OFF
conditions. In addition, the lack of a standardized battery for evaluation prevents them
from being compared with data from the literature in general, which presents similar
methods. Future researches, it would be exciting monitor patients and after
implantation for some years to assess whether there is any difference in cognition that
can identify after the healing of the surgery, which also cannot do in this research, in

addition to the use of other sources of data such as imaging exams.

5. Conclusion

This study's main objective was to evaluate EF and memory in patients with PD
treated with medications to patients treated with DBS. Due to the results obtained in
the assessment, it can conclude that there was no significant cognitive impairment due

to surgery or Deep Brain Stimulation in the patients evaluated.
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CONCLUSAO

O Estudo | teve como objetivo analisar os artigos empiricos, considerando seus
principais resultados em relacédo as possiveis consequéncias do uso do Estimulador
Cerebral Profundo (ECP) nos pacientes com Doenga de Parkinson. Ao analisar os
trabalhos, pudemos concluir que, em geral, os resultados sugerem diminuigdo da
capacidade cognitiva, principalmente na Fluéncia Verbal, na Velocidade de
Processamento e nas caracteristicas de apatia. As demais fungdes, como controle
inibitério, desenvolvimento global outros aspectos, como caracteristicas depressivas
nao apresentaram diferengas significativas nos estudos, permanecendo estaveis ao
longo do tempo.

O Estudo I, por sua vez, objetivou avaliar as Fungdes Executivas e Memoria
em dois grupos de pacientes com Doenca de Parkinson (um grupo tratado apenas
com medicamentos e o outro tratado com o ECP), comparando-os entre si e com o
grupo saudavel. O resultado das avaliagbes apresentou diferenga significativa nas
funcdes de Fluéncia Verbal, Flexibilidade Cognitiva, Controle Inibitério, Memoria
Verbal e de Trabalho. Aplicando a analise Post Hoc, observou-se que esta diferenca
ocorreu apenas entre o grupo controle quando comparado aos grupos com DP, mas,
nestes, ndo ocorreu entre o grupo com ECP em relag&o ao grupo tratado apenas com
medicamento. As demais caracteristicas, como humor e desenvolvimento global, n&o
foram avaliadas.

Deste modo, podemos concluir que a maioria dos estudos analisados na
revisdo sistematica comparava apenas o grupo ECP em relagao ao grupo controle
saudavel. Apenas 4 estudos compararam pessoas com DP com e sem o0 ECP - uma
comparag¢ao mais justa, tendo em vista que a progressao natural da doencga por si s6
ja afeta a cognicao do paciente. Em nosso estudo, no entanto, buscamos comparar o
grupo saudavel em relagao aos dois grupos com DP (com e sem ECP), tendo em vista
essa limitacao encontrada nos estudos anteriores. Como limitagées do nosso estudo,
podemos citar a amostra reduzida no grupo ECP, a falta de uma linha de base destes
pacientes e um protocolo que abarque toda a cogni¢cédo do paciente.

Este trabalho evidenciou a necessidade de mais pesquisas a respeito do tema,
sugerindo que novas pesquisas sejam realizadas considerando um acompanhamento
maior dos pacientes do grupo ECP, para que os dados obtidos sejam mais robustos

e possam ser comparados ao longo do tempo. Além disso, os resultados obtidos



podem contribuir com os profissionais de saude porque, entre outros fatos, auxiliam
no desenho de tratamentos, tendo em vista um prognostico mais adequado da
doenca. Ademais, levando em consideragao os nossos resultados, € possivel propor
intervengdes melhor direcionadas a estimulagcao das fungdes mais afetadas, além de

possibilitar maior ades&o ao tratamento por parte dos pacientes.
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Quante aos riscos, 05 pesquisadores Informam “posslvel desconforio Iniclal a0 ver-se diante de um
amblents de testagem e analise.”

“A prooabilldade de os riscos ocomersm & mulio balka, mas caso DCOMam 52ra minimizado pela

Endersgo:  Fua Padne Camamo, 285 - 1° andar

Balmo: AR da Gliana CEP: B0.0s0-240
UF: PR Hunioiplo:  CUSITIEA
Telefone: |21)3360-7255 E-mall: comeSoasaudegiror br
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ANEXO 2. TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

No6s, Amer Cavalheiro Hamdan e Thayna Lais de Souza Arten Godoy da Universidade Federal do Parana, estamos convidando o (a) senhor (a), participantes
de mais de 18 anos com ou sem o implante de Estimulacio Cerebral Profunda (ECP) a participar da pesquisa intitulada Avaliaciio das funcdes executivas
em pacientes com o implante de Estimulacio Cerebral Profunda/Deep Brain Stimulation (ECP/DBS). Esta pesquisa pretende estudar a relagio das fun¢des
executivas e o implante de ECP. As fungdes executivas sdo habilidades que trabalham conjuntamente para direcionar nossos comportamentos e incluem a
memoria, o planejamento, a solu¢do de problemas, o controle, entre outros. Esta pesquisa ¢ importante para entender se as pessoas com Parkinson que tenham
o implante aprendem de modo diferente das que fazem apenas o uso de remédios.

a) O objetivo desta pesquisa é analisar as fungdes executivas de pacientes com o implante de Estimulacao Cerebral Profunda

b) Caso o (a) senhor (a) senhora participe da pesquisa, sera necessario conseguir responder a questionarios pessoais, e a 5 testes de avaliacdo
neuropsicologica.

c) Para tanto o (a) senhor (a) devera comparecer a Associacao Paranaense de Portadores de Parkinsonismo, localizado a Avenida Silva Jardim,
n°3180, no dia combinado com a pesquisadora para preencher os questionarios e fazer as avaliacdes, que devem levar aproximadamente
40 minutos.

d) E pouco provavel, mas é possivel que o (a) senhor (a) experimente algum desconforto, principalmente relacionado ao cansaco.

e) Alguns riscos relacionados ao estudo podem ser constrangimento e desconforto relacionado ao ambiente da testagem.

f) Os beneficios esperados com essa pesquisa sao indiretos. O (a) senhor (a) podera contribuir para o conhecimento sobre o impacto do ECP
nas funcdes executivas.

g) Os pesquisadores Amer Cavalheiro Hamdan e Thayna Lais de Souza Arten, responsaveis por este estudo poderao ser localizados Universidade
Federal do Parand no Departamento de Psicologia, a Praca Santos Andrade 50, no telefone (41) 33102644, no site
www.psicologia.ufpr.br, no horario 8-18h e nos e-mails amerc.hamdan@gmail.com e thayarten@hotmail.com, para esclarecer
eventuais duvidas que o (a) senhor (a) possa ter e fornecer-lhe as informacdes que queira, antes, durante ou depois de encerrado o
estudo.

h) A sua participacao neste estudo é voluntaria e se o (a) senhor (a) ndo quiser mais fazer parte da pesquisa, podera desistir a qualquer
momento e solicitar que lhe devolvam este Termo de Consentimento Livre e Esclarecido assinado.

i) As informacoes relacionadas ao estudo poderao ser conhecidas por pessoas autorizadas [pesquisadores e colaboradores]. No entanto, se
qualquer informacao for divulgada em relatorio ou publicacao, isto sera feito de forma codificada, para que a sua identidade seja
preservada e mantida sua confidencialidade.

j) O material obtido (questionarios e avaliacdes) sera utilizado unicamente para essa pesquisa e sera destruido ao término do estudo, no prazo
de 5 anos.

k) As despesas necessarias para a realizacdo da pesquisa (impressdes de questionarios, escalas e avaliacdes) nao séo de sua responsabilidade
e o0 (a) senhor (a) ndo recebera qualquer valor em dinheiro pela sua participagdo, que nao tera custo nenhum.

1) O (a) senhor (a) tera a garantia de que problemas tais como desconforto ou mal-estar decorrentes do estudo serado tratados no Centro de
Psicologia Aplicada da UFPR.

m) Quando os resultados forem publicados, ndo aparecera o seu nome, mas sim um codigo.

n) Se o (a) senhor (a) tiver dividas sobre seus direitos como participante de pesquisa, vocé pode contatar também o Comité de Etica em
Pesquisa em Seres Humanos (CEP/SD) do Setor de Ciéncias da Saide da Universidade Federal do Parana, pelo telefone 3360-7259. O
Comité de Etica em Pesquisa é um 6rgéo colegiado multi e transdisciplinar que existe nas instituicées que realizam pesquisa envolvendo
seres humanos no Brasil e foi criado com o objetivo de proteger os participantes de pesquisa, em sua integridade e dignidade, e
assegurar que as pesquisas sejam desenvolvidas dentro de padroes éticos (Resolucdo n° 466/12 Conselho Nacional de Saude).

Eu, li  esse
Termo de Consentimento e compreendi a natureza e objetivo do estudo do qual concordei em participar. A explicacao que recebi
menciona os riscos e beneficios. Eu entendi que sou livre para interromper minha participacdo a qualquer momento sem justificar
minha decisdo e sem qualquer prejuizo para mim. Fui informado que serei atendido sem custos para mim se eu apresentar algum dos
problemas relacionados no item L.

Eu concordo voluntariamente em participar deste estudo.
Curitiba, de de 2019.

[Assinatura do Participante de Pesquisa]

[Assinatura do Pesquisador Responsavel ou quem aplicou o TCLE]

Comité de Etica em Pesquisa com Seres Humanos do Setor de Ciéncias da Satide da UFPR | CEP/SD Rua Padre Camargo, 285 | térreo | Alto da Gléria
| Curitiba/PR | CEP 80060-240 | cometica.saude@ufpr.br - telefone (041) 3360-7259



ANEXO 3. PROTOCOLO DE IDENTIFICACAO

L. Identificacao

Nome:

Sexo: Escolaridade (em anos):

Profissdo: Aposentado: () Sim ( ) Nao

Situagao previdenciaria: ( ) Privada ( ) Pablica Desenvolve alguma outra atividade produtiva
remunerada?

() Sim () Nao

Servico de Saade: Publico () Privado ( )

Idade: Data de Nascimento:

Naturalidade: Estado: Pais:

Estado Civil: ( ) Casado ( ) Solteiro () Vitvo ( ) Separado  ( ) Outros
Quantos filhos Filhas

Informante (se for o caso): Parentesco:

Enderego atual:

V. Historia pessoal atual e pregressa

1. TabagisSmio.. ... erssss e e e e () sim () nio
Numero de cigarros/dia: Duragio/anos:
Outros:
B 1 TS {)sim () ndo
Tipo de bebida: Dose didria: Duragio/anos: B
3. Sexualidade
Vida seXUal 1IVA .oovvvieciirecressreess s crses s ensssnnesraas s ner e ens () sim () ndo
AT BITO e eeiisisieieetee e e smsessssssssessssbs nneese e e s sssssensssesssssnsnmeesenas ( )sim () ndo
4. Sono
DASIrDIO dO BOMO...eiieceeeie s e ceeecee e e e esressrassn s aerreersseeeseenseeensesnnes () sim ( ) nio
( ) insdnia () hipersonia
O transtorno do sono interfere com as atividades do dia .................. () sim { )niao
O paciente acorda muito cedo ou muito tarde........cceeevveeecevieecceernnen () sim ( )nio
O paciente demora a adOIMECET... ..o () sim ( )na
O paciente tem despertares NOMIINOS .....ccvcveeevverveceeeeree e cereereenaeneas ( )sim ( ) ndo
Noctiria ( ) Pesadelos ( ) Preocupagio ()  Dispnéia ( ) Dor ()
Roncos () Mioclonia das pernas ( )
05 cOChilos diUIMOS ST0. ..ottt s s e et e s sisaaenss

( ) Freqiientes ( ) Pouco freqiientes mas longos () Ausentes




ANEXO 4 — QUESTIONARIO BRASIL

PXX Apera wou Tazer algumas perguntas sobre Rens do domicilic para efeito de classifics
econdmica. Todos os itens de eletroeletrinicos gue vou citar devemn estar funcionandio, inclui
o5 gue estio guardados. Caso ndo estefam funconando, considere apenas s tiver intengic

CONSEtar U repor NOs procmas sl meses,

INSTRUCAD: Todos os itens devem ser perguntados pelo entrevistador e respondidos §

entravistada.
Warmos comegar? Mo domicilio tem [LEIA CADA ITER]

WA

IMEMS D CONFORTD POASSIN 1 ¥
Cuantidede de dulemieed di pidies prchoivamarte pars
udt particulir

3

LA TESATE CAZE ISDRL

da

Jaiarviidede de emprepados merdabiias, conaterando Jpenas
4 el I o P Y Pk s Do i B damnine

Cuantidsde de méguina de levar rougs, sscluissic tanguinha

Cardicdede de banheires

OWD, indhuinds quguir & Spodtass gu ling OVD @ dastofid i afess
OVD da aulemdasl

Cuartidade de gelsdeira:

Cuantidede da freeies indesandeci ou parbs di paliders duphs

Cuatidsde da micretamputidora, cansSaranda com pulasda ey
dis rresa, lapbeps, misbebooks & nethooks & desconsiderands tabless,
palmd oy smartphones

Cuantidasde de lirmdors da lougas

Cusntidsds de fornoy de micro-onday

Cuantidade de motociclste, decensiderando as
usEa s awciusvEmanie para W profissenal

Cudastidide da mbgonid secidosas da foupad, coodider i o liva

A agua utilizada nevte demicilio ¢ provenients da
1 P geral dw digtribusclo

2 [P il Pall SEa DR

i ke msg

1 Aglulida Fivirinbide

1 Terra/Carcalha

Momenclatura atual Nomenclatura anterior

Analfabeto / Fundamental | incompleto  |Analfabeto/Primério Incompleto

Primaric Completo/Ginasio
Incompleto

Fundamental | completo / Fundamental 1|

ncompleto

Fundamental completo/Medio

| R [ T

inasic Completo/Colegial

Qual é o grau de instrugdo do chefe da familia? Considere como chefe da familia a pessoa que
contribui com a maior parte da renda do domicilio.

52



ANEXO 5 - ESCALA DE DEPRESSAO GERIATRICA

ESCALA DE DEPRESSAO GERIATRICA
GERIATRIC DEPRESSION SCALE (short Form)

Instrucdes: Eu vou ler algumas frases para avaliar como o Sr (a) se sentiu na
ultima semana. Responda apenas sim ou nfo:

N° Questiio Resposta | Pont.
] Woci esta satisfeito, de modo geral, com sua vida SIM / NAO
2 Vocé abandonou muitas atividades ou interesses de que | SIM /NAO
g-:rsta'nna;‘?'i
3 | Vocé acha que sua vida estd vazia? SIM / NAO
4 Vocé tem ficado aborrecido com frequéncia? SIM / NAO
5 | Vocé esta de bom-humor a maior parte do tempa? SIM / NAO
6 Vooé teme que algo ruim acontega a vocé? SIM / NAO
7 | Vocé se sente feliz a maior parte do tempo? STM / NAO
8 Voo se sente frequentemente desamparado? SIM / NAO
9 | Vocé prefere ficar em casa do que sair e fazer coisas | SIM/NAO

novas?

10 | Vocé acha que tem mais problemas de memoria que a | SIM / NAO '

maioria?l
11 | Voeé acha que é maravilhoso estar vivo agora? SIM / NAO
12 | Vocé se sente inatil do jeito que estd hoje em dia? SIM / NAO
13 | Vocé se sente cheio de energia? SIM / NAO

14 | Vocé sente sem esperanga a situagdo em que vocé se | SIM/NAO

encontra agora?!

15 | Vocé acha que a maijoria das pessoas estd melhor que | SIM /NAO

voce?

TOTAL

Pontuacio:
Os escores inferiores a 5 sdo normais: entre 5 e 10 indicam depressiio leve a moderada;
escores malores que 10 indicam depressdo grave.

Fonte: Sheikh, | [& Yesavage, I A, Genglric Depression Scale (GDE): recent evidence snd
development of a shorter version. Clinical Gerantology, 1986, 3(1/2): 165-173,
Yesavage, 1. A Geralric Depression Scale. Psychopharmacol Bull, 1988, 24(4):709-711.



ANEXO 6 — ATIVIDADES DA VIDA DIARIA

Atividades de Vida Diaria Instrumentais segundo Lawton-Brody

Alvidade de vida diana Sem Lo Incapaz
ajuda ajuda
parcial

WDCE & capaz de preparar as suas refegoes?

Wooe 2 capaz de tamar as seus remedios’y

WooE & capaz de T3Zer compras:y

Wooe & capaz de controlar o seu dinhesiro™

WooE & capaz de usar o telefone’

WOCE & CApaz SMUmar a sud casa?

Wooe & capaz de lavar 3 sua roups’y

WoCE & capaz de fazer peguenos rabalhos domestcos?

WOoCE & capaz de sar de casa so0Zinho para lugares mais
distantes?

WooE & capaz de s3ar de condugan




ANEXO 7 - MONTREAL COGNITIVE ASSESSMENT (MOCA)

Nome
MONTREAL COGNITIVE ASSESSMENT - BASIC Sexe \dade
Escolaridade Data
(MoCA-B) Vers3o Brasileira Administrado por
FUNGOES EXECUTIVAS r
.. g HORARIO
DEINICO
Y ] LN
v .e t.. ': r" 1]
» |euy
. oy : :
L .o
\ - /
EVOCACAO IMEDIATA VIOLAD SOFA JOELHO AZUL COLHER Mio pontua
Realize 2 tentativas mesmo que 1# tentativa
a 1% tenha sido bem sucedida
2% tentativa
FLUENCIA Diga & maior nimero de FRUTAS que conseguir em 1 minuto N { fz}
2 3. 5 B ... 2 pontos sez 13
. 8. 9. 11.. 12 . . 1 ponto se 812
S T RURTUNPR. | SRS | ITTUTISI. | [N | I Opontosse s 7
ORIENTAGAQ [ Jhoririo(t2h) [ ]diadasemana [ ]més [ Jano [ ]local [ ]cidade ( /86)

Diga 3 formas de pagar por um produto que custa RS 13:
usando moedas de RS 1, notas de RS 5 e notas de RS 10.

CALCULO

[ ] 2.0, S—

(13

(E)

ABSTRACAO

A que categorias essas palavras pertencem ? (e.g. laranja - banana = frutas )

( /3)

[ ] trem - barco [ ] norte -sul [ ] tambor - flauta
EVOCAGAO TARDIA |- VioLAD SOFA JOELHO AZUL COLHER ( /5)
I1] I1 [1 I1 [1]
eencogpesies |Mocwtosompisal L1 1 L | it | |
1 pantorpara cadaitem) | Reconhecmento t'lu'-'lq"u[urolp'l-"-'-‘pm -.——.u.-!wl.]m.--r.- |n'llw'|£\-‘|]u-'hmv aculfmarromiverde | garfotacalcolher

PERCEPC‘EO VISUAL tesoura |camiseta| banana abajur viela

3 pontos se 9-10 t {3)

2 pontos se 68

Identifique as figuras. Maximao de &0

A reldgio xicara folha chave | colher
segundos. (folha de estimulos)

1 ponto se 4-5

0 pontos ¢ 0-3

NOM EA';AO Identifique os animais. (folha de estimules) [ ]zebra [ ] pavde

[ Jtigre [ ]borboleta ( /4)

= Diga os nimeras nos circulas. N DE ERROS 1
ATENCAO {falha de estimulos) 15839203940216874675 N0 pontua se z 2 erros t f ]
Diga os ndmeros nos dreulos e quadrados: 3 8513029:204978615 764 N*DEERROS ___ [ f'Z}
2 pontos se 5 2 erms HORARIO FINAL
{folho de estimulos) 152392039402 1:87:457 5 lrontose3erros

Opontos se 2 4 erros

Adapted by : Daniel Apolinario MD
Copyright  : Z. Nasreddine MD Final Version October 20, 2015

PONTUACAOTOTAL (  /30)

Some 1 ponio se escolaridade < 4 anos + 1 ponto se analfabetofa)




ANEXO 7 - MONTREAL COGNITIVE ASSESSMENT (MOCA)

MOMNTREAL COGNITIVE ASSESSMENT - BASIC
[MoCA-B)

FOLMA DE EsTIMULOS
PERCEPCAO VISUAL .

NOMEAGAD

05 @AAZLDO@H 2AEAT LA,

A

AOLAOLARABRAOORLOLANMEALALAA
HHAAQAALAONLONAGLBAOA

Aompted by Ow-ml Aochreeo WD

Copprght: I Nawwddina MO rinal vemeon Oclober 20, 20019



ANEXO 8 — TESTES NEUROPSICOLOGICOS (RAVLT)

TESTE DE APRENMDIZAGEM AUDITIVO-VEFEAL DE FEY - FAVLT

Mie!
Examizador AT
Fscola: Mascinwento
Le=rahh 1|2 4 |3 | lm=mtal | Bl ) AG | AT | LETAA
Bal A Bal A0
CARRO
FLOR FLOR
KEA
SALA FETO SaLa
BOCSA FOGD BOCSA
CHLVE SOFA CHLV A
L=
MAE MAE
FONTD
CIRCO CIRCO
VASD
FEXE FEXRE
LLIA LIWRO LLIA
CORPD FOHRTA CORPD
CEETA M43 CEETA
LAFE LAFIE
WA,
RESA ROAP MESS,
CHAFEL CAA, CHAFEL
Rl LHC R0 Retl LI
local Al a 5% (5w Al
BlAL
Al 45
.-.'l..I .'.'II.:'
LISTA FARA O RECONHECIMENTC:

— LLALA) TLALAT TLA TLHE} VAL A 5T 18 KX ET]
LaslihisH) (RN (B FLIH (A) ZALA [A) JAHI A
FULAIE] _ EAl ALk (4] 150 | B} FELHCk 5n R A EoF I ET
CRATFEL [A) RLIA (A} ECHA [A) HOLA ) FERLA [FA)
AR E) FlakTa sl | CHEVA A ANETEEY | R o o
Ik SA LA KU 1) AL [H| ST HL A U SN
T TS DO e LA B Boay =8, _ MIAE A
FORTA B PATLY (B AR FELRE (&) PAPEL FAad
DERTE jma) | CESTA[AD [ [ T T BoTadFag LA
RECHgRE LIYELHH LAFISiA) LEITE jHa) NEST P}

A= palavia da lista A B = Palavrada lisia B; SA = Semanticamenne semelbante a palavra
da lista A: 5 = Semnanticamence semelhasce o palavra da lista Bz FA = fonologicamente
semelhanie a palayra da lista A FB = foscdogicamenie semselhanie a palayra da lista B;

REECONHEC N ML
Wienn de palavras-alve coreianenie identificados



ANEXO 8 — TESTES NEUROPSICOLOGICOS (TRILHAS A)



ANEXO 8 — TESTES NEUROPSICOLOGICOS (TRILHAS B)



ANEXO 8 — TESTES NEUROPSICOLOGICOS (Subteste de Digitos do WAIS Ill)

SUBTESTE DIGITOS WAIS (lll) - Ordem Direta

Eu vou dizer alguns nimeros. Escute cuidadosamente e quando eu acabar, o Sr
(a) deve repeti-los na mesma ordem.

inferromper caso ocoims o nas duas fentativas de um mesmo ffem. Prosseguir com & Ordem

Inversa.
Pontos Pontos
Digitos Ordem Direta Tentativa ltens
(0o 1) {0, 1 ou 2]
1. 1 | 1-7
2 |6-3
2. 1 |5-8-2
2 |6-9-4
3 1 |6-4-3-9
2 | T-2-8-86
4 1 |4-2-T-3-1
2 | T-5-8-3-8
3 1 |6-1-9-4_-7-3
2 3-9-2-4-8-7
. 1 | 65-9-1-7-4-2_-8
2 |4-1-7T-9-3-83-6
7. 01 |3-8-2-9-5_-1-T7-4
2 |B-8-1-9-2-6-4-7
6 1 |2-T-5-8-6-2-5-08-4
21 7T-1-3-9-4_2_5_6-28
Total de Pontos Ordem Direta
{Maximo = 16)




ANEXO 8 — TESTES NEUROPSICOLOGICOS (Subteste de Digitos do WAIS IlI - continuagéo)

SUBTESTE DIEITO S WalS [l - Ordem Inversa

Apgora ey vou dizer male alguns numerss, mas desfa vez, quando ey parar, Guarn
qus voc# o8 repita na ordam Inversa. Por exemplo, 88 eu dizer T—1-3, 0 que vooli 2 3ra
davery dizery

Ta g examinancs responder cormetamente (9 - 1 - T dizers Multo bem.
Prassequir com a ferdativa 1 do ilem 1.

Entrefanio, s& o examnando responder incorretamente, dar & resposts coreta @ dizer: Nao.
Voo 30/ 5ra deverla dizer 3 —1-7. Eu diese 7 — 1 - 3, entBo para falar de fras para frents,
vocalgrara daverla dizer 3 — 1 — 7. Agora tenfe estes numeros. Lembra-ee que wood falar
o0& NUMErDE N3 ordem Inversa: 3-4- 8.

MEc odsrecer nenhuma ajuds reste axermpls oo oam qualguer awtra Bem do basthe,
Indeperdentemeante do axamirando scerasr (au sep, mspander 8 - 4 - 3], passar para a teriathea

1 o b 1

nieromper C350 CCOTE S0 55 duas enisiivas oo mesmo Bem.

Ponkoe Ponkoa
Diglica Crdem Inversa Tantatlva Itena
{0 ou 1) (@, 1 ou 2]
1. 1 [2-4
2 |a-=-r
2 1 |2-1-3
2 | e-4-3
i 1 [a-Z&-¥-1
2 |d-F—-e—-d
4 1 T=3=32d=0—k
N - - T
3 1 g=—3—d—-4-=1-4
d | ¥-d—a-bG—-2-1
G 1 |a=-1-d=-3-3-a-3
2 |d=-r=3-d-1-2-3a
.01 | P-Ed-8-1-39-85-2-3
d A= == ==l ==
Total de Pontos Ordem Inversa
(Maximo = 14]

Ulnderm Diress Urdderm Inverss i xima = A




ANEXO 8 — TESTES NEUROPSICOLOGICOS (Teste de Fluéncia Verbal)

FLUENCIA VERBAL

NOME: DATA

Animais Frutas F



CADA
NUNCA
CADA
NUNCA
TUDO
TUDO

NUNCA
HOJE
NUNCA
CADA
NUNCA
HOJE

ANEXO 8 — TESTES NEUROPSICOLOGICOS (Teste de Stroop parte 1 e 2)

TUDO
CADA
HOJE
HOJE
HOJE
CADA



MARROM
AZUL
MARROM
ROSA
VERDE
AZUL

VERDE
VERDE
AZUL
MARROM
ROSA
ROSA

AZUL
ROSA
VERDE
VERDE
MARROM
MARROM

ANEXO 8 — TESTES NEUROPSICOLOGICOS (Teste de Stroop parte 3)

ROSA
MARROM
ROSA
AZUL
AZUL
VERDE



