COGNITIVE ASSESSMENT INSTRUMENTS IN INDIVIDUALS WITH
PARKINSON’S DISEASE UNDERGOING DEEP BRAIN STIMULATION

ALINE JULIANE ROMANN

MONOGRAFIA APRESENTADA COMO EXIGENCIA PARCIAL DO
CURSO DE ESPECIALIZACAO EM FONOAUDIOLOGIA - ENFASE
NO ENVELHECIMENTO - SOB ORIENTACAO DA PROFA. DRA.
MAIRA ROZENFELD OLCHIK E CO-ORIENTACAO DA PROFA.
DRA. SILVIA DORNELLES

UNIVERSIDADE FEDERAL DO R10O GRANDE DO SUL
INSTITUTO DE PSICOLOGIA
PORTO ALEGRE 12/2011



"'... existem momentos inesqueciveis,
coisas inexplicaveis e pessoas

incomparaveis." (Fernando Pessoa)

Dedico este trabalho aos meus pais, Luiz
e Noeli, pessoas incomparaveis que me
apoiaram nos momentos de muita
dificuldade e comemoram nos momentos
mais alegre. Saibam que mesmo na
saudade da distancia, vocés nao estéo

ausentes em minha vida.



AGRADECIMENTOS

"Deus €é a evidéncia invisivel™ (Vitor Hugo). Agradeco por estar ao meu lado em

todos 0s momentos.

Agradeco ao Luis, companheiro amado e querido, pelo constante apoio em busca
dos meus sonhos e pela compreensdo nos momentos em que estive ausente, em fungéo

dos estudos. Obrigada por me ouvir, me aconselhar e me compreender.

Agradeco aos meus pais, Luiz e Noeli, pelos ensinamentos que fizeram de mim a
pessoa que sou. Hoje entendo o que Shakespeare quis dizer em seu poema: “... ha mais
dos seus pais em vocé do que vocé supunha..” E realmente ha. Obrigada por

acreditarem em mim e suportarem a longa distancia por tanto tempo.

Algumas pessoas marcam a nossa vida para sempre, umas porque nos ajudam na
construcdo, outras porque nos apresentam projetos de sonho e outras ainda porque nos
desafiam a construi-los. Agradeco a minha orientadora, Profa. Dra. Maira Rozenfeld

Olchik pelo desafio langado, pela oportunidade e dedicacéo.

Agradeco aos professores, que ao longo desta jornada contribuiram para minha
formacéo, deixando um pouco de si e levando um pouco de cada um de nés. Certamente

serdo pessoas inesqueciveis.

O grande professor é aquele que faz com que os alunos se inspirem em seus
proprios objetivos. Agradeco a Profa. Dra. Silvia Dornelles, pelo conhecimento

transmitido e inspiracao.

Agradeco as colegas Agar Agnes e Deise Mattos, amizades que construi ao
longo desta caminhada. Agradeco pelo coleguismo e apoio... Sempre me lembrarei das
tardes de sexta-feira, momentos em que encaravamos 0 cansagco de uma semana inteira
de trabalho e estudos para adquirir novos conhecimentos com muita alegria e, por vezes,
apenas ouviamos atentas em siléncio. Porém, sabiamos que no final valeria apena e que

aqueles momentos deixariam saudades.

E, por fim, agradeco a todos os colegas, amigos e professores que de alguma

forma contribuiram para que este sonho se concretizasse.



“Por tantas vezes pensamos ter
chegado. Tantas vezes é preciso ir

’

mais aléem.’

(Fernando Pessoa)



Each author must read and sign the three statements. In addition, the corresponding
author must sign the acknowledgement statement. Make photocopies, if necessary.

Manuscript title: Cognitive assessment instruments in individuals with Parkinson’s

Disease undergoing Deep Brain Stimulation

First author's name: Aline Juliane Romann; Maira Rozenfeld Olchik; Carlos Roberto

de Mello Rieder; Silvia Dornelles; Nicole de Liz Maineri.

Email: a.romann@hotmail.com

Name of corresponding author: Aline Juliane Romann

AUTHORSHIP DISCLOSURE

As an author of this manuscript, | understand this submitted paper and its content: has
not been previously published (abstracts can be excluded); and the manuscript is not
under simultaneous consideration by another journal. | certify that | made substantial
contributions to the content of the manuscript and | have given final approval of the

submitted manuscript.

Your signature Date

FINANCIAL DISCLOSURE


mailto:a.romann@hotmail.com

() I certify that all my affiliations or financial involvement with any organization or
entity having a financial interest in, or financial conflict with, the subject matter or

materials presented in the manuscript are fully disclosed in an attachment.

() I certify that all financial and material support are clearly identified on the title

page of the manuscript.

( x ) I have no relevant financial interest in this manuscript.

Your signature Date

COPYRIGHT TRANSFER AGREEMENT

The author(s) undersigned hereby transfer(s), assign (s), or otherwise convey (s) all

copyright ownership, including any and all rights to Dementia Neuropsychologia.

Your signature Date

COVER-LETTER

We, the undersigned, authors of the manuscript “Intrumentos de avaliagdo cognitiva em
individuos com doenga de parkinson submetidos a estimulagdo cerebral profunda”
assume responsibility for the content therein and for its originality, hereby declaring that
it was exclusively submitted to Dementia Neuropsychologia and to no other periodical.



Author's name: Aline Juliane Romann; Maira Rozenfeld Olchik; Carlos Roberto de
Mello Rieder; Silvia Dornelles; Nicole de Liz Maineri.

Full address: Rua Irméo Weibert, 482/ 02 — 91520-310 Porto Alegre RS — Brasil
Telephone: (51) 9163.5635

E-mail (each author): (Aline) a.romann@hotmail.com; (Maira)
mairarozenfeld@hotmail.com; (Carlos) carlosrieder@gmail.com; (Silvia)

dornella@gmail.com; (Nicole) nimaineri@hotmail.com



mailto:alineromann@gmail.com
mailto:mairarozenfeld@hotmail.com
mailto:carlosrieder@gmail.com
mailto:dornella@gmail.com
mailto:nimaineri@hotmail.com

COGNITIVE ASSESSMENT INSTRUMENTS IN INDIVIDUALS WITH
PARKINSON’S DISEASE UNDERGOING DEEP BRAIN STIMULATION

INTRUMENTOS DE AVALIACAO COGNITIVA EM INDIVIDUOS COM
DOENCA DE PARKINSON SUBMETIDOS A ESTIMULACAO CEREBRAL
PROFUNDA

Aline Juliane Romann®; Maira Rozenfeld Olchik?: Carlos Roberto de Mello Rieder®;

Silvia Dornelles*: Nicole de Liz Maineri®.

'Mestranda em Medicina: Ciéncias Médicas (UFRGS). Fonoaudiéloga Clinica.

Rua Irmdo Weibert, 482/ 02 — 91520-310 Porto Alegre RS — Brasil. Email:

alineromann@gmail.com

’Doutora em Educagdo (UFRGS). Professora Adjunta da UFRGS — Departamento de
Odontologia;

3Doutor em Clinical Neuroscience (University of Birmingham). Professor Adjunto de
Neurologia da Universidade Federal de Ciéncias da Salde de Porto Alegre (UFCSPA) e
do programa de Pos Graduacdo em Medicina: Ciéncias Medicas (UFRGS);

*Doutora em Ciéncias da Crianca e do Adolescente (UFRGS). Professora Adjunta da
UFRGS - Departamento de Psicologia do Desenvolvimento e da Personalidade;

*Mestre em Medicina e Ciéncias da Satide (PUCRS). Neuropsicéloga do Laboratdrio de

Estudos Cognitivos — MemoLab (Neuroldgika)


mailto:alineromann@gmail.com

ABSTRACT

INTRODUCTION: The Deep Brain Stimulation (DBS) has been a widely used
surgical technique in individuals whit Parkinson’s Disease (PD) due to significant
reduction in motor symptoms. OBJECTIVE: To determine which instruments most
commonly used for cognitive evaluation in individuals with PD undergoing DBS.
METHODS: Was conducted a systematic review in the data base: PubMed, Medline,
Scielo e LILACS used the descriptors “Deep Brain Stimulation”, “Verbal Fluency”,
“Parkinson Disease”, “Executive Function” e “Cognition” in combination. Were include
in this study: original studies published between 1997 and 2010; people with PD
undergoing DBS. CONCLUSION: Among the cognitive, verbal function is highlighted
by the significant decline after implantation of the DBS and the Verbal Fluency Test the
most used instrument. The validation of instruments for this population is needed and
the used of batteries with more specificity and sensitivity for detection of cognitive

impairment .

DESCRIPTORS: Parkinson Disease; Cognitive; Deep Brain Stimulation.

RESUMO

INTRODUCAO: A Estimulagdo Cerebral Profunda (ECP) tem sido uma técnica
cirdrgica bastante utilizada em individuos com Doenca de Parkinson (DP) devido a
reducdo significativa dos sintomas motores. OBJETIVO: verificar quais o0s
instrumentos mais utilizados para avaliacdo cognitiva em pacientes com DP submetidos
a ECP. METODOS: Foi realizado uma revisdo sistematica nas bases de dados
PubMed, Medline, Scielo e LILACS utilizando os descritores “Deep Brain
Stimulation”, “Verbal Fluency”, “Parkinson Disease”, “Executive Function” e
“Cognition” de forma combinada. Foram incluidos nesta revisdo sistematica: estudos
originais publicados entre 1997 e 2010; populagdo com DP submetidos a ECP.

CONCLUSAO: Dentre os aspectos cognitivos, a funcio verbal se destaca pelo declinio



significativo ap6s o implante do ECP, sendo o teste de Fluéncia Verbal o instrumento
mais utilizado. A validagdo de instrumentos para esta populacdo se faz necessaria bem
como a utilizacdo de baterias com mais especificidade e sensibilidade para deteccdo das

alteracdes cognitivas.

DESCRITORES: Doenca de Parkinson; Cognicéo; Estimulacdo Cerebral Profunda.



INTRODUCTION

Parkinson’s disease (PD) was first described in 1817 by James Parkinson after
observing symptoms presented by his patients: tremor, bradykinesia and rigidity. These
symptoms remain the main source of discomfort reported by patients. In addition to the
motor symptoms that affect activities of daily living (ADL) and the quality of
communications and eating, PD has other symptoms. Cognitive changes occur, in most
cases, in the more advanced stages of the disease, preceded by psychiatric signs, such as
hallucinations and psychosis.? Other symptoms, such as depression, may be present

since the early stages of PD.’

The diagnosis of PD is clinical. Imaging tests, such as PET and SPCT scans, are
more sensitive in detecting the disease; the use of magnetic resonance (MRI) as a
diagnostic tool is still under discussion.* Cognitive symptoms may also be used for
diagnoses; therefore, the validation of these instruments is fundamentally important.

Many treatment options have been developed since the discovery of this disease,
such as new medications, technology and surgical techniques, as well as rehabilitation.
However, drugs do not mitigate nor delay disease symptoms, and the cure of PD is still

a challenge to researchers.

Deep Brain Stimulation (DBS) is a stereotactic technique in which two leads
with four electrodes are implanted in the region of the basal ganglia. It is offered to
patients with PD undergoing treatment with drugs (Levodopa) and who present with
greater complications, such as dyskinesia, motor fluctuations and refractory tremor.’
The motor gains acquired as a result of neuronal inhibition provided by the
neurostimulator are significant;® in contrast, DBS may have a negative impact on

communication skills” and cognitive symptoms.?®

The American Academy of Neurology (AAN) listed instruments for the
cognitive and neuropsychiatric examination of individuals with PD. To investigate
psychiatric symptoms, the AAN suggests the use of the Beck Depression Inventory
(BDI), the Hamilton Depression Rating Scale (HDRS-17), the Hamilton Anxiety Rating
Scale (HARS), the Brief Psychiatric Rating Scale (BPRS), the Schedule for the
Assessment of Positive Symptoms (SAPS), the Apathy Scale (AS) and the



Neuropsychiatric Inventory (NPI); and, for cognitive investigations, the AAN suggests
the Cambridge Cognitive Examination (CAMCog), the Alzheimer's Disease Assessment
Scale-cognitive (ADAS COG), the Addenbrooke’s Cognitive Examination - Revised
(ACE-R), the Clinician Global Impression of Change (CGIC), the Montreal Cognitive
Assessment (MoCA), the Mattis Dementia Rating Scale (MDRS), the Parkinson
Neuropsychometric Dementia Assessment (PANDA), the Parkinson's Disease-
Cognitive Rating Scale (PD-CRS), the Scales for Outcomes of Parkinson's Disease —
Cognition (SCOPA-COGQG), the Short Portable Mental Status Questionnaire (SPMSQ)
and the Mini Mental Status Examination (MMSE).!° However, patients that undergo
DBS have a wide variety of cognitive symptoms, and researchers tend to use several

instruments because the inventories and scales suggested by the AAN are not enough.

This study evaluated which instruments are used for the cognitive evaluation of
patients with PD that undergo DBS.

METHODS

A systematic review of the literature was conducted including all publications
available in PUBMED, MEDLINE, LILACS, EBECS and SCIELO. To conduct a
broad-based literature review, the search included studies since 1997, date of the first
publication that evaluated the cognitive aspects of patients with PD in the databases
reviewed. The search was conducted using the following key words: Parkinson disease
and deep brain stimulation combined with cognitive, executive function and verbal

fluency.

The studies, reviewed independently by three examiners, were selected

according to the following inclusion criteria:
e Published from 1997 to 2011;
e Original studies with human beings;

e Studies whose objective was the cognitive assessment of patients with PD that

received unilateral or bilateral DBS;



e At least one instrument of cognitive assessment;
e Positive or negative cognitive results.

The studies that did not meet these criteria were excluded. To ensure that all
examiners had the same criteria to evaluate abstracts, a data collection form (Annex A)
with the criteria described above was developed and filled out for each study. Each
assessor assigned a grade from 0 to 10 to each study. Studies that received grades below

8 were excluded from this review.

RESULTS

A total of 519 studies were found in the databases used and 469 were excluded:
224 because they were the same study indexed in different databases, and 245 due to
other exclusion criteria. Fifty studies were included in this review,®*™® and 90
instruments were found: 71 tests and 19 scales. Because of the large number of
instruments, only those that have been used in more than 10 studies included in this
review will be described below. All inventories and scales found are presented in Tables
1 and 2. To facilitate comprehension and because the same instrument might evaluate
more than one cognitive aspect, the instruments were classified according to their
predominant cognitive function: attention, perception, memory, language, dexterity,
executive functions, cognitive screening tests, intelligence, and laterality in handedness.
The scales were classified according to whether they investigated depression, anxiety,
mood, apathy, psychiatric disorders and quality of life. The classification followed the
suggestions made by Lezak (2004).%°

COGNITIVE ASSESSMENT TESTS OF INDIVIDUALS WITH PD THAT
UNDERWENT DBS

Attention



The instrument most often used for attention, found in 21 studies, was the Stroop
Test (ST). This test, developed by John Ridley Stroop in 1935, aims at evaluating
selective attention, inhibitory capacity and concentration. The author based his test on
the finding that it is easier to name the color of the ink and/or read the name of the
colors when they are printed in a different color from the one that they name.®® This
phenomenon has received different interpretations. Some studies classify it as a deficit
in inhibitory response, and others, as a selective attention deficit. This test has some
variations, but the full format has the following stages: first, the individual has to
recognize the colors used in the test, which is achieved by showing the respondent cards
with rectangles in the colors used. After that, the individual should read the words
(names of colors) that are printed in a different color from the one that they name; and,
in the third stage, which is the test proper, the individual should name the color of the
ink in which the words are printed when the words denote names of colors different
from the ink.** Scores may be defined according to the test performance time, number
of errors or both, or, still, according to the number of items read or named in a certain

amount of time.

The ST was standardized by Tosi (2004) for use with Brazilian populations,
and was tested for Brazilian students aged 12 to 14 years to obtain normative data for
this population.®* However, this test has not been standardized for adult and elderly
Brazilians, and has not been validated for individuals with PD.

Cognitive aspects, such as visual attention, processing speed, flexibility and
planning, have been evaluated in 20 studies using the Trail Making Test (TMT), which
originated from the Army Individual Test Battery (1944) and has two parts, A and B.
Part A has 25 circles with numbers, and the respondent should draw a line to connect
the numbers in ascending order. In part B, in addition to numbers (1 to 13), there are
letters (A to M) among the numbers; the numbers should be connected in ascending
order, but alternating with the sequence of letters. The score is defined according to

time, that is, the test should be completed as fast as possible.*

The TMT was used for a Brazilian population by Hamdan and Hamdan (2009),%
who found that age and schooling affected individual scores, and that there was a



significant increase in the time necessary to complete the TMT tasks according to the

individual’s age; also, mean time decreased as the individual's schooling increased.

Memory

The Digit Span (DS) test, part of the Wechsler Adult Intelligence Scale (WAIS),
was individually used in 11 studies, and, together with WAIS, in 7 studies. This test
includes two different parts: direct DS and inverse DS. Both include the oral
presentation of seven pairs of sequences of numbers, which are presented individual in
one second in an order that is randomized by the examiner. In the direct DS, the
individual should repeat the numbers as presented by the examiner; in the inverse DS,
the individual should repeat the numbers in the inverse order. Scores are defined by the
number of correct answers. Adults without deficits should repeat at least 5 numbers in
the direct order and at least 3 in inverse order. Age tends to affect performance only for

individuals > 65 years old, for whom the normal score is 5 right answers.®

The DS test alone has not been standardized for Brazilian populations or
individuals with PD. However, together with the WAIS, it was standardized for a
Brazilian population by Nascimento et al. (1998)%* and validated for a population with
PD by Randolph et al. (1993)%°.

A test used in 14 studies to evaluate immediate, short- and long-term memory is
the Rey’s Auditory Verbal Learning Test (RAVLT), developed by Rey in 1964. This
test has several variations, but the one most often used has the following parts: 15 words
are read from a list of words (list A) at an interval of one second between words over
five trials, and each time the list is read, the individual is asked to recall the words that
were presented. The order of word remains the same at each trial, and the test
instructions are repeated every time the words are presented. The RAVLT learning
score is the sum of words remember in the five trials. After the fifth reading of the same
list of words is complete, another list of 15 new words is introduced (list B), and the
individual should also recall the words presented. Immediately after remembering the
words in list B, the words in list A should be recalled without being read another time.
In this stage, short-term memory after interference is tested. Finally, after 30 minutes,



the individual is asked to recall the words in list A with no presentation of cues. In this
last stage, long-term memory is tested; the maximum score is again 15, and the closer

the result is to this number, the better the performance.®

In Brazil, Malloy-Diniz et al. (2007)% developed a version of RAVLT with
nouns frequently used in Portuguese, and applied it to groups of elderly individuals
aged 60 to 89 years. The authors found that the Brazilian adaptation of the RAVLT was
appropriate and evaluated the memory of Brazilian individuals of the same age and
schooling. 1n 2009 Teruya et al.®’ conducted a pilot study to evaluate the performance
of normal Brazilian adults using the RAVLT. They found that overall test performance
decreased as age increased, and schooling was positively associated with the scores. In
2010, Fichman et al.*® published a study to validate the RAVLT. The authors found a
strong association between episodic memory and social and demographic variables.
This finding is relevant in a country like Brazil, where educational levels vary
substantially. However, further studies should be conducted to test the effect of age and
schooling in the RAVLT.

Language

The Verbal Fluency test, used in 37 studies, was the most frequent test to
evaluate executive functions, language and semantic memory. The phonological VF
(FAS), developed by Benton and Hamsher (1989), asks the respondent to name words
with the letters F, A and S, excluding proper names, numbers, the same word with
different suffixes, or different conjugations of the same verb. A time of 1 minute is
assigned for each letter.®® The test was normalized by Tombaugh et al. (1998)* but no

studies have been found about FAS validation for populations with PD.

The VF test has a variation, semantic restriction, in which the individual has 1
minute to say words limited to one semantic class (animals, fruit, foods, etc.). This
instrument variation evaluates the capacity to search and withdraw data stored in the
long-term memory within a certain category and to demonstrate the capacities of
organization, self-regulation and operational memory. This variation was validated for
the Brazilian population by Brucki et. al (1997;2004).%™



The study conducted by Lars Wojtecki et. al (2006)° used variations with
phonological restriction. Two sequences of words were restricted to one letter and,
immediately after that, the sequence was restricted to a semantic category to evaluate, in
addition to the aspects mentioned above, flexibility, as there was a change in the
strategy suggested in the testing sequence. Scores are the sum of words produced in
accordance with phonological or semantic restriction. Results are affected by schooling
(the greater schooling, the higher mean number of words said) and age (the greater the

age, the smaller the mean number of words said).*°

The Boston Naming Test (BNT) was used in 12 studies to evaluate language
skills and semantic memory by naming figures. Developed by Kaplan, Goodglass and
Weintraub in 1978, it consists of the presentation of 60 items drawn in black and white,
graded according to difficulty parameters, which the individual has to name
spontaneously in 20 seconds. In case the patient cannot name it, or names it incorrectly,
the examiner can give a semantic cue; if the error persists, the examiner gives a
phonological cue by producing the first syllable of the word that corresponds to the

figure.”

This test was validated for a Brazilian population by Miotto et al. (2010).”* In
this adapted version, the authors replaced 20 figures to take into consideration cultural
familiarity, frequency, ambiguity and similarity with the original figure. They found
that the adapted version is less dependent on schooling and age than the original
version, and may, thus, by more appropriate for clinical applications. However, it has

not been standardized for populations with PD.

Executive functions

The objective of the Wisconsin Card Sorting Test (WCST) is to evaluate
components of the executive functions of categorizing, conceptualizing, planning,
learning, perseveration of rules and successful strategies and cognitive flexibility. This
test was used in 17 studies to evaluate the main cognitive impairments in PD. It consists
of four key cards: a red triangle, two green stars, three yellow crosses and four blue
circles. They are always presented in this order, from left to right, and 128 response



cards with geometric shapes that change according to the same dimensions of the key
cards: color, shape and number. At each trial, one stimulus card is presented to the
individual, who should combine it with one of the four key cards based on color, shape
or number. No rule is defined for combinations. At each 10 correct answers for each
category (color, shape and number), the examiner changes the combination, and the
participant should change the strategy.®® The WCST has not been validated for Brazilian

adults and elderly populations or for use with individuals with PD.

The Raven’s Progressive Matrices (RPM) consists of a set of nonverbal tests of
problem resolution involving the elaboration of reasoning and efficacious strategies,
discovery of rules and applications of mental operations. This test, used in 10 studies,
has three versions: the Standard Progressive Matrices (SPM), for use with individuals
of all levels of intellectual development; the Colored Progressive Matrices (CPM), for
small children, elderly individuals and people with mental deficiencies; the Advanced
Progressive Matrices (APM), developed for people with above average intellectual
capacity, usually indicated for university students.®® The SPM consists of 60 geometric
shapes in which a part of the test is removed and added to other 5 incorrect alternatives.
The individual should choose the correct complement to the figure based on rules that
apply to horizontal and vertical dimensions. The level of difficulty increases as the

individual completes the tasks. The time to do the test ranges from 40 to 60 minutes.

In Brazil, the RPM was validated only for children by Pasquali et al, (2002),"*
who defined normative data for a population of children in the city of Porto Alegre.
However, it has not been validated for Brazilian adults, elderly adults, or individuals
with PD.

Cognitive Screening Batteries

The most frequently used cognitive screening battery was the Mini Mental State
Examination (MMSE), applied in 18 studies. The MMSE tests the integrity of mental
functions in a rapid and simple way. It evaluates the following functions: orientation to
time and place, memory, attention, calculation, language and construct ability. Scores
are defined according to points, which may vary from 0 to 30. The variables that affect



total MMSE score are intensively discussed among researchers. Studies suggest that age
and schooling of the Brazilian population have a strong influence on the performance of
the tasks in the MMSE. This discussion led to the validation of the MMSE"® scale for
the Brazilian population and the definition of new scores according to age and
schooling. At the same time, a recent study’’ evaluated the impact of education on the
MMSE subscales and items. Results revealed that schooling has no effect on naming
tasks, three-stage commands, memory recall and delayed memory. Memory is a key
factor in diagnosing dementia; therefore, those items may be included in the evaluation

despite the level of education.

The Mattis dementia rating scale (MDRS), a cognitive screening battery that
also evaluates general cognitive status, was used in 15 studies. This scale consists of 36
individual tasks divided into 5 subscales: attention (8 items, 37 points); initiation and
perseveration (1litems, 37 points), construct (6 items, 6 points), conceptualization (6
items, 39 points) and memory (5 items, 25 points), at a total of 144 points. The cut-off
score for absence of dementia in the Brazilian population is 122 points; scores below
that indicate a demential process.

In 2003, Porto et al.” developed a Portuguese version of the MDRS and applied
it to a group of individuals with Alzheimer’s disease (AD) and compared them with a
group of healthy elderly individuals. The authors concluded that the MDRS had good
diagnostic accuracy to discriminate between patients with mild AD and control
individuals. In the study population, the effects of schooling were more marked than
those of age. This result was confirmed by Foss et al. (2005),”° who investigated the
influence of little schooling and illiteracy on the evaluation of dementia by applying the
MDRS. They found that schooling affects performance and concluded that illiteracy is a
determinant factor to lower MDRS scores, which may generate diagnostic errors.

SCALES TO EVALUATE INDIVIDUALS WITH PD

The Beck Depression Inventory (BDI), in the form of a self-administered
questionnaire, was used in 20 studies to evaluate the intensity of depression. This

instrument has 21 items for symptoms and attitudes, and they describe behavioral,



affective, cognitive and somatic signs of depression. Each item has four response
alternatives in the form of statements, organized according to severity and with scores
that range from 0 to 3. The respondents select the option that best describes the way that
they feel at the time. The overall evaluation of depression is defined according to the
sum of numbers that correspond to the answers. Therefore, a sum of 0 to 9 is within the
limits of normality; from 10 to 15, the result suggests mild depression; from 16 to 23,

moderate depression, and 24 or more, severe depression.

The BDI was validated for the Brazilian population by Gorenstein and
Andrade®® in 1986. The Hamilton Depression Rating Scale and the State-Trait Anxiety
Inventory were used for comparisons: the BDI was more efficacious, and its reliability
ranged from moderate to good.

Of the 89 instruments used, 20 have been validated for the Brazilian

66,68,72;74-76;78;81-84,86-91,94,96;100-102 and 12 have been standardized for

population
populations with PD. 9293959799103 Tha jnstruments tested for the Brazilian population

and for individuals with PD are listed in Table 3.

DISCUSSION

The purpose of the studies included in this systematic review was to evaluate the
cognition of patients with PD that underwent DBS and to investigate the impact of the
neurostimulator in cognitive performance. The results showed the diversity of
instruments used. There is no agreement about the use of a single test or scale, or about

the cognitive functions evaluated.

The application of only one test is insufficient to evaluate cognition, and a group
of instruments is usually applied to obtain more reliable data, particularly because of the
insufficient number of standardized instruments for the population with PD and the
divergent understandings about the predominant cognitive functions in decline.
According to instrument classifications, the functions more frequently evaluated were
language (74.5%), memory (72.2%), attention (66.7%) and executive functions

(47.7%). These functions may be impaired because of the disease, but studies in the



literature draw attention to the decline of executive skills, which may be present in the
initial stages of the disease.”” However, as demonstrated above, the use of tests directed

to the evaluation of this function was less frequent.

Of the instruments recommended by the AAN for cognitive screening, the most
frequently used were the MMSE and the MDRS. The MMSE is one of the most
frequently used instruments of cognitive screening to investigate cognitive decline in
the elderly. However, because of the cognitive impairments in PD, studies have shown
that this is not the best instrument of cognitive screening for this population. Hoops et
al. (2009)® evaluated the discriminating validity of the MoCA and the MEEM to detect
mild cognitive impairment (MCI) and dementia in PD. They found that the MoCA had
appropriate psychometric properties as a screening instrument to detect MCI and
dementia in PD, and that it is, therefore, more sensitive than the MMSE in this
population. In the same way, Hanna-Pladdy et al. (2010)®® conducted a comparative
study of the MoCA, the MEED and the NeuroTrax battery. Results suggest that the
MoCA is more sensitive to investigate MClI in PD.

The MDRS also has good diagnostic accuracy to investigate the cognitive
functioning of individuals with PD. It was validated as a screening instrument for
cognitive dysfunction in this population by Brown et al. (1999),% and is more sensitive
to variations in the level of cognitive impairment than the MMSE. Llebaria et al.
(2008)® conducted a study to validate the MDRS for dementia screening in PD. Their
results revealed that the MDRS has an excellent discriminating ability to diagnose

dementia in PD, as well as to provide objective measurements.

Of the main scales used to evaluate depression, mood and anxiety among
individuals with PD, the BDI and the MDRS were evaluated to check their accuracy and
correlation with clinical diagnoses by Silberman et al. (2006).” The authors found
positive results and suggested the use of a cut-off point of 10 for the MDRS and 18 for
the BDI to help clinicians to detect depression in mild and moderate PD. The use of
these scales to investigate depressive symptoms was also recommended by Schrag et al.
(2007),"° who also suggested that the BDI might be used to monitor depressive
symptoms in relation to clinical or surgical treatment of PD. However, the clinical
aspects of depression were not evaluated, and depression was only monitored using the
BDI.



FINAL CONSIDERATIONS

Results of this review showed that there is no consensus about the instruments
used in the evaluations of individuals with PD that underwent DBS. The AAN
recommended some instruments that are more appropriate to evaluate cognitive decline
in populations with PD, but they have not been used frequently. Moreover, instruments

should be standardized for use with this population.

The analysis of cognitive functions revealed that the evaluations in this
population with PD are concentrated in language and memory. Studies in the literature
showed that PD leads to a decline predominantly in executive functions, which may
indicate that individuals that underwent DBS may suffer different impacts and that it is
necessary to use instruments to asses both cognitive functions to obtain more reliable

results.



Cognitive function  Tests Number of
studies

Attention Stroop Test 21
Trail Making Test 20
Corsi’s Block Tapping Test 8
Go—No-Go Task 3
Symbol Digital Modalities Test 1
N-Back Task 1
Oral Trail Making Test 1
Spinler Matrices Test 1
Color Word Interference Test (D-KEFS) 1
Visual Reaction Time (Vrt) 1
Money’s Standardised Road Map Test For 1
Direction Sense (Mrmt)
Test For Attentional Performance (Tap) 1

Perception Hooper Visual Organizational Test 2
The Visual Object And Space Perception 1
Battery (Vosp)

Memory Rey’s Auditory Verbal Learning Test 14
Digit Span 11
Weschler Memory Scale 6
Paired Associate Learning 4
Benton Visual Retention Test 4
Grober And Buschke Verbal Learning Test 3
Benton Line Orientation Test 3
Random Number Generation Task (Rngt) 2
California Verbal Learning Test 2
Hopkins Verbal Learning Test 2
Logical Memory Task 2
Rey Eosterrieth Complex Figure Test 2



Brief Visuospatial Memory Test 1
Visual Conditional Learning Test 1
Benton Judgment Of Line Orientation Test 1
Rey Figure/Taylor Figure 1
Memory Assessment Clinic Ratings (Mac) 1
Rivermead Behavioural Memory Test 1
Rey—Kim Memory Battery 1
Brief Visual Memory Test 1
Conditional Associative Learning Test 1
(CALT)
Externally Ordered Working Memory Test 1
Language Verbal Fluency 37
Boston Naming Test 12
Controlled Oral Word Association Test 6
Bi-Syllabic words Repetition Test 6
Boston Diagnostic Aphasia Examination 1
Regensburg Word Fluency Test (RWT) 1
Syntactic Comprehension Test And 1
Morphological Test
Agnosia Screening Task Of Schnider 1
ABBA 1
North American Adult Reading Test 1
Construct Clock Drawing 1
Grooved Pegboard Test 1
Purdue Pegboard Test 1
Executive functions Wisconsin Card Sorting Test 17
Raven’s Progressive Matrices 10
Modified Wisconsin Card Sorting Test 4
Frontal Assessment Battery 3
Tower of London 2



Dex Questionnaire of the Behavioural 1
Assessment of the Dysexecutive Syndrome

Paced Auditory Serial Addition Task 1
Paced Visual Serial Addition Test 1
frontal systems behavior scale 1
Odd Man Out Test 1
Vocabulary And Reasoning Of The 1
““Leistungsprufsystem’’ (LPS)
Homophone Meaning Generation Test 1
Mini Mental State Examination 18
Mattis Dementia Rating Scale 15
Cognitive Dementia Rating Scale 7
Screening Batteries Dutch Adult Reading Test 1
National Adult Reading Test 1
Cerad Neuropsychological Battery 1
Wechsler Adult Intelligence Scale 7
Intelligence Groningen Intelligence Test 1
Verbal Intelligence Quotient 1
Laterality of Edinburgh Handedness Inventory 1
Handedness

Table 1. Tests and Cognitive Screening Batteries used in the studies, classified
according to the predominant cognitive function



Scales Number of

studies
Depression Beck Depression Inventory 20
Montgomery-Asberg Depression Rating Scale 6
Hamilton Depression Rating Scale 2
Geriatric Depression Scale 1
Hospital Anxiety And Depression Scale 1
Brief Symptom Inventory 1
Anxiety State-Trait Anxiety Inventory 4
Beck Anxiety Inventory 2
Hamilton Anxiety Rating Scales 1
Snaith-Hamilton pleasure Scale 1
Maudsley Obsessional Compulsive Inventory 1
Mood Visual Analogue Mood Scale 1
Positive And Negative Affect Scale 1
Profile Of Mood States 1
Apathy Apathy Scale 1
Apathy Evaluation Scale 1
Psychiatric Neuropsychiatric Inventory 2
Bech-Rafaelsen Mania Scale 1
Quality of life Parkinson’s Disease Questionnaire (PDQ-39) 3

Table 2. Scales used in the studies



Author and year

Instrument tested for
Brazilian population

Instrument tested for

population with PD

Tosi (2004)%

Stroop Test

Hamdan AC et. al (2009)%

Trail Making Test

Malloy-Diniz LF et. al
(2007)%°
Fichman HC et. al (2010)%®

Rey’s Auditory Verbal

Learning Test

Yassuda MS et. al (2010)**

Rivermead Behavioural

Memory Test

Brucki SM et. al (1997)"
Brucki SM et. al (2004)"

Verbal Fluency

Miotto EC et. al (2010)"

Boston Naming Test

Mansur LL et. al (2005)%

Boston Diagnostic Aphasia

Examination

Canali F et. al (2011)%

Dex Questionnaire of the
Behavioural Assessment of

the Dysexecutive Syndrome

73

Wisconsin Card Sorting
Test

Beato RG et. al (2007)%

Frontal Assessment Battery

Brucki S et. al (2003)"
Castro-Costa E et. al (2008)"
Laks J et. al (2010)""

Mini Mental State

Examination

Hoops S et. al (2009)®

Mini Mental State

Examination

Porto CS et. al (2003)"°

Mattis Dementia Rating

Scale

Llebaria G et. al (2008)%

Mattis Dementia Rating
Scale

Montafio M et. al (2005)%’

Dementia Rating Scale

Brown GG et. al (1999)%®

Dementia Rating Scale

Nascimento E (1998)%*

Wechsler Adult Intelligence
Scale




Randolph C et. al (1993)%

Wechsler Adult
Intelligence Scale

Brito GN et. al (1989)%°

Edinburgh Handedness

Inventory

Gorenstein C et. al (1996)%

Beck Depression Inventory

Visser M et. al (2006)*

Beck Depression

Inventory

Leentjens AF et. al (2000)™

Montgomery-Asberg

Depression Rating Scale

Leentjens AF et. al (2000)™

Hamilton Depression

Rating Scale

Gorenstein C et. al (1996)%

State-Trait Anxiety

Inventory

Leentjens AF et. al (2011)%

Hamilton Anxiety Rating
Scales

Castro MMC et. al (2006)%

Hospital Anxiety And
Depression Scale

Leentjens AF et. al (2011)™

Hospital Anxiety And

Depression Scale

Leentjens AF et. al (2011)%

Beck Anxiety Inventory

Shansis F et. al (2004)™

Bech-Rafaelsen Mania

Rating Scale

Souza RG et. al (2007)%

Parkinson’s Disease

Questionnaire (PDQ-39)

Jenkinson C et. al (1997)%

Parkinson’s Disease

Questionnaire (PDQ-39)

Table 3. Instruments tested for the Brazilian population and for populations with PD
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