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Resumo 

 
 

Parmera JB. Síndrome corticobasal: estudo prospectivo dos perfis clínicos e de 

biomarcadores de imagem [tese]. São Paulo: Faculdade de Medicina, 

Universidade de São Paulo; 2021. 

Introdução: a síndrome corticobasal (SCB) é uma síndrome parkinsoniana 

atípica associada a diversas patologias subjacentes. Considerando-se que os 

agentes modificadores de doença têm como alvo o processo patológico, novos 

métodos diagnósticos estão sendo desenvolvidos com foco nesse contexto. 

Objetivos: o presente estudo teve como objetivo principal investigar diferenças 

clínicas no perfil cognitivo, de linguagem e motor nas possíveis variantes 

patológicas da SCB, identificadas através de biomarcadores de imagem 

molecular. Avaliou-se também se os padrões individuais de metabolismo através 

da tomografia com emissão de pósitrons (PET) com [18F]fluorodeoxiglicose 

(FDG) (PET-FDG) poderiam predizer a positividade na PET com radiotraçador 

para proteína amiloide [11C]Pittsburgh Compound-B (PET-PIB), marcador 

relacionado à patologia da doença de Alzheimer (DA). Métodos: 45 indivíduos 

com SCB foram prospectivamente submetidos a avaliações neurológicas e 

fonoaudiológicas. Todos os pacientes realizaram PET-FDG, e foram divididos 

em grupos SCB com padrão de metabolismo sugestivo de DA (SCB FDG-DA) e 

não sugestivo de DA (SCB FDG-nãoDA). Trinta e um indivíduos realizaram PET-

PIB num equipamento híbrido de PET-Ressonância magnética (RM) para avaliar 

a deposição cerebral de peptídeo amiloide.  As imagens de PET-FDG e PIB 

foram classificadas individualmente com base em análises visuais, assistidas por 

análises semi-quantitativas com o software 3D-SSP. Também foram realizadas 

análises quantitativas de grupo com PET-FDG e PET-PIB com o software SPM8, 

e os padrões de atrofia na RM foram investigados usando morfometria baseada 

em voxel (VBM). Trinta indivíduos saudáveis foram recrutados como grupo 

controle para comparações quantitativas dos métodos de imagem. Resultados: 

o grupo SCB FDG-DA (15 pacientes, 33.3%) apresentou pior desempenho 

cognitivo, sobretudo nos domínios atenção, memória e visuoespacial, assim 

como apresentou mais mioclonias e alucinações. O grupo SCB FDG-nãoDA (30 

pacientes; 67.7%) apresentou mais distonia, alterações de motricidade ocular, 

perseveração motora e disartria. Todos os pacientes classificados como SCB 

FDG-DA testaram positivo na PET-PIB, comparados com três entre 20 pacientes 

do grupo SCB FDG-nãoDA. A classificação individual obtida através da PET-

FDG demonstrou 76.92% de sensibilidade, 100% de especificidade e valor 

preditivo positivo, e 88.5% de acurácia balanceada para detectar positividade na 

PET-PIB. Indivíduos com resultado de PET-PIB positivo e negativo, 

demonstraram, respectivamente, hipometabolismo em áreas temporoparietais 



 

posteriores e em tálamo e mesencéfalo, contralateralmente ao lado mais 

afetado, sendo estas possíveis assinaturas metabólicas das patologias 

subjacentes. Indivíduos com disartria demonstraram hipometabolismo 

predominante em região frontal inferior esquerda e córtex pré-motor, além de 

atrofia cerebral em região opercular frontal e putâmen. Conclusões: a SCB é 

uma entidade com duas principais variantes distintas (associada ou não à DA), 

possuindo diferentes performances cognitivas e de linguagem, e possivelmente 

diferentes alterações motoras predominantes. O padrão metabólico através da 

PET-FDG demonstrou-se útil para retratar os padrões degenerativos específicos 

de tais variantes, seus perfis clínicos, assim como para predizer positividade no 

biomarcador para proteína amiloide.  

Descritores: Doenças neurodegenerativas; Degeneração corticobasal; 

Transtornos parkinsonianos; Tomografia por emissão de pósitrons; Tomografia 

por emissão de pósitrons/métodos; Fluordesoxiglucose F18. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  



 

Abstract 
 
 

Parmera JB. Corticobasal syndrome: a prospective study of clinical profiles and 

imaging biomarkers [thesis]. São Paulo: "Faculdade de Medicina, Universidade 

de São Paulo"; 2021. 

Introduction: Corticobasal syndrome (CBS) is an atypical parkinsonian 

syndrome related to multiple underlying pathologies. Given that disease-

modifying agents target the pathologic process, new diagnostic methods are 

being developed to focus on this context. Objectives: the present study aimed to 

investigate clinical differences regarding cognitive, language, and motor profiles 

in possible CBS pathological variants identified using molecular imaging 

biomarkers. Also, we sought to investigate if individual brain 

[18F]fluorodeoxyglucose-Positron emission tomography (FDG-PET) patterns 

could distinguish CBS due to Alzheimer's disease (AD) from other pathologies 

based on [11C]Pittsburgh Compound-B (PIB)-PET. Methods: forty-five patients 

with CBS were prospectively evaluated regarding their clinical and speech-

language profiles. They all underwent FDG-PET and were distributed in two 

groups: likely related to AD (CBS FDG-AD) or likely non-AD (CBS FDG-nonAD). 

Thirty-one patients underwent PIB-PET on a hybrid PET-Magnetic resonance 

imaging (MRI) equipment to assess their amyloid status. FDG and PIB-PET 

images were classified individually based on visual analyses, assisted by semi-

quantitative analysis with 3D-SSP software. Quantitative group analyses were 

performed on FDG-PET and PIB-PET data with the SPM8 software, and atrophy 

patterns on MRI were investigated using voxel-based morphometry (VBM). Thirty 

healthy participants were recruited as imaging controls. Results: CBS FDG-AD 

group (15 patients, 33.3%) demonstrated worse cognitive performances, mainly 

concerning attention, memory, and visuospatial domains, and displayed more 

myoclonus and hallucinations. The non-AD metabolic group (30 patients, 66.7%) 

presented more limb dystonia, ocular motor dysfunction, motor perseveration, 

and dysarthria. All patients classified as CBS FDG-AD tested positive at PIB-PET 

compared to 3 out of 20 in the non-AD group. The individual FDG-PET 

classification demonstrated 76.92% sensitivity, 100% specificity and positive 

predictive value, and 88.5% balanced accuracy to detect positive PIB-PET scans. 

Individuals with positive and negative PIB-PET showed hypometabolism in 

posterior temporoparietal areas and thalamus and brainstem, respectively, 

mainly contralateral to the affected side, disclosing possible metabolic signatures 

of CBS variants. Moreover, CBS patients with dysarthria had hypometabolism at 

the left inferior frontal gyrus and premotor cortex and showed brain atrophy 

patterns mainly at the opercular frontal gyrus and putamen. Conclusion: CBS is 

a clinical syndrome containing two major well-differentiated variants (CBS-AD 

and CBS non-AD), with different cognitive performances, speech-language 



 

profiles, and possibly different motor features. FDG-PET was useful in depicting 

their specific degeneration patterns, different clinical features, and brain amyloid 

deposition. 

Descriptors: Neurodegenerative diseases; Corticobasal degeneration; 

Parkinsonian disorders; Positron-emission tomography; Positron-emission 

tomography/methods; Fluorodeoxyglucose F18. 
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Introduction 1 

 

1 Introduction  

 

 

1.1 Evolution of concept  

In the vast group of neurodegenerative diseases, corticobasal syndrome 

(CBS) and corticobasal degeneration (CBD) were first described relatively 

recently as a unique clinicopathological entity in 1967 and 1968. Rebeiz et al.1,2 

reported clinical and pathological findings of three patients with progressive 

stiffness and awkward limb movements, dystonic posturing, and gait disorder. 

They called this entity “corticodentatonigral degeneration with neuronal 

achromasia”, identified by asymmetrical frontoparietal cortical atrophy and 

neuronal loss, loss of pigmented neurons in the substantia nigra, and swelling of 

the neuronal cell bodies with achromatic cells1,2.  

Interestingly, the earliest description of CBS dates back to 1925 when Jean 

L’Hermitte and colleagues described a 72-year-old carpenter presenting with a 

clumsy, useless arm with rigidity, ideomotor apraxia, abnormal flexed posture, 

alien limb phenomenon, and cortical sensory dysfunction3. There is also 

speculation that the French composer Maurice Ravel (1875–1937), who 

developed aphasia, apraxia, and dubious loss of musical creativity, had CBS4,5.  

Decades after the first comprehensive description, the term “corticobasal 

degeneration” was coined by Gibb and Marsden in 19896, also referred to as 

corticobasal ganglionic degeneration7 by some authors.  
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In the 1990s, within the introduction of immunostaining for tau, the neuronal 

aggregates in CBD pathology were shown to consist of the microtubule-

associated protein tau (MAPT).8  

Over time, it has become clear that the clinical features described by Rebeiz 

et al. were associated with various underlying pathologies9,10, since the clinical 

presentation reflects the topographic distribution of histopathology more than the 

specific underlying pathology. Conversely, the topographic distribution of CBD 

pathology dictates the clinical presentation. Hence, it can be seen in patients 

presenting other clinical syndromes beyond CBS, some resembling the 

behavioral variant (bv) frontotemporal dementia (FTD)11, progressive 

supranuclear palsy (PSP)12, nonfluent variant primary progressive aphasia 

(nfvPPA), and apraxia of speech (AOS)13, among others14. Considering this, 

Boeve et al.15 introduced the term “corticobasal syndrome” to embrace the 

constellation of symptoms leading to the originally described clinical phenotype, 

while CBD currently denotes the pathological disorder.  

Little is known about the epidemiology of CBD and CBS. As CBD is a rare 

disease with various clinical phenotypes, and CBS can be due to different 

underlying pathologies, accurate prevalence studies are lacking. A recent study 

reported a pooled prevalence of FTD, PSP, and CBS as 10.8 per 100.00016. 

Another previous study showed an estimated CBD prevalence of 4.9-7.3 cases 

per 100.000 individuals17. Regarding CBS, a community-based Japanese study 

found a prevalence rate of 6 per 100.00018, while a Russian study showed an 

age-standardized incidence rate of 0.02 cases per 100.000 individuals19. Disease 

onset is typically in the sixth to seventh decades of life, with a mean age of onset 

at 63.7 years, ranging from 45 to 77.2 years14,20,21. No sex bias has been 
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observed14. It is a relentless disease with a poor prognosis, commonly with a 

shorter duration than other atypical parkinsonian syndromes, such as PSP or 

multiple system atrophy (MSA)20.  

Before the latest diagnostic criteria, others have been proposed for the 

diagnosis of CBD and CBS. However, they demonstrated low sensitivity and 

specificity, mainly reflecting the CBS phenotype20,22. In light of the expanding 

understanding of the disease and its clinicopathologic correlations, a specialist 

consensus with brain bank cases and a critical literature review developed new 

diagnostic criteria for CBD/CBS22. In this current criteria, probable CBS is 

characterized by an asymmetric presentation with at least two extrapyramidal 

dysfunctions of: [a] limb rigidity or akinesia, [b] limb dystonia, [c] limb myoclonus, 

plus two cortical dysfunctions of: [d] orobuccal or limb apraxia, [e] cortical sensory 

deficits, [f] alien limb phenomena22. (table 1)  

Also, these new diagnostic criteria were the first to incorporate phenotypes 

other than CBS into the CBD phenotypes. They proposed two diagnostic 

classifications for CBD: (1) “clinical research criteria for probable sporadic CBD” 

(cr-CBD) and (2) “possible CBD” (p-CBD). In the most specific one, namely cr-

CBD, age must be greater than or equal to 50 years, and there should not be a 

family history. Included phenotypes were probable CBS, nfvPPA, and a frontal 

behavioral-spatial syndrome. Furthermore, these last two phenotypes must 

contain CBS clinical components. The p-CBD criteria aimed to be less restrictive 

with higher sensitivity. There was no minimum age, and positive family history 

was allowed. In addition, other phenotypes such as possible CBS and PSP 

phenotypes were included. In both scenarios, the progression must be gradual 

with insidious onset and a minimum duration of one year22.  
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A prior study proposed a “modified Cambridge criteria” after comparing three 

previous criteria in a group of 40 patients with a clinical diagnosis of CBS. The 

Cambridge criteria had significantly broader applicability at presentation, almost 

certainly due to the weight given to cognitive and language dysfunction. 

Therefore, they suggested a minor modification to capture the high prevalence of 

aphasia.23 Table 1 summarizes either the modified Cambridge criteria and the 

current criteria for CBS. 

Despite recent efforts to standardize and refine clinical criteria, validation 

studies with clinicopathological cohorts demonstrated that there is still poor 

sensitivity within two years of disease onset, and patients without CBD pathology 

can fulfill the cr-CBD criteria24. Moreover, there is low specificity for distinguishing 

CBS due to underlying CBD pathology25.  

 Additionally, the Movement Disorder Society (MDS) criteria for PSP26 

introduced the category “probable 4-repeat (4R)-tauopathy” for joint clinical 

diagnosis of PSP and CBD. They included probable PSP, possible PSP with 

speech and language dysfunction (PSP-SL), and possible PSP in overlap with 

CBS (PSP-CBS). The two later were included because they are highly specific in 

predicting PSP or CBD, albeit only moderately specific for PSP pathology. A 

retrospective validation study27 compared this proposed criteria with the entire 

MDS-PSP26 criteria and the Armstrong criteria22. The 4R-tauopathy criteria 

showed a higher sensitivity for CBD diagnosis than the Armstrong criteria and 

higher specificity for PSP and CBD compared to the overall MDS-PSP criteria27.  

 
 
 
 
 



Introduction 5 

 

Table 1 -  Proposed clinical criteria for corticobasal syndrome  
 

Modified Bak and Hodges 
criteria (Cambridge criteria)23 

 

 
Armstrong et al. 22 

 

 
Mandatory criteria*  
• Insidious onset and gradual 
progression  
• No sustained response to 
levodopa treatment  

 
Probable 
•Insidious onset /gradual 
progression 
• Asymmetric 
presentation 

 
Possible 
•Insidious onset /gradual 
progression 
• May be symmetric  
 

 
Major criteria  
• Motor features:  
Akinetic rigid syndrome 
•Cortical motor sensory features: 
Limb apraxia 
• Cognitive features:  
Speech and language impairment  
 

 
Cortical dysfunction  
 
At least 2 of:  
• Orobuccal/limb apraxia  
• Cortical sensory deficit  
• Alien limb phenomena  
 

 
Cortical dysfunction  
 
At least 1 of:  
• Orobuccal/limb apraxia  
• Cortical sensory deficit  
• Alien limb phenomena  
 

 
Minor criteria  
• Motor features:  
Focal or segmental myoclonus  
Asymmetrical dystonia  
•Cortical motor sensory features:  
Alien limb phenomenon  
Cortical sensory loss or dyscalculia  
• Cognitive features  
Frontal executive dysfunction  
Visuospatial deficits 
 

 
Extrapyramidal 
dysfunction  
 

At least 2 of:  
• Limb rigidity or akinesia  
• Limb dystonia  
• Limb myoclonus  
 

 
Extrapyramidal 
dysfunction  
 

At least 1 of:  
• Limb rigidity or akinesia  
• Limb dystonia  
• Limb myoclonus  
 

*For a diagnosis of CBS, the patient should satisfy all mandatory criteria, two major criteria, and two minor 
criteria. Table adapted from Parmera JB, et al. Dement e Neuropsychol 2016; 10: 267–7528.  

 

1.2 Clinical features  

Regarding motor and cortical features in CBS, there is notable asymmetry. 

CBS is considered an atypical parkinsonian syndrome and usually presents with 

asymmetric levodopa-resistant akinetic-rigid parkinsonism, dystonia, and 

myoclonus.  Symptoms often start in one limb, which is commonly described as 

rigid or “clumsy”. Such rigidity, in most case series, is the prevalent motor 

symptom. Also, it is usually intense and of mixed nature, with aspects of rigidity, 
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paratonia, and dystonia, associated with marked bradykinesia15. The typical 

scenario is a progressive rigidity and apraxia in one of the upper limbs, then 

involvement of either the ipsilateral lower limb or the contralateral upper limb, 

eventually leading to severe generalized disability several years later15. 

Since earlier descriptions, dystonia is considered a classical CBS feature, 

described in 59%–71% of patients in series mixing CBS and CBD22,29. When 

present, it usually occurs early and without fluctuations, characterized by a focal 

dystonia with adduction and flexion of the affected arm, forearm, wrist, and 

metacarpophalangeal joints, and extension of the interphalangeal joints30. Other 

dystonic manifestations include blepharospasm, lower limb dystonia, and cervical 

dystonia (anterocollis and retrocollis)30. In a recent study involving 296 

pathologically confirmed cases of CBD, only 37.5% had dystonia, where upper 

limb dystonia was the most common pattern (77.4%), followed by cervical 

dystonia (9.5%) and blepharospasm (8.3%)31. Another study sought to 

investigate the frequency and pattern of dystonia in a group of patients with 

atypical parkinsonism. The series demonstrated dystonia as a common feature 

with an overall frequency of 50%, present in 100% of CBS patients32. Thus, 

although included in all sets of criteria for CBS and CBD, dystonia seems to be a 

less common motor feature than parkinsonism. 

Most studies describe myoclonus as a frequent presentation in mixed CBS-

CBD series, occurring in 55% to 93% of cases22,33. It usually begins as focal, 

distally confined to one limb, usually in the upper extremity, and may spread 

proximally or occur in the face. The frequency and amplitude of myoclonic jerks 

typically increase with tactile stimulation (stimulus-sensitive myoclonus) and 

action (action myoclonus)15. In line with its focal and stimulus-sensitive 
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presentation, electrophysiological studies demonstrated enhanced direct sensory 

input to cortical motor areas, suggesting a cortical origin34.  

The tremor in CBS is often a mixture of resting, postural and action tremors. 

Sometimes, low-amplitude myoclonic jerking (poliminimyoclonus) can be 

erroneously considered as tremors20. Other motor findings described in CBS 

patients are gait impairment and postural instability, pyramidal signs, and 

abnormal eye movements. There is no motor feature able to suggest underlying 

pathology in CBS35. 

Although commonly described as a “Parkinson-plus” syndrome, it is clear that 

cognitive changes are prominent in the clinical course, affecting the quality of life 

as much as the motor symptoms. Initially considered an entity with damage to 

the basal ganglia and the frontal-parietal cortex, with mainly parkinsonism and 

apraxia, recent investigations have shown variable involvement of frontal, 

parietal, and temporal cortices, resulting in a combination of other cognitive 

domains. Higher cortical features include limb or orobuccal apraxia, alien limb 

phenomena, cortical sensory loss, aphasia, global cognitive impairment, and 

behavioral changes28. 

Previously, cognitive deficits were considered a late-stage phenomenon35. 

However, it is currently known that these features may be present from the outset 

of the illness, even in cases with underlying CBD pathology, leading now to their 

incorporation into most diagnostic criteria (table 1)28,36.  

There is wide variability in the literature regarding the frequency of cognitive 

dysfunctions in CBS36. Multidomain cognitive impairment is extensively reported, 

and patients can occasionally present memory and executive function 

impairments, but these symptoms are also commonly seen in other 
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neurodegenerative diseases. Previous clinicopathologic studies suggested that 

episodic memory deficits could predict AD pathology in CBS patients37,38, while 

the presence of frontal lobe dysfunction (such as nonfluent language deficits and 

utilization behavior) could predict CBD pathology37. Other studies, however, have 

not demonstrated similar cognitive profiles in CBS cases with underlying AD vs. 

CBD pathology39.  

Classically, apraxia is the most recognizable feature and core to all previous 

criteria concerning CBS and CBD. Apraxia covers a spectrum of disorders that 

have in common the inability to perform a skilled or learned act that cannot be 

explained by an elementary motor, sensory or cognitive deficit40. Along with the 

alien limb phenomena, both are archetypical disorders of motor cognition41. 

Apraxia in CBS is often asymmetrical, and the ideomotor type is the most 

commonly described, although other types such as limb-kinetic, orobuccal, 

ideational, constructional, and dressing apraxia can also be presented42.  

A previous study investigating cortical dysfunction in CBS apraxia with 

transcranial magnetic stimulation (TMS) and functional MRI disclosed 

dysfunction and atrophy in premotor and parietal areas43. In the latter stages of 

the disease, apraxia can be challenging to elicit because of dystonia, 

bradykinesia, and rigidity in the same limb15. 

The alien limb phenomena are a heterogeneous group of behaviors in which 

one or more of a patient’s limbs, usually an arm, behaves in a manner that 

appears purposeful or semi-purposeful but is independent of the patient’s 

reported intentions, and is eventually associated with the sensation that a limb is 

foreign or has a will of its own22,44,45. A previous study using functional magnetic 

resonance imaging (fMRI) in a CBS patient showed that alien hand movements 
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activated networks from the primary motor cortex, premotor cortex, precuneus, 

and inferior frontal gyrus46. Alien limb phenomena are included in previous and 

current criteria, even though they are described in only 30% of CBD compiled 

cases22.  

Another higher cortical feature is cortical sensory loss, presented in 

approximately 25% of CBD cases22. It is characterized by impaired joint position 

sense, impaired two-point discrimination, agraphesthesia, and astereognosis in 

the setting of intact primary sensory modalities15.  

Furthermore, language deficits are recognized as a characteristic feature in 

CBS and CBD22,28. In some cases, language dysfunction may be the first 

symptom, and although estimates vary significantly, probably more than one-third 

of CBS patients have speech and language disturbances13. A large cohort study 

of 45 patients showed a frequent initial presentation with language impairment 

(69% of patients) compared to apraxia (29%), unlike most studies that highlight 

apraxia as the major CBS cognitive sign47. The predominant language impair-

ment was coherent with asymmetrical hypoperfusion at the left frontal-parietal 

and posterior temporal cortices47. Additionally, a systematic review showed 

aphasia in 40% of compiled CBD cases at presentation and 52% over the disease 

course22.  

Noteworthily, the spectrum of speech-language impairment can range from 

slight dysarthria to severe aphasia42. Most studies have reported reduced verbal 

fluency, AOS, and also syntactic deficits, mainly when the CBS presentation 

overlaps with the nfvPPA phenotype28,36. Dysarthria is also common in CBS, 

characterized by a disturbance of the temporal and prosodic aspects of speech48. 
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Nevertheless, few studies have thoroughly investigated the profile of speech 

and language impairments in CBS. Some studies show a pattern similar to the 

nfvPPA, presenting with agrammatism and AOS13,48,49. Conversely, other studies 

focusing on language assessment reveal a mixed pattern encompassing 

characteristics of more than one type of PPA47.  

For example, a study using amyloid-imaging with the Positron Emission 

tomography tracer Pittsburgh compound B (PIB-PET) demonstrated a tendency 

of greater impairment of sentence repetition in PIB-PET positive cases, a feature 

also observed in logopenic progressive aphasia50. Hence, they suggested that 

impaired sentence repetition in CBS cases could predict AD pathology28. AOS 

and nfvPPA, otherwise, might be a clinical marker of underlying tau 

pathology39,51,52. This heterogeneity found in the literature on speech-language 

impairment in CBS may be explained by multiple factors: disease stage at the 

time of assessment, different underlying pathologies, or lack of consensus on 

linguistic aspects to be assessed in these patients49.  

Visuospatial and visuoperceptual dysfunctions are well-established 

components of the presentation and are included in most diagnostic criteria for 

CBS23,53,54. Some patients, who later go on to develop CBS, present PCA in the 

initial evaluation. They can develop Balint’s syndrome or one component of the 

syndrome (simultanagnosia, oculomotor apraxia, and optic ataxia), and also 

Gerstmann’s syndrome (dyscalculia, dysgraphia, finger agnosia, and left-right 

disorientation) or visual agnosia28. Notably, visuospatial dysfunction is 

differentially distributed among the atypical parkinsonian syndromes, with the 

greatest impairment observed in CBS-CBD than PSP or MSA, which can be a 

useful clinical tool in the differential diagnoses54. 
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Concerning underlying pathologies in CBS, a previous cohort demonstrated 

the existence of Gerstmann’s syndrome as a frequent finding in CBS cases 

related to the presence of AD cerebrospinal fluid (CSF) signature, with 

considerable sensitivity (75%) and specificity (75%)47. Also, another study 

provided Class II evidence that some subtests of the neuropsychological test 

Visual Object and Space Perception Battery (VOSP) distinguished the CBS-AD 

group with 77% specificity and 100% sensitivity from those without AD 

pathology55.  

Behavioral symptoms similar to those observed in behavioral variant FTD 

may be present, including apathy, bizarre or antisocial behavior, personality 

changes, irritability, disinhibition, and hypersexuality22.  

Akin to motor features, there are no cognitive or language manifestations that 

reliably distinguish underlying pathologies in patients with CBS28,35. 

 

1.3 Pathology  

As mentioned previously, multiple pathological processes have been 

reported in patients with CBS (table 2). Thus, clinically predicting underlying 

pathology is difficult, particularly in the first three years of symptoms35.  

In contrast, many patients with a postmortem diagnosis of CBD are never 

suspected of having the disease during life. Accordingly, the sensitivity of clinical 

findings for predicting underlying CBD pathology ranges from 25% to 56%22. 

Accurate diagnosis of underlying etiologies of CBS is only possible through 

postmortem brain analysis due to the degree of clinicopathological mismatch that 

exists. Most CBS cases are 4R-tauopathies27, mainly CBD28, followed by PSP5,56. 

Also, possible underlying pathologies include Alzheimer’s disease (AD)39,57, FTD 
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with transactivation response DNA binding protein 43 kDa (TDP-43) inclusions56, 

Pick’s disease13, Creutzfeldt-Jacob disease58, Lewy Body disease59, among 

others11,56,60 (table 2).   

A notorious retrospective study at the Queen Square Brain Bank enlightened 

the multifaceted clinicopathologic correlates in CBS-CBD5. Among 21 CBS 

cases, only five had CBD pathology. Six cases consisted of PSP pathology, five 

cases showed AD pathology, two cases were Parkinson’s  disease (PD), two 

cases were FTD-TDP43, and one case had a non-elucidated pathology. 

Conversely, among 19 cases of CBD pathology, only five had received an 

antemortem diagnosis of CBS, eight were diagnosed as PSP, two as PD, one as 

Pick’s disease, one as FTD, one as spastic quadriparesis with myoclonus and 

one as Gilles de la Tourette’s syndrome5.  

The neuronal aggregates in CBD consist of the microtubule-associated tau 

protein. Tau is an abundant protein, typically found in the cytosol of neurons and 

glial cells in the central nervous system, and its function is to bind microtubules 

to stabilize the cell cytoskeleton61. In tauopathies, through many insults, the 

soluble tau protein detaches from microtubules and forms abnormal, fibrillar 

structures of aggregated, hyperphosphorylated and ubiquitinated tau62. The 

emergence of tau staining over the last decades has dramatically enhanced 

immunohistochemical characterization of these disorders35.  

In the adult human brain, six isoforms of tau are expressed61. They result from 

alternative splicing of exons two and three and of exon 10 in the MAPT gene63. 

The inclusion of exon 10 generates an isoform with four microtubule-binding 

domains (4R), while the absence of this inclusion produces an isoform with three 

microtubule-binding domains (3R)61.  
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Table 2 - Pathologic correlations in corticobasal syndrome 

Study 
pathology 

Boeve, 
200364 

Hodges, 
200465 

Josephs, 
200611 

McMonagle, 
200613 

Shelley, 
200937 

Ling, 
20105 

Lee, 
201156 

Total, 
N(%) 

CBS cases, n 34 9 21 19 12 21 40 156(100) 

CBD 18 7 10 11 6 5 14 71 (45.5) 

PSP 6 0 10 1 0 6 5 28 (18.0) 

AD 3 0 0 1 6 5 9 24 (15.4) 

Pick’s disease 2 0 1 3 0 0 1 7 (4.5) 

FTD-TDP43 0 1 0 2 0 1 5 9 (5.8) 

FTD- TDP43 
+ MND 

0 0 0 0 0 1 0 1 (0.6) 

CJD 3 0 0 1 0 0 0 4 (2.6) 

PD 0 0 0 0 0 2 0 2 (1.3) 

DLDH 2 1 0 0 0 1 0 4 (2.6) 

MST 0 0 0 0 0 0 1 1 (0.6) 

Mixed disease 0 0 0 0 0 0 5 5 (3.2) 
Mixed cases: 2 PSP, 1 CBD, 1 FTD-TDP, all mixed with intermediate probability of Alzheimer’s 
disease. CBD: Corticobasal degeneration; PSP: Progressive supranuclear palsy; AD: Alzheimer’s 
disease; DLDH: Dementia lacking specific histology; PD: Parkinson’s disease; FTD-TDP43: 
Frontotemporal degeneration with TDP-43 inclusions; MND: Motor neuron disease; CJD: 
Creutzfeldt- Jacob disease; MST: Multiple system tauopathy without argyrophilia. Table adapted 
from Parmera JB, et al. Dement e Neuropsychol 2016; 10: 267–7528. 
 

3R and 4R isoforms are balanced in the healthy adult brain, but in primary 

tauopathies, either 3R-tau or 4R-tau predominates in the pathological lesions. 

The different neurodegenerative disorders that can cause CBS are associated 

with specific tau isoforms. CBD features predominant deposition of 4R-tau, 

likewise PSP, being both classified as 4R-tauopathies. Otherwise, AD is charac-

terized by the simultaneous presence of 3R and 4R-tau protein, and Pick’s 

disease by 3R-tau28. 

Besides these distinct biochemical features, microscopically, some findings 

can help to distinguish CBS pathologies. Neuropathological diagnostic criteria for 

CBD require tau inclusions in neurons and glia with astrocytic plaques and exten-

sive thread-like pathology66. PSP has threads in gray and white matter, but in 
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CBD, the boundary between gray and white matter may be indistinct due to the 

severity of threads in both compartments28.   

Astrocytic plaques are the hallmark glial lesion of CBD and the most 

distinguishing histopathological feature between CBD and PSP. They represent 

tau accumulation in the distal segments of astrocytes with minimal accumulation 

in the cell body, creating a central clear zone. They are more numerous in the 

cortex but can also be seen in caudate and putamen and less often in the 

thalamus and midbrain tectum28,66,67. By contrast, in PSP, the characteristic glial 

lesion is the tufted astrocyte63. (figure 1) 

Another pathological lesion highly suggestive of CBD is the ballooned neuron 

(Figure 1). These are swollen cortical neurons, most often found in the third, fifth, 

and sixth cortical layers, linked to chromatolysis. The cingulate gyrus, amygdala, 

insular cortex, and claustrum are the most common locations28,66. The ballooned 

neurons are rare or absent in PSP28. In addition, the presence of oligodendroglial 

tau inclusions called coiled bodies are common in CBD but are much more 

frequent in PSP than CBD28. (figure 1) Considering the recent advances in 

knowledge about tauopathies and the diagnostic challenges of CBS underlying 

pathologies, the development of specific biomarkers is increasingly necessary.  
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Figure 1 - Microscopic findings in CBD and PSP  
[A] boundary between gray matter (GM) and white matter (WM) in the inferior temporal gyrus of 
a CBD case. [B] oligodendroglial coiled bodies (arrows) and thread-like pathology (arrowhead) in 
white matter in CBD case (tau immunostain, CP13 antibody); [C] astrocytic plaque, a hallmark of 
CBD (tau immunostain, CP13 antibody); [D] tufted-astrocyte, the characteristic glial lesion of PSP 
(tau immunostain, CP13 antibody); [E] ballooned neuron in the temporal cortex (hematoxylin-
eosin); [F] tau-positive ballooned neuron in the temporal cortex. Scale bars represent 500 μm in 
A; 20 μm in B, C; 50 μm in [D, E]; and 10 μm in [F]. Figure adapted from Parmera JB, et al. 
Dement e Neuropsychol 2016; 10: 267–7528 

 

1.4 Biomarkers in corticobasal syndrome  

There is growing interest in developing disease-specific biomarkers to aid in 

predicting pathology in the antemortem diagnosis of neurodegenerative 

disorders. Tau and Alzheimer's disease pathology-targeted therapies are 

currently being developed and undergoing clinical trials68,69.  

B A 

C D 

E F 
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The main biomarkers under study regarding CBS and CBD include structural 

imaging modalities such as magnetic resonance imaging (MRI), molecular 

imaging with functional imaging and specific-ligands using positron emission 

tomography (PET), single-photon emission tomography (SPECT), and fluid 

biomarkers such as CSF and serum components28,63.  

Essential insights into the pathophysiological mechanisms related to clinical 

symptoms and underlying pathology in CBS have been gained by using 

advanced neuroimaging techniques. Structural and functional neuroimaging 

studies often show asymmetric cortical and subcortical abnormalities70. 

 

1.4.1 Structural neuroimaging and fluid biomarkers 

Using the voxel-based morphometry (VBM) technique, previous MRI studies 

showed that CBS is associated with prominent asymmetric atrophy in the 

frontoparietal regions and basal ganglia70,71. A prior study assessed gray and 

white matter changes using surface-based morphometry and diffusion tensor 

imaging (DTI)72. Cortical thinning, subcortical volume loss, and fiber tract 

degeneration prominently involved the hemisphere contralateral to the more 

affected limb. Also, motor severity negatively correlated with the contralateral 

cortical thinning in the precentral and postcentral gyri and with volumes of 

putamen and accumbens72. 

Moreover, multimodal MRI studies are searching for specific patterns of 

structural lesions that may suggest underlying pathology. A case-control study 

with 24 clinicopathologic analyses suggested that patterns of gray matter loss in 

CBS differ according to the underlying pathology. CBS patients with a 

postmortem diagnosis of CBD and PSP displayed similar focal atrophy at 
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premotor and supplementary motor areas, although more severe in CBS-CBD. 

In contrast, patients with underlying FTD-TDP43 and AD pathology had a more 

widespread pattern of gray matter loss at the frontotemporal lobe and 

temporoparietal regions, respectively73.  

A previous multimodal MRI study evaluated whether AD or FTD pathology 

mediates the disease distribution observed in CBS by comparing gray matter 

cortical thickness and white matter fractional anisotropy. CBS-FTD had white 

matter disease in the corpus callosum, corticospinal tract, and superior 

longitudinal fasciculus, while CBS-AD had reduced temporoparietal gray matter 

relative to CBS-FTD, including the precuneus and posterior cingulate74. In 

addition to observations from white matter structural changes, a prior study 

applied network-based and graph-theoretical statistics to construct structural 

brain networks from DTI and showed that these networks better discriminated 

CBS-AD from non-AD than gray matter density analysis75.  

Concerning longitudinal analyses, two previous studies reported DTI and 

VBM changes over a 6-month follow-up period, suggesting that these measures 

might help to follow the pathological progression in patients with CBS76,77. 

There are no specific tau-based or other protein markers in biofluids to aid 

CBD diagnosis. CSF analyses are of particular interest given the frequency of AD 

pathology in CBS cases. It is observed that a high CSF tau/amyloid-b ratio may 

help distinguish AD from other causes of CBS underlying pathologies35. A recent 

study performed an antibody bead array analysis of CSF from pathologically 

confirmed cases of CBD and PSP and identified a series of potential CBD protein 

markers in CSF, which still require proper clinical validation and replication in 

larger samples.78  



Introduction 18 

 

Another potential fluid biomarker of CBS is the neurofilament light chain 

(NFL), which release reflects non-specific axonal damage63. NFL levels in the 

serum can distinguish between atypical parkinsonian syndromes and Parkinson’s 

disease, being markedly elevated in the former compared to the latter. However, 

it cannot distinguish CBD from PSP.79,80. Also, NFL is a consistent marker of 

disease progression and thus may be a helpful end-point in clinical trials of 

disease-modifying treatments81.  

 

1.4.2 Functional neuroimaging and specific ligands in corticobasal 

syndrome 

Molecular neuroimaging using PET allows for quantitative visualization of 

functional processes in vivo. [18F]fluorodeoxyglucose (FDG) is the most 

commonly used radiotracer for the assessment of regional brain glucose 

metabolism (rBGM) as a marker of neuronal function. By disclosing disease-

specific alterations due to synaptic dysfunction, neuronal degeneration, and 

compensatory network changes, FDG-PET has become an essential part of the 

diagnostic workup of patients with neurodegenerative diseases82.  

Although disease-specific metabolic patterns in patients with CBS and 

other parkinsonisms have been known since the early days of PET imaging83, the 

valuable role of FDG-PET for differential diagnosis of these entities has been 

increasingly acknowledged only in recent years82.  

Several studies have shown the applicability of FDG-PET to distinguish 

PD from atypical parkinsonism84,85, and that it can assist in early differential 

diagnosis among the atypical parkinsonian syndromes85,86. Some studies used 

observer-dependent visual reads supported by voxel-based analyses87,88, 
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whereas others used observer-independent automated statistical 

classifications89,90.  

A prior study with histopathological analyses included 20 PD cases, 21 

MSA cases, 17 PSP, 10 CBD patients, 15 AD patients, six patients with DLB, and 

seven FTD patients, and found disease-specific metabolic patterns for each 

neurodegenerative disease in the Statistical Parametric Mapping (SPM), 

compared to healthy controls. Concerning CBD patients, they showed cortical 

hypometabolism contralateral to the affected side, including the prefrontal cortex, 

temporoparietal regions, motor cortex, cingulate gyrus, caudate nucleus, and 

thalamus91.  Another large prospective cohort study with 107 patients showed 

that the FDG-PET had a higher diagnostic accuracy for the differential diagnosis 

between Lewy body disease (PD and DLB) versus atypical parkinsonian 

syndromes (MSA, PSP, and CBD) than striatal dopamine postsynaptic  D2/D3 

receptor 123-iodobenzamide (IBZM)-SPECT imaging (94% vs. 74%)85. This work 

supported a level I evidence for FDG-PET as an ancillary test in parkinsonism 

differential diagnosis. Additionally, they found that FDG-PET imaging may 

perform equally well or even better with a shorter duration of the disease 

process85,92.  

Moreover, spatial covariance analyses were used to detect abnormal 

metabolic networks in PD, MSA, and PSP, pointing towards a potential role for 

correlation with disease severity82. Spatial covariance analysis was also applied 

to CBD, disclosing asymmetric and bilateral metabolic reductions involving the 

frontal and parietal cortex, thalamus, and caudate nucleus, with more significant 

impairment contralateral to the most affected body side.86 
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A previous metanalysis addressed this issue and demonstrated that FDG-

PET is highly accurate (>90%) at distinguishing between atypical parkinsonism 

and PD82. The specificity obtained in the PET diagnoses for MSA, PSP, and CBD 

usually exceeded 90%, whereas sensitivity was 77%–96% for MSA, 74%–100% 

for PSP, and 75%–91% for CBD82.  Hence, most studies characterize CBD by a 

usually highly asymmetric hypometabolism of the frontoparietal areas, extending 

across the sensorimotor cortex and premotor-to-posterior prefrontal areas, 

striatum, and thalamus, contralateral to the most affected body side82. 

In contrast, the hypometabolism related to CBS shows a more complex 

set of patterns, eventually involving the posterior parietal and lateral temporal 

cortex and the cingulate gyrus. The heterogeneity of metabolic patterns found in 

CBS is most likely due to the variety of underlying pathologies93. Therefore, 

recent studies sought to investigate whether specific patterns of hypometabolism 

could predict distinctive CBS neuropathologic substrates.  

Two previous studies used amyloid-PET as the gold standard for clinical 

diagnosis and tested the ability of FDG-PET to predict AD pathology in a total of 

39 patients with CBS. Sensitivity ranged from 91% to 95%, specificity from 58% 

to 75%, and accuracy from 73% to 82%94,95. Namely, a more prominent 

temporoparietal than frontal hypometabolism pointed toward an underlying AD 

pathology in patients with CBS94. Hence, a systematic review with a specialist 

panel consensus considered the evidence supporting the clinical use of FDG-

PET for identifying the neuropathology in patients with CBS as “fair”93,96. 

Furthermore, a recent study including 29 CBS cases with postmortem 

neuropathologic examination added robust evidence to this issue and 

demonstrated that neuropathology modulates metabolism, establishing CBS 
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metabolic patterns related to CBD, PSP, and AD97. The group-level analysis 

showed that CBS is associated with an asymmetric, frontal, temporal, and 

parietal pattern of hypometabolism with a common hypometabolic cluster for all 

pathologic diagnoses at the precentral gyrus. As the underlying pathology 

significantly modulated FDG uptake distribution, a typical posterior 

temporoparietal pattern was observed in CBS-AD, a medial–frontal pattern in 

CBS-PSP, and a frontoparietal cortex, thalamus, and caudate nucleus in CBS-

CBD97.  

Specific-pathology ligands, such as the amyloid-PET and tau tracers, are 

leading the frontiers of neurodegenerative diseases biomarkers with their role in 

disclosing underlying pathology in vivo. The advent of amyloid-PET ligands has 

enabled the detection and quantification of amyloid neuritic plaques, a core 

pathologic feature of AD98.  

The first specific tracer to amyloid-beta applied in human studies was the 

[11C]Pittsburgh Compound-B (PIB)99,  which does not bind to non-amyloid-beta 

inclusions such as neurofibrillary tangles or Lewy bodies98. Later, the second 

generation of amyloid tracers labeled with longer half-life fluorine-18 have been 

developed, and named florbetapir, flutemetamol and florbetaben. Noteworthily, 

amyloid-PET interpretation has some limitations as the fact that it is positive in 

about 20-30% of cognitively normal individuals and non-AD dementias, especially 

when older  (mostly above 70 years old) or when carrying the ε4 allele of 

apolipoprotein E98.  

The first study to use amyloid-PET in patients with CBS showed that, 

among 14 patients, four were positive with high PIB binding (a standardized 

uptake ratio >1.5), indicating underlying AD pathology. Subtle differences in the 
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clinical presentation were noted between groups, with greater impairment of 

visuospatial function, more frequent deficits in sentence repetition, and greater 

functional decline in PIB-positive cases50.  

Another study using amyloid-PET as a surrogate to AD neuropathology 

split 25 CBS patients into frontal or temporoparietal variants based on clinical, 

MRI, and FDG-PET findings. Nine out of the 14 patients classified as having 

temporoparietal variant were PIB-positive (82% sensitivity and 71% specificity), 

suggesting that the classification helped to predict the likelihood of underlying 

AD, even though this requires further refinements. In the same study, one 

autopsy-proven patient with a positive amyloid-PET scan had the presence of 

CBD pathology, indicating that the possibility of co-pathology must be 

considered. Also, greater episodic memory and visuospatial impairment 

compared to executive dysfunction had the strongest association with PIB 

status94. Currently, amyloid-PET is available for clinical use and is approved by 

many regulatory agencies worldwide.  

Additionally, PET tracers that bind to the microtubule-associated protein 

tau aggregated as neurofibrillary tangles have been developed. Over the past 

few years, several promising tau tracers compounds have emerged and 

consistently demonstrated appropriate brain penetration98.  Prior studies using 

the first generation of tau-targeting tracers, as the most widely used 18F-AV-1451 

(also known as flortaucipir), showed good correspondence between in vivo 

imaging and postmortem evaluation for CBD100, asymmetrical binding to motor-

related subcortical gray and white matter structures in patients with CBS101, and 

also a potential to distinguish between CBS and AD or PSP102.  
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However, as the ultrastructural characteristics of tau filaments differ across 

diseases, first-generation tau tracers demonstrate more affinity to paired helical 

filaments found in AD (tau 3R/4R) than straight filaments found in 4R-tauopathies 

such as PSP and CBD. Accordingly, CBS neuropathologically confirmed cases 

of Alzheimer’s disease show more significant and more widespread 18F-AV-1451 

retention and regional atrophy than observed in the amyloid-negative cases103. 

Second generation tau PET tracers such as [18F]PI-2620, otherwise, 

demonstrated more specificity for 4R-tauopathies and may potentially be useful 

for a differential diagnosis and monitor disease progression104. 

 

1.5 Rationale  

As previously highlighted, CBS consists of a rare entity with few 

prospective clinical cohorts investigating biomarkers and their relation to 

underlying pathologies.  Moreover, scarce studies have performed 

comprehensive clinical protocols addressing simultaneously motor, cognitive, 

and language profiles. So far, they have mainly focused on cognitive or motor 

issues or only addressed imaging aspects and their differences due to diverse 

underlying pathologies. Also, studies with detailed clinical descriptions 

concerning different CBS pathological substrates are often derived from 

clinicopathologic retrospective cohorts, which are notoriously accurate regarding 

pathological descriptions. However, they usually display limitations concerning 

their retrospective nature.  

Furthermore, few studies have explored CBS clinical profile in light of a 

multimodal imaging approach. Although FDG-PET and amyloid-PET are 

increasingly recognized to be clinically helpful in this regard, there is still a lack of 
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evidence supporting FDG-PET in the diagnostic workup depicting CBS 

pathologies antemortem. Considering that amyloid-PET use is often restricted to 

tertiary and research centers in most countries, FDG-PET might represent an 

interesting diagnostic tool in the clinical routine if CBS neurodegeneration 

metabolic patterns become increasingly better understood. Therefore, a 

prospective clinical evaluation of CBS patients with a multimodal imaging 

approach should probably aid in the knowledge of this hitherto enigmatic 

syndrome. 
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2 Objectives 

 

 

2.1 Main objective 

▪ To investigate cognitive, language, and motor profiles in a cohort of 

patients diagnosed with probable CBS according to current criteria, using 

structural and molecular imaging biomarkers to identify potential features 

capable of predicting CBS underlying pathologies. 

 

2.2 Secondary objectives  

 

a) To investigate if individual brain FDG-PET patterns could distinguish CBS 

due to AD from other pathologies based on amyloid-PET.  

b) To evaluate CBS clinical features regarding movement disorders, cognitive 

and language profiles and explore their possible correlations with brain 

metabolic patterns.  

c) To investigate possible differences in CBS clinical features regarding the 

presence or absence of brain amyloid deposition on PIB-PET.  

d) To investigate the metabolic patterns on FDG-PET in CBS patients related 

to the presence or absence of brain amyloid deposition on PIB-PET.  

e) To compare the load of cortical amyloid deposition in CBS patients 

concerning their individual brain FDG-PET patterns.  
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f) To compare speech-language deficits in CBS patients related to the 

presence or absence of brain amyloid deposition on amyloid-PET.  

g) To explore metabolic and structural signatures related to the different 

speech-language profiles observed in CBS patients. 
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3 Methods 

 

 

3.1 Participants 

Forty-five patients meeting the probable CBS criteria22 were prospectively 

recruited at the movement disorders and cognitive neurology clinics to prevent 

selection bias, at the Hospital das Clínicas, University of São Paulo School of 

Medicine (São Paulo, Brazil) between February 2017 and December 2019.  

First, they were classified by assistant doctors at both clinics as having 

probable CBS. Later, all individuals were further evaluated regarding their clinical 

profile to perform the study protocol by two neurologists.  Inclusion criteria for the 

patients consisted of presenting a progressive disease course with at least one 

year and a half duration. They also presented an asymmetric combination of at 

least two out of three motor features, including akinetic-rigid parkinsonism, 

dystonia, and myoclonic movements, as well as two out of three higher cortical 

features, including limb or orobuccal apraxia, alien limb phenomena, and cortical 

sensory deficits22.  

Exclusion criteria were relevant non-degenerative brain lesions such as 

stroke sequelae, tumors, hydrocephalus, and remarkable premorbid psychiatric 

disease. Alternative diagnoses among neurodegenerative diseases were also 

excluded through clinical history and neuroimaging, such as Creutzfeldt-Jakob 

disease, other atypical parkinsonian syndromes, Parkinson’s disease, typical 

Alzheimer’s disease, among others. 



Methods 28 

 

We also included 30 age-matched cognitively healthy participants (NC 

group) from the community as imaging controls after neuropsychological and 

neurological evaluations. They were all participants of another prospective 

research of our group. They matched CBS patients by age (median age 67.0, IQR 

62.25-70.0) and scanner type.  

 

3.2 Ethics  

 The Institutional Review Board of the Hospital das Clínicas da Faculdade 

de Medicina da Universidade de São Paulo (CAPPesq) approved the 

investigation procedure and informed consent under protocol number 

67195517.4.0000.0068 (Appendix B). All participants or their caregivers provided 

written informed consent for the study (Appendix A).  

 

3.3 Clinical assessment 

All patients received a standardized predefined clinical evaluation. Global 

cognitive impairment was assessed with the Addenbrooke's Cognitive 

Examination – Revised (ACE-R)53,105,106 and the Mini-Mental State Examination 

(MMSE)107, both previously validated in Brazilian cohorts.  

The Brief Cognitive Screening Battery (BCSB)108,109, a visual test able to 

identify memory impairment in older individuals with different educational 

backgrounds, was used to assess episodic memory. Attention and working 

memory were measured with forward and backward digit span tests, respectively. 

Functional decline was assessed with the Clinical Dementia Rating scale110 and 

Functional Activities Questionnaire111.  
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 Higher cortical functions were clinically evaluated by the presence of limb 

or orobuccal apraxia, cortical sensory deficits, alien limb phenomena, visual 

neglect, Balint and Gerstmann syndromes. We characterized the presence of 

limb apraxia by imitation of meaningful and meaningless gestures and with 

imaginary tool use, and orobuccal apraxia by meaningless orobuccal gestures112. 

A detailed examination of the motor signs was performed through a 

neurological examination and evaluated motor signs such as parkinsonism, 

dystonia, myoclonus, pyramidal signs, postural instability, tremor, ocular motor 

dysfunction, and elementary motor perseveration. The motor impairment was 

also categorized by the Hoehn and Yahr scale113. Behavioral aspects were 

evaluated with the Neuropsychiatric Inventory scale (NPI)114,115. 

The neurologists also questioned the participants and caregivers about 

their first symptoms and, together with major signs at first examination, 

designated the patient’s first symptom as mainly cognitive, language, motor, or 

behavioral impairment. We also applied the Movement Disorders Society (MDS) 

criteria for probable 4-repeat (4R)-tauopathies26. 

 

3.4 Speech and language assessment 

A comprehensive speech and language evaluation was performed by two 

speech-language pathologists, including the Western Aphasia Battery-revised 

(WAB-R)116, the American Speech-Language-Hearing Association Functional 

Assessment of Communication Skills (ASHA-FACS)117, and verbal fluency tests.  

From the WAB-R, the following subtests were utilized: spontaneous 

speech, verbal comprehension, repetition, naming, and word finding. The 

aphasia quotient (AQ), a measure of aphasia severity, was derived from those 
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tests. ASHA-FACS is a scale that measures functional communication. It 

evaluates the level of assistance that the patient needs to communicate 

effectively. 

The presence of AOS, agrammatism, and dysarthria was also evaluated. 

AOS was evaluated based on all the speech productions, and the presence of 

agrammatism was judged based on all oral productions and, when available, 

written productions. 

Dysarthria was characterized as present or absent considering the 

different manifestations in the motor speech bases (i.e., breathing, phonation, 

articulation, resonance, and prosody), through the evaluation of reflexes, saliva 

control, breathing, tonus, and mobility of phonoarticulatory structures, and 

speech intelligibility. 

To characterize the presence of aphasia, the AQ score was compared of 

each CBS patient to the median value of the AQ of other 24 healthy control 

subjects with the same age and education level. If this data was not available, 

aphasia was categorized based on the language score at ACE-R with cut-off 

scores obtained from a previous Brazilian study, based on age and formal 

education105. 

For the semantic fluency task, participants were asked to name as many 

animals as possible in one minute. Participants named words beginning 

specifically with the letter P for the phonemic fluency task. Based on a previous 

survey of a Brazilian sample, we determined cut-off scores for semantic fluency 

of nine for illiterates or individuals with less than eight years of formal education, 

and 13 for persons with more than eight years of formal education118. We 

determined cut-off scores for phonemic fluency of 13 for illiterates or individuals 
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with less than eight years of education, and 15 for persons with more than eight 

years of education119.  

 

3.5 Neuroimaging data acquisition  

Both [11C]Pittsburgh Compound-B (PIB) and [18F]fluorodeoxyglucose 

(FDG) were produced in an on-site cyclotron (PET trace 880, GE Healthcare) at 

the Nuclear Medicine Center of the Institute of Radiology (CMN InRad, São 

Paulo, SP, Brazil) of our Hospital.  PIB-PET and MRI images were simultaneously 

acquired on a hybrid 3.0-Tesla SIGNA PET/MRI scanner (GE Healthcare, 

Milwaukee, WI). The MRI protocol included volumetric sequences weighted on 

T1, T2, and T2/FLAIR (fluid attenuation inversion recovery) sequences, as well 

as diffusion-weighted imaging (DWI) in six and 33 directions, and susceptibility 

weighted imaging (SWI). All images were visually inspected for the detection of 

structural lesions of the brain, skull, head and neck lesions, as well as for the 

assessment of imaging artifacts that could impair imaging processing.  

FDG-PET was acquired in a Discovery 710 PET/CT scanner (GE 

Healthcare, Milwaukee, WI). The radiotracer FDG was injected intravenously in 

bolus with a mean activity of 5-6 mCi. Before the radiopharmaceutical injection of 

FDG, the subjects were fasted for at least 6 hours, and their blood glucose level 

was <180mg/dl. The time interval between injection and scan start was at least 

30 minutes, and scan duration was 15 minutes.  Each PET scan was corrected 

for attenuation with CT data. Images were reconstructed using an ordered subset 

expectation maximization (OSEM) algorithm. 

The production of the radiopharmaceutical compound PIB was entirely 

carried out in the cyclotron of our center and previously validated in our 
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environment120. The images of cortical amyloid deposition were analyzed in the 

acquisition time of 30 minutes, obtained in rest conditions, between 40 and 70 

minutes after intravenous administration of 10-15 mCi of the 

radiopharmaceutical.  

The FDG-PET was performed within one month after clinical examination, 

and the time between FDG and PIB-PET/MRI varied from 2 days to 6 months. 

 

3.6 MRI visual analysis. 

Images were visually inspected by a board-certified neuroradiologist for 

the detection of structural brain lesions, artifacts that could impair imaging 

processing, and the assessment of white matter hyperintensities (WMH), 

according to the Fazekas scale121.  

 

3.7 FDG-PET and PIB-PET visual analysis and classification 

3.7.1 FDG-PET 

Visual analysis of FDG-PET images, assisted by the 3D-SSP semi-

quantitative software (Cortex ID Suite, GE healthcare) and normalized by at least 

two different methods (global cortex and pons), was performed by two board-

certified nuclear physicians, blinded to each other's interpretation, clinical profile, 

and PIB-PET status.  

The FDG-PET analysis was performed in three steps: 

I. Classification in "normal" vs. "abnormal" 

II. Classification in "CBS FDG-AD" vs. "CBS FDG-nonAD": based on the 

FDG-PET findings, the patients were split in two groups, namely “CBS 

likely related to AD” (CBS FDG-AD), or “CBS likely not related to AD” (CBS 
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FDG-nonAD), according to patterns of hypometabolism previously 

described for neurodegenerative  diseases87,88,91,96. Hypometabolic 

pattern suggestive of AD included decreased rBGM in the posterior 

temporoparietal, inferior temporal regions, precuneus, and posterior 

cingulate gyrus122,123. 

III. A subclassification in different nonAD patterns: we considered the 

remaining patterns as non-AD group, and performed a subclassification 

regarding these different patterns into CBD, PSP, Lewy Body dementia 

(LBD), FTD, and indeterminate (closely related to tauopathies), also 

according to patterns previously described91,96. We evaluated the 

interrater agreement in the FDG-PET classification and subclassification 

(II and III steps).  

If there was no consensus, a third independent reader rated the exam in order 

to reach consensus. There was no consensus reading for the non-AD 

subclassification. 

 

3.7.2 PIB-PET  

The same nuclear medicine physicians blindly performed a visual 

evaluation of the PIB-PET images assisted by a 3D-SSP semi-quantitative 

software (Cortex ID Suite, GE healthcare). Participants were rated as "CBS-A+" 

or "CBS-A-" if they were positive or negative, respectively, for the presence of 

cortical amyloid deposition, according to previously established criteria124.  

Each PIB-PET scan was classified as "amyloid positive" if there was a loss 

of gray and white matter contrast, with increased uptake in cortical gray matter in 

at least two of the following six areas: frontal, temporal, lateral parietal, 
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precuneus, anterior cingulate and posterior cingulate. The image was also 

classified as positive if only a single large cortical area had a strong tracer uptake. 

Conversely, the image was rated as "amyloid negative" when there was a clear 

contrast between gray and white matter, with strong uptake in the white matter 

and no significant activity in the cortex. Semiquantitative analysis was performed 

using the 3D-SSP method with standard uptake values ratio (SUVr) of the cortical 

areas normalized to the cerebellar gray matter. A cutoff point of 1.42 for the SUVr 

was considered the positivity standard.  A previous study from our group 

observed a high interrater agreement and similar amyloid positivity rates from the 

literature125.  

 

3.8. FDG and PIB-PET quantitative group analysis  

FDG-PET quantitative group analyses were performed to investigate: 1)  

which brain areas were more consistently hypometabolic in CBS-A+ and CBS-A- 

patients 2) which brain areas were more consistently hypometabolic in CBS 

patients compared to healthy controls; 3) which were the most consistently 

hypometabolic areas in CBS patients concerning to the difference in speech-

language performance; 4) which brain areas were correlated to the scores on 

phonemic and semantic verbal fluency tests.  

PIB-PET quantitative group analyses were performed to investigate: 1) the 

intensity of cortical amyloid deposition in CBS FDG-AD vs. CBS FDG-nonAD 

groups; 2) the individual variability of rBGM and amyloid deposition of both 

groups. 

FDG-PET and PIB-PET images were co-registered with their respective 

MRI images (volumetric T1 sequence) and spatially normalized using the 
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Statistical Parametric Mapping 8 (SPM8) software (Wellcome Department of 

Cognitive Neurology, Functional Imaging Laboratory, London, UK) into an 

anatomic template126.  

To perform the first and second FDG-PET investigations mentioned 

before, we flipped the images to represent the hemisphere contralateral to the 

most affected limbs on the right side of the image because of CBS's asymmetric 

nature. The third and fourth analyses were performed within the images in their 

original lateralization to evaluate aspects of language hemisphere dominance. 

The spatial normalization of FDG-PET scans was performed using a 

dementia-optimized brain FDG-PET template126. PIB-PET images were spatially 

normalized into an anatomic template generated with Diffeomorphic Anatomical 

Registration using Exponentiated Lie algebra (DARTEL) algorithm.  Scans were 

smoothed with an 8 mm full width at half maximum Gaussian kernel to reduce 

misregistration into the template space and improve the signal-to-noise ratio. A 

default threshold of 0.8 of the mean uptake inside the brain was selected to 

ensure the analysis only included voxels mapping cerebral tissue. Global uptake 

differences were adjusted using the "proportional scaling" SPM8 option. 

Global uptake differences were adjusted using the “proportional scaling” 

SPM8 option. For the group analyses, statistical parametric maps were 

generated with SPM8 threshold at the voxel level at p uncorrected (p unc) =0.001, 

with a minimum extension of 100 voxels in the cluster. Statistical results were 

considered valid when survived correction for multiple comparisons with the 

familywise error (FWE) or false discovery rate (FDR) methods, 

(pFWE/FDR<=0.05), or without correction for multiple comparisons with p unc 

<0.001, when a priori regions were observed, according to established patterns 



Methods 36 

 

of neurodegeneration87,91,96,122. Relevant peak voxels from the statistical 

parametric maps were identified in the Montreal Neurologic Institute (MNI) 

coordinates system. 

The numeric values representing the mean FDG uptake for each individual 

(a proxy for rBGM) in the clusters with statistically significant results in the SPM 

group analyses were obtained with the toolbox MarsBar for SPM 

(http://marsbar.sourceforge.net/) and later also investigated using GraphPad 

Prism version 6.0 (GraphPad Software, La Jolla, CA, USA).  

 

 

3.9. Voxel-Based Morphometry analysis 

We performed quantitative voxel-based MRI group analyses to 

investigate: 1) brain atrophy patterns in CBS patients compared to healthy 

controls; 2) brain atrophy patterns in CBS patients related to the difference in 

speech-language performance compared to healthy controls.  

Like in the FDG-PET quantitative analysis, we flipped the images to 

represent the hemisphere contralateral to the most affected limbs on the right 

side in the first step of investigation. The second analysis was performed within 

the images in their original lateralization to evaluate language hemisphere 

dominance aspects.  

MRI T1-weighted volumetric images were processed using VBM  on SPM8 

using the SPM toolbox Diffeomorphic Anatomical Registration using 

Exponentiated Lie algebra (DARTEL) algorithm. This algorithm segmented MRI 

images into liquor, gray matter, and white matter.  

 

http://marsbar.sourceforge.net/
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3.10 Study design  

First, the patients were prospectively selected (3.1) and clinically assessed 

according to the clinical protocol (3.3). Forty-five patients underwent FDG-PET 

and were individually classified concerning their metabolic patterns as “CBS 

FDG-AD” or “CBS FDG-nonAD” (3.7.1). After this, both groups were compared 

concerning the clinical evaluation, aiming to delineate the clinical variants based 

on the metabolic patterns.  

Thirty patients underwent PET-MRI with [11C]PIB and were classified as 

CBS-A- and CBS-A+, according to the PIB-PET status (described in section 

3.7.2). Diagnostic accuracy for FDG-PET to detect amyloid deposition was 

evaluated, as well as the clinical profile in patients with positive or negative PIB-

PET status. Later, we performed quantitative group analyses as described in 

sections 3.8. The study design is summarized in figure 2.  

 

3.11 Funding 

This work was supported by the São Paulo Research Foundation 

(FAPESP) in Brazil, reference number 2017/10033–4. 

 
3.12 Statistical analysis 

Demographic and clinical analysis was conducted using the appropriate 

statistical tests with the Statistical Package for Social Sciences software, version 

21.0 (SPSS, IBM Statistics, Chicago, IL, USA) and with R program (https://www.r-

project.org/).  

Categorical variables were expressed as absolute and relative frequencies 

and compared with Pearson's Chi-square on univariate analysis. Continuous 

https://www.r-project.org/
https://www.r-project.org/
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variables were compared using independent samples Student's t-test or Mann-

Whitney test according to data distribution, assessed with Kolmogorov-Smirnov's 

test. Data with normal distribution were expressed as mean ± standard deviation 

and data with non-normal distribution as median [Interquartile range (IQR)] or as 

number [frequency]. All tests were two-sided. Statistical significance was 

accepted for p<0.05.  

The sensitivity and specificity of FDG-PET to detect amyloid deposition on 

PIB-PET were assessed. Positive and negative predictive values, likelihood 

ratios, overall and balanced accuracy were also calculated. Agreement in visual 

FDG-PET classification was measured using Cohen´s kappa statistic (). 
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Figure 2 - Study design and flow of participants. Images on the left side depict 
3D stereotactic surface projections (3D-SSP) for the CBS FDG-nonAD group, 
and, on the right side, 3D-SSP projections for the CBS FDG-AD group. 
Abbreviations: AD, Alzheimer’s disease; CBS, Corticobasal Syndrome; FDG-PET, 
[18F]fluorodexyglucose-PET; PIB-PET, [11C]Pittsburgh Compound-B-PET; CBS FDG-AD, group 
with a metabolic pattern likely related to AD; CBS FDG-nonAD, group with a metabolic pattern 
likely not related to AD; CBS-A+, CBS subjects with positive PIB-PET; CBS-A−, CBS subjects 
with negative PIB-PET. Adapted from Parmera, Jacy Bezerra et al. Movement disorders. vol. 36,3 
(2021): 651-661.



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

RESULTS  



Results 39 

 

4 Results  

 

 

4.1 Demography and clinical features of the whole CBS sample  

 In total, 45 CBS patients were included and underwent a comprehensive 

clinical evaluation. Demographic data are summarized in Table 3.  

All patients (100%) presented with asymmetric parkinsonism, 30 (66.7%) 

presented myoclonus, mostly stimulus-sensitive or poliminimyoclonus in upper 

limbs, and 19 (42.2%) demonstrated upper limb asymmetric dystonia. Seven 

(15.6%) had cervical dystonia. 

Regarding other motor signs, 14 patients (31.1%) had pyramidal signs, 13 

(28.9%) had postural instability, and two (4.4%) had upper limb tremor. Eight 

patients (17.8%) presented ocular motor dysfunction, including vertical 

supranuclear gaze palsy (two patients) and slowness of vertical saccades (six 

patients).  

Regarding higher cortical dysfunctions, ideomotor apraxia was the most 

frequent cortical feature, present in 44 (97.8%) patients. Five (11.1%) 

demonstrated orobuccal apraxia. Eight (17.8%) patients had alien limb 

phenomena. However, none of these contained intermanual conflict, and were 

characterized as frontal or parietal variants of alien hand syndrome. Twelve 

patients (26.7%) had cortical sensory loss, four (8.9%) had Balint syndrome, and 

three (6.7%) had Gerstmann syndrome.  

Concerning speech and language features, among 31 patients who 

underwent the complete language evaluation, 21 patients (67.7%) had aphasia 
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according to standard deviations of the AQ at WAB-R test or normative values 

on language subtest at ACE-R. Most measures obtained from WAB-R showed 

impairment in naming, sentence comprehension, and spontaneous speech 

(Table 4). Phonemic and semantic verbal fluency tests were below the normative 

values in 29 (93.5%) and 26 (84%) patients of the whole sample, respectively. 

Dysarthria was detected in 11 (35.5%) and AOS in 7 (19.4%). Two patients 

(6.45%) presented agrammatism.  

Frontal and behavioral symptoms were also prevalent, with motor 

perseveration in 13 cases (28.9%) and visual hallucinations present in 9 cases 

(20%). 

The main initial complaints referred to cognitive (55.6%), followed by motor 

(40%) and psychiatric issues (4.4%). Cognitive assessment and functional 

decline of the whole sample of patients with CBS is shown in Table 3. Cortical 

and motor signs are represented in figure 9, and speech-language features are 

also represented in figure 10. 

 
  



Results 41 

 

Table 3 - Demography, functional decline and cognitive assessment of patients 
with corticobasal syndrome and comparison according to the FDG-PET 
metabolic patterns 
 
 

 CBS 
(n = 45) 

CBS FDG-AD 
(n = 15) 

CBS FDG-nonAD 
(n = 30) 

p Value 

Demography     

Sex, M/F 18/27 6/9 12/18 0.62 

Age at symptom onset, y 63.2 (± 8.5) 62.4 (± 7.1) 63.6 (± 9.2) 0.66 

Age at main assess, y 67.3 (± 8.5) 66.8 (± 7.7) 67.5 (± 8.9) 0.79 

Symptom duration at main 
assess, y 

4.1 (± 2.2) 4.4 (± 1.7) 4.0 (± 2.4) 0.51 

Education, y 8.7 (± 5.8) 10.8 (± 6.3) 7.7 (± 5.3) 0.91 

First initial symptom 

Cognitive: 25(55.6%) 

Motor: 18 (40%) 

Psychiatric: 2 (4.4%) 

Cognitive:12(80%) 

Motor:2 (13.3%) 

Psychiatric:1(6.7%) 

Cognitive:13(43.3%) 

Motor:16 (53.3%) 

Psychiatric:1(3.3%) 

0.073 

Functional assessment     

CDR 

0.5 13.3% 

1.0 4.4% 

2.0 51.1% 

3.0 31.1% 

0.5 0 

1.0 6.7% 

2.0 40% 

3.0 53.3% 

0.5 20% 

1.0 3.3% 

2.0 56.7% 

3.0 20% 

0.061 

Functional Activities 
Questionnaire 

20.4 (± 8.2) 23.6 (± 7.5) 18.7 (± 8.2) 0.062 

Hoehn &Yahr 2.9 (± 1.2) 2.6 (± 1.1) 3.1 (± 1.2) 0.14 

Cognitive Assessment     

ACE-R Total 39.8 (± 22.8) 26.6 (± 18.5) 45.6 (± 22.4) 0.019a 

ACE-R Attention 10.2 (± 4.1) 7.1 (± 3.3) 11.6 (± 3.7) 0.003a 

ACE-R Memory 8.7 (± 6.7) 3.9 (± 3.8) 10.9 (± 6.6) 0.002b 

ACE-R Fluency 2.8 (± 2.9) 1.9 (± 2.1) 3.2 (± 3.1) 0.22 

ACE-R Language 15.4 (± 6.7) 13.0 (± 7.8) 16.5 (± 6.0) 0.16 

ACE-R Visuospatial 5.8 (± 3.7) 2.9 (± 2.2) 7.0 (± 3.6) 0.001b 

MMSE 15.4 (± 7.4) 9.4 (± 6.5) 18.7 (± 5.7) < 0.001b 

   continue 
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Delayed Recall (BCSB) 3.4 (± 2.8) 1.7 (± 2.0) 4.1 (± 2.9) 0.030a 

Verbal Fluency (letter) 3.3 (± 2.9) 3.1 (± 2.6) 3.5 (± 3.1) 0.71 

Verbal Fluency (animals) 6.2 (± 4.2) 5.0 (± 3.3) 6.8 (± 4.6) 0.23 

Digit Span Forwards 5.7 (± 2.1) 4.7 (± 2.1) 6.3 (± 1.8) 0.30 

Digit Span Backwards 1.7 (± 1.7) 1.2 (± 1.8) 2.1 (± 1.7) 0.14 

NPI 17.1 (± 13.6) 20.0 (± 16.3) 15.4 (± 11.8) 0.32 

   finale 

Abbreviations: AD, Alzheimer’s Disease; CBS, Corticobasal Syndrome; FDG, 
[18F]fluorodeoxyglucose; CBS FDG-AD, group with a metabolic pattern likely related to AD; CBS 
FDG-nonAD, group with a metabolic pattern likely not related to AD; CDR, Clinical Dementia 
Rating; MMSE, Mini-mental State Examination; ACE-R, Addenbrooke Cognitive Examination-
Revised; BCSB, Brief Cognitive Screening Battery; NPI, Neuropsychiatric Inventory scale. Data 
reported as mean ± SD; P is significant at the .05 level. Comparison analysis was performed 
between CBS FDG-AD and CBS FDG-nonAD with a. Student’s t-test and b. Mann-Whitney test.  

 

4.2 FDG-PET individual classification and comparison to PIB-PET status 

All patients underwent FDG-PET and showed hypometabolism 

predominantly asymmetrical, contralateral to the most affected side. At the visual 

classification, assisted by semi-quantitative analyses, thirty (66.7%) patients had 

a non-AD metabolic pattern (CBS FDG-nonAD group), and 15 (33.3%) showed 

an AD pattern (CBS FDG-AD group). A subset of 30 patients underwent PIB-PET 

examinations. Fifteen patients, however, did not undergo because of distinct 

reasons mentioned in figure 2. Regarding the 30 patients who underwent PIB-

PET, 10/30 (33%) were blindly classified as belonging  to the CBS FDG-AD 

group, and 20/30 (67%) to the CBS FDG-nonAD group.  

Interrater agreement regarding the AD and non-AD FDG-PET 

classification was high, reaching a 98% inter-observer agreement ( = 0.95).  

There was only one divergent classification, which the third independent reader 

blindly rated the scan as FDG-AD. 
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The subclassification concerning non-AD patterns disclosed CBD pattern 

in 50% by reader 1 and 58.1% by reader 2; PSP pattern in 20% by reader 1 and 

12.9% by reader 2; FTD in 3.3% by both readers; LBD in 3.3% by reader 1 and 

6.6% by reader 2, and indeterminate in 20% by reader 1 and 16.1% by reader 2. 

The interrater agreement regarding this subclassification was more modest, 

reaching 73.3% agreement ( = 0.58). Patterns of individual FDG-PET 

classification are depicted at figures 3, 4, 5 and 6.  

 

 

Figure 3 - FDG-PET disclosing CBD hypometabolic pattern  
Upper row: FDG-PET 3D-stereotactic surface projection (3D-SSP, software Cortex ID Suite, GE 
Healthcare): asymmetric hypometabolism at frontoparietal areas, extending across the 
sensorimotor cortex and prefrontal areas, striatum, and thalamus. Lower row:Three-dimensional 
standardized projection (3D-SSP) on the individual comparison z-score map metabolic pattern in 

relation to age-matched normal individuals. 
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Figure 4 - FDG-PET disclosing AD hypometabolic pattern  
Upper row: FDG-PET 3D-stereotactic surface projection (3D-SSP, software Cortex ID Suite, GE 
Healthcare): asymmetric AD pattern of posterior temporoparietal hypometabolism, with 
involvement of the posterior cingulate region and precuneus. Lower row:Three-dimensional 
standardized projection (3D-SSP) on the individual comparison z-score map metabolic pattern in 
relation to age-matched normal individuals. 

  

 
 
Figure 5 - FDG-PET disclosing FTD hypometabolic pattern  
Upper row: FDG-PET 3D-stereotactic surface projection (3D-SSP, software Cortex ID Suite, GE 
Healthcare): predominantly asymmetrical anterior hypometabolism, mainly frontal and temporal 
regions. Lower row: 3D-SSP projections on the individual comparison z-score map metabolic 
pattern in relation to age-matched normal individuals. 
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Figure 6 - FDG-PET disclosing PSP hypometabolic pattern 
Upper row: FDG-PET 3D-stereotactic surface projection (3D-SSP, software Cortex ID Suite, GE 
Healthcare): hypometabolism predominantly at medial frontal gyrus, the anterior and middle 
cingulate gyri, and also with basal ganglia involvement. Lower row: 3D-SSP projections on the 
individual comparison z-score map metabolic pattern in relation to age-matched normal 
individuals. 

 
Among all patients with PIB-PET, 17/30 (56.7%) had negative and 13/30 

(43.3%) had positive results. In the CBS FDG-nonAD group, 17/20 (85%) were 

negative, and 3/20 (15%) were positive for cortical amyloid deposition. In the CBS 

FDG-AD group, all patients (100%) had positive PIB-PET results (p<0,001). 

(Figure 7 and 8) 

The classification according to FDG-PET patterns in AD vs non-AD 

demonstrated 76.92% of sensitivity (CI 46.19 - 94.16%) and 100% of specificity 

(CI 80.49-100%) to detect amyloid deposition on PIB-PET. These values 

translate to a positive predictive value (PPV) of 100% (CI 69.2 – 100%), negative 

predictive value of 85% (CI 62.1 – 96.8%), negative likelihood ratio of 0.23 (CI 

0.09 - 0.62), overall accuracy of 90% and balanced accuracy of 88.5%. 
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Figure 7- PIB-PET showing negative case for cortical amyloid deposition. 3D-SSP 

projections, software Cortex ID Suite, GE Healthcare) PET-MRI with acquisition of the biomarker 
PIB. Upper row:  absence of significant uptake in the cortex. Lower row: comparison map with 
age-matched standard deviation with a group of healthy individuals, plotted on the individual's 
MRI. 
 

 

Figure 8 - PIB-PET showing positive case for cortical amyloid deposition  
3D-SSP projections (software Cortex ID Suite, GE Healthcare) from PET-MRI with acquisition of 
the biomarker PIB. Upper row: presence of significant uptake in the cortex. Lower row: 
comparison map with age-matched standard deviation with a group of healthy individuals, plotted 
on the individual's MRI. 
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4.3 Clinical features according to FDG-PET groups 

CBS FDG-AD and nonAD groups did not significantly differ regarding age, 

symptoms duration, and years of education. At the cognitive assessment, the 

CBS FDG-AD group had lower scores at MMSE, ACE-R total score and attention, 

memory, and visuospatial  ACE-R subscores. CBS FDG-AD group also 

performed worse on the delayed recall subtest at BCSB (table 3).  

Concerning cortical, motor and neuropsychiatric features, CBS FDG-AD 

patients had more myoclonus (100% vs. 50%, p=0.001) and visual hallucinations 

(40% vs. 10%, p = 0.042) compared to CBS FDG-nonAD patients. In addition, 

visual neglect also demonstrated a tendency of higher frequency in the CBS 

FDG-AD group (40% vs. 13.3%, p= 0.052).  

Conversely, CBS FDG-nonAD patients presented more often limb 

dystonia (56.7% vs. 13.3%, p = 0.009), ocular motor dysfunction (26.7% vs. 0%, 

p= 0.038), dysarthria (39.1% vs. 0%, p =0.015) and motor perseveration (40% 

vs. 6.7%, p= 0.034). Motor and cortical signs are represented in figure 9.  

When we applied the criteria for probable 4R-tauopathies26, ten patients 

(33.3%) previously classified as CBS FDG-nonAD fulfilled the criteria compared 

to none in the CBS FDG-AD group (p = 0.019).  
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Figure 9 - Motor and cortical signs in the whole corticobasal syndrome cohort and according to the metabolic patterns 
Data are presented as the frequency of the symptoms, in the total sample and according to the FDG-PET classification. The symbol (*) indicates statistically 
significant differences between the percentage of the feature in CBS FDG-AD vs CBS FDG-nonAD groups. Comparison analysis was performed with 
Pearson’s χ2 and Fisher’s exact test. (Myoclonus: P = 0.001; Dystonia: P = 0.009; Ocular motor dysfunction: P = 0.038; Dysarthria: P = 0.015; Perseveration: 
P = 0.034; Hallucinations: P = 0.042). Abbreviations: AD = Alzheimer’s disease; CBS=Corticobasal Syndrome; FDG, [18F] fluorodeoxyglucose; CBS FDG-
AD, group with a metabolic pattern likely related to AD; CBS FDG-nonAD, group with a metabolic pattern likely not related to AD. Adapted  from Parmera, 
Jacy Bezerra et al. Movement disorders. vol. 36,3 (2021): 651-661.
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4.4 Clinical features according to PIB-PET status  

Demographic variables did not differ regarding the presence of cortical 

amyloid deposition (CBS-A+ vs. CBS-A- patients). We were able to add one more 

patient after the main analysis, thus PIB-PET was classified negative (CBS-A-) 

in 18/31 (58%) and positive in 13/31 (42%) patients, after visual and semi-

quantitative classification of cortical amyloid deposition.  

The CBS-A+ group performed significantly worse on cognitive assessment 

through MMSE and ACE-R subscores (attention, memory, and visuospatial), but 

did not differ in total ACE-R score (table 4). Also, CBS-A+ patients had worse 

BCSB delayed recall performance, although it did not reach statistical 

significance (table 4).   

There were no significant differences in higher cortical or motor symptoms 

or signs between groups (figure 10, table 4). 

Concerning motor speech and language deficits, patients with negative 

amyloid deposition on PIB-PET displayed significantly more often dysarthria than 

the CBS-A+ group (10/18, 55.6% vs. 1/13, 7.7%, p= 0.008) (figure 10, table 5). 

The main characteristics were mixed hypokinetic and spastic dysarthria.  

There were no statistically significant differences in the frequency of 

aphasia  (p=0.452) (figure 10, table 5) and scores in the functional language 

assessment at ASHA-FACS between CBS-A- and CBS-A+ groups (p=0.961) 

(table 4). Only patients classified as CBS-A- showed agrammatism (two patients). 

Also, CBS-A- patients had more often AOS than CBS-A+ patients, although not 

statistically significant (p=0.35).  
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CBS-A- patients appeared to show more compromised phonemic verbal 

fluency (17/18, 94.4%) than semantic fluency (13/18, 72%), although this did not 

reach statistical significance (p=0.177).  

Conversely, all patients (13/13, 100%) of the CBS-A+ group showed 

impaired semantic verbal fluency, and phonemic verbal fluency was impaired in 

92.3% (12/13) of patients. (figure 10, table 4) 
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Table 4 - Demography, functional, cognitive, and language assessment of 
patients with corticobasal syndrome and comparison by amyloid-PET results 

 
CBS (n=31) CBS-A- (n=18) CBS-A+ (n=13) 

P 
value 

Demography     

Age at symptom onset, y 61 (58 -67) 60 (55-68) 63 (60- 66) ns 

Age at main assessment, y 65 (61 - 71) 63.5 (59 - 71) 66 (64 -71) ns 
Symptom duration at main 

assessment, y 
4.0 (3.0- 4.5) 3.5 (2.2 - 4.7) 4.0 (3.0- 4.0) ns 

Gender (female) 14 (45.2%) 7 (38.9%) 7 (53.8%) ns 
Education, y 10 (6 - 15) 9.5 (6 -15) 10 (6-15) ns 

Side of more severely involved 
limbs (right) 

13 (41.9) 8 (44.4%) 5 (38.5%) ns 

Handedness (right-handed) 26 (83.9%) 16 (88.9%) 10 (76.9%) ns 
Phenotype 
Cognitive 

Motor 
Language 

 
18 (58.1 %) 
10 (32.3 %) 
3 (9.7 %) 

 
8 (44.4 %) 
7 (38.9 %) 
3 (16.7 %) 

 
10 (76.9 %) 
3 (23.1 %) 
0 (0.0 %) 

ns 

Funcional assessment     
Clinical Dementia Rating 2.0 (1.5 – 2.0) 2.0 (0.6-2.0) 2.0 (1.0 – 2.0) ns 

Functional activities 
questionnaire 

22 (14- 26) 18.5 (11- 25) 25 (16 -27) ns 

Hoehn &Yahr scale 2 (2 -3.5) 3.00 (2 - 3.75) 2.00 (2 -3) ns 
ASHA-FACS scale 3.2 (1.8 – 5.3) 3.2 (2.4 – 5.0) 3.0 (1.6-5.0) ns 
General cognitive 

assessment 
    

ACE-R total 41 (30- 62) 49 (31.5-74.5) 34 (27.5-46.5) ns 
ACE-R attention 11 (9- 13.75) 12.5 (11- 16.25) 9 (8-10.5) 0.008 
ACE-R memory 8 (5.25 -15.75) 12.5 (7.75-18.25) 5 (2.25- 8) 0.008 
ACE-R fluency 2.5 (1- 6) 3 (2 - 6.25) 1.5 (1- 4.5) ns 

ACE-R language 16.5 (14- 24.5) 19 (14.25-25) 14.5 (14-20.75) ns 
ACE-R visuospatial 7 (4 - 8.75) 8 (7 - 11.25) 4 (3.25- 5.75) 0.001 

MMSE 18 (13- 21.50) 20.5 (16.5-25.75) 14 (11- 17) 0.005 
Digits backward 2 (0 - 3.75) 3 (2 - 3) 0 (0 -4) ns 

Delayed recall (BCSB) 3 (0.5 -6) 5.50 (1.75- 6) 1 (0- 3) ns 
Language assessment     

Aphasia quotient (WAB-R) 68.8 (51.1-88.2) 70.35(38.7-83.3) 68.8 (63.7-90.2) ns 
Total spontaneous speech 

(WAB-R) 
16.0 (9.5-17.5) 17.0 (10.0 - 18.0) 14.5 (10.0-16.75) ns 

Auditory word recognition 
(WAB-R) 

54.0 (19.0 – 57.5) 57.0 (48.0 – 60.0) 50.0 (25.0 – 55.0) ns 

Sequential commands (WAB-
R) 

63.0 (25.0 – 80.0) 63.0 (28.0 – 80.0) 48.0 (15.2 – 73.2) ns 

Total repetition (WAB-R) 8.6 (3.3 -9.1) 8.6 (3.8- 9.2) 7.6 (3.0- 8.9) ns 
Naming and word Finding 

(WAB-R) 
6.2 (3.25- 8.45) 7.1 (3.3- 8.5) 5.4 (2.5-7.1) ns 

Phonemic fluency (letter P) 3 (1.75- 6) 3 (2- 6.25) 2.5 (1- 5.25) ns 
Semantic fluency (animals) 5.5 (3.75 -10) 6.5 (3 - 11.75) 5 (4- 7) ns 

Clinical data comparison between CBS-A+ and CBS-A-. Data expressed as median (interquartile 
range) or number (frequency). Statistical significance was set as p < 0.05 (Mann–Whitney or 
Fischer’s exact). Abbreviations: ns, non-significant; AD, Alzheimer's disease; CBS, Corticobasal 
syndrome; MMSE, Mini-mental State Examination; ACE-R, Addenbrooke Cognitive Examination-
Revised; BCSB, Brief Cognitive Screening Battery; ASHA-FACS: Functional assessment of 
communication skills for adults. 
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Table 5 - Cortical and motor features of patients with corticobasal syndrome and 
comparison by amyloid-PET results 

 

CBS (n=31) 
 

CBS-A- (n=18) 
 

 
CBS-A+ (n=13) 

 

P 
value 

Cortical symptoms     

Limb apraxia 30 (96.8%) 17 (94.4 %) 13 (100.0 %) ns 

Orobuccal apraxia 5 (16.1%) 2 (11.1 %) 3 (23.1 %) ns 

Cortical sensory deficits 8 (25.8%) 3 (16.7 %) 5 (38.5 %) ns 

Alien limb phenomena 8 (25.8 %) 5 (27.8 %) 3 (23.1 %) ns 

Motor symptoms     

Parkinsonism 31 (100.0%) 18 (100.0 %) 13 (100.0 %) ns 

Myoclonus 21 (67.7%) 10 (55.6 %) 11 (84.6 %) ns 

Dystonia 10 (32.3%) 7 (38.9 %) 3 (23.1 %) ns 

Language symptoms     

Aphasia 21 (67.7 %) 11 (61.1 %) 10 (76.9 %) ns 

Dysarthria 11 (35.48 %) 10 (55.6 %) 1 (7.7 %) 0.008 

Agrammatism 2 (6.45 %) 2 (11.1 %) 0 (0.0%) ns 

Apraxia of speech 7 (22.6 %) 5 (27.8 %) 2 (15.4 %) ns 

Abnormal semantic fluency 26 (83.9 %) 13 (72.2 %) 13 (100.0 %) ns 

Abnormal phonemic fluency 29 (93.5 %) 17 (94.4 %) 12 (92.3 %) ns 
Comparison between amyloid-PET positive (CBS-A+) and negative (CBS-A-). Data expressed as 
number (frequency). Statistical significance was set as p < 0.05 (Fischer’s exact) 
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Figure 10 - Motor, cortical, and language deficits in the whole corticobasal syndrome cohort and according to amyloid-PET results.   
Data are presented as the frequency of the symptoms or the percentual of altered verbal fluency tasks among total sample and in the subgroups according 
to cortical amyloid deposition.  The symbol (*) indicates statistically significant differences between CBS-A+ and CBS-A- groups. Dysarthria 10/18, 55.6% 
vs. 1/13, 7.7%, p= 0.008, Fisher’s exact test. Adapted from Parmera, Jacy Bezerra et al. “Metabolic and Structural Signatures of Speech and Language 
Impairment in Corticobasal Syndrome: A Multimodal PET/MRI Study.” Frontiers in neurology vol. 12, 702052. 30 Aug. 2021 
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4.5 A brief note about an interesting clinical feature 

Interestingly, two patients from our sample presented with foot-hand 

synkinesis, which is a subset of motor overflow where voluntary movements of 

one part of the body are accompanied by involuntary activation of other, non-

mirroring muscles44. One patient was a  52-year-old man referred to our service 

with a 2-year history of progressive language impairment and limb rigidity. 

Neurological examination disclosed hypomimia, asymmetrical right-sided 

parkinsonism, cervical dystonia, ideomotor apraxia worse on the right side, right 

arm levitation, and nonfluent aphasia. He showed an asymmetrical 

hypometabolism at the left frontoparietal region contralateral to the affected side 

at FDG-PET (figure 11, A) and negative PIB-PET (figure 11, B).  

The other patient was a 65-year-old man with a 4-year history of 

progressive cognitive impairment and asymmetric rigidity. His neurological 

examination demonstrated right-sided parkinsonism, bilateral myoclonus, and 

ideomotor apraxia, both worse on the right side, and cortical sensory deficits. This 

patient showed an asymmetrical hypometabolism predominantly at posterior 

temporoparietal regions at FDG-PET (figure 11, D) and positive cortical amyloid 

deposition at PIB-PET (figure11, E).   

Thus, the former patient was diagnosed as CBS probably with a 4R-

tauopathy underlying pathology, while the later as CBS probably related to 

Alzheimer’s disease. Both patients revealed hypometabolism at the 

supplementary motor area (SMA) and premotor cortex, contralateral to the 

affected side where synkinesis occurred. 
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Figure 11 - FDG-PET, PIB-PET and MRI in two patients presenting foot-hand synkinesis 
Upper row (1) – Patient 1: (A) FDG-PET 3D-stereotactic surface projection (3D-SSP, software Cortex ID Suite, GE Healthcare): asymmetric frontoparietal 
hypometabolism, including the sensory and motor cortex, worst on the left side. PIB-PET 3D-SSP (B) negative for amyloid deposition, and T1-weighted MRI 
(C) with asymmetric frontoparietal atrophy, also worst on the left (red arrows). Lower row (2) – Patient 2 – (C) FDG-PET 3D-SSP: asymmetric posterior 
temporoparietal hypometabolism, also including the sensory and motor cortex, worst on the left side. PIB-PET 3D-SSP (E) positive for diffuse cortical amyloid 
deposition, and T1-weighted MRI (F) showing bilateral parietal cortical atrophy (red arrows). The white arrows on A and D point to the supplementary motor 
cortex, probably related to the synkinesis. Adapted from Parmera et al. Movement Disorders Clinical Practice 2021; 8(3): 491-492  
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4.6 FDG-PET and PIB-PET quantitative group analysis  

4.6.1 Comparison of metabolic patterns according to amyloid-PET results  

Direct comparisons of FDG uptake in individuals with positive and negative 

PIB-PET showed three large clusters of reduced rBGM surviving correction for 

multiple comparisons at the cluster level in CBS-A+ patients. There were two 

major clusters contralateral to the most affected side, located in the posterior 

superior and middle temporal gyri, and in the angular gyrus and superior parietal 

lobule (figure 12). Other cluster, ipsilateral to the most affected side, was located 

at fusiform gyrus extending to inferior temporal gyrus (figure 12).  

Individuals with negative PIB-PET presented two major clusters of reduced 

metabolism, contralateral to the most affected side, at the thalamus extending to 

diencephalon and mesencephalon, and at the SMA and paracentral lobule (figure 

12). The SPM8 statistics and areas of reduced rBGM are disclosed at Table 6 

and 7. 

When exploring the individual variability of rBGM in these clusters, the 

three individuals with positive PIB-PET and a CBS FDG-nonAD pattern had 

levels of rBGM above the median of the group in temporoparietal areas (figure 

12, colored dots in 1,2,3), and presented with similar levels of rBGM in thalamus 

and SMA to the CBS-A- individuals (figure 12, colored dots in 4 and 5). 
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Figure 12 - Brain glucose metabolism in patients with corticobasal syndrome 

according to amyloid imaging status 

Images on the left: clusters with differences in regional brain glucose metabolism (rBGM) in 
individuals with CBS according to brain amyloid status. Reduced FDG uptake in CBS with positive 
PIB-PET is consistently seen in posterior temporal and parietal areas, mainly contralateral to most 
affected side (areas in blue), suggesting an “AD metabolic signature” on FDG-PET. Clusters in 
red-yellow indicate areas of reduced rBGM in individuals with negative PIB-PET, contralateral to 
most affected side, at the thalamus, diencephalon and mesencephalon and at supplementary 
motor area and paracentral lobule. Parametric maps were generated with an unpaired t-test 
(p<0.001, uncorrected) in the SPM8 software and plotted on surface maps with the Surf Ice 
software – http://www.nitrc.org/projects/surfice/.). Cluster 1,2 and 3 survived correction for 
multiple comparisons (pFWE and pFDR<0.05). Bars in the lower-left indicate Z-scores, ranging 
from p = 10-3 (Z-score=3.0) to p= 10-4 (Z-score=4.0). Images on the right: Scatter Plot graphical 
representation showing the dispersion of the FDG uptake in the clusters of reduced rBGM for 
each participant (mean radioactive counts), obtained in the group analysis shown in the left. Dots 
highlighted in color represent the three individual exceptions classified as CBS FDG-nonAD with 
positive PIB-PET. Adapted from Parmera, Jacy Bezerra et al. Movement disorders. vol. 36,3 
(2021): 651-661. 
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Table 6 - Areas of regional brain glucose metabolism reduction in corticobasal 
syndrome subjects with positive amyloid deposition in comparison with subjects 
with negative cortical amyloid deposition at PIB-PET 

Area cluster-level peak-level MNI coordinates 

 pFWE pFDR k puncorr pFWE pFDR Z(E) puncorr mm mm mm 

Superior temporal gyrus 
(contralateral to most affected 

side) 
0.003 0.014 1288 0.001 0.294 0.501 3.89 <0.001 58 -16 2 

Middle temporal gyrus 
(contralateral to most affected 

side) 
    0.338 0.501 3.83 <0.001 54 -32 2 

Fusiform gyrus  
(contralateral to most affected 

side) 
    0.393 0.501 3.77 <0.001 52 -58 -2 

Angular gyrus 
(contralateral to most affected 

side) 
0.042 0.071 620 0.013 0.403 0.501 3.76 <0.001 34 -62 38 

Superior parietal lobule 
(contralateral to most affected 

side) 
    0.800 0.762 3.37 <0.001 30 -64 58 

Fusiform gyrus 
(ipsilateral to most affected side) 

0.012 0.030 911 0.004 0.202 0.501 4.02 <0.001 -54 -50 -16 

Inferior temporal gyrus 
(ipsilateral to most affected side) 

    0.628 0.614 3.54 <0.001 -58 -38 -24 

Abbreviations: MNI: Montreal Neurological Institute; FDG: [18F]fluorodeoxyglucose;  FWE: 
Familywise Error; FDR: False Discovery Rate; pFWE: p value corrected for multiple comparisons 
using FWE method;  pFDR: p value corrected for multiple comparisons using FDR method; puncorr: 
p value uncorrected for multiple comparisons; kE: cluster size (in number of voxels), Z(E): Z-score, 
GM: gray matter. 
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Table 7 - Areas of regional brain glucose metabolism reduction in corticobasal 
syndrome subjects with negative amyloid deposition in comparison with subjects 
with positive cortical amyloid deposition at PIB-PET 

Area cluster-level peak-level MNI coordinates 

 pFWE pFDR k puncorr pFWE pFDR Z(E) puncorr mm mm mm 

Thalamus, 
diencephalon and 
mesencephalon 

(contralateral to most 
affected side) 

0.099 0.291 440 0.032 0.163 0.774 4.09 <0.001 10 -26 -2 

Supplementary motor 
area 

(contralateral to most 
affected side) 

0.202 0.315 300 0.070 0.764 0.809 3.41 <0.001 8 -14 70 

Paracentral lobule 
(contralateral to most 

affected side)  
    0.806 0.809 3.36 <0.001 8 -20 64 

Abbreviations: MNI: Montreal Neurological Institute; FDG: [18F]fluorodeoxyglucose;  FWE: 
Familywise Error; FDR: False Discovery Rate; pFWE: p value corrected for multiple comparisons 
using FWE method;  pFDR: p value corrected for multiple comparisons using FDR method; puncorr: 
p value uncorrected for multiple comparisons; kE: cluster size (in number of voxels), Z(E): Z-score, 
GM: gray matter. 

 

4.6.2 Comparison of cortical amyloid deposition according to the FDG-PET 

patterns  

Areas of increased PIB uptake corresponding to cortical amyloid 

deposition were markedly more evident in the CBS FDG-AD group (figure 13). 

The three exceptions of patients classified as CBS FDG-nonAD with positive PIB-

PET demonstrated the lowest individual PIB uptake ratio among CBS-A+ 

patients. However, they presented individual levels of amyloid deposition above 

the standard deviation of their metabolic group (figure 13, colored dots on (b)).   

The SPM8 statistics and areas of PIB uptake are disclosed at Table 8.
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Figure 13 - Amyloid deposition in patients with corticobasal syndrome (CBS) according to the FDG-PET patterns. Images on the 
left: areas with differences in cortical amyloid deposition measured with PIB-PET according to their classification as CBS FDG-AD 
or CBS FDG-nonAD. Increased PIB uptake in CBS FDG-AD is seen diffusely throughout the cortex, as shown in red-yellow areas. 
Parametric maps were generated with an unpaired t-test (p<0.001, uncorrected) in the SPM8 software and plotted on surface maps 
with the Surf Ice software (http://www.nitrc.org/projects/surfice/). A large cluster comprising all areas shown in the graphic survived 
correction for multiple comparisons (pFWE and pFDR<0.05). Bars in the lower-left indicate Z-scores, ranging from p = 10-3 (Z-
score=3.0) to p= 10-10 (Z-score=10.0). Images on the right: Scatter Plot graphical representation showing the dispersion of the 
PIB uptake in the large cluster obtained in the group analysis shown in the left (mean radioactive counts). Dots highlighted in color 
represent the three individual exceptions classified as CBS FDG-nonAD with positive PIB-PET in the visual classification. Adapted 
from Parmera, Jacy Bezerra et al. Movement Disorders. vol. 36,3 (2021): 651-661. 
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Table 8 - Localization of the increased PIB uptake in  subjects with corticobasal 
syndrome with metabolic pattern likely related to AD (CBS FDG-AD group) in 
comparison with individuals with metabolism likely not related to AD (CBS FDG-
nonAD group) 

Area cluster-level peak-level MNI coordinates 

 pFWE pFDR k puncorr pFWE pFDR Z(E) puncorr mm mm mm 

Left middle temporal gyrus <0.001 <0.001 25750 <0.001 <0.001 <0.001 7.18 <0.001 -54 -60 22 

Left inferior frontal gyrus      <0.001 <0.001 7.15 <0.001 -42 22 24 

Left superior frontal gyrus     <0.001 <0.001 7.04 <0.001 -22 32 42 

Right superior temporal 
gyrus 

<0.001 <0.001 3713 <0.001 <0.001 0.003 6.02 <0.001 48 -70 24 

Right middle temporal 
gyrus 

    <0.001 0.004 5.93 <0.001 62 -28 2 

Right insula area     <0.001 0.005 5.87 <0.001 38 8 6 

Left postcentral gyrus 0.001 0.045 95 0.012 0.001 0.048 5.31 <0.001 -30 -42 60 

Abbreviations: MNI: Montreal Neurological Institute; FDG: [18F]fluorodeoxyglucose; FWE: 
Familywise Error; FDR: False Discovery Rate; pFWE: p value corrected for multiple comparisons 
using FWE method;  pFDR: p value corrected for multiple comparisons using FDR method; puncorr: 
p value uncorrected for multiple comparisons; kE: cluster size (in number of voxels), Z(E): Z-score, 
GM: gray matter. 

 

4.6.3 Metabolic patterns on FDG-PET in corticobasal syndrome patients 

compared to the healthy control group and regarding the presence of 

dysarthria  

Compared to healthy controls, quantitative group analysis from the whole 

cohort showed an extended pattern of rBGM reduction at frontoparietal areas, 

striatum, and thalamus, mostly contralateral to the affected body side (figure 14 

(a)).  

Patients with dysarthria were characterized by a predominant left-side 

hypometabolic pattern (figure 14, (b)), and more prominent hypometabolic areas 

surviving correction for multiple comparisons at the cluster level at frontal regions, 

with a significant cluster at the left inferior frontal gyrus (opercular area) and left 

premotor cortex (figure 14 (b)), with additional features typical of CBS (inferior 

parietal cortex and striatum).   
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Conversely, patients without dysarthria showed bilateral rBGM reduction, 

with major clusters at the posterior cingulate, dorsolateral prefrontal cortex, 

posterior temporoparietal areas, striatum, and thalamus and without hemisphere 

predominance. Figure 14 illustrates the areas. Peak voxels of rBGM are shown 

in tables 9, 10, and 11.  

 

4.6.4 Brain atrophy patterns on VBM in corticobasal syndrome patients 

compared to the healthy control group and regarding to the presence of 

dysarthria  

Compared to healthy controls, the whole CBS cohort showed a 

widespread brain atrophy pattern with major clusters at the bilateral striatum, 

SMA, posterior cingulate cortex, and posterior temporoparietal areas mostly 

contralateral to the affected body side (figure 14, (d)).  

 In regard to patients with dysarthria, a major cluster of brain atrophy was 

found predominantly in the right inferior frontal gyrus and putamen, with other 

significant areas such as the left SMA, premotor cortex, and putamen (figure 14, 

(e)), whereas patients without dysarthria showed gray matter loss at posterior 

temporal and inferior parietal areas (figure 14, (f)). There was, however, no 

evident predominant left-side brain atrophy in patients with dysarthria. Peak 

voxels of VBM contrasts are shown in tables 12, 13 and 14 .  
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Figure 14 - Brain glucose metabolism and brain atrophy patterns in the whole 

corticobasal syndrome cohort and according to the presence or absence of 

dysarthria 

(A) Clusters with differences in rBGM in individuals with CBS compared to healthy controls (NC). 
Reduced FDG uptake in the whole CBS cohort is consistently seen in the frontoparietal and 
temporal areas, striatum, and thalamus, mainly contralateral to the most affected side. (B) 
Clusters with differences in rBGM in CBS individuals presenting dysarthria. Reduced FDG uptake 
surviving correction for multiple comparisons at the cluster level is predominant at left frontal 
regions, with a major cluster at the left inferior frontal gyrus (opercular area) and left premotor 
cortex. (C) Hypometabolism in CBS patients without dysarthria showing bilateral rBGM reduction, 
mainly at the temporoparietal areas, striatum, and thalamus, and without hemisphere 
predominance. (D) VBM analysis showing brain atrophy patterns in CBS patients compared to 
NC: widespread brain atrophy pattern with major clusters at the bilateral striatum, SMA, and 
posterior temporoparietal areas, mostly contralateral to the affected body side. (E) VBM showing 
brain atrophy patterns in CBS patients with dysarthria compared to NC: predominantly in the 
frontal areas and striatum. (F) VBM showing brain atrophy patterns in CBS patients without 
dysarthria compared to NC: posterior temporal and inferior parietal areas. Parametric maps were 
generated with an unpaired t-test (p < 0.001, uncorrected) in the SPM8 software and plotted on 
surface maps with the Surf Ice software—http://www.nitrc.org/projects/surfice/). Bars in the right 
side indicate z scores, ranging from p = 10−3 (z-score = 3.0) to p = 10−4 (z-score = 4.0). Adapted 
from Parmera, Jacy Bezerra et al. “Metabolic and Structural Signatures of Speech and Language 
Impairment in Corticobasal Syndrome: A Multimodal PET/MRI Study.” Frontiers in neurology vol. 
12 702052. 30 Aug. 2021
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Table 9 - Areas of regional brain glucose metabolism reduction in corticobasal 
syndrome subjects compared to healthy controls 
 

Area cluster-level peak-level MNI coordinates 

 pFWE pFDR k puncorr pFWE pFDR Z(E) puncorr mm mm mm 

Middle frontal gyrus (contralateral 
to most affected side) 

0.000 0.000 13273 0.000 0.000 0.000 inf 0.000 44 10 56 

Supplementary motor area 
(contralateral to most affected 

side) 
    0.000 0.000 inf 0.000 32 -5 56 

Premotor cortex  (contralateral to 
most affected side) 

    0.000 0.000 7.36 0.000 48 5 38 

Posterior cingulate cortex 
(contralateral to most affected 

side) 
0.000 0.000 1329 0.000 0.000 0.000 7.33 0.000 4 -24 32 

Ventral cingulate area  
(contralateral to most affected 

side) 
    0.000 0.000 7.24 0.000 5 10 30 

Thalamus (contralateral to most 
affected side) 

0.000 0.000 429 0.000 0.000 0.000 7.02 <0.001 12 -18 12 

Supramarginal gyrus 
(contralateral to most affected 

side) 
0.000 0.009 134 0.002 0.002 0.048 5.34 0.000 50 -40 -34 

Caudate (ipsilateral to most 
affected side) 

0.000 0.017 109 0.004 0.000 0.000 6.78 0.000 -12 8 10 

Abbreviations: MNI: Montreal Neurological Institute; FDG: [18F]fluorodeoxyglucose;  FWE: 
Familywise Error; FDR: False Discovery Rate; pFWE: p value corrected for multiple comparisons 
using FWE method;  pFDR: p value corrected for multiple comparisons using FDR method; puncorr: 
p value uncorrected for multiple comparisons; kE: cluster size (in number of voxels), Z(E): Z-score, 
GM: gray matter. 
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Table 10 - Areas of regional brain glucose metabolism reduction in corticobasal 
syndrome patients with dysarthria compared to healthy controls  
 

Area cluster-level peak-level MNI coordinates 

 pFWE pFDR k puncorr pFWE pFDR Z(E) puncorr mm mm mm 

Left Premotor cortex   0.000 0.000 2189 0.000 0.018 0.018 4.95 0.000 -36 8 58 

Left inferior frontal/opercular 

gyrus  
    0.059 0.047 4.66 0.000 -50 6 24 

Left temporal pole     0.059 0.047 4.66 0.000 -50 18 -20 

Left supramarginal gyrus 0.000 0.000 1208 0.000 0.008 0.014 5.12 0.000 -58 -30 46 

Left angular gyrus      0.173 0.068 4.37 0.000 -42 -50 44 

Left caudate  0.001 0.001 587 0.000 0.002 0.010 5.45 0.000 -14 2 16 

Left thalamus     0.096 0.052 4.53 0.000 -8 -16 12 

Left supplementary motor area 0.349 0.142 119 0.045 0.236 0.083 4.27 0.000 -6 6 72 

Right dorsomedial prefrontal 
cortex 

0.000 0.000 2350 0.000 0.079 0.052 4.58 0.000 44 10 56 

Right anterior cingulate     0.141 0.062 4.43 0.000 4 16 26 

Right caudate 0.339 0.142 121 0.043 0.009 0.014 5.11 0.000 16 8 10 

Abbreviations: MNI: Montreal Neurological Institute; FDG: [18F]fluorodeoxyglucose;  FWE: 
Familywise Error; FDR: False Discovery Rate; pFWE: p value corrected for multiple comparisons 
using FWE method;  pFDR: p value corrected for multiple comparisons using FDR method; puncorr: 
p value uncorrected for multiple comparisons; kE: cluster size (in number of voxels), Z(E): Z-score, 
GM: gray matter. 
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Table 11 - Areas of regional brain glucose metabolism reduction in corticobasal 
syndrome patients without dysarthria compared to healthy controls  
 

Area cluster-level peak-level MNI coordinates 

 pFWE pFDR k puncorr pFWE pFDR Z(E) puncorr mm mm mm 

Right ventral  posterior cingulate 
cortex 

0.000 0.000 1246 0.000 0.000 0.000 7.43 0.000 0 -24 32 

Right  dorsal posterior cingulate     0.000 0.000 6.76 0.000 14 -28 40 

Right dorsolateral Prefrontal 
cortex 

0.000 0.000 2329 0.000 0.000 0.000 6.90 0.000 40 34 38 

Right superior frontal gyrus      0.000 0.003 6.13 0.000 40 20 52 

Right supramarginal gyrus 0.000 0.000 2026 0.000 0.000 0.001 6.59 0.000 58 -44 48 

Right angular gyrus     0.000 0.006 5.92 0.000 50 -58 48 

Right superior temporal gyrus     0.001 0.026 5.56 0.000 56 -36 20 

Left supramarginal gyrus 0.000 0.000 2483 0.000 0.000 0.001 6.46 0.000 -58 -38 46 

Left angular gyrus      0.000 0.002 6.25 0.000 -46 -66 48 

Left dorsolateral Prefrontal cortex 0.000 0.000 616 0.000 0.000 0.003 6.21 0.000 -36 38 34 

Left superior frontal gyrus     0.004 0.114 5.19 0.000 -44 18 44 

Left Caudate 0.000 0.000 201 0.000 0.000 0.001 6.52 0.000 -14 8 10 

Left Thalamus     0.000 0.005 5.99 0.000 -8 -14 12 

Abbreviations: MNI: Montreal Neurological Institute; FDG: [18F]fluorodeoxyglucose;  FWE: 
Familywise Error; FDR: False Discovery Rate; pFWE: p value corrected for multiple comparisons 
using FWE method;  pFDR: p value corrected for multiple comparisons using FDR method; puncorr: 
p value uncorrected for multiple comparisons; kE: cluster size (in number of voxels), Z(E): Z-score, 
GM: gray matter. 
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Table 12 - Areas of brain atrophy in corticobasal syndrome subjects compared 
to healthy controls  

 
Abbreviations: MNI: Montreal Neurological Institute; FDG: [18F]fluorodeoxyglucose;  FWE: 
Familywise Error; FDR: False Discovery Rate; pFWE: p value corrected for multiple comparisons 
using FWE method; pFDR: p value corrected for multiple comparisons using FDR method; puncorr: 
p value uncorrected for multiple comparisons; kE: cluster size (in number of voxels), Z(E): Z-score, 
GM: gray matter. 

  

Area cluster-level peak-level MNI coordinates 

 pFWE pFDR k puncorr pFWE pFDR Z(E) puncorr mm mm mm 

Putamen (contralateral to most 
affected side) 

0.000 0.000 1331 0.000 0.000 0.000 7.21 0.000 26 10 -10 

Insula  (contralateral to most 
affected side) 

    0.004 0.112 5.20 0.000 42 10 2 

Posterior cingulate cortex 
(contralateral to most affected 

side) 
0.000 0.000 294 0.000 0.000 0.003 5.98 0.000 6 -14 48 

 Supplementary motor area 
(contralateral to most affected 

side) 
    0.000 0.016 5.65 0.000 4 -10 46 

Putamen (ipsilateral to most 
affected side) 

0.000 0.000 1145 0.000 0.000 0.000 7.47 0.000 -24 10 -6 
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Table 13 - Areas of brain atrophy in corticobasal syndrome patients with 
dysarthria compared to healthy controls 
 

 
Abbreviations: MNI: Montreal Neurological Institute; FDG: [18F]fluorodeoxyglucose;  FWE: 
Familywise Error; FDR: False Discovery Rate; pFWE: p value corrected for multiple comparisons 
using FWE method;  pFDR: p value corrected for multiple comparisons using FDR method; puncorr: 
p value uncorrected for multiple comparisons; kE: cluster size (in number of voxels), Z(E): Z-score, 
GM: gray matter. 
 
  

Area cluster-level peak-level MNI coordinates 

 pFWE pFDR k puncorr pFWE pFDR Z(E) puncorr mm mm mm 

Right Putamen  0.000 0.000 1794 0.000 0.000 0.000 6.05 0.000 26 12 -10 

Right inferior frontal/opercular 
gyrus 

    0.821 0.509 3.70 0.000 40 10 4 

Left Putamen 0.000 0.001 753 0.000 0.057 0.076 4.65 0.000 -16 10 -8 

Left supplementary motor area 0.010 0.007 435 0.001 0.314 0.253 4.16 0.000 -4 -18 52 

Left Premotor cortex     0.997 0.791 3.27 0.001 -4 6 44 

Right middle temporal gyrus 0.017 0.010 379 0.002 0.194 0.209 4.32 0.000 58 -32 -2 

Right angular gyrus     0.993 0.744 3.34 0.000 60 -50 18 

Right middle cingulate cortex 0.024 0.011 351 0.003 0.707 0.509 3.81 0.000 6 24 32 

Right anterior cingulate cortex     0.97 0.678 3.46 0.000 8 2 40 

Right Cerebellum 0.053 0.020 281 0.006 0.402 0.253 4.07 0.000 8 -56 -52 

Left Cerebellum  0.123 0.042 211 0.015 0.841 0.509 3.68 0.000 -18 -70 -56 

Left Precentral 0.421 0.151 114 0.061 0.952 0.678 3.51 0.000 -36 -10 48 
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Table 14 - Areas of brain atrophy in corticobasal syndrome patients without 
dysarthria compared to healthy controls 

Area cluster-level peak-level MNI coordinates 

 pFWE pFDR k puncorr pFWE pFDR Z(E) puncorr mm mm mm 

Right Putamen  0.000 0.000 1327 0.000 0.000 0.000 7.18 0.000 28 8 0 

Right Insula     0.001 0.041 5.50 0.000 42 10 2 

Left Striatum  0.000 0.000 664 0.000 0.000 0.000 6.55 0.000 -22 10 -6 

Right Anterior Cingulate 0.000 0.001 118 0.001 0.000 0.003 6.10 0.000 10 -18 44 

Right middle temporal gyrus 0.000 0.001 125 0.001 0.003 0.079 5.29 0.000 62 -32 0 

Right superior temporal gyrus     0.009 0.190 5.07 0.000 62 -40 6 

Abbreviations: MNI: Montreal Neurological Institute; FDG: [18F]fluorodeoxyglucose;  FWE: 
Familywise Error; FDR: False Discovery Rate; pFWE: p value corrected for multiple comparisons 
using FWE method;  pFDR: p value corrected for multiple comparisons using FDR method; puncorr: 
p value uncorrected for multiple comparisons; kE: cluster size (in number of voxels), Z(E): Z-score, 
GM: gray matter. 
 

4.6.5 Metabolic correlations between brain regions and verbal fluency tasks 

Additionally, due to the prominent deficit concerning verbal fluency in the 

CBS patients, we investigated which brain regions on FDG-PET correlated with 

semantic and phonemic verbal fluency task performance.  

There was a positive correlation between rBGM and semantic verbal 

fluency at the left inferior (p=0.006, R2 =0.2326), middle (0.0054, R2 = 0.2376), 

and superior temporal gyri (p=0.0066, R2 =0.2276) (figure 15).  

Relative to the phonemic verbal fluency, we found a positive correlation 

between FDG uptake and letter P fluency at the left frontal opercular gyrus 

(p=0.0003, R2 =0.3685) and the inferior (p= 0.0004, R2 =0.3537) and middle 

temporal gyri (p=0.0001, R2 =0.3993) (figure 15).
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Figure 15 - Metabolic correlations between brain regions and verbal fluency task 
Upper row: positive correlation between glucose uptake on FDG-PET and semantic verbal fluency at the left inferior, middle, and superior temporal gyri. 
Lower row: positive correlation between FDG-PET and phonemic fluency at the left frontal opercular gyrus and the inferior and middle temporal gyri. 
Parametric maps were generated with an unpaired t-test (threshold: p < 0.001, uncorrected) in the SPM8 software and plotted on surface maps with the Surf 
Ice software http://www.nitrc.org/projects/surfice/). Bars in the left side indicate z scores, ranging from p = 10−3 (z-score = 3.0) to p = 10−4 (z-score = 4.0). 
Adapted from Parmera, Jacy Bezerra et al. “Metabolic and Structural Signatures of Speech and Language Impairment in Corticobasal Syndrome: A 
Multimodal PET/MRI Study.” Frontiers in neurology vol. 12 702052. 30 Aug. 2021 
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5 Discussion 

 

 

 In this prospective, cross-sectional and observational study, we evaluated 

a cohort of 45 patients with a clinical diagnosis of probable CBS, according to 

current clinical criteria22. All patients performed a comprehensive neurological, 

speech-language, and biomarkers assessment. All underwent FDG-PET, and 31 

underwent PET-MRI with a specific ligand for brain amyloid deposition (PIB-

PET).  

 To our knowledge, few studies have assessed specific-pathology ligands 

as biomarkers in CBS population50,94,104, and the largest cohorts were mainly 

characterized by retrospective methodology38 or using CSF biomarkers47.  

 Moreover, little research has addressed the FDG-PET role in investigating 

CBS underlying pathologies, and most of them have focused on group 

quantitative analyses94,97. In this regard, the present study aimed to evaluate the 

role of FDG-PET at the individual level in the clinical setting to predict amyloid 

status and guide the identification of CBS pathologic variants.  

We aimed to perform a detailed and blind clinical assessment to 

investigate if a metabolic FDG-PET individual classification would disclose two 

main clinical groups and if they resembled the clinical patterns described in 

previous clinicopathologic cohorts (AD versus non-AD underlying pathology). 

Worth mentioning, a classification based on metabolic patterns to investigate the 

clinical profiles generated has not been extensively approached before. 

As our main findings, the strategy of splitting CBS patients in two groups 

based on FDG-PET patterns identified a group likely related to AD (CBS FDG-
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AD) as having worst cognitive performances and amyloid deposition in all cases, 

versus a non-AD metabolic group (CBS FDG-nonAD) with prominent motor signs 

such as dystonia, ocular motor dysfunction, dysarthria, and motor perseveration, 

and a lower prevalence of brain amyloid deposition. 

Additionally, a post-hoc quantitative group analysis showed 

hypometabolism comprising the posterior temporoparietal areas, mainly 

contralateral to the most affected side, as the areas with hypometabolism in 

amyloid-positive (CBS-A+) patients. This possible CBS-AD metabolic signature 

may guide physicians in the interpretation of FDG-PET scans. Amyloid-negative 

patients, conversely, showed more heterogeneous metabolic patterns and 

disclosed areas of rBGM reduction at the thalamus and SMA. 

Previous studies using imaging biomarkers identified neural correlates 

from different aspects of language in CBS52,127. However, speech-language 

impairment's profile in CBS and its relation to specific pathologies are still poorly 

understood. Therefore, another purpose of our study was to distinguish language 

and motor speech deficits related to amyloid-positive and negative CBS patients 

and explore its brain metabolic and structural signatures through a multimodal 

imaging approach.  

In this concern, CBS patients with negative amyloid-PET presented 

significantly more often dysarthria than patients with positive amyloid deposition. 

A quantitative FDG-PET and MRI group analysis disclosed differential 

hypometabolic and brain atrophy patterns in CBS patients regarding the 

presence or absence of dysarthria. Namely, CBS patients with dysarthria had a 

left-sided hypometabolism and bilateral brain atrophy pattern mainly at the 

opercular frontal region, premotor cortex, and SMA.  



Discussion 73 

 

5.1 Metabolic degeneration patterns at FDG-PET predict amyloid deposition 

in CBS 

Previous works have demonstrated that differences in rBGM potentially 

predict the presence of cortical amyloid deposition in focal-onset dementias such 

as PPA and CBS with better sensitivity and specificity than clinical evaluation and 

visual interpretation of MRI94,95.  

In line with this, our individual metabolic analysis has shown that all ten 

patients classified as CBS FDG-AD had positive PIB-PET scans compared to 

three out of 20 classified as CBS FDG-nonAD. Our classification had higher 

specificity (100% vs. 58% and 83%) and overall accuracy (90% vs. 73% and 

84%) than these prior studies94,95, pointing towards the critical role of FDG-PET 

in the diagnostic workup of CBS.  

Moreover, a recent study with neuropathologic examination showed that 

CBS's underlying pathologies are associated with different metabolic 

degeneration patterns and described hypometabolism for CBS-CBD, CBS-AD, 

and CBS-PSP97. The CBS-AD metabolic pattern described was similar to what 

we observed, comparing patients with positive and negative PIB-PET. This 

potential CBS-AD metabolic signature matches previous works using amyloid 

imaging94 and CSF biomarkers128 in CBS,  is classically seen in typical AD122,123, 

and is closely associated with positive PIB-PET scans in the continuum of 

amnestic cognitive decline125, supporting our FDG-PET classification. 

The individual FDG-PET classification also demonstrated high inter-

observer agreement, PPV, and accuracy to predict amyloid deposition. The 

interrater agreement for the subclassification into different nonAD patterns, 

otherwise, was more modest. Considering this finding, and given the clinical and 
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imaging ambiguity in PSP and CBD cases, it might be rational to use a combined 

PSP-CBD tauopathy category for PET readings, which reached a good sensitivity 

and specificity (87% and 100%) in previous cohorts82.  

 

5.2 Metabolic degeneration patterns at FDG-PET predict clinical profile in 

CBS 

Following prior studies5,37,56, CBS patients presented a distinct clinical 

phenotype primarily characterized by parkinsonism and limb apraxia. Despite the 

current knowledge that clinical aspects cannot reliably disclose pathologic 

substrate, some might have a role as disease-related clues38,39.  

The CBS FDG-AD patients performed significantly worse in the general 

cognitive assessment. Similarly, CBS-A+ individuals performed worse in the 

MMSE and ACE-R subscores. This pattern of ominous cognitive progression 

associated with underlying AD pathology is consistent with studies including 

histopathology38,56  and in vivo biomarkers50. Also, in line with clinicopathologic 

studies, episodic memory was more impaired in the CBS FDG-AD group38,39. 

Furthermore, the same group showed more visuospatial dysfunction.  

Previous studies suggested a preferential affection of the parietal-dorsal stream 

in CBS-AD than in other underlying pathologies, identifying lower scores in 

visuoperceptual tests50,55. Besides, visual neglect, which also reflects parietal-

dorsal disturbance, has been considered a potential clue for AD pathology 

38,50,56,94. The CBS FDG-AD group also presented myoclonus more often than 

CBS FDG-nonAD, mirroring previous neuropathology38,39, CSF47, and PIB-PET 

studies50. On the other hand, CBS FDG-nonAD patients displayed dystonia more 

often.  
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Interestingly, hallucinations were more frequent in the CBS FDG-AD 

group, a finding only previously described by one clinicopathologic study38. 

Hence, our observation sheds light on this unusually mentioned aspect. Further 

studies are necessary to investigate this topic and its pathophysiological basis.  

Noteworthily, our combined findings of memory impairment, myoclonus, 

and hallucinations related to the CBS FDG-AD group and dystonia referring to 

the non-AD metabolic group are congruent with one of the most extensive 

clinicopathologic series of CBS38, strengthening the concept of FDG-PET as a 

possible surrogate of CBS pathological substrate antemortem.  

Ocular motor dysfunction was significantly more present in the CBS FDG-

nonAD group. Prior video-oculographic observations showed reduced peak 

velocities of vertical pro-saccades in CBS patients without CSF biomarkers for 

AD129. Besides, vertical supranuclear palsy or slowness of vertical saccades, 

associated with CBS phenotype, are required to fulfill the MDS probable 4R-

tauopathy criteria26. Notably, the criteria demonstrated to be significantly related 

to the CBS FDG-nonAD group, but only present in 33% of these patients, 

highlighting its low sensitivity, as recently reported in a validation study130. 

Nonetheless, the same MDS criteria could not separate CBS-A+ from 

CBS-A- individuals, as one patient with positive PIB-PET fulfilled them. Worth 

mentioning that this single patient was blindly classified as CBS FDG-nonAD, 

raising the question of whether the primary pathology could be a tauopathy with 

associated amyloid deposition. Further studies are needed to investigate these 

novel criteria' accuracy to identify 4R-tauopathies and their relation to AD 

biomarkers. 
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A recent study demonstrated that CBS-AD was a biomarker-defined group 

with distinct clinical features apart from CBS-4R tauopathy131. Our findings are 

consistent with these observations, and the 4R-tauopathies criteria might aid in 

diagnostic reasoning and clinical trial purposes. 

Therefore, the approach of performing a blind clinical evaluation and 

splitting them based on metabolic patterns unfolded two well-differentiated 

variants with similar demographic features but distinct cognitive performances. 

Thus, favoring the hypothesis that they were not necessarily in different stages 

of the disease but rather had different diseases and the same syndrome, one 

(CBS-AD) with more severe cognitive impairment, and another (CBS non-AD) 

with prominent motor features, mostly equivalent to prior observations from 

clinicopathological cohorts. 

 

5.3 Speech-language profile in light of a multimodal imaging approach 

Aphasia was one of the most prominent cognitive impairments in this 

cohort, present in 67.7% of the cases, second only to limb apraxia (96.8%). We 

identified a broad spectrum of the linguistic profile, ranging from nfvPPA 

phenotype to lexical-semantic deficits. Our data are congruent with a previous 

systematic literature review22 and a recent clinicopathologic study38, which 

demonstrated that aphasia occurred in more than 50% of CBS cases during the 

disease course. 

Likewise, a prior retrospective study with a large cohort suggested that 

CBS consisted of a primarily language-motor disease with a predominant 

phenotype of mixed aphasia, thereby being the main cognitive feature47. Our 

findings, along with these reports, strengthen the concept that language 
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impairment, initially underscored in CBS, should be considered a cognitive 

hallmark of the disease.  

 Motor speech production deficits such as dysarthria and AOS have been 

previously linked to CBS with underlying 4R-tauopathies pathologies, such as 

CBD or PSP37,39,51,132. Dysarthria is considered a CBD and PSP frequent 

symptom from its first descriptions2,133 until their latest criteria22,26. Our results are 

in line with these previous studies. Furthermore, the regions with significant 

clusters of brain atrophy at MRI-based VBM in CBS patients with dysarthria were 

previously described as anatomically involved in the motor speech production 

network134. It is worth mentioning that AOS was also more commonly found in 

CBS-A- patients, although not achieving statistical significance.  

In addition, patients with dysarthria showed clusters of rBGM reduction at 

frontal regions, mainly at the left opercular region, premotor cortex, and SMA, 

corroborating a previous finding that patients with nfvPPA who later evolved into 

CBS shared a left-sided pattern involving the inferior frontal gyrus and the SMA 

cortex127. We also provided further evidence that the topography of brain 

hypometabolism could reflect dysfunctional signatures of different language 

deficits. Although most patients with dysarthria in our cohort did not fulfill the 

criteria for nfvPPA, they might pertain to the same language dysfunctional 

spectrum commonly found in the CBS with underlying 4R-tauopathies pathology. 

A logopenic-like aphasia phenotype has been associated with  CBS-AD 

underlying pathology in a previous clinicopathological series38 and a study using 

amyloid-PET50. However, we could not replicate these prior findings in the CBS-

A+ group from our cohort. We hypothesize that the advanced functional stage 

and compromised cognition detected in the CBS-A+ group may have prevented 
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us from obtaining this observation. Otherwise, one additional possibility is that 

the language profiles are too heterogeneous in CBS, and it is often impossible to 

delineate a unique pattern.  

The majority of our patients demonstrated phonemic and semantic verbal 

fluency impairment. It is recognized that verbal fluency performance relates to 

language dysfunction and other cognitive domains such as executive function 

and attention, reflecting initiation and processing speed. Notably, the CBS-A- 

group tended to show a more compromised phonemic verbal fluency, while the 

CBS-A+ group had a worse semantic verbal fluency performance, even though it 

did not reach statistical significance. Most studies have reported reduced word 

fluency in CBS patients47,135, especially concerning phonemic fluency. In line with 

our findings, a previous research work revealed significant impairment in the 

CBS-A− group regarding the phonemic verbal fluency task compared to the CBS-

A+ group129. As we consider that cases from the CBS-A- group probably 

encompass CBD and PSP pathologies, and adding that PSP studies have shown 

even more impairment related to phonemic verbal fluency, we might thus find a 

rationale to this pattern106,136.  

Furthermore, we also assessed neural correlates from verbal fluency 

performance in CBS patients, a matter that has not been extensively investigated 

136. Semantic verbal fluency correlated positively with glucose metabolism in the 

left temporal gyri, whereas phonemic verbal fluency correlated with metabolism 

in the left temporal but also at frontal areas. These findings are also consistent 

with data from functional imaging in healthy adults137.  

 



Discussion 79 

 

5.4 Foot-hand synkinesis as a single clinical feature with distinct molecular 

imaging biomarkers 

Two patients with probable CBS from our cohort presented ipsilateral and 

contralateral foot-hand synkinesis and distinct amyloid imaging biomarkers 

results. Both patients also revealed hypometabolism at the SMA and premotor 

cortex, contralateral to the affected side, where synkinesis occurred.  

Although the brain networks involved in synkinesis are poorly understood, 

they are likely related to dysfunction in the secondary motor areas, such as the 

premotor cortex, SMA, cingulate, and their connections to the primary motor 

cortex44. A previous study using fMRI data in patients with foot-hand synkinesis 

showed that the SMA was activated during hand movements besides the foot 

motor cortex region.  Thus, the SMA might orchestrate the coordination of 

involuntary movements, probably being anatomically correlated with 

synkinesis138. Consonant with this, our cases revealed hypometabolism in this 

area.  

Therefore, we demonstrated that synkinesis might be a motor CBS finding, 

and they are probably not related to its underlying pathology. Instead, they occur 

due to dysfunction of secondary motor areas, mainly the SMA, a specific 

anatomical affected region in CBS.  

 

5.5 Limitations  

The main limitation of our study was the lack of histopathological data. In 

its absence, three amyloid-positive patients classified in the CBS FDG-nonAD 

group could not be properly investigated. However, it should be noted that these 

individuals had a lower PIB uptake than amyloid-positive patients with an AD 
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pattern on FDG-PET. The possibilities of misclassification or comorbid 

pathologies should be considered, as almost 30% of the elderly with normal 

cognition can present positive amyloid imaging98. Meanwhile, the NIA-AA 

Research Framework139 classifies any individual with cortical amyloid deposition 

pertaining to the “AD continuum”. Then, we should consider these cases as 

possible dual pathology, and the lower level of amyloid deposition could 

represent early-stage AD. 

Furthermore, in vivo biomarkers for tau pathology could provide valuable 

information to these cases102,104,140. Thus, the absence of tau biomarkers 

represents another limitation of our study. Although tau-PET might become the 

ideal strategy to assess underlying pathology in CBS, its use in clinical practice 

is limited, mainly restricted to the research context.  

One more limitation was that 14 patients from our sample could not 

perform PET-MRI and complete the whole imaging protocol. These patients had 

major issues as severe motor impairment or MRI contra-indications that 

prevented them from undergoing the exam. Other patients had withdrawn the trial 

before completing the total neuroimaging evaluation due to diverse reasons, 

mainly because of disease progression and institutionalization in a nursing home.  

 
 
 
5.6 Future directions  

Although the present study delineates and addresses the CBS clinical 

conundrum, better and larger studies should tag along and explore different 

facets of this entity.  
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 We demonstrated in our cohort a worse cognitive profile in patients 

with AD metabolic patterns and positive amyloid biomarkers. If these findings 

should be translated into a worse prognosis is yet to be defined, and longitudinal 

clinical analysis of the present sample is warranted. Therefore, clinical and 

biomarkers longitudinal analyses of the present sample, or maybe multicenter 

longitudinal analyses with larger cohorts, would potentially clarify this issue, 

which is a matter of greater importance concerning counseling patients and 

caregivers.    

 Moreover, structural MRI measures of regional atrophy using more 

advanced methods such as FreeSurfer might better evaluate the cortical 

thickness and subcortical deep gray volumes from the present sample. In 

addition, brain networks analyses with DTI from MRI and metabolic covariance 

patterns from FDG-PET would equally enrich the observations obtained from our 

cohort.  

 There is a pressing need for imaging biomarkers that can differentiate the 

underlying CBS pathologies in life, to aid in diagnosis and enable treatment trials. 

Therefore, what will be the ideal imaging biomarker to investigate patients with 

CBS remains an open question. Perhaps, molecular imaging with tau-tracers 

shortly will become the most powerful tool across CBS pathological spectrum. 

However, it is still unclear which will become the preferred choice, if it would be 

the first-generation tau-PET, already approved for clinical use, even though with 

appropriate affinity only for paired helical tau filaments, or the second generation 

tau-PET, with better affinity to straight tau filaments, but still restricted to the 

research context.  
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Although the ideal strategy remains to be defined, it is becoming clear that 

molecular imaging biomarkers should be incorporated in the following proposed 

clinical criteria for CBS and CBD.  
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6 Conclusions 

 

 

a) FDG-PET individual metabolic patterns can distinguish AD from non-

AD CBS variants antemortem based on amyloid-PET. 

b) Metabolic patterns in CBS patients unfolded two main variants with 

distinct clinical features. Patients with an AD metabolic pattern display 

worst cognitive performances and myoclonus, while CBS patients with 

non-AD metabolic patterns might present more prominent motor 

features, including dystonia and ocular motor dysfunction. These 

clinical observations may be helpful in the clinical routine.  

c) CBS patients with cortical amyloid deposition demonstrate worst 

cognitive performances compared to the group with negative amyloid-

PET results. 

d) CBS patients with positive PIB-PET  show hypometabolism in posterior 

temporoparietal areas. Conversely, patients with negative PIB-PET 

show hypometabolism at the thalamus and brainstem. These patterns 

possibly represent metabolic signatures concerning CBS pathological 

variants.  

e)  Areas of increased PIB uptake are more evident in the group with an 

AD metabolic pattern.  

f) CBS patients present a broad spectrum of language deficits. Patients 

with negative amyloid-PET results present more dysarthria than 

patients with positive results. Dysarthria might be helpful to distinguish 

CBS patients not related to AD.  
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g) CBS patients with dysarthria show hypometabolism and brain atrophy 

predominantly at the inferior frontal gyrus and premotor cortex, regions 

previously associated with the motor speech production network.  
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7. Suplementary Materials 

 

 

7.1 Supplementary material A – Addenbrooke Cognitive examination-

Revised  
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7.2 Supplementary material B – Mini-mental state examination 

 
 
Orientação temporal - dia (   ) mês (  ) ano (  ) dia da semana (  ) hora aproximada (   ) 

 

 
Orientação espacial - local específico (  ) local ou andar (  ) bairro ( ) cidade (  ) estado (  )  

 
Memória imediata - vaso (   ) carro (  ) tijolo (  ) 

 

 
Atenção e cálculo - 93 (   ) 86 (  ) 79 (  ) 72 (  ) 65 (  ) 

 

 
Evocação - vaso (   ) carro (  ) tijolo (  )  

 
Nomeação - relógio (   ) caneta (  )  

 
Repetição (“nem aqui, nem ali, nem lá”) - repetição correta na 1ª tentativa (  )  

 
Comando verbal - pegar o papel com a mão direita (  ) dobrar ao meio (  ) colocar no chão (  )  

 
Comando escrito (“Feche os olhos”) - fechou os olhos (   ) 

 

 
Escrita (escrever uma frase) - Sentença com sujeito + verbo e que faça sentido (  ) 

 

 
Desenho - copiar o desenho da interseção de 2 pentágonos (  )  

 
TOTAL (máximo 30)  

 
Atenção/memória operacional - O (  ) D (  ) N (  ) U (  ) M (  )  

 
TOTAL (máximo 35)  

 

Feche os olhos 
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7.3 Supplementary material C – Brief Cognitive Screening Battery 

 
Identificação e Nomeação de 10 figuras  

Apresente a folha de papel com as figuras desenhadas e pergunte: Que figuras são estas? 

Se não for capaz de perceber adequadamente um ou dois itens ou de nomeá-los não 

corrija. Aceite o nome que o paciente deu e considere-os corretos na avaliação da 

memória.  

 

Memória incidental  

Terminada a nomeação, esconda a folha e pergunte: Que figuras eu acabei de lhe mostrar?  

O número de itens evocados fornece o escore de Memória Incidental  

 

Memória imediata  

Ao terminar, entregue novamente a folha ao examinando e diga: Olhe bem e procure 

memorizar estas figuras.  

O tempo máximo permitido é de 30 segundos.  

Novamente, esconda a folha e pergunte: Que figuras eu acabei de lhe mostrar?  

O número de itens evocados fornece o escore de Memória Imediata. 

 

Aprendizado  

Ao terminar, entregue novamente a folha ao examinando e diga: Olhe bem e procure 

memorizar estas figuras.  

O tempo máximo permitido é de 30 segundos.  

Novamente, esconda a folha e pergunte: Que figuras eu acabei de lhe mostrar?  

O número de itens evocados fornece o escore do Aprendizado. 

 

Testes de Iniciativa e Planejamento (Interferência)  

Dois testes são utilizados para avaliar funções executivas, linguagem e habilidades 

visuais-contrutivas. 

 

Teste de Fluência Verbal  
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No teste de fluência verbal solicita-se ao examinando: Você deve falar todos os nomes de 

animais (qualquer bicho) que se lembrar, no menor tempo possível. Pode começar. Anote 

o número de animais lembrados em 1 minuto 

Desenho do relógio (Sunderland et al., 1989)  

Dê uma folha de papel em branco e diga: Desenhe um relógio com todos os números. 

Coloque ponteiros marcando 2h45.  

10 - hora certa  

9 - leve distúrbio nos ponteiros (p. ex.: ponteiro das horas sobre o 2)  

8 - distúrbios mais intensos nos ponteiros (p. ex.: anotando 2:20)  

7 - ponteiros completamente errados  

6 - uso inapropriado (p. ex.: uso de código digital ou de círculos envolvendo números)  

5 - números em ordem inversa ou concentrados em alguma parte do relógio  

4 - números faltando ou situados fora dos limites do relógio  

3 - números e relógio não mais conectados. Ausência de ponteiros 

2 - alguma evidência de ter entendido as instruções, mas vaga semelhança com relógio  

1 - não tentou ou não conseguiu representar um relógio  

 

Memória tardia (5 minutos)  

Ao terminar o desenho, pergunte: Que figuras eu lhe mostrei há alguns minutos? Se 

necessário, reforce, dizendo figuras desenhadas numa folha de papel plastificada.  

O examinando tem até 60 segundos para responder.  

O número de itens evocados fornece o escore de Memória Tardia. 

 

Reconhecimento  

Mostre a folha contendo 20 figuras e diga: Aqui estão as figuras que eu lhe mostrei hoje 

e outras figuras novas. Quero que você me diga quais você já tinha visto há alguns 

minutos.  

Para o Reconhecimento, o escore final é obtido pela subtração: corretas - intrusões. 
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7.4 Supplementary material D – Functional Activities Questionnaire 

 

1. Ele (ela) manuseia seu próprio dinheiro? 

 

0 - Normal                                 0 - Nunca o fez, mas poderia fazê-lo agora          

1 - Faz com dificuldade               1 - Nunca o fez e agora teria dificuldade 

2 - Necessita de ajuda       

3 - Não é capaz 

 

 

2. Ele (ela) é capaz de comprar roupas, comida, coisas para casa sozinho (a)? 

 

0 - Normal                                 0 - Nunca o fez, mas poderia fazê-lo agora          

1 - Faz com dificuldade               1 - Nunca o fez e agora teria dificuldade 

2 - Necessita de ajuda       

3 - Não é capaz 

 

 

3. Ele (ela) é capaz de esquentar a água para o café e apagar o fogo? 

 

0 - Normal                                 0 - Nunca o fez, mas poderia fazê-lo agora          

1 - Faz com dificuldade               1 - Nunca o fez e agora teria dificuldade 

2 - Necessita de ajuda       

3 - Não é capaz 

 

4. Ele (ela) é capaz de preparar uma comida? 

 

0 - Normal                                 0 - Nunca o fez, mas poderia fazê-lo agora          

1 - Faz com dificuldade               1 - Nunca o fez e agora teria dificuldade 

2 - Necessita de ajuda       

3 - Não é capaz 

 

5. Ele (ela) é capaz de manter-se em dia com as atualidades, com os acontecimentos 

da comunidade ou da vizinhança? 

 

0 - Normal                                 0 - Nunca o fez, mas poderia fazê-lo agora          

1 - Faz com dificuldade               1 - Nunca o fez e agora teria dificuldade 

2 - Necessita de ajuda       

3 - Não é capaz 

 

6. Ele (ela) é capaz de prestar atenção, entender e discutir um programa de rádio ou 

televisão, um jornal ou uma revista? 

 

0 - Normal                                 0 - Nunca o fez, mas poderia fazê-lo agora          

1 - Faz com dificuldade               1 - Nunca o fez e agora teria dificuldade 

2 - Necessita de ajuda       

3 - Não é capaz 
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7. Ele (ela) é capaz de lembrar-se de compromissos, acontecimentos familiares, 

feriados? 

 

0 - Normal                                 0 - Nunca o fez, mas poderia fazê-lo agora          

1 - Faz com dificuldade               1 - Nunca o fez e agora teria dificuldade 

2 - Necessita de ajuda       

3 - Não é capaz 

 

8. Ele (ela) é capaz de manusear seus próprios remédios? 

 

0 - Normal                                 0 - Nunca o fez, mas poderia fazê-lo agora          

1 - Faz com dificuldade               1 - Nunca o fez e agora teria dificuldade 

2 - Necessita de ajuda       

3 - Não é capaz 

 

9. Ele (ela) é capaz de passear pela vizinhança e encontrar o caminho de volta para 

casa? 

 

0 - Normal                                 0 - Nunca o fez, mas poderia fazê-lo agora          

1 - Faz com dificuldade               1 - Nunca o fez e agora teria dificuldade 

2 - Necessita de ajuda       

3 - Não é capaz 

 

10. Ele (ela) pode ser deixado(a) em casa sozinho(a) de forma segura? 

 

0 - Normal                                 0 - Nunca ficou, mas poderia ficar agora 

1 - Sim, com precauções              1 - Nunca ficou e teria dificuldade 

2 - Sim, por curtos períodos 

3 - Não poderia 
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7.5 Supplementary material E – Clinical Dementia Rating (CDR) 

 

 

  

 Comprometimento 
 

Normal - 0 
 

Questionável - 0,5 
 

Leve - 1 
 

Moderado - 2 
 

Severo - 3 

 
 
 

 

Memória 

 
 
 
Sem perda de 
memória ou 
esquecimento leve e 
inconstante. 

 
Esquecimento leve e 
constante (em 
oposição a eventual); 
recordação parcial de 
eventos; esquecimento 
“benigno”. 

 

Moderada perda de 
memória; mais 
marcada para eventos 
recentes; déficit 
interfere nas 
atividades cotidianas. 

 

Perda de memória 
grave; somente retém 
material intensamente 
aprendido; 
material novo 
rapidamente 
perdido. 

 
 

 
Perda de memória 
grave; restam apenas 
fragmentos. 

 
 
 
 
 
Orientação 

 
 
 

 

Plenamente 
orientado. 

 

 
Plenamente 
orientado, exceto por 
leve dificuldade nas 
relações temporais. 

 

Dificuldade moderada 
com relações 
temporais; orientado 
para o lugar do 
exame; pode ter 
desorientação 
geográfica em outros 
lugares. 

 

Dificuldade grave com 
relações temporais; 
usualmente 
desorientado para o 
tempo, 
frequentemente para 
o espaço. 

 
 
 

 

Orientado apenas 
para pessoa. 

 
 

 

Julgamento 
e resolução 
de 
problemas 

 
 
Resolve bem problemas 
diários e administra 
bem negócios e 
finanças; bom 
julgamento em 
relação ao 
desempenho prévio. 

 
 
 
Leve dificuldade em 
resolver problemas, 
similaridades e 
diferenças. 

 
Dificuldade 
moderada para 
administrar 
problemas, 
similaridades e 
diferenças; 
julgamento social 
usualmente 
mantido. 

 
Grave dificuldade em 
administrar 
problemas, 
similaridades e 
diferenças; 
julgamento social 
usualmente 
comprometido. 

 
 
 
 
Incapaz de fazer 
julgamentos ou de 
resolver problemas. 

 
 
 
 
Assuntos 
Comunitários 

 
 
Função 
independente no 
nível usual no 
trabalho, em 
compras, grupos 
sociais ou de 
voluntários. 

 
 
 

 
Leve dificuldade 
nessas atividades 

 
Incapaz de funcionar 
independentemente 
nessas atividades, 
embora ainda 
possa engajar-se 
em algumas; 
parece normal à 
inspeção casual. 

 
Nenhuma referência a 
funcionamento 
independente fora de 
casa. Parece estar 
bem para 
ser levado a 
atividades fora de 
ambiente familiar. 

 
Nenhuma referência 
a funcionamento 
independente fora de 
casa. Parece estar 
muito doente para ser 
levado a atividades 
fora de ambiente 
familiar 

 
 
 
Tarefas do 
Lar e 
Atividades 
de Lazer 

 
 
 
Vida no lar, 
passatempos e 
interesses 
intelectuais bem 
mantidos. 

 

 
Vida no lar, 
passatempos e 
atividades 
intelectuais 
levemente 
comprometidos. 

 
Dificuldade leve mas 
evidente nas funções 
do lar; tarefas mais 
difíceis abandonadas; 
passatempos e 
interesses mais 
complexos 
abandonados. 

 

 
Somente tarefas 
simples 
preservadas, 
interesses muito 
restritos e mal 
sustentados. 

 
 
 
 
Sem função 
significativa em 
casa. 

 
 
 
Autocuidado 

 
 
 
Plenamente capaz de autocuidado. 

 
 
 
Necessita estímulo. 

 
Requer ajuda para 
vestir-se, higiene 
e cuidado com 
objetos pessoais. 

 
Requer muita ajuda 
para o cuidado 
pessoal, incontinência 
frequente. 

 
Escore Clínico de Demência (CDR) 

 
0 

 
0,5 

 
1 

 
2 

 
3 
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7.6 Supplementary material F – Neuropsychiatric Inventory (NPI) 
 

 

 

ITEM NA Aus Freq Int F x I 

Delírios X 0 1 2 3 4 1 2 3  

Alucinações X 0 1 2 3 4 1 2 3  

Agitação X 0 1 2 3 4 1 2 3  

Depressão/disforia X 0 1 2 3 4 1 2 3  

Ansiedade X 0 1 2 3 4 1 2 3  

Euforia/elação X 0 1 2 3 4 1 2 3  

Apatia/indiferença X 0 1 2 3 4 1 2 3  

Desinibição X 0 1 2 3 4 1 2 3  

Irritabilidade/labilidade X 0 1 2 3 4 1 2 3  

Comportamento motor aberrante X 0 1 2 3 4 1 2 3  

Comportamentos noturnos X 0 1 2 3 4 1 2 3  

Apetite/alterações alimentares X 0 1 2 3 4 1 2 3  

TOTAL  
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Appendix  G  –Review article published in Dementia & Neuropsychologia. 
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