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Chapter 1 

General Introduction 
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Historic overview and terminology 

 

In 1892 Arnold Pick, who was a Tjech psychiatrist, described a 

case with behaviour and language disturbances, associated with 

marked left frontotemporal atrophy at macroscopic post-mortem 

examination of the brain. 1 In later case descriptions he drew 

again attention to the presence of lobar atrophy in relation to 

neurodegenerative cognitive disorders. 2-4 Only in 1911 the 

microscopic changes in the brain were described by Alois 

Alzheimer. 5 Apart from the atrophy of the frontal and temporal 

lobes, intraneuronal argentophyllic inclusions were discovered 

and called Pick bodies. Alzheimer also described the Pick cells 

and spongiosis. 

One of the earliest attempts to describe clinico-anatomico-

pathological correlations in Pick’s disease was performed by van 

Mansvelt in 1954. From the published cases thus far, it appeared 

that ‘essential dementia’, affecting only the higher, moral 

functions, progressed to a more general breakdown of impulse 

control and speech disturbances, eventually resulting in ‘frontal 

decortication’. 6 Three types of cerebral localisation were 

recognised; the frontal, temporal and mixed type. Moreover, the 

association between Pick’s disease and motor neuron disease 

(MND) was described. 

In the eighties of the 20th century, both the Lund and Manchester 

groups collected relatively large samples of autopsied dementia 

cases with non specific neuronal degeneration, but with a similar 

clinical picture as Pick’s disease. 7-9 These findings extended the 

concept of Pick’s disease to ‘dementia of the frontal type’ and led 

to the first international consensus conference in which clinical 

diagnostic and pathological criteria for frontotemporal dementia 

(FTD) were described. 10 Meanwhile, in 1975 the British neuro-

psychologist Elisabeth Warrington was the first to describe a 

neurodegenerative disorder characterised by a profound loss of 

semantic memory. 11 There was a remarkable categorical effect in 
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this disorder. 12 Marsel Mesulam introduced the term ‘primary 

progressive aphasia’ for a neurodegenerative disorder with 

isolated and gradual loss of language functions, eventually 

leading to dementia. 13 Both disorders had predominant temporal 

lobe involvement. 

In 1998 a second international consensus conference the term 

frontotemporal lobar degeneration (FTLD) was proposed for the 

spectrum of clinical syndromes preferentially affecting the frontal 

and/or temporal lobes; FTD, semantic dementia (SD) and 

progressive non-fluent aphasia (PA). 14 For each of these 

prototypical syndromes core diagnostic criteria, supportive 

critera and exclusion criteria were stated. Most recently, in 2001 

an international consensus conference, initiated in the United 

States of America, was held with the emphasis on 

neuropathological standards. 15 The clinical syndromes of FTLD 

were now simplified as the behavioural and the language variants 

of frontotemporal dementia. 

Because of clinical and pathological overlap, some behavioural 

neurologists adhere to an extended spectrum of disorders, 

including corticobasal degeneration (CBD) and progressive 

supranuclear palsy (PSP), and term this the ‘Pick complex’ or just 

FTLD. 16  

Moreover, subtypes of the clinical syndromes are being 

described, such as logopenic progressive aphasia as a variant of 

primary progressive aphasia. 17 Because research in the field of 

FTD and related disorders is relatively young, and the disorder is 

clinically and pathologically complex, it thus appears that 

terminology is subject to change and some voices have already 

addressed the need for new clinical diagnostic criteria. 

In this thesis, the clinical diagnostic criteria of Neary et al. have 

been consistently applied, moreover have they been the subject 

of investigation. 14 
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Clinical aspects 

 

FTD the behavioural variant of the FTLD spectrum, is 

characterised by profound character and behavioural changes. 18 

Cognitive deterioration, in particular in the domains of executive 

functioning, language and memory, is less prominent at 

presentation, but inevitably leads to dementia in the course of 

the disease. A wide range of sometimes even opposite aberrant 

behaviours can occur. These behaviours may vary among 

patients, but can also occur serially in one patient. In summary, 

most behaviours can be considered as an expression of the 

frontal lobe syndrome. Three behavioural syndromes have been 

recognised, according to their predominant features; the 

disinibited syndrome, the apathetic syndrome, and the 

stereotypic syndrome. Each of the syndromes is related to an 

anatomical region carrying the brunt of pathology; the 

orbitofrontal cortex, the dorsolateral prefrontal cortex, and the 

temporal cortex in its relationship to the basal ganglia. 19 
 

Common features that affect both behaviour as well as higher 

cognitive functioning are the inability to initiate actions, to inhibit 

inappropriate responses, to monitor goal driven behaviour by 

shifting strategies and applying feed back mechanisms, to plan 

ahead and to abstract reasoning. Another mechanism that can be 

considered a part of the frontal lobe syndrome, and has only 

recently been paid attention to, is the inability to read somebody 

else’s mind and emotional state.20,21 Disturbances in this so called 

‘Theory of Mind’ lead to a subtle but devastating social 

inappropriateness and apparent emotional bluntness, which is 

often the first sign noticed by partners and family members. In 

many cases stimulus bound behaviour occurs, meaning that 

behaviour is more regulated by circumstantial events than by the 

patient’s own will. 22,23  
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Personality change can be so profound that personal taste for 

music, art and clothes differs strikingly from the premorbid 

situation. 24 Moreover, food preferences can change into a 

preference for sweet foods, whereas eating behaviour itself can 

change into gluttony and eventually eating non-edible objects, 

accompanied by the risk of choking. 25 

A common feature of FTD is a profound change in emotional 

state, usually a flattening of affect. Hyperemotional and labile 

moods can occur as well. In a number of cases the disease is 

preceded by depression. These symptoms can cause differential 

diagnostic difficulties with psychiatric disorders. 

 

In progressive non-fluent aphasia and semantic dementia 

language disturbances are more prominent than behaviour 

change. PA typically starts with an effortful, non-fluent speech, 

characterised by word finding difficulties and grammatical errors. 

After a time period of several years, other cognitive disturbances, 

mostly executive, and personality change represent the spread of 

focal left perisylvian pathology into the frontal and temporal 

lobes. Semantic dementia is characterised by a profound loss of 

semantic knowledge, i.e. the multimodal meaning of concepts. 

Clinically the first symptoms consist of loss of word meaning, 

causing typical questions like ‘strawberry, what is strawberry?’, 

later followed by semantic paraphasias, although spontaneous 

speech remains fluent. 26 A substantial number of semantic 

dementia patients develop self centeredness and complex daily 

rituals, often related to a fixed time schedule. Besides, the same 

behavioural hallmarks as in FTD may occur. 27 

The three prototypical FTLD syndromes have in common that the 

onset is often before the age of 65 years. 14 

 

 5



 

 

 

 

 

Legend: Drawings from two patients with FTLD, illustrating preservation of 
visuospatial abilities and a preference for repetitive patterns (printed with 
permission of patients) 
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Pathology of frontotemporal lobar degeneration 

 

In recent years, the neuropathology of FTLD has been an ever 

moving field. Whereas the original descriptions of Pick’s disease 

refer to ballooned neurons and argentophyllic intraneuronal 

inclusions in layers I to III of the frontal and temporal cortices, 

the Lund and Manchester groups reported a large number of 

cases with non specific frontotemporal neuronal degeneration, 

so called dementia lacking distinctive histopathology (DLDH). 7,28,29 

A number of proteins have now been identified in subtypes of 

FTLD; tau, different classes of neurofilaments, and ubiquitin. 30-32 

It was recently discovered that the protein covered by ubiquitin is 

TDP-43, which is a protein involved in protein transcriptions. 33 

Since these scientific developments, the growing number of 

distinctive pathologies outnumbers cases with DLDH. 15  

 

 

Epidemiology and genetics of FTLD 

 

There are no good prevalence estimates of FTD. FTD is probably 

under-diagnosed. FTD is considered the second cause of 

dementia after Alzheimer’s disease (AD). 

A prevalence study in The Netherlands found a maximum 

prevalence of FTD of 4-7 / 100 000 with a peak in the age group 

between 60 and 69 years. 34 Forty % of cases have a family 

history for dementia. Mutations in the tau gene account for 14% 

of FTD cases in the Netherlands. 35 Recently a second mutation 

responsible for about the same proportion of familial FTD was 

found in the progranulin gene, located on the same chromosome 

as the tau gene (chromosome 17). 36 It is estimated that 5 to 10% 

of FTD cases is related to a progranulin mutation. The finding of 

these mutations has led to the scientific research of possible 

proteins that play a role in the pathogenesis of FTD. 
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The majority of FTD cases, however, are sporadic. No mutations 

were found in this group. Hardly any research has been 

performed to identify risk factors for developing FTD. 37 

 

 

Ancillary investigations in FTLD 

 

Structural neuroimaging is the most helpful examination in 

suspected FTLD. In semantic dementia and progressive non-

fluent aphasia localised atrophy of the left temporal pole and the 

perisylvian region can be visualised respectively. 13,26  In FTD 

symmetric or asymmetric frontal, frontotemporal or temporal 

atrophy may be present. 38,39 In some cases atrophy extends into 

the parietal lobe. Hippocampal atrophy may be present as well, 

illustrating that this feature is not specific for Alzheimer’s 

disease. 39-42 Ballooning of the ventricles is another radiological 

feature of FTD. Sensitivity and specificity of structural neuro-

imaging (MRI or CT) for FTLD have not systematically been 

investigated. In particular in FTD, sensitivity appears to be rather 

low, about 50%. 43 

In cases with normal or inconclusive structural neuroimaging 

findings, functional neuroimaging can be performed. SPECT 

(Single Photon Emission Computed Tomography) and PET 

(Positron Emission Tomography) have higher sensitivities than 

structural neuroimaging to detect regional perfusional or 

metabolic change. 44,45 However, these investigations may also be 

normal in early FTD. 46 

Psychometric testing can help to identify executive and language 

disturbances with sparing of visuospatial abilities. With respect 

to episodic memory, former reports stating that no gross 

memory disturbances are present in FTD have been contradicted 

by studies that found even amnesic disturbances in FTD. 47 It is 

important to note that patients with prominent behaviour 

changes may perform normally in the setting of structured 
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neuropsychological testing. Apart from assessing the test scores, 

observation of the patient’s behaviour in the test situation is 

relevant. 19 

 

 

Diagnostic difficulties 

 

The main controversy is that the definition of FTD does not fit 

within the DSM IV definition of dementia. 48 Intuitively, FTD is a 

type of dementia, because it is a neurodegenerative brain 

disease, leading to the breakdown of personal behaviour, 

emotional regulations and multiple cognitive functions. The 

composite of all aspects causes social and professional 

dysfunction of an affected individual. 

 

Both the relative young age and the presentation with 

behavioural symptoms instead of predominant cognitive 

disturbances explain why FTD goes often unrecognised. 49,50 By 

definition FTD patients have decreased insight. Therefore, in 

general they will not attend a doctor, while their caregivers do on 

their behalf. Referrals to marital therapists, psychologists, and 

psychiatrists are common.  

Additional investigations, such as a CT scan or MRI scan of the 

brain may be initially normal. FTD patients can perform normally 

on standard psychometric tests, even including tests for complex 

executive functioning. 

 

The relative diagnostic delay and misinterpretation of symptoms 

contributes to psychological uncertainty for patients and 

caregivers. A timely and correct diagnosis provides a prognosis 

and a guide to management of symptoms. 
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Outline of the thesis 

 

In this thesis the following research questions are investigated: 

What is the role of clinical information for a diagnosis of FTD? 

Is there a role for alternative tools in the diagnosis of FTD? 

 

The first question is addressed in Chapter 2 of the thesis. The 

initial complaints of patients with FTLD as opposed to symptoms 

noted by their caregivers are reported in a retrospective study 

and an attempt is made to assess diagnostic delay. The 

diagnostic accuracy of the core consensus criteria for FTD is 

investigated within the reference population of a memory clinic, 

using an informant based questionnaire. The diagnostic difficulty 

of FTD in the context of psychiatric disorders is illustrated by a 

systematic case study. From these studies recommendations for 

clinical management can be drawn. 

 

In the Chapter 3 of the thesis new tools in the diagnosis of FTD 

are explored, as an alternative to the standard examinations of 

neuroimaging and neuropsychological examination. Measuring 

cerebrospinal fluid (CSF) concentrations  of proteins that are 

involved in neurodegenerative diseases is a new field of interest 

in dementia and neuroinflammatory diseases such as multiple 

sclerosis. 51 It is hypothesised that levels of CSF biomarkers are 

related to pathological intracerebral processes. In some CSF 

studies that have been performed in FTLD thus far, FTLD served 

as a control group opposed to AD. 52-54 Studies that were 

specifically aimed at FTLD found varying results. 55-63 In this thesis 

we investigated whether FTLD patients can be differentiated from 

patients with other types of dementia such as AD, based on CSF. 

On the other hand it is important to find markers that are able to 

distinguish FTLD from subjects that have behavioural 

disturbances without neurodegeneration. 
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Chapters 3.1 – 3.3 describe the findings on CSF tau, amyloid beta 

(1-42) (Aβ42), amyloid beta (1-40) (Aβ40) and neurofilaments in 

FTD compared with patients with AD and non-demented control 

subjects. 

The electroencephalogram (EEG) has been reported to be normal 

until the advanced stages of FTD. 8 As the EEG is a measure of 

neuronal integrity, this is at least remarkable. In Chapter 3.4 the 

results of an EEG study, investigating both routine visual EEG 

measurements as well as measures of functional connectivity in 

FTD compared with AD and controls are described. 

 11



 

 12



 

 

2 
Chapter 2 

Clinical diagnosis 

 13



 14



 

 

2.1 
Chapter 2.1 

Initial complaints in FTLD 

 

 
 
 
 
Yolande A.L. Pijnenburg 
Freek Gillissen  
Cees Jonker  
Philip Scheltens 
 

 

 

 

 

 

 

 

 

 

 

 

 
Dement Geriatr Cogn Disord 2004;17:302-306 

 15



ABSTRACT 

 
INTRODUCTION 

FTLD IS PROBABLY UNDER-RECOGNISED. THE GOAL OF THIS STUDY WAS TO 

INVESTIGATE INITIAL COMPLAINTS OF BOTH PATIENTS AND THEIR CAREGIVERS 

AT FIRST SPECIALIST REFERRAL. ALSO, WE TRIED TO ASSESS WHETHER 

MISRECOGNITION OF SYMPTOMS CONTRIBUTED TO DIAGNOSTIC DELAY. 

 
METHODS 

THE CASE NOTES OF ALL PATIENTS DIAGNOSED WITH FTLD AT THE VUMC 

UNIVERSITY CENTER, ALZHEIMER CENTER OF AMSTERDAM, SINCE 1998 WERE 

RETROSPECTIVELY REVIEWED. ONLY PATIENTS OF WHOM DETAILED 

INFORMATION OF FIRST SPECIALIST REFERRAL WAS AVAILABLE WERE INCLUDED. 

THE DIAGNOSIS OF FTLD WAS BASED ON THE CLINICAL DIAGNOSTIC CRITERIA 

OF NEARY AND SNOWDEN, SUPPORTED BY ANCILLARY INVESTIGATIONS. 

 
RESULTS 

FORTY-SIX PATIENTS WITH FTLD WERE INCLUDED. TWENTY-ONE PATIENTS HAD 

FTD, 17 SEMANTIC DEMENTIA (SD) AND 8 PROGRESSIVE NON-FLUENT 

APHASIA (PA). THE MAJORITY OF THE FTD PATIENTS PRESENTED WITHOUT 

COMPLAINTS OR WITH SOMATIC COMPLAINTS AND NEARLY A QUARTER OF THEM 

EXPRESSED MEMORY COMPLAINTS. THE PRESENTING COMPLAINTS OF MOST OF 

THEIR CAREGIVERS DIFFERED FROM THE PATIENTS’ COMPLAINTS AND OFTEN 

CONSISTED OF COGNITIVE COMPLAINTS. IN SD AND PA LANGUAGE PROBLEMS 

BUT ALSO FORGETFULNESS WERE PRESENTED. MISRECOGNITION OF THE INITIAL 

SYMPTOMS IN SOME CASES SEEMED TO HAVE CONTRIBUTED TO DIAGNOSTIC 

DELAY. 

 
CONCLUSION 

PRESENTING COMPLAINTS IN FTLD CAN BE MISLEADING. IN OUR COHORT, 

MEMORY COMPLAINTS OCCURRED RELATIVELY OFTEN. A MULTIDISCIPLINARY 

APPROACH, INCLUDING A STRUCTURED BEHAVIOURAL INTERVIEW, IS 

IMPORTANT TO RECOGNISE SYMPTOMS OF FTLD. 
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Introduction 

 

FTLD is a spectrum of behavioural and cognitive disorders 

characterised by degeneration of the frontal and temporal lobes. 14 

FTLD comprises three clinical syndromes of which fronto-

temporal dementia (FTD) mostly presents with profound 

personality and behavioural changes. The temporal variants 

semantic dementia (SD) and progressive non-fluent aphasia (PA) 

mostly present with language disturbances. Behavioural changes 

in SD are very common and partly overlap with those observed in 

FTD. 27,64  

FTLD, especially its behavioural presentation, is probably widely 

under-recognised. In the first place, when presenting features are 

behavioural rather than cognitive, a psychiatric disorder rather 

than an organic brain syndrome is suspected. Second, although 

structural and functional brain imaging has been reported to be 

sensitive for FTD, 65 in an early stage of the disorder both can be 

normal. 46 Furthermore, there is an overlap of clinical symptoms 

and radiological findings with other types of dementia. For 

example, semantic memory problems can occur in AD 66 as well 

as in SD and hippocampal atrophy can occur in both disorders, 40 

albeit in an asymmetrical distribution in SD. One other reason for 

misrecognition could be the misinterpretation of presenting 

symptoms by patients, as well as caregivers and clinicians. 

Patients with FTD are characterised by an early loss of insight 14 

and consequently will be unable to take notice of their 

behavioural changes. Caregiver perceptions are often coloured 

by relational and emotional factors. Slowly occurring social 

withdrawal and loss of speech output can be easily interpreted 

by signs of depression. Inadequate interpersonal behaviour 

might be attributed to teasing behaviour or abuse. 

The goal of the present study was to investigate the spectrum of 

presenting complaints in FTLD by both patients and caregivers 
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and to try to assess to what extent presenting symptoms might 

be misleading, with delay of diagnosis as a consequence. 
 

 

Patients and methods 

 

All patients were included who had been diagnosed with FTLD 14 

since 1998 at the VU University Medical Center, Alzheimer 

Center, which is a tertial referral center. Only patients, of whom 

detailed clinical information of the first specialist referral, not 

necessarily the VU University Medical Center, was available, were 

included in the study. All case notes were reviewed 

retrospectively for the main complaint that was spontaneously 

expressed by the patient and the main complaint of the 

caregiver, as well as the first medical interpretation of the 

clinician at time of the first specialist referral. 

The diagnosis FTLD was based on the clinical diagnostic criteria 

of Neary and Snowden 14 plus the presence of supportive 

ancillary investigations in all cases. To this purpose, patients 

underwent a structural cognitive and behavioural interview and in 

all patients neuropsychological examination and structural 

neuroimaging (CT or MRI) were performed. When structural 

neuroimaging was normal, 99mTc-hexamethyl propyleneamine 

oxide (HMPAO) SPECT was performed. The neuropsychological 

examination included tests of episodic memory (Visual 

Association Test, 67 15 word test), concentration and mental 

speed tests (Stroop colour word test, digit span), tests of 

executive functioning (Wisconsin Card Sorting Test, trail making, 

and elements of the Behavioural Assessment of the Dysexecutive 

Syndrome 68), visuospatial abilities (clock drawing, figure 

reconstruction), semantic memory and language skills (category 

and letter fluency tasks, naming animals). 
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Disease duration at presentation was based on history taking. 

Diagnostic delay was computed as the time difference between 

date of first referral and the date of diagnosis. 

Statistical differences between the three main groups (FTD, SD, 

PA) were assessed by the Kruskal-Wallis test for continue 

variables and Pearson’s Χ2 test for nominal variables (software 

package SPSS 10.0 for windows). 
 

 

Results 

 

Patient characteristics 

The total cohort existed of 64 FTLD patients. Eighteen of these 

were excluded from the study because essential data of the first 

specialist referral were not available.  

Of the 46 patients included, twenty-one had been diagnosed with 

FTD, 17 with SD and 8 with PA. The clinical diagnosis of FTLD 

was supported by frontal or temporal abnormalities on structural 

or funtional neuroimaging in 44 cases. In four cases HMPAO-

SPECT was abnormal in the absence of structural imaging 

abnormalities. In 1 case the clinical picture of FTLD was 

confirmed by neuropsychological examination with the exclusion 

of other causes of dementia by neuroimaging. In 2 patients the 

diagnosis of FTD was confirmed by post-mortem examination. 

Patient characteristics are displayed in Table 1. Age differences 

were not significant between groups. There were no significant 

differences in disease duration at presentation. There was an 

overrepresentation of men compared to women in all subgroups. 

Eight FTLD patients had been referred to a psychiatrist and 38 to 

a neurologist. 
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Table 1 Patient characteristics 
 

Clinical diagnosis 
Frontotemporal 

dementia 

Semantic 

dementia 

Progressive 

aphasia 

Number of patients 21 17 8 

Male : female 17 : 4 11 : 6 5 : 3 

Median age (years) 59 (50-79) 67 (55-85) 65.5 (57-75) 

Median disease duration 

at first specialist referral  

(years) 

1.5 (0.1-8) 1.5 (0.2-5) 2 (1-4) 

Number (%) of patients 

with diagnostic delay 
13 (62%) 5 (29%) 1 (13%) 

Median duration of 

diagnostic delay (years) 
2 (0.5-5.5) 2 (1-3.5) 1 

 

Legend: Figures in parentheses indicate ranges or percentages 

 

First complaints reported by patients  

Presenting complaints of both patients and caregivers are 

displayed in Table 2. 

Seven of the FTD patients had no complaints at presentation. The 

FTD patients with a somatic presentation complained of 

headache, hearing noises, allergic reactions and feeling 

‘hypoglycaemic’. Five FTD patients complained of being 

forgetful. Furthermore, patients experienced a depressed mood 

or word finding difficulties. 

In SD the majority of patients presented with language problems 

(either word finding difficulties or difficulties with 

comprehension of spoken language or both). Forgetfulness was 

the main complaint at presentation in five cases. Other 
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complaints of cognitive functioning, disturbed recognition of 

persons, and mood complaints were mentioned as well, whereas 

2 patients had no initial complaints. 

The majority (5/8) of the patients with PA presented with word 

finding difficulties. Also, forgetfulness, mood complaints and 

somatic complaints were encountered. 

 
Table 2 Presenting complaints by patients and 

caregivers at first specialist referral 
 

Complaints 
FTD 

patients 

FTD 

caregivers 

SD 

patients 

SD 

caregivers 

PA 

patients 

PA 

caregivers 

None  7 0 2 0 0 0 

Somatic  5 0 0 0 1 0 

Mood  2 0 1 0 1 0 

Memory  5 7 5 4 1 1 

Cognitive  0 3 2 1 0 0 

Language 2 2 6 6 5 5 

Behaviour / 

personality 
0 9 0 3 0 1 

Other 0 0 1 2 0 0 

Total 21 21 17 16 8 7 
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First complaints reported by caregivers 

The main complaints based on the caregiver history in FTD were 

changes in personality and behaviour, complaints about the 

patient being forgetful, general cognitive deterioration and word 

finding difficulties (Table 2). The majority of caregiver 

observations differed from patient complaints. In only 3/20 FTD 

cases patients and caregivers reported the same complaint, 

which consisted of forgetfulness or a language problem. 

Caregivers of patients with SD complained of language problems, 

memory or cognitive disturbances, personality change and 

disturbed recognition of familiar persons. Of 1 patient no 

caregiver information was available. In 10/17 SD patients the 

complaints of the caregivers were in line with the patients’ 

complaints. 

In PA the reported language difficulties by the patients were 

confirmed by the caregivers. 

 

Interpretation by medical specialists based on first 

presentation 

Clinical interpretation of symptoms in FTD consisted of 

behavioural change or frontal lobe syndrome (n=7), memory or 

cognitive disorder (n=4), mood disorder (n=3), and no medical 

explanation (n=3). In 3 cases another neurological disorder such 

as cerebrovascular disease was suspected and in one case the 

presenting complaints were interpreted as hypochondria. A 

semantic memory or language disorder was suspected in the 

majority of SD patients, but in five cases a more general 

cognitive disorder was suspected and in one case complaints of 

cognitive deterioration were interpreted as subjective complaints. 
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Frequency and duration of diagnostic delay 

Presence and duration of diagnostic delay after first presentation 

are indicated in Table 1. The frequency of diagnostic delay 

between the three subgroups differed significantly (p=0.03). In 

11/13 (85%) FTD cases initial misrecognition of symptoms 

seemed to play a role in diagnostic delay. In SD there was a 

possible role of medical misinterpretation in 3/5 cases. 

Diagnostic delay occurred in only one patient with progressive 

non-fluent aphasia, as the clinical picture was not recognised by 

the neurologist although localized left temporal atrophy was 

visible on CT. 

 

Relationship between subjective forgetfulness and 

neuropsychological findings 

Twelve FTLD patients presented with forgetfulness. The 

neuropsychological profiles of these patients were in agreement 

with a diagnosis of FTLD. In none of these patients episodic 

memory disturbances were the most prominent neuro-

psychological finding. When evident episodic memory 

disturbances were present, they co-occurred with semantic 

memory disturbances and executive dysfunction. Visuospatial 

functions were relatively spared.  
 

Behavioural characteristics 

All patients with FTD had behavioural abnormalities at time of 

diagnosis, which in most cases had been present retrospectively. 

These comprised a variety of behaviours such as disinhibited 

driving behaviour, compulsivity, thriftiness, hoarding, irritability, 

inactivity, aggressive behaviour and hypersexuality. In 12/17 of 

the SD patients behaviour and personality changes were present. 

These included selfishness, compulsive behaviour, disinhibited 

behaviour and in one patient a change of personal taste for 
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objects and colours. In PA, apart from a mild decrease of 

activities in some patients, no major behaviour changes were 

present. 
 

 

Discussion 

 

In our cohort presenting complaints in FTD patients were often 

absent or misleading and in the majority of cases did not 

correspond with the caregiver history. Subjective memory 

complaints were reported relatively often, but these could not be 

demonstrated as the predominant cognitive disturbance by 

neuropsychological investigation. To a lesser extent, also 

complaints presented by caregivers were misleading. Mis-

recognition of FTLD most often occurred in the behavioural 

variant, FTD, followed by misrecognition of SD in a smaller 

proportion, whereas PA was relatively well recognised. 

Our data give a good impression of the difficulties in diagnosing 

FTLD. Behavioural and emotional symptoms occurring in FTD 

patients are often not told spontaneously by caregivers or are 

not recognised as such, stressing the importance to clinicians to 

perform, apart from the cognitive interview, a structured 

behavioural interview. As our patients were collected from a 

memory clinic, our results could be biased by a more cognitive 

diagnostic approach. This setting even might have influenced 

the patients’ and caregivers’ presenting complaints. A relatively 

small proportion of our cohort had been referred to a 

psychiatrist in the first place. Psychiatric referral has been 

reported to be more frequent in other FTD cohorts. 50,69 

Although a small number of patients, our subgroup of eight 

patients with a psychiatric referral did not present with memory 

complaints, but rather with somatic complaints, mood 

complaints, or the absence of complaints. 
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The frequency of memory complaints expressed by both patients 

and caregivers in our cohort is higher than found by Pasquier et 

al. 50 in their cohort, where only 16% of caregivers mentioned 

memory disturbances as an important symptom. Based on a 

retrospective questionnaire 6 out of 21 (29%) post-mortem 

confirmed FTD patients had early memory troubles according to 

their caregivers in a study of Barber et al. 70 

With the given data it is, of course, hard to judge about the role of 

medical misinterpretation in diagnostic delay. However, when there 

is no clinical suspicion of FTLD, patients risk to be lost for follow-

up and clinicians might not see an indication to perform ancillary 

investigations. On the other hand, investigations in the early stages 

can be normal and do not exclude a diagnosis of FTLD, stressing 

the importance of clinical follow-up once FTLD is suspected. This 

probably holds true most for the FTD patients as the temporal 

variants of FTLD often present with language problems and 

temporal lobar atrophy is a consistent finding. 26,40,71,72 

More knowledge of the spectrum of presenting features in FTLD 

will be helpful to earlier recognise FTLD syndromes in the future. 

The diagnosis of FTLD ideally requires a multidisciplinary 

approach. 
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ABSTRACT 

 
INTRODUCTION 

THE GOAL OF THE PRESENT STUDY WAS TO EVALUATE THE DIAGNOSTIC 

ACCURACY OF THE CORE DIAGNOSTIC CRITERIA FOR FTD (NEARY ET AL., 

1998) WITHIN A MEMORY CLINIC POPULATION. 

 
METHODS 

THE 5 CORE DIAGNOSTIC CRITERIA FOR FTD WERE OPERATIONALISED IN AN 

INFORMANT BASED WRITTEN QUESTIONNAIRE. FOR A DIAGNOSIS OF FTD THE 

TOTAL CLINICAL PICTURE WAS WEIGHTED WITH FINDINGS ON ADDITIONAL 

INVESTIGATIONS AND POSSIBLE EXCLUSION CRITERIA, WITH FOLLOW-UP OF AT 

LEAST ONE YEAR. 

 
RESULTS 

THE OPERATIONALISED CORE CRITERIA FOR FTD HAD A SENSITIVITY OF 79% 

(95% CI 57-92) AND A SPECIFICITY OF 90% (95% CI 85-94). 

 
CONCLUSION 

THE CORE DIAGNOSTIC CRITERIA FOR FTD APPLIED IN A CAREGIVER 

QUESTIONNAIRE HAVE GOOD DIAGNOSTIC ACCURACY AMONG SUBJECTS 

WITHOUT ADVANCED DEMENTIA ATTENDING A MEMORY CLINIC. THIS STRESSES 

THE IMPORTANCE OF THE INFORMANT BASED HISTORY IN THE DIFFERENTIAL 

DIAGNOSIS OF DEMENTIA. 
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Introduction 

 

FTD is a neurodegenerative disorder predominantly affecting the 

frontal and temporal lobes, presenting with prominent 

behavioural and personality changes, followed by disturbances of 

executive functions, language, and memory. Although often 

under-recognised, FTD accounts for about 10% of dementia cases 

and for about 20% of dementia starting before the age of 65 

years. 73 In 1994 the Lund and Manchester international 

consensus meeting drew the attention towards the syndrome in 

a mainly descriptive way. 74 A few years later, the Lund and 

Manchester criteria were refined to the concept of FTLD 

representing a clinical spectrum of the prototypical variants FTD, 

semantic dementia (SD) and progressive non-fluent aphasia (PA). 14 

For FTD a set of five core criteria was formulated together with a 

number of supportive features and exclusion criteria (Appendix 1). 

In the most recent consensus conference, FTLD was simply 

divided into the behavioural and the language variants of 

frontotemporal dementia, whereas the main focus lies on 

pathological classification. 15 To date, the most broadly applied in 

clinical practice are the Neary and Snowden diagnostic criteria. 14 

In clinical practice, the use of these criteria raises several 

questions. Their reliability has only scarcely been investigated 

and no prospective studies have been performed. The most 

recent study investigated ante-mortem clinical diagnoses in 34 

patients with autopsy proven FTLD in a memory clinic cohort and 

found a sensitivity of 85% and specificity of 99% of the Neary and 

Snowden diagnostic criteria. 43 In this study, diagnoses were 

based on the composite of the clinical syndrome, neuro-

psychological findings and neuroimaging results, evolving over 

time. Investigating the individual core clinical diagnostic criteria, 

however, a retrospective clinico-clinical study found that only one 

third of FTD patients fulfilled all five criteria at presentation. 73 

Moreover, it is hard to qualify and quantify behavioural and 
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emotional characteristics represented in the five core diagnostic 

criteria, all needed for a diagnosis of FTD. As it is allowed to 

make a diagnosis of FTD based on purely clinical criteria, 

however, correct application of these behavioural criteria is 

essential. Observation of the patient is one means to do so, 

however, for a full appraisal of behavioural and emotional 

changes, the caregiver history is indispensable. In the current 

study the presence or absence of the Neary and Snowden core 

diagnostic criteria for FTD were rated by caregivers using an 

informant based questionnaire. The diagnostic accuracy of the 

operationalised clinical diagnostic criteria was determined with 

reference to the multidisciplinary diagnosis confirmed by at least 

one year of follow-up. 
 

 

Methods 

 

Development and application of a questionnaire 

A written caregiver questionnaire was developed in which the 5 

core diagnostic criteria were formulated as a question. For 

example, ‘an early change in personal behaviour’ was formulated 

as: ‘Has there been an evident change of his/her personal 

behaviour?’  The addition ‘early’ is not formulated in this 

question, as only subjects with no or mild dementia were included 

(see patients section). On the other hand, to avoid a high number 

of positive answers in all cases with slight personal behaviour 

change, the addition ‘evident’ was made. Subsequently, only in 

case of a positive answer on the questions on ‘behaviour towards 

other people’ (question no.2) and ‘personal behaviour’ (question 

no. 3) a second set of questions was presented to identify the type 

of behaviour or personality change. These were derived from 

various questionnaires and descriptions of characteristic 

behaviour in FTD in the literature. 8,25,27,70,74,75 The original Dutch 
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version as well as a translation of the full questionnaire is 

illustrated in the appendix (Appendix 2). 
 

The questionnaire was sent to caregivers or relatives of subjects 

visiting the VU University Medical Center (VUmc) memory clinic 

prior to their first consultation, as part of the standard screening 

procedure. They were strictly instructed to fill out the 

questionnaire independently of the patient. Completed 

questionnaires were stored apart from the medical notes of the 

patients during the inclusion period. Subjects were referred for 

memory and/or behavioural complaints by general practitioners 

and medical specialists (neurologists, psychiatrists and 

geriatricians). 
 

Acquisition of patients and diagnostic procedure 

All subjects underwent a standard diagnostic procedure 

including medical history, informant based history, physical and 

neurological examination, screening laboratory tests, 

psychometric testing, EEG and MRI. Disease duration was 

calculated as the time difference between reported symptoms 

and time of presentation. Laboratory tests consisted of ESR, 

complete blood count, serum electrolytes, glucose, blood urea 

nitrogen/creatinine, liver enzymes, folate, vitamins B1, B6, B12 
and thyroid function. Psychometric testing included elements of 

the Wechsler Adult Intelligence Scale 3rd Edition (WAIS-III), Visual 

Association Test, 67 15 Word Recall, digit span, Trail making 

tests, category fluency, Stroop Colour Word Interference test, 

elements of the Behavioural Assessment of the Dysexecutive 

Syndrome (BADS), 68 and Rey-Osterrieth Complex Figure Test. 

Clinical Dementia Rating (CDR) was assessed in all subjects. 76 In 

most cases the Mini-mental State Examination (MMSE) was 

performed. 77 On indication, patients underwent a second set of 

investigations, such as sleep registration. 99mTc-HMPAO-SPECT 
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or 18F fluorodeoxyglucose (FDG) PET were performed in case of 

suspected dementia but normal structural imaging, or to 

differentiate between types of dementia, mostly FTD and 

Alzheimer’s disease (AD). Diagnoses were made in a 

multidisciplinary team consisting of neurologists, a psychiatrist, 

a geriatrician, a clinical neurophysiologist, a radiologist and a 

neuropsychologist, who were blind to the questionnaire answers. 

Detailed history taking, cognitive examination and behavioural 

observation were part of the routine screening procedure. 

Diagnoses were based on the respective international diagnostic 

criteria. 78-81 The clinical diagnosis of FTD was based on 

personality and behavioural change resulting in social 

dysfunctioning, emotional blunting and lack of insight, taking 

into account the supportive and exclusion criteria of Neary and 

Snowden 14 Stability of the multidisciplinary diagnosis of FTD 

after one year of clinical follow-up was used as the gold 

standard. All other diagnoses were kept under review and 

discussed in the multidisciplinary team after one year as well. To 

increase sample size, an additional 23 FTD patients who had 

undergone the same diagnostic procedure were recruited from 

memory clinics of the Hagaziekenhuis in The Hague (JM) and the 

Erasmus Medical Center in Rotterdam (JCvS). 
 

Data Analysis  

In the period August 2002- January 2005 from a total of 603 

subjects 441 questionnaires were returned. One of the reasons 

for not returning the questionnaire was the lack of any reliable 

informant. Eighty-seven questionnaires were excluded for 

incorrect completion. These concerned questionnaires with less 

than 5 core questions filled out, or without specification of the 

behavioural and personal items in case of a positive answer on 

the screening questions. 
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Because the diagnosis of FTD is most relevant and most difficult 

in the early stages of dementia, subjects with moderate to 

advanced dementia (CDR > 1, n=36) were excluded from 

analysis. Moreover, subjects with an obvious explanation for 

cognitive decline at first presentation, other than neuro-

degenerative causes, were excluded. General examination 

revealed severe bradycardia with cerebral hypoperfusion (n=1), 

severe alcoholic abuse (n=2) and delirium (n=2). MRI identified 

extensive vascular involvement or strategic infarcts (n=16), 

posttraumatic abnormalities (n=3), and normal pressure 

hydrocephalus (n=2). Temporal epilepsy was identified by EEG 

(n=7). In all cases clinical follow-up confirmed that the clinical 

picture of cognitive deterioration could not otherwise be 

explained. 

Eighty-eight patients were excluded because clinical follow-up 

had been < 1 year. Four patients had an initial diagnosis of FTD, 

AD, or a psychiatric disorder, that proved to be incorrect at 

follow-up. Because follow-up of the second diagnosis was shorter 

than 1 year, these subjects were excluded as well. 
 

In the included cohort we calculated sensitivity, specificity, 

accuracy, positive predictive value, negative predictive value, and 

likelihood ratios for the presence of 5 positive criteria (positive 

test) as opposed to less than 5 positive criteria (negative test) 

including 95% confidence intervals (CI). Where TN is true 

negative, TP is true positive, FN is false negative, and FP is false 

positive, specificity was defined as TN/(TN+FP), sensitivity as 

TP/(TP+FN), positive predictive value as TP/(TP+FP), and negative 

predictive value as TN/(TN+FN). The likelihood ratio for a positive 

test result was defined as sensitivity/(1–specificity) and the 

likelihood ratio for a negative test result as (1–sensitivity) / 

specificity. 95% CI intervals were calculated using CIA software 

(version 2.1.1). 
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After the addition of 23 FTD cases from other memory clinics the 

diagnostic odds ratio of the 5 core criteria was calculated as the 

ratio between true positives * true negatives and false positives * 

false negatives. Lastly, answers to the 20 behavioural and 

personality items were evaluated within the VUmc memory clinic 

population. 
 

 

Results 

 

A total of 193 subjects were included in the analysis. 

Demographic and clinical characteristics of the main diagnostic 

groups are displayed in Table 3. Nineteen patients with a 

diagnosis of FTD were identified. Seventy patients had been 

diagnosed with AD. Other dementias than FTD and AD included 

the language variants of FTLD (n=7), dementia with Lewy bodies 

(DLB) (n=6), corticobasal degeneration (n=3) and Parkinson’s 

disease dementia (n=2). Note that although patients were at 

most mildly demented, MMSE scores in the lower range occurred 

in cases with severe language disturbances. Thirty-seven subjects 

had subjective complaints without cognitive impairment; thirty 

subjects had mild cognitive impairment (MCI). 80 Other disorders 

included obstructive sleep apnoea syndrome (OSAS) in 1 patient 

and a self limiting frontal lobe syndrome probably related to 

cerebrovascular disease in another patient. Nine subjects had 

mostly symptoms of depression, anxiety, or personality disorder. 

In 8 subjects the eventual diagnosis had been postponed. Post-

mortem pathological confirmation was achieved in 1 patient with 

a clinical diagnosis of probable AD and in 1 patient with FTD. 
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Table 3 Demographic and clinical characteristics of the 
main diagnostic groups 

 

Group 
FTD 

(n=19)  

AD 

(n=70) 

Other 

dementias 

(n=18) 

MCI 

(n=30) 

Subjective 

complaints 

(n=37) 

Other 

disorders 

(n=19) 

Sex (M:F) 14:5 34:36 12:6 17:13 18:19 10:9 

Age 

(years) 

58 

(47-83) 

69 

(52-83) 

68 

(51-82) 

69 

(60-79) 

61 

(52-87) 

65 

(45-79) 

Disease 

duration 

(years) 

5 (2-8) 3 (1-10) 2 (1-10) 3 (0.5-6) 3 (1-10) 3 (1-5) 

Follow-up 

duration 

(months) 

14 

(12-44) 

24 

(12-43) 

24 

(12-36) 

23 

(12-40) 

16 

(12-43) 

15 

(12-34) 

CDR 1 (0.5-1) 1 (0.5-1) 1 (0.5-1) 0.5 (0.5) 0 (0-0.5) 0.5 (0-1) 

MMSE 
27 

(19-30) 

23 

(7-29) 

23 

(15-28) 

28 

(21-30) 

29 

(25-30) 

28 

(19-30) 

 
Legend: FTD= frontotemporal dementia, AD= Alzheimer’s disease, MCI= Mild 
Cognitive Inpairment. M:F= male:female ratio. Values are displayed as 
medians (range). Disease duration = reported duration of symptoms till time 
of diagnosis. Follow-up duration = duration of clinical follow-up since time of 
diagnosis. CDR= Clinical Dementia Rating. MMSE = Mini-mental State 
Examination. 

 

In Table 4 measures of diagnostic accuracy are displayed. The 

presence of 5 core diagnostic criteria according to the caregiver 

questionnaire had a sensitivity of 79% (95% CI 57-92%) and a 

specificity of 90 % (95% CI 85-94%) for a clinical diagnosis of FTD. 
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Table 4 Sensitivity, specificity, positive and negative 
predictive values and positive and negative 
likelihood ratios calculated for the presence of 
5 positive answers on the core item caregiver 
questionnaire (n=193) 

 

Measure Point estimate 95% CI 

Sensitivity 79% 75-92 

Specificity 90% 85-94 

PPV 47% 31-64 

NPV 98% 94-99 

LR+ 8.1 4.9-13.4 

LR- 0.2 0.1-0.6 

 
Legend: 95% CI= 95% confidence interval, PPV=positive predictive value, NPV= 
negative predictive value, LR+=positive likelihood ratio, LR-=negative 
likelihood ratio 

 

The four FTD patients who did not fulfil all 5 core criteria scored 

a total of 4 positive answers on the questionnaire. Thus, if a cut-

off score of 4 positive core items would had been applied, 

sensitivity would have risen to 100%, however, at the cost of 

specificity that would have dropped to 66% (95% CI 59-73%). A 

score lower than 5 on the caregiver questionnaire had a negative 

predicting value of 98% (95% CI 94-99%), meaning that a 

diagnosis of FTD was almost excluded.  
 

Seventeen subjects with other diagnoses than FTD had a score of 

5 core diagnostic criteria. These included 8 out of 70 patients 

with probable AD, 3 out of 6 patients with probable DLB, 3 

individuals with subjective complaints and 2 persons in whom no 

definite diagnosis could be made. In one individual with 

subjective complaints and in one with a postponed diagnosis, a 

diagnosis of FTD was suspected. 
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From the 19 subjects diagnosed with FTD, 10 had abnormal 

structural imaging consistent with FTD, six had a frontal / temporal 

deficit on functional imaging (FDG-PET or HMPAO- SPECT) and 17 

had psychometric testing suggestive of FTD. In all cases at least 

one of these ancillary investigations was abnormal. In 1 patient 

the diagnosis of FTD was confirmed by post-mortem 

neuropathological examination revealing  spongiosis and gliosis 

of temporal cortices, hippocampi and amygdalae with tau-

negative, ubiquitin-positive inclusions.  
 

The FTD sample was then enriched with 23 patients from 2 other 

memory clinics with questionable to mild dementia, 17 males, 

with a median age of 64 years (range 40-84), all of whom had 

had follow-up of at least one year. The diagnostic odds ratio 

(DOR) of the 5 core criteria was 23 (95% CI 10-53). Sensitivity of 

the 5 core criteria decreased to 71% (95% CI 56-83%). 
 

Measures of diagnostic accuracy were calculated for the 

individual behavioural items for FTD (second page of the 

questionnaire). High specificities were found for impulsiveness 

(88%), change of food preferences (82%), a change of hobbies 

(97%) and self centeredness (83%), however, with relative low 

sensitivities (41%, 35%, 16% and 78% respectively). Items with the 

highest sensitivity, were a reduction of spontaneous speech (less 

talkative, sensitivity 94%), a change of emotional reactions (94%) 

and reduced planning (100%), all at low specificity (30%, 39% and 

12% respectively). 
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Discussion 

 

This study examined the diagnostic accuracy of the core clinical 

diagnostic criteria for FTD operationalised in an informant based 

questionnaire. The five core diagnostic features rated by 

caregivers had a good diagnostic accuracy to identify FTD among 

subjects presenting at a memory clinic and who were at most 

mildly demented. The high diagnostic accuracy was maintained 

when combining data from our own patient cohort, with those of 

two other memory clinics. Individual questions addressing 

different aspects of behaviour and personality, were of less 

diagnostic value. Only a change of hobbies and interests yielded 

a specificity higher than the 90% specificity of the five core items. 

Moreover, impulsiveness, change of food preference, and self 

centeredness were specific features for FTD (specificity >80%), at 

the cost of a relatively low sensitivity. Remarkably, some 

conducts that appear to be characteristic of FTD, such as 

stereotyped behaviour and perseveration, had a low specificity 

for FTD in our study. 82,83 

Although in our memory clinic population the core diagnostic 

criteria yielded a sensitivity of 79% and specificity of 90%, we 

checked whether the good diagnostic accuracy was maintained 

by enriching our FTD sample. For this, we used the Diagnostic 

Odds Ratio that is often used as a measure of the discriminative 

power of a test. A value of one means that the test discriminates 

at chance level. Very high values above one mean that a test 

discriminates well. In our study the presence of 5 core items 

increases the odds of having FTD with a factor 23. 
 

One of the strengths of this study is the prospective design with 

a relatively large number of subjects. Contrary to previous 

studies examining diagnostic validity of clinical criteria by rating 

patient features using chart review, 43,73,84 the presence or 

absence of the core diagnostic criteria in our study was rated by 
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the patients’ caregivers. As behavioural and emotional changes 

that characterise the frontal lobe syndrome are highly 

environment dependent and might not directly come out in the 

structured setting of a memory clinic, caregivers who live with 

the patients can be considered the experts for assessing 

behavioural abnormality. The approach of a written 

questionnaire was chosen with the intention to obtain caregiver 

information at the highest possible reliability. The aim of the 

questionnaire, other than to collect behavioural information, was 

not clarified towards the caregivers. They were instructed to fill 

out the questionnaire independently of the patients. Moreover, 

their ratings were not influenced by the interpretation of the 

clinicians. Although we considered it an advantage for objectivity 

to use written questionnaires, it is remarkable that a relative high 

number of subjects filled out the questionnaire incompletely or 

incorrectly. Because it was not our goal to develop a behavioural 

questionnaire, but to examine the presence or absence of the 

core diagnostic criteria of Neary and Snowden according to the 

caregiver by literally putting a question mark behind each 

criterion, we did not examine face validity of the questions. It 

might be well possible that terms such as ’change of personal 

behaviour’ were too abstract for caregivers or relatives.  

Another strength is that we investigated a group of subjects with 

no, questionable or mild dementia, as clinical diagnosis is of 

most relevance in an early stage for prognostic and therapeutical 

reasons. The reproducability of our findings has been assessed 

by examining a proportion of subjects from 2 other memory 

clinics. Thus, our findings yield a relatively high diagnostic 

accuracy for FTD in an early to moderate stage, just by collecting 

written caregiver information. Sensitivity of the clinical diagnostic 

criteria in our cohort is higher than found in a clinico-clinical 

study using chart review as a method to assess the presence or 

absence of the core criteria. 73 On the other hand, the fact that 

the clinical picture becomes more clear during the course of the 
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disease, might explain why higher sensitivities than 79% were 

found in two other studies. 43,84 To test this hypothesis, longer 

clinical follow-up of our cohort is needed, in particular of the 2 

subjects with a positive questionnaire and a suspicion of FTD. In 

this respect, adding a degree of certainty to the existing 

diagnostic criteria, like it is applied in the criteria for other types 

of dementia, 78,79,81 would increase awareness of cases with 

‘possible’ FTD and encourage long-term clinical follow-up. 
 

Although there are several explanations why our analysis could 

be performed in a relatively small proportion of the original 

number of  603, it cannot be excluded that our results have been 

biased by the fact that caregivers of subjects with the most 

behavioural changes were more likely to respond than those 

whose partners had no remarkable behaviours. Our results can 

only be considered in the context of a memory clinic setting. 

Misdiagnosis of FTD in the early stages is common. 49,50 Because 

the relative young age of onset and the predominance of 

behavioural features, these patients are often referred for 

psychiatric evaluation. 85 FTD patients with the most prominent 

behaviour disturbances might therefore be referred to 

psychiatrists, whereas those with relatively more cognitive 

complaints are referred to a memory clinic. This selection bias 

could have particularly influenced the sensitivity of the diagnostic 

criteria in our study. On the other hand, it is conceivable that the 

specificity of the diagnostic criteria is much lower if the reference 

population consists of patients with psychiatric disorders. 

We are aware that our study is hampered by inevitable circular 

evidence, because the caregiver answers are not completely 

independent of the eventual clinical diagnosis. To escape full 

circle reasoning, only the core criteria were evaluated using a 

written, informant based questionnaire, prior to consultation. 

The additional personal and behavioural items served as a 

further specification as well as concrete examples. The clinical 
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diagnosis of FTD, however, was based on clinician’s judgments 

that weighed the contributions of a thorough behavioural and 

cognitive history and examination, supportive features including 

predominant frontal / temporal atrophy on MRI and executive 

dysfunction on neuropsychological examination, whereas 

subjects with features such as spatial disorientation were 

excluded. Moreover, the clinical diagnosis had to remain 

consistent over time, implicitly suggesting clinical progression. 

The results of this study therefore depend both on the reliability 

of the caregiver answers as well as clinical judgement. 

Another weakness of our study is that pathological confirmation 

of the clinical diagnosis is lacking in the majority of cases. We 

have excluded clear causes of cognitive disturbances, other than 

neurodegenerative dementia, because these could be identified 

at first evaluation and did not belong to the differential diagnosis 

of FTD. In the remaining subjects, long-term clinical follow-up 

was used as the gold standard and pathological confirmation was 

achieved in a small number of patients. As a tertial referral center 

using a multidisciplinary approach, we can rely on high 

diagnostic accuracy, 86 but incorrect diagnosis in a proportion of 

patients cannot be fully excluded. 

As the core clinical characteristics are central in the diagnostic 

criteria of FTD, the role of additional investigations remains to be 

investigated. Both MRI, HMPAO-SPECT and psychometric testing 

can be normal in the early stages of FTD, despite prominent 

behavioural change. 46 From a recent study it appeared that 

frontotemporal atrophy on MRI had a sensitivity of only 50%. 43 

Our findings seem to be in line with a relative low sensitivity of 

structural neuroimaging for FTD, as 53% had an abnormal MRI at 

presentation. Thus, behavioural changes may precede abnormal 

investigations. This could be another argument to add a degree 

of certainty (‘possible’, ‘probable’, ‘definite’) to the existing 

clinical diagnostic criteria. Diagnostic accuracy of the criteria is 

expected to be lower in less selected and less specialised 
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settings. Therefore, a need for biomarkers capable to identify 

FTD remains. Ideally these could serve as an aid to predict 

pathological phenotypes as well. 87 
 

In conclusion the core diagnostic criteria of Neary and Snowden, 

applied in an informant based questionnaire appear to be an 

appropriate tool for early diagnosis of FTD in a memory clinic. 

These findings stress that caregiver information plays an 

important role in the diagnosis of FTD. The challenge remains to 

evaluate the diagnostic accuracy for FTD within a psychiatric 

setting.  
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ABSTRACT 

 
ALTHOUGH FTD AND LATE-ONSET SCHIZOPHRENIA ARE GENERALLY 

CONSIDERED AS SEPARATE ENTITIES, IT REMAINS UNCLEAR ON WHAT BASIS THEY 

CAN BE DISCERNED. A MULTIDISCIPLINARY APPROACH MAY AID IN THE 

DIFFERENTIAL DIAGNOSIS. 

WE REPORT THE CLINICAL, NEUROPSYCHOLOGICAL AND NEUROIMAGING 

FEATURES THAT WERE SYSTEMATICALLY COLLECTED IN FOUR PATIENTS WITH 

EITHER FTD OR VERY-LATE-ONSET SCHIZOPHRENIA-LIKE PSYCHOSIS. THE CASE 

DESCRIPTIONS SHOW SUBSTANTIAL CLINICAL AND NEUROPSYCHOLOGICAL 

OVERLAP. PROSPECTIVE STUDIES FOCUSSING ON CLINICAL FEATURES, DISEASE 

COURSE, BIOMARKERS AND POST-MORTEM EVALUATION ARE RECOMMENDED. 
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Introduction 

 

FTD is a neurodegenerative disorder primarily affecting the frontal 

and temporal lobes. Clinically the disorder is characterised by 

progressive behaviour and personality changes. Cognitive 

changes consist of executive and language disturbances and 

memory disturbances to a variable degree. The visuospatial skills 

are preserved. A diagnosis of FTD is based on international 

consensus criteria in which clinical characteristics prevail and 

findings on additional investigations such as frontal lobar atrophy 

on MRI are supportive but not obligate (Appendix 1). 14 In a 

memory clinic setting sensitivity of the Neary and Snowden 

criteria is relatively low, but specificity to differentiate FTD from 

other dementias is high. 73,84 On the other hand, emerging FTD is 

often mistaken for a psychiatric disorder and figures estimating 

the diagnostic accuracy of the consensus diagnostic criteria for 

FTD among patients with psychiatric symptoms are lacking. 

Schizophrenia is generally considered as a spectrum of psychotic 

disorders in which negative symptoms may be present. 

According to its definition the complex of symptoms leads to 

social or professional dysfunction. 48 It has been agreed upon 

that late-onset schizophrenia (LOS) can be considered a separate 

entity apart from the early form, with a disease-onset at an age 

between 40 and 60 years, whereas the term ‘very-late-onset 

schizophrenia-like psychosis’ (VLOSLP) is reserved for a disease 

onset after 60 years. 88 (Appendix 3). The purpose of this 

nomenclature was to stimulate research on the aetiology of 

schizophrenia at an older age, without imposing strict age 

restrictions. In this article, we adhere to proposed nomenclature 

in individual cases, whereas for the general discussion we use 

the term late-onset schizophrenia (LOS) for schizophrenia 

occurring after the age of 40. 
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Like the early-onset form, there are indications that the frontal 

and temporal lobes are functionally involved in LOS. 89,90 Several 

structural brain abnormalities such as ventricle enlargement, 

have been described in LOS, but they appear to be subtle and 

non-specific. 91,92 Moreover, contradictive results have been found 

regarding the clinical course of LOS. Some authors report cog-

nitive deterioration and development of dementia after time 93,94 

whereas others found no indications that LOS is a progressive 

disorder. 88,95 Differences might be attributable to methodological 

differences of these studies, but also to the clinical variability of 

LOS itself.  

 

In clinical practice, subjects with a combination of neuro-

psychiatric and executive disturbances presenting at an older 

age, can cause a diagnostic dilemma. 96-98 Both FTD and LOS are 

disorders with frontotemporal involvement and a varying course 

that have not been systematically compared. We report four 

patients who underwent a standardised neuropsychiatric 

interview, physical, neurological and psychiatric examination, 

screening laboratory tests, MRI and 99mTc-HMPAO-SPECT. Their 

caregivers agreed to assist in informant based interviews. The 

MMSE 77 and the positive and negative symptom scale for 

schizophrenia (PANNS) 99 were conducted. The latter is a 30-item 

instrument, rating positive and negative psychiatric symptoms 

(minimum score 7, maximum score 49 for both) as well as global 

psychopathology (minimum score 16, maximum score 112). A 

standard battery of psychometric tests was performed (Table 5). 

Our study is a first attempt to document and compare the clinical 

and biological characteristics of FTD and LOS. 
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Case Reports 

 

Case 1 is a 55-year-old male who presented at the Alzheimer 

Center of the VU University Medical Center on request of his 

spouse. He had no cognitive complaints, but had noticed that his 

colleagues and wife found him more socially withdrawn. The 

patient related this behaviour to an increased experience of 

stress while performing his routine job in a government archive. 

He perceived his own person as cheerful and active and had 

noticed no changes, apart from feelings of sadness when his 

spouse wanted to take over daily tasks such as their financial 

administration. His spouse and daughter reported a gradual loss 

of initiative as well as emotional bluntness since 2 years. There 

were no overt signs of psychosis such as delusions and 

hallucinations, but he had become increasingly anxious and felt 

he had to close and check the doors of their house strictly to 

protect the family against strangers. Personality change became 

more prominent when the patient started to behave in a childish 

way and acquired a change in eating behaviour, eating lots of 

sweets. He became rigid in his habits, checking his actions time 

after time. His family members felt that he was no longer able to 

read their minds and feelings. 

The patient’s family history was positive for FTD in one of the 

patient’s brothers. He had no psychiatric history apart from an 

episode of hyperventilation for which he received psychotherapy 

twenty years ago. Eight years prior to symptom onset he had a 

head trauma without loss of consciousness in a car accident. 

Physical examination was normal. Neurological examination 

revealed normal spontaneous speech, but mild naming 

difficulties. Psychiatric examination yielded a lack of insight. 

There were no psychotic features and no mood disturbances. 

Affect was inappropriately cheerful. Psychometric evaluation 

yielded decreased planning, fluency and mental flexibility, with 

sparing of the other cognitive abilities. 
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The clinical diagnosis of FTD according to the international 

consensus criteria 14 was supported with the finding of sym-

metrical disproportional atrophy of the frontal lobes on MRI. For 

this reason no HMPAO-SPECT was performed. Genetic testing was 

refused by the patient and his family. Over time he had a gradual 

deterioration of language and executive functions and an 

increase of inappropriate and rigid behaviour. 
 

Case 2 is a 59-year-old male supervisor of a sports school whose 

visit at the GGZ Buitenamstel memory clinic had been initiated by 

his spouse. He had subjective complaints of forgetfulness and 

word finding difficulties. His spouse and daughter reported a 

loss of interest since five years. He became increasingly 

withdrawn and showed no initiative of daily life activities. He 

became more rigid in habits. To the extreme this resulted in 

situations such as the patient expecting his wife to come home 

at six o’clock as they had agreed, even when she had just found 

out that her father had died. In conversation, he tended to 

discuss a limited number of subjects of his own interest, 

neglecting other people’s responses. His eating behaviour 

became disinhibited, eating large portions of food. From a social, 

responsible worker he had now become a withdrawn, inflexible 

person who showed limited insight in the emotions of his family 

members. His own emotions varied between flatness, anger and 

situational panic. Hallucinations and delusions were absent. 

His past medical history revealed type II diabetes and poly-

cythaemia vera. His mother and her sister had uncharacterised 

dementia on a presenile age. The general physical exam revealed 

a slight hearing loss. On neurological examination his speech 

was slightly non-fluent with word finding and naming difficulties. 

There was a decrease of spontaneous speech. Also, he had slight 

trouble at the imitation of hand figures. On psychiatric 

examination questions were answered politely but mechanically. 

There was a flattening of affect, but no indications for a mood 
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disturbance or formal thought disorder. Insight was decreased. 

Psychometric testing revealed executive disturbances and 

disproportionate disturbed letter fluency compared with category 

fluency, opposed to normal attention, memory and visuospatial 

functions. Genetic testing was refused by the patient’s family. An 

MRI of the brain showed no cortical atrophy, but a left occipital 

infarction that after analysis appeared to be related to his 

polycythaemia vera. HMPAO-SPECT revealed frontotemporal 

hypoperfusion. A diagnosis of FTD was made. 14  Over the next 3 

years the course was only very slowly progressive. 
 

Case 3 is a 66-year-old male metal worker who had requested 

psychiatric referral two years prior to current evaluation. His 

complaints had started with anxious dreams in which he 

experienced different kinds of animals. He started to see snakes 

during day time and hearing voices from the ventilation grids in 

the bathroom. In an attempt to control his hallucinations, he had 

developed several rituals, such as checking the bathroom grids, 

praying, and putting blankets under his sheets. His mood was 

depressed. He noted that nothing came out of his hands and 

complained of weak concentration. 

According to his spouse he seemed absent minded. She noticed 

a decrease of his vocabulary and a loss of initiative. He had lost 

interest in his former hobbies of painting and drawing and 

playing music. He had more difficulty performing complex tasks 

and had become more dependent on his wife. 

His medical history revealed a depression 15 years before, that 

was treated successfully with antidepressant medication. In the 

same period he quit his work due to lower back pain. 

General physical examination was normal. On neurological 

examination there was slight symmetrical rigidity, probably 

related to the use of Olanzapine. Impulsivity, increased 

interference, and inflexibility were noticed during motor tasks 
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such as Luria´s hand sequences, and the go-no go task. More-

over, he was slightly perseverative in his answers. 

On psychiatric examination he demonstrated decreased insight. 

Sustained attention was diminished. Psychotic phenomena had 

decreased under the influence of Olanzapine. These consisted of 

visual, haptic and auditory hallucinations and paranoid thinking. 

The patient attributed his slightly depressed mood to his 

anxiousness. Psychometric evaluation revealed some attention 

deficits, executive disturbances and slight word finding 

difficulties. Visuospatial functions were unimpaired. Both MRI of 

the brain and HMPAO-SPECT revealed no abnormalities. 

A diagnosis of very-late-onset schizophrenia-like psychosis was 

made, according to the DSM IV criteria and Howard criteria. 88,100 

As the patient fulfilled the diagnostic criteria for FTD as well 14 

this diagnosis could not be ruled out. A treatment with 

Olanzapine 5 mgs a day and Citalopram 20 mgs a day yielded 

partial improvement of psychotic and mood symptoms. Lack of 

insight diminished with therapy, making FTD less likely. 

However, symptoms like anxious dreams remained. Moreover, 

loss of initiative remained a prominent feature throughout the 

course.  

 

Case 4 is a 75-year-old former nurse. She had had a dedicated 

professional life until the age of 60 and had always been single. 

At the age of 60 she developed paranoid delusions related to her 

neighbours. She thought her neighbours had attached tape 

recorders under her flour by digging a hole. She also had the 

idea that they could intrude into her house by the wooden floor. 

Because of that she manipulated the electric wires in a dangerous 

way. She described her mood as anxious, related to thefts from 

her home. She heard voices, but also felt the trembling of electric 

apparatus, such as the tape recorder that recorded her life. Her 

house was disorganised and stuffed with many kinds of objects. 

There was a lack of personal hygiene. 
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Physical and neurological examination was normal, except for a 

hearing problem. 

Psychiatric examination revealed auditory and haptic hallucina-

tions but also complex paranoid delusions. Her mood was 

normal, with a normal fluctuating affect. There was a lack of 

insight. 

Psychometric testing revealed predominant executive 

disturbances, with sparing of attention, memory and language 

functions. MRI of the brain showed multiple punctiform white 

matter hyperintensities and mild global cortical atrophy, falling 

into the spectrum of age-related changes. HMPAO-SPECT was 

normal. A diagnosis of very-late-onset schizophrenia-like 

psychosis was made. 

Over time, the patient demonstrated a good reaction on 

antipsychotic therapy, consisting of Risperidone 2 mgs daily. 

Cognitively, the patient did not deteriorate within a follow-up 

period of 6 months. Self care remained diminished. She appeared 

to be empathic towards the medical staff. The patient received 

supervision while she continued living by herself.  

 

In all cases screening laboratory tests consisting of ESR, 

complete blood count, serum electrolytes, glucose, blood urea 

nitrogen/creatinine, liver enzymes, folate, vitamins B1, B6, B12 
and thyroid function  excluded any abnormalities that might 

contribute to the neuropsychiatric condition. Results of PANNS, 

MMSE and neuropsychological investigations of the four patients 

are presented in Table 5. 
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Table 5  Results of PANNS, MMSE and psychometric 
tests per subject 

 

 Case 1 Case 2 Case 3 Case 4 

Sex male male male female 

Age (years) 55 59 66 75 

Age of onset (years) 53 54 62 60 

MMSE 30 28 25 29 

PANNS 65 51 65 53 

PANNS pos 13 7 15 11 

PANNS neg 28 21 11 17 

PANNS glob 24 23 29 25 

IQ estimate1 79 113 76 105 

WAIS similarities 15 28 17 22 

WAIS comprehension 17 30 23 17 

Digit span forwards/backwards   5/3 5/4 

Trail making A 41´´ 68´´ 76´´ 59´´ 

Stroop I 24´´ 31´´ 25´´ 23´´ 

Stroop II 38´´ 43´´ 39´´ 28´´ 

Stroop III 59´´ 58´´ 55´´ 54´´ 

VAT learning curve 5 6 6 6 

VAT recall 6  5  

10 word  encoding 32 40 25 32 

10 word reproduction 8 9 7 7 

Category Fluency  12 17 17 21 

Letter Fluency  18 16 31 31 

BADS 1 Ns 4 0 3 

BADS 2 3 4 2 2 

BADS 3 3 3 2 2 

BADS 4 2 3 2 1 

ToL 29 29 11 Np 

Trail making B 110´´ 127´´ 204´´ 178´´ 

Mazes time 206´´ Ns 125´´ 568´´ 

Mazes number of mistakes 5  5 1 

Meander 3 4 4 Np 

Clock drawing 4 1-2 1 1 

Copying ADS 6 13 13 13 11 

 
Legend: MMSE= Mini-mental State Examination, PANNS= positive and negative symptom scale 
for schizophrenia, PANNS pos= subscore for positive symptoms, PANNS neg= subscore for 
negative symptoms, PANNS glob= subscore for global symptoms, VAT= Visual association 
test67, BADS= Behavioural assessment of the dysexecutive syndrome68, 

1
 =based on Dutch 

learning task for adults, Np=not performed, Nl=normal, Ns=not succeeded 
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Discussion 

 

We present four subjects above the age of 40 years that had FTD 

or LOS, according to their respective clinical diagnostic criteria. 

All patients had been functioning normally in their social and 

professional lives prior to symptom-onset. Although their 

individual clinical features differ, they share the development of 

frontal lobe symptoms, including lack of insight, over time. Not 

surprisingly, the main differentiating feature between the cases 

with FTD and those with LOS is the presence or absence of 

psychotic features. Cases 1 and 2 from our study, however 

demonstrate symptoms of anxiety accompanied by compulsory 

behaviour with an impact on daily life functioning. The presence 

of psychotic features does not rule out a diagnosis of FTD, as at 

least 10% of FTD patients have symptoms of psychosis. 8,101 

Because FTD patients with overt psychosis often form a 

diagnostic dilemma, we avoided to include such patients in the 

present study. 

In the described cases abnormal eating behaviour and 

behavioural rigidity were present in FTD (Case 1 and 2). Case 3 

had also some signs of mental rigidity and checking rituals. 

Compulsive behaviour and symptoms of the Kluver-Bucy 

syndrome have been described in both FTD and schizophrenia 

and can be related to functional disturbances of the temporal 

lobes, in particular the amygdala. 102-104 Case 4 (VLOSLP) had 

symptoms of hoarding. This behaviour can be considered as 

environment driven behaviour, which may be present in both 

schizophrenia and FTD.74,102 Empathy appeared to be relatively 

preserved in Case 4, but was disturbed in case 1 and 2. The 

ability to read the mind and feeling of others, called Theory of 

Mind, is disturbed early in the course of FTD. 105 Preliminary 

results indicate that Theory of Mind might be affected in 

schizophrenia as well. 106 
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None of the subjects had an indication of dementia according to 

MMSE values higher than the cut off of 24. It should be noted, 

however, that the MMSE is not a sensitive instrument for 

predominant frontotemporal dysfunction. 

The PANNS scores in all patients were comparable, where 

patients with FTD had some higher scores on the PANNS negative 

subscales and LOS patients had some higher scores on the 

PANNS positive subscales. 

Psychometric examination revealed predominant executive 

disturbances in both disorders, whereas memory and 

visuospatial abilities showed no severe abnormalities. We did not 

find remarkable differences within the profile of executive 

disturbances between the two disorders. As far as we are aware, 

these have not systematically been investigated. In this small 

group of subjects, structural and functional neuroimaging were 

abnormal in the FTD patients, but revealed no specific 

frontotemporal abnormalities in the VLOSLP patients. 

Frontotemporal abnormalities on functional neuroimaging, 

however, may be present in LOS. 107 Hyperintensities on MRI were 

found in case 4. The relationship of this phenomenon with LOS is 

still not clear. Several authors found an excess of white matter 

hyperintensities in LOS, 108,109 while according to others there is 

no such a relationship. 88  
 

From the presented cases and the international literature it 

appears that FTD and LOS share clinical, neuropsychological and 

functional neuroimaging characteristics. Frontotemporal atrophy 

on structural neuroimaging is specific, but not sensitive for FTD. 43 

Both entities appear to have a wide spectrum of presentation, 

with predominant clinical involvement of the frontal and 

temporal lobes. Based on current concepts, it is not always 

possible to discriminate FTD from LOS with all the means 

available. Applying putative treatments, meanwhile documenting 

the clinical course is commonly considered as best practice. 
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However, this approach is vulnerable because of the lack of a 

gold standard. FTD is a neurodegenerative disorder, whereas the 

etiology and course of LOS are unknown. 88,110 Moreover, there is 

an enormous spread of disease duration of FTD, varying 

between 2 and 20 years in the Manchester cohort. 18 More 

recently, attention has been drawn to FTD variants with a slow 

course and normal structural brain imaging over time. 111,112 

Although LOS has been defined as a non-degenerative disorder 

with a stable course, insufficient evidence has been provided to 

prove this concept and varying views are circulating. 88,113 In 

particular, hardly any post-mortem data of LOS have been 

collected 114-116 and limited data on possible biomarkers are 

available. 117 

One of the reasons that no large follow-up studies have been 

conducted is that older subjects with psychotic features and 

possible cognitive disturbances such as a lack of insight may be 

relatively little cooperative to participate in studies. Although it 

took us a relatively long time to motivate in particular the 

patients with LOS to undergo additional investigations and 

treatment, with a stepwise introduction of the interviews and 

investigations, all could eventually be performed with consent of 

the patients. 

To date, important questions remain to be resolved: Are FTD and 

LOS biologically related disorders? And on what grounds can they 

be discerned? 

A multidisciplinary approach, including both neurological and 

psychiatric evaluation, may help to identify the complex of 

cognitive, emotional and behavioural features in these 

syndromes. In particular studies directed at possible 

discriminating hallmarks such as the presence or absence of 

negative symptoms, and the ability to recognise and interpret 

emotions of other persons (Theory of Mind), would be helpful. 

The pattern of cognitive executive disturbances in could be 

compared between both conditions. Moreover, measures of 
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disease progression should be defined. Further future research 

might identify possible biomarkers to differentiate the two 

disorders, such as CSF proteins. The role of functional 

neuroimaging including PET and functional MRI to differentiate 

FTD and LOS needs to be explored. Last but not least, post-

mortem examination is recommended. 
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 Introduction 

 

FTLD, 14 a neurodegenerative disorder presenting with a 

spectrum of behaviour changes, executive disturbances or 

aphasia, is often unrecognised. Patients with FTLD are many 

times considered to have a psychiatric disorder or Alzheimer’s 

disease (AD). Imaging studies and psychometric testing can be 

normal at an early stage. 46 CSF biomarkers have been considered 

in the diagnosis of FTLD. One study found that the combination 

of CSF tau and amyloid β (1-42) (Aβ42) provided assistance in 

the diagnosis of FTLD. 60 We investigated CSF tau and Aβ42 in 

FTLD compared with age-matched AD patients and cognitively 

healthy control subjects. 
 

 

Methods 

 

Thirty-five patients with FTLD (18 frontotemporal dementia, 11 

semantic dementia, and 6 progressive non-fluent aphasia) were 

compared with 51 patients with probable AD 79 and 27 non-

demented control subjects. All patients underwent a standard 

medical history, physical and neurological examination, 

screening laboratory tests, psychometric tests, EEG, MRI or CT. 

99mTc-HMPAO-SPECT was performed in seven cases with normal 

or inconclusive findings on structural neuroimaging. Only 

patients whose clinical diagnoses were evaluated by a 

multidisciplinary team and supported by either structural or 

functional neuroimaging were included. All but two of the FTLD 

cases were sporadic. Genetic screening took place in one of the 

familial cases, yielding a P301L mutation. The clinical diagnosis 

was confirmed pathologically in one case, showing neuronal 

degeneration without tau pathology. The CDR 76 was used to 

assess dementia severity. 
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The control group consisted of 16 subjects with subjective 

memory complaints, who underwent the same examinations as 

the patients, 5 cognitively healthy subjects with a positive family 

history, as well as 6 healthy spouses of patients with no memory 

complaints. 

CSF was obtained by lumbar puncture between the L3/L4 or 

L4/L5 intervertebral space after informed consent. Within an 

hour, CSF samples were centrifuged at 3000 rpm for 10 minutes 

at 4°C followed by storage in polypropylene tubes at -80°C until 

analysis. CSF tau and Aβ42 were determined by sandwich ELISAs 

(Innotest β-amyloid 
(1-42) 

and
 
Innotest hTAU-Ag, Innogenetics, 

Ghent, Belgium). 
 

 

Results 

 

Clinical, demographic, as well as CSF tau and Aβ42 data are 

displayed in Table 6. 

No significant differences in CSF tau between the FTLD 

subgroups were found. In progressive non-fluent aphasia Aβ42 

was significantly lower than in FTD (p=0.03) and semantic 

dementia (p=0.02). A cut-off value of 908 pg/ml for CSF tau 

distinguished FTLD from AD at a sensitivity of 86% and a 

specificity of 26%. To distinguish FTLD from controls, a CSF tau 

cut-off of 193 pg/ml yielded a sensitivity of 86% at a specificity of 

41%. For CSF Aβ42 a cut-off value of 315 pg/ml distinguished 

FTLD from AD at a sensitivity of 86% and a specificity of 59%. The 

number of FTLD patients that was correctly classified by the CSF 

tau range between 193 and 908 pg/ml and CSF Aβ42 higher than 

315 pg/ml was 21 (60%). 
 

 65



Table 6  Clinical and demographic data and values of 
CSF biomarkers 

 

 FTLD (n=35) AD (n=51) Controls (n=27) Statistical 

Significance 

Age (years) 61 (51-85) 63 (53-78) 66 (39-76) p=0.50 

Sex (M:F) 23:12 22:29 11:16 p<0.001 

CDR 1 (0.5-2) 1 (1-3) -- p=0.01 

Disease 

duration (yrs) 
3 (1-11) 4 (1-11) -- p=0.01 

CSF tau  

(pg/ml) 

353 

(49-1740) 

632 

(195-1822) 

298 

(95-1243) 

1) p=0.002 

2) p= 0.03 

CSF Aβ42 

(pg/ml) 

565 

(178-1225) 

298 

(124-592) 

634 

(232-1243) 

1) p<0.001 

2) p= 0.13 

 
Legend: M=male, F=female, CDR= Clinical Dementia Rating. Values are 
expressed as medians (range). For statistical analysis non-parametric tests 
were used (Kruskall-Wallis, Mann Whitney); differences in male/female 
distribution were analyzed using the Χ2 test. Significant differences are 
written in bold. 1) Comparison between FTLD and AD, 2) Comparison 
between FTLD and controls 
 

 

Discussion 

 

Even though significant differences were found, there was 

extensive overlap of CSF tau and Aβ42 values between FTLD, AD, 

and control subjects. In a relatively young population where the a 

priori chance of FTLD is at best 50%,118 the positive predictive 

value of CSF tau between 193 and 908 pg/ml combined with CSF 

Aβ42 higher than 315 pg/ml would be 51% with a negative 

predictive value of 52%, which is not above chance level. 

Therefore, we conclude that measurement of tau and Aβ42 in 

CSF is not useful for the diagnosis of FTLD. 
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ABSTRACT 

 

IN ORDER TO BETTER UNDERSTAND THE LARGE VARIATION IN CEREBROSPINAL 

FLUID (CSF) TAU AND AMYLOID-BETA (1-42) (AΒ42) IN FTLD, 

RELATIONSHIPS BETWEEN THESE  BIOMARKERS AND CLINICAL PARAMETERS, 

NEUROIMAGING CHARACTERISTICS, AND APOLIPOPROTEIN E GENOTYPE WERE 

STUDIED IN 31 PATIENTS WITH FTLD, INCLUDING 16 PATIENTS WITH THE 

FRONTAL VARIANT AND 15 WITH THE TEMPORAL VARIANT. CSF TAU WAS 

HIGHEST IN FTLD WITH PREDOMINANT TEMPORAL INVOLVEMENT. IN THE 

FRONTAL SUBGROUP CSF TAU LEVEL WAS INFLUENCED BY THE NUMBER OF 

APOE Ε3 ALLELES. IN THE TEMPORAL SUBGROUP CSF TAU LEVEL WAS 

DEPENDENT ON A COMBINATION OF CSF AΒ42, AGE, DISEASE DURATION, 

AND DISEASE SEVERITY. NO RELATIONSHIP WITH DEGREE OF ATROPHY OR 

ASYMMETRY ON NEUROIMAGING COULD BE ESTABLISHED. CSF AΒ42 

VARIABILITY REMAINED UNEXPLAINED. FUTURE RESEARCH COULD STUDY THE 

ROLE OF APOE GENOTYPE AND AΒ42 IN FTLD, AS WELL AS ESTABLISH 

MEASURES FOR DISEASE INTENSITY. 
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Introduction 

 

It is generally considered that the CSF marker tau reflects neuronal 

degeneration, while decreased CSF amyloid-beta(1-42) (Aβ42) is 

associated with intracerebral plaque deposition. 51 The results of 

the limited number of studies of these biomarkers in FTLD have 

been inconsistent. Some studies found an increase in CSF tau, 

while others reported normal CSF tau concentrations. 53,57,60,63,119 

CSF Aβ42 has been reported to be normal or moderately 

decreased. 60,119 Other studies investigated CSF biomarkers in more 

circumscribed FTLD subgroups such as semantic dementia (SD)120 

or progressive non-fluent aphasia (PA). 121 CSF biomarker variability 

in FTLD might (in part) be explained by clinical, pathologic and 

genetic heterogeneity in this disorder. The goal of the present 

study was to investigate CSF tau and Aβ42 in FTLD in relation to 

clinical characteristics, ApoE genotype and neuroimaging 

features, whereby the degree of cerebral atrophy might be an 

indicator of disease severity.  
 

 

Patients and methods 

 

Patients 

Thirty-one patients with FTLD were included. The clinical 

diagnosis was based on international clinical diagnostic criteria 14 

and supported by structural and/or functional neuroimaging and 

clinical follow-up of at least one year. All patients underwent a 

standard battery of examinations including medical history, 

physical and neurological examination, screening laboratory 

tests, psychometric tests, and MRI or CT scan. In eight patients 

who were suspected of having FTLD but who had a normal 

structural neuroimaging examination, 99mTc-HMPAO-SPECT 
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demonstrated frontal / temporal hypoperfusion, defined as 

perfusion which is < 80% of cerebellar perfusion. According to 

the distribution of atrophy and hypoperfusion on neuroimaging, 

16 patients had predominant frontal involvement, whereas 15 

had predominant temporal involvement. These distributions 

corresponded with the clinical diagnoses whereby subjects with 

behaviour disturbances and a clinical diagnosis of FTD had 

predominant frontal abnormalities and subjects with the 

language based syndromes semantic dementia (SD) (N=11) and 

progressive non-fluent aphasia (PA) (N=4) had predominant 

temporal abnormalities. Most cases were sporadic. One patient 

had a P301L tau gene mutation. In two cases with a positive 

family history mutation analysis had been refused by the patient 

or their families. Disease duration was calculated as the time 

difference between first reported symptoms by the patient or 

caregiver and the time of lumbar puncture. Cognitive decline was 

rated using the MMSE. 77 Dementia severity was assessed using 

the CDR. 76 
 

Laboratory analysis 

ApoE genotyping was performed after DNA isolation from 

leucocytes of peripheral blood, using the LightCycler ApoE 

Mutation Detection method (Roche Diagnostics GmbH, 

Mannheim, Germany). CSF acquisition and storage were 

performed according to our previously described method. 122 

Levels of CSF tau and Aβ42 were determined using sandwich 

ELISA. 123,124 ApoE genotyping and CSF investigations were part of 

an ongoing study on CSF biomarkers in dementia and had been 

approved by the ethical review board of the VU University 

Medical center. All patients gave written informed consent. 
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Neuroimaging analysis 

MRIs were acquired on a 1.0 or 1.5 Tesla scanner (Siemens, 

Forchheim, Germany), and included coronal three dimensional 

T1 weighted and axial FLAIR images. Thirty MRI-scans and one 

CT-scan had been performed with a median time interval of 1 

month (range 0-5) before or after CSF-collection and were visually 

rated for cortical atrophy by lobe using a 0-3 scale. 125 

Asymmetry of frontotemporal atrophy was rated as present or 

absent. Rating was performed by a single rater (YP) who was 

blinded for the CSF results. 
 

Statistical analysis 

The software package SPSS 10.0 was used for statistical analysis.  

The Mann-Whitney test was applied to compare levels of CSF 

markers, age, disease duration, CDR and MMSE between the 

frontal and temporal subgroups. The relative frequencies of 

parameters were compared using the Χ2 test. Spearman rank 

correlation coefficients were computed between clinical and 

imaging characteristics. To obtain a normal distribution of the 

dependent variables CSF tau and Aβ42 logarithmic 

transformation of these variables was performed.  We checked 

the normal distribution of the log-transformed data using the 

Shapiro-Wilk test. Multiple backward regression analysis was 

performed to investigate determinants of CSF tau and of CSF 

Aβ42 in FTLD. For all computations statistical significance was 

set at p<0.05. 
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Results 

 

Clinical data and additional investigations 

Clinical data, CSF and imaging parameters and ApoE allele 

frequencies are displayed in Table 7. The relative frequencies of 

ApoE alleles ε2, ε3, and ε4 in the total group of FTLD patients did 

not differ significantly from frequencies in the general population 

(p=0.56). 126 No patients were found to be homozygous with 

ε2/ε2 or ε4/ε4. The individual values of CSF tau and Aβ42 are 

displayed in Figure 1. 

 
Table 7 Clinical and CSF characteristics and ApoE 

genotyping 
 

Parameter Frontal n=16 Temporal  n=15 P-value 

Age (years) 62 (54-76) 66 (55-85) p=0.12 

Onset age (years) 59.5 (49-75) 61 (51-83) p=0.35 

Disease duration (years) 2.5 (1-10) 4 (1-11) p=0.20 

MMSE 24 (3-30) 25 (3-28) p=0.74 

CDR 1 (0.5-2) 1 (0.5-2) p=0.14 

CSF tau (pg/ml) 255 (49-2225) 396 (220-906) p=0.01 

CSF Aβ42 (pg/ml) 549 (245-1257) 649 (247-1408) p=0.55 

Sumscore of frontal 

atrophy 
3 (0-6) 2 (0-4) P=0.12 

Sumscore of temporal 

atrophy 
2 (0-4) 4 (0-6) p=0.07 

Sumscore of 

frontotemporal atrophy 
4  (0-10) 6.5 (2-10) p=0.50 

Presence of asymmetric 

atrophy (number of 

cases) 

3 11 p=0.03 

ApoE ε2 : ε3 : ε4 3: 23: 6 1: 22: 7 p=0.60 

Legend: Values are displayed as medians (range). Significant differences are 
written in bold 
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Figure 1  Scatter plots of CSF tau and Aβ42 levels in the 
FTLD Subgroups 
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Correlations between imaging parameters and age, 

disease duration, CDR and MMSE 

In the total group CDR correlated with frontal atrophy (r=0.65, 

p<0.001), left parieto-occipital atrophy (r=0.38, p=0.04) and the 

sumscore of frontotemporal atrophy (r=0.44, p=0.01). When 

controlling for temporal and parieto-occipital atrophy and age, 

using Spearman rank order correlation, CDR was still significantly 

correlated with frontal atrophy (r=0.60, p=0.001). A weak 

negative correlation was found between disease duration and 

frontal atrophy (r=0.38, p=0.04).  
 

Regression 

Applying multiple backward regression analysis with ln-CSF tau 

as the dependent variable revealed that ln-CSF tau was 

dependent on either frontal or temporal lobar predominance 

(F=4.70, p=0.04). We were unable to create a model to predict ln-

CSF Aβ42 by clinical or neuroimaging parameters or apoE 

genotype. In the total group we checked for significant 

interactions between subgroups and the other parameters and 

found that ln-CSF tau was influenced by an ApoE ε3xgroup 

interaction (p=0.02). Univariate linear regression in the frontal 

subgroup yielded ApoE ε3 as a significant determinant of ln-CSF 

tau (F=9.13, p=0.01), which was also the only significant 

determinant in the multiple regression analysis. In the temporal 

subgroup, univariate linear regression revealed that onset age 

(F=9.70, p=0.01) and age (F=6.23, p=0.03) significantly 

determined ln-CSF tau. Applying multiple backward regression 

analysis ln-CSF tau was best predicted by the combination of age 

(p=0.007), CSF Aβ42 (p=0.007), duration (p=0.005) and CDR 

(p=0.008), with the equation ln-CSF tau = 5.835 – 0.056 x 

duration – 0.528 x CDR – 0.0005 x Aβ42 + 0.02 x age, 

explaining 82.7% of the variance of ln-CSF tau. 
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Discussion 

 

We found that CSF tau was higher in the temporal FTLD 

subgroup than in the frontal subgroup. In the frontal subgroup 

the number of ApoE ε3 alleles influenced CSF tau levels. In 

temporal FTLD patients CSF tau was determined by a 

combination of CSF Aβ42 and clinical parameters. No 

independent predictors could be identified for CSF Aβ42. 

CSF tau is regarded as a state marker, reflecting the intensity of 

neuronal degeneration. 51 The mere presence of intracerebral tau-

pathology does not necessarily result in higher CSF tau levels, as 

is evidenced by the normal CSF-tau levels in FTLD-patients with 

tau-mutations and in patients with progressive supranuclear 

palsy (PSP). 54,127 One might hypothesise that asymmetric FTLD 

takes place during active disease, whereas end stage 

neuroimaging is often symmetric. Although the presence of 

asymmetry was more prevalent in the temporal than in the 

frontal FTLD subgroup, with the former having higher CSF tau 

concentrations, asymmetry was not a statistical determinant of 

CSF tau in FTLD or either of the subgroups. Frontotemporal 

atrophy scores, which were (non-significantly) higher in the 

temporal subgroup than in the frontal subgroup, were not a 

statistical determinant either. 
 

We found that within the frontal FTLD subgroup patients with 

two ApoE ε3 alleles tended to have higher CSF tau levels than 

patients with one ApoE ε3 allele. ApoE genotype influences the 

amyloid precursor protein (APP) metabolism, whereby ApoE3 is 

relatively protective against the formation of amyloid plaques. 

Also, ApoE3, in contrast to ApoE4, can form stable complexes 

with tau and neurofilaments in vitro, thus interfering with 

hyperphosphorylation and the formation of paired helical 

filaments. 128 We speculate that ApoE3 binding to tau in the 
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frontal variant of FTLD evolves differentially, facilitating 

pathological transformation of tau and leakage into the CSF.  
 

Based on the regression analysis in the temporal subgroup where 

higher CSF tau is correlated with lower CSF Aβ42 levels and with 

higher age we might have included some subjects with 

concomitant AD pathology in this group. 29 A limitation of our 

study is indeed that pathologic or genetic confirmation is 

missing in most cases. However, as the clinical diagnosis was 

made in conference in a tertiary referral setting and confirmed by 

stability during a follow-up period of at least 1 year, we are 

confident a high diagnostic accuracy has been achieved. Apart 

from possible concomitant pathology, it remains intriguing how 

Aβ42 relates to tau in FTLD. Recently it has been shown that 

soluble Aβ42 and Aβ40 are increased in FTLD with tau mutations, 

suggesting an association of Aβ peptides with tau pathology in 

this disorder. 129 
 

In conclusion, the variability of CSF biomarkers in FTLD is still 

largely not understood and deserves the attention of future 

research. Tau levels were dependent on lobar localisation, and 

according to FTLD subgroup, on ApoE genotype, Aβ42 and a 

number of clinical parameters, but were independent of the 

degree of cerebral atrophy. The role of ApoE and Aβ42 in the 

pathophysiology of FTLD as well as a more accurate measure for 

disease intensity such as cerebral atrophy rate, might be 

interesting topics to be studied in relation to CSF biomarkers. 
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 ABSTRACT 

 
BACKGROUND 

FTD IS PATHOLOGICALLY HETEROGENEOUS, SOMETIMES REVEALING 

INTRANEURONAL INCLUSIONS OF NEUROFILAMENTS. WE THEREFORE MEASURED 

CSF NEUROFILAMENT PROFILES IN PATIENTS WITH FTD TO PATIENTS WITH 

EARLY-ONSET ALZHEIMER’S DISEASE (EAD) AND HEALTHY CONTROL SUBJECTS 

TO EXPLORE THE DISCRIMINATIVE POTENTIAL OF CSF NEUROFILAMENTS 

COMPARED WITH THE EXISTING CSF BIOMARKERS AMYLOID BETA (1-42) 

(AΒ42), TAU AND TAU PHOSPHORYLATED AT THREONINE-181 (P-TAU-181). 
 

METHODS 

CSF LEVELS OF LIGHT CHAIN, HEAVY CHAIN, AND HYPERPHOSPHORYLATED 

HEAVY CHAIN NEUROFILAMENTS (NFL, T-NFH AND P-NFH) WERE COMPARED 

BETWEEN 17 SUBJECTS WITH FTD, 20 WITH EAD AND 25 COGNITIVELY 

HEALTHY CONTROLS.  

 
RESULTS 

A SUBGROUP OF FTD PATIENTS HAD REMARKABLY HIGH CSF LEVELS OF BOTH 

NFL AND NFH. THE DEGREE OF NFH PHOSPHORYLATION WAS INCREASED IN 

FTD COMPARED TO BOTH OTHER GROUPS. LEVELS OF CSF NFL WERE 

SIGNIFICANTLY HIGHER IN EAD COMPARED TO CONTROLS.  

 
CONCLUSIONS 

DIFFERENCES IN CSF BIOMARKER PROFILES MIGHT REFLECT DIFFERENTIAL 

INVOLVEMENT OF NEUROFILAMENTS AND TAU IN FTD AND EAD. THE 

SUBGROUP OF FTD PATIENTS WITH HIGH CSF NEUROFILAMENT LEVELS MAY 

HAVE A DIFFERENT NEUROPATHOLOGICAL SUBSTRATE AND FUTURE STUDIES 

ADDRESSING THIS SPECIFIC ISSUE ARE NEEDED. 
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Introduction 

 

The clinical spectrum of FTLD consists of behavioural, neuro-

psychiatric and cognitive symptoms. 14  Its behavioural variant 

FTD is the major subgroup of FTLD as opposed to the language 

based syndromes semantic dementia and progressive non-fluent 

aphasia. A diagnosis of FTD can be made on clinical grounds, 

whereby findings of additional examinations such as 

neuroimaging are supportive, though not obligate. Although 

FTLD is a rare cause of dementia compared with Alzheimer’s 

disease (AD), they have the same prevalence in the presenium. 118  

Furthermore, AD and FTD may be difficult to distinguish 

clinically, since atypical forms of AD are recognised in early-onset 

AD (EAD). 130 Consequently, CSF biomarkers may have the most 

clinical utility in early-onset dementia. 

CSF biomarkers are thought to reflect pathological processes 

taking place in the brain. Tau, phosphorylated tau and amyloid 

beta (1-42) (Aβ42) are involved in the pathology of AD and their 

CSF levels appear to be useful in the diagnosis of AD. 51 

Pathological findings in FTD are heterogeneous and can be 

simplified into tau-positive and tau-negative pathologies. 15 

possibly due to this pathological heterogeneity, levels of CSF tau 

and Aβ42 are highly variable in FTD. 58,122 Measuring levels of 

hyperphosphorylated tau in CSF can improve the distinction 

between AD and FTLD. 53,59 However, in these studies FTD 

patients were used as a negative control group for AD patients. 

There is still a need for CSF biomarkers that can identify FTD on 

positive grounds. Neurofilaments are heteropolymers made of 3 

isoforms, the light (NfL 68 kDa), medium (NfM, 150 kDa) and 

heavy (NfH, 190-210 kDa) chain, and belong to class IV 

intermediate filaments. 131 They constitute the axoskeleton and 

are thought to mediate intracellular transport to axons and 

dendrites. 132 Neurofilaments are likely to be released into the 

extracellular fluid following neuronal death and axonal 
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degeneration. 133,134 They appear to be involved in the 

pathophysiology in at least a part of FTD cases. 135 Interest in 

neurofilaments in FTD has increased with the description of two 

novel FTD neurofilamentopathies, differing neuropathologically 

in NfL and NfH staining in brain tissue and with negative tau-

staining. 30,31 In a previous study, the finding of increased CSF 

tau levels in EAD versus increased CSF NfL levels in FTD, 

suggested differential involvement of tau and NfL in these 

disorders. 136 

Therefore, we hypothesised that CSF neurofilaments would be 

increased in FTD, as opposed to EAD and cognitively healthy 

controls. Furthermore, we hypothesised that CSF NfH might be a 

more suitable CSF marker than NfL because it is highly resistant 

to protease activity. 132,137,138 

We set out to investigate the CSF neurofilament profile in FTD, 

compared with EAD and healthy controls. The second goal was to 

explore the possible diagnostic relevance of CSF NfL and NfH in 

addition to the existing CSF biomarkers tau, Aβ42 and tau 

phosphorylated at threonine-181 (P-tau-181) in the 

differentiation between FTD and EAD or non-demented subjects. 
 

 

Materials and Methods 

 

Patients 

Seventeen patients with FTD (the behavioural variant of FTLD) 

according to the international consensus criteria, 14 20 patients 

with EAD, according to the NINCDS-ADRDA criteria 79 and 25 non-

demented control subjects were recruited from the Alzheimer 

Center at the VU University Medical Center after informed 

consent had been obtained. The study was approved by the local 

ethics committee. The control group was composed of subjects 

with non-progressive subjective memory complaints (n=19), 
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cognitively healthy spouses of patients (n=3), and subjects that 

underwent lumbar puncture to screen for neurologic disorders 

such as idiopathic intracranial hypertension (n=3). All patients 

were ambulatory and living in the community. All subjects 

underwent a standard battery of examinations including medical 

history, physical and neurological examination, screening 

laboratory tests, psychometric tests, and brain MRI. In eight FTD 

patients with normal or non-conclusive findings on structural 

neuroimaging, 99mTc-HMPAO-SPECT was performed as part of 

the diagnostic work-up. The diagnosis of FTD was supported by 

structural or functional neuroimaging in 13 out of 17 patients. 

All diagnoses were made after review of each patient by the 

multidisciplinary team, and were therefore consensus diagnoses. 

The diagnoses, including subjective complaints, were kept under 

review and only considered correct if the clinical course over a 

period of at least one year of follow-up was consistent with the 

diagnosis. Total follow-up duration varied between one and four 

years. None of the subjects died and came to autopsy during this 

study. Disease duration was calculated as the time between the 

first reported symptoms and the time of lumbar puncture. 

Dementia severity was rated using the CDR. 76 The clinicians were 

blinded to the results of all CSF markers at the time of diagnosis. 
 

CSF collection and analysis 

CSF was obtained by lumbar puncture between the L3/L4 or 

L4/L5 intervertebral space and collected in polypropylene tubes. 

All lumbar punctures were performed during the morning, to 

control for circadian variations of protein concentrations. Within 

one hour of collection the CSF samples were centrifuged at 3000 

rpm for 10 minutes at 4°C and stored at -80°C until analysis. CSF 

NfL levels were determined using the previously described 

sandwich ELISA (mAb 2:1 and mAb 47:3). 139 CSF levels of hyper-

phosphorylated NfH (SMI34, Sternberger Monoclonals, Lutherville, 
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USA) and total NfH (SMI35) were measured using a sandwich ELISA 

and are respectively labeled as P-NfH and t-NfH. 140 CSF tau, P-tau-

181 and Aβ42 were determined using commercially available 

sandwich ELISAs (Innotest hTAU-Ag
 
, Innotest Phosphotau (181P) 

and Innotest -amyloid β 
(1-42) ,

Innogenetics, Ghent, Belgium). 
123,124,141 The degree of phosphorylation for CSF NfH and tau was 

calculated as the ratio of P-NfH/t-NfH and P-tau-181/tau 

respectively. Because of insufficient CSF sample, analysis of t-NfH 

and P-NfH was not possible in 1 out of 17 FTD patients. 
 

Statistical analysis 

Non-parametric tests, Kruskal-Wallis followed by Mann-Whitney U 

test, were used to compare concentrations of CSF biomarkers 

between the three groups. The Χ2 test was applied to determine 

significant differences in male: female distribution between the 

groups. To determine correlations Spearman’s rank correlation 

coefficients between CSF biomarkers and clinical variables were 

calculated for each diagnostic group. The Bonferroni corrected p-

value was used for multiple correlations. A p-value of 0.05 was 

accepted as significant.  
 

 

Results 

 

Clinical and CSF parameters are shown in Table 8. Subjects were 

age matched. Sex distribution differed significantly, with an 

excess of female subjects in the control subjects group, whereas 

there was a slight overrepresentation of men in the FTD group. 

Disease duration and dementia severity in FTD and EAD were 

comparable. CSF levels of the three subtypes of neurofilaments 

in FTD did not differ significantly from EAD or controls. CSF NfL 

levels were significantly higher in EAD compared with control 

subjects. As expected, CSF tau and P-tau-181 levels were 

 86



significantly higher and CSF Aβ42 levels were significantly lower 

in EAD compared with FTD and controls. For CSF tau, P-tau-181 

and Aβ42 no significant differences between FTD and control 

subjects were present. 

 
Table 8  Clinical parameters and levels of CSF 

biomarkers 
 

 

Parameter FTD EAD Controls Significance 

Age (yrs) 59 (50-68) 59 (53-68) 59 (39-82) p=0.94 

M  / F ratio 10 : 7 10 : 10 9 : 16 p=0.047 

Duration (yrs) 3 (0.5-14) 4 (2-10) -- p=0.24 

CDR 1 (1-3) 1 (1-3) -- p=0.20 

CSF NfL 
0.51 

(0.21-9.10) 

0.95 

(0.40-2.85) 

0.39 

(0.14-3.01) 
2) p<0.001 

CSF t-NfH 
0.17 

(0.04-0.87) 

0.19 

(0.12-0.37) 

0.16 

(0.02-0.45) 
p=0.36 

CSF P-NfH 
0.21 

(0.08-1.92) 

0.20 

(0.06-0.64) 

0.15 

(0.01-0.80) 
p=0.07 

CSF Aβ42 
565 

(245-1257) 

311 

(124-483) 

592 

(283-1450) 

1) p<0.001, 

2) p<0.001 

CSF tau 
309 

(49-2225) 

523 

(257-2615) 

298 

(95-587) 

1) p=0.001, 

2 ) p<0.001 

CSF P-tau-181 
43 

(18-157) 

73 

(45-279) 

50 

(18-90) 

1) p=0.002, 

2) p=0.003 

 
Legend: Values are displayed as means (range). Significantly differing values are 
written in bold. Concentrations are indicated in pg/mL for the conventional CSF 
markers and ng/mL for CSF neurofilaments. 1) Comparison between FTD and EAD,  
2) Comparison between EAD and controls. M/F: male to female ratio; CDR: Clinical 
Dementia Rating, global score 
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The individual values of CSF neurofilaments are displayed in 

Figure 2. In 4 FTD patients, the levels of both NfL and NfH were 

remarkably higher than the 95th percentile of the controls. In a 

fifth FTD patient CSF NfH levels were higher than the 95th 

percentile of the controls, whereas the CSF NfL levels were within 

the control range. This subgroup of FTD patients had 

neuroimaging that was supportive of the diagnosis. Only 1 out of 

20 EAD patients had CSF NfL and NfH levels higher than the 95th 

percentile of the controls. 

The individual values for the degree of NfH and tau 

phosphorylation within the three diagnostic groups are shown in 

Figure 3. The degree of NfH phosphorylation was elevated in 

FTD in comparison with EAD (p=0.04) and controls subjects 

(p=0.02). The degree of tau phosphorylation was lower in EAD 

compared with FTD and control subjects. 
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Figures 2 A-C Scatter plots of CSF NfL, t-NfH and P-NfH  
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Legend: Transverse lines indicate medians. Significant group differences are 
indicated. Note the logarithmic scale on the Y-axis 

 

 

Significant correlations between levels of CSF biomarkers and 

clinical variables for each group are presented in Table 9. CSF 

tau and P-181-tau levels were significantly correlated with CSF 

NfL levels in EAD, but not in FTD. CSF P-NfH and CSF t-NfH were 

significantly correlated in all diagnostic groups. Age was found 

to correlate with CSF levels of tau, P-tau-181 and NfL in control 

subjects, but not in FTD or EAD patients. 
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Figures 3 A - B Scatter plots indicating the degree of 
phosphorylation of CSF NfH and CSF tau 
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Legend: Transverse lines indicate medians. Significant group differences are 
indicated. Note the logarithmic scale on the Y-axis in Figure 3 A 
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Table 9 Correlations between levels of CSF biomarkers and clinical variables 
 

FTD AD Controls 

Parameter 1 Parameter 2 Correlation 

Coefficient 

(significance) 

Parameter 1 Parameter 2 Correlation 

Coefficient 

(significance) 

Parameter 1 Parameter 2 Correlation 

Coefficient 

(significance) 

CSF tau 
CSF P-tau-

181 

r = 0.714 

(p = 0.001) 
CSF tau 

CSF P-tau-

181 

r = 0.935 

(p < 0.001) 
CSF tau age 

r = 0.619 

(p= 0.001) 

CSF NfL CSF t-NfH 
r = 0.731 

(p = 0.001) 
CSF tau CSF NfL 

r =  0.734 

(p =<0.001) 

CSF P-tau-

181 
age 

r = 0.619 

(p= 0.001) 

CSF P-NfH CSF t-NfH 
r = 0.787 

(p < 0.001) 

CSF P-tau-

181 
CSF NfL 

r = 0.782 

(p < 0.001) 
CSF NfL age 

r =  0.683 

(p < 0.001) 

   CSF P-NfH CSF t-NfH 
r = 0.864 

(p < 0.001) 
CSF tau 

CSF P-tau-

181 

r = 0.909 

(p < 0.001) 

      CSF NfL CSF P-NfH 
r = 0.832 

(p < 0.001) 

      CSF P-NfH CSF t-NfH 
r = 0.823 

(p < 0.001) 

 
Legend: Spearman’s rank correlation coefficient r is followed by the level of statistical significance between brackets. Only significant 
correlations are displayed. The Bonferroni corrected level of significance is p<0.003 
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Discussion 

 

In this study we compared the CSF neurofilament profiles of FTD 

patients, EAD patients and non-demented control subjects. 

Although CSF neurofilament levels could not distinguish the FTD 

group from EAD patients and control subjects, we found that a 

subgroup of FTD patients had high CSF levels of both NfL and NfH. 

The degree of NfH phosphorylation was increased in FTD 

compared to both other groups. 

A previous study found increased CSF levels of NfL in FTD and late 

onset AD (LAD) compared to healthy controls and in LAD compared 

to EAD. 136 Another study found increased levels of CSF NfL in 

patients with AD, FTD and vascular dementia vascular dementia 

relative to control subjects, although levels were significantly 

higher in FTD and vascular dementia than in AD, with very high 

levels of CSF NfL in 4 out of 5 FTD patients. 142  Only 1 recent study 

has investigated CSF t-NfH levels in AD and other dementias. 143 In 

this study, CSF t-NfH levels were higher in AD and vascular 

dementia patients than in controls, whereas no differences with 

other dementias were found, although only 15 FTLD patients were 

included. Since the present study consists of a relatively small 

number of FTD patients, our results will certainly have to be 

reproduced in a larger study. The hypothesised increase of CSF 

neurofilament levels in FTD compared to EAD and control subjects 

could not be confirmed. What we did find was a large variation in 

levels of both NfL, t-NfH and P-NfH levels between individuals with 

FTD, with some FTD values exceeding the 95th percentile of 

control measurements. This finding may reflect the pathological 

heterogeneity of FTD. 15 CSF NfL, but not NfH levels were 

significantly increased in EAD compared to FTD and controls. We 

were thus not able to prove the hypothesis that CSF NfH is more 

stable and is therefore a better CSF marker in EAD. 

We found no correlation between the neurofilament data and 

dementia severity in FTD as assessed using the CDR. CSF tau levels 
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were significantly correlated with CSF NfL levels in EAD, but not in 

FTD. These findings suggest complex pathophysiological 

differences between FTD and EAD. Associations between CSF levels 

of tau, P-tau-181 and NfL with age were present in the control 

group. An age-related increase of tau has been described by others 

and in our study could be explained by the wide range of ages 

within the control group. 144,145  The role of neurofilaments is 

primarily to maintain cytoskeletal structure. Typically NfH is more 

prone to phosphorylation than NfL. 131  Neurofilament proteins are 

relatively less phosphorylated when located in cell bodies than 

along the axon. 137 Hyper-phosphorylation of neurofilaments can 

lead to pathological accumulation of neurofilaments in cell bodies 

and axons. 131 Although CSF P-NfH and t-NfH were significantly 

correlated, the finding of an increased P-NfH/t-NfH ratio in FTD 

suggests that hyperphosphorylation of NfH might play a 

pathophysiologic role in this disorder. The presence of increased  

CSF NfL levels in EAD suggest a certain amount of axonal damage 

occurring in this disorder, while the high levels of both NfL and NfH 

in a subgroup of FTD patients suggest that neuronal death and 

axonal degeneration may be a more prominent feature in these 

individuals, who should be further investigated in future studies. 

The subgroup of FTD patients with high CSF neurofilament levels 

and the one patient with clinical EAD and high CSF NfL and NfH 

may actually have a neurofilamentopathy. This is a rare disorder 

and can only be diagnosed at post-mortem. So far, the clinical 

picture of neurofilamentopathies appears to be quite variable, 

rendering their identification on clinical grounds impossible. 146 

Nevertheless it might well be possible that determination of CSF 

neurofilaments in the future could serve as an aid to identify FTD 

with neurofilamentous inclusions. Clinicopathological correlation in 

relation to CSF biomarker findings will be an important subject of 

further study. 
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ABSTRACT 

 

THE ROLE OF AMYLOID METABOLISM IN THE PATHOPHYSIOLOGY OF FTLD 

REMAINS TO BE ELUCIDATED. WE COMPARED CSF LEVELS OF AMYLOID BETA 1-40 

(AΒ40) AND AMYLOID BETA 1-42 (AΒ42) IN PATIENTS WITH FTLD (FTLD, 

N=21) VERSUS PATIENTS WITH ALZHEIMER’S DISEASE (AD, N=39) AND 

CONTROL SUBJECTS (N=30).  

WHILE IN AD CASES AΒ42 LEVELS WERE LOWER AND CSF AΒ40 LEVELS EQUAL 

TO THOSE IN CONTROLS, A SIGNIFICANT DECREASE IN AΒ40 AND INCREASE IN 

CSF AΒ42/AΒ40 RATIO WAS OBSERVED IN FTLD COMPARED AD AND 

CONTROL SUBJECTS. THESE FINDINGS FAVOUR A DIFFERENTIAL INVOLVEMENT 

OF AMYLOID Β PEPTIDES IN FTLD COMPARED TO AD.  
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Introduction 

 

FTLD is a spectrum of neurodegenerative disorders affecting the 

frontal and/or temporal lobes, clinically characterised by 

behaviour and/or language disturbances. 14 Pathological findings 

in FTLD can be classified into five groups. 15 Since distinct 

pathological processes in the brain may result in specific CSF 

biomarker profiles, the highly varying levels of CSF biomarkers in 

FTLD might reflect the pathological heterogeneity of FTLD. 

Alzheimer’s disease (AD) is the most common cause of dementia 

and is pathologically characterised by the combination of 

plaques mainly consisting of amyloid beta (1-42) (Aβ42) and to a 

lesser extent amyloid beta (1-40) (Aβ40), as well as tau-positive 

neurofibrillary tangles. In AD, CSF Aβ42 levels have consistently 

found to be decreased, 51 whereas levels of the more soluble CSF 

Aβ40 are normal. 147 Although intracerebral deposition of Aβ is 

not a hallmark of FTLD, CSF levels of Aβ42 can be moderately 

decreased in FTLD. 51 These data suggest that the presence or 

absence of intracerebral Aβ deposition is not the only 

determinant of CSF Aβ levels in AD and FTLD. Since relatively 

little is known about CSF Aβ40 levels in FTLD, we set out to 

determine levels of CSF Aβ42 and Aβ40 in FTLD, AD and control 

cases. 
 

 

Methods 

 

Patients 

Twenty-one patients with FTLD, 39 patients with probable AD 

and 30 cognitively healthy controls were recruited from the 

Alzheimer Center of the VU University Medical Center. The 

clinical diagnoses were made in conference by a multidisciplinary 
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team based on accepted clinical diagnostic criteria. 14,79 During 

the diagnostic procedure all patients underwent screening 

laboratory tests, psychometric tests, EEG and MRI of the brain. In 

4 FTLD cases with normal or non-conclusive structural 

neuroimaging findings, 99mTc-HMPAO-SPECT was performed. 

One patient with FTLD had a family history suggestive of 

autosomal dominant presenile dementia, but refused genetic 

investigation. The other cases were not considered for mutation 

screening. All patients were living in the community. The control 

group consisted of 20 persons with subjective memory 

complaints but no abnormalities on diagnostic screening, 5 

cognitively healthy spouses of patients, 3 subjects without 

complaints but a positive family history for dementia, and 2 

subjects with other neurological conditions but no cognitive 

symptoms. The MMSE was performed in 20 out of 21 FTLD 

patients, all AD patients and 29 out of 30 control subjects. The 

CDR was used as a measure of dementia severity. Subjects were 

only included in the study if the diagnosis did not change after 1 

year of follow-up, to compensate for the lack of histopathological 

verification. Disease duration was defined as the time difference 

between disease onset based on history and time of lumbar 

puncture. All subjects gave written informed consent to 

participate in the study. Approval was given by the Ethical Review 

Board of the VU University Medical Center.  
 

Laboratory analysis 

CSF was obtained by lumbar puncture between the L3/L4 or 

L4/L5 intervertebral space, and 12 ml was collected in 

polypropylene tubes. Within an hour, CSF samples were 

centrifuged at 3000 rpm for 10 minutes at 4°C. CSF was 

aliquoted in polypropylene tubes of 0.5 or 1 ml, and stored at -

80°C until analysis. CSF Aβ42 and Aβ40 were determined using 

specific ELISAs as previously described. 148 The monoclonal 
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antibody 6E10 (Signet Labs, Dedham, MA, USA), which 

recognises residues 1-16 of Aß, was used as capture antibody 

and the polyclonal antibodies R208, and R165 (specific for Aß40 

and Aß42, respectively) as detector antibodies. 

 

Statistical analysis 

Clinical variables and levels of CSF markers were compared 

between the 3 groups using non-parametric tests (Kruskal-Wallis 

followed by Mann-Whitney U test). A p-level of <0.05 was 

considered to reflect statistical significance.  
 

 

Results 

 

CSF biomarkers in FTLD, AD and controls 

Clinical variables and CSF Aβ levels are displayed in Table 10. 

The median level of CSF Aβ40 was significantly lower in FTLD 

compared with AD and control subjects. Because Aβ42 levels 

were decreased in AD, but not in FTLD patients, compared to 

controls, the ratio of CSF Aβ42 to Aβ40 was significantly 

increased in FTLD compared to both other groups. CSF 

Aβ42/Aβ40 ratio was significantly lower in AD compared with 

control subjects. Individual values of CSF Aβ40, Aβ42, and their 

ratio are shown in Figure 4. 
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Table 10 Clinical variables and CSF Aβ levels 
 

 FTLD (n=21) AD (n=39) Controls (n=30) Significance 

Age (yrs) 63 (52-85) 62 (52-79) 64 (32-79) p=0.38 

Disease 

duration (yrs) 
3 (1-11) 4 (1-11) -- p=0.05 

CDR  1 (1-2) 1 (1-3) -- p=0.18 

MMSE 24 (3-29) 20 (3-28) 30 (25-30) 

1) p=0.50 

2) p < 0.001 

3) p < 0.001 

CSF Aβ40 

(ng/ml) 
11 (6-29) 16 (6-43) 19 (8-33) 

1) p= 0.02 

2) p= 0.002 

3) p= 0.46 

CSF Aβ42 

(pg/ml) 
576 (151-1324) 288 (116-674) 629 (218-1075) 

1) p < 0.001 

2) p=0.61 

3) p < 0.001 

CSF  

Aβ42/Aβ40 

0.057 

(0.014-0.078) 

0.017 

(0.006-0.048) 

0.035 

(0.016-0.069) 

1) p < 0.001, 

2) p=0.010, 

3) p < 0.001 

 
Legend: Values are medians. Range is indicated between brackets. Significant 
differences are displayed in bold. 1) Comparison between FTLD and AD,  
2) Comparison between FTLD and control subjects, 3) Comparison between 
AD and control subjects 
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Figure 4 A-C Scatter plots of individual levels of CSF 
Aβ levels 

 

Figure 4A CSF Aβ40 

0

10

20

30

40

50

FTLD AD Controls

p=0.002

p=0.024

FTLD AD Controls

C
S
F
 A
β4

0
(n

g
/
m

l)

 

 103



Figure 4B CSF Aβ42 
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Discussion 

 

We found that the median level of CSF Aβ40 was decreased and 

the CSF Aβ42/Aβ40 ratio was increased in FTLD compared with 

AD and cognitively healthy controls. Our findings can only be 

supported by one study, finding decreased CSF Aβ40 levels in 2 

out of 5 FTLD patients. 149 In another study a linear correlation 

between the CSF levels of Aβ40 and the degree of frontal atrophy 

on MRI was observed in FTLD patients, suggesting higher CSF 

Aβ40 levels in FTLD patients with more frontal atrophy. 55 

However, because of lack of proper control groups, the results of 

this study can hardly be compared with ours. 

Our findings shed a new light on the role of amyloid metabolism 

in FTLD. In AD accumulation of Aβ42 and Aβ40 in parenchymal 

extracellular plaques are a pathologic hallmark. Although the 

majority of AD cases is sporadic and the most important risk 

factor to develop AD is age, possible pathophysiological 

processes can be derived from mutations in three early-onset AD 

genes; the β-amyloid precursor protein (βAPP), and the 

presenilins 1 and 2 (PS-1 and PS-2). Mutations in one of these 

genes lead to increased production of Aß from its precursor and 

formation of amyloid plaques. An increased extracellular 

Aβ42/40 ratio in vitro and in vivo appears to be a characteristic 

of the presenilin mutations. 150 However, no mismetabolism of 

amyloid has been demonstrated in sporadic FTLD. There is only 

one post-mortem study in FTLD that found Aβ42 containing 

plaques in a considerable number of patients.  151 In this study, 

Aβ40 containing plaques were only occasionally seen. The 

finding of plaques was associated with higher age and a higher 

APOE ε4 allele frequency and was considered coincidental. 

In hereditary FTLD caused by tau-mutations, increased soluble 

Aβ40 and Aβ42 in the absence of intracerebral amyloid deposits 

was described in 8 patients. 129 Abundant amyloid deposition has 

been described in a FTLD patient with an R406W tau mutation. 152 
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No indications of amyloid metabolism disturbances have been 

reported in patients with progranulin mutations so far. More 

intriguing is the possible relationship between PS-1 mutations 

and FTLD, although in autopsied cases no intracerebral amyloid 

plaques were found. 153,154 The finding of an additional IVSI+IG  A 

progranulin mutation in a patient with a previously reported 

insR352 PS-1 mutation, however, raises the question whether PS-1 

mutations lacking amyloid histopathology are really causative of 

FTLD. 153 The presence of increased CSF Aβ40 and Aβ42 levels 

compared with controls in the latter case remains unexplained. 155 

Thus, in at least some hereditary variants of FTLD, amyloid 

metabolism disturbances seem to play a role. These 

abnormalities do not necessarily lead to intracerebral amyloid 

deposition, but can indirectly be demonstrated by measuring 

soluble amyloid fractions or CSF amyloid concentrations. 

A limitation of our study is the lack of pathological or genetic 

confirmation of the clinical diagnosis. Also, the relative short 

disease duration in both disease groups might have contributed 

to possible misdiagnosis. The diagnosis of early-onset dementia 

may be complex, in particular because atypical presentations of 

AD have been described. 156 However, as the clinical diagnosis 

was made in conference in a tertiary referral setting and 

confirmed by a follow period of at least one year, we are 

confident to have achieved a high diagnostic accuracy.  

Our study is the first to examine levels of CSF Aβ40 in relation to 

CSF Aβ42 in FTLD patients compared with AD patients and 

cognitively healthy controls. Our findings suggest that βAPP 

metabolism is either decreased or altered in sporadic FTLD and 

deserve future study. 
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 ABSTRACT 

 
OBJECTIVE 

TO INVESTIGATE THE PRESENCE OF EEG ABNORMALITIES IN FTLD IN 

COMPARISON WITH ALZHEIMER’S DISEASE (AD) AND NON-DEMENTED CONTROL 

SUBJECTS, USING AN ELABORATED VISUAL EEG RATING SCALE; FURTHERMORE, 

TO INVESTIGATE WHETHER ASSESSMENT OF RESTING-STATE FUNCTIONAL 

CONNECTIVITY OF THE EEG IS SUPERIOR TO VISUAL EVALUATION IN 

DISTINGUISHING BETWEEN FTLD, AD AND NON-DEMENTED CONTROLS.  
 

METHODS 

EEGS OF 15 PATIENTS WITH FTLD, 23 WITH AD AND 25 COGNITIVELY 

HEALTHY CONTROLS WERE VISUALLY COMPARED USING THE GRAND TOTAL 

EEG (GTE) SCORE. THE SYNCHRONIZATION LIKELIHOOD (SL) AS A MEASURE 

OF FUNCTIONAL CONNECTIVITY BETWEEN DIFFERENT EEG CHANNELS WAS 

CALCULATED FOR THE 0.5-4 HZ, 4-8 HZ, 8-10 HZ, 10-13 HZ, 13-30 HZ 

AND 30-45 HZ FREQUENCY BANDS. PATIENTS HAD MILD TO MODERATE 

DEMENTIA. 
 

RESULTS 

IN AD, AS EXPECTED, THE GTE REVEALED SIGNIFICANT DIFFERENCES FROM 

FTLD AND CONTROLS, INDICATING MORE EEG SLOWING, LOSS OF REACTIVITY 

AND A HIGHER FREQUENCY OF FOCAL ABNORMALITIES. FTLD HOWEVER COULD 

NOT BE DISCRIMINATED FROM CONTROLS BY THE GTE SCORE. BY CONTRAST, 

SUBTLE DIFFERENCES BETWEEN FTLD AND AD COULD BE SHOWN 

INVESTIGATING RESTING-STATE FUNCTIONAL CONNECTIVITY, AS IN THE LOWER 

ALPHA FREQUENCY BANDS SL WAS HIGHER IN FTLD PATIENTS COMPARED WITH 

AD PATIENTS, IN PARTICULAR OVER THE FRONTAL ELECTRODES, WHEREAS SL 

IN CONTROLS WAS INTERMEDIATE. THE SL WAS DECREASED IN AD COMPARED 

WITH CONTROLS IN THE HIGHER ALPHA AND BETA FREQUENCY BANDS. 
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CONCLUSIONS 

IN PATIENTS WITH MILD TO MODERATE FTLD THE VISUALLY RATED EEG WAS 

NORMAL. THE INCREASED SL IN FTLD COMPARED TO AD IN THE LOWER 

ALPHA FREQUENCY BAND SUGGESTS DIFFERENTIAL INVOLVEMENT OF RESTING-

STATE FUNCTIONAL CONNECTIVITY IN THESE TWO DISORDERS. 
 

SIGNIFICANCE 

FUNCTIONAL CONNECTIVITY MEASURES APPEAR MORE SENSITIVE THAN VISUAL 

RATING OF THE EEG TO DETECT FUNCTIONAL CHANGES IN FTLD. 
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Introduction 

 

FTLD is a spectrum of neurodegenerative disorders presenting 

with behaviour changes, executive problems or aphasia, 

depending on the cerebral localisation of pathology, which can 

be predominantly frontal or temporal. FTLD is classified as FTD, 

semantic dementia (SD) or progressive non-fluent aphasia (PA). 

For each of these clinical syndromes clinical diagnostic criteria 

have been established. 14 
 

In FTLD the EEG has been reported to be normal until late in the 

course of the disease. 8,50,157-159 Unfortunately, these studies were 

performed in small cohorts of patients, although 

histopathologically proven, and the methods of EEG assessment 

were not well described. In some of the older studies different 

diagnostic criteria were used. A recent study reported abnormal 

EEG on visual inspection in 9 out of 13 FTLD patients with 

various degrees of dementia severity. 160 In line herewith EEG 

abnormalities comparable to those found in Alzheimer’s disease 

(AD) in more than half of the FTLD patients, using a very simple 

3-points grading scale were reported by Chan et al. 161 Thus far, 

these findings have not been reproduced by others.  
 

EEG measures of functional connectivity have been applied in 

dementia and mild cognitive impairment (MCI). 162-169 In addition 

to what is already known from visual EEG investigations these 

studies suggest involvement of the higher alpha and beta 

frequency bands in mild to moderate AD.  In one EEG study and 

one magneto-encephalographic (MEG) study involvement of the 

gamma band in AD was found. 170,171  
 

In the interest of distinguishing FTLD from AD in the earliest 

phase of the disease, EEG may be useful, since it is a non-

invasive, relatively cheap and easy to administer, widely available 
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tool. In the present study we aimed to examine the presence of 

EEG abnormalities in subjects with mild to moderate FTLD, 

compared to subjects with AD and non-demented control 

subjects using a differentiated visual EEG rating scale. 

Furthermore, we investigated whether assessment of the 

synchronization likelihood (SL) as a measure of functional 

connectivity is superior to visual inspection to differentiate FTLD 

from AD patients and controls. In addition we were interested 

whether functional connectivity analysis would reveal different 

pathophysiological patterns in FTLD and AD. 
 

 

Methods 

 

Patients 

Fifteen consecutive patients with FTLD according to the criteria 

of Neary and Snowden 14 were recruited from the Alzheimer 

Center of the VU University Medical Center. Twenty-three patients 

with probable AD according to the NINCDS-ADRDA criteria 79 

matched for age and disease severity, were drawn from the 

Alzheimer Center clinical database. Twenty-five persons with 

non-progressive subjective memory complaints served as a 

control group. All subjects underwent a standard battery of 

examinations including medical history, physical and 

neurological examination, screening laboratory tests, 

psychometric tests, MRI, and EEG. In five patients with suspected 

FTLD having a normal structural neuroimaging examination, 

99mTc-HMPAO-SPECT was performed. Cognitive decline was 

rated using the MMSE. 77  Dementia severity was assessed using 

the CDR. 76 All diagnoses were made after review of each patient 

by the multidisciplinary team, and were therefore consensus 

diagnoses. The diagnoses, including subjective complaints, were 

kept under review and only considered correct if the clinical 
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course over a period of at least one year of follow-up was 

consistent with the diagnosis. Of the FTLD patients 12 had FTD 

and 3 SD. The study was conducted in accordance with regional 

research regulations and conformed to the Declaration of 

Helsinki. 
 

EEG recordings  

EEGs were recorded using an OSG digital EEG equipment 

(Brainlab (R)) at the following positions of the international 10-20 

system: Fp2, Fp1, F8, F7, F4, F3, A2, A1, T4, T3, C4, C3, T6, T5, 

P4, P3, O2, O1, Fz, Cz, Pz. ECG was recorded in a separate 

channel. Electrode impedance was below 5 kOhm. Initial filter 

settings were: time constant = 1 sec., low pass filter = 70 Hz. 

Sample frequency was 500 Hz and A-D precision 16 bit. Subjects 

were seated in a slightly reclined chair in a sound attenuated, 

dimly lit room and were kept awake as much as possible during 

the whole recording. 
 

Visual EEG assessment 

For visual inspection the Grand Total EEG score (GTE) was used. 172 

This scale has been shown to be valuable in dementia studies. 172-175 

The scoring system consists of 6 parameters that are each 

scored on a 6-point scale. Adding a constant of 1 yields a total 

score ranging from 1 (completely normal) to 31 (severely 

abnormal) (Appendix 4). 172,175 Cut-off values depend on the 

applied specificity and sensitivity, for example Jonkman applied a 

threshold of GTE > 9 to accurately differentiate AD from control 

subjects with psychiatric disorders. 172 Two clinical neuro-

physiologists (RLS, CS) independently rated the EEGs of all 

included subjects, blinded to the clinical diagnosis. Weighted 

Cohen’s kappa was 0.81. For the statistical analyses, average 
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scores of both raters were used for the total GTE score as well as 

GTE sub-scores.  
 

Synchronization Likelihood  

For SL-analysis, artefact-free epochs of 4096 samples (sample 

frequency 500 Hz; 8.19 seconds) were collected of all groups, 

during the eyes closed condition. The mathematical computation 

of the SL has been described in previous papers. 176,177 The SL 

reflects the strength of (linear and nonlinear) coupling between 

two systems. Values of the SL are between a small number close 

to zero when there is no coupling and one in the case of fully 

synchronized time series. 

The SL was computed with DIGEEG4XP software. Computation 

was based on an average derivation following the procedure 

used in Pijnenburg et al., 2004. 162 The mean SL of one electrode 

compared to each of the other electrodes was computed for each 

of the 21 electrodes over 4 epochs. Mean SL per electrode was 

computed for the following frequency-bands: 0.5-4 Hz, 4-8 Hz, 8-

10 Hz, 10-13 Hz, 13-30 Hz, 30-45 Hz. Parameter settings, in 

particular choice of the time lag and embedding dimension, were 

as described in Montez et al., 2006. 176 
 

Statistical evaluation 

For statistical analysis, the SPSS 12.0 package for windows was 

used. Clinical variables, total GTE scores and GTE sub-scores were 

compared between the three diagnostic groups using 

nonparametric statistics (Kruskal-Wallis followed by Mann-Whitney). 

Multivariate repeated measures ANOVA was performed with 

electrode as within-subjects factor (21 levels) and diagnosis as 

between-subjects factor (3 levels; FTLD, AD and subjective 

memory complaints). Separate analyses were performed for each 

of the six frequency bands. Post-hoc Bonferroni tests were used.  
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Results 

 

Visual EEG analysis 

Clinical variables and GTE scores are displayed in Table 11. FTLD 

could not be distinguished from control subjects based on total 

GTE score, neither by one of the sub-scores. Total GTE scores in 

AD patients were significantly higher than in FTLD patients and 

control subjects, meaning that they had more abnormal EEGs. 

Significant differences between AD and the other 2 diagnostic 

groups were present for 4 out of 6 GTE sub-scores: rhythmic 

background activity, slow wave activity, reactivity and focal 

abnormality. 

In Figure 5 individual mean GTE scores are shown by diagnostic 

group. GTE scores of 9 or higher were only encountered in 

patients with AD. This was the case in 7 out of 23 (30%) AD 

patients. 
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Table 11 Clinical variables and visual EEG parameters 
 
 FTLD AD Controls Significance 

Age (years) 63 (43-79) 64 (51-77) 59 (49-78) p=0.46 

Male : female 12 : 3 8 : 15 15 : 10 p=0.002 

MMSE 24.5 (13-30) 19.2 (8-27) 28.5 (22-30) 
1) p=0.02 

2) p=0.03 

3) p<0.001 

CDR 1 (1-2) 1 (1-2) -- p=0.97 

GTE total 2.5 (1-5.5) 7.5 (1.5-15) 2.5 (1-7.5) 
1) p=0.002 

2) p=0.51 

3) p<0.001 
GTE 1 (rhythmic 

background 

activity) 

0 (0-2) 1 (0-4) 0 (0-2) 
1) p=0.02 

2) p=0.57 

3) p=0.002 

GTE 2 (slow 

wave activity) 
0 (0-1) 1 (0-4) 0 (0-1) 

1) p<0.001 

2) p=0.40 

3) p<0.001 

GTE 3 

(reactivity) 
0 (0-1) 0 (0-2) 0 (0-1) 

1) p=0.03 

2) p=0.71 

3) p=0.003 
GTE 4 (paroxys-

mal activity) 
0 (0-1) 0 (0) 0 (0) p=0.20 

GTE 5 (focal 

abnormality) 
0 (0-2) 1 (0-4) 0 (0-2) 

1) p=0.04 

2) p=0.99 

3) p=0.01 
GTE 6 (sharp 

wave activity) 
0 (0) 0 (0-2) 0 (0-2) p=0.52 

 
Legend: Values are displayed as medians (range). GTE values are averages 
between the 2 raters. FTLD = frontotemporal lobar degeneration.AD = 
Alzheimer’s disease. MMSE = Mini-Mental State Examination. CDR = Clinical 
Dementia Rating. GTE = Grand Total EEG. Significant differences are printed 
in bold. 1) Comparison between FTLD and AD, 2) Comparison between FTLD and 
controls, 3) Comparison between AD and controls 
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Figure 5 Scatter plot of individual mean GTE scores 
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Synchronisation likelihood  

Analysis of variance for repeated measures revealed a main effect 

of electrode (p < 0.001) in all frequency bands. There was a main 

effect of diagnosis in the 8-10 Hz band (p= 0.002), the 10-13 Hz 

band (p= 0.011) and the 13-30 Hz band (p= 0.007). There was a 

significant electrode × diagnosis interaction in the 8-10 Hz band 

(p= 0.001) and the 10-13 Hz band (p= 0.03), but not in any of the 

other bands. Figure 6 displays mean SL per electrode in the three 

diagnostic groups for the 8-10 Hz and 10-13 Hz bands. 
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Figure 6 Mean SL per electrode 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
20 21

Electro de

0,0 20 0

0,0 40 0

0,0 60 0

0,0 80 0

0,1 00 0

0,1 20 0
M

ea
n
 S

L 
p
er

 e
le

ct
ro

d
e

D iag n os is
FTLD

AD

co ntrol  
sub jec ts

FP2 FP1 F8 F7 F4 F3 A2 A1 T4 T3 C4 C3 T6 T5 P4 P3 O2 O1 Fz Cz Pz

Electrode 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
20 21

Electro de

0,0 20 0

0,0 40 0

0,0 60 0

0,0 80 0

0,1 00 0

0,1 20 0
M

ea
n
 S

L 
p
er

 e
le

ct
ro

d
e

D iag n os is
FTLD

AD

co ntrol  
sub jec ts

FP2 FP1 F8 F7 F4 F3 A2 A1 T4 T3 C4 C3 T6 T5 P4 P3 O2 O1 Fz Cz Pz

Electrode 

Figure 6A: 8-10 Hz  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6B: 10-13 Hz 
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Post hoc analysis revealed that in the 8-10 Hz band, FTLD 

patients had higher SL than patients with AD (p= 0.02). There 

were no significant differences between AD and control subjects 

or between FTLD and control subjects. From the pattern 

displayed in Figure 6 it appears that these differences were most 

prominent over the frontal electrodes (FP2, FP1, F8, F7, F4 and 

F3). In the 10-13 Hz band AD patients had lower SL than control 

subjects (p= 0.02), but FTLD did not differ significantly from 

controls (p= 1.00). In the 13-30 Hz band mean SL per electrode 

was lower in AD than in controls (p= 0.01). There was a trend for 

lower SL in AD compared with FTLD (p= 0.05), but there was no 

difference between FTLD and controls (p= 1.00).  
 

 

Discussion 

 

We found that the visually rated EEG in mild to moderate FTLD 

was indistinguishable from the EEG of non-demented controls, 

even when using an elaborated rating scale which has been 

proven to be useful in distinguishing AD from non-demented 

controls. 173,175 However, using the SL as a measure of functional 

connectivity, we found that resting-state synchronisation was 

increased in FTLD compared with AD in the lower alpha 

frequency band, particularly in the frontal region.  Furthermore, 

in the higher alpha and beta frequency bands SL was decreased 

in AD compared with control subjects. In the higher alpha 

frequency band this effect was most prominent in the frontal 

region, whereas in the beta band more diffuse differences were 

present. 
 

Our findings are in line with the first reports on EEG findings in 

FTLD. 8,157-159 but are in contrast with more recent findings. 160,161  

Differences with the latter studies can be explained by inclusion 

of moderately to severely demented FTLD in these studies. In 
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another study the EEG demonstrated almost normal background 

activity in 10 FTLD patients, but with focal abnormalities in the 

frontotemporal areas and a tendency of driving of background 

activity at slow frequencies during photo-stimulation, whereas 

AD patients showed a more diffuse pattern of slow wave 

abnormality. 178 These findings are in contrast with our results, 

revealing that focal (temporal) abnormalities occurred most often 

in AD, compared with FTLD and were common in individuals with 

subjective memory complaints too. 
 

This is the first study to compare the EEG in mild to moderate 

FTLD versus AD and control subjects, using measures of resting-

state functional connectivity. Therefore, our results cannot be 

compared with similar studies. Remarkably, we found a relative 

increase of synchronisation in FTLD in the lower alpha frequency 

band compared with AD. This phenomenon appeared to be more 

pronounced in the frontal area. Although a decrease of 

synchronisation is generally considered as pathological loss of 

connectivity, an increase of synchronisation might have a 

pathological meaning as well. For example, indications of 

increased functional connectivity in MCI might be related to a 

compensational mechanism prior to eventual breakdown of 

connectivity. 162,167 Moreover, increased synchronisation has been 

found in other neurological disorders such as epilepsy, 

Parkinson’s disease, glioma and alcoholic brain damage. 179-181 

Another explanation of the increase of functional connectivity in 

FTLD, in particular in the frontal area might be explained as a 

loss of cognitive flexibility, which is also a clinical characteristic 

of this disorder. On the other hand, our findings could be 

attributed to the relative decreased SL in the frontal regions in 

AD, a phenomenon occurring in the higher alpha frequency band 

in AD versus control subjects. However it is remarkable that AD 

differed from FTLD cases and not from controls, suggesting 

differential functional involvement in the two disorders. 
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The decrease of synchronisation in the higher frequency bands in 

the AD group is not surprising, as this has consistently been 

found in other EEG studies. 162,164,168,170,182 The relative normality of 

the visually rated EEG in FTLD is intriguing, as in some cases 

extensive neuronal degeneration takes place. When EEG 

abnormalities in FTLD do occur, changes are not uniform and the 

posterior dominant rhythm is relatively preserved. 157,159 In this 

light, it should be considered that EEG background activity is 

produced by functioning neurons, whereas already degenerated 

neurons do not contribute to the EEG (‘dead neurons tell no 

tales’!) 183 Second, the frequency of the dominant background 

rhythm is influenced by acetylcholine levels. 184 It has been 

demonstrated that cholinergic dysfunction is a hallmark of AD. 185 

In FTLD, there are indications for a predominant serotonergic 

dysfunction. 186,187 Our findings concerning the visually rated EEG 

support the hypothesis that in FTLD cholinergic function is 

relatively preserved, at least in the early to moderate stages.  
 

A drawback of our study is that pathological confirmation of the 

clinical diagnoses is lacking. In this respect it cannot completely 

be ruled out that diagnostic circularity influenced the results of 

our study, as the EEG played a role in the diagnostic process. 

However, this is made very unlikely by the fact that diagnoses 

were made according to the respective clinical diagnostic criteria, 

in which EEG can only be supportive and is mainly used to 

exclude epilepsy and Creutzfeldt-Jakob disease. Also, the 

functional connectivity findings were not available at the time of 

diagnosis. 
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Summary 

 

Frontotemporal dementia (FTD) is a neurodegenerative disorder 

predominantly affecting the frontal and / or temporal lobes. 

Clinically it presents with behavioural, personality and emotional 

features. Cognitive features consist of executive and language 

dysfunction with memory disturbances to a lesser extent. The 

clinical syndrome is often unrecognised. Standard diagnostic 

tests have a relatively low sensitivity. In the first part of this 

thesis the clinical recognition of FTD was investigated. In the 

second part new diagnostic tools were explored. 
 

In Chapter 1 a historic overview of FTD since the first description 

by Arnold Pick in 1892 is given. Frontotemporal lobar 

degeneration (FTLD), besides FTD encompasses the clinical 

syndromes of semantic dementia and progressive non-fluent 

aphasia, that both present with language features. The FTLD 

clinical syndromes are described at the background of 

pathologic, epidemiologic and genetic findings. An illustration of 

current diagnostic difficulties is given. 
 

Chapter 2 presents a retrospective case note study in patients 

with the three prototypical FTLD syndromes. Presenting 

complaints were most misleading in FTD, with none of the 

patients and less than 50% of their caregivers reporting 

behavioural change. Both FTD patients and their partners 

relatively often reported memory complaints. Misinterpretation 

of first symptoms resulted in diagnostic delay in 62% of the FTD 

patients.  
 

In Chapter 2.2 the value of the clinical diagnostic criteria for FTD 

is evaluated in a memory clinic cohort. A written caregiver 

questionnaire was designed, containing the five core clinical 

hallmarks of FTD, according to international consensus. The 
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questionnaire was applied at first memory clinic presentation. 

The caregiver answers were evaluated in relation to the clinical 

diagnosis, made by the multidisciplinary team that was blinded 

to the caregiver answers. A consistent clinical diagnosis over at 

least one year was regarded as the gold standard. After exclusion 

of obvious, non-neurodegenerative causes of cognitive and 

behavioural decline, the questionnaire had a specificity of 90% 

and sensitivity of 73% for a diagnosis of FTD. These figures 

remained essentially the same when the FTD study population 

was enlarged by adding patients from two other memory clinics.  
 

In Chapter 2.3 the diagnostic dilemma of FTD versus late-onset 

schizophrenia (LOS) is illustrated by the case descriptions of 4 

patients who were clinically diagnosed with either FTD or 

schizophrenia. The four patients shared a considerable number 

of clinical and neuropsychological features. As the underlying 

pathophysiology of LOS is unknown, there is still a lack of a gold 

standard to resolve this dilemma. A multidisciplinary approach in 

the evaluation of patients presenting with behavioural change 

and / or psychosis is advocated. 
 

In Chapter 3.1 the role of the routine CSF biomarkers, tau and 

amyloid beta (1-42) (Aβ42), in the diagnosis of FTLD is 

investigated. CSF levels of both biomarkers were highly variable 

in FTLD, as opposed to patients with Alzheimer’s disease (AD) 

and cognitively healthy control subjects. Based on the pattern of 

CSF tau and Aβ42, the identification of FTLD subjects was not 

satisfactory.  

 

Subsequently (Chapter 3.2), relationships between CSF protein 

levels and clinical characteristics, neuroimaging characteristics 

and Apolipoprotein E (ApoE) genotype were looked for. For CSF 

Aβ42 no relationships with the above factors were found. For CSF 

tau, there was an influence of predominant localisation (frontal 
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or temporal). Furthermore, in the temporal subgroup CSF tau 

levels were related to CSF Aβ42 levels, age, disease duration and 

disease severity. In the frontal subgroup there was an effect of 

ApoE genotype. 
 

In Chapter 3.3 a possible role for CSF neurofilaments in the 

diagnosis of FTD is explored. CSF levels of light and heavy chain 

neurofilaments as well as the hyperphosphorylated heavy chain 

neurofilament were compared between patients with FTD, early-

onset Alzheimer’s disease (EAD) and cognitively healthy controls. 

The EAD patient group had higher median CSF levels of the light 

chain neurofilament than control subjects. A subgroup of FTD 

patients had very high levels of both types of neurofilaments. 

The degree of neurofilament phosphorylation, as computed by 

the ratio hyperphosphorylated / total heavy chain neurofilament 

was higher in FTD than in the other groups.  
 

In Chapter 3.4 concentrations of CSF Aβ40 and Aβ42 were 

measured in CSF of patients with FTLD, AD and cognitively 

healthy controls. Aβ40 levels were lower and Aβ42/40 ratios 

higher in FTLD than in AD patients and controls. 
 

In Chapter 3.5 the role of the visually rated EEG in the diagnosis 

of FTLD was revaluated and the potential of EEG functional 

connectivity measures was explored. In our group of FTD 

patients the visually rated EEG was as normal as in the control 

group, in contrast with the AD patients, using the Grand Total 

EEG score. Exploring differences in resting-state EEG functional 

connectivity, however, we found that the synchronization 

likelihood was higher in FTLD compared to AD in the lower alpha 

frequency band, particularly over the frontal electrodes. 
 

 128



Based on this thesis the following conclusions can be drawn: 

The clinical recognition of FTD may be influenced by the 

presentation of complaints. In particular when complaints are 

lacking or have a cognitive nature, there is a risk of diagnostic 

delay. For an accurate recognition of FTLD, in particular the 

behavioural variant FTD, an informant based structured 

behavioural interview is essential. 

The currently used clinical diagnostic criteria for FTD, when 

applied as a questionnaire in a memory clinic setting, have a 

good specificity for a diagnosis of FTD, whereas sensitivity is 

relatively lower. 

Clinical and neuropsychological findings in FTD and late onset 

schizophrenia refer to involvement of the frontal and temporal 

lobes. A gold standard to distinguish the two disorders is lacking 

and long term follow-up seems to be indicated. 

The routinely used CSF biomarkers tau and Aβ42 are not useful 

in the diagnosis of FTD. We found preliminary evidence for a role 

of neurofilaments and amyloid beta in the pathophysiology of 

FTLD. The diagnostic usefulness of CSF neurofilaments, Aβ40 

and Aβ42/40 ratio needs to be investigated further. 

The visually rated EEG is normal in FTLD; thus an abnormal EEG 

in patients with presenile dementia is in favour of a diagnosis of 

AD. Measures of functional connectivity might offer a better 

opportunity to distinguish FTD from AD and persons with 

subjective memory complaints. 
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The diagnosis of FTD based on clinical 

information 

 

Although FTD is a neurodegenerative disorder with the unique 

presentation of predominant behavioural and personality change 

as opposed to most other types of dementia presenting with 

cognitive problems, its clinical recognition is still relatively poor. 

Factors contributing to this phenomenon are related to the 

presenting features as reported both by the patient and by his / 

her caregiver, as well as the lack of sensitivity of standard 

diagnostic tools. In this thesis the clinical recognition of FTD 

based on history taking was investigated in two studies. The first 

study (Chapter 2.1) yielded that, in line with the clinical picture 

of FTD, none of 21 FTD patients presented with subjective 

behavioural or personality complaints. For a reliable patient 

history, therefore, the informant based interview is 

indispensable. The patients’ caregivers, however, complained 

about behavioural / personality change in less than 50% of cases. 

As the study was retrospective, we can only speculate why 

clinical meaningful symptoms were underreported so often. In 

the first place, the fact that most patients were investigated in a 

memory clinic setting, patients, caregivers and specialists might 

be (too) focused on symptoms of cognitive decline. Although 

behavioural aspects are part of the standard cognitive history, 

general questions such as ‘Has there been a behavioural 

change?’ might be insufficient to pick up a wide range of clinical 

behavioural symptoms. On the other hand, behavioural items 

may be more difficult for caregivers to report than cognitive 

symptoms. These symptoms might not be perceived as 

symptoms of emerging brain disease when they are taken 

personally. In clinical practice it is often encountered that 

caregivers attribute socially appropriate explanations for the 

abnormal behaviours of patients. Social withdrawal and apathy in 

those instances might be explained as not wishing to talk for 
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being worried. Also, discussing behavioural and personality 

change in the presence of the patient has the drawback of 

caregivers not feeling at ease to talk. Some behavioural changes, 

such as hypersexuality or disinhibited eating behaviour, may be 

experienced as embarrassing. For this reason, using written 

questionnaires has certain advantages. In Chapter 2.2, written 

information provided by caregivers was fairly reliable for a 

diagnosis of FTD. From this study, however, it appears that 

written general questions like ‘Has there been a change in 

personal behaviour?’ were often misunderstood by caregivers. 

In conclusion, up till now, adhering to the Neary and Snowden 

diagnostic criteria for FTD, the diagnosis of FTD is made on a 

clinical basis, where the role of additional investigations remains 

supportive at best. It is therefore most important to achieve an 

optimal patient history preferably taken from the caregiver as 

patients themselves have decreased or no insight. It should be 

made clear that the caregiver is free to speak and that more 

general questions on behavioural change are translated into 

better understandable behavioural examples. In case of 

questionable reliability of the caregiver history, a second 

informant should be sought. Written questionnaires, such as the 

NPI-Q, 188 might serve as an aid to achieve additional and 

standardised information.  

When information on behaviour and personality is consistently 

collected, the yield of a correct diagnosis of FTD is relatively 

good. In particular, specificity of the clinical diagnostic criteria in 

a memory clinic setting is high, at a relatively lower sensitivity, 

when excluding dementia through obviously non-

neurodegenerative causes. 

The clinical recognition of FTD in a psychiatric setting, however, 

remains grossly unresolved. Many aspects can influence the 

referral of FTD patients to a psychiatric setting, such as age, the 

nature of the presenting behavioural features, and regional 

preferences. The validity of the clinical diagnostic criteria for FTD 
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has not been investigated in a psychiatric cohort. From the wide 

range of behavioural and emotional features of FTD, many are 

met in depression (such as social withdrawal and reduced speech 

output), mania (such as inappropriate jocularity and disinhibited 

behaviour) and schizophrenia (such as delusions, perseveration 

and concretisms). 

In a small descriptive study (Chapter 2.3) we systematically 

investigated 2 patients that had clinically been diagnosed with 

FTD compared with 2 subjects with a very late-onset 

schizophrenia-like psychosis. We found considerable clinical 

overlap. Both disorders share the involvement of fronto-

temporal-subcortical circuits. As both diagnoses are based on 

symptom description, whereby FTD is considered a progressive 

neurodegenerative disorder and late onset schizophrenia a stable 

condition, only the course of the disease, plus the finding of 

evident frontotemporal cortical atrophy, might be indicative. 

Clinical subtypes of FTD with a remarkably slowly progressive 

course and relatively normal imaging findings have been 

described. 111,189,190 Late-onset schizophrenia is considered a 

stable condition, as stated in an international consensus 

meeting. 88 Clinical follow-up studies correlated to autopsy data 

in late onset schizophrenia however, are lacking and conflicting 

results regarding neuropsychological testing and structural 

neuroimaging have been reported. 110  

FTD thus has quite a relevant psychiatric differential diagnosis. 

Guidelines to make a reliable differential diagnosis appear to be 

insufficient in complex cases where there are no ‘hard’ findings 

on additional investigations and the disease course is slowly 

progressive. The best approach would be to perform 

standardised multidisciplinary follow-up examinations over time, 

including both neurological and psychiatric examination, 

repeated neuropsychological testing and neuroimaging. As often 

as possible post-mortem examination should be strived for by 
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providing information on brain bank procedures to patients and 

their families in time. 
 

 

The role of alternative tools in the diagnosis of FTD 

 

Since standard investigations such as the neuropsychological 

examination and structural imaging of the brain may be normal in 

the early stages of FTD, in this thesis alternative tools that might 

serve as an additional investigation in the diagnosis of FTD were 

studied. Several potential CSF biomarkers were investigated in CSF 

of patients with FT(L)D, AD and control subjects. The commonly 

used commercially available tests for CSF tau and Aβ42, that are 

sensitive to distinguish AD patients from controls, 51 yielded 

highly variable results for the FTLD patients. As the values of 

both CSF tau and Aβ42 in FTLD are often intermediate between 

levels of AD patients and controls, and overlap exists between 

the three groups, determining CSF tau and Aβ42 levels is not 

useful for the diagnosis of FTLD. CSF levels of the light and heavy 

subunits of neurofilaments however, were exponentially 

increased in a small subgroup of FTD patients, who were 

clinically indiscernible from the total FTD group. Moreover, levels 

of CSF Aβ40 were surprisingly low in FTLD compared with AD 

patients and controls. The Aβ42/40 ratio was higher in FTLD 

than in both other groups. 
 

Because we investigated relatively small patient groups, no 

attempts were made to assess the diagnostic value of CSF 

neurofilaments and CSF Aβ40 and Aβ42/40 ratio for FTLD. 

Clearly, considerable overlap between the three diagnostic 

groups existed and our results will have to be reproduced in 

larger case series. 

Although our findings have no major diagnostic importance, 

their relevance concerns the pathophysiology of FTLD. If the 
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hypothesis that CSF proteins reflect pathological processes 

taking place in the brain holds true, neurofilaments and the 

amyloid metabolism might be involved in the pathophysiology of 

FTLD. In general, post-mortem confirmation of the clinical 

diagnosis and correlations between CSF findings and pathology 

findings are needed to provide an answer to these questions. 
 

Neurofilaments are the main constituents of the axonal skeleton. 

Increased levels of CSF neurofilaments have been reported in 

different types of diseases and are considered indicative of 

axonal degeneration. 133 CSF tau is another rather non specific 

marker of neurodegeneration. The most relevant finding from 

our study is that neurofilaments and tau appear to be 

differentially involved in FTD and AD. The possibility that 

neurofilaments are primary involved in FTD pathophysiology is 

based on the finding of intraneuronal inclusions of 

neurofilaments in some cases with FTD, 30,31,146 whereas such 

findings have not been reported in other types of dementia. 

The exact mechanism of neurofilament deposition in these 

disorders is unknown. Hyperphosphorylation of the already 

highly phosphorylated neurofilaments might lead to axonal 

dysfunction and degeneration. 

As in the patients with intraneuronal neurofilament inclusions 

reported thus far, intranuclear ubiquitin inclusions co-occurred, a 

relationship with progranulin mutations might exist. 191 

Unfortunately, the FTD patients that were included in our CSF 

studies have not yet been tested for progranulin mutations to 

test this hypothesis. 
 

The finding of decreased CSF levels of Aβ40 in FTLD suggests 

involvement of the amyloid metabolism in FTLD. As there is no 

evidence for amyloid plaque formation in FTLD, the involvement 

of amyloid might be related to its soluble forms. The link 

between FTLD and amyloid beta is formed by presenilin 1 (PS-1) 

 136



mutations forming a rare cause of FTLD. 154,155 The central 

mechanism in these reported PS-1 mutations appears to be a 

decreased production of Aβ40 and Aβ42. After a progranulin 

mutation was found in one of the described families, however, 

the pathogenic role of the formerly described PS-1 mutation 

became doubtful. 153 To investigate the possible involvement of 

the amyloid beta metabolism in FTLD, creating mouse models 

would be of particular interest. Furthermore, genetic screening in 

FTLD patients, apart from tau and progranulin gene mutations, 

should include presenilin mutations as well. 
 

Apart from the heterogeneity of the underlying pathology, we 

found preliminary evidence that the high variability of CSF 

biomarkers in FTLD is related to the predominant localisation 

(frontal or temporal), ApoE status and a combination of clinical 

parameters. These findings are complex and their significance 

needs to be investigated in prospective studies. In particular, it 

would be important to investigate whether levels of CSF 

biomarkers in FTLD are associated with the rate of neuronal 

degeneration. The finding of extremely high CSF tau levels in 

Creutzfeldt Jakob disease is an example for this rationale. 192 

Therefore measures of disease progression, such as the rate of 

frontotemporal atrophy would need to be included in future 

research. 193,194 

The role of ApoE status has become evident in AD, where the 

presence of the ApoE ε4 allele forms a major risk factor. A few 

studies have investigated the role of ApoE status in FTLD. 195-197 

Findings have not been consistent thus far, which again might be 

related to the variety of possible pathophysiological mechanisms 

leading to FTLD. If there is a role for ApoE genotype in FTLD, it is 

still unclear in what way ApoE status contributes to neuronal 

degeneration. ApoE is a lipid transport protein playing a role in 

neuronal maintenance and repair. 198 ApoE3 binds with both tau 

and neurofilaments. 199 It is conceivable that the risk of neuronal 
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degeneration is related to the degree of solubility of these 

protein complexes. As ApoE function is also related with the 

amyloid precursor protein (APP), the significance of ApoE in FTLD 

might indirectly suggest a role for disturbances in the processing 

of amyloid beta proteins. 

Whereas tau, neurofilaments and to a lesser extent amyloid beta, 

seem to be rather non specific markers of neuronal 

degeneration, the recent finding of TDP-43 in FTD patients with 

ubiquitinated intracerebral inclusions results in a possible 

specific biomarker for a subgroup of FTLD patients. 33  
 

The EEG is a non-invasive easy to administer diagnostic tool, that 

can be considered as a reflection of neuronal activity. Its 

normality in early to moderate FTLD is remarkable in view of the 

remarkable clinical findings. The visually rated EEG does not offer 

the opportunity to diagnose FTLD on positive grounds. Slowing 

of the dominant background rhythm in a case of presenile 

dementia, however, points at a diagnosis of AD rather than FTLD 

and in this respect the EEG can be diagnostically useful. The 

finding that in the lower alpha frequency band SL was higher in 

FTLD patients compared with AD patients, in particular over the 

frontal electrodes, whereas SL in controls was intermediate, 

might be of pathophysiological interest. To determine whether SL 

analysis is of diagnostic relevance, reproduction of our findings 

is needed and calculation of the specificity and sensitivity would 

have to be computed in larger groups. Interestingly, decreased 

synchronisations in the beta and gamma frequency band, but no 

increase of synchronisation in the lower frequency bands have 

been described in schizophrenia. 181  
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Limitations and strengths of the research 

 

The studies outlined in this thesis have several limitations. All 

studies but one were performed in the setting of a specialised 

memory clinic. Because FTD is defined by behavioural and 

personality changes, referral bias has to be seriously considered, 

implicating that patients with cognitive presenting features were 

more likely to be referred than patients with prominent 

behaviour disturbances. Also, the diagnosis of FTD might have 

been missed by the clinicians, focusing on cognitive disorders. 

Fulfilment of clinical diagnostic criteria in combination with 

confirmation of the multidisciplinary clinical diagnosis after at 

least one year of follow-up was used as the gold standard, 

compensating for the absence of pathological or genetic 

confirmation in the vast majority of cases. Therefore, the quality 

of all studies depends on the reliability of the clinical gold 

standard. The diagnostic studies have been performed in 

relatively small groups of FT(L)D patients, reflecting the relative 

low prevalence of this disorder within a memory clinic cohort. To 

increase power, data collection would have to be prolonged or 

multicenter studies would have to be performed. Another 

weakness is the retrospective design of the study reported in 

Chapter 2.1. 

The strengths of this thesis are the multidisciplinary approach, 

addressing both cognitive and behavioural clinical features and 

enabling correct interpretation of the clinical picture in relation 

to ancillary investigations. Also, clinical follow-up of patients was 

achieved as much as possible and clinical diagnoses were re-

evaluated. In this thesis we particularly used caregiver 

information as an important source for the clinical history and its 

value was described in Chapters 2.1 and 2.2. The prospective 

design and relatively large numbers of subjects included were an 

advantage of the study described in Chapter 2.2. All clinicians 

were blinded for the outcome of the caregiver questionnaire, the 
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CSF markers and the EEG measures of functional connectivity. As 

the visually rated EEG was part of the diagnostic work-up, 

clinicians were not blinded for this part. Although the EEG was 

only used to exclude other causes of forgetfulness such as 

epilepsy, it cannot completely be ruled out that EEG results 

influenced the clinical diagnosis. 

 

 

Implications for practice: Have we gotten nearer 

to an early diagnosis of FTD? 

 

To date, in a memory clinic that is a tertial referral center, we are 

fairly able to make a clinical diagnosis of FTD, based on careful 

history taking and applying a multidisciplinary approach. 

Methods for history taking have been discussed in Chapters 2.1 

and 2.2 and in the first part of the general discussion. These data 

probably cannot be extrapolated to every regional setting, be it 

neurological or psychiatric let alone the general practitioner. 

For a timely recognition of FTD, knowledge and awareness of the 

disorder is needed in medical and paramedical professions. As a 

second step, in order to diagnose FTD correctly, the 

interpretation of the medical history, the clinical features and the 

findings of additional tests need to be weighed carefully, 

preferentially in the hands of a multidisciplinary team. 

The need for sensitive and specific diagnostic tools remains 

because intuitively patients, caregivers and doctors, in the 

setting of hardly quantifiable clinical features, wish to have the 

diagnosis supported by objective measures that also will be of 

use in less specialised settings and in complex cases. Moreover, 

a more specific therapy directed at the underlying pathology will 

never become available without more sensitive and specific 

markers that would ideally also be able to track disease 

progression over time. 
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Some promising new CSF markers have been identified, that 

currently do not fulfil the criteria of an ideal biomarker for FTD.200 

However, they might be of diagnostic relevance in the future 

when used in a panel, or when they fall into the extremes, 

pointing at FTD in individual cases (such as very high levels of 

CSF neurofilaments). The visually rated EEG can be applied in the 

context of a differential diagnosis between FTD and early-onset 

AD, with an abnormal EEG pleading for the latter diagnosis. 

Analysis of resting-state EEG functional connectivity has yielded 

preliminary abnormalities in FTD and holds the promise of a 

future diagnostic tool. 
 

 

Future directions 

 

In both memory and psychiatric clinics awareness is needed that 

a clinical syndrome characterised by behavioural and emotional 

change, even when the patient has no complaints and standard 

investigations are normal, might be FTD. The results of the CSF 

and EEG studies need replication in larger groups, ideally in the 

presence of pathological or genetic confirmation of the 

diagnosis. An important next step in CSF research would be to 

measure TDP-43 concentrations in CSF of patients with FTLD, 

compared with control subjects and other types of dementia and 

investigate its usefulness as a diagnostic tool. Also, further 

investigation of the small number of CSF proteins that have been 

identified specifically in FTD by the non hypothesis-driven 

approach of proteomic research would be worth while. 62,201 

Concerning EEG studies, an important future matter of 

investigation would be to compare EEG synchronisation between 

FTD patients and subjects with late-onset schizophrenia. 
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As the current repertoire of additional investigations still has a 

low yield for the diagnosis of FTD, the search for diagnostic tools 

has to go on. The clinical involvement of the frontotemporal 

lobes in FTD is shared with several other conditions, such as AD 

and schizophrenia. The diagnostic process would therefore have 

to be directed at both the unique involvement of the 

frontotemporal lobes, sparing the posterior brain areas, as well 

as the neurodegenerative nature of the disorder. Although for 

example additional psychological tests addressing social 

cognition appear to be far more sensitive for FTD than standard 

neuropsychological tests, they are of limited value unless 

evidence for a neurodegenerative process is sought at the same 

time. 21,105,106,202 Thus, a combination of ‘functional’ (for example 

EEG functional connectivity, psychometric evaluation, PET, SPECT, 

functional MRI) and ‘structural’ investigations (MRI, CSF, serum or 

urine biomarkers) would be necessary. PET ligand studies and high 

resolution and fibre tracking MRI techniques could be promising 

diagnostic methods to further investigate in FTD. 186,203-205 
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Chapter 6 

Samenvatting, conclusies en aanbevelingen 
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Samenvatting 

 

Frontotemporale dementie (FTD) is een neurodegeneratieve 

aandoening waarbij vooral de frontaal- en / of temporaal-

kwabben aangedaan zijn. Klinisch presenteert de aandoening 

zich met verschijnselen op het gebied van gedrag, persoonlijk-

heid en emotie. Cognitieve symptomen bestaan uit stoornissen 

in de uitvoerende functies en de taal en in mindere mate 

geheugenstoornissen. Het klinisch beeld wordt vaak niet 

herkend. De standaard diagnostiek heeft een relatief lage 

sensitiviteit voor FTD. In het eerste deel van dit proefschrift werd 

de klinische herkenning van FTD onderzocht. In het tweede deel 

werden nieuwe diagnostische tests onderzocht. 

 

In hoofdstuk 1 wordt een historisch overzicht van FTD gegeven 

sinds de eerste beschrijving door Arnold Pick in 1982. 

Frontotemporale lobaire degeneratie (FTLD) is een klinisch 

spectrum dat naast FTD de semantische dementie en de niet-

vloeiende progressieve afasie omvat, die zich beide met 

taalstoornissen presenteren. De klinische syndromen van FTLD 

worden beschreven tegen de achtergrond van pathologische, 

epidemiologische en genetische bevindingen. De huidige 

diagnostische moeilijkheden worden geïllustreerd. 

 

Hoofdstuk 2.1 beschrijft een retrospectief statusonderzoek 

onder patiënten met de drie prototypische FTLD syndromen. De 

klachten waarmee de patiënten zich presenteerden op de 

geheugenpolikliniek waren het meest misleidend bij FTD, waarbij 

geen van de patiënten en minder dan 50% van hun partners 

gedragsverandering rapporteerden. Zowel de patiënten als hun 

partners meldden relatief vaak geheugenproblemen. Misinter-

pretatie van de eerste verschijnselen leidde tot vertraging van de 

diagnose in 62% van de gevallen. 
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In hoofdstuk 2.2 wordt de waarde van de klinisch-diagnostische 

criteria voor FTD geëvalueerd in een cohort patiënten die werden 

verwezen naar de geheugenpolikliniek. Er werd een schriftelijke 

vragenlijst voor zorgdragers ontwikkeld, die de vijf kernsymp-

tomen van FTD volgens de internationale consensus bevatte. De 

vragenlijst werd afgenomen ten tijde van de eerste presentatie 

op de geheugenpolikliniek. De antwoorden van de zorgdragers 

werden gerelateerd aan de klinische diagnoses die onafhankelijk 

hiervan door het multidisciplinaire team werden gesteld. Een 

consistente klinische diagnose over minstens een jaar werd als 

gouden standaard beschouwd. Nadat evidente, niet-neurode-

generatieve oorzaken van cognitieve en gedragsmatige achter-

uitgang waren uitgesloten, had de vragenlijst een specificiteit van 

90% en een sensitiviteit van 73% voor de diagnose FTD. Deze 

getallen veranderden niet wezenlijk na toevoeging van patiënten 

afkomstig van twee andere geheugenpoliklinieken. 

 

In hoofdstuk 2.3 wordt het diagnostisch dilemma van FTD 

versus laat ontstane schizofrenie geïllustreerd aan de hand van 4 

casus, die ofwel met FTD ofwel met schizofrenie waren 

gediagnostiseerd. De vier patiënten deelden een groot aantal 

klinsche en neuropsychologische eigenschappen. Aangezien de 

onderliggende pathologie van de laat onstane schizofrenie 

nagenoeg onbekend is, ontbreekt de gouden standaard om dit 

dilemma op te lossen. Een multidisciplinaire benadering bij de 

evaluatie van patiënten die zich presenteren met gedragsver-

andering en / of psychose wordt aanbevolen. 

 

In hoofdstuk 3.1 werd de rol van de routine liquor-biomarkers 

tau en amyloid beta (1-42) (Aβ42) bij de diagnose van FTLD 

onderzocht. De concentraties in het hersenvocht van beide 

biomarkers waren sterk variabel bij FTLD, in tegenstelling tot bij 

patiënten met de ziekte van Alzheimer (AD) en cognitief normale 
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controlepersonen. Op basis van het liquorprofiel van tau en Aβ42 

kon FTLD niet voldoende worden geïdentificeerd. 

 

Vervolgens werd in hoofdstuk 3.2 gekeken naar relaties tussen 

de liquoreiwitten en klinische kenmerken, bevindingen bij 

beeldvormend onderzoek en Apolipoproteine E (ApoE) genotype. 

Voor Aβ42 werden geen relaties met de bovenstaande factoren 

gevonden. Voor het liquor-taugehalte bestond een relatie met de 

lokalisatie van de meeste afwijkingen (frontaal of temporaal). 

Bovendien waren in de subgroep met vooral temporale 

afwijkingen liquor-tau concentraties gerelateerd aan de liquor- 

Aβ42 concentratie, de leeftijd, de ziekteduur en de ziekte-ernst. 

In de subgroep met vooral frontale afwijkingen was er een effect 

van het ApoE genotype. 

 

In hoofdstuk 3.3 werd de mogelijke rol voor liquor-

neurofilamenten bij de diagnostiek van FTD onderzocht. 

Concentraties van lichte en zware keten neurofilamenten, alsook 

de hypergefosforyleerde zware keten neurofilamenten in het 

hersenvocht werden vergeleken tussen patiënten met FTD, 

patiënten met vroeg onstane AD (EAD) en cognitief normale 

controlepersonen. De EAD groep had hogere mediane 

concentraties lichte keten neurofilamenten dan controle-

personen. Een subgroep FTD patiënten had zeer hoge waarden 

van beide typen neurofilamenten. De mate van neurofilament-

fosforylatie, berekend met de ratio hypergefosforyleerd / totale 

hoeveelheid zware keten neurofilament, was hoger in de FTD-

groep dan in de andere twee groepen. 

 

In hoofdstuk 3.4 werden liquor-concentraties van Aβ40 en Aβ42 

gemeten bij patiënten met FTD en AD en cognitief normale 

controlepersonen. Aβ40-concentraties waren lager en Aβ42/40 

ratio’s hoger bij FTLD dan in beide andere groepen. 
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In hoofdstuk 3.5 werd de rol van het visueel beoordeelde EEG bij 

de diagnose van FTD gereëvalueerd en de potentie van 

functionele connectiviteitsmaten onderzocht. Het visueel beoor-

deelde EEG, gebruik makend van de Grand Total EEG score, was 

bij FTD-patiënten net zo normaal als bij controlepersonen, 

contrasterend met de bij AD-patiënten gevonden afwijkingen. 

Onderzoek naar functionele connectiviteit in de rusttoestand 

leverde op dat de ’synchronisatie-likelihood’ bij FTD hoger was 

dan bij AD in de lage alfa frequentieband, in het bijzonder over 

de frontale electroden. 

 

 

Conclusies 

 

De klinische herkenning van FTD kan beïnvloed worden door de 

klachtenpresentatie. Vooral wanneer klachten ontbreken of van 

cognitieve aard zijn, bestaat er een risico op vertraging van de 

diagnose. Voor een goede herkenning van FTLD, in het bijzonder 

de gedragsvariant FTD, is een gestructureerd gedragsinterview 

bij de zorgdrager essentieel.  

De huidige klinisch-diagnostische criteria voor FTD hebben, 

toegepast als vragenlijst op een geheugenpolikliniek, een goede 

specificiteit voor de diagnose FTD, terwijl de sensitiviteit relatief 

lager is. 

Klinische en neuropsychologische overeenkomsten tussen FTD 

en laat ontstane schizofrenie wijzen op betrokkenheid van de 

frontaal- en temporaalkwabben bij beide aandoeningen. Een 

gouden standaard om de twee aandoeningen te onderscheiden 

ontbreekt. Langdurige follow-up lijkt aangewezen. 

De routinematig gebruikte liquor-biomarkers tau en Aβ42 zijn 

niet bruikbaar in de diagnostiek van FTLD. Er werden aan-

wijzingen gevonden voor een rol van neurofilamenten en amyloid 

beta in de pathofysiologie van FTLD. De diagnostische bruikbaar-
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heid van bepaling van neurofilamenten, Aβ40 en Aβ42/Aβ40 in 

het hersenvocht  moet verder worden onderzocht. 

Het visueel beoordeelde EEG is bij FTD normaal. Een abnormaal 

EEG bij patiënten met een preseniele dementie pleit dus voor de 

diagnose AD. Functionele connectiviteitsmaten bieden mogelijk 

een betere gelegenheid om FTD van AD en personen met 

subjectieve geheugenklachten te onderscheiden. 

 

 

Aanbevelingen voor toekomstig onderzoek 

 

Zowel op geheugenpoliklinieken als in psychiatrische klinieken 

zou men ervan doordrongen moeten zijn dat een klinisch 

syndroom gekenmerkt door gedrags- en emotionele verandering, 

zelfs wanneer de patiënt geen klachten heeft en het standaard 

diagnostisch onderzoek normaal is, FTD kan zijn.  

De resultaten van de liquorstudies en de EEG-studie zouden 

moeten worden gereproduceerd in grotere patiëntengroepen, 

idealiter samen met pathologische of genetische bevestiging van 

de diagnose. Een belangrijke volgende stap in het liquor-

onderzoek zou zijn om het eiwit TDP-43, dat een rol speelt bij 

ubiquitine-positieve vormen van FTLD, in liquor te meten en te 

onderzoeken op bruikbaarheid als diagnostische test. Ook zou 

het de moeite waard zijn om de rol van een klein aantal eiwitten 

dat uit proteoom-onderzoek naar voren is gekomen als mogelijk 

van belang bij FTD, verder te onderzoeken. 

Wat betreft EEG-studies zou een belangrijk volgend onderzoek 

kunnen zijn om EEG-synchronisatie tussen patiënten met FTD en 

patiënten met laat onstane schizofrenie te vergelijken. 

 

Aangezien het huidige repertoire aan diagnostisch onderzoek 

nog steeds een relatief lage opbrengst heeft voor de diagnose 

FTD, moet de zoektocht naar diagnostische hulpmiddelen 

doorgaan. De klinische betrokkenheid van frontotemporale 
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circuits wordt gedeeld met een aantal andere aandoeningen, 

zoals de ziekte van Alzheimer en schizofrenie. Het diagnostische 

proces zou daarom gericht moeten zijn op zowel het aantonen 

van de unieke betrokkenheid van de frontotemporale gebieden 

met sparen van de achterste hersengebieden, alsook de 

neurodegeneratieve aard van de aandoening. Hoewel 

bijvoorbeeld het testen van de sociale cognitie gevoeliger lijkt te 

zijn voor FTD dan de standaard neuropsychologische onder-

zoeken, is dit van beperkte waarde zolang niet tegelijkertijd is 

aangetoond dat er neurodegeneratie in het spel is. Een 

combinatie van ‘functioneel’ (bijvoorbeeld EEG-maten voor 

functionele connectiviteit, neuropsychologisch onderzoek, PET, 

SPECT, functionele MRI) en ‘structureel’ onderzoek (MRI, 

biomarkers in serum, hersenvocht of urine) is daarvoor nodig. 

PET-ligand-studies en MRI-onderzoek naar witte stofverbindingen 

zijn voorbeelden van veelbelovende diagnostische technieken 

waarvan de betekenis voor FTD zou kunnen worden onderzocht. 
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Appendix 1 

Diagnostic criteria for FTD based on international 

consensus (Neary et al., 1998) 

 
Character change and disordered social conduct are the dominant features 
initially and throughout the disease course. Instrumental functions of 
perception, spatial skills, praxis, and memory are intact or relatively well 
preserved. 
 
I Core diagnostic features 

a. Insidious onset and gradual progression 
b. Early decline in social interpersonal conduct 
c. Early impairment in regulation of personal conduct 
d. Early emotional blunting 
e. Early loss of insight 

 
II Supportive diagnostic features 

A. Behavioural disorder 
1. Decline in personal hygiene and grooming 
2. Mental rigidity and inflexibility 
3. Distractibility and impersistence 
4. Hyperorality and dietary changes 
5. Perseverative and stereotyped behaviour 
6. Utilisation behaviour 
 

B. Speech and language 
1. Altered speech output 

a. Aspontaneity and economy of speech 
b. Press of speech 

2. Stereotypy of speech 
3. Echolalia 
4. Perseveration 
5. Mutism 

C. Physical signs 
1. Primitive reflexes 
2. Incontinence 
3. Akinesia, rigidity, and tremor 
4. Low and labile blood pressure 

D. Investigations 
1. Neuropsychology: significant impairment on frontal lobe 

tests in the absence of severe amnesia, aphasia, or 
perceptospatial disorder 

2. Electroencephalography: normal on conventional EEG 
despite clinically evident dementia 

3. Brain imaging (structural and/or functional): predominant 
frontal and/or anterior temporal abnormality 
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III Extended supportive features (common to all FTLD syndromes) 
A. Onset before 65 years: positive family history of similar disorder in 

first degree relative 
B. Bulbar palsy, muscular weakness and waisting, fasciculations 

(associated motor neuron disease present in a minority of patients) 
 

IV  Diagnostic exclusion features 
A. Historical and clinical 

1. Abrupt onset with ictal events 
2. Head trauma related to onset 
3. Early, severe amnesia 
4. Spatial disorientation 
5. Logoclonic, festinant speech with loss of train of thought 
6. Myoclonus 
7. Cerebellar ataxia 
8. Choreoathetosis 

B. Investigations 
1. Brain imaging: predominant postcentral structural or 

functional deficit; multifocal lesions on CT or MRI 
2. Laboratory tests indicating brain involvement of metabolic 

or inflammatory disorder such as MS, syphilis, AIDS, and 
herpes simplex encephalitis 

 
V Relative diagnostic exclusion features 

 A. Typical history of chronic alcoholism 
B. Sustained hypertension 
C. History of vascular disease (e.g. angina, claudication) 
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Appendix 2 

Dutch and English versions of a caregiver questionnaire 

 
De volgende vragenlijst is gericht op eventuele gedragsverandering. 
Hiervoor is het van belang te weten wat de mensen in uw omgeving aan 
u is opgevallen. Het is de bedoeling dat deze vragenlijst wordt ingevuld 
door uw partner of door iemand anders die u goed kent. 

 

Vragenlijst naar gedragsverandering  

(s.v.p. antwoord omcirkelen) 

 

 

 

 

 

 

 

Naam: 

 
Geboortedatum: 

 

Ingevuld door: 

 

1 Is er een geleidelijk begin en geleidelijke achteruitgang? 
 Ja Nee 
 
2 Is er duidelijk verandering opgetreden in de manier waarop hij/zij zich 

ten opzichte van andere mensen gedraagt?  
Ja Nee 
 

 Zo ja, beantwoord de vragen op de volgende bladzijde. 
 
3 Is er duidelijk verandering opgetreden in zijn/haar persoonlijk gedrag? 

Ja Nee 
 
 Zo ja, beantwoord de vragen op de volgende bladzijde 

 
3 Toont hij/zij een verminderde emotionele betrokkenheid? 
 Ja Nee 
 
5 Zijn klachten over zijn/haar toestand afwezig of ontkent hij/zij de 

problemen?       
Ja Nee  
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Als u op vraag 2 met ‘ja’ heeft geantwoord, beantwoord dan de volgende 
vragen. (s.v.p. antwoord omcirkelen) 
 
 
1 Maakt hij/zij ongepaste opmerkingen of grapjes? 
 Ja Nee 
 
2 Maakt hij/zij snel ruzie?      
 Ja Nee 
 
3 Is hij/zij sociaal teruggetrokken geraakt? 
 Ja Nee 
 
4 Is hij/zij minder spraakzaam?     
 Ja Nee 
 
5 Anders, namelijk ___________________________________ 
 
 

Als u op vraag 3 met ‘ja’ heeft geantwoord, beantwoord dan de volgende 
vragen. (s.v.p. antwoord omcirkelen) 

 
 
1 Is hij/zij rusteloos of overactief geworden? 
 Ja Nee 
 
2 Neemt hij/zij minder intitiatief? 

Ja Nee 
 
3 Is hij/zij impulsiever geworden? 

Ja Nee 
 
4 Is hij/zij star geworden in zijn/haar gewoontes? 

Ja Nee 
 

4 Is er een afname van de zelfverzorging? 
Ja Nee 

 
6 Gaat hij/zij te lang door met bepaalde handelingen? 
 Ja Nee 
 
7 Herhaalt hij/zij steeds dezelfde handelingen of uitspraken? 

Ja Nee 
 

8 Heeft hij/zij een andere smaak gekregen wat betreft eten? 
Ja Nee 

 
9 Zijn zijn/haar eetgewoonten veranderd? 
 Ja Nee 
 
10 Heeft hij/zij andere hobbies/interesses gekregen? 
 Ja Nee 
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11 Wandelt of ijsbeert hij/zij veel? 
 Ja Nee 
 
12 Is er een verandering opgetreden in zijn/haar sexueel gedrag? 

Ja Nee 
 

13 Zijn zijn/haar emotionele reacties veranderd of inadequaat? 
Ja Nee 
 

14 Is hij/zij snel afgeleid? 
Ja Nee 
 

15 Is zijn/haar vermogen om te plannen of problemen op te lossen 
verminderd? 
Ja Nee  
 

16 Is hij/zij egoïstisch geworden? 
 Ja Nee 
 
17 Anders, namelijk ____________________________________ 
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Questionnaire of behavioural change     

 
A Is there an insiduous onset and gradual progression? 
 Yes    No 

 
B   Is there an evident change in social behaviour? 
 Yes    No 
 
If yes:  

 
1. Does he/she make inappropriate remarks or jokes? 

Yes    No 
 
2. Has he/ she become argumentative? 

Yes    No 
 
3. Has he/she become socially withdrawn? 

yes    No 
 
4. Does he/she show reduction of conversation? 

Yes    No 
 

5. other……………….. 
 
C Is there an evident change in personal behaviour? 
 Yes    No 
 
If yes: 

 
1 Has he/she become restless and/or overactive? 
 Yes    No 
 
2 Does he/she show a loss of initiative? 
 Yes    No 
 
3 Has he/she become more impulsive?  
 Yes    No 
 
5 Has he/she become rigid in habits? 

Yes    No 
 
5 Has dressing and grooming become less appropriate? 
 Yes    No 
 
6 Has he/she become self-centered?  
 Yes    No 
 
7 Has he/she developed stereotypies? 
 Yes    No 
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8 Has he/she developed a different food preference? 
 Yes    No 
 
9 Has there been a change in the way he/she eats? 
 Yes    No 
 
10 Has there been a change in hobbies and interests? 
 Yes    No 
 
11 Does he/she wander or pace? 
 Yes    No 
 
12 Has there been a change in sexual behaviour? 
 Yes    No 
 
13 Are his/her emotional reactions inappropriate or different from 

before? 
 Yes    No 
 
14 Is he/she easily diverted? 
 Yes    No 
 
15 Is his/her capacity to plan ahead /solve a problem reduced? 
 Yes    No 
 
16 Does he/she show perseverative behaviour? 
 Yes    No 
 
17 Other………………… 
 

D Does he/she show lack of emotional concern? 
 Yes    No 
 
E Does he/she fail to complain about his/her condition or deny his/her 

changing condition? 
Yes    No 

 

 172



Appendix 3 

DSM IV criteria for Schizophrenia with age criteria 

according to Howard et al. 48,88 

 
A Characterizing signs: Two (or more) of the following, each present a 

substantial period of time during one month  
(1) delusions 
(2) hallucinations 
(3) incoherent speech 
(4) severely chaotic or catatonic behaviour 
(5) negative signs, i.e. flattening of affect, poverty of thoughts and 

speech, or apathy 
 
B Social or professional dysfunction 
 
C Features of the disorder are present during at least six months 
 
D Exclusion of schizoaffective or mood disorder 
 
E Exclusion of drug abuse or a somatic disorder 
 
F Coincidence with a pervasive development disorder: diagnosis of 

schizophrenia only when striking delusions or hallucinations at least 
during one month 

 
Onset occurs between 40 and 60 years: late onset schizophrenia Onset occurs 
after 60 years: very late onset schizophrenia like psychosis 
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Appendix 4 

Grand Total EEG (GTE) score 172 

1. Frequency of rhythmic background activity 
0 = > 9.0 Hz 
1 = 8-9 Hz 
2 = 7-8 Hz 
3 = 6-7 Hz 
4 = 4-6 Hz 
5 = none 

 
2. Diffuse slow activity 
 0 = none 
 1 = intermittent theta 
 2 = intermittent theta + sporadic delta 
 3 = intermitterent theta + intermittent delta 
 4 = continuous theta + delta 
 5 = continuous delta 
 
3. Reactivity of rhythmic background activity  
 0 = normal 
 1 = decreased on eye opening 
 2 = absent on eye opening  
 3 = no reaction to somatosensible stimulation 
 4 = no reaction to auditory stimulation 
 5 = absence of any reactivity 
 
4. Paroxysmal activity 
 0 = none 
 3 = paroxysmal slow activity 
 5 = FIRDA* 
 
5. Focal abnormalities # 
 0 = no focal abnormalities 
 1 = slight unilateral abnormalities 
 2 = slight bilateral abnormalities 
 3 = severe unilateral and slight contralateral 
 4 = severe bilateral 
 5 = multifocal 

 
6. Sharp wave activity 
 0 = none 
 2 = sporadic sharp waves 
 3 = frequent sharp waves 

4 = triphasic waves 
5 = Creutzfeldt-Jakob complexes or PLEDS** 

 
GTE score = (sum 1-6) + 1 = …. 
# when abnormal indicate in schedule 
After Jonkman EJ. A simple EEG scoring method for senile dementia of the Alzheimer 
type. Electroenceph Clin Neurophysiol 1989;72:44. 
 
*FIRDA = frontal intermittent rhythmic delta activity 
** PLED = periodic lateralized epileptiform discharge 
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List of abbreviations 
 
Aβ40  Amyloid beta (1-40) 
Aβ42  Amyloid beta (1-42) 
AD   Alzheimer’s disease  
ApoE  Apolipoproteïne E 
BADS  behavioural assessment of the dysexecutive syndrome 
CBD  corticobasal degeneration 
CDR  Clinical Dementia Rating 
CI  confidence interval 
CSF  cerebrospinal fluid  
CT   computed tomography 
DLB  dementia with Lewy bodies 
DLDH  dementia lacking distinctive histopathology 
DOR  diagnostic odds ratio 
EEG  electorencephalogram 
EAD  early-onset Alzheimer’s disease 
FDG  fluorodeoxyglucose  
FIRDA  frontal intermittent rhythmic delta activity 
FLAIR   fluid attenuated inversion recovery 
FN  false negative 
FP  false positive 
FTD  frontotemporal dementia 
FTLD  frontotemporal lobar degeneration 
GTE  Grand total EEG score 
HMPAO  99mTc-hexamethyl propyleneamine oxide  
LR  likelihood ratio 
LOS  late onset schizophrenia 
MCI  mild cognitive impairment 
MMSE  Mini-mental State Examination 
MND  motor neuron disease 
MRI  magnetic resonance imaging 
NfL  Neurofilament, light chain 
NfH   Neurofilament, heavy chain  
NPV  negative predictive value 
OSAS  obstructive sleep apnoea syndrome  
PA  progressive non-fluent aphasia 
PANSS  positive and negative symptom scale for schizophrenia 
PET  positron emission tomography 
PLED   periodic lateralized epileptiform discharge 
PPV  positive predictive value 
PS  presenilin 
PSP  progressive supranuclear palsy 
P-tau  hyperphosphorylated tau 
ROC  receiver operating curve 
SD  semantic dementia 
SPECT  single photon emission computed tomography 
TN  true negative 
ToL  Tower of London 
ToM  Theory of Mind 
TP  true positive 
VAT  visual association test 
VLOSLP  very late onset schizophrenia-like psychosis 
VUmc  VU University medical Center 
WAIS  Wechsler Adult Intelligence Scale 
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