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Chapter 3

CLINICOPATHOLOGICAL
CORRELATIONS
OF THE FRONTAL
LOBE SYNDROME:
RESULTS OF A
LARGE BRAIN BANK
STUDY

W.A. Krudop, S. Bosman, Netherlands Brain Bank, J.J.G. Geurts, S.A.M. Sikkes,
A. Verwey, M.L. Stek, P. Scheltens, A.J.M. Rozemuller, Y.A.L. Pijnenburg
Dementia and Geriatric Cognitive Disorders. 2015;40(3-4):121-9

ABSTRACT
Background/Aims: A clinical frontal lobe syndrome (FLS) is generally attributed to
functional and/or structural disturbances within the frontal-subcortical circuits. We
studied the distribution of pathological brain changes in patients with FLS due to various
brain disorders. Additionally, the prevalence of FLS among these disorders was studied.
Methods: We systematically screened the clinical case notes of donors to the Netherlands
Brain Bank (n=2814) for FLS based on clinical parameters. 262 FLS cases were identified
and the distribution of post-mortem pathologic changes within the frontal-subcortical
circuits was extracted from their neuropathological reports. We compared the prevalence
of FLS among the various brain diseases.
Results: In 244 out of 262 (93%) patients pathological changes within the frontalsubcortical circuits were found. In 90 (34%) subjects frontal cortical pathology was found
on examination. In 18 (7%) subjects pathological changes were restricted to the subcortical
grey matter nuclei, whereas both cortical and subcortical regions were affected in 136
subjects (52%). In 18 (7%) subjects no pathology was found in the examined frontal areas.
The prevalence of FLS was highest in frontotemporal lobar degeneration, followed by
progressive supranuclear palsy and vascular dementia (c2(6, N=1561) = 222.64, p < .01).
Conclusion: In this large brain bank study the distribution of pathological changes in
subjects with FLS for the first time was shown to be frontal-subcortical. Only a minority
of cases had FLS associated with pathology in the subcortical regions only or no frontal
pathology at all.
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The term ‘frontal lobe syndrome’ (FLS) refers to the cognitive, behavioral and affective
changes due to functional or structural deficits of either the prefrontal cortex or its
connected subcortical structures [1-6].
Historically, three distinct functional neuro-anatomical circuits have been strongly
associated with FLS: the dorsolateral prefrontal circuit, the orbitofrontal circuit and the
medial frontal circuit [7-9]. These anatomically segregated as well as parallel loops run
through the prefrontal cortex and striatum, globus pallidus, thalamus and project back to
the cortex [7-9]. Several studies have shown a direct association between functional and
structural connectivity [10]. The anatomically distinguishable frontal-subcortical circuits
are also structurally as well as functionally connected [11-13]. Disruption of each circuit
has been related to a specific behavioral symptom cluster (Table 1) [2;9;14;15]. Thus, not
only frontal cortical lesions, but also lesions in the subcortical areas or the connecting white
matter may lead to a FLS in clinical practice [4;7;9;12;15;16]. However, the distribution of
neuropathological changes in FLS has never been studied neuropathologically.
Here, we hypothesized that subjects with FLS would show pathological abnormalities
in either the frontal cortex, or the subcortical structures included in the three frontalsubcortical circuits, or both. We therefore aimed to investigate the anatomical distribution
of pathology in subjects with FLS, derived from the total cohort of the Netherlands Brain
Bank (NBB, Amsterdam, the Netherlands). We also compared the prevalence of FLS among
the pathologically confirmed disorders.

METHODS
Case selection
2814 donated brains were collected by the Netherlands Brain Bank (NBB, Amsterdam, the
Netherlands) between 1999 and 2011. A wide variety of medical conditions was registered
and examined with the exception of donors with known Human Immunodeficiency Virus
(HIV)-infection and a diagnosis of prion disease. Demographic variables, clinical features,
clinical diagnosis and neuropathological findings were obtained.
Frontal lobe syndrome
Cases were classified as having a ‘Frontal Lobe Syndrome’ (FLS) when at least three out of
16 terms concerning cognitive, behavioral or affective changes were present (Table 1) [9].
These terms were generated based on the original anatomical-behavioral descriptions [7;9].
262 subjects in this study fulfilled the FLS definition of having had at least three symptoms
mentioned in Table 1.
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We examined all clinical charts/notes of patients collected from the NBB (n=2814) in
a blinded fashion for the parameters of FLS. When the definition for FLS was met, we
investigated the standardized neuropathological reports.
Dorsolateral prefrontal circuit 1

Orbitofrontal circuit 2

Medial frontal circuit 3

1. Impaired organization and planning

6. Inappropriate social behavior

13. Apathy

2. Poor concentration or distractibility

7. Compulsive or ritualistic

14. Loss of initiative (or

3. Cognitive inflexibility

behavior

indifference)

4. Perseveration

8. Imitation or utilization

15. Emotional indifference

5. Impaired problem solving

9. Disinhibition

16. Loss of insight

10. Euphoria
11. Irritability and/or aggression
12. Hyperorality

Table 1: The three behavioral symptom clusters and their associated subcortical prefrontal
circuits. 1 associated with circuit running through the middle frontal gyrus 2 associated with circuit
running through the orbitofrontal cortex 3 associated with circuit running through the anterior
cingulate. Frontal Lobe Syndrome (FLS): three or more symptoms presents of list of 16.

Pathological examination
The neuropathologists (A.J.M.R. or W.Ka.) examined the donor tissue using a standard
(NBB) protocol. Tissue blocks were taken and pathological diagnosis was made in
accordance with the NBB-protocol (www.brainbank.nl). Since this is a retrospective study,
the neuropathologists were blinded for the study hypothesis and the behavioral ratings.
Brain autopsy was carried out within 4-8 hours from death according to the Legal and
Ethical Code of Conduct of the NBB. Neuronal loss and gliosis were scored and routine
staining was performed with haematoxylin–eosin, Bodian or Gallyas, methenamine-silver
and Congo red. Tissue blocks were taken from the right hemisphere unless there was leftpredominant atrophy in which case tissue from the left hemisphere was taken.
Immunohistochemistry was performed using primary antibodies against
hyperphosphorylated tau (mouse anti human PHF-Tau Monoclonal Antibody (Thermo
scientific MN1020) :1:500), ubiquitin (monoclonal mouse anti-Ubiquitin, clone Ubi-1,
(MAB1510), Chemicon 1: 200000), b-amyloid protein (Monoclonal Mouse anti-Human
Beta-Amyloid (DAKO) 1:500), α-synuclein (Mouse monoclonal antibody NCL-LASYN, clone KM51 (Novocastra) 1), p62 (Mouse Anti-p62 lck ligand (BD Transduction
Laboratories, Becton Dickinson BV 1:1000), TDP-43 (Anti TDP-43, phospho SER409/4102, Human (rabbit, Cosmo Bio Co LTD) 1:4000), and fused in sarcoma (Sigma-Aldrich
anti-fused in sarcoma; 1:25–200 with initial overnight incubation at room temperature,
following pressure cooking) and stained as described [17]. Primary antibodies were
incubated overnight at -4°C. Endogenous peroxidase activity was inhibited by incubation
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in phosphate buffered saline–hydrogen peroxide– sodium azide solution (100 ml 0.1M
phosphate-buffered saline + 2 ml 30% H2O2 + 1 ml natriumazide) for 30 min. The
Histostain-Plus broad-spectrum kit DAB (Zymed) was used, slides were counterstained
with Mayer’s haematoxylin and mounted in Entellan.
For this study the following regions of interest were included: the convexity of the
frontal cortex (‘medial frontal gyrus’), the anterior part of the cingulate gyrus (or ‘anterior
cingulate’), the substantia nigra, the caudate nucleus, the putamen and globus pallidus and
the thalamus with the subthalamic nucleus.
The pathological diagnosis was made using the Braak and Alafuzoff criteria (2006) and
the NIAA guidelines (Montine, 2012) for Alzheimer’s disease (AD), the Brun and Gustafson
criteria (1988) for vascular dementia (VaD), the multiple sclerosis (MS)-criteria (van der
Valk and de Groot, 2000) and the Mackenzie consensus criteria for frontotemporal lobar
degeneration (FTLD) (www.brainbank.nl) [18-22].
The presence or absence of pathological brain changes was rated for each area based
on the post mortem reports (S.B. and Y.P. post mortem reports by W.Ka and A.J.M.R.). All
pathologic changes were rated abnormal (‘present’), with the exception of both minimal
pathologic changes limited to the walls of small vessels, as well as minimal diffuse plaques
and tangles within the normal range for the examined age group (as qualified by the
pathologist A.J.M.R.). Acute large vessel infarction or hemorrhage causing death were not
considered to be related to an FLS during life.
For the main diagnostic groups we calculated the prevalence of an FLS as the percentage
of FLS among the total number of autopsied cases per diagnostic group.

STATISTICAL ANALYSES
Statistical analyses were performed using the IBM SPSS Statistics for Windows, version
20. Pearson’s c2 tests were used to compare the number of patients with a FLS among the
total number of autopsied cases per diagnostic group in the NBB ; a p-value below .05 was
considered significant.

Ethical considerations
The Medical Ethical Committee of the VU University Medical Center of Amsterdam
approved the study. From all these subjects a registration with a written informed consent
was obtained for the post-mortem tissue donation and the permission to collect medical
information from their physicians.
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RESULTS
Demographics of the 262 cases (9% of the total of 2814) meeting the FLS criteria are shown
in Table 2. 144 (55%) were male and 118 (45%) were female. The mean age of onset was 65
years (range 15-92 years, SD = 14) with a mean age of death of 73 years (range 27-98 years,
SD = 12) resulting in mean disease duration of 7.7 years (range 1-50 years, SD = 6.3). For
demographics for each diagnostic subgroup, see Table 2.
Pathological
diagnosis
AD

Count
(% of total)
72 (28)

Sex, number of
females (%)
35 (49)

Mean age of onset
(range) years
70 (36-92)

Mean disease duration
(range) years
7 (1-16)

FTLD

74 (28)

33 (45)

60 (35-83)

7 (1-18)

PD/DLB

19 (7)

5 (26)

66 (40-81)

9 (1-35)

VaD

10 (4)

2 (20)

66 (45-81)

6 (1-9)

MS

7 (3)

2 (29)

32 (22-47)

18 (7-26)

AD+DLB

19 (7)

14 (74)

73 (53-86)

7 (2-14)

AD+VaD

5 (2)

2 (40)

81 (69-91)

6 (2-9)

PSP

14 (5)

5 (36)

71 (59-89)

7 (1-18)

no pathology

9 (4)

4 (44)

52 (26-80)

24 (2-50)

other*

33 (13)

16 (49)

63 (15-89)

6 (1-15)

total

262

118 (45)

65 (15-92)

8 (1-50)

Table 2: FLS subjects: diagnostic subgroup demographics
AD: Alzheimer’s disease, FTLD: frontotemporal lobar degeneration, PD: Parkinson’s disease, DLB:
Lewy body dementia, VaD: vascular dementia, MS: multiple sclerosis, PSP: progressive supranulear
palsy. *‘other’ contained: argyrophilic grain disease, multiple system atrophy, spinocerebellar ataxia,
neuronal ceroid lipofuscinosis and malignant neoplasms.

The vast majority (n=244, 93%) of the total group of 262 subjects with a FLS showed
brain pathology within at least one of the examined frontal cortical and subcortical areas.
In 90 of these 244 subjects (34% of the total of 262 with an FLS) some form of pathology
was merely found in the selected areas of the frontal cortex (medial frontal gyrus or anterior
cingulate). Eighteen subjects (7% of the total) showed pathology in non-cortical grey matter
areas within the frontal-subcortical circuits (thalamus, substantia nigra, caudate nucleus,
putamen or globus pallidus). In 136 subjects (52%) some form of pathology was found in
both the frontal cortex and the subcortical grey matter. The frontal cortical pathology was
predominantly localized in the medial frontal gyrus or in both areas. Exclusive anterior
cingulate pathology was rare. The frontal subcortical pathology was predominately localized
in de caudate nucleus. A more detailed distribution is shown in Figures 1 and 2.
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Figure 1: Distribution of pathology throughout the examined areas of the frontal cortex in the
total group of 262 subjects with an FLS (subcortical pathology not taken into account)

Figure 2: Distribution of pathology throughout the examined fronto-subcortical grey matter in
the total group of 262 subjects with an FLS (frontal cortical pathology not taken into account)
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Of the 90 subjects with mere frontal cortical pathology the majority (64%) was pathologically
diagnosed with AD. The second most common pathological diagnosis within this group
was FTLD (12%). Of the 18 subjects with mere frontal subcortical pathology FTLD (22%),
VaD (22%), progressive supranuclear palsy (PSP, 17%) and Parkinson’s disease/Lewy body
dementia (PD/DLB, 11%) were diagnosed most frequently.
Of the 136 subjects with both frontal cortical and frontal subcortical pathology the
majority was pathologically diagnosed as FTLD (43%), followed by AD (13%), DLB (12%)
and PD/DLB (10%).
The remaining 18 subjects (262 minus 244, 7% of the total FLS-group) showed no
pathology in either the cortical frontal areas examined nor the frontal basal ganglia and other
frontal subcortical nuclei. Eight out of these 18 subjects without pathological abnormalities
had a clinical psychiatric diagnosis (depression, bipolar disorder or schizophrenia) and
showed, in accordance with this, no pathology at all in the examined frontal-(sub)cortical
areas. The remaining group of 10 subjects without pathology within the examined areas
(4% of the total group of FLS-subjects) included diagnoses of MS (n=4), alcohol dementia
(n=1), hippocampal sclerosis (n=1), argyrophilic grain disease (n=1) and an unspecified
tauopathy (n=1). Moreover, in 1 FTLD and 1 PSP subject no frontal pathology was found;
however, in these two specific cases not enough post-mortem tissue was obtained for all
immunohistochemistral stainings resulting in missing data.

Percentage of total NBB population with and without FLS and frontal pathology
Of the total NBB cohort 9% met the FLS definition (262 out of 2814). When subjects were
grouped according to pathological diagnosis, the following FLS prevalence was found: 72
out of 785 AD subjects (9%; mixed pathology cases were excluded), 74 out of 145 FTLD
subjects (51%; 31 FTLD-tau, 39 FTLD-TDP43 and 4 FTLD-FUS), 14 out of 52 PSP subjects
(27%), 10 out of 74 VaD subjects (14%), 7 out of 202 MS subjects (3% ), 19 out of 203
DLB/PD subjects (9%) and 8 out of 100 psychiatry cases (8%) (Figure 3). The prevalence
of FLS differed significantly between the diagnostic groups (c2(6, N=1561) = 222.64, p <
.01). The percentage of FTLD as well as PSP cases was significantly higher compared to all
other diagnostic subgroups shown in Figure 3. Differences also remained significant when
excluding cases with an FLS without frontal pathology (c2(6, N=1547) = 245.13, p < .01).
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frontal pathology and FLS

MS

no frontal pathology with FLS

FTLD
AD
0%

20%

40%

60%

80%

100%

Figure 3: percentage of subjects with an frontal lobe syndrome (FLS) per diagnostic subgroup
within the total Netherlands Brain Bank-cohort
NBB: Netherlands Brain Bank, VaD: vasculair dementia, PSP: progressive supranuclear palsy, PD/
DLB: Parkinson’s disease,/ dementia with Lewy bodies, MS: multiple sclerosis, FTLD: fronto-temporal
Figure 3: percentage of subjects with an frontal lobe syndrome (FLS) per diagnostic
lobar degeneration, AD: Alzheimer’s disease

subgroup within the total Netherlands Brain Bank-cohort
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PSP

NBB: Netherlands Brain Bank, VaD: vasculair dementia, PSP: progressive supranuclear palsy, PD/DLB: Parkinson’s disease,/
dementia with Lewy bodies, MS: multiple sclerosis, FTLD: fronto-temporal lobar degeneration, AD: Alzheimer’s disease

The distribution of pathological changes in subjects with FLS showed to be frontalsubcortical. The vast majority of subjects had either frontal cortical pathological
abnormalities (in the medial frontal gyrus or cingulate gyrus) or frontal cortical as well as
subcortical pathological abnormalities. Only a minority of cases had FLS associated with
pathology limited to the subcortical regions or no frontal pathology at all [7;9].
As may be expected, we found that the frontal lobe syndrome was present relatively
frequent in FTLD (51%) and in PSP (27%), versus 9% within the total NBB-group. This
percentage seems remarkably low in the FTLD-group since in this diagnostic group the
frontal lobe syndrome is obligatory for the diagnosis [23]. In addition, in most PSP cases
frontal behavior disturbance is apparent as well, and apathy, utilization and imitation
are considered diagnostic supportive criteria [24;25]. Taken together, these findings
suggests underreporting of behavioral disturbances in the NBB-case notes. This said, part
of the FTLD-cases may have had a more (unilaterally) temporally located variant with
associated symptom clusters, possibly explaining absence of typical frontal behavior. This
underreporting bias probably occurred in all diagnostic subgroups, so the proportional
ratio of FLS between the different subgroups probably is a realistic representation. FLS
is not uncommon in AD and other types of dementia [26]. The difference between our
percentage of FLS in AD (9%) and VaD (14%), compared to the numbers others have found
in clinical prevalence studies (50% and 49% respectively) also suggests underreporting [27].
In a clinical VaD cohort apathy was apparent in 65% and irritability in 42% [16]. Clinically
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diagnosed PSP patients showed to have behavioral changes in 53% (compared to 27% in
our pathological cohort) [24].
The majority of the group of subjects with mere frontal cortical pathology had an AD
pathological diagnosis, while the subjects with subcortical frontal pathology showed far
less AD pathology. Those subjects were pathologically diagnosed with a variety of disorders
of which FTLD made out the largest group. Although subcortical involvement in FTLD
is common, it has mainly been considered a focal cortical dementia [28;29]. Recent
studies, however have clearly demonstrated the involvement of both the white matter and
subcortical areas in this disorder. For example, in FTLD-FUS and FTLD caused by C9orf
mutation there is marked involvement of the caudate and thalamic nuclei respectively [30].
The relatively small number of psychiatric subjects within both the FLS-group as well as
the total NBB-cohort is striking. Many if not most psychiatric disorders show FLS features,
so it is likely that the group of psychiatric patients with an FLS is especially underrepresented.
It seems plausible that physicians point out the existence of brain donation more often to
patients with specific diagnoses, especially the neurodegenerative diseases. This may lead
to the above mentioned small subgroup of subjects with a psychiatric diagnosis as well
as for instance lower numbers of vascular cognitive impairment or dementia as would be
expected because of its prevalence in the population. Possibly, this ‘referral’ bias results in a
lower number of subjects with mere subcortical pathology.
The lack of prospectively and systematically collected clinical data on patient behavior
during life, forms a limitation to our FLS study design. Furthermore, the information on
the cortical area of the orbitofrontal circuit is missing, since it is not included in the NBB
pathologist protocol. This protocol limitation restricts the statement that 7% of the subjects
has no frontal circuit pathology. An alternative explanation could be that the subjects
without apparent frontal-subcortical pathology would show white matter tract pathology on
examination, since these tracts are not included in the NBB protocol; therefore information
on the white matter is unavailable.
It seems unlikely (especially in the subgroup with a psychiatric diagnosis) for these cases
to have merely orbitofrontal pathology. However, of the 19 cases without proven frontalsubcortical pathology, 4 subjects had the clinical diagnosis MS; white matter demyelination
within the frontal circuits seems plausible in this small subgroup.
The retrospective data collection, without the possibility of examining the time of onset
of symptoms to the actual pathological examination, may result in another limitation,
due to further spreading of pathology since the symptom onset. This mechanism could
be responsible for some degree of overestimation of the number of pathologically affected
areas.
To our knowledge, this is the first study attempting to relate clinical FLS to the distribution
of its pathological anatomical correlates and combining a large amount of fundamental
pathological data with recent insights in functionally connected networks [11-13]. Research
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on the resting state functional networks (salience network and the executive control network)
associated with FLS, confirm the link between the frontal cortex and the subcortical grey
matter, even though the executive control network also includes some parietal regions that
are not included in this study [7;9;13;31].
Another strength of this study is the symptom based inclusion. Despite the mentioned
study limitations, the two methodologically strong points result in retrospective data with
the highest level of diagnostic certainty possible, in a clinically relevant subgroup of patients
with behavioral disturbances.
In clinical practice, due to the absence of typical clinical presentation or imaging
abnormalities, neuropathological confirmation remains the gold standard for
neurodegenerative diseases presenting with FLS [32;33]. Currently we are collecting
prospective postmortem data in the Late Onset Frontal lobe (LOF)-study, overcoming the
substantial shortcomings of retrospective data collection and underreporting of FLS [34].
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database access of the Dutch Brain Bank.

59

REFERENCE LIST
1. Meyer A. The frontal lobe syndrome, the aphasias and related conditions. A contribution to the
history of cortical localization. Brain 1974;97:565-600.
2. Miller B, Cummings J. The human frontal lobes. The Guilford Press, 2007:3-666.
3. Filley CM. Chapter 35: the frontal lobes. Handb Clin Neurol 2010;95:557-70.
4. Alexander MP, Stuss DT, Picton T, Shallice T, Gillingham S. Regional frontal injuries cause distinct
impairments in cognitive control. Neurology 2007;68:1515-23.
5. Benton AL. Differential behavioral effects in frontal lobe disease. Psychologia 1967;6:53-60.
6. Cummings JL. Behavioral disorders associated with frontal lobe injury. In: Clinical neuropsychiatry.
1985:57-67.
7. Alexander GE, DeLong MR, Strick PL. Parallel organization of functionally segregated circuits
linking basal ganglia and cortex. Annu Rev Neurosci 1986;9:357-81.
8. Alexander GE, Crutcher MD. Functional architecture of basal ganglia circuits: neural substrates
of parallel processing. Trends Neurosci 1990;13:266-71.
9. Cummings JL. Frontal-subcortical circuits and human behavior. Arch Neurol 1993;50:873-80.
10. van den Heuvel MP, Hulshoff Pol HE. Exploring the brain network: a review on resting-state fMRI
functional connectivity. Eur Neuropsychopharmacol 2010;20:519-34.
11. Beckmann CF, DeLuca M, Devlin JT, Smith SM. Investigations into resting-state connectivity
using independent component analysis. Philos Trans R Soc Lond B Biol Sci 2005;360:1001-13.
12. Bonelli RM, Cummings JL. Frontal-subcortical circuitry and behavior. Dialogues Clin Neurosci
2007;9:141-51.
13. Seeley WW, Menon V, Schatzberg AF, Keller J, Glover GH, Kenna H, Reiss AL, Greicius MD.
Dissociable intrinsic connectivity networks for salience processing and executive control. J
Neurosci 2007;27:2349-56.
14. Hornberger M, Yew B, Gilardoni S, Mioshi E, Gleichgerrcht E, Manes F, Hodges JR. Ventromedialfrontopolar prefrontal cortex atrophy correlates with insight loss in frontotemporal dementia and
Alzheimer’s disease. Hum Brain Mapp 2012.
15. Tekin S, Cummings JL. Frontal-subcortical neuronal circuits and clinical neuropsychiatry: an
update. J Psychosom Res 2002;53:647-54.
16. Staekenborg SS, Su T, van Straaten EC, Lane R, Scheltens P, Barkhof F, van der Flier WM.
Behavioural and psychological symptoms in vascular dementia; differences between small- and
large-vessel disease. J Neurol Neurosurg Psychiatry 2010;81:547-51.
17. Seelaar H, Schelhaas HJ, Azmani A, Kusters B, Rosso S, Majoor-Krakauer D, de Rijk MC, Rizzu
P, ten Brummelhuis M, van Doorn PA, Kamphorst W, Willemsen R, van Swieten JC. TDP-43
pathology in familial frontotemporal dementia and motor neuron disease without Progranulin
mutations. Brain 2007;130:1375-85.
18. Braak H, Alafuzoff I, Arzberger T, Kretzschmar H, Del TK. Staging of Alzheimer diseaseassociated neurofibrillary pathology using paraffin sections and immunocytochemistry. Acta
Neuropathol 2006;112:389-404.
19. Montine TJ, Phelps CH, Beach TG, Bigio EH, Cairns NJ, Dickson DW, Duyckaerts C, Frosch MP,
Masliah E, Mirra SS, Nelson PT, Schneider JA, Thal DR, Trojanowski JQ, Vinters HV, Hyman
BT. National Institute on Aging-Alzheimer’s Association guidelines for the neuropathologic
assessment of Alzheimer’s disease: a practical approach. Acta Neuropathol 2012;123:1-11.

60

20. Valk vd, De Groot CJ. Staging of multiple sclerosis (MS) lesions: pathology of the time frame of
MS. Neuropathol Appl Neurobiol 2000;26:2-10.

22. Brun A.Gustafson L.Kisker KP, Lauter H, Meyer J.E., Müller C, Strömgren E. Zerebrovaskuläre
Erkrankungen in Psychiatrie der Gegenwart. In: Springer, ed. Berlin, Heidelberg: Springer
1988:235-95.
23. Rascovsky K, Hodges JR, Knopman D, Mendez MF, Kramer JH, Neuhaus J, van Swieten JC,
Seelaar H, Dopper EGP, Onyike CU, Hillis AE, Josephs KA, Boeve BF, Kertesz A, Seeley WW,
Rankin KP, Johnson JK, Gorno-Tempini ML, Rosen H, Prioleau-Latham CE, Lee A, Kipps CM,
Lillo P, Piguet O, Rohrer JD, Rossor MN, Warren JD, Fox NC, Galasko D, Salmon DP, Black SE,
Mesulam M, Weintraub S, Dickerson BC, ehl-Schmid J, Pasquier F, Deramecourt V, Lebert F,
Pijnenburg Y, Chow TW, Manes F, Grafman J, Cappa SF, Freedman M, Grossman M, Miller BL.
Sensitivity of revised diagnostic criteria for the behavioural variant of frontotemporal dementia.
Brain 2011;134:2456-77.
24. Donker KL, Boon AJ, Kamphorst W, Ravid R, Duivenvoorden HJ, Van Swieten JC. Frontal
presentation in progressive supranuclear palsy. Neurology 2007;69:723-9.
25. Litvan I, Agid Y, Calne D, Campbell G, Dubois B, Duvoisin RC, Goetz CG, Golbe LI, Grafman J,
Growdon JH, Hallett M, Jankovic J, Quinn NP, Tolosa E, Zee DS. Clinical research criteria for the
diagnosis of progressive supranuclear palsy (Steele-Richardson-Olszewski syndrome): report of
the NINDS-SPSP international workshop. Neurology 1996;47:1-9.

3
Clinico-pathological correlations of the frontal lobe syndrome

21. Mackenzie IR, Neumann M, Baborie A, Sampathu DM, Du PD, Jaros E, Perry RH, Trojanowski
JQ, Mann DM, Lee VM. A harmonized classification system for FTLD-TDP pathology. Acta
Neuropathol 2011;122:111-3.

26. Senanarong V, Cummings JL, Fairbanks L, Mega M, Masterman DM, O’Connor SM, Strickland
TL. Agitation in Alzheimer’s disease is a manifestation of frontal lobe dysfunction. Dement
Geriatr Cogn Disord 2004;17:14-20.
27. Gislason TB, Sjogren M, Larsson L, Skoog I. The prevalence of frontal variant frontotemporal
dementia and the frontal lobe syndrome in a population based sample of 85 year olds. J Neurol
Neurosurg Psychiatry 2003;74:867-71.
28. Brun A, Gustafson L. The birth and early evolution of the frontotemporal dementia (FTD)
concept. J Mol Neurosci 2011;45:324-9.
29. Brun A. Frontal lobe degeneration of non-Alzheimer type. I. Neuropathology. Arch Gerontol
Geriatr 1987;6:193-208.
30. Mackenzie IR, Munoz DG, Kusaka H, Yokota O, Ishihara K, Roeber S, Kretzschmar HA, Cairns
NJ, Neumann M. Distinct pathological subtypes of FTLD-FUS. Acta Neuropathol 2011;121:20718.
31. Menon V. Large-scale brain networks and psychopathology: a unifying triple network model.
Trends Cogn Sci 2011;15:483-506.
32. Kipps CM, Davies RR, Mitchell J, Kril JJ, Halliday GM, Hodges JR. Clinical significance of lobar
atrophy in frontotemporal dementia: application of an MRI visual rating scale. Dement Geriatr
Cogn Disord 2007;23:334-42.
33. Pijnenburg YA, Gillissen F, Jonker C, Scheltens P. Initial complaints in frontotemporal lobar
degeneration. Dement Geriatr Cogn Disord 2004;17:302-6.
34. Krudop WA, Kerssens CJ, Dols A, Prins ND, Moller C, Schouws S, Barkhof F, van Berckel BN,
Teunissen CE, van der Flier WM, Scheltens P, Stek ML, Pijnenburg YA. Building a New Paradigm
for the Early Recognition of Behavioral Variant Frontotemporal Dementia: Late Onset Frontal
Lobe Syndrome Study. Am J Geriatr Psychiatry 2013.

61

