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Abstract

Frontotemporal dementia (FTD) was one of the lesser known dementias until the recent advancements revealing its genetic and
pathological foundation. This common neurodegenerative disorder has three clinical subtypes- behavioral, semantic and pro-
gressive non fluent aphasia. The behavioral variant mostly exhibits personality changes, while the other two encompass various
language deficits. This review discusses the basic pathology, genetics, clinical and histological presentation and the diagnosis of the
3 subtypes. It also deliberates the different therapeutic modalities currently available for frontotemporal dementia and the
challenges faced by the caregivers. Lastly it explores the scope of further research into the diagnosis and management of FTD.
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Introduction

Frontotemporal dementia (FTD) describes a spectrum of
heterogeneous neurodegenerative disorders characterized
by a range of behavioral and language deficits. It is often
associated with asymmetrical, focal atrophy of the frontal
and/or temporal lobes of the brain." The FTD is considered
to be the third leading cause of dementia across all age
groups, following Alzheimer’s disease (AD) and dementia
with Lewy bodies.? It accounts for approximately 5% to
10% of all cases of pathologically confirmed dementia.®

In 1892, Arnold Pick described” the first case of FTD; and
hence for many years, the clinical syndrome was known as
Pick’s disease. Although it was identified long back, the under-
lying biology and genetics were poorly understood until the
1990s."> However, recent research suggests loss of structural
and functional plasticity in the synapse plays a role in the early
symptomatology of FTD as it plays in the case of another pre-
valent dementia, the AD.

Clinically, FTD can be categorized into 3 broad subtypes—
the behavioral variant of FTD (bvFTD), semantic dementia
(SD), and progressive nonfluent aphasia (PNFA). Additionally,
there is significant clinical, genetic, and pathological overlap
between FTD and certain other neurological syndromes such
as corticobasal syndrome (CBS), progressive supranuclear
palsy (PSP), motor neuron disease (MND), amyotrophic lateral
sclerosis (ALS), and atypical parkinsonian syndromes. In this
article, we have described the 3 clinical subtypes of FTD, their
epidemiology, genetic and histopathogical basis, diagnosis,
treatment, and the challenges faced with their management and
future scope of research.

Epidemiology

The estimated point prevalence and incidence of FTD in the
general population of United States is about 15 to 22 of
100 000 and 2.7 to 4.1 of 100 000, respectively.® The age of
onset for FTD is generally younger than that of most dementias,
with a mean age of onset between 55 and 60 yearsg’lo; however,
onset of symptoms may range from the fourth to the eighth
decade of life.>®!" Also, a study of patients with an autosomal
dominant FTD syndrome suggested that subtle cognitive or
behavioral abnormalities may arise in childhood or adolescence
in some of the family members.'? There is no significant differ-
ence between the various clinical variants of FTD in the mean
age of symptom onset; however, bvFTD and FTD associated
with motor neuron disease (FTD-MND) patients are typically
younger at the time of diagnosis than patients with PNFA.'?
In patients younger than 60 years of age, FTD is often the com-
monest form of dementia, even more prevalent than AD.'+!7
The FTD is a more rapidly progressing disorder than other
forms of dementias. From the time of symptom onset, the mean
survival in all FTD is estimated to range from 6 to 10 years.®'*!?
Although SD'®?° and PNFA'® have longer survival time from
symptom onset about 11 to 12 years and 9 years, respectively,
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bvFTD has a survival time of about 6 years.'* Language impair-
ment, including word-finding difficulty and semantic deficits,
was identified as negative prognostic indicators in patients with
bvFTD.?! The FTD-MND has an even shorter course and has the
median survival from symptom onset to death of around 3 years."*
The mean survival from time of clinical diagnosis of all FTD
cases is estimated to range between 3 and 4 years.'® These figures
indicate that there is a significant delay from symptom onset to
diagnosis.® The average delay between symptom onset and diag-
nosis in FTD has been estimated at 3.6 years compared to 2.7
years in patients with AD.'" Hence, early diagnosis of FTDs can
raise the survival by 3 years.

Genetics

It is now well recognized that FTD has an impressive genetic
component, up to 40% of FTD is familial,>* and 10% to 30%
of patients with a family history have a mutation in the
microtubule-associated protein tau (MAPT) gene located on
chromosome 17.2* In 2005, a study** indicated that about
18% of all patients with FTD observe an autosomal dominant
inheritance pattern. The bvFTD is the most prominent subtype
with family history, especially when concomitant symptoms
of MND are present (60%), while SD appeared to be the least
hereditary FTD subtype (<20%).%*

After MAPT mutations, C9ORF72, a recently identified
hexa-nucleotide repeat expansion on chromosome 9, has been
identified as the genetic abnormality underlying the majority
of cases of both familial FTD and familial ALS.?>?° However,
in another recent study, the mutation was observed among 6%
of caucasians diagnosed with sporadic FTD and almost 67%
Asians with familial FTD.?” Progranulin mutations (PGRN),
on chromosome 17, are also found in about 5% to 10% of total
patients with FTD.?%?° Mutations in PGRN, MAPT, and
C90RF'72, taken together, account for at least 17% of total
patients with FTD.?” Both charged multivesicular body pro-
tein (CHMPZ2B) mutations on chromosome 3 and mutations of
the valosin-containing protein (VCP) gene on chromosome 9
are detected in <1% of the patients with familial FTD.** Some
rare mutations in common ALS genes, TAR-DNA-binding pro-
tein (TARDBP), and fused in sarcoma (FUS) are also present
clinically with FTD.*'~*

Histopathology

Pathologically, FTD can be divided based on its intraneuronal
(cytoplasmic) inclusions. Tau-positive inclusions®=*¥-* are
commonly found in Pick’s disease, FTD with MAPT muta-
tions, PSP, CBS, argyrophilic grain disease, neurofibrillary
tangle dementia, and sporadic multiple system tauopathy with
dementia.*® Pick’s disease is a bvFTD subtype and is charac-
terized by the presence of Pick bodies, inclusions composed
primarily of 3R (repeated) tau.>> There are also tau-negative
but ubiquitin-positive inclusion proteins like TDP-432%° that
are found in sporadic and familial cases of FTD involving
PGRN and VCP gene mutations, FTD with or without MND

with C9ORF72 hexanucleotide repeat, and familial and spora-
dic cases of ALS.>****#!*? The third major histological variety
is tau-negative, TDP-43 negative, ubiquitin-positive, and
FUS****3 proteins that are identified in the behavioral variant.

Other inclusion bodies such as intermediate filament immu-
noreactive inclusions, basophilic inclusions, and P62-positive
inclusions are also found in some patients.**>**! Patients with
ALS exhibiting FTD symptoms or the ALS-FTD has ubiquitin-
positive, a-synuclein, and tau-negative inclusion bodies in the
frontal cortex and hippocampus, and spongiform change in the
first 2 layers of frontal cortex, along with degeneration of
motor neurons in the brainstem and anterior horn of the spinal
cord.*® Dementia lacking distinctive histology™® is a compre-
hensive term used to represent the remaining patients with FTD
that cannot be positively diagnosed as any of the above.

Clinical Subtypes

Among the 3 clinical subtypes discussed earlier—the common-
est clinical presentation of FTD is the frontal or the behavioral
variant,*”*® represented by a change in social, interpersonal,
and emotional behavior. The SD is also referred to as the tem-
poral variant of FTD® and is characterized by a gradual loss of
knowledge and word comprehension associated with progres-
sive speech disturbance but intact fluency; there are associated
socioemotional dysfunctions as well which intensify with the
disease duration.*” The PNFA is another variant of FTD exhi-
biting speech disorder with loss of fluency, anomia, agramma-
tism, and loss of comprehension of complex sentences, while
behavioral abnormalities and executive dysfunction develop
later in the disease course.*’>' Callossal gliosis is common
in all patients with FTD and worsens anomia and other cogni-
tive symptoms.”? In reality, many individuals have overlapping
features or may evolve to include additional FTD signs.

Behavioral Variant

The bvFTD is associated with focal atrophy of the orbital and
mesial frontal lobes and anterior temporal lobes.>*>* Its hallmark
is change in the personality that is manifested by apathy with
social withdrawal, loss of empathy, loss of spontaneity, abulia,
disinhibited outbursts, emotional bluntness, and change in eating
pattems,55 inability to adhere to routines, inflexibility, and loss
of attention span.>® A subscale analysis to identify the eating pat-
terns of patients with FTD via Food-Related Problems Question-
naire to the caregivers indicated impairment in observed satiety,
improper eating pattern, and inappropriate responses when food
was not available.”® These patients remain partially aware of
their deficits. Socially aberrant behaviors have been identified
with greater involvement of the right hemisphere.>®>’

As the disease progresses, the dorsolateral prefrontal sys-
tems are also affected, and neurocognitive deficits, such as
impairment of executive functions, problem solving, judgment,
organization, and planning, emerge.’®>° However, in dysexe-
cutive variant of FTD, patients may present at early stages with
problem in planning, organization, and complex thinking with
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relative preservation of memory, overall behavior, and lan-
guage function.®® Altered speech pattern, with stereotypy,
echolalia, lack of spontaneity, and in later stages mutism,
although not very common in patients with FTD, is also seldom
observed.® Frontal release signs like snout, grasp and sucking
reflexes, and incontinence may also be seen at an earlier dis-
ease stage in FTD than in AD.%

Histologically, at postmortem of patients with bvFTD, bilat-
eral frontotemporal atrophy with neuronal loss, microvacuo-
lation, and a variable degree of gliosis is observed.’’ The
progression of this atrophy has been examined by mapping the
pattern in patients with different disease durations.®* Initially,
mesial and orbital frontal regions are affected, followed by the
temporal lobe, hippocampal formation, dorsolateral frontal cor-
tex, and the basal ganglia with prominent sparing of the posterior
cortical regions and visuospatial function.®® The pattern of pro-
gression of atrophy has also been shown to relate to the volume
of cortical and subcortical regions and to the underlying neuron
loss.®*> Immunohistochemistry of neurons of patients with
bvFTD reveal almost equal proportion of tau- and TDP-43-
positive cases % and a small proportion of FUS-positive®” ones.

In coronal magnetic resonance imaging (MRI) sections, atro-
phy of the mesial frontal, orbitofrontal, and anterior insular cor-
tices can be reliably observed.® A combination of frontal and
anterior temporal and basal ganglia atrophy might also be seen
at presentation in some patients.®” However, an apparently nor-
mal MRI on visual inspection does not completely exclude the
diagnosis, because the changes can be subtle in the early stages.
Symmetrical frontal lobe atrophy in patients with bvFTD is asso-
ciated with C9ORF'72 and MAPT gene mutations, whereas the
asymmetrical pattern is associated with PGRN gene mutations.””
Patients with ALS who exhibit an FTD syndrome clinically
(ALS-FTD) show atrophy in the frontal and temporal regions.*®

Inresting state functional MRI, abnormalities occur in bvFTD,
involving not only the salience network but also the default mode
and frontoparietal network associated with attention and working
memory modulation.”’ Frontal hypoperfusion is present on
single-photon emission computed tomography (SPECT) or
fluorodeoxyglucose-positron emission tomography (FDG-PET)
in bvFTD, and it differs from the pattern of hypoperfusion
observed in AD, which is predominant in the temporoparietal and
posterior cingulate cortices. These changes are detected before
any changes are visible on structural MRI, making FDG-PET the
most sensitive diagnostic tool currently available.

Semantic Dementia

The SD presents in 20% to 25% of the patients with FTD.’ It
involves degeneration of the temporal lobe. This syndrome pre-
sents predominantly with language symptoms. However, in con-
trast to patients with PNFA, patients withSD have a fluent
speech and impaired word comprehension.*® In addition to lex-
ical difficulty in retrieving the word, patients also have problems
retrieving information based on nonverbal modalities. Beha-
vioral abnormalities, such as disinhibition and dietary changes,
are frequent.** Obsessions and compulsions are particularly

common.’? Patients with SD lack complete awareness of their
deficits; they acknowledge their word-finding difficulty but not
their impaired comprehension.

Right temporal deficits may have less obvious language deficits
and would have symptoms that include prosopagnosia,”> phonag-
ia,”*”> and poor insight. In patients with SD, there are deficits in
semantic memory,’® which is the aspect of long-term memory that
contains knowledge of objects, facts, concepts, words, and vocabu-
lary; but episodic memory is relatively preserved.”” On verbal flu-
ency tests, patients with SD have more difficulty with semantic
fluency rather than letter fluency, while patients with PNFA and
bvFTD have equal impairments in both the tests.”®

In structural MRI, SD is characterized by temporal lobe
atrophy, which is more pronounced anteriorly, involving polar,
anterior parahippocampal, and fusiform regions including the
perirhinal cortex. The atrophy is bilateral, but typically asym-
metric and often more severe on the left side’” in contrast,
patients with AD have more symmetric bilateral temporal lobe
affection without any anteroposterior gradient.*® Diffusion ten-
sor imaging (DTI) is a new age imaging modality, commonly
used for dementia studies, which involves measurement of the
restricted diffusion of water in tissue in order to produce neural
tract image. A recent DTI study in patients with SD®' has
revealed significantly higher mean diffusivity, parallel and trans-
verse, and significantly lower fractional anisotropy, in the infer-
ior longitudinal fasciculus, arcuate fasciculus, and uncinate
fasciculus. The frontoparietal superior longitudinal fasciculi also
illustrated significant difference observed for transverse diffu-
sivity and fractional anisotropy. Also, the genu of the corpus cal-
losum demonstrated lower fractional anisotropy.

Progressive Nonfluent Aphasia

The PNFA is the second most prevalent presentation of FTD,
after bvFTD, accounting for about 25% of total the patients with
FTD.’ Here, anomia is the first deficit to appear.®” The speech of
the patients with PNFA is slow and nonfluent, sometimes tele-
graphic, with agrammatism and phonemic paraphasic errors.>®
There is difficulty with comprehension of sentences that are
syntactically complex, and ultimately the patients may become
mute.®? Deficits may be restricted to expressive language func-
tion, from few to several years before a more global dementia
supervenes.”®>! Patients with PNFA may develop behavioral dys-
functions or symptoms of MND or corticobasal degeneration.*”>"!

The SD and PNFA are sometimes referred together under a
broader spectrum language disorder syndrome known as pri-
mary progressive aphasia (PPA). International group of PPA
investigators have published 3 clinical variants of PPA® based
on the specific speech and language features characteristic
to that specific subgroup. First such variant was termed as
nonfluent or agrammatic or PNFA, and it has the features of
agrammatism, speech apraxia, and impaired comprehension
of complex sentences. Semantic variant or SD is characterized
by impaired confrontation naming, impaired word comprehen-
sion, impaired object knowledge, and surface dyslexia or dys-
graphia, whereas the logopenic variant exhibits impaired
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single-word retrieval and naming and impaired repetition with
spared single-word comprehension and object knowledge.
These clinical variants can then be further specified as imaging
supported if the expected pattern of atrophy is found or with
definite pathology and if the pathologic data are available.®*
Patients with PNFA show left frontal and perisylvian atrophy
on structural MRI, with hypoperfusion and hypometabolism
demonstrated in the same regions on functional imaging.** In
those who have become mute, a pattern of atrophy affecting the
left perisylvian region and extending into the left basal ganglia has
been demonstrated.®> In 2003, another case series on FDG-PET
analyses of patients with PNFA revealed notable hypometabo-
lism in the left anterior insular or frontal opercular region.®

Associated Disorders

Corticobasal Syndrome. The CBS is more likely to develop in
patients who initially present with PNFA.®” This syndrome is
characterized by apraxia, cortical sensory loss, myoclonic
jerks, bradykinesia, rigidity, tremor, and dystonia.®® Rarely,
patients may develop an alien limb phenomenon, in which
there are involuntary movements and personification of the
limb. Patients who have CBS can develop personality changes,
and executive dysfunction similar to those observed in
bvFTD.*” The MRI shows asymmetric atrophy involving fron-
toparietal regions, basal ganglia, and cerebral peduncles.®®

Progressive Supranuclear Palsy. The PSP is characterized by early
falls, bradykinesia, axial rigidity, vertical gaze palsy, anisocoria,
mild-to-moderate dementia, personality changes, nonfluent apha-
sia, and dysphagia.** Neuropsychological testing demonstrates
some mild-to-moderate frontal lobe deficiencies. The MRI shows
symmetric atrophy of superior cerebellar peduncle and midbrain.®

Motor Neuron Disease. The MND is defined as any evidence of
pyramidal tract degeneration or anterior horn cell disease. The
MND frequently coexists with bvFTD and is infrequently
reported with SD and PNFA. Typically in these cases, there are
findings of lower MND or mixed upper and lower MND.” The
MRI may show variable bifrontal atrophy.”®

Approach to the Patient and Management

Clinical Diagnostic Criteria. In 1998, a consensus on clinical cri-
teria specific to the 3 clinical subtypes of FTD was pub-
lished.® But these criteria exhibited substantial limitations,
especially for the bvEFTD®! that subsequently led to the revi-
sion of the criterion for bvFTD by the Frontotemporal Demen-
tia Consortium in 2011.°2 The revised criteria categorized
potential patients with bvFTD into “possible,” “probable,”
and “definite frontotemporal degeneration.” “Possible” bvFTD
required 3 of the 6 clinically discriminating features—disinhi-
bition, apathy/inertia, loss of sympathy/empathy, persevera-
tive/compulsive behaviors, hyperorality, and dysexecutive
neuropsychological profile, “probable” bvFTD also requires
functional disability and characteristic neuroimaging in

addition to these, and ““definite” bvFTD requires an added his-
topathological confirmation or a pathogenic mutation.

Genetic Testing. Genetic testing is available for all of the identi-
fied mutations associated with FTD. Apart from diagnosing
FTD, sometimes the genetic testing also provides a greater
insight about the clinical variant of FTD present, the expected
imaging results, and the ultimate outcome. The PGRN muta-
tions are associated with an asymmetrical fronto—parieto-
temporal pattern of atrophy, whereas MAPT mutations are
associated with more significant symmetrical anteromedial
temporal and orbitofrontal atrophy.’®*> The C9ORF72
mutation has frontal involvement more than temporal.”> The
PGRN mutations have been most commonly associated with
bvFTD and PNFA”%“® and rarely MND.***'%° The MAPT muta-
tions are found in bvFTD, SD, and the atypical parkinsonian
syndromes: PSP and CBS.’*”® The C9ORF72 mutations are
most often associated with bvFTD with or without MND, while
the mutation does not appear with PNFA phenotypes.lo1 In
patients with CHMP2B mutations, dysexecutive functions pre-
cede the clinical diagnosis of FTD by several years,'®? while in
VCP mutations, an autosomal dominant inclusion body myopa-
thy coexists with Paget’s disease and FTD.'®

As genetic testing can be expensive and complicated, there
is a well-accepted algorithm for the testing in patients with
FTD in accordance with their clinical and neuroimaging pheno-
types and also the family history and autopsy information.'®*
Genetic testing should be preceded by proper genetic counsel-
ing.'®> However, as all possible mutations in familial FTD are
yet to be discovered, a negative test does not rule out FTD.

Imaging. Structural MRI may be normal in the early course of
the disease, and the atrophic patterns for the various subtypes
(see above) may intensify with the disease duration.®*** Hence,
functional neuroimaging techniques such as SPECT, perfusion
MRI, or FDG-PET are more sensitive in diagnosing an early
disease.’*%"7#% The DTI shows abnormal diffusivity of gray
matter in the affected regions.®"'*® Incorporating routine PET
scans in complex, atypical, or unclear patients can have a sig-
nificant effect on the early management of FTD.'"’

Cerebrospinal Fluid Biomarkers. The cerebrospinal fluid (CSF) pro-
file in FTD is variable; changes in CSF tau levels are less consis-
tent than in AD.>® One study differentiated patients with FTD and
AD by looking at the combination of CSF tau and Abeta-42 levels
and concluded that patients with FTD have a rise in tau and a fall
in Abeta-42 levels.'”® But yet there is paucity of evidence to
include CSF results for the diagnosis of a patient with FTD.

Neuropsychological Testing. Role of neuropsychological tests in
diagnosis of FTD is limited, as the tests may be normal at early
disease.®' Test administrators also need to be aware of the fact
that deficits in one area may mislead to the perception of deficit
in another area. However, when compared to patients with AD,
patients with FTD may show worse performance in frontal
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executive function and social cognition while better perfor-
mance on tests of memory and visual spatial function.®'"”’

The Neuropsychiatric Inventory (NPI) scoring is a vital part
of neuropsychological evaluation in FTD. The scale was ini-
tially developed by Cummings et al in 1994'° to assess
dementia-related behavioral symptoms that other measures did
not sufficiently address; he further expanded the scale in
1997.1% Tt currently examines 12 subdomains of behavioral
functioning, delusions, hallucinations, agitation/aggression,
dysphoria, anxiety, euphoria, apathy, disinhibition, irritability,
aberrant motor activity, nighttime behavioral disturbances, and
appetite and eating abnormalities, and is administrated to care-
givers of patients with dementia.'®®!'° The Frontal Behavioral
Inventory is another scale mostly used to assess frontal lobe
dementias."'! It is a 24-item questionnaire that measures beha-
viors such as apathy, indifference, disorganization, inattention,
personal neglect, aspontaneity, inflexibility, concreteness, loss
of insight, logopenia, verbal apraxia, and alien hand.

Evaluation of speech production/articulation, syntax and
single-word comprehension, repetition, confrontation, naming,
semantic knowledge, reading, and writing is necessary for the
classification of patients with SD and PNFA. The language
evaluation can be performed with a 20-minute bedside assess-
ment or by a speech pathologist to yield higher diagnostic accu-
racy.® A third clinical linguistic variant termed as logopenic
aphasia (LPA) has been described®*!'? but based on the current
clinic—pathological understanding, it is not considered a FTD
variant. The hallmark of LPA is left parietotemporal atro-
phy,"'?"'* and its clinical features include slow rate of speech
output with frequent pauses, impaired repetition, and impaired
syntactic comprehension and naming with relatively intact
single-word comprehension.''>!!*

Pharmacological Therapy. There is no Food and Drug Adminis-
tration (FDA)-approved medications yet for the management
of FTD; so, all the current management recommendations are
offlabel.''® Serotonergic medications are popular prescriptions
for FTD, as abnormal serotonin activity has been demonstrated
in autopsy, neuroimaging, and CSF studies in such patients.''®
Serotonin selective reuptake inhibitors such as sertraline, flu-
voxamine, and paroxetine have improved multiple behavioral
symptoms in patients with FTD."'”""'? Low doses of trazodone
have been effective in treating agitation and aggression.''®
Atypical antipsychotics like olanzapine, quetiapine, and aripi-
prazole also help with agitation and other behavioral symptoms
while having minimal extrapyramidal side effects,''®!20-12!
Cholinesterase inhibitors such as donepezil, galantamine, and
rivastigmine and the N-methyl-p-aspartate receptor antagonist,
memantine, are used for memory and intellectual enhancement
in patients with AD, but none of these drugs were found to be
helpful in clinical trials on patients with FTD.'?*"'%> Anxiolytics
and mood stabilizers however help in the cognitive symptoms in
FTD.'?° Various research studies are actively pursuing for inno-
vative therapeutic options for patients with FTD like modulation
of CNS oxytocin and vasopressin circuits to ease some of the
core emotional and social behavioral deficits.'*’” Symptomatic

treatment is approached while combating the subsidiary associa-
tions of FTD such as MND, Parkinsonism, urinary retention, and
so on,"'"® and this approach of pharmacological tools to target the
symptomatology in FTD is actually helping in improving quality
of life of such patients.'?®

Nonpharmacological Support. Many novel unconventional thera-
pies are increasingly being tried for patients with FTD—
recently a study with lavender aroma therapy for 8 weeks led
to significantly improved NPI scores and decreased require-
ment of antipsychotic medications.'?® Some patients may ben-
efit from speech therapy,'*® which can aid in their ability to
communicate with family and friends. Regular cardiovascular
exercises are proved to benefit the mood and cognition of the
patients,*! while antioxidants and vitamins in diet or as food
supplements help in preventing or delaying the disease progres-
sion.'*? Physical therapy can also help with balance and assist
in maintaining mobility.'*®> The patients with FTD often have
reversed sleep—wake cycles, so for such patients, environment
control interventions at home may help.'**

Safety is a big concern for patients with dementia, and someone
living alone with dementia is at a very high risk and requires nur-
sing home placements. Physical aids at home such as raised toilet
seats or removal of unsecured rugs can also reduce potential inju-
ries at home.' Drivers with dementia can be dangerous on roads;
hence, per the guidelines of Quality Standards Subcommittee of the
American Academy of Neurology (AAN),' 36 patients with Clinical
Dementia Rating"*” of 1.0 or above are advised not to drive.

Caregiver Burden

The FTD strikes at a relatively young age so that the disease often
causes dramatic financial burden that can be stressful for the entire
family. Patients with dementia require assistance with activities of
daily living, behavioral supervision, assistance with medication
use, and essentially assistance with every aspect of daily life;
hence, caring for a patient with dementia is a taxing job and can
commonly lead to caregiver burnout and depression'*® The most
burdensome symptoms of FTD are not only offensive, egocentric,
and quarrelsome behaviors but also apathy, indifference, lack of
insight, and aphasic symptoms leading to misinterpretations.
Caregivers require comprehensive information about the
disease to enhance their understanding of the patients and to avoid
unnecessary feelings of self-blame. The long-term social sup-
port,"** educational, and supportive services available through
organizations, such as the Association for Frontotemporal Degen-
eration,'*” and the development of strategies to maintain emotional
and physical safety'>® have been shown to have a significant and
sustained reduction in depressive symptoms in caregivers.'**!3

Conclusion

Recent progresses in our knowledge regarding the genetics,
pathogenesis, and varied clinical subtypes of FTD have been
highly encouraging. Although pathology remains the gold stan-
dard for definitive diagnosis, clinical presentation and imaging
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modalities are helpful in differentiating FTD from other causes of
dementia. Although there are no FDA-approved medications cur-
rently available for the treatment of patients with FTD, advances
in understanding the biology of FTD have suggested possibilities
for new treatment options designed specifically to interfere with
FTD-associated brain pathology. For proper management of
FTD, apart from early diagnosis and pharmacological remedy,
ensuring the safety of the patients and the sanity of the caregivers
are equally vital. To conclude multidisciplinary research efforts
and mass awareness and support initiatives both go hand in hand
in our crusade toward FTD.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The authors received no financial support for the research, authorship,
and/or publication of this article.

References

1. The Lund and Manchester Groups. Clinical and neuropatholo-
gical criteria for frontotemporal dementia. J Neurol Neurosurg
Psychiatry. 1994;57(4):416-418.

2. Arvanitakis Z. Update on frontotemporal dementia. Neurologist.
2010;16(1):16-22.

3. Snowden JS, Neary D, Mann DM. Frontotemporal dementia. Br J
Psychiatry. 2002;180:140-143.

4. Pick A. Uber die Beziehungen der sinilen Hirnatrophie zur Aphasie.
Prag Med Wochenschr. 1892;17(16):165-167.

5. Hallam BJ, Silverberg ND, Lamarre AK, Mackenzie IR, Feldman
HH. Clinical presentation of prodromal fronto-temporal dementia.
Am J Alzheimers Dis Other Demen. 2007-2008;22(6):456-467.

6. Neary D, Snowden JS, Gustafson L, et al. Frontotemporal lobar
degeneration: a consensus on clinical diagnostic criteria. Neurol-
ogy. 1998;51(6):1546-1554.

7. Gong Y, Lippa CF. Review: disruption of the postsynaptic density
in Alzheimer’s disease and other neurodegenerative dementias.
Am J Alzheimers Dis Other Demen. 2010;25(7):547-555.

8. Knopman DS, Roberts RO. Estimating the number of persons
with frontotemporal lobar degeneration in the US population. J
Mol Neurosci. 2011;45(3):330-335.

9. Johnson JK, Diehl J, Mendez MF, et al. Frontotemporal lobe
degeneration: demographic characteristics of 353 patients. Arch
Neurol. 2005;62(6):925-930.

10. Miller BL, Boone K, Mishkin F, et al. Clinical and neuropsycho-
logical feature fronto-temporal dementia. In: Kertesz A, Munoz D,
eds. Pick’s Disease and Pick Complex. New York, NY: Wiley-Liss;
1998:23-33.

11. Diehl J, Kurz A. Frontotemporal dementia: patient characteristics,
cognition, and behaviour. Int J Geriatr Psychiatry. 2002;17(10):
914-918.

12. Geschwind DH, Robidoux J, Alarcon M, et al. Dementia and
neurodevelopmental predisposition: cognitive dysfunction in pre-
symptomatic subjects precedes dementia by decades in fronto-
temporal dementia. Ann Neurol. 2001;50(6):741-746.

13. Hodges JR, Davies R, Xuered J, et al. Survival in frontotemporal
dementia. Neurology. 2003;61(3):349-354.

14. Grossman M. A multidisciplinary approach to Pick’s disease and
frontotemporal dementia. Neurology. 2001;56(suppl 4):S1-S2.

15. Ratnavalli E, Brayne C, Dawson K, Hodges J. The prevalence of
frontotemporal dementia. Neurology. 2002;58(11):1615-1621.

16. Knopman DS, Petersen RC, Edland SD, Cha RH, Rocca WA. The
incidence of frontotemporal lobar degeneration in Rochester,
Minnesota, 1990 through 1994. Neurology. 2004;62(3):506-508.

17. Wang X, Shen Y, Chen W. Progress in frontotemporal dementia
research. Am J Alzheimers Dis Other Demen. 2013;28(1):15-23.

18. Roberson ED, Hesse JH, Rose KD, et al. Frontotemporal demen-
tia progresses to death faster than Alzheimer disease. Neurology.
2005;65(5):719-725.

19. Helzner EP, Scarmeas N, Cosentino S, Tang MX, Schupf N, Stern
Y. Survival in Alzheimer disease: a multi-ethnic, population-based
study of incident cases. Neurology. 2008;71(19):1489-1495.

20. Hodges JR, Mitchell J, Dawson K, et al. Semantic dementia:
demography, familial factors and survival in a consecutive series
of 100 cases. Brain. 2010;133(1):300-306.

21. Garcin B, Lillo P, Hornberger M, et al. Determinants of survival
in behavioral variant frontotemporal dementia. Neurology. 2009;
73(20):1656-1661.

22. Reed LA, Wszolek ZK, Hutton M. Phenotypic correlations in
FTDP-17. Neurobiol Aging. 2001;22(1):89-107.

23. Poorkaj P, Grossman M, Steinbart E, et al. Frequency of tau gene
mutations in familial and sporadic cases of non-Alzheimer
dementia. Arch Neurol. 2001;58(3):383-387.

24. Goldman JS, Farmer JM, Wood EM, et al. Comparison of family
histories in FTLD subtypes and related tauopathies. Neurology.
2005;65(11):1817-1819.

25. Delesus-Hernandez M, Mackenzie IR, Boeve BF, et al. Expanded
GGGGCC hexanucleotide repeat in noncoding region of
C90RF72 causes chromosome 9p-linked FTD and ALS. Neuron.
2011;72(2):245-256.

26. Renton AE, Majounie E, Waite A, et al. A hexanucleotide repeat
expansion in COORF72 is the cause of chromosome 9p21-linked
ALS-FTD. Neuron. 2011;72(2):257-268.

27. Majounie E, Renton AE, Mok K, et al. Frequency of the
C90ORF72 hexanucleotide repeat expansion in ALS and FTD
in diverse populations: a cross-sectional study. Lancet Neurol.
2012;11(4):323-330.

28. Mackenzie IR. The neuropathology and clinical phenotype of FTD
with progranulin mutations. Acta Neuropathol. 2007;114(1):49-54.

29. Gijselinck I, Broeckhoven C, Cruts M. Granulin mutations
associated with frontotemporal lobar degeneration and related
disorders: an update. Hum Mutat. 2008;29(12):1373-1386.

30. Sieben A, Van Langenhove T, Engelborghs S, et al. The genetics
and neuropathology of frontotemporal lobar degeneration. Acta
Neuropathol. 2012;124(3):353-372.

31. Benajiba L, Ber I, Camuzat A, et al. TARDBP mutations in motor
neuron disease with frontotemporal lobar degeneration. Ann
Neurol. 2009;65(4):470-473.

32. Langenhove T, Zee J, Sleegers K, et al. Genetic contribution of
FUS to frontotemporal lobar degeneration. Neurology. 2010;
74(5):366-371.



Ghosh and Lippa

659

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Mackenzie IR, Neumann M, Bigio EH, et al. Nomenclature and
nosology for neuropathologic subtypes of frontotemporal lobar
degeneration: an update. Acta Neuropathol. 2010;119(1):1-4.
Cairns NJ, Bigio EH, Mackenzie IR, et al. Neuropathologic diag-
nostic and nosologic criteria for frontotemporal lobar degenera-
tion: consensus of the consortium for frontotemporal lobar
degeneration. Acta Neuropathol. 2007;114(1):5-22.

Morris HR, Baker M, Yasojima K, et al. Analysis of tau haplo-
types in Pick’s disease. Neurology. 2002;59(3):443-445.
Roberson ED. Frontotemporal dementia. Curr Neurol Neurosci
Rep. 2006;6(6):481-489.

Neumann M, Sampathu DM, Kwong LK, et al. Ubiquitinated
TDP-43 in frontotemporal lobar degeneration and amyotrophic
lateral sclerosis. Science. 2006;314(5796):130-133.

Arai T, Hasegawa M, Akiyama H, et al. TDP-43 is a component
of ubiquitin-positive tau-negative inclusions in frontotemporal
lobar degeneration and amyotrophic lateral sclerosis. Biochem
Biophys Res Commun. 2006;351(3):602-611.

Seelaar H, Schelhaas HJ, Azmani A, et al. TDP-43 pathology in
familial frontotemporal dementia and motor neuron disease
without progranulin mutations. Brain. 2007;130(5):1375-1385.
Mackenzie IR, Rademakers R, Neumann M. TDP-43 and FUS in
amyotrophic lateral sclerosis and frontotemporal dementia. Neu-
rology. 2010;9(10):995-1007.

Neumann M, Mackenzie IR, Cairns NJ, et al. TDP-43 in the ubi-
quitin pathology of fronto-temporal dementia with VCP gene
mutations. J Neuropathol Exp Neurol. 2007;66(2):152-157.
Sreedharan J, Blair IP, Tripathi VB, et al. TDP-43 mutations in
familial and sporadic amyotrophic lateral sclerosis. Science.
2008;319(5870):1668-1672.

Kabashi E, Valdmanis PN, Dion P, et al. TARDBP mutations in
individuals with sporadic and familial amyotrophic lateral
sclerosis. Nat Genet. 2008;40(5):572-574.

Neumann M, Rademakers R, Roeber S, et al. A new subtype of
frontotemporal lobar degeneration with FUS pathology. Brain.
2009;132(pt 11):2922-2931.

Urwin H, Josephs KA, Rohrer JD, et al. FUS pathology defines
the majority of tau- and TDP-43-negative frontotemporal lobar
degeneration. Acta Neuropathol. 2010;120(1):33-41.

Irwin D, Lippa CF, Swearer JM. Cognition and amyotrophic
lateral sclerosis (ALS). Am J Alzheimers Dis Other Demen.
2007;22(4):300-312.

Johnson JK, Diehl J, Mendez MF, et al. Frontotemporal lobar
degeneration: demographic characteristics of 353 patients. Arch
Neurol. 2005;62(6):925-930.

Hodges JR, Davies RR, Xuereb JH, et al. Clinicopathological cor-
relates in frontotemporal dementia. Ann Neurol. 2004;56(3):
399-406.

Rosen HJ, Allison SC, Ogar JM, et al. Behavioral features in
semantic dementia vs. other forms of progressive aphasias.
Neurology. 2006;67(10):1752-1756.

Mesulam MM, Grossman M, Hillis A, et al. The core and halo of
primary progressive aphasia and semantic dementia. Ann Neurol.
2003;54(suppl 5):S11-S14.

Le Rhun E, Richard F, Pasquier F. Natural history of primary
progressive aphasia. Neurology. 2005;65(6):887-891.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Murray C, Viehman A, Lippa CF. The corpus callosum in Pick’s
disease, Alzheimer’s disease, and amyotrophic lateral sclerosis:
gliosis implies possible clinical consequence. Am J Alzheimers
Dis Other Demen. 2006;21(1):37-43.

Kril JJ, Halliday GM. Clinicopathological staging of frontotem-
poral dementia severity: correlation with regional atrophy.
Dement Geriatr Cogn Disord. 2004;17(4):311-315.

Perry RJ, Graham A, Williams G, et al. Patterns of frontal lobe
atrophy in frontotemporal dementia: a volumetric MRI study.
Dement Geriatr Cogn Disord. 2006;22(4):278-287.

Mendez MF, Licht EA, Shapira JS. Changes in dietary or eating
behavior in frontotemporal dementia versus Alzheimer’s disease.
Am J Alzheimers Dis Other Demen. 2008;23(3):280-285.
Michotte A, Goldman S, Tugendhaft P, Zegers de Beyl D. Fron-
totemporal dementia: a clinical-pathological study. Acta Neurol
Belg. 2001;101(4):224-229.

Mychack P, Kramer JH, Boone KB, Miller BL. The influence of
right frontotemporal dysfunction on social behavior in frontotem-
poral dementia. Neurology. 2001;56(11 suppl 4):S11-S15.
Lough S, Gregory C, Hodges JR. Dissociation of social cognition
and executive function in frontal variant frontotemporal demen-
tia. Neurocase. 2001;7(2):123-130.

Kertesz A, Davidson W, McCabe P, et al. Behavioral quantitation
is more sensitive than cognitive testing infrontotemporal demen-
tia. Alzheimer Dis Assoc Disord. 2003;17(4):223-229.

Mendez MF, McMurtray AM, Licht EA, Saul RE. Frontal-
executive versus posterior-perceptual mental status deficits in
early-onset dementias. Am J Alzheimers Dis Other Demen. 2009;
24(3):220-227.

Gregory CA, Orrell M, Sahakian B, Hodges JR. Can frontotem-
poral dementia and Alzheimer’s disease be differentiated using a
brief battery of tests? Int J Geriatr Psychiatry. 1997;12(3):375-383.
Piguet O, Hornberger M, Mioshi E, Hodges JR. Behavioural-
variant frontotemporal dementia: diagnosis, clinical staging, and
management. Lancet Neurol. 2011;10(2):162-172.

Broe M, Hodges JR, Schofield E, et al. Staging disease severity in
pathologically confirmed cases of frontotemporal dementia. Neu-
rology. 2003;60(6):1005-1011.

Kril JJ, Macdonald V, Patel S, Png F, Halliday GM. Distribution
of brain atrophy in behavioral variant frontotemporal dementia. J
Neurol Sci. 2005;232(1-2):83-90.

Kersaitis C, Halliday GM, Kril JJ. Regional and cellular pathology in
frontotemporal dementia: relationship to stage of disease in cases with
and without Pick bodies. Acta Neuropathol. 2004;108(6):515-523.
Snowden J, Neary D, Mann D. Frontotemporal lobar degenera-
tion: clinical and pathological relationships. Acta Neuropathol.
2007;114(1):31-38.

Seelaar H, Klijnsma KY, de Koning I, et al. Frequency of ubiqui-
tin and FUS-positive, TDP-43-negative frontotemporal lobar
degeneration. J Neurol. 2010;257(5):747-753.

Davatzikos C, Resnick SM, Wu X, et al. Individual patient diag-
nosis of AD and FTD via high-dimensional pattern classification
of MRI. Neuroimage. 2008;41(4):1220-1227.

Whitwell JL, Przybelski SA, Weigand SD, et al. Distinct anatomi-
cal subtypes of the behavioural variant of frontotemporal demen-
tia: a cluster analysis study. Brain. 2009;132(11):2932-2946.



660

American Journal of Alzheimer’s Disease & Other Dementias® 30(7)

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Whitwell JL, Xu J, Mandrekar J, et al. Frontal asymmetry in beha-
vioral variant frontotemporal dementia: clinicoimaging and
pathogenetic correlates. Neurobiol Aging. 2012;34(2):636-639.
Filippi M, Agosta F, Scola E, et al. Functional network connectiv-
ity in the behavioral variant of fronto-temporal dementia. Cortex
[published online October 24, 2012]. 2012.
Snowden JS. Semantic dysfunction in frontotemporal lobar
degeneration. Dement Geriatr Cogn Disord. 1999;10(suppl 1):
33-36.
Josephs KA, Whitwell JL, Vemuri P, et al. The anatomic correlate
of prosopagnosia in semantic dementia. Neurology. 2008;71(20):
1628-3352.
Chan D, Anderson V, Pijnenburg Y, et al. The clinical profile of
right temporal lobe atrophy. Brain. 2009;132(pt 5):1287-1298.
Thompson SA, Patterson K, Hodges JR. Left/right asymmetry of
atrophy in semantic dementia: behavioral-cognitive implications.
Neurology. 2003;61(9):1196-203.
Knibb JA, Hodges JR. Semantic dementia and primary progres-
sive aphasia: a problem of categorization? Alzheimer Dis Assoc
Disord. 2005;19(suppl 1):S7-S14.
Hodges JR. Frontotemporal dementia: clinical features and
assessment. Neurology. 2001;56(11 suppl 4):S6-S10.
Libon DJ, McMillan C, Gunawardena D, et al. Neurocognitive
contributions to verbal fluency deficits in frontotemporal lobe
degeneration. Neurology. 2009;73(7):535-542.
Davies RR, Halliday GM, Xuereb JH, Kril JJ, Hodges JR. The
neural basis of semantic memory: evidence from semantic demen-
tia. Neurobiol Aging. 2009;30(12):2043-2052.
Chan D, Fox NC, Scahill RI, et al. Patterns of temporal lobe atro-
phy in semantic dementia and Alzheimer’s disease. Ann Neurol.
2001;49(4):433-442.
Agosta F, Henry RG, Migliaccio R, et al. Language networks in
semantic dementia. Brain. 2010;133(1):286-299.
Knibb JA, Woollams AM, Hodges JR, Patterson K. Making sense
of progressive non-fluent aphasia: an analysis of conversational
speech. Brain. 2009;132(10):2734-2746.
Josephs KA. Frontotemporal lobe degeneration. Neuro!l Clinic.
2007;25(3):683-696.
Gorno-Tempini ML, Hillis AE, Weintraub S, et al. Classification
of primary progressive aphasia and its variants. Neurology. 2011;
76(11):1006-1014.
Gorno-Tempini ML, Ogar JM, Brambati SM, et al. Anatomical
correlates of early mutism in progressive nonfluent aphasia.
Neurology. 2006;67(10):1849-1851.
Nestor PJ, Graham NL, Fryer TD, Williams GB, Patterson K,
Hodges JR. Progressive non-fluent aphasia is associated with
hypometabolism centred on the left anterior insula. Brain.
2003;126(pt 11):2406-2418.
Kertesz A, McMonagle P, Blair M, Davidson W, Munoz DG.
The evolution and pathology of frontotemporal dementia. Brain.
2005;128(pt 9):1996-2005.
Boeve BF, Lang AE, Litvan 1. Corticobasal degeneration and its
relationship to progressive supranuclear palsy and frontotem-
poral dementia. Ann Neurol. 2003;54(suppl 5):S15-S19.
Litvan I, Agid Y, Calne D, et al. Clinical research criteria for the
diagnosis of progressive supranuclear palsy (Steele-Richardson-

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

Olszewski syndrome): report of the NINDS-SPSP international
workshop. Neurology. 1996;47(1):1-9.

Josephs KA, Parisi JE, Knopman DS, Boeve BF, Petersen RC,
Dickson DW. Clinically undetected motor neuron disease in
pathologically proven frontotemporal lobar degeneration with
motor neuron disease. Arch Neurol. 2006;63(4):506-512.
Rascovsky K, Hodges JR, Kipps CM, et al. Diagnostic criteria
for the behavioral variant of frontotemporal dementia (bvFTD):
current limitations and future directions. Alzheimer Dis Assoc
Disord. 2007;21(4):S14-S18.

Rascovsky K, Hodges JR, Knopman D, et al. Sensitivity of
revised diagnostic criteria for the behavioural variant of fronto-
temporal dementia. Brain. 2011;134(pt 9):2456-2477.

Rohrer JD, Warren JD. Phenotypic signatures of genetic fronto-
temporal dementia. Curr Opin Neurol. 2011;24(6):542-549.
Rohrer JD, Lashley T, Schott JM, et al. Clinical and neuroanato-
mical signatures of tissue pathology in frontotemporal lobar
degeneration. Brain. 2011;134(pt 9):2565-2581.

Whitwell JL, Weigand SD, Boeve BF, et al. Neuroimaging sig-
natures of frontotemporal dementia genetics: C9ORF72, tau,
progranulin and sporadics. Brain. 2012;135(pt 3):794-806.
Seelaar H, Kamphorst W, Rosso SM, et al. Distinct genetic
forms of frontotemporal dementia. Neurology. 2008;71(16):
1220-1226.

Yu CE, Bird TD, Bekris LM, et al. The spectrum of mutations in
progranulin: a collaborative study screening 545 cases of neuro-
degeneration. Arch Neurol. 2010;67(2):161-170.
Pickering-Brown SM, Rollinson S, Du Plessis D, et al. Fre-
quency and clinical characteristics of progranulin mutation car-
riers in the Manchester frontotemporal lobar degeneration
cohort: comparison with patients with MAPT and no known
mutations. Brain. 2008;131(pt 3):721-731.

Chen-Plotkin AS, Martinez-Lage M, Sleiman PM, et al. Genetic
and clinical features of progranulin-associated frontotemporal
lobar degeneration. Arch Neurol. 2011;68(4):488-497.
Schymick JC, Yang Y, Andersen PM, et al. Progranulin muta-
tions and amyotrophic lateral sclerosis or amyotrophic lateral
sclerosis-frontotemporal dementia phenotypes. J Neurol Neuro-
surg Psychiatr. 2007;78(7):754-756.

Boeve BF, Boylan KB, Graff-Radford NR, et al. Characteriza-
tion of frontotemporal dementia and/or amyotrophic lateral
sclerosis associated with the GGGGCC repeat expansion in
CI9ORF72. Brain. 2012;135(3):765-783.

Stokholm J, Teasdale TW, Johannsen P, et al. Cognitive impair-
ment in the preclinical stage of dementia in FTD-3 CHMP2B
mutation carriers: a longitudinal prospective study. J Neurol
Neurosurg Psychiatry. 2013;84(2):170-176.

Kimonis VE, Watts GDJ. Autosomal dominant inclusion body
myopathy, Paget disease of bone, and frontotemporal dementia.
Alzheimer Dis Assoc Disord. 2005;(19 suppl 1):S44-S47.
Goldman JS, Rademakers R, Huey ED, et al. An algorithm for
genetic testing of frontotemporal lobar degeneration. Neurology.
2011;76(5):475-483.

Goldman JS. New approaches to genetic counselling and testing
for Alzheimer’s disease and frontotemporal degeneration. Curr
Neurol Neurosci Rep. 2012;12(5):502-510.



Ghosh and Lippa

661

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

Whitwell JL, Avula R, Senjem ML, et al. Gray and white matter
water diffusion in the syndromic variants of frontotemporal
dementia. Neurology. 2010;74(16):1279-1287.

Laforce R, Jr, Buteau JP, Paquet N, Verret L, Houde M, Bouchard
RW. The value of PET in mild cognitive impairment, typical and
atypical/unclear dementias: a retrospective memory clinic study.
Am J Alzheimers Dis Other Demen. 2010;25(4):324-332.
Riemenschneider M, Wagenpfeil S, Diehl J, et al. Tau and Abeta
42 protein in CSF of patients with frontotemporal degeneration.
Neurology. 2002;58(11):1622-1628.

Cummings JL, Mega M, Gray K, et al. The neuropsychiatric
inventory: comprehensive assessment of psychopathology in
dementia. Neurology. 1994;44(12):2308-2314.

Cummings JL. The neuropsychiatric inventory: assessing psy-
chopathology in dementia patients. Neurology. 1997;48(5 suppl
6):S10-S16.

Kertesz A, Davidson W, Fox H. Frontal behavioral inventory:
diagnostic criteria for frontal lobe dementia. Can J Neurol Sci.
1997;24(1):29-36.

Gorno-Tempini ML, Brambati SM, Ginex V, et al. The logope-
nic/phonological variant of primary progressive aphasia. Neurol-
ogy. 2008;71(16):1227-1234.

Gorno-Tempini ML, Dronkers NF, Rankin KP, et al. Cognition
and anatomy in three variants of primary progressive aphasia.
Ann Neurol. 2004;55(3):335-346.

Rabinovici GD, Seeley WW, Kim EJ, et al. Distinct MRI atro-
phy patterns in autopsy-proven Alzheimer’s disease and fronto-
temporal lobar degeneration. Am J Alzheimers Dis Other Demen.
2007;22(6):474-488.

Caselli RJ, Yaari R. Medical management of frontotemporal demen-
tia. Am J Alzheimers Dis Other Demen. 2008;22(6):489-497.
Huey ED, Putnam KT, Grafman J. A systematic review of neu-
rotransmitter deficits and treatments in frontotemporal dementia.
Neurology. 2006,66(1):17-22.

Swartz JR, Miller BL, Lesser IM, et al. Behavioral phenomenol-
ogy in Alzheimer’s disease, frontotemporal dementia, and late-
life depression: a retrospective analysis. J Geriatr Psychiatry
Neurol. 1997;10(2):67-74.

Mendez MF. Frontotemporal dementia: therapeutic interven-
tions. Front Neurol Neurosci. 2009;24:168-178.

Ikeda M, Shingenobu K, Fukuhara R, et al. Efficacy of fluvox-
amine as a treatment for behavioral symptoms in frontotemporal
lobar degeneration patients. Dement Geriatr Cogn Disord. 2004;
17(3):117-121.

Moretti R, Torre P, Antonello RM, Cazzato G, Griggio S, Bava A.
Olanzapine as a treatment of neuropsychiatric disorders of Alzhei-
mer’s disease and other dementias: a 24-month follow-up of 68
patients. Am J Alzheimers Dis Other Demen. 2003;18(4):205-214.
Fellgiebel A, Muller MJ, Hiemke C, Bartenstein P, Schrecken-
berger M. Clinical improvement in a case of frontotemporal
dementia under aripiprazole treatment corresponds to partial
recovery of disturbed frontal glucose metabolism. World J Biol
Psychiatry. 2007;8(2):123-126.

Mendez MF, Shapira JS, McMurtray A, Licht E. Preliminary find-
ings: behavioral worsening on donepezil in patients with fronto-
temporal dementia. Am J Geriatr Psychiatry. 2007;15(1):84-87.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

Moretti R, Torre P, Antonello RM, Cattaruzza T, Cazzato G,
Bava A. Galantamine in frontotemporal dementia and primary
progressive aphasia. Dement Geriatr Cogn Disord. 2008;25(2):
178-185.

Moretti R, Torre P, Antonello RM, Cattaruzza T, Cazzato G,
Bava A. Rivastigmine in frontotemporal dementia: an open-
label study. Drugs Aging. 2004;21(14):931-937.

Vercelletto M, Boutoleau-Bretonniere C, Volteau C, et al. Mem-
antine in behavioral variant frontotemporal dementia: negative
results. J Alzheimers Dis. 2011;23(4):749-759.

Bei Hu, Ross L, Neuhaus J, et al. Off-label medication use in
frontotemporal dementia. Am J Alzheimers Dis Other Demen.
2010;25(2):128-133.

Finger EC. New potential therapeutic approaches in frontotem-
poral dementia: oxytocin, vasopressin, and social cognition. J
Mol Neurosci. 2011;45(3):696-701.

Jicha GA, Nelson PT. Management of frontotemporal dementia:
targeting symptom management in such a heterogeneous disease
requires a wide range of therapeutic options. Neurodegener Dis
Manag. 2011;1(2):141-156.

Kimura T, Takamatsu J. Pilot study of pharmacological treat-
ment for frontotemporal lobar degeneration: effect of lavender
aroma therapy on behavioral and psychological symptoms. Ger-
iatr Gerontol Int. 2013;13(2):516-517.

Rogalski E, Mesulam M. An update on primary progressive
aphasia. Curr Neurol Neurosci Rep. 2007;7(5):388-392.

Lytle ME, Vander Bilt J, Pandav RS, Dodge HH, Ganguli M.
Exercise level and cognitive decline: the MoVIES project. A/z-
heimer Dis Assoc Disord. 2004;18(2):57-64.

Zandi PP, Anthony JC, Khachaturian AS, et al. Reduced risk of
Alzheimer disease in users of antioxidant vitamin supplements:
the Cache County Study. Arch Neurol. 2004;61(1):82-88.
Yamakawa M, Shigenobu K, Makimoto K, Zhu C, Ashida N,
Tabushi K. Environmental control interventions for frontotem-
poral dementia with reversed sleep-wake cycles. Am J Alzhei-
mers Dis Other Demen. 2008;23(5):470-476.

Robinson KM. Rehabilitation applications in caring for patients
with Pick’s disease and frontotemporal dementias. Neurology.
2001;56(11 suppl 4):S56-S58.

Talerico KA, Evans LK. Responding to safety issues in
frontotemporal dementias. Neurology. 2001;56(11 suppl 4):
S52-855.

Dubinsky RM, Stein AC, Lyons K. Practice parameter: risk
of driving and Alzheimer’s disease (an evidence based
review): report of the Quality Standards Subcommittee of the
American Academy of Neurology. Neurology. 2000;54(12):
2205-2211.

Morris JC. The Clinical Dementia Rating (CDR): current version
and scoring rules. Neurology. 1993;43(11):2412-2414.
Mittelman MS, Roth DL, Coon DW, Haley WE. Sustained ben-
efit of supportive intervention for depressive symptoms in care-
givers of patients with Alzheimer’s disease. Am J Psychiatry.
2004;161(5):850-856.

Merrillees J, Ketelle R. Advanced practice nursing: meeting the
caregiving challenges for families of persons with frontotem-
poral dementia. Clin Nurse Spec. 2010;24(5):245-251.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


