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ABSTRACT

Frontotemporal dementia (FTD) is increasingly becoming recognized as a major cause of early onset (<65 years)
neurodegenerative dementia. Although sleep disorders significantly impair patients’ and caregivers’ quality of life in
neurodegenerative diseases, polysomnographic data in FTD patients are scarce in literature. Aim of our study was to
investigate sleep microstructure in FTD, by means of Cyclic Alternating Pattern (CAP), in a group of ten behavioral
variant FTD patients (6 M, 4 F; mean age 61.2+7.3 years; disease duration: 1.4+0.7 years) and to compare them with
cognitively intact healthy elderly. Sleep in FTD patients was altered at different levels, involving not only the conven-
tional sleep stage architecture parameters (total sleep time, single stage percentage, NREM/REM cycle organization),
but also microstructure. FTD subjects showed CAP disruption with decreased slow wave activity related phases (Al
index, n/h:14.5+6.8 vs 38.8+6.6; p<.001) and increased arousal-related fast CAP components (A2 index 22.9+8.2
vs 11.6+£3.7; p=.006; A3 index 41.9+20.7 vs 13.0+6.5; p=.002). Several correlations between sleep variables and
neuropsychological tests were found. Sleep impairment in FTD may be specifically related to the specific frontal lobe
involvement in the neurodegenerative process. The pattern of alterations seems somewhat peculiar, probably due to
the anatomical distribution of the neurodegenerative process with a major impact on frontal lobe generated sleep
transients, and a substantial sparing of phenomena related to the posterior cortex.
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and language variants. Approximately 60% of all
FTD patients are affected by the behavioral variant
of FTD (bvFTD) (Onyike and Diehl-Schmid, 2013),
which is associated with more prominent social,

Infroduction

Frontotemporal dementia (FTD) is increasingly
becoming recognized as a major cause of early

onset (<65 years) neurodegenerative dementia, being
responsible for over 12% of cases (Harvey et al.,
2003). Cognitive impairment in FTD mainly involves
behavior, personality, and language, that combine
into different clinical subtypes, that are behavioral

personality and behavioral alterations, and can be
identified with significant specificity through current
clinical diagnostic criteria (Rascovsky et al., 2011).
Among the cognitive and behavioral problems occur-
ring in dementia, sleep disturbances often represent
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a major issue, significantly impairing the patient
and the caregiver quality of life (Ancoli-Israel et
al., 2006). Sleep has been evaluated extensively in
Alzheimer ‘s Disease (AD), since it represents the
most common form of dementia, and appears to be
characterized mainly by nighttime fragmentation and
increased latency; moreover, circadian disruption
with daytime napping have been reported in both epi-
demiological and polysomnographic (PSG) studies
(Vitiello et al., 1984; Bonanni et al., 2005; Guarnieri
et al., 2012). Additionally, a more subtle involvement
of short transient events that go beyond the classical
sleep stage architecture has been reported also in pre-
clinical phases, i.e. in amnestic mild cognitive impair-
ment (Hita-Yafiez et al., 2013; Maestri et al., 2015).
Conversely, sleep in FTD has been studied in much
less depth. An Italian multicenter study reported a
significant prevalence of sleep disorders in FTD,
higher than in AD, including insomnia, sleep disor-
dered breathing, and excessive daytime sleepiness
(Guarnieri et al., 2012). To the best of our knowl-
edge, a few studies have assessed sleep specifically
in FTD, by means of diaries, questionnaires, and
actigraphy. Actigraphic pattern suggested highly
fragmented circadian rhythms in both early stages
and advanced FTD as compared to AD and con-
trols while phase-delay observed by Anderson et
al. (2009) was not replicated in a subsequent paper
(Harper et al., 2001) dealing with a more severe
population of institutionalized patients. A more
recent observation (Merrilees et al., 2014) compar-
ing 13 bvFTD with 9 patients with semantic demen-
tia failed to highlight significant differences and
showed normal sleep efficiency and timing of the
nighttime sleep period, although clinical manifesta-
tions of bvFTD seem to impact more severely on
caregiver sleep quality.

PSG data have been reported only in three papers
(Pawlak et al., 1986; Kundermann et al., 2011; Bonakis
et al.,, 2014), highlighting an early involvement of
sleep architecture and an increased sleep fragmenta-
tion in FTD patients, compared to AD. However, this
issue could be of particular interest, given the potential
link between sleep, cognition, and frontal lobe func-
tions, probably subserved by sleep-related synaptic
plasticity (Ferini-Strambi et al., 2013; Mander et al.,
2013, 2015; Feld et al., 2015). However, conventional
sleep staging may not reveal subtle changes in sleep
physiology, emphasizing the need for more sensitive

parameters overcoming the standard 30-seconds epoch
classification, and that have been encompassed under
the concept of the so-called sleep microstructure. A
comprehensive way to evaluate sleep microstructure
is provided by the Cyclic Alternating Pattern (CAP)
analysis, which has been also related to cognition, in
both normal and cognitively impaired subjects (Parrino
et al., 2012; Ferini-Strambi et al., 2013). CAP is a
spontaneous and physiological endogenous rhythm of
NREM sleep, characterized by EEG oscillations with
a 20-40 second periodicity, underlying a condition of
controlled and sustained arousal instability, that par-
ticipates in the dynamic organization of sleep. CAP
is composed of transient EEG arousal-related events
(phases A of the cycle) separated by periods of back-
ground activity (phases B). Three main EEG patterns
have been described for the A phases: predominantly
synchronized slow waves in subtype Al, predominant
EEG fast rthythms in A3, and a combination of both
in A2. CAP sequences are present in normal NREM
sleep, and the ratio of CAP time to NREM sleep
time (CAP rate) has been proposed as a physiological
marker of sleep instability, in both healthy and sleep-
disordered individuals (Terzano et al., 2001; Parrino et
al., 2006, 2012). The aims of the present study were
to investigate CAP parameters in drug-naive FTD
patients, to compare these parameters with those of
cognitively intact elderly and to correlate these vari-
ables with neuropsychological testing scores within the
bvFTD group.

Methods

Subjects

Subjects with behavioral-variant FTD (bvFTD) were
recruited among out-patients in both Neurological
Units in Athens and Pisa. Referral guidelines, clinical
and laboratory workup, and diagnostic criteria have
been described in detail elsewhere (Papageorgiou et
al., 2009). Major organic disorders, other diseases that
could influence normal sleep, subjective complaints
of restless legs syndrome or symptomatic obstructive
sleep apnea syndrome, were considered as exclusion
criteria, as well as any previous psychiatric distur-
bances or use of drugs affecting the central nervous
system. PSG-documented clinically relevant nocturnal
breathing disorder (defined as Apnea Hypopnea Index
greater than 15) was a further exclusion criterion.
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Fig. 1. - Correlation between Mini Mental State Examination-MMSE (y-axis) and number of A3 in N2 (x-axis).
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Fig. 2. - Correlation between Mini Mental State Examination-MMSE (y-axis) and A3 index (x-axis).
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Fig. 3. - Correlation between Mini Mental State Examination"MMSE (y-axis) and numibber of A3 in slow wave sleep-SWS (x-axis).



NREM SLEEP TRANSIENT EVENTS IN FRONTO-TEMPORAL DEMENTIA: BEYOND SLEEP STAGE ARCHITECTURE 217

Ten patients with a diagnosis of behavioral-variant
FTD (bvFTD) (6 men, 4 women; mean age 61.2+7.3
years; disease duration: 1.4+0.7 years) were thus
selected for the study. Twenty cognitively intact
elderly (12 men, 8 women, mean age 70.2+12.5
years), with the same inclusion and exclusion crite-
ria, were used as a sex and age- (p=N.S.) matched
control group. Most of the patients and controls have
been already enrolled in previous studies from our
group (Bonakis et al., 2014; Maestri et al., 2015).
Written informed consent was obtained from the
participants and when needed by relatives, after
detailed information on the study objectives and the
research protocol was provided to them after scien-
tific and ethics committee approval was obtained.

Sleep evaluation

Patients and controls underwent video-PSG examina-
tion including six-channel electro-encephalogram,
(using two frontal, two central, and two occipital scalp
electrodes referred to the contralateral mastoid (M1 or
M2), two-channel electrooculogram, electromyogram
of the submentalis and anterior tibialis muscles bilat-
erally, blood oxygen saturation through finger pulse
oximeter, respiratory effort sensors placed over the
rib cage and abdomen, snoring vibration sensor, nasal
cannula pressure transducer, and thermistor.

Sleep architecture evaluation was based on the inter-
national scoring criteria by the American Academy
of Sleep Medicine (Iber et al., 2007), with the elderly
adjusted definition of slow wave sleep (Webb et al.,
1982). Respiratory events and periodic leg move-
ments were scored according to standard criteria:
AHI (apnea-hypopnea index) and PLMS (periodic
limb movements during sleep) index (Zucconi et al.,
2006) were expressed as the number of events per
hour of sleep (Zucconi et al., 2006; Iber et al., 2007).
Sleep microstructure was evaluated according with
the CAP analysis consensus guidelines (Terzano et al.,
2001). CAP periods, with A phase subtypes (Al, A2,
A3) and B phases, and non-CAP periods were identi-
fied. The following CAP parameters were obtained:
CAP time (time spent in CAP), CAP rate (CAP time/
total NREM time*100), number and mean duration
of Al, A2 and A3 subtypes, number of CAP cycles,
nAl/h, nA2/h and nA3/h indexes, mean duration of B
phases, CAP sequence number and duration. Results of
the visual analysis of CAP were computed by means of
the program HypnoLab (SWS Soft, Italy).

Neuropsychological assessment

FTD subjects were administered a neuropsychologi-

cal test battery that included:

- Mini Mental State Examination (MMSE, Folstein
et al., 1975): MMSE is an 11 question tool rou-
tinely employed to assess mental status through
five areas of cognitive function including ori-
entation, registration, attention and calculation,
recall, and language. Given a maximum score
of 30, a score of 23 or lower suggests cognitive
impairment;

- Clock drawing test (Shulman et al., 1986):
The clock-drawing test is a cognitive screening
instrument that investigates a wide range of cog-
nitive abilities including executive, visuopercep-
tual and constructional functions;

- Five words test (Dubois et al.,, 2002): It is a
five-item immediate and delayed free- and, if
necessary, cued-recall memory test. Scores are
expressed as a total score (ranging from O to 10)
by adding immediate free + immediate cued +
delayed free + delayed cued recalls;

- Frontal assessment battery (FAB, Dubois et al.,
2000): FAB is a brief and routinely employed
tool that can be used at the bedside or in a
clinic setting to assist in discriminating between
dementias with a frontal dysexecutive phenotype
and dementia of Alzheimer’s Type;

- Frontal behavior inventory (FBI, Kertesz et al.,
1997): FBI is a widely used caregiver focused
tool that assesses FTD-Type Behavioral and
Personality Changes through 24 items;

- Neuropsychiatric inventory (NPI, Cummings et
al., 1994): NPI is an informed caregiver inven-
tory that evaluates several domains of neuro-
psychiatric symptoms and psychopathology of
patients with dementia and other neurodegenera-
tive disorders;

- Semantic verbal fluency (Benton, 1968): This
test, which is used in a wide range of neurode-
generative diseases, aims to assess the verbal
ability and the executive functions.

Statistical analysis

The Mann-Whitney test was used to compare sleep
architecture and microstructure parameters. The
level of statistical significance adopted was 5%
(p<0.05). The Spearman correlation coefficient was
used to verify the dependency between neuropsy-
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Table |.- Sleep structure parameters in FTD patients and controls.

FID (#10) (#H2E0) (Mann-Wh:?rney-U test)
Sleep onset, min 36.0+26.1 25.2+26.0 N.S.
Total sleep time, min 225.4+56.1 401.5+£68.0 <0.001
Sleep efficiency, % 73.1£15.6 82.1+13.8 N.S.
N1, % (TST) 29.2+18.6 7.8+3.2 0.003
N2, % (TST) 50.5+£14.6 46.7+10.1 N.S.
N3, % (TST) 9.1+5.3 23.3+5.0 <0.001
REM, % (TST) 10.7+4.4 22.2+7.1 <0.001
WASO, min 87.6+46.5 107.2+75.8 N.S.
NREM/REM cycles, n 1.9+1.11 3.8+1.3 <0.001
Arousal/index, n/h 25.4+17.6 20.2+8.5 N.S.
FTD=Frontotemporal dementia; HE=Healthy elderly; TST=Total sleep time; WASO=Wake after sleep onset. Data are presented
as mean value + standard deviation.

chological performance and night sleep variables
in FTD subjects, considering p<0.05 as statistically
significant.

Results

General cognitive status

FTD patients had a mean MMSE score of 21.8+3.6
and CDR was 1.3+0.6.

Sleep stage architecture

FTD patients showed shorter total sleep time. Sleep
structure was significantly impaired, as indicated
by decreased sleep stages N3 and REM, compared
with controls, while N1 was increased. Number
of NREM/REM Cycles were decreased in FTD
patients (table 1).

CAP parameters

Compared to cognitively intact controls, CAP slow
components (Al) were decreased in FTD, both as
percentage and absolute value (Al index). FTD
subjects had increased arousal-related fast CAP
components (A2 and A3 subtypes), both as index
and percentage.

Total CAP rate in whole NREM sleep was not dif-
ferent from controls, whereas CAP rate in N2 was
significantly increased in FTD patients. Al and
A3 mean durations were decreased in FTD sub-
jects, without significant change in cycle dura-

tion. Moreover, CAP sequences showed increase
in duration, and a reduction of their number. A
trend of increased number of CAP cycles within
sequences was also found (Table 2).

Correlations

As sleep architecture is concerned, the neuropsychi-
atric inventory score showed a positive correlation
with wake after sleep onset (min), and an inverse
correlation with sleep efficiency and N3%. Delayed
Word Recall performance correlated with NREM/
REM cycles and, negatively, with N3%.

MMSE score showed significant negative correla-
tions with CAP total A3, A3 index, A3 in SWS and
A3 in N3 (Figures 1-3). NPI score showed a nega-
tive correlation with nA1l in SWS, whereas nA3 in
N2 positively correlated with FBI and FAB scores.
The Clock Drawing Test score significantly correlat-
ed with nA1 in N2, whereas Verbal Semantic Fluency
was correlated with nA1 in SWS, and negatively with
nA2 in SWS; Delayed Word Recall inversely corre-
lated with nA2 and nA3 in N1 (Table 3).

Discussion

To the best of our knowledge, only few stud-
ies on PSG- recorded nocturnal sleep in FTD are
reported in literature. Among these studies, Pawlak
et al. (1986) pointed out a reduction of total sleep
time and slow wave sleep, compared with healthy
elderly controls. Kundermann et al. (2011) reported
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Table II.- CAP parameters in FTD patients and controls.
FTD HE P

(#10) (#20) (Mann-Whitney-U test)
CAP rate, % 55.3+13.9 47.1+5.6 N.S.
CAP rate N1, % 35.4+£16.0 29.2+15.4 N.S.
CAP rate N2, % 65.1£17.1 42.2+6.7 0.005
CAP rate N3, % 54.9+26.3 61.5+£10.4 N.S.
Tot Num A1, % 19.5+£6.9 60.2+9.3 <0.001
Tot Num A2, % 29.5£10.1 18.4+4.3 0.019
Tot Num A3, % 51.0£13.7 21.4+£10.4 0,001
Tot Num (A2+A3), % 80.5+6.9 39.8+9.3 <0.001
Al Index, n/h NREM 14.5+6.8 38.8+6.6 <0.001
A2 Index, n/h NREM 22.9+8.2 11.6+3.7 0.006
A3 Index, n/h NREM 41.9+20.7 13.0+6.5 0.002
A mean duration, sec 8.2+1.0 7.5+1.8 N.S.
A1 mean duration, sec 5.9+1.0 6.2+1.4 0.01
A2 mean duration, sec 9.2+1,1 8.9+2.8 N.S.
A3 mean duration, sec 9.1£1.8 10.9+5.0 0.031
CAP cycle duration, sec 29.0+ 4.8 31.1£ 2.3 N.S.
Cycles in Sequence,n 11.9+£5.2 8.0+£0.9 N.S.
Sequence duration,sec 296.7£102.4 216.0£26 .4 0.05
Sequence number, n 23.3+5.7 40.4+8.3 <0.001
FTD=Frontotemporal dementia; HE=Healthy elderly. Data are presented as mean value + standard deviation.

no significant PSG differences between FTD and
AD, although a statistical trend toward a reduced
REM sleep in AD was found. It should be noted,
however, that these authors did not discriminate
between different FTD subtypes. In a previous work
by our group (Bonakis et al., 2014), we described a
disturbed sleep pattern in bv-FTD subjects, even at
a very early stage, when compared to Alzheimer dis-
ease. Compared to healthy elderly, both bv-FTD and
AD show decreased total sleep time, NREM/REM
cycles, sleep stage N2 and REM, and increased N1.
The findings reported here confirm these earlier data
in a selected bv-FTD population, free from clinically
relevant sleep breathing disorder, and add further
elements, such as the significant reduction in N3,
that correlate with neuropsychological test.

Many recent lines of evidence suggest that the medial
prefrontal cortex may represent the most critical struc-
ture for the generation of slow wave activity and sup-
port a change of paradigm from the classic global sleep
regulation (Borbely et al., 1982) to a concept of a local
sleep regulation (Nobili et al., 2012; Halasz et al., 2014).
An EEG-functional magnetic resonance imaging study

(Dang-Vu et al., 2008) reported significant increases in
activity specific to the medial prefrontal, inferior frontal,
precuneus, and posterior cingulate areas, temporally
associated with slow waves (>140 uV) and delta waves
(70-140 uV) during slow wave sleep.

Moreover, sleep disruption is associated with a wide
range of cognitive, behavioral and mood impair-
ment, among which frontal lobe dysfunction may
have a major role (Goel et al., 2009). In this model,
a two way relationship between slow wave activity
during sleep and prefrontal cortex has been pro-
posed, based on data from both healthy subjects and
patients, that suggests a role for slow wave sleep
in restoring prefrontal cortex functioning. A recent
paper (Mander et al., 2013) has reported that even
in cognitively intact elderly, subtle structural brain
changes occurring in the prefrontal cortex might
contribute to slow-wave activity disruption, and
correlate with the age-related cognitive decline.
Prefrontal cortex degeneration, as well as a sig-
nificant impairment of its functioning as assessed
by functional neuroimaging, has been very often
described in FTD patients, and especially in bvFTD
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Table . - Spearman correlation coefficients between quantitative sleep macrostructural and microstructural parameters
and neuropsychological scores in subjects with bv-FTD. Only values with a p-level <0.05 are reported.

Sleep architecture r )
Sleep efficiency, % NPI -0.70 0.05
N3, % Delayed Word Recall -0.75 0.02
N3, % NPI 0,85 0,015
WASQO, min NPI 0.70 0.05
NREM/REM cycles Delayed Word Recall 0.78 0.05
Sleep microstructure

Al1inN2,n Clock Drawing Test 0.78 0.04
Alin SWS, n Verbal semantic fluency 0.79 0.04
Alin SWS, n NPI -0.76 0.05
A2inN1,n Delayed Word Recall -0.75 0.05
A2in SWS, n Verbal semantic fluency -0,84 0,02
A3inN1,n Delayed Word Recall -0.76 0.04
A3inN2,n FBI 0,82 0,08
A3in N2, n FAB 0.75 0.03
Total A3, n MMSE -0,69 0.04
A3 Index, n/h NREM MMSE -0.84 0.01
A3in SWS, n MMSE 0,78 0,01
A3in N2, n MMSE -0.75 0.02

Examination.

NPI= Neuropsychiatric Inventory, FBI= Frontal behavioral inventory, FAB= Frontal assessment battery, MMSE=Mini Mental State

(Piguet et al., 2011): this might at least in part justify
the above mentioned sleep alterations.

In our population, we found a correlation between
NREM/REM cycle organization and verbal memory
test. These results are in line with previous reports in
healthy subjects both in young adults during experi-
mental condition and in elderly subjects (Mazzoni
et al., 1999; Ficca et al., 2000; Conte et al., 2012).
Our data suggest that sleep in FTD patients is altered
at different levels, involving not only the conven-
tional sleep stage architecture parameters (total sleep
time, single stage percentage, NREM/REM cycle
organization), but also microstructure, as shown by
our CAP analysis. Even if the global measure of
sleep microstructure (CAP rate) was not different
between FTD and controls, CAP was organized in
fewer but longer sequences in FTD, suggesting a
peculiar pattern of more sustained sleep instability.
In other words, it seems that the CAP process begins
less frequently in FTD patients, but once started it
is less prone to terminate. The increased duration of
CAP sequences might be related to the aging process
per se (Smerieri et al., 2007; Parrino et al., 2012)
but the reduction of number is similar to the results

obtained in patients with Alzheimer disease (Maestri
et al., 2015). Regarding CAP subtypes, Al (i.e. CAP
slow components) were reduced in FTD. This is in
line with evidence suggesting that A1 are the expres-
sion of transient frontal cortex activation, whereas
A2 and A3 mainly map to the parieto-occipital
cortex (Ferri et al., 2005). A1l show a progressive
decrease from adolescence to young adulthood, a
plateau between young adults and middle aged, and
then another drop from adulthood to senescence
(Parrino et al., 1998; Parrino et al., 2012). In the
physiological architecture of sleep, the Al subtypes
prevail in the build-up and maintenance of deep
NREM sleep (Terzano et al., 2001). Decreased Al
subtypes may represent one of the pathophysiologi-
cal mechanisms through which neurodegeneration
leads to the disruption of NREM sleep, and specifi-
cally N3, build-up. The reduction of Al may indi-
cate a loss of protection of sleep continuity. CAP
plays an important role in modulating the response
to external and internal stimuli that may disturb
sleep, with a balance between sleep protection and
arousability. CAP Al (slow high-amplitude EEG
patterns) indicates sleep continuity while A2 and A3
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(fast low-voltage EEG) are indexes of sleep disrup-
tion, in agreement with their different behavioral
and autonomic counterparts. Thus, the reduction in
Al subtypes might unbalance this mechanism with
a resulting shift towards higher levels of arousabil-
ity and lesser ability to maintain sleep continuity,
in response to environmental and internal stimuli
(Parrino et al., 2006; Halasz et al., 2014).

In this study, the correlations between CAP param-
eters and the neuropsychological scores (mainly
related to behavioral and executive functions) are
in line with previous reports regarding a positive
correlation between Al subtypes and better cogni-
tive functioning, as opposed to a worse performance
predicted by A2 and A3 subtypes. The first studies
reporting a positive correlation between Al and
cognitive parameters involved a young individual
with superior memory performance and an increased
CAP Al1% (Ferini-Strambi et al., 2004) and par-
ticipants to an experimental motor learning task who
showed an increase in the number of A1 which was
correlated with improvement in task performance
(Ferri et al., 2008).

Since then, additional evidence relating CAP to
learning processes and cognitive function has come
mainly from experimental models and from pediat-
ric populations with mental disability (Down syn-
drome, Fragile-X syndrome, attention-deficit/hyper-
activity disorder (ADHD), pervasive developmental
disorders) (Parrino et al., 2012; Ferini-Strambi et al.,
2013; Novelli et al., 2013). It is worth to note that
also in young healthy subjects (Arico et al., 2010)
a significant positive correlation has been reported
between A1l subtypes and neuropsychological tests
targeting frontal lobe cognitive functions (e.g., ver-
bal fluency, working memory, verbal learning).

The impact of sleep alteration on behavioral aspects
of FID, as indicated by the correlation between
sleep parameters and the neuropsychiatric inventory
(NPI), may remind the clinical observation pointed
out in schizophrenia, that, although traditionally
considered as a distinct disorder, has been suggested
to share a great deal of clinical, neuroimaging, path-
ological features with FTD (Momeni et al., 2010).
Briefly, an involvement of the prefrontal cortex and
a potential accelerated age-related decline in ventro-
medial prefrontal cortices in schizophrenia patients
have been demonstrated (Unschuld et al., 2014;
Zhang et al., 2014). Increased sleep fragmentation,

sleep latency, wake after sleep onset (Chouinard et
al., 2004) and specific NREM sleep abnormalities
with decreased slow wave sleep have been reported
and negatively correlated with symptoms severity
and impairment of neurocognitive measures (Goder
et al., 2006; Yang and Winkelman, 2006; Sarkar
et al., 2010). As concerns CAP in schizophrenia,
the only study performed (Ozone et al., 2013) high-
lighted in a small group of 7 patients treated with
antipsychotics and benzodiazepines a marked reduc-
tion of A1% while CAP rate is similar to reference
data in young adults (Parrino et al., 2012).

In conclusion, in our group of patients with FTD,
sleep is impaired also at the NREM microstructural
level. The pattern of alterations seems somewhat
peculiar, probably due to the anatomical distribution
of the neurodegenerative process with a major impact
on frontal lobe generated sleep transients, and a sub-
stantial sparing of phenomena related to the posterior
cortex. Similarly to AD, also in FTD it is not clear
if these alterations are just an epi-phenomenon or
may also be a pathogenic mechanism of the neuro-
degenerative process (Landry et al., 2014). However,
sleep disorders in FTD should always be taken into
account because of their impact on quality of life of
both patients and caregivers, and also because of the
possible beneficial effect of treatment.
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