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Abstract

Alzheimer’s disease (AD) is the most common form of dementia, a neurodegen-
erative disorder which is characterized not only by cognitive deterioration but 
also by a diversity of behavioral and psychological signs and symptoms of 
dementia (BPSD). BPSD in AD or other dementia subtypes such as frontotem-
poral dementia (FTD) or dementia with Lewy bodies (DLB) consist of delusions, 
hallucinations, activity disturbances, aggression/agitation, diurnal rhythm distur-
bances, mood disorders, apathy, and anxieties/phobias. Neuroimaging modali-
ties such as positron emission tomography (PET) and single-photon emission 
computed tomography (SPECT) are very essential and useful imaging tools to 
differentially diagnose between AD and non-AD or healthy control subjects or 
between different dementia subtypes, such as AD and DLB or FTD.  Besides 
their diagnostic utility, PET and SPECT are useful tools to investigate the cere-
bral pathophysiology of BPSD in dementia.

Below, PET and SPECT neuroimaging research in dementia spanning the last 
three decades has been systematically reviewed. The most commonly used PET 
and SPECT radioligands, as well as new developments in the field, all targeting 
different and unique aspects of neurodegeneration, are described. Furthermore, 
PET and SPECT research in BPSD with a main focus on depression, apathy, and 
psychosis in AD, DLB, and FTD are discussed in detail. On the whole, both PET 
and SPECT have demonstrated that depending on the behavioral phenomenon 
and dementia subtype, BPSD are the fundamental expression of very regional 
cerebral pathological events rather than a diffuse brain illness.
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Abbreviations

11C-DASB  11C-3-amino-4-(2-dimethylaminomethylphenylsulfanyl)- 
benzonitrile

11C-PMP 11C-methylpiperidin-4-yl propionate
11C-RAC 11C-raclopride
123I-β-CIT 123I-2beta-carbomethoxy-3beta-(4-iodophenyl)tropane
123I-IBVM 123I-iodobenzovesamicol
123I-IDEX 123I-iododexetimide
123I-FP 123I-fluoropropyl
123I-IMP N-isopropyl-p-123I-iodoamphetamine
18F-FDG 18F-fluorodeoxyglucose
99mTc-ECD 99mTechnetium-ethyl-cysteinate dimer
99mTc-HMPAO 99mTechnetium-hexamethylpropyleneamine oxime
3DSRT 3-D stereotactic region of interest template
5-HT Serotonin (5-hydroxytryptamine)
Aβ Beta-amyloid
ABS-score Abe’s BPSD score
AD Alzheimer’s disease
ADAS-(non)cog Alzheimer’s Disease Assessment Scale, (non)cognitive portion
AD+CVD Alzheimer’s disease with cerebrovascular disease
ADRDA Alzheimer’s Disease and Related Disorders (see NINCDS)
ALS Amyotrophic lateral sclerosis
ANCOG Antwerp cognition
APOE Apolipoprotein E
APP Amyloid precursor protein
BA Brodmann area
BADL Basic activities of daily living
Behave-AD Behavioral pathology in Alzheimer’s disease rating scale
BPSD Behavioral and psychological signs and symptoms of dementia
BPSD-DS  Behavioral and psychological signs and symptoms of demen-

tia in Down syndrome
bvFTD Behavioral variant frontotemporal dementia
CBD Corticobasal degeneration
CC Cingulate cortex
CIS Cingulate island score
COX Cyclooxygenase
CMAI Cohen-Mansfield agitation inventory
CSDD Cornell Scale for Depression in Dementia
CSF Cerebrospinal fluid
CVD Cerebrovascular disease
DA Dopamine
DAT Dopamine transporter
DLB Dementia with Lewy bodies
DSM-5  Diagnostic and Statistical Manual of Mental Disorders, 

5th Edition
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EPS Extrapyramidal symptoms
ERDA Epidemiology research on dementia in Antwerp
eZIS Easy Z-score imaging system
FDDNP  18F-2-(1-(2-(N-(2-fluoroethyl)-N-methylamino)naphthalene-6-yl)

ethylidene)malononitrile
FDG Fluorodeoxyglucose
FTD Frontotemporal dementia
FTLD Frontotemporal lobar degeneration
GDS Geriatric depression scale
HDS Hamilton Depression Rating Scale
IAD Instrumental activities of daily living
IDO Indoleamine 2,3-dioxygenase
IMPY 6-Iodo-2-(4′-dimethylamino-)phenyl-imidazo[1,2]pyridine
LC locus coeruleus
LOAD Late-onset Alzheimer’s disease
MAPT Microtubule-associated protein tau
MCI Mild cognitive impairment
MFS Middelheim Frontality Score
MMSE Mini-Mental State Examination
MRB Methylreboxetine
MXD Mixed dementia
NE Norepinephrine
NET Norepinephrine transporter
NFT Neurofibrillary tangles
NINCDS  National Institute of Neurological and Communicative Disorders 

and Stroke (see ADRDA)
NPI Neuropsychiatric Inventory
NPI-C Neuropsychiatric Inventory-Clinician
NPI-NH Neuropsychiatric Inventory-Nursing Home version
NPI-Q Neuropsychiatric Inventory Questionnaire
NPS Neuropsychiatric symptoms
NSAID Nonsteroidal anti-inflammatory drugs
PBR-TSPO Peripheral benzodiazepine receptor-translocator protein
PD Parkinson’s disease
PD-1 Programmed death-1
PDD Parkinson’s disease dementia
PET Positron emission tomography
PGRN Progranulin
PiB Pittsburgh compound-B
PSEN Presenilin
PSP Progressive supranuclear palsy
Py Person years
RBD REM sleep behavioral disorder
rCBF Regional cerebral blood flow
ROI Regions of interest
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SB-13 4-N-methylamino-4’-hydroxystilbene
SD Semantic dementia
SNCA α-Synuclein
SPECT Single-photon emission computed tomography
SPM Statistical parametric mapping
TDP-43 TAR DNA-binding protein 43
U Ubiquitin
VAD Vascular dementia

9.1  Dementia: Definition and Epidemiology

9.1.1  Definition

According to the Diagnostic and Statistical Manual of Mental Disorders, 5th 
Edition: DSM-5, dementia is referred to as a “major or mild neurocognitive disorder 
(NCD).” Major or mild NCD include NCD due to Alzheimer’s disease (AD), vascu-
lar NCD, NCD with Lewy bodies, NCD due to Parkinson’s disease (PD), frontotem-
poral NCD, and NCD due to Huntington’s disease. It is noted, however, that the 
term “dementia” is not precluded from use in etiological subtypes in which this term 
is standard and can be used in settings where physicians and patients are accus-
tomed with this term. Overall, dementia is a clinical syndrome characterized by a 
gradual loss of function in multiple cognitive domains leading to a significant 
impairment in social and occupational functioning (American Psychiatric 
Association 2013). The diagnostic criteria for major NCD are summarized in 
Table 9.1.

Besides cognitive aspects, dementia is also characterized by numerous behav-
ioral symptoms entitled behavioral and psychological signs and symptoms of 
dementia (BPSD) (Reisberg et  al. 1987)—also referred to as neuropsychiatric 
symptoms (NPS) (Lyketsos et al. 2011). BPSD/NPS consist of delusional ideation, 
hallucinations, activity disturbances, agitation/aggression, circadian rhythm distur-
bances, affective disturbances, and anxiety disorders and is considered a major 
component of the dementia syndrome. Lastly, basic and instrumental activities of 
daily living (BADL and IADL, respectively) complete the definition of dementia. 
BADL refer to daily self-care activities such as personal hygiene, getting dressed, 
eating, and general mobility, whereas IADL require more complex abilities such as 
driving a car, utilizing a phone, taking medication, doing groceries, and managing 
finances (Lawton and Brody 1969). During the course of dementia, IADL are 
affected first, followed by BADL (Gauthier et al. 1997). Several studies also showed 
a direct association between cognitive decline and worsening of BADL and IADL 
in dementia patients and non-demented elderly (Mitnitski et al. 1999).

The difference between a major and mild NCD primarily lies in the fact that in 
mild NCD, the cognitive decline is rather modest and there is no interference with 
BADL or IADL.

9 Psychiatric Disorders in Dementia



322

The definition above emphasizes that the term “dementia/major NCD” is a syn-
drome (i.e., association of several clinically recognizable features, signs, and symp-
toms) rather than only a cognitive disorder and is completed by important behavioral 
and functional shortcomings (Fig. 9.1).

As a matter of convenience, the term “BPSD” rather than “NPS” will be used 
throughout this chapter.

9.1.2  Prevalence and Incidence

Although dementia strikes irrespective of age, the prevalence of dementia generally 
rises with it. Women seem to be more frequently affected by dementia than men 
(Breteler et al. 1992) although this observation might be attributed to a slower pro-
gression rate of the disease in women combined with a proportionally longer life 
expectancy (Bachman et al. 1993). Prevalence estimates of dementia in the aged 
population show distinct variation due to differences in population selection, case 
ascertainment procedures, and diagnostic criteria, which often results in overesti-
mation or underestimation of dementia occurrence (De Deyn et al. 2011). In gen-
eral, however, the prevalence of moderate-to-severe dementia approximately 
doubles every 5 years starting at a rate of 2% between the age of 65 and 69, aug-
menting to 4% in people aged between 70 and 74 up to 16% in octogenarians 
(Henderson 1990; Morris 1994). These numbers correspond to a prevalence of 5 up 

Table 9.1 Diagnostic criteria for major NCD according to DSM-5

A.  Evidence of significant cognitive decline from a previous level of performance in one or 
more cognitive domains (complex attention, executive function, learning and memory 
(amnesia), language (aphasia), perceptual motor (apraxia), or social cognition (agnosia)) 
based on:
1.  Concern of the individual, a knowledgeable informant, or the clinician that there has 

been a significant decline in cognitive function
2.  A substantial impairment in cognitive performance, preferably documented by 

standardized neuropsychological testing or, in its absence, another quantified clinical 
assessment

B.   The cognitive deficits interfere with independence in everyday activities (i.e., at a 
minimum, requiring assistance with complex instrumental activities of daily living 
(IADL) such as paying bills or managing medications)

C.  The cognitive deficits do not occur exclusively in the context of a delirium
D.   The cognitive deficits are not better explained by another mental disorder (e.g., major 

depressive disorder, schizophrenia)
Specification of
  1.  The etiological subtype (e.g., due to AD, frontotemporal lobar degeneration, or 

Huntington’s disease)
  2. Presence/absence of behavioral disturbance
  3. Current severity (mild, moderate, severe)

Abbreviations: AD Alzheimer’s disease; DSM-5 Diagnostic and Statistical Manual of Mental 
Disorders, 5th edition, NCD Neurocognitive disorder. Based upon the American Psychiatric 
Association (2013)
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323

to 10% in the elderly aged 65 and older. In Europe, the prevalence of dementia var-
ies between 1% at the age of 60 and 64 rising up to 34.7% in elderly aged 95 and 99 
(Hofman et al. 1991). A recent study by Niu and colleagues (2017) confirms these 
figures for the European continent, with an overall prevalence rate for AD of 5.05%. 
Interestingly, the prevalence in women is twice as high as in men (7.13% ver-
sus 3.31%).

In the Netherlands, prevalence of dementia in people aged 75–79 was estimated 
to be 5.2% in 1992 (in a rural area near Zwolle) (Boersma et al. 1998) and 6.1% in 
1993 (in the Rotterdam suburb of Ommoord) (Ott et al. 1995; Breteler et al. 1998), 
while in Belgium, it was estimated to be 7.6% in 1993 (in the semirural area of 
Heist-op-den-Berg) (Roelands et al. 1994). More recent figures of Belgian dementia 
prevalence estimates came from the Antwerp Cognition (ANCOG) study. This lon-
gitudinal cohort study of 825 community-dwelling elderly aged between 75 and 80, 
living in six different districts of Antwerp, with a 3-year follow-up period (n = 363) 
resulted in an overall prevalence rate of 8.7% (De Deyn et al. 2011).

1. Cognitive 2. Non-cognitive

3. ADL-worsening

amnesia
aphasia apraxia

agnosia behavioral
disturbances

psychological
symptoms

IADL BADL

Behavioral and Psychological Signs &
Symptoms of Dementia (BPSD)

BPSD-impact
-caregiver distress ↑
-diminished quality of life
-increased hospitalization

-premature institutionalization
-significant financial loss

-increased cognitive impairment

-increased secondary mortality & morbidirty

Fig. 9.1 Dementia symptomatology. The dementia syndrome consists of cognitive and noncogni-
tive symptomatology. Worsening of BADL and IADL completes the definition. BPSD examples 
are delusional ideation and hallucinations, activity disturbances, aggression and agitation, sleep 
disturbances, mood disorders, and anxiety. Abbreviations: basic activities of daily living (BADL); 
behavioral and psychological signs and symptoms of dementia (BPSD); instrumental activities of 
daily living (IADL)
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To give exact numbers, Wimo et al. (2003) assessed the worldwide occurrence of 
dementia from 1950 until 2000 and also estimated its progression until 2050. The 
worldwide number of persons with dementia in 2000 was estimated at about 25 mil-
lion persons. Almost half of the demented individuals lived in Asia (46%), 30% in 
Europe, and 12% in North America. Fifty-two percent lived in developing regions. 
About 6.1% of the population aged 65  years and older suffered from dementia 
(about 0.5% of the worldwide population), and 59% were female. The number of 
new cases of dementia in 2000 was calculated to be approximately 4.6 million. The 
forecast indicated a considerable increase in the number of demented elderly from 
25 million in the year 2000 to 63 million in 2030 (41 million in less developed 
regions) and to 114 million in 2050 (84 million in developing regions). In the mean-
time, the 2015 World Alzheimer Report has updated these numbers, with an 
expected count of 131 million people worldwide suffering from dementia by 2050 
(67 million in Asia, 19 million in Europe, 30 million in the Americas, and 16 million 
in Africa) (Alzheimer’s Disease International 2015).

It thus becomes clear that due to progressive aging of the general population, 
a further increase of dementia prevalence during the next decades is expected, 
with an astonishing proportionate worldwide increase of 181% for the period 
2015–2050. Moreover, the majority of demented elderly will live in low- and 
middle-income countries, with an approximate 68% in 2050 (Alzheimer’s 
Disease International 2015).

Less data is available regarding dementia incidence estimates (i.e., a measure of 
the risk to develop dementia within a specific period of time). Versporten et  al. 
(2005) reported an overall incidence rate of dementia of 41 per 1000 person years 
(Py) for men and 33 per 1000 Py for women (i.e., 41 or 33 persons out of 1000 that 
were observed for 1 year). This Epidemiology Research on Dementia in Antwerp 
(ERDA) study started in 1990 and consisted of 937 non-demented elderly aged 65 
and older. Moreover, individuals with less than 7 years of education in this study 
population were—independent of gender—at higher risk of developing dementia 
compared with those receiving higher education (Versporten et al. 2005). In agree-
ment with the ERDA study, the ANCOG study resulted in a cumulative incidence 
rate of 36.60 per 1000 Py with annual incidence rates ranging from 34.39 over 35.16 
to 49.09 per 1000 Py. In America, the average incidence rate varies between 3 per 
1000 Py in people aged 65 up to 69 years old and a maximum of 56 per 1000 Py in 
90 year olds (Kukull et al. 2002). These age-dependent figures are consistent with a 
previously executed large-scale European study (Launer et al. 1999). More recently, 
Niu et al. (2017) conducted a meta-analysis and concluded that incidence rates of 
AD in Europe were 3.43, 13.78, and 35.74 cases per 1000  Py for patients aged 
65–74 years, 75–84 years, and 85 and older, respectively.

9.1.3  Alzheimer’s Disease (AD) and Specific 
Dementia Syndromes

Dementia syndromes are commonly subdivided according to their reversible or irre-
versible nature (Katzman et al. 1988).

Y. Vermeiren et al.
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Primary dementia syndromes are irreversible neurodegenerative disorders such 
as Alzheimer’s disease (AD), frontotemporal dementia (FTD), dementia with Lewy 
bodies (DLB), Parkinson’s disease dementia (PDD), Huntington’s disease, and 
Creutzfeldt-Jakob disease.

On the contrary, secondary dementia syndromes are “potentially” reversible and 
originate from a specific acquired central nervous system disorder which led to 
“dementia-like deficits” (i.e., cognitive dysfunction, behavioral phenomenology). 
Some examples are brain tumors, cerebrovascular accidents (vascular dementia 
(VAD)), infections (meningitis, AIDS dementia complex), head traumas (subdural 
hematoma), alcohol abuse (Korsakoff syndrome), or normal pressure 
hydrocephalus.

Lastly, pseudodementias are “completely” reversible dementia subtypes that 
very much resemble primary dementia syndromes although the aspect of abundant 
neurodegeneration itself is absent. Examples are psychiatric disturbances (depres-
sion, schizophrenia), endocrine/metabolic disorders (hypothyroidism), malnutri-
tion/vitamin deficiency (vitamin B12 or folic acid deficiency), or toxicological/
pharmacological/substance-related conditions (certain sleep medication, anxiolyt-
ica, or sedatives) (Katzman et al. 1988).

For this chapter, we will be exclusively focusing on primary dementias such as 
AD, FTD, and DLB. Secondary and pseudodementias will not be considered in the 
further discussion of this chapter.

9.1.3.1  Alzheimer’s Disease (AD)
Alzheimer’s disease (AD) is a progressive neurodegenerative disorder and is named 
after Dr. Alois Alzheimer, who first described this syndrome in 1906 in a 51-year- 
old female patient, named Auguste Deter, who suffered from a progressive cogni-
tive impairment associated with significant behavioral changes. A probable major 
NCD due to AD (code 331.0 (G30.9)) applies with the DSM-5 criteria for the 
dementia syndrome described above (Table 9.1) (American Psychiatric Association 
2013) and is manifested by (1) evidence of a causative genetic mutation from either 
family history or genetic testing and (2) all three of the following: (a) multiple cog-
nitive deficits such as memory impairment but also aphasia, apraxia, agnosia, and/
or executive dysfunctioning; (b) steadily progressive, gradual decline in cognition, 
without extended plateaus; and (c) no evidence of mixed etiology (e.g., cerebrovas-
cular disease (CVD)). If not all of the preceding criteria are met, possible NCD due 
to AD should be diagnosed. Additionally, a major NCD due to AD is encoded based 
on the presence (294.11 (F02.81)) or absence (294.10 (F02.80)) of an associated 
clinically significant behavioral disturbance. The same categorization can be applied 
for a probable or possible mild NCD due to AD (American Psychiatric 
Association 2013).

Diagnosis
The National Institute on Aging-Alzheimer’s Association (NIA-AA) workgroups 
(McKhann et  al. 2011) updated the National Institute of Neurological and 
Communicative Disorders and Stroke (NINCDS) and the Alzheimer’s Disease and 
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Related Disorders (ADRDA) criteria of 1984 (McKhann et al. 1984), which ought 
to be used by both general healthcare providers without access to neuropsychologi-
cal testing, advanced imaging, and cerebrospinal fluid (CSF) measures and special-
ized investigators involved in research or in clinical trial studies who would have 
these tools available. The NIA-AA criteria have subdivided AD into probable, pos-
sible, and definite. Probable AD is characterized by cognitive deficits in at least two 
cognitive domains with an insidious onset and a progressive worsening over time, a 
clear-cut history of cognitive worsening by report or observation, and the most 
prominent cognitive deficits are evident on history or clinical examination in an 
amnestic (e.g., impairment in learning recall and at least one other cognitive domain) 
or nonamnestic (aphasia/apraxia/agnosia/executive dysfunctioning) manner (core 
criteria) (McKhann et al. 2011). Supportive criteria are among others a family his-
tory of AD, associated BPSD, disturbed ADL, and a CT scan not displaying central 
nervous system pathology, which may underlie the dementia syndrome. A new sub-
category of probable AD compared to the 1984 criteria is the probable AD with 
evidence of the AD pathophysiological process category. In this category, biomarker 
evidence of CSF amyloid-beta (Aβ), total- (T-tau) and phosphorylated tau (P-tau181P) 
levels, positive PET amyloid imaging, or a decreased 18fluorodeoxyglucose (FDG) 
uptake on PET in temporoparietal cortex may increase the certainty of an active AD 
pathophysiological process in persons who meet the core clinical criteria for prob-
able AD. Possible AD differs from probable AD as it is manifested by a somewhat 
atypical course and heterogeneity of symptoms with an either sudden onset of cog-
nitive impairment or etiologically mixed presentation, such as concomitant 
CVD. The core criteria of AD, however, remain present (McKhann et al. 2011).

Finally, definite AD (McKhann et al. 1984) or pathophysiologically proved AD 
dementia (McKhann et al. 2011) is applicable if the core criteria for probable AD 
were met and in addition a (postmortem) neuropathological examination demon-
strated the presence of AD pathology.

In order to better define the various clinical phenotypes and integrate biomarkers 
into the diagnostic process, covering the full staging of the disease, the International 
Workgroup (IWG-2) proposed research diagnostic criteria for AD in 2014 (Dubois 
et al. 2014). Particularly the inclusion and combination of volumetric MRI, amyloid 
PET, and biomarker panel of CSF Aβ1–42, T-tau, and P-tau181P levels have redefined 
the clinical states of AD into presymptomatic, asymptomatic, typical, atypical, and 
mixed (with CVD or DLB) (Dubois et al. 2014). Finally, in 2016, the A/T/N clas-
sification scheme was introduced by Jack Jr and colleagues (2016) to further high-
light the importance of AD biomarkers. The A/T/N system includes the new 
modality tau PET. Following this classification system, seven major AD biomarkers 
are divided into three binary categories based on the nature of the pathophysiology 
that each measures. “A” refers to the value of an Aβ biomarker (amyloid PET or 
CSF Aβ1–42), “T” the value of a tau biomarker (CSF P-tau181P or tau PET), and “N” 
biomarkers of neurodegeneration or neuronal injury (FDG-PET, structural MRI, or 
CSF T-tau). Each biomarker category is rated as positive or negative. An individual 
score might appear as A+/T+/N−, A+/T-/N−, etc.
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With reference to the A/T/N classification system, Jack et  al. introduced the 
NIA-AA research framework in 2018 (Jack Jr et al. 2018). Its intended use is for 
observational and interventional research only, not routine clinical care. Unlike the 
2011 NIA-AA guidelines, AD is defined as a continuous process in both cognitive 
and biomarker domains rather than as three separate clinical entities (i.e., cogni-
tively unimpaired, mild cognitive impairment (MCI), dementia). The use of bio-
markers is also harmonized across the disease continuum in this research framework, 
which was not the case in 2011. Furthermore, the research framework outlines two 
different systems for staging of severity of cognitive symptoms, i.e., a syndromal 
categorical scheme, which defines different A/T/N biomarker combinations over 
the three previously mentioned cognitive stages in function of the Alzheimer’s con-
tinuum profile, and, a numerical clinical staging scheme (stages 1–6), which 
describes the gradual disease progression for individuals of the Alzheimer’s con-
tinuum, mainly based on clinical, neuropsychological, and neurobehavioral obser-
vations and tests.

Pathophysiological Mechanisms
AD and other dementia subtypes are all proteinopathies. The histopathological hall-
marks of the AD brain are extracellular deposits of Aβ plaques and intracellular 
neurofibrillary tangles (NFT), which lead to a widespread synaptic loss and neuro-
degeneration with a consequent neurotransmission failure, especially of the cholin-
ergic neurotransmitter system (Van Dam and De Deyn 2006). Familial AD is an 
autosomal dominant disorder with onset before the age of 65 (Blennow et al. 2006). 
Mutations in the amyloid precursor protein (APP) gene on chromosome 21 or in the 
presenilin 1 (PSEN1) or presenilin 2 (PSEN2) genes account for familial early- 
onset cases, which cause fully penetrant monogenic forms of AD. However, these 
rare familial forms, often explained by rare variants with a strong effect, only have 
a prevalence of approximately 1% (Harvey et al. 2003). In most sporadic AD cases 
(>95%) with an age of onset above 65, the etiology is not entirely known. These 
late-onset AD (LOAD) cases are influenced by multiple common variants with low 
effect sizes. In January 2019, a new genome-wide association study of more than 
600,000 individuals identified nine novel AD risk genes, raising the total count of 
independent risk loci to 29 (Bertram and Tanzi 2019; Jansen et al. 2019). The apo-
lipoprotein E (APOE) is the strongest genetic risk locus for LOAD. The APOE ε4 
allele may increase the risk of the disease by 3 times in heterozygotes and 15 times 
in homozygotes (Jansen et  al. 2019; Farrer et  al. 1997). Other examples are 
PICALM, TREM2, ADAMTS4, ALPK2, ABCA7, HESX1, CLNK, and, KAT8 
(Jansen et al. 2019).

The amyloid cascade hypothesis is the most dominant etiological AD hypothesis 
and states that Aβ accumulation results from an imbalance between Aβ production 
and clearance (Blennow et  al. 2006). Physiologically, APP is a cell membrane 
expressed protein not only in neurons but also in many other tissues and is likely to 
be involved in maintenance and modulation of neuronal networks (Loo et al. 1993). 
Posttranslational cleavage of APP by consecutive α- and ɣ-secretases releases a 
p3-fragment (non-amyloidogenic pathway), whereas the combined effect of β- and 
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ɣ-secretases releases non-soluble Aβ peptides of various lengths, i.e., Aβ1–40 or 
Aβ1–42 (amyloidogenic pathway). In normal situations, the non-amyloidogenic path-
way is mostly active. In familial AD, however, a mutation in PSEN1/PSEN2 (which 
form the catalytic subunits of the secretases) or around the cleavage site of APP 
causes an overproduction of the hydrophobic Aβ1–42 and consequently leads to a 
shifted Aβ1–40/Aβ1–42 balance. This is mainly due to a destabilization of the 
ɣ-secretase/Aβn complexes, which further enhances amyloidogenic Aβ1–42 produc-
tion (Szaruga et al. 2017). As a result, enormous amounts of Aβ1–42 fragments aggre-
gate and form extracellular “senile plaques” (Hardy and Selkoe 2002). Whereas in 
familial AD there is an overproduction of Aβ1–42 due to certain mutations, sporadic 
AD cases seem to fail sufficient Aβ clearance which leads to gradually increasing 
and accumulating Aβ levels in the brain. As mentioned above, genetic risk factors 
such as APOE ε4 but also aging and certain environmental risk factors were proven 
to be strongly associated with sporadic AD (Blennow et al. 2006).

The second hallmark of AD pathology is the presence of intracellular NFT, 
which results from the hyperphosphorylation and aggregation of the axonal tau pro-
teins, a group of microtubule-associated proteins that contribute to the assembly and 
stabilization of microtubules in neurons among others (Grundke-Iqbal et al. 1986). 
Tau phosphorylation is regulated by the balance between multiple kinases (e.g., 
GSK-3β and CDK5) and phosphatases (e.g., PP-1 and PP-2A) (Iqbal et al. 2005). 
An imbalance between the protein kinases and phosphatases causes tau to be hyper-
phosphorylated into insoluble fibrils, also called “paired helical filaments.” Tau 
hyperphosphorylation starts intracellularly and leads to sequestration of normal tau 
and other microtubule-associated proteins, which causes disassembly of microtu-
bules and thus impaired axonal transport, compromising neuronal and synaptic 
function (Iqbal et  al. 2005). Tau pathology starts early in the disease process in 
neurons of the transentorhinal region, from where it further spreads to the hippo-
campus and amygdala and finally to other cortical and neocortical association areas 
(Braak et al. 1999; Smith 2002).

Figure 9.2 depicts the pathological spread of Aβ and tau in AD brain. Interestingly, 
tau aggregates have been theorized to spread in a bottom-to-top-like fashion, start-
ing from the locus coeruleus (LC) in the brainstem and moving upward toward the 
entorhinal cortex and neocortex.

Besides Aβ deposits and NFT, oxidative stress and inflammation are two key fac-
tors in the etiological hypotheses of AD as well.

Oxidative damage to different classes of biological molecules such as sugars, 
lipids, proteins, and DNA is a common aspect of both normal aging and most neu-
rodegenerative disorders (Moreira et al. 2005). In early AD, oxidative stress might 
have an important pathogenic role as neurons themselves use different antioxidant 
defense systems in case of increased oxidative stress. Evidence demonstrates that 
Aβ depositions and hyperphosphorylation of tau form two primary defense lines 
against oxidative stress. With disease progression, both Aβ and tau transform into 
prooxidants due to a profound redox imbalance (Smith et al. 2002).
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With regard to inflammation, it has been proven that many neuroinflammatory 
mediators are upregulated in affected areas of the AD brain, including prostaglan-
dins, complement components, anaphylatoxins, cytokines, chemokines, proteases, 
protease inhibitors, adhesion molecules, and free radicals (Akiyama et al. 2000). 
Côté et  al. (2012) established a direct association between the prolonged use of 
nonsteroidal anti-inflammatory drugs (NSAIDs), which target cyclooxygenase 
(COX), and a decreased risk of subsequently developing AD even though several 
other clinical studies using NSAIDs in AD patients yielded a negative outcome 
(ADAPT Research Group et al. 2008; Breitner et al. 2011). Initially, the effect of 
NSAIDs in AD was thought to be attributed to a reduction of inflammation. In 2001, 
however, it was reported that a subset of NSAIDs reduced Aβ1–42 production in cul-
tured cells and mouse brain through a mode of action different from COX inhibition 
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Fig. 9.2 Progressive expansion of amyloid-beta (Aβ) and tau pathology in Alzheimer’s disease 
(AD) brain. (a) Aβ plaques in the cortex of an AD patient (50 μm scale bar); (b) tau neurofibrillary 
tangle in a neuron of an AD patient (20 μm scale bar); (e) Aβ deposits are first observed in the 
neocortex and are then detected in all cortical, diencephalic, and basal ganglia structures (in a 
caudal direction) and in the brainstem, and occasionally in the cerebellum; (f) tau aggregates 
develop in the locus coeruleus, then in the transentorhinal and entorhinal regions, and, subse-
quently, in the hippocampal formation and in broad areas of the neocortex. Abbreviations: AC 
Allocortex; BFB Basal forebrain, BN Brainstem nuclei, CB Cerebellum, ENT Entorhinal cortex, 
LC Locus coeruleus, NC Neocortex, TH Thalamus. Adapted with permission from Carbonell F 
et al. (2018) Front Neurol 9:37 under the CC-BY license 4.0 (http://creativecommons.org/licenses/
by/4.0). Copyright © 2018 Carbonell, Iturria-Medina and Evans
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(Weggen 2001). On the other hand, recent studies have observed that immune 
checkpoint blockade directed against the programmed death-1 (PD-1) pathway 
evokes an interferon-γ-dependent systemic immune response, which is followed by 
the recruitment of monocyte-derived macrophages to the brain. In mice with estab-
lished AD pathology, this leads to clearance of plaques and improved cognitive 
performance (Baruch et al. 2016). As a consequence, anti-PD-1 ligand antibodies 
(immunotherapy) hold promise as a new therapeutic avenue for AD.

Interestingly, the induced neuroinflammation in AD might also lie at the basis of 
some BPSD, such as depression. For example, the enzyme indoleamine 
2,3- dioxygenase (IDO) metabolizes tryptophan, the precursor of serotonin 
(5-hydroxytryptamine (5-HT)), into kynurenine. Due to neuroinflammation, the 
IDO activity becomes upregulated, and eventually the kynurenine catabolization 
further leads to an overproduction of quinolinic acid, the neurotoxic end product of 
the tryptophan pathway which also contributes to the excitotoxic effects in an AD 
brain. The altered tryptophan levels consequently affect 5-HT synthesis, which is a 
neurochemical hallmark in the etiology of depression. Neuroinflammation by 
upregulating IDO and consequently lowering tryptophan levels has thus been linked 
with major depressive disorder in AD patients (Dobos et al. 2010). Additionally, 
CSF levels of the anti-inflammatory cytokine interleukine-10 have also been 
inversely associated with BPSD in AD patients, of which agitation, depression, and 
nighttime behavior in particular (Holmgren et al. 2014).

AD is conventionally regarded as a central nervous system disorder, even though 
various studies implicated that the impact of the disease extends far beyond the 
brain. For instance, the gut microbiome has a profound impact on the formation of 
the blood-brain barrier, myelination, neurogenesis, and microglia maturation. The 
gut-brain axis, therefore, could be an important modifiable pathway in dementia as 
well (for review, see (Du et al. 2018)).

9.1.3.2  Other Dementia Subtypes
Apart from AD which is the most prevalent dementia syndrome (65% approxi-
mately), AD with cerebrovascular disease (AD+CVD), vascular dementia (VAD), 
dementia with Lewy bodies (DLB), Parkinson’s disease dementia (PDD), and fron-
totemporal dementia (FTD) together roughly account for the other 35% (Fig. 9.3) 
(Small et al. 1997; Mikkelsen et al. 2016).

Below, DLB and FTD are briefly described as they significantly differ from AD 
concerning their diagnostic criteria, pathogenesis, disease course, and behavioral 
profiles.

Dementia with Lewy Bodies (DLB)
Dementia with Lewy bodies (DLB) is the third most prevalent primary dementia 
subtype and is diagnosed according to McKeith et al. (McKeith et al. 2005, 2017). 
Similar with AD, several core and supportive criteria need to be present in order to 
establish a clinically acceptable DLB diagnosis. A fourth consensus report of the 
DLB consortium was established in 2017 (McKeith et al. 2017). The four core cri-
teria are (i) a fluctuating cognition, (ii) recurrent and well-described visual 

Y. Vermeiren et al.



331

hallucinations, (iii) REM sleep behavioral disorders (RBD), and (iv) clinical signs 
of overt parkinsonism (extrapyramidal symptoms (EPS), tremor, rigidity, and hypo-
kinesia). The presence of only two core criteria or one core criterion but with one or 
more indicative biomarkers is sufficient to diagnose “probable” DLB. “Possible” 
DLB can be diagnosed if only one core criterion is present or no core criteria but 
only one or more indicative biomarkers. Some other supportive criteria are auto-
nomic dysfunction, depression, apathy, anxiety, delusional ideation, repeated falls, 
and severe sensitivity to antipsychotic agents. New in comparison with the 2005 
criteria is the inclusion of indicative biomarkers, such as reduced dopamine (DA) 
transporter (DAT) uptake in basal ganglia demonstrated by SPECT or PET, abnor-
mal (low uptake) of 123iodine-metaiodobenzylguanidine (MIBG) following myocar-
dial scintigraphy, or, polysomnographic confirmation of REM sleep without atonia 
(McKeith et al. 2017). In addition, supportive biomarkers have been enlisted, such 
as the relative preservation of medial temporal lobe structures on CT/MRI scan, the 
generalized low uptake on SPECT/PET perfusion/metabolism scan with reduced 
occipital activity, and the cingulate island sign on FDG-PET imaging.

As in the 2005 criteria, the difference between DLB and PDD is solely based 
upon the temporal sequence of appearance of the extrapyramidal symptoms: DLB 
should be diagnosed when dementia occurs before (at least 1 year in research stud-
ies) or concurrently with parkinsonism. The term PDD should be used to describe 
dementia that occurs in the context of well-established PD (McKeith et al. 2005, 
2017; Geser et al. 2005).

The main pathological characteristic of DLB is the presence of cytoplasmic 
aggregated inclusions of α-synuclein, generally known as “Lewy bodies” (Vladimir 
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Fig. 9.3 Different etiological diagnoses of dementia. Alzheimer’s disease is the most prevalent 
dementia subtype (±62%), followed by vascular dementia (±17%), Alzheimer’s disease + cerebro-
vascular disease (mixed dementia; ±10%), dementia with Lewy bodies/Parkinson’s disease demen-
tia (±6% in total), frontotemporal dementia (±2%), and other dementias (±3%). Reprinted from 
Mikkelsen et al. (2016) Maturitas 93:108-113, with permission from Elsevier. Copyright © 2016 
Elsevier Inc
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2007). Synucleinopathies form a group of neurodegenerative disorders that share 
common pathologic proteinaceous lesions containing aggregated α-synuclein mol-
ecules which are deposited in neurons, nerve fibers, or glial cells (Goedert 1999, 
2001), often in combination with AD plaques and NFT (McKeith et al. 2017), which 
frequently hampers differential diagnosis among these dementia syndromes. 
Specifically in DLB, Lewy bodies precipitate not only in the substantia nigra (pars 
compacta) of the basal ganglia and LC but also in the neocortex and hippocampus 
(McKeith et al. 2005). Only when a loss of dopaminergic neurons of 80% or more 
in the substantia nigra is reached, EPS will set off. Several case studies demon-
strated the occurrence of familial DLB cases (Gwinn-Hardy and Singleton 2002) 
and that Lewy bodies are commonly seen in familial cases of AD as well (Trembath 
et al. 2003). There are reports of triplications of the α-synuclein (SNCA) gene in 
DLB, PD, and PDD patients, whereas SNCA gene duplications only seem to be 
associated with motor PD, suggesting a possible gene dose effect (Singleton and 
Gwinn-Hardy 2004). However, SNCA gene multiplications were not found in most 
sporadic DLB cases (Johnson et  al. 2004). A study by Guerreiro and colleagues 
(2016) showed that DLB shares approximately the same amount of genetic determi-
nants with PD as it does with AD, hereby excluding the strong association at the 
APOE locus.

Frontotemporal Dementia (FTD)
A less frequent and very heterogeneous neurodegenerative disorder is frontotempo-
ral dementia (FTD). Neary et al. (1998) established the diagnostic criteria of among 
others behavioral variant FTD—simply referred to as FTD—which forms one of 
the three diagnostic entities of “frontotemporal lobar degeneration” (FTLD), 
together with primary progressive aphasia and semantic dementia (SD). Latter two 
syndromes have been recategorized into semantic variant primary progressive apha-
sia and nonfluent/agrammatic aphasia variant. Typical for FTD patients is the very 
early disease onset compared to AD or DLB, namely, between the age of 45 and 70. 
At onset of the syndrome, there may typically be a neglect of personal hygiene, 
disinhibition, loss of insight and judgment, social neglect, and emotional distur-
bance (i.e., emotional bluntness, impaired control of emotions) in contrast to a com-
paratively spared memory and spatial abilities (core criteria). A subsequent cognitive 
impairment is inevitable although in the beginning amnesia remains surprisingly 
absent. FTD thus initially manifests itself by subtle changes in behavior and charac-
ter (Neary et al. 1998; De Deyn et al. 2005). Some other typical behavioral charac-
teristics are the expression of stereotypes and changes in sexual behavior, dietary 
hyperactivity, speech disturbances (echolalia, mutism, logorrhea), and restlessness. 
From a clinical point of view, FTD is likely to be recognized and distinguished from 
AD solely due to this distinctive behavioral pattern (De Deyn et al. 2005).

Genetics have a major role in FTLD, with up to 43% of patients having a positive 
family history. On the neuropathological level, a distinction must be made between 
tauopathies and non-tauopathies. Tauopathies are caused by a mutation in the 
microtubule-associated protein tau (MAPT) gene (Bancher et al. 1987; Sieben et al. 
2012), whereas non-tauopathies can be etiologically defined by mutations in the 
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progranulin (GRN) (Cruts et al. 2006) and TAR DNA-binding protein 43 (TDP-43) 
gene among others (Arai et al. 2006; Neumann et al. 2006). Mutations in the MAPT 
gene cause cytoplasmic tau to aggregate which leads to the formation of tangles and 
eventually to neuronal death, especially in frontotemporal cortical areas. This phe-
nomenon is known as Pick’s disease, but also progressive supranuclear palsy (PSP) 
and corticobasal degeneration (CBD) are classified as tauopathies (FTLD-tau; 
(Keith 2008)). In addition to GRN and TDP-43, mutations in C9Orf72, TBK1, and 
VCP genes all cause TDP-43 aggregates (non-tauopathies, FTLD-TDP), leading to 
a consequent neuronal degradation and dementia syndrome (for review, see (Sieben 
et al. 2012; Van Mossevelde et al. 2018)). Histopathologically, these aggregates are 
visible as tau-negative but ubiquitin (U)-positive inclusions so that non-tauopathies 
are generally categorized as FTLD-U. Approximately 60% of patients with FTLD 
have protein inclusions that stain positive for U and contain TDP-43 as the major 
constituent. Four distinct subtypes of FTLD-TDP pathology can be differentiated 
(A/B/C/D), and TDP-43 inclusions are also present in patients with motor neuron 
disease. Remarkably, an estimated 15% of all patients with FTD develop amyo-
trophic lateral sclerosis (ALS), indicating the presence of a disease continuum 
between FTLD and ALS (Gijselinck et al. 2012).

In addition to FTLD-TDP and FTLD-tau, three more subtypes are identified on 
the basis of the major protein inclusion constituent: FTLD-FET (a collective term 
for FTLD with inclusions of the RNA-binding proteins FUS or EWS (also known 
as EWSR1) or TATA-binding protein-associated factor 2N (TAF15)), FTLD-UPS 
(featuring inclusions of proteins of the ubiquitin-proteasome system, for instance, in 
the case of CHMP2B gene mutations), and FTLD-ni (no inclusions) (for review, see 
(Van Mossevelde et al. 2018)).

9.2  Behavioral and Psychological Signs and Symptoms 
of Dementia (BPSD)

Besides cognitive disturbances, dementia is characterized by numerous behavioral 
disturbances too, categorized as behavioral and psychological signs and symptoms 
of dementia (BPSD) (Reisberg et al. 1987; Finkel et al. 1996) and also referred to as 
neuropsychiatric symptoms (NPS) (Geda et al. 2013). BPSD are a heterogeneous 
group of behavioral, psychological, and psychiatric disturbances occurring in 
50–80% of dementia patients of any etiology (Finkel et al. 1996) and affect almost 
all individuals with dementia (97%) over the course of the disease (Lanctôt et al. 
2017). These behavioral and psychological symptoms are generally classified into 
seven main subtypes: paranoid and delusional ideation, hallucinations, activity dis-
turbances, aggressiveness, diurnal rhythm disturbances, affective disturbances, and 
anxieties/phobias (Reisberg et al. 1987). BPSD often lead to a greater amount of 
caregiver distress, diminished quality of life for both patient and caregiver, greater 
cognitive impairment (Weamer et al. 2009), premature institutionalization, frequent 
(re)hospitalizations, and increased secondary morbidity and mortality (Finkel 

9 Psychiatric Disorders in Dementia



334

2000). Last but not least, BPSD also have a significant and increasing socioeco-
nomic impact (Beeri et al. 2002) (Fig. 9.1).

Distinct BPSD syndromes have different neurobiological underpinnings, so 
understanding the dysfunction or dysregulation of subcortical forebrain and dience-
phalic and brainstem nuclei that generate or mediate visceral, emotional, motiva-
tional, and other psychiatric symptoms will be required. The involvement of, for 
example, NFT and amyloid plaques in critical brain regions in AD regulating these 
behaviors, is, therefore, important and needs to be recognized. Understanding of 
neuropathology is also fundamental for future drug development, where currently 
approved treatments for mood and psychotic symptoms, such as antidepressants and 
antipsychotics, may not work because of the lack of target engagement in a degen-
erating brain (Lanctôt et al. 2017).

From a neurochemical point of view, alterations in central noradrenergic 
(Engelborghs et al. 2008; Herrmann et al. 2004; Lanari et al. 2006; Matthews et al. 
2002), serotonergic (Engelborghs et  al. 2008; Garcia-Alloza et  al. 2005; Lanctôt 
et  al. 2001; Vermeiren et  al. 2014, 2015), and dopaminergic (Engelborghs et  al. 
2008; Lanari et al. 2006; Vermeiren et al. 2016) neurotransmitter systems and asso-
ciated receptors proved to play a critical role in BPSD manifestation, irrespective of 
the dementia subtype (Vermeiren et  al. 2016, 2013). Particularly the balance 
between those different neurotransmitter systems seems to be of importance as it is 
conceivable, due to the neurochemical complexity and diversity of BPSD, that more 
than one neurotransmitter system contributes to a particular behavioral syndrome 
(Lanari et  al. 2006). Studying neurotransmitter systems in isolation cannot fully 
explain changes in behavior, given that many neurotransmitter systems work in con-
junction with each other. In spite of this difficulty, the neurochemical mechanisms 
underlying BPSD are proven to be both BPSD- and dementia-specific (Engelborghs 
et al. 2008; Vermeiren et al. 2013), so that dementia-specific neurochemical altera-
tions might be found. There is also supportive evidence for amino acids playing a 
functional role in the neurochemical pathophysiology of BPSD (Engelborghs et al. 
2003; Fekkes et al. 1998; Francis 2009; Garcia-Alloza et al. 2006), with, for exam-
ple, significantly high correlations between CSF taurine levels and depression in 
AD and CSF glutamate levels and agitation in FTD (Vermeiren et al. 2013).

Engelborghs et  al. (2005) showed that different behavioral patterns can be 
observed depending on the dementia subtype, thereby further stressing that the 
behavioral assessment itself may help in differentiating between different forms of 
dementia (Fig. 9.4).

In 1996, Jost and Grossberg (Jost and Grossberg 1996) examined the frequency 
of BPSD in temporal relationship with the diagnostic progression of AD patients. 
The authors showed that, for example, depression occurs already 25 months before 
a proper clinical diagnosis was made in over 50% of patients. Agitation is mostly 
present some 10 months following the clinical AD diagnosis in over 80% of patients. 
In contrast to the cognitive symptoms in AD which progressively worsen during its 
course, BPSD seem different, as some behavioral symptoms are severely present 
during the early disease stages (e.g., depression, paranoia, diurnal rhythm distur-
bances) although later on these symptoms might gradually diminish or even 
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completely disappear, to be eventually replaced by other BPSD items (e.g., aggres-
sion, hallucinations, wandering). Another investigation regarding the prevalence of 
specific BPSD in AD was performed by Fernández et al. (2010). The authors con-
cluded that out of a total of 1014 patients, almost all (90%) had BPSD at inclusion, 
17% of which reported psychotic outbreaks. The most prevalent symptoms were 
lack of concentration (56%), tremors (56%), depression (44%), lack of cooperation 
(36%), and delusions (32%). They also showed that cognitive impairment and 
BPSD were correlated.

9.2.1  Delusional Ideation and Hallucinations: 
The Psychotic Syndrome

Approximately more than 40% of dementia patients of any etiology and up to 73% 
of AD patients suffer from delusional ideation during the disease course (Finkel 
2001). The most prominent delusion according to Reisberg et al. (1987) is suspi-
ciousness/paranoia, i.e., the conviction that people are stealing things from the 
patient. Other frequently occurring delusions are the “one’s house is not one’s home 
delusion” or the accusation of infidelity toward their spouse or caregiver. Delusions 
are frequently associated with verbal and physical aggression which in most cases 
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with Lewy bodies, FTD Frontotemporal dementia, MXD Mixed dementia. Based upon Engelborghs 
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leads to an untenable situation at home and premature institutionalization (Deutsch 
et al. 1991). Deutsch et al. (1991) suggest delusions to be risk factors in patients 
with probable AD who have moderate-to-severe cognitive impairment.

In patients with AD, psychosis occurs more frequently in women than in men. 
Some other predisposing factors besides gender for psychotic symptoms are age, 
severity of illness, and cognitive deterioration (Hirono et al. 1998). Weamer et al. 
(2009) found that the severity of cognitive impairment was a strong predictor of 
psychosis in AD patients up to 2 years prior to psychosis onset.

Hallucinations in dementia patients are less frequent than delusions, with a prev-
alence rate of 12 up to 49% (Swearer 1994). Hallucinations and delusions are char-
acteristic for specifically DLB patients, as shown in Fig. 9.4 (based upon Engelborghs 
et al. (2005)). A hallucination is the patient’s strict conviction of a sensory percep-
tion in the absence of sensorial stimulation. Reisberg et al. (1987) made a distinc-
tion between visual, auditory, olfactory (smell), and haptic (touch) hallucinations. It 
is noticeable that hallucinations are more likely to occur in patients with more 
severe cognitive deterioration compared to patients with mild forms of dementia 
(Devenand et  al. 1997). Moreover, hallucinations are less stressful for dementia 
patients than delusions so that pharmacological treatment is less mandatory (De 
Deyn 2004).

AD patients with psychosis have been reported to deteriorate twice as fast as 
patients without psychotic symptoms (Rosen and Zubenko 1991). Similarly, 
Scarmeas et al. (2005) studied whether the presence of delusions and hallucinations 
has predictive value for important outcomes in AD patients, such as cognitive and 
functional decline. Their results confirmed that the presence of delusions and hal-
lucinations was associated with an increased risk for cognitive and functional 
decline, institutionalization, and even death.

It is noteworthy that psychosis of AD is a distinct syndrome that is markedly dif-
ferent from, for example, schizophrenia in elderly patients. Numerous research 
groups have reported potentially relevant clinical, neuropsychological, neurochemi-
cal, neurobiological, and neuropathological differences between AD patients with 
and without psychosis (Jeste and Finkel 2000). In the past, there have been no spe-
cific criteria for diagnosing psychosis in AD as a distinct entity. Therefore, Jeste and 
Finkel have proposed several core criteria in 2000 in order to correctly diagnose the 
psychotic syndrome in AD (Jeste and Finkel 2000). Characteristic symptoms are the 
presence of one (or more) visual/auditory hallucination(s) and/or delusion(s). Also, 
there has to be evidence from the patient’s history that these symptoms have not 
been continuously present prior to dementia onset. The symptoms also must have 
been present for at least 1 month or longer and have to cause some disruption in the 
patient’s functioning. Moreover, schizophrenia and related psychotic disorders as 
well as a delirium or other causes (e.g., substance-related) that might have initiated 
the psychosis need to be excluded. Finally, associated behavioral features such as 
agitation, negative symptoms, and/or depression might be present as well.

All criteria may also apply to a similar psychotic syndrome associated with other 
dementias such as DLB, VAD, and MXD.
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9.2.2  Agitation and Aggression

Agitation includes inappropriate verbal, vocal, or motor behaviors that, in the opin-
ion of an observer, do not result directly from the needs or confusion of the agitated 
individual (Cohen-Mansfield and Deutsch 1996). Approximately 80% of dementia 
patients will suffer from agitation during the disease course. Agitation therefore is 
one of the most frequently (re)occurring BPSD (Allen and Burns 1995). In 2000, 
Lyketsos et al. (2000) reported the prevalence of agitation and other BPSD in 329 
participants with dementia (the Cache County Study on Memory in Aging, Utah), 
of which 65% had AD, and concluded that agitation and aggression were present in 
approximately 24% of dementia patients. Given that the estimates were only con-
sidered over 1 month before behavioral assessments and due to the episodic course 
of this behavioral symptom, Lyketsos et al. (2000) mentioned that these prevalence 
numbers were an underestimation of the cumulative prevalence which may approach 
70–80%. Subsequently, the Cache County Study was resumed in 2003 (Steinberg 
et al. 2008) in which an incident sample of 408 dementia participants was behavior-
ally assessed during a 5-year follow-up period. At the end, 42% of dementia partici-
pants developed agitation.

In general, agitation mostly occurs in the moderate stages of dementia and less 
in mild or severe dementia stages (Lyketsos et  al. 2000; Cohen-Mansfield et  al. 
1989). Cohen-Mansfield et al. (1989) make a distinction between physically non- 
agitated behavior (e.g., restlessness, pacing, cognitive abulia, wandering, inappro-
priate (dis)robing) and verbally agitated behavior (e.g., negativism, complaining, 
repetitive sentences or questions, strange noises, unwarranted request for attention).

Aggression has a frequency between 20 and 30% (Allen and Burns 1995) and 
can be divided into physically aggressive behavior (e.g., hitting, kicking, pushing, 
scratching, biting) and verbally aggressive behavior (e.g., screaming, cursing) (De 
Deyn 2004). In general, physically aggressive behavior is more common in male 
dementia patients compared to females (Cohen-Mansfield and Deutsch 1996). 
Furthermore, aggression in dementia patients is associated with depression accord-
ing to Lyketsos et al. (1999).

9.2.3  Diurnal Rhythm Disturbances

Sleep disturbances can be subdivided into difficulties falling asleep, multiple awak-
enings during sleep, early morning awakenings, or a completely inversed sleep- 
wake pattern (Prinz et al. 1982). Insomnia in dementia also seems to be the most 
prominent reason for an eventual institutionalization according to Harper et  al. 
(2001). One specific diurnal rhythm disturbance is sundowning, a situation in which 
patients are relatively calm during the day but as evening falls show an exacerbation 
of behavioral symptoms, such as pacing, wandering, and repetitive, purposeless 
activities (cognitive abulia) (Little et al. 1995).
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9.2.4  Depression

In AD, depression has a prevalence of 20 (Castilla-Puentes and Habeych 2010) up 
to 50% (Starkstein et al. 2005). Depression is mostly present in mild-to-moderate 
AD or even 2 years before the established AD diagnosis (Jost and Grossberg 1996; 
Alexopoulos et al. 1988). A major depressive episode in dementia is characterized 
by mood-related signs (anxiety, lack of reactivity to pleasant events, irritability), 
behavioral symptoms (agitation, retardation (slow movements and speech), loss of 
interest, physical complaints), physical signs (appetite and weight loss, lack of 
energy), sleep rhythm disturbances, and ideational disturbances (pessimism, sui-
cidal wishes, poor self-esteem) (Alexopoulos et al. 1988). Besides the behavioral 
aspects, depression is also characterized by deficits in verbal and visual memory, 
concentration, and executive functioning (Sierksma et al. 2010). Several research 
groups have even suggested that depression in general might be a prodrome (i.e., a 
premonitory symptom indicating the onset of a disease, risk factor) of developing 
AD (Caraci et al. 2010; Korczyn and Halperin 2009), given the fact that the patho-
physiological properties of depression and some etiological hallmarks of AD are 
related (e.g., increased neuroinflammation, monoaminergic deficiency, increased 
synaptic neurodegeneration, and altered neurotrophic factors) (Sierksma et  al. 
2010). Depressed dementia patients also have a higher mortality rate compared to 
their nondepressed counterparts (Rovner et al. 1991).

9.2.5  Activity Disturbances

According to Reisberg et al. (1987), activity disturbances form a separate entity in 
the behavioral phenomenology of AD patients among others. Approximately 80% 
of AD patients suffer from activity disturbances (Engelborghs et al. 2005), which 
can be best described as a form of physical agitation. Some examples are wander-
ing, purposeless activities (e.g., cognitive abulia, such as repetitive (dis)robing, pac-
ing), and inappropriate activities (inappropriate physical sexual advances, hiding 
objects, hoarding) (Reisberg et al. 1987). In some cases, activity disturbances are 
severe enough to require restraint or even result in abrasions (e.g., pacing) or physi-
cal harm. Besides AD, FTD patients characteristically suffer from certain types of 
activity disturbances as well, mainly stereotype movements (e.g., tapping, hand 
clapping, patting, hand rubbing, wandering a fixed route) and general restlessness 
(aimless wandering, pacing, fidgeting, inability to sit still) (De Deyn et al. 2005).

9.2.6  Anxieties and Phobias

Although less frequent, anxiety is a psychological symptom in dementia patients 
which is present in different variants (De Deyn 2004). Anxiety or fear of being left 
alone and the “Godot syndrome” are two frequent types of anxiety in AD patients 
(Reisberg et  al. 1987). In case of “Godot syndrome,” patients repeatedly and 
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constantly ask questions concerning a completely normal but approaching event 
such as meeting with the family doctor (Reisberg et al. 1986). This term was firstly 
described in the late 1980s by Reisberg et al. (1986) and is an extreme form of anxi-
ety in dementia patients and sometimes requires the patient to be accompanied at all 
times. On the other hand, pacing, stereotype behavior, and restlessness might be 
physical reflections of a rooted anxiety residing within the patient. A phobia is an 
anxiety disorder which is disproportional to the actual danger, often being irrational. 
Examples are fear of traveling, bathing, darkness, and overcrowded places (De 
Deyn 2004).

9.2.7  Apathy

In the context of dementia, apathy has been defined as a disorder of diminished 
motivation that persists over time for at least 4 weeks with an additional reduced 
goal-directed behavior, cognitive activity, and emotions (Robert et al. 2009). These 
relatively new criteria have been established due to the overlap between apathy and 
depression among others. Apathy is a common behavioral disorder not only in AD 
but also in PD, FTD, and stroke (Levy et  al. 1998). Results from the European 
Alzheimer’s Disease Consortium study in 2007 showed that apathy is the most 
prominent and persistent neuropsychiatric syndrome in dementia as it occurred in 
65% of 2354 AD patients (Aalten et al. 2007). Additionally, it is also present during 
all stages of the disease (Lyketsos et al. 2011; Robert et al. 2009), and there is a 
growing body of evidence that it might be indicative of a pre-dementia state (Robert 
et al. 2009; Ready et al. 2003). More recently, van der Linde et al. (2016) performed 
a systematic literature review and analyzed the baseline prevalence, persistence, and 
incidence of 11 BPSD symptoms. In total, 59 studies were included in these analy-
ses. In the end, the authors confirmed that despite heterogeneity across studies in 
terms of setting, focus, and length of follow-up, apathy was the only symptom with 
high baseline prevalence, persistence, and incidence during the course of dementia.

9.3  Behavioral Assessment Scales

In order to evaluate this large group of behavioral and neuropsychiatric symptoms 
in dementia patients, different behavioral assessment scales have been developed 
throughout the years. The most common are described below, i.e., Middelheim 
Frontality Score (MFS), Behavioral Pathology in Alzheimer’s Disease Rating Scale 
(Behave-AD), Cohen-Mansfield Agitation Inventory (CMAI), Geriatric Depression 
Scale (GDS), Cornell Scale for Depression in Dementia (CSDD), and 
Neuropsychiatric Inventory (NPI). All these scales are very useful assessment tools 
to identify the behavioral profile of dementia patients or even to distinguish between 
different types of dementia (De Deyn et al. 2005). The efficacy of novel psychotro-
pic medication in the treatment of BPSD can also be demonstrated by the use of 
these well-validated and drug-sensitive behavioral scales mentioned above, such as 
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Behave-AD, CMAI, and NPI (De Deyn and Wirshing 2001). Moreover, these 
behavioral assessment scales are widely used to study the neuroanatomical and 
pathophysiological etiology of different behavioral phenotypes in dementia in com-
bination with neuroimaging data.

9.3.1  Middelheim Frontality Score (MFS)

The Middelheim Frontality Score (MFS) is a clinical and behavioral assessment tool 
which measures frontal lobe features and, in contrast to classical behavioral scales, 
reliably discriminates FTD from AD patients (De Deyn et al. 2005). The MFS is 
rated by a clinician and is obtained by summating the scores in a standardized fash-
ion on ten different items. Each item is scored either zero (absent) or one (present) 
yielding a total maximal score of 10. Information is obtained through an interview 
of the patient and her/his professional and/or main caregiver, clinical files, and 
behavioral observation. The ten items are (item 1) initially comparatively spared 
memory and spatial abilities that reflect the neurobehavioral onset of the disease; 
frequently occurring personality and behavioral changes like (item 2) loss of insight 
and judgment; (item 3) disinhibition; (item 4) dietary hyperactivity (referring to 
overeating); (item 5) changes in sexual behavior (hypersexuality as well as the more 
frequently occurring hyposexuality); (item 6) stereotyped behavior (encompasses 
all kinds of stereotyped behavior, both simple repetitive behaviors (can also be oral) 
as complex behavioral routines as wandering); (item 7) impaired control of emo-
tions, euphoria, or emotional bluntness; (item 8) aspontaneity; (item 9) speech dis-
turbances such as stereotyped phrases, logorrhoea, echolalia, and mutism; and, 
finally, (item 10) restlessness. Although the NPI is able to correctly classify 77% of 
AD and FTD patients (Levy et al. 1996), the frequently used Behave-AD and CMAI 
lack sensitivity for FTD as they have been specifically developed for AD patients. 
The Behave-AD even underestimates BPSD in FTD patients as was shown by 
Engelborghs et al. (2004): 28 FTD patients had significantly lower Behave-AD total 
scores compared to 152 AD patients, whereas the Behave-AD global scores (reflect-
ing caregiver burden) were not different between both patient groups. Moreover, 
Pickut et al. (1997) previously showed that the total MFS scores correlated with 
severity of bifrontal hyperperfusion on SPECT in FTD.

The discriminatory cut-off score of the MFS is set at a total score of 5 as, respec-
tively, 85.9% and 76.6% of clinically diagnosed FTD and AD patients were cor-
rectly classified (De Deyn et al. 2005).

9.3.2  Behavioral Pathology in Alzheimer’s Disease  
Rating Scale (Behave-AD)

In 1987, the Behavioral Pathology in Alzheimer’s Disease Rating Scale (Behave-AD) 
was developed to correctly assess and categorize frequently occurring behavioral 
symptoms of AD patients (Reisberg et al. 1987). The first part of the Behave-AD 
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comprises 25 items of which each item can be rated from zero (absent) to three 
(severely present, with emotional and physical component, possibly requiring 
restricting) with a total maximum score of 75. The second part is the Behave-AD 
global score which assesses caregiver burden: 0 (not at all troubling to the caregiver 
or dangerous to the patient), 1 (mildly troubling to the caregiver or dangerous to the 
patient), 2 (moderately troubling to the caregiver or dangerous to the patient), and 3 
(severely troubling to the caregiver or dangerous to the patient). The first 25 items 
are categorized into 7 behavioral clusters: cluster A (paranoid and delusional ide-
ation: items 1–7), cluster B (hallucinations: items 8–12), cluster C (activity distur-
bances: items 13–15), cluster D (agitation and aggression: items 16–18), cluster E 
(diurnal rhythm disturbances: item 19), cluster F (affective disturbances: items 20, 
21), and cluster G (anxieties and phobias: items 22–25).

The Behave-AD is a very detailed and relatively simple scale which allows an 
assessment within a short amount of time (De Deyn 2004). Several studies (Sclan 
et al. 1996; Patterson et al. 1990) showed that the reliability of the Behave-AD is 
comparable with those of several widely used cognitive assessment scales, such as 
the Mini-Mental State Examination (MMSE) (Folstein et al. 1975). However, one 
disadvantage of the Behave-AD is its specificity for and usage in exclusively AD 
patients. Furthermore, only the intensity of the 25 BPSD items is rated (scores 0–3) 
and not frequency (De Deyn 2004).

9.3.3  Cohen-Mansfield Agitation Inventory (CMAI)

The Cohen-Mansfield Agitation Inventory (CMAI) was originally designed for the 
staff of nursing homes to rate the frequency of agitation and related behaviors in the 
elderly with cognitive deterioration. This scale assesses 29 types of agitated behav-
ior which are subdivided into three main categories: items 1–10 comprise “aggres-
sive behavior,” items 11–21 consist of “physically nonaggressive behavior,” and 
finally items 22–29 are clustered into the category “verbally agitated behavior.” 
Each item is scored depending on its frequency, i.e., from 1 (never) to 7 (several 
times an hour) (Cohen-Mansfield et al. 1989).

9.3.4  Geriatric Depression Scale (GDS)

The Geriatric Depression Scale (GDS) is the eldest scale so far and was designed to 
estimate depression in non-demented elderly (Yesavage et al. 1983). It takes little or 
no experience for the investigator to use this scale which consists of 30 questions 
that are related to depression in the elderly. Each question should be answered with 
a simple “yes” or “no.” A score of 12 or more is indicative of a “light” depression, 
whereas 18 or more point to moderate depression. Debruyne et al. (2009), using the 
CSDD as the golden standard, concluded that the GDS-30 is not a reliable screening 
tool when assessing depressive symptoms in dementia patients but only in patients 
with MCI and non-demented elderly.
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9.3.5  Cornell Scale for Depression in Dementia (CSDD)

The Cornell Scale for Depression in Dementia (CSDD) dates from 1988 and is a 
very useful assessment tool to diagnose depression in dementia (Alexopoulos et al. 
1988). The scale is a 19-item clinician-administered instrument that uses informa-
tion from interviews with both the patient and nursing staff members, a method 
suitable for dementia patients. Each item is scored based on a three-point scale, i.e., 
0 (absent), 1 (mild or intermittent), and 2 (severely present). If it is impossible to 
rate one of the items, a score remains absent (A: unable to evaluate). All 19 items 
are subdivided into five main categories:

A.  Mood-related signs (anxiety, sadness, lack of reactivity to pleasant events, 
irritability)

B. Behavioral disturbances (agitation, retardation (slow movements and speech), 
multiple physical complaints, loss of interest)

C. Physical signs (appetite loss, weight loss, lack of energy)
D. Cyclic functions (diurnal variation of mood, diurnal rhythm disturbances)
E. Ideational disturbances (suicidal ideation, poor self-esteem, pessimism, mood- 

congruent delusions).

A score of 8 or more is suggestive for the presence of depression (Burns 
et al. 2004).

9.3.6  Neuropsychiatric Inventory (NPI)

The Neuropsychiatric Inventory (NPI) evaluates 12 types of behavioral disturbances 
that are dementia-specific, i.e., delusions, hallucinations, agitation/aggression, 
depression/dysphoria, anxiety, euphoria, apathy/indifference, disinhibition, irrita-
bility/lability, repetitive purposeless behavior, insomnia/diurnal rhythm distur-
bances, appetite, or a change in dietary activity (Cummings et al. 1994). The severity 
and the frequency of these symptoms are rated by a series of questions which are 
intended for the main caregiver of the patient. The severity score is based on a three- 
point scale ranging from 1 (mild) to 3 (severe), and the frequency score can vary 
between 1 (occasionally, less than once a week) and 4 (very frequent, multiple times 
a day). The scores of each of these 12 behavioral symptoms need to be summed up 
to obtain a total NPI score. Besides the severity and frequency scores, the level of 
caregiver distress (emotional burden) of each of the 12 behavioral symptoms 
requires rating as well. In this case, a scale ranging from 0 (no distress) to 5 (severe 
and extreme distress) is provided (Kaufer et al. 1998). The total score of “caregiver 
distress” is yielded by summing up the 12 individual distress subscores.

Because the NPI consists of a gross variety of behavioral symptoms, it is a useful 
instrument to discriminate between different types of dementia as well as to evalu-
ate the behavioral outcome due to pharmacological interventions (De Deyn 2004; 
De Deyn and Wirshing 2001). In 2001, a shortened version of the NPI, namely, 
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NPI-Q (questionnaire), was developed by Kaufer et al. (2000) which facilitates its 
daily use in a clinical setting. Several other forms of the NPI have also been pro-
posed depending on the informant, such as clinicians (NPI-C) (de Medeiros et al. 
2010), or the institutional setting, such as nursing homes (NPI-NH) (Wood et al. 
2000). Finally, in 2018, a diary version of the NPI (NPI-Diary) was designed to 
overcome several shortcomings that are experienced while using the NPI-NH ver-
sion, such as the tight work schedule of raters in a nursing home setting, resulting in 
rather arbitrary evaluations, or staff which is undertrained in the domain of neuro-
psychiatry (Morganti et al. 2018). Another problem is that the NPI is a retrospective 
caregiver-informant rating (up to 1 month) and that there frequently is insufficient 
monitoring. For these reasons, the NPI-Diary was created and showed appropriate 
validity and reliability compared to the NPI-NH, when administered in a highly 
variable sample, which generally is the case in a healthcare setting (Morganti 
et al. 2018).

9.3.7  Other Behavioral Assessment Scales

The Alzheimer’s Disease Assessment Scale (ADAS) is widely used in clinical trials 
of potential treatments for AD. The cognitive portion of the ADAS (ADAS-Cog) 
consists of 11 items designed to assess the severity of memory, language, praxis, 
and orientation impairments. The noncognitive portion of the ADAS (ADAS- 
Noncog) consists of ten clinician-rated items assessing the severity of depressive 
symptoms, tearfulness, increased motor activity, hallucinations, delusions, pacing, 
increased/decreased appetite, agitation, concentration/distractibility, and tremors. 
Each item is rated on a 1–5 point severity scale, ranging from very mild to severe. 
The time period for evaluation includes the entire week before the interview (Rosen 
et al. 1984). An example in which the ADAS-Noncog has been applied to assess the 
prevalence of BPSD-specific items in AD comes from Fernández et al. (2010).

The Hamilton Depression Rating Scale (HDS) is one of the most commonly 
used depression rating scales. It requires 20–30 min of questions in a semi- structured 
interview by a trained interviewer and is, therefore, less suitable for usage in people 
with dementia. It is commonly used in antidepressant drug trials and has a prepon-
derance of psychological rather than physical items (Hamilton 1960).

In 2017, a rating instrument to comprehensively assess the psychopathology in 
Down syndrome (DS) with or without AD, or with questionable dementia, was 
developed. In this European multidisciplinary study, the Behavioral and 
Psychological Symptoms of Dementia in Down Syndrome (BPSD-DS) scale identi-
fied frequency and severity of behavioral changes taking account of lifelong charac-
teristic behavior in DS individuals. In total, 83 behavioral items in 12 clinically 
defined sections were evaluated. First exploratory data suggest promising interrater, 
test–retest, and internal consistency reliability measures. However, further study 
regarding applicability, reliability, and validity is necessary. Future application of 
the scale in daily care may aid caregivers to understand changes and contribute to 
timely interventions and adaptation of caregiving (Dekker et al. 2018).
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Another example of a novel scale is the Abe’s BPSD score (ABS). This swift and 
simple scoring instrument provides a new simple and quick test for BPSD assess-
ment in mild-to-moderate dementia patients, with a good correlation to NPI but a 
shorter interview time and with high interrater reliability. A total of ten items are 
inquired (from wandering, eating or toilet problems, agitation, psychosis, apathy, 
day-night disturbances, irritability, depression to violent force), with item-specific 
weighted scores (taking temporal occurrences into account: seldom, occasionally, 
sometimes, often), varying from 0 to 9, and with a maximum ABS total score of 44 
(Abe et al. 2015).

9.4  PET in the Differential Diagnosis of Dementia

Neuroimaging has played an important role in the study and differential diagnosis 
of dementia over the last 40 years. Positron emission tomography (PET) studies of 
cerebral metabolism with fluorine-18 (18F)-labeled fluorodeoxyglucose (FDG) and 
amyloid tracers such as the carbon-11 (11C)-labeled Pittsburgh Compound-B (PiB), 
and, since 2012, 18F-labeled florbetapir, florbetaben, and flutemetamol, have pro-
vided invaluable information regarding specific AD-like brain changes ((Johnson 
et al. 2012); for review, see (Iaccarino et al. 2017)). Even in prodromal and pres-
ymptomatic states, PET imaging has emerged as a robust biomarker of neurodegen-
eration in individuals who were later found to progress to AD (de Leon et al. 2001; 
Bateman et al. 2012). Bateman et al. (2012), for instance, detected early Aβ deposi-
tion in the precuneus of 128 autosomal dominant AD patients measured by PET-PiB 
nearly 15 years before expected symptom onset, indicating PET imaging to be an 
essential and reliable imaging tool not only in the differential diagnosis between AD 
and non-AD dementias but even for asymptomatic disease states. One of the most 
recent advances of in vivo PET imaging from 2012 onward is the evaluation of tau 
burden in AD and non-AD. To date, four broad groups of tau PET radioligands are 
evaluated, i.e., 18F-THK5351, 18F-THK5117/5105, 18F-AV1451/18F-T807 (better 
known as 18F-flortaucipir), and 11C-PBB3.

Table 9.2 comprises a non-exhaustive list of the most frequently studied radio-
tracers for both PET- and SPECT-based analysis of AD pathophysiology and AD 
differential diagnostics (apart from 18F-FDG for PET and 99mTc-HMPAO for SPECT).

9.4.1  Radioligands and Compounds

Brain FDG-PET primarily indicates synaptic activity. Because the brain relies 
almost exclusively on glucose as its main energy resource, the glucose analog FDG 
is suitable as indicator of brain metabolism and, when labeled with 18F (half-life 
110 min.), is detected with PET. Studies support the notion that astrocytes play a 
central role in neuronal glucose consumption. Decrease of 18F-FDG-PET uptake is 
considered to be a direct index of synaptic dysfunction, which can result from a 
variety of neuropathological events, including but not limited to altered intracellular 
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Table 9.2 Most frequently used radiotracers designed for PET- and SPECT-based analysis of AD 
pathophysiology

Radiotracer Half-life Common name Modality Target
Category/
condition

11C-PiB 20 min Pittsburgh 
Compound-B

PET Aβ AD

11C- AZD2184 20 min PET Aβ AD
18F-FDDNP 110 min PET Aβ and 

tau
AD

18F-AV- 45 110 min Florbetapir PET Aβ AD
18F- BAY94- 9172 110 min Florbetaben PET Aβ AD
18F- GE067 110 min Flutemetamol PET Aβ AD
18F- AZD4694 110 min PET Aβ AD
11C-BF- 227 20 min PET Aβ AD
11C-SB- 13 20 min PET Aβ AD
123I-SB- 13 13.2 h SPECT Aβ AD
123I-IMPY 13.2 h SPECT Aβ AD
18FTHK5105 110 min PET Tau AD/tauopathies
18F- THK5107 110 min PET Tau AD/tauopathies
18F-T807/18F-AV1451 110 min Flortaucipir PET Tau AD/tauopathies
18F- T808 110 min PET Tau AD/tauopathies
11C- PBB3 20 min PET Tau AD/tauopathies
11C- THK5351 20 min PET Tau AD/tauopathies
18F- THK5351 110 min PET Tau AD/tauopathies
11C- PK11195 20 min PET PBR-

TSPO
Neuroin-
flammation

123I- PK11195 13.2 h SPECT PBR-
TSPO

Neuroin-
flammation

18F- DPA714 110 min PET PBR-
TSPO

Neuroin-
flammation

11C- PMP 20 min Methylpiperidin PET AChE Neurochemistry
18F-FDOPA 110 min Fluorodopa PET DA Neurochemistry 

(dd. PD)
11C- MRB 20 min Methylre-

boxetine
PET NET Neurochemistry

123I-FP- CIT 13.2 h Ioflupane—
DaTscan

SPECT DAT Neurochemistry 
(dd. PD)

123I-β- CIT 13.2 h SPECT DAT Neurochemistry 
(dd. PD)

123I-IBVM 13.2 h Iodobenzo-
vesamicol

SPECT VAChT Neurochemistry

123I-IDEX 13.2 h Iododexetimide SPECT mAChR Neurochemistry
123I-5- I-R91150 13.2 h SPECT 5-HT2A Neurochemistry

Abbreviations: 5-HT2A Serotonin (5-hydroxytryptamine) 2A receptor, Aβ Amyloid-beta, ACh 
Acetylcholine, AChE ACh Esterase, AD Alzheimer’s disease, DA Dopamine, DAT DA transporter, 
dd Differential diagnosis, mAChR Muscarinic ACh receptor, NET Norepinephrine transporter, 
PBR-TSPO Peripheral benzodiazepine receptor-translocator protein, PD Parkinson’s disease, 
VAChT Vesicular ACh transporter. Partly adapted with permission from Arora A and Bhagat N 
(2016) Int J Biomed Imaging 2016:7462014 under the CC-BY license 4.0 (http://creativecom-
mons.org/licenses/by/4.0). Copyright © 2016 Arora A and Bhagat N
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signaling cascades and mitochondria bioenergetics, impaired neurotransmitter 
release, and accumulation of neurotoxic protein species (for review, see (Iaccarino 
et al. 2017)). Especially the glutamatergic synaptic signaling is responsible for the 
maintenance of intrinsic, resting (task-independent) activity of the cerebral cortex, 
which, most of the time, is the brain’s main task (Johnson et al. 2012; Sibson et al. 
1997). Therefore, 18F-FDG-PET is widely accepted to be a valid biomarker of the 
overall brain metabolism to which ionic gradient maintenance for synaptic activity 
is the most principal contributor (Schwartz et al. 1979; Magistretti 2006). The char-
acteristic pattern found in AD generally is a hypometabolism of the temporoparietal 
cortex (Herholz et  al. 2002; Ferreira and Busatto 2011) and specific limbic and 
association areas, such as the precuneus, posterior cingulate gyri, inferior parietal 
lobes, posterolateral portions of the temporal lobe, as well as the hippocampus and 
medial temporal cortices (Foster et al. 1983; Minoshima et al. 1997; Reiman et al. 
2005). An asymmetry between both hemispheres is commonly seen in early stages 
of AD, whereas in a more advanced stage of the disease, usually the prefrontal asso-
ciation areas become affected (Johnson et al. 2012).

A meta-analysis showed that hypometabolism of the inferior parietal lobes and 
precuneus is the most striking neurological finding on FDG-PET imaging in AD 
patients compared to non-demented elderly (Schroeter et al. 2009). Moreover, lon-
gitudinal neurofunctional imaging studies have demonstrated hypometabolism in 
the parietal lobe of MCI converters in comparison with those who did not convert to 
AD (Schroeter et al. 2009). In conclusion, FDG-PET can be useful in cases of diag-
nostic uncertainty and has even shown to be valuable in distinguishing AD from 
FTD (Foster et al. 2007). However, it is advisable to always combine FDG-PET 
findings with imaging data of other neuroimaging or biomarker techniques, as 
FDG-PET alone does not allow an adequate evaluation of the brain structure 
(Waldemar et al. 2007). For instance, complementary 18F-FDG- and 11C-PiB-PET 
scanning improves diagnostic accuracy of AD vs. non-AD from 76 to 94%, as 
shown by Hellwig et al. (2019). Moreover, the combination of FDG-PET with CSF 
biomarker analyses of Aβ1–42, T-tau, and P-tau181P levels highly improves clinical 
diagnostic accuracy, of which in particular T-tau deposition in brain is related to 
temporal, parietal, and frontal hypometabolism in AD (Perani et  al. 2016; 
Chiaravalloti et al. 2018).

The pathological hallmark in the AD brain is the extracellular deposition of 
senile plaques and Aβ aggregates. Consequently, a second strategy to visualize AD 
pathology is not based on glucose metabolism, but on a synthesized derivate which 
in vivo binds Aβ, such as the N-methyl[11C]2-(4′methylaminophenyl)-6-hydroxy- 
benzothiazole, also known as “Pittsburgh Compound-B” (PiB) (Mathis et al. 2002). 
Amyloid imaging tracer compounds have binding properties for Aβ in the nanomo-
lar range and are derivatives of histological dyes, such as Congo Red, thioflavin S 
and T, acridine orange, and chrysamine-G, or based on other molecules such as 
styrylbenzene ((Suhara et al. 2008); for review, see (Adlard et al. 2014)). PET stud-
ies using PiB labeled with 11C showed that amyloid deposition already occurs years 
before the clinical diagnosis of dementia (Chetelat et al. 2010); is related to cortical 
atrophy rate, as well as cognitive decline (Braskie et al. 2010); and is more present 
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in MCI converters compared to non-converters (Forsberg et al. 2008). Peretti and 
colleagues even concluded that regional cerebral blood flow (rCBF) estimates from 
pharmacokinetic analysis of PiB scans might be a good alternative to an additional 
FDG-PET scan, thus bypassing the limitations of a dual examination (Peretti et al. 
2019). One concern, however, is the short half-life of PiB labeled with 11C (20 min.), 
which renders its use in some diagnostic clinical settings more difficult. 
Consequently, attempts were made to develop an amyloid-sensitive, radioactive- 
labeled Aβ tracer with longer half-life, such as 18F-florbetapir (18F-AV-45) (Choi 
et al. 2009; Wong et al. 2010), which has been approved by the US Food and Drug 
Association (FDA) on April 6, 2012, for the clinical evaluation of patients suspected 
with AD and other related syndromes. Various studies have compared the diagnostic 
utility of 18F-florbetapir-PET compared to 11C-PiB-PET (Wolk et al. 2012) and the 
commonly used 18F-FDG-PET (Newberg et al. 2012), concluding that 18F-florbetapir- 
PET produced comparable results in discriminating AD patients from cognitively 
normal adults. Next, Doraiswamy et al. (2012) proved that 18F-florbetapir-PET may 
help in identifying individuals who are at increased risk of progressive cognitive 
decline. On the contrary, a recent study from Khosravi et al. (2019) concluded that 
18F-FDG-PET global quantification is a superior indicator of cognitive performance 
in AD and MCI patients compared to 18F-florbetapir-PET. Accordingly, the authors 
still recommend 18F-FDG-PET over amyloid imaging in the evaluation of AD and 
MCI. A tracer similar to florbetapir is florbetaben (BAY 94-9172). This 18F-PET 
marker for Aβ imaging proved to have a sensitivity and specificity of 80 and 91% in 
an AD versus control comparison (Barthel and Sabri 2011). More importantly, 
18F-florbetaben could play a substantial role in the differential diagnosis of AD vs. 
PD(D)/DLB or AD vs. FTD. As an example, the radiotracer demonstrated a lower 
overall retention in DLB patients in spite of similar involvement of Aβ compared to 
AD subjects (Villemagne et al. 2011). Last in the series of most commonly used 
18F-labeled amyloid PET imaging tracers is 18F-flutemetamol (18F-GE067). Earlier 
work demonstrated similar findings of 18F-flutemetamol in probable AD and MCI 
patients relatively to healthy controls with a similar performance as 11C-PiB within 
the same subjects (Vandenberghe et al. 2010). Additionally, Wolk et al. (2011) dem-
onstrated a high correspondence between immunohistochemical estimates of Aβ 
levels in brain tissue of seven AD patients who underwent previous biopsy and 
in vivo quantitative measures of 18F-flutemetamol uptake at the location contralat-
eral to the biopsy site (i.e., right frontal), supporting its sensitivity to detect Aβ and 
its use in the study and early detection of AD.  Taken together, 11C-PiB and 
18F-flutemetamol show similar topographical gray matter uptake in AD and cogni-
tively normal participants, and the tracers show comparable group discrimination. 
The key disadvantage of such a class of 18F-labeled amyloid radiotracers, however, 
is that they generate greater levels of nonspecific background noise and higher non-
specific uptake in white matter (also visible in elderly controls) in comparison with 
11C-PiB (Lowe et al. 2017).

Amyloid in vivo imaging is a very promising approach, with, currently, all three 
radiotracers (florbetapir, florbetaben, flutemetamol) approved by the FDA for their 
diagnostic utilities. At the same time, one should keep in mind that amyloid PET 
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imaging is restricted to specialized centers around the world, even though it seems 
that it is becoming more and more implemented in the routine diagnostic workup 
and differential diagnosis of AD patients (Witte et al. 2015).

Besides amyloid deposits, intracellular NFT consisting of tau protein are a path-
ological feature of AD as well. The development of PET probes for in vivo imaging 
of NFT has become an active research field from 2012 onward (Ono and Saji 2012). 
The first 18F-labeled compound that was synthesized in order to bind NFT was 
18F-2-(1-(2-(N-(2-fluoroethyl)-N-methylamino)naphthalene-6-yl)ethylidene)malo-
nonitrile (FDDNP) (Agdeppa et al. 2001; Barrio et al. 1999). Interestingly, FDDNP 
does exclusively bind not only NFT but also senile Aβ plaques. A more recent tau 
imaging probe is  2-((1E,3E)-4-(6-(11C-methylamino)pyridine-3-yl)buta-1,3-dienyl)
benzo[d]thiazol-6-ol, better known as 11C-PBB3 (Maruyama et al. 2013). Chiotis 
et al. (2018) have observed that if compared with 11C-labeled THK5351, 11C-PBB3 
appeared to preferentially bind to tau deposits with a close spatial relationship to 
Aβ, whereas the binding pattern of 11C-THK5351 fitted the expected distribution of 
tau pathology in AD better and was more closely related to downstream disease 
markers. The latest tau PET tracer is 18F-AV1451/18F-T807, better known as 
18F-flortaucipir. This tracer showed high specific binding in AD, moderate binding 
in Pick’s disease and FTD with parkinsonism-17, and low but displaceable binding 
in CBD, PSP, and non-tau proteinopathies (Sander et al. 2016). Evidence for a non-
tau binding site and lack of correlation between tracer binding and antibody staining 
suggest that reliable quantification of tau load with this tracer is still somewhat 
problematic.

These first generations of tau tracers often suffer from off-target binding in the 
basal ganglia, midbrain, thalamus, choroid plexus, and venous sinus, and 11C- 
THK5351 may even bind monoamine oxidase B in disease-associated brain regions 
linked to neurodegeneration (Okamura et al. 2018).

Another approach to visualize AD pathology using PET as an imaging tool is the 
in vivo mapping of altered neurochemical processes which are typical in the AD 
brain, such as cholinergic denervation (Van Dam and De Deyn 2006). One example 
is N-11C-methylpiperidin-4-yl propionate, known as 11C-PMP (Kuhl et  al. 1999). 
This radiopharmaceutical is used in PET imaging to determine the activity of the 
cholinergic neurotransmitter system by acting as a substrate for acetylcholinester-
ase. Besides the cholinergic neurotransmission, PET imaging with radioligands that 
are involved with several other neurotransmitter systems or receptors such as sub-
strates for DA or serotonin (5-HT) signaling has provided important insights into 
several neurodegenerative disorders (Bohnen and Frey 2007) and has even helped in 
distinguishing AD from DLB and PD (Tatsch 2008). A frequently used radiotracer 
in this regard is 18F-fluorodopa. As a fluorinated form of levodopa (i.e., the precursor 
of DA), 18F-fluorodopa-PET is a valid method for assessing the functional state of 
the nigrostriatal dopaminergic pathway. It is particularly useful for studies requiring 
repeated measures such as examinations of the course of a disease and the effect of 
treatment. Studies using 18F-fluorodopa-PET have also distinguished DLB from AD 
with a sensitivity of 86% and a specificity of 100% (Hu et al. 2000). Another brain 
region of particular neurochemical interest in AD, PD/DLB, and DS with(out) 
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AD—also in the study of BPSD—is the LC, which is the brain’s main source of 
norepinephrine (NE) (Herrmann et al. 2004; Vermeiren and De Deyn 2017). Using 
PET, the NE transporter (NET) can be studied in vivo. In this regard, the most suit-
able radiotracer is 11C-methylreboxetine (11C-MRB). This compound is derived 
from reboxetine, primarily used as an antidepressant. Reboxetine is an NE reuptake 
inhibitor, binds to NET, and thus allows for accurate localization and quantification. 
So far, 11C-MRB-PET has been used successfully in previous studies investigating 
the NE system, such as in healthy volunteers (Smith et al. 2014), patients with post-
traumatic stress disorder (Pietrzak et  al. 2013), PD patients (Sommerauer et  al. 
2018), and subjects suffering from depression (Yatham et al. 2018). Collectively, 
results show that 11C-MRB-PET allows for differential characterization of NET 
concentration in examined NET-rich brain regions, including the LC, and correlates 
well with the clinical profile (e.g., Hoehn and Yahr staging in PD) (Sommerauer 
et al. 2018). The first pioneering study that will apply 11C-MRB-PET in AD com-
pared to PD, DS (with)out AD, and healthy controls to examine its potential diag-
nostic usage is on its way (see Acknowledgments section, JPND-HEROES).

Noteworthy, 11C-PK11195 is the most successful radiotracer for PET-based 
neuroinflammation studies, since it specifically binds to the 18 kDa translocator 
protein (TSPO), also known as the peripheral benzodiazepine receptor (PBR). In 
normal physiological conditions, TSPO has only a basal expression in the microg-
lial cells. However, when the microglia undergo inflammatory activation, PBR-
TSPO expression is upregulated, thereby functioning as a putative biomarker for 
neuroinflammation. In 2001, it was investigated that there was a high localization 
of the radiotracer in the cingulate cortex (CC), amygdala, fusiform gyrus, and tem-
poroparietal cortex of AD patients compared to aged healthy controls, triggering 
further investigation ((Cagnin et  al. 2001); for review, see (Arora and Bhagat 
2016)). The modified version of 11C-PK11195 is 123I-PK11195, with a significant 
longer half-life (Table 9.2) and is applied in SPECT to study neuroinflammation in 
dementia (cfr. Sect. 9.6.4).

Similar PET tracers related to all kinds of pathophysiological aspects of AD are 
enlisted in Table 9.2.

Please visit http://www.clinicaltrials.gov/ to look for ongoing clinical trials that 
concern the development of novel PET probes related to amyloid and tau imaging, 
or other neurodegenerative disease markers of interest, for the differential diagnosis 
of dementia.

9.5  PET Imaging in Neuropsychiatric Disturbances 
of Dementia

9.5.1  Alzheimer’s Disease and Mild Cognitive Impairment

9.5.1.1  Depression
Loss of neurons in the serotonergic raphe nuclei and dysfunction of its nerve termi-
nals in the neocortex have been reported in AD (Mann and Yates 1983; Palmer et al. 
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1987). Many lines of evidence suggest this serotonin (5-HT) deficiency to be 
strongly related with mood disorders in dementia patients and non-demented elderly 
(Sierksma et al. 2010). In vivo imaging studies that used PET have so far focused on 
5-HT-receptors in the limbic brain regions associated with cognitive impairment in 
AD (Kepe et al. 2006; Meltzer et al. 1998). Ouchi et al. (2009) used a set of two 
different biomarkers in mild-to-moderate stage AD patients with and without 
depression to investigate the levels of presynaptic serotonergic function and cortical 
neuronal activity using PET with 11C-DASB (11C-3-amino-4-(2- 
dimethylaminomethylphenylsulfanyl)-benzonitrile), a specific 5-HT transporter 
marker, and the more common 18F-FDG-PET.  Because the 5-HT transporter is 
located on presynaptic 5-HT terminals and regulates 5-HT signaling, levels of 
11C-DASB binding in these regions thus reflect the activity of presynaptic 5-HT 
neurons in the dorsal raphe nuclei. Thomas et al. (2006) previously found a marked 
reduction in the binding of 5-HT transporter levels in the prefrontal cortex of AD 
patients (n = 14) compared to control subjects (n = 10) and non-demented depressed 
subjects (n = 8), but not between depressed (n = 9) and nondepressed (n = 5) AD 
patients. Contrastingly, Ouchi et al. (2009) observed a negative correlation between 
11C-DASB binding potential levels in the subcortical serotonergic projection region 
(striatum) and GDS scores (n = 15) (Spearman rank-order correlation, P < 0.01), as 
well as significantly lower 11C-DASB binding potential levels in AD patients, irre-
spective of depression, compared to healthy controls (n = 10) in the putamen, thala-
mus, and midbrain (P < 0.05). Consequently, Ouchi et al. (2009) suggested that a 
certain degree of presynaptic 5-HT function in the subcortical 5-HT projection 
region is compromised in AD patients even before the development of depression. 
Also, statistical parametric mapping (SPM) correlation analysis showed that glu-
cose metabolism in the right dorsolateral prefrontal cortex was positively associated 
with the levels of striatal 11C-DASB binding, suggesting that right dorsolateral pre-
frontal dysfunction in parallel with 5-HT inactivation is also implicated in the pro-
gression of emotional and cognitive deterioration in AD.

Holthoff et  al. (2005) performed cerebral glucose metabolism measurements 
applying 18F-FDG-PET in 53 AD patients. Neuropsychiatric symptoms were 
assessed using the NPI (Cummings et al. 1994), of which depression and apathy 
were the most frequently encountered of all symptoms. The group of depressed AD 
patients (n = 10) showed hypometabolism in left and right dorsolateral prefrontal 
regions (Brodmann area (BA) 6 and 45) in comparison with nondepressed AD 
patients (n = 10) (P < 0.02) (Fig. 9.5) (Holthoff et al. 2005).

The combination of 18F-florbetapir-PET imaging, to assess brain amyloid load, 
with 18F-FDG-PET has been attempted by Brendel et al. (2015). The researchers 
examined depressive symptoms by applying NPI-Q in 371 MCI subjects from the 
Alzheimer’s Disease Neuroimaging Initiative (ADNI) study, dividing groups into 
Aβ-positive (Aβ+, 206 patients) or Aβ-negative (Aβ−, 165 patients) according to 
the 18F-florbetapir-PET scanning, with a mean follow-up time of 21.5 months. The 
authors revealed that Aβ+ MCI subjects with depressive symptoms showed higher 
amyloid load in the left superior temporal gyrus, left uncus, left gyrus parahippo-
campalis, left insula, and left CC (P < 0.001), as well as in the left medial frontal 
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and rectal gyrus (P < 0.005), compared to those without depression. Significantly 
lower levels of amyloid were found in a small cluster of the right cuneal cortex 
(P < 0.001). Corresponding FDG-PET data showed relative hypermetabolism in the 
bilateral frontal lobes, as well as in the left fusiform gyrus (P  <  0.001). 
Hypometabolism was found in a small cluster of the left cuneal cortex (Fig. 9.6). 
Among Aβ− MCI subjects with depressive symptoms, small clusters with lower 
amyloid deposition in bilateral temporal, left precentral, and right inferior frontal 
gyri were seen compared to nondepressed MCI individuals. Both the depressed 
MCI subjects and the Aβ+ MCI subjects showed significantly faster progression to 
AD than their respective counterparts. The fastest progression rate was found in 
Aβ+ depressed MCI subjects.

In 2016, Ballarini et al. (2016) looked into the metabolic profile of depression in 
early-onset AD and generally assessed for BPSD using the NPI in 27 early-onset 
AD subjects (mean age of 58), subclustering the NPI into four subsyndromes (apa-
thetic, hyperactive, affective, and psychotic subsyndromes). The authors further 
explored whether there was any association between 18F-FDG-PET regional and 
connectivity-based brain metabolic dysfunctions and subsyndromes. Surprisingly, 
the affective subsyndrome was correlated with an increase of glucose metabolism in 
the left and right anterior CC and superior frontal gyrus, extending to the supple-
mentary motor area.

Briefly, it seems that depression in MCI or prodromal/early-onset AD is mani-
fested by a hypermetabolic (Brendel et al. 2015; Ballarini et al. 2016) or hypometa-
bolic state (Holthoff et  al. 2005) of frontal cortices and the anterior CC, a 
contradiction which, perhaps, necessitates further investigation. On the contrary, 
SPECT studies largely agree on the theory of hypoperfusion in depression in AD 
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Fig. 9.5 Overlay images of the significant decreases in regional cerebral glucose metabolism in 
depressed AD patients (n = 10) compared to nondepressed AD patients (n = 10). Overlay of signifi-
cant decreases in glucose metabolism by 18F-FDG-PET in left and right dorsolateral prefrontal 
regions (BA6 and 45) of AD patients with clinically significant depression compared with AD 
patients free of depression on an MRI template (SPM analysis, P < 0.05, corrected). The left image 
displays the right hemisphere; in the middle, the left hemisphere is displayed; and, finally, the right 
image visualizes the caudal view of the brain. Abbreviations: AD Alzheimer’s disease, BA 
Brodmann area, 18F-FDG-PET 18F-fluorodeoxyglucose positron emission tomography, MRI 
Magnetic resonance imaging. Reprinted from Holthoff VA et  al. (2005) Biol Psychiatry 
57:412–421, with permission from Elsevier. Copyright © 2005 Elsevier Inc
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(cfr. Sect. 9.7.1.1). In this regard, Ashraf et al. (2015) theorized that hypermetabo-
lism in MCI might be indicative of a greater adaptive plasticity as a potential com-
pensatory mechanism before Aβ has been sufficiently deposited.

9.5.1.2  Apathy
In the abovementioned study by Holthoff and colleagues (2005), apathy was rated 
too by means of the NPI, and it appeared to be one of the most frequent BPSD. The 
authors further evidenced that the apathetic AD group (n = 17) had significant hypo-
metabolism in left orbitofrontal regions (BA10 and BA11) compared to non- 
apathetic AD patients (n = 17) (P < 0.008) (Fig. 9.7). In addition to the results of 
Ballarini et al. (2016) examining depression in early-onset AD (described in Sect. 
9.5.1.1), they also found that apathetic subscores were inversely correlated with 
FDG uptake in the bilateral orbitofrontal and dorsolateral frontal cortex, known to 

a b

Fig. 9.6 Statistical parametric mapping (SPM) for 18F-Florbetapir-PET (a) and 18F-FDG-PET (b) 
in Aβ+ MCI subjects corrected for MMSE score, age, gender, APOE ε4 allelic status, and years of 
education. Subsyndromally depressed MCI subjects (N = 65) are contrasted with nondepressed 
MCI subjects (N = 141). Voxels exceeding a significance threshold of P < 0.005 (uncorrected for 
multiple comparisons, cluster size >100) for increased amyloid levels (a) or FDG hypermetabo-
lism (b) in depressed MCI subjects are indicated in red, while voxels of decreased amyloid levels 
(a) or FDG hypometabolism (b) in depressed MCI subjects are indicated in green. Both contrasts 
are rendered on the surface of the standard SPM8 template. Abbreviations: Aβ Amyloid-beta, 
APOE Apolipoprotein E, FDG Fluorodeoxyglucose, MCI Mild cognitive impairment, MMSE 
Mini-Mental State Examination; SPM Statistical parametric mapping. Reprinted from Brendel 
et al. (2015) Eur J Nucl Med Mol Imaging 42:716–724, with permission from Springer. Copyright 
© 2015 Springer-Verlag Berlin Heidelberg 2015
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be involved in motivation and decision-making processes. Results are similar to 
those of Holthoff et al. (2005) and, again, point to the orbitofrontal cortex as an 
important key brain region that modulates apathetic behavior in AD.

Recently, similar neuroimaging research into apathy has been performed, albeit 
in MCI subjects. For instance, baseline data from 65 MCI participants (11 with 
apathy and 54 without) from the ADNI study were analyzed. All participants under-
went a comprehensive cognitive and neuropsychiatric assessment, volumetric MRI, 
and measures of cerebral glucose metabolism applying 18F-FDG-PET. The presence 
of apathy at baseline was determined by the NPI-Q. Compared with the apathy-free 
MCI patients, MCI patients with apathy had significantly decreased metabolism in 
the left and right posterior CC (BA31, P < 0.001). The authors further implied that 
apathy may belong to the spectrum of prodromal AD symptoms, since early meta-
bolic reductions in the posterior cingulate are hypothesized to represent a more 
specific marker of AD than hippocampal atrophy and hypometabolism (Delrieu 
et al. 2015).

Similar to depression in AD/MCI, apathy seems to be characterized by a meta-
bolic dysfunction in alike brain regions, i.e., the CC (Ballarini et al. 2016) or dorso-
lateral frontal/orbitofrontal cortices (Holthoff et al. 2005; Delrieu et al. 2015). The 
only difference is that, for apathy, a hypometabolic state has been measured thrice 
following FDG-PET (Holthoff et al. 2005; Ballarini et al. 2016; Delrieu et al. 2015), 
whereas in depression, both increases and decreases in FDG uptake have been found.

9.5.1.3  Psychosis
As described above, psychosis is a distinct AD syndrome and includes the presence 
of at least one (or more) hallucination(s) and/or delusion(s) (Jeste and Finkel 2000). 
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Fig. 9.7 Overlay images of the significant decreases in regional cerebral glucose metabolism in 
AD patients with clinically significant apathy (n = 17) compared to AD patients free of apathy 
(n = 17). Overlay of significant decreases in glucose metabolism by 18F-FDG-PET in left orbito-
frontal regions (BA10 and 11) of AD patients with clinically significant apathy compared with AD 
patients free of apathy on an MRI template (SPM-analysis; P < 0.05, corrected). The left image 
displays the right hemisphere; in the middle, the left hemisphere is displayed; and, finally, the right 
image visualizes the caudal part of the brain. Abbreviations: AD Alzheimer’s disease, BA Brodmann 
area, 18F-FDG-PET 18F-fluorodeoxyglucose positron emission tomography, MRI Magnetic reso-
nance imaging. Reprinted from Holthoff VA et al. (2005) Biol Psychiatry 57:412–421, with per-
mission from Elsevier. Copyright © 2005 Elsevier Inc
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Hirono et al. (2000) studied the neuroanatomical basis of delusions in AD using 
18F-FDG-PET to measure cerebral glucose metabolism in 65 mild-to-moderate 
probable AD patients. The Behave-AD or NPI were used to assess for delusions, 
categorizing 26 patients as being delusional while 39 as not delusional. Surprisingly, 
a significant increase in glucose metabolism in the left inferior temporal gyrus and 
a significant decrease in the left medial occipital region in delusional AD patients 
were observed when compared to their non-delusional counterparts.

Sultzer et al. (2003) similarly used FDG-PET and identified three specific regions 
in the right frontal cortex of 25 AD patients which were strongly associated with the 
Neurobehavioral Rating Scale delusion scores, i.e., the right superior dorsolateral 
frontal region (BA8) (hypometabolism), the right inferior frontal pole (BA10) 
(hypometabolism), and the right lateral orbitofrontal region (BA47) (hypometabo-
lism), confirming a link between delusional ideation and right hemispheric 
pathology.

A similar study that examined the link between psychosis in AD and altered 
brain metabolism was performed by Koppel et al. (2014). In this study, 21 ADNI 
participants with AD who developed psychotic symptoms during the study but were 
not psychotic at baseline were matched with 21 participants with AD who never 
became psychotic during the study period, and mean brain 18F-FDG-PET cerebral 
metabolic glucose rates by regions of interest (ROI) were compared. Additionally, 
39 AD participants with active psychosis at the time of image acquisition were 
matched with 39 participants who were never psychotic during the study period, and 
mean brain FDG-PET cerebral metabolic glucose rates by ROI were, again, com-
pared. The authors found no regional brain metabolic differences between those 
with AD destined to become psychotic and those who did not become psychotic. 
There was, however, a significant reduction in mean orbitofrontal brain metabolism 
in those with active psychosis.

Reeves et al. (2009) tested if delusions were associated with striatal DA D2/D3 
receptor function in AD. The investigators used in vivo 11C-raclopride-PET imaging 
(11C-RAC-PET) in 23 patients with mild-to-moderate probable AD who underwent 
behavioral assessment by means of the NPI. They found that the mean 11C-RAC- 
PET binding potential levels for striatal DA D2/D3 receptors were higher in AD 
patients with (n = 7 of which 5 were men) than without (n = 16 of which 6 were 
men) delusions. When women were excluded from the analysis, striatal 11C-RAC- 
PET binding potential levels were still higher in delusional male AD patients com-
pared to male AD subjects without delusions (P = 0.05). Furthermore, these results 
were comparable with the dopaminergic D2/D3 receptor availabilities of drug-naïve 
schizophrenia patients.

9.5.1.4  Agitation
Only one study so far has looked into the neurobiological correlates of agitation in 
AD using PET, in which a total of 85 outpatients with mild-to-moderate AD were 
recruited from the VA Greater Los Angeles Healthcare System Geropsychiatry 
Outpatient Program (Weissberger et al. 2017). A cross-sectional investigation was 
conducted of the relationship between cerebral glucose metabolism measured via 
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18F-FDG-PET and agitated symptoms from the NPI. Two empirically derived clus-
ters of agitation symptoms were investigated: an agitation factor, comprising agita-
tion/aggression and irritability/lability items of the NPI, and a behavioral dyscontrol 
factor, comprising elation/euphoria, disinhibition, aberrant motor behavior, sleep, 
and appetite items of the NPI. Mean cerebral metabolism for patients who scored 
positively on each of the two factors was compared with mean cerebral metabolism 
for those who did not. Patients with AD who scored positively on the agitation fac-
tor showed reduced glucose metabolism of the right temporal, right frontal, and 
bilateral CC.  In contrast, the behavioral dyscontrol factor did not show specific 
neurobiologic correlates. These results warrant further study and confirmation.

9.5.1.5  Other Behavioral Disturbances
It becomes clear from the collective PET neuroimaging evidence that psychiatric 
and behavioral symptoms in dementia are not random consequences of diffuse brain 
illness, but are fundamental expressions of regional cerebral pathological events 
(Sultzer 1996). Tanaka et al. (2003) showed that a dysfunction of the striatal dopa-
minergic D2 receptor metabolism, characterized by significantly lowered 11C-RAC- 
PET binding potential levels, is manifested in AD patients with more severe 
Behave-AD Frequency Weighted Severity Scale scores (Monteiro et al. 2001) com-
pared to AD patients without BPSD. This study, however, comprised no more than 
ten AD patients and only reported Behave-AD total scores.

Ng et al. (2017) performed a longitudinal observation of 115 cognitively normal 
individuals stratified by hallmark AD biomarkers to identify individuals with pre-
clinical AD with the highest risk of progression to clinical AD and tested the hypoth-
esis that BPSD are associated with metabolic abnormalities in limbic regions and 
predict conversion. Both 18F-florbetapir-PET and phosphorylated CSF tau biomark-
ers were used for stratification. Furthermore, regression and voxel-based regression 
models evaluated the relationships between baseline BPSD measured by the NPI 
and baseline and 2-year change in metabolism measured by 18F-FDG- 
PET. Collectively, the researchers found that the magnitude of BPSD is linked to a 
transient metabolic dysfunction in limbic networks that are vulnerable to early AD 
pathophysiology in individuals with preclinical AD. Initially, individuals with pre-
clinical AD with higher NPI scores had higher FDG uptake in the posterior CC, 
ventromedial prefrontal cortex, and right anterior insula at baseline, but high NPI 
scores predicted subsequent hypometabolism in the posterior CC over 2 years only 
in the individuals with preclinical AD. Moreover, this metabolic shift was driven by 
the sleep/nighttime behavioral disorders and irritability components of the NPI.

Apart from depression and apathy subsyndromes (cfr. Sects. 9.5.1.1 and 9.5.1.2, 
respectively), Ballarini et al. (2016) also rated the hyperactivity subsyndrome clus-
ter of the NPI in 27 early-onset AD patients and, subsequently, performed interre-
gional correlation analysis to explore metabolic connectivity following 
FDG-PET. These hyperactivity subsyndrome scores were associated with increases 
in glucose metabolism in the superior frontal gyrus and anterior CC with a left 
hemispheric predominance.
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Unfortunately, besides depression, apathy, agitation, and psychosis in AD or 
MCI, no in  vivo PET imaging studies have been performed yet with regard to 
aggression, diurnal rhythm disturbances, disinhibition, or anxiety.

9.5.2  Other Dementia Subtypes

Rackza et al. (2010) examined behavioral deficits in 17 FTLD patients (diagnoses 
consisted of FTD (n = 10) and SD (n = 7)) using 18F-FDG-PET imaging. Behavioral 
deficits were assessed using the NPI. Total NPI scores were significantly correlated 
with hypometabolism in various frontomedial regions, the left anterior middle fron-
tal gyrus, the left anterior and superior insula, and the left inferior temporal gyrus. 
Imaging results were based mainly on apathy, disinhibition, and appetite changes 
because these behavioral disorders occurred most frequently in this cohort. 
Moreover, Peters et al. (2006) indicated that the known cerebral metabolic impair-
ment in FTLD patients specifically affects areas specialized in emotional evalua-
tion. This Belgian study obtained PET imaging and NPI behavioral data from 41 
FTLD patients from specialized European PET centers around the world. The inves-
tigators primarily found decreased posterior orbitofrontal cortical activity to be 
related with both apathy and disinhibition, which neuroanatomically also corre-
sponds to the hypometabolic pattern of apathy in AD or MCI (cfr. Sect. 9.5.1.2).

Results of a more recent PET imaging study investigating the neuroanatomy and 
pathophysiology of BPSD in FTD patients were reported by Schroeter et al. (2011). 
In total, 13 FTLD patients underwent 18F-FDG-PET imaging after being behavior-
ally scored applying the NPI.  The researchers performed a conjunction analysis 
across the common neural correlates of the three most relevant behavioral disorders 
as identified in the single regression analysis. All three behavioral disorders, i.e., 
apathy, disinhibition, and eating disorders, were related to mainly frontomedian 
hypometabolism. Afterward, a disjunction analysis aimed to specifically identify 
the neural correlates of these three relevant behavioral disorders individually: disin-
hibition was correlated with hypometabolism in both anterior temporal lobes, ante-
rior hippocampi, left amygdala, left anterior and superior posterior insula, caudate 
head, and bilaterally lateral and posterior orbital gyri. Smaller clusters were detected 
additionally for disinhibition in the right superior middle insula, postcentral gyrus, 
left superior frontal gyrus, and posterior thalamus (P < 0.001); apathy was related 
to hypometabolism in, most remarkably, the ventral tegmental area and left inferior 
and middle temporal gyrus, whereas eating disorders were finally associated with 
the right inferior, middle, and superior frontal gyri with a same statistical threshold 
(Schroeter et al. 2011).

Lastly, PET imaging studies in DLB patients with BPSD, although sparse, have 
been performed as well. The first study investigated visual hallucinations in 14 DLB 
patients compared to 7 DLB patients without such visual hallucinations by means 
of 18F-FDG-PET imaging (Perneczky et  al. 2008). The imaging results revealed 
hypometabolic regions at the right occipitotemporal junction and in the right middle 
frontal gyrus only in the DLB group with visual hallucinations, suggesting that 
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hypometabolism in visual association areas rather than in the primary visual cortex 
might be involved in psychosis in DLB (Perneczky et al. 2008). Also, 18F-FDG-PET 
data in ten DLB patients with delusions revealed a hypometabolism of the right 
middle frontal gyrus (BA9) and pars triangularis of the right inferior frontal gyrus 
(BA45) in comparison with non-delusional DLB patients (n = 11) (Perneczky et al. 
2009). The delusion frequency and severity subscores of the NPI within the past 
4 weeks prior to the examination were used to distinguish between delusional and 
non-delusional DLB patients. A hypometabolism of the right middle frontal gyrus 
(BA9) thus seems to be associated not only with visual hallucinations but also with 
delusions in DLB patients.

On the whole, psychosis seems more confined to right hemispheric pathologic 
disturbances in both DLB and AD, irrespective of PET or SPECT imaging (cfr. 
Sects. 9.5.1.3 and 9.7.1.3).

9.6  SPECT in the Differential Diagnosis of Dementia

The other commonly used nuclear gamma ray-emitting imaging modality besides 
PET which can provide functional information about the pathophysiological pro-
cesses of neurodegenerative diseases is single-photon emission computed tomogra-
phy (SPECT). It is well recognized that PET has a higher resolution, sensitivity, less 
artefact, and better quantitative capacity than SPECT; however, SPECT imaging is 
cheaper and more practical as a routine clinical diagnostic procedure, and SPECT 
scanners are widely installed in most hospitals (Kung et al. 2004). Limitations of a 
dual PET tracer approach, on the contrary, are the increased radiation exposure and 
costs. Another advantage of SPECT is the longer half-life of utilized radiotracers 
(123I, 13.2 hours; or the technetium isotope 99mTc (99mTc), 6.06 h), so there is no 
requirement for an on-site cyclotron and a specialized radiochemistry facility. Such 
tracers are normally produced at a commercial scale (Arora and Bhagat 2016).

9.6.1  99mTc-HMPAO-SPECT

For the differential diagnosis in dementia, the most commonly applied tracer is 
99mTc-HMPAO (hexamethylpropyleneamine oxime, also known as exametazime). 
The technetium isotope 99mTc has a half-life of 6.06 h and is bound to HMPAO 
which allows 99mTc to be taken up by the brain tissue rapidly in a manner propor-
tional to the brain’s blood flow. Many research during the last decade has indicated 
that 99mTc-HMPAO-SPECT is very valuable not only in establishing an (early) AD 
diagnosis (Bonte et al. 2006; Nagao et al. 2006) but also in distinguishing between 
different types of dementia (Pickut et  al. 1997; Charpentier et  al. 2000; Rollin- 
Sillaire et  al. 2012) or between very early AD/MCI and normal aging (Nagao 
et al. 2006).

Pickut et al. (1997) studied the discriminative use of 99mTc-HMPAO-SPECT in 
21 FTLD versus 19 age- and severity-matched AD patients. The researchers found 
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significantly more bilateral hypoperfusion of parietal lobes in the AD patients as 
compared to more pronounced bifrontal hypoperfusion in FTLD patients. This 
bifrontal hypoperfusion was afterward identified by stepwise logistic regression as 
the most significant contributing parameter to correctly classify FTLD versus AD 
patients on SPECT. Comparable with Pickut et al. (1997), Charpentier et al. (2000) 
examined 20 probable AD and FTD patients by means of 99mTc-HMPAO-SPECT 
imaging and detected 5 specific variables after the bivariate and multivariate analy-
ses with the highest predictive value rate for the differential diagnosis between both 
neurodegenerative disorders, i.e., right median frontal-, left lateral frontal-, left pari-
etotemporal-, and left temporoparietal-occipital areas as well as MMSE scores. 
Rollin-Sillaire et  al. (2012) evaluated the contribution of 99mTc-HMPAO-SPECT 
imaging to the differential diagnosis of dementia in 48 neuropathologically con-
firmed patients with a degenerative (AD or FTLD) or vascular dementia. SPECT- 
based diagnoses were then compared with clinical and neuropathological diagnoses. 
Compared with clinical diagnoses alone, SPECT imaging improved the specificity 
of the etiological diagnosis in degenerative dementia, although its sensitivity was 
not as good as that of the clinical diagnosis. Furthermore, for AD and FTLD patients, 
the agreement between the clinical and SPECT-based diagnoses was always con-
firmed by neuropathological assessment, again indicating that 99mTc-HMPAO- 
SPECT is very helpful in the differential diagnosis of dementia.

One last 99mTc-HMPAO-SPECT study quantified the heterogeneity of cerebral 
perfusion on SPECT images in elderly controls (n = 31) and very mild AD patients 
(n = 75) by using a three-dimensional fractal analysis (Nagao et al. 2006). Especially 
the posterior limbic fractal dimension significantly differed between very early AD 
and control persons so that authors concluded that 99mTc-HMPAO-SPECT imaging 
of the posterior limbic region (consisting of the hippocampal-amygdaloid complex, 
thalamus, a part of the anterior/posterior CC, and precuneus) combined with 3D 
fractal analysis may be useful in objectively distinguishing patients with very early 
AD and MCI from healthy elderly.

9.6.2  123I-IMP-SPECT

Another frequently administered SPECT imaging radionuclide to differentially 
diagnose dementia patients is the intravenous injection of N-isopropyl-p-123I-
iodoamphetamine (123I-IMP). Combined with magnetic resonance imaging (MRI), 
Goto et al. (2010) were able to distinguish patients with mild DLB (n = 19) from 
those with AD (n = 19) with a high level of accuracy. More particularly, they found 
a significantly lower striatal volume on MRI plus a lower occipital SPECT ratio in 
the DLB group as opposed to AD patients. These results, therefore, point to a strong 
and added value of MRI combined with 123I-IMP-SPECT imaging when distin-
guishing AD from DLB patients.

Hanyu et al. (2010) used the similar 123I-IMP-SPECT imaging technique in 24 
rapidly progressing and 24 slowly progressing AD patients based on annual MMSE 
score changes and assessed the possible relationship between the rate of cognitive 

Y. Vermeiren et al.



359

decline and the initial and follow-up rCBF patterns. At the initial evaluation, the 
rapidly progressing AD group had greater rCBF deficits mainly in the parietotem-
poral, frontal, and left posterior cingulate regions compared to the slowly progress-
ing AD group. Moreover, follow-up SPECT data of the rapidly progressing AD 
group showed a significant rCBF reduction in widespread regions, including pari-
etotemporal and frontal lobes, while in the slowly progressing AD group, rCBF 
patterns were reduced in rather small and more scattered regions of the parietal, 
temporal, and limbic lobes. Based on these results, Hanyu et al. (2010) suggested 
that rCBF deficits in specifically parietotemporal, posterior cingulate, and frontal 
brain regions are associated with subsequent rapid cognitive decline in AD.

9.6.3  SPECT Imaging with Cholinergic 
and Monoaminergic Radioligands

Altered neurochemical processes in AD have been described extensively throughout 
the years. One well-known example is the cholinergic denervation in cerebral AD 
pathology (Mash et al. 1985) which already occurs in very mild or even presymp-
tomatic stages of the disease. Using a sensitive in vivo cholinergic neuron marker in 
combination with regular SPECT imaging might, therefore, be useful in establish-
ing a very early AD diagnosis (Boundy et al. 1997) or in studying the involvement 
and alteration of cholinergic activity in AD brain (Boundy et  al. 2005; Mazère 
et al. 2008).

Mazère et al. (2008) used a specific marker of the vesicular acetylcholine trans-
porter, namely, 123I-iodobenzovesamicol (123I-IBVM), combined with SPECT imag-
ing to image cholinergic activity in very early AD patients (n = 8 with MMSE scores 
of 23.8 ± 1.6). In comparison with eight age-matched control subjects (28.3 ± 1.3), 
the researchers found a significant decrease in 123I-IBVM binding (47–62%) in the 
CC and parahippocampal-amygdaloïd complex of AD patients. These patterns, 
however, appeared to be independent of atrophied areas. These results suggest that 
a cholinergic degeneration already occurs in the very early stages of AD and that it 
could be associated with cognitive impairment. As a result, the imaging of choliner-
gic neurons by applying 123I-IBVM-SPECT might also be an effective approach to 
identify potential cholinergic treatment responders. With regard to non-AD demen-
tias, Mazère et al. (2017) recently evaluated the effectiveness of 123I-IBVM-SPECT 
in the fundamental study of cholinergic pathways in DLB. The authors found that 
compared to healthy volunteers (n = 12), binding potential values for DLB patients 
(n = 11) were significantly lower in the Ch4 terminal regions of the anterior CC and 
the superior and inferior parietal cortices, in the Ch5 terminal region of the thala-
mus, and in the striatum. They concluded that alterations in cholinergic transmis-
sion in the anterior CC could be closely associated with the development of 
apathy in DLB.

Another cholinergic radioligand combined with SPECT to visualize cholinergic 
brain activity, is 123I-iododexetimide (123I-IDEX), which has shown to effectively 
bind muscarinic acetylcholine receptors (mACh) (Muller-Gartner et  al. 1992). 
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Possible alterations in mACh levels were evaluated by Boundy et al. (2005) in early 
clinical AD patients (n  =  11) compared to ten age- and gender-matched control 
subjects. In this study, 123I-IDEX was combined with the previously described 
99mTc-HMPAO-SPECT technique. Boundy et  al. (2005) examined a deficit of 
123I-IDEX binding in the posterior CC of the mild AD group using a voxel-based 
approach with SPM99 software. In parallel with previous results of Mazère et al. 
(2008), this study provides further evidence for the involvement of altered choliner-
gic activity in the posterior cingulate region in early AD. Moreover, SPM99 found 
no deficits on 99mTc-HMPAO-SPECT scans, suggesting that neither atrophy nor 
hypoperfusion were involved in the reduced 123I-IDEX-binding. Based on this evi-
dence, Mazère et al. (2008) suggested that cholinergic changes in AD might proceed 
alterations in rCBF patterns. Already in 1997, Boundy et al. (1997) indicated that 
the use of 123I-IDEX combined with 99mTc-HMPAO-SPECT might be discriminative 
enough to be used in the early diagnosis of AD.

The discriminative use of radio-iodinated monoaminergic SPECT ligands might 
be another efficient approach to distinguish between AD patients and cognitively 
healthy volunteers. Versijpt et al. (2003a) assessed this possibility by studying the 
binding potential of 123I-5-I-R91150, a 123I-labeled 5-HT2A receptor antagonist. 
123I-5-I-R91150-SPECT images of 9 AD patients revealed a generally decreased 
neocortical binding potential with a significant reduction in orbitofrontal, prefron-
tal, lateral frontal, cingulate, sensorimotor, parietal inferior, and occipital regions in 
comparison with SPECT images of 26 healthy control subjects. Furthermore, 
Versijpt and colleagues found an age-related decline in 5-HT2A receptor binding 
potentials, following which they stressed the necessity for inclusion of age-matched 
study samples (Versijpt et al. 2003a).

Finally, several other monoaminergic SPECT ligands have been developed to 
distinguish AD from DLB patients based on the fact that (i) severe nigrostriatal 
neurodegeneration in DLB occurs to greater extent than in AD and (ii) clinical 
symptoms show significant overlap, particularly in early stages of the disease 
(McKeith et al. 2017). As a consequence, the differential diagnosis between both 
conditions might be very challenging (Tatsch 2008). Multiple examples of mono-
aminergic SPECT ligands targeting the dopaminergic neurotransmitter system are 
given by Tatsch (2008), of which 123I-β-CIT (123I-2beta-carbomethoxy-3beta-(4- 
iodophenyl)tropane) and 123I-ioflupane(FP)-CIT have shown to be most promising 
in correctly categorizing AD and DLB.  Both 123I-β-CIT and 123I-FP-CIT-SPECT 
imaging modalities measure presynaptic striatal DA transporter (DAT) levels, which 
were always found to be significantly lower in DLB patients compared to AD 
patients. In contrast, corresponding monoaminergic SPECT ligands which targeted 
postsynaptic DA receptors showed to be much less efficient in differentiating DLB 
from AD patients. Kasanuki and colleagues (Kasanuki et al. 2017) investigated the 
clinical relevance of 123I-FP-CIT-SPECT in prodromal DLB and concluded that 
mean striatal specific binding scores of both prodromal and clinical DLB patients 
were significantly lower than those of AD patients. Moreover, among the related 
nonmotor symptoms, duration of olfactory dysfunction and RBD demonstrated a 
negative correlation with striatal specific binding scores in prodromal DLB. Again, 
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this shows that the combination of SPECT with other disease-related biomarkers is 
preferred to increase the diagnostic specificity in (prodromal) DLB, in this case 
123I-FP-CIT-SPECT combined with measures of olfactory dysfunction/RBD.

Of note, 123I-FP-CIT-SPECT is more familiar under the tradename of “DaTscan.” 
The main advantage of 123I-ioflupane is that a steady state allowing SPECT imaging 
is reached at 3 hours after a single bolus injection of the radioligand compared with 
18–24 hours of 123I-β-CIT. Evidence shows that 123I-ioflupane uptake in the basal 
ganglia is markedly reduced in DLB compared to AD patients (Walker et al. 2002). 
Nowadays, 123I-ioflupane-SPECT is widely used in clinical routine for the differen-
tial diagnosis between PD and essential/dystonic tremor or for clinical suspicion of 
psychogenic parkinsonism or parkinsonism secondary to drugs, although it might 
also be valuable to differentiate between DLB and AD patients. In general, DaTscan 
favors the diagnostic workup of PD-related disorders (Antonini 2007).

9.6.4  SPECT Imaging of Neuroinflammation

As mentioned before, inflammation in AD primarily contributes to neurodegenera-
tion and is acknowledged to be a primary source of pathology. Consequently, 
SPECT imaging of neuroinflammation in AD brain might also be useful to differen-
tially discriminate between AD patients and control subjects. One example comes 
from Versijpt et al. (2003b), who studied neuroinflammation in AD by using the 
radioligand 123I-PK11195 with SPECT imaging. PK11195 is an isoquinoline car-
boxamide that selectively binds to PBR-TSPO which are expressed on microglia. 
Additionally, PK11195 becomes upregulated under inflammatory circumstances. 
The authors compared the SPECT images of ten AD and nine control subjects and 
showed that the mean 123I-PK11195 uptake was increased in nearly all neocortical 
regions of AD patients; however, statistical significance was only achieved in the 
frontal and right mesotemporal regions.

As a result, PK11195 may be considered a valuable cellular disease activity 
marker for the in vivo evaluation of microglial inflammation in AD, using both PET 
and SPECT.

9.6.5  SPECT Tracers Imaging Aβ Plaques

The development of PET as well as SPECT tracers for Aβ imaging represents an 
active area of radiopharmaceutical design. Finding a suitable radioligand is, how-
ever, very challenging as Aβ plaques are not homogenous and contain multiple 
binding sites for structurally different compounds (Valotassiou et  al. 2010). One 
good example comes from Kung et  al. (2004), who developed 6-iodo-2-(4′-
dimethylamino-)phenyl-imidazo[1,2]pyridine (IMPY) and 4-N-methylamino-4′-
hydroxystilbene (SB-13) as ligands for targeting amyloid plaques. The researchers 
firstly evaluated in vitro binding properties of these two potential Aβ-imaging agents 
in temporal, parietal, and cerebellar cortex of AD patients (n  =  4) and control 
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persons (n = 4). When labeled with 125I or H-3, 125I-IMPY and 3H-SB-13-SPECT, 
respectively, showed an abundant in vitro binding capacity with high binding affini-
ties for Aβ plaques in all affected brain regions of AD patients compared to very low 
specific binding in cortical tissue of control brain homogenates. These properties 
suggest that both ligands are valuable in quantifying and localizing amyloid plaque 
burden in living AD patients if labeled with 11C or 123I, even though their use war-
rants further analysis (Chen et al. 2015).

Please visit http://www.clinicaltrials.gov/ to see ongoing clinical trials concern-
ing the development of novel SPECT probes related to amyloid imaging or other 
neurodegenerative disease markers of interest for the differential diagnosis of 
dementia. As mentioned previously, Table 9.2 summarizes the most frequently used 
radiotracers for SPECT- and PET-based analysis of AD pathophysiology (apart 
from 18F-FDG for PET and 99mTc-HMPAO for SPECT).

9.7  SPECT Imaging in Neuropsychiatric Disturbances 
of Dementia

During the last two to three decades, much SPECT-related research regarding neu-
ropsychiatric disturbances in dementia has been performed. In general, literature 
comprises more SPECT- than PET-related BPSD studies for the period 1990–2010, 
whereas from 2010 onward, more PET studies have emerged. Of all BPSD, depres-
sion, apathy, and psychosis in AD have been examined the most. Besides, activity 
disturbances, agitation/aggression, and sleep disorders have also been the subject of 
SPECT research in AD, in addition to the study of psychosis and apathy in DLB and 
FTD patients.

9.7.1  Alzheimer’s Disease

9.7.1.1  Depression
One of the first studies that dealt with mood disorders in AD was published by 
Galynker et al. (2000) who examined the relationship between rCBF patterns and 
negative symptoms in AD patients (n = 25). The AD group was subdivided in a 
high- (more negative symptoms) (n = 12) and low (less negative symptoms) severity 
group (n = 13). Each patient underwent 99mTc-HMPAO-SPECT. Categorization of 
negative symptoms was performed by means of the Scale for the Assessment of 
Negative Symptoms, the HDS, and the Positive and Negative Symptom Scale. 
Authors observed a significantly lower rCBF pattern in the dorsolateral prefrontal 
cortex bilaterally (right, P = 0.002, and left, P = 0.02), the main right frontal cortex 
(P = 0.02), and CC (P = 0.022) of the high-severity AD group compared to the low- 
severity group. Results point to a significant association between negative symp-
toms and hypofrontality in AD. Somewhat later in 2003, Liao et al. (2003) tested the 
hypothesis that depression in AD is the result of a specific cerebral pathogenesis 
rather than a diffuse event, as was previously shown by Galynker et al. (2000). In 

Y. Vermeiren et al.

http://www.clinicaltrials.gov/


363

total, 43 AD patients received a behavioral assessment with the HDS and underwent 
99mTc-HMPAO-SPECT imaging. An inverse correlation was found between depres-
sion scores and cerebral perfusion in the bilateral anterior and posterior cingulate 
gyri and precuneus, which was in agreement with Galynker et al. Surprisingly, no 
hypoperfusion in (pre)frontal cortices of depressed AD patients was identified.

Akiyama et al. (2008) scrutinized previous results and used the so-called easy 
Z-score imaging system (eZIS) combined with 99mTc-ethyl-cysteinate dimer (ECD)-
SPECT imaging, another frequently used radioligand (ECD) which binds the tech-
netium isotope 99mTc, to investigate if hypoperfusion in prefrontal cortex or CC is 
associated with depression in AD. Depression scores were based on the NPI depres-
sion items, so in total 44 AD patients were subdivided into 26 depressed and 19 
nondepressed AD subjects. Data from eZIS-99mTc-ECD-SPECT scans revealed that 
mean Z-scores of the left prefrontal cortex in the depressed AD group were signifi-
cantly higher (P < 0.0125) than those in the nondepressed group. Moreover, there 
were no significant differences in Z-scores of the right prefrontal cortex or in the 
bilateral anterior CC between the two groups, which is in contrast but also in agree-
ment with previous studies who found hypoperfusion in either CC alone (Liao et al. 
2003) or in the prefrontal cortex as well as in the CC (Galynker et al. 2000). Also in 
2008, Levy-Cooperman and colleagues (Levy-Cooperman et  al. 2008) used the 
CSDD with a cut-off score of 8 or more as being indicative for depression to dichot-
omize depressed (n = 27) from nondepressed (n = 29) AD patients with the same 
99mTc-ECD-SPECT technique combined with MRI. Similarly, this study aimed to 
determine neural correlates of depressive symptoms in 56 AD patients who met the 
criteria for probable AD. Results showed a hypoperfusion in the right superior and 
bilateral middle frontal (P < 0.005), left superior frontal (P < 0.05), and anterior 
cingulate gyri (P  <  0.005) of depressed AD patients compared to nondepressed 
patients. SPM analyses also revealed a significantly lower perfusion in bilateral 
dorsolateral and superior prefrontal cortex of depressed AD patients (right, 
P < 0.005, and left, P < 0.05), which is consistent with previous reports that sug-
gested that the prefrontal cortex and CC are involved in affect and emotional regula-
tion in AD.

Finally, in 2010, Kataoka et al. (2010) again used 99mTc-ECD-SPECT but after-
ward analyzed all SPECT images with 3D stereotactic region of interest template 
(3DSRT) software to compare rCBF ratios of each brain segment between depressed 
(n = 17) and nondepressed AD patients (n = 18). Depression scores were based on 
the Japanese version of the NPI depression subscale, and AD patients had mild-to- 
moderate AD according to DSM-IV criteria. The authors found that perfusion ratios 
(rCBF patterns) on 3DSRT images of the left callosomarginal segment, i.e., left 
prefrontal cortex, were significantly lower (P < 0.05) in the depressed AD group 
than those of the nondepressed group. In comparison with their own previous study 
where they used eZIS-99mTc-ECD-SPECT instead of 3DSRT-99mTc-ECD-SPECT 
(Akiyama et  al. 2008), current results remained consistent, thus suggesting that 
frontal dysfunction is associated with the expression of depressive symptoms in AD 
patients.
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9.7.1.2  Apathy
Apathy is closely related to depression as it is one of the main components of the 
CSDD (lack of reactivity to pleasant events, loss of interest (Alexopoulos et  al. 
1988)) to decide whether or not AD patients might be depressed. Therefore, it is 
very likely that the same affected brain ROI in depressed AD patients (prefrontal 
cortex, CC) might be comparable with those of apathetic AD patients on SPECT.

The first study that agrees with this hypothesis comes from Benoit et al. (1999) 
who studied regional cerebral perfusion with 99mTc-ECD-SPECT in 20 apathetic 
AD patients rated by the apathy subscale of the NPI. Authors indeed revealed that 
the apathy NPI scores were correlated with a right cingulate deficit, whereas MMSE 
scores positively correlated with the left temporoparietal area. A comparable study 
in 2002 from Benoit et al. (2002) used 99mTc-ECD-SPECT imaging again, but this 
time in combination with SPM99 analysis. Brain perfusion patterns were compared 
between apathetic (n  =  15) and non-apathetic AD patients (n  =  15), as well as 
healthy control subjects (n = 11). SPECT data indicated that compared to healthy 
subjects, the apathy-free AD subgroup had significantly lower cerebral perfusion of 
the inferior temporal and occipital regions. In contrast, the apathy subgroup had 
significantly decreased perfusion of the left anterior cingulate, right inferior medial, 
and left orbitofrontal gyrus and right gyrus lingualis. When both AD groups were 
compared, a significantly lower perfusion in BA8, BA9, and BA10 (bilateral medial 
frontal gyri) was observed in the apathetic AD group but not in the group free of 
apathy. On the other hand, apathetic AD patients tended toward a decreased perfu-
sion in the anterior CC, even though this finding did not reach statistical 
significance.

Benoit et  al. (2004) further assessed apathy in AD by making a distinction 
between the separate behavioral, cognitive, and emotional aspects of apathy, using 
the Apathy Inventory. Thirty AD patients were included, and brain perfusion was 
once more measured with 99mTc-ECD-SPECT and SPM99 analysis. Lack of initia-
tive scores was negatively associated with perfusion in the right anterior CC, 
whereas lack of interest scores was negatively associated with perfusion in the right 
middle orbitofrontal gyrus. Lastly, emotional blunting scores inversely correlated 
with perfusion in the left superior prefrontal dorsolateral cortex.

Similarly as with Benoit et al. (2004), Robert et al. (2006) also studied the two 
major dimensions of apathy, i.e., lack of initiative and lack of interest, by using the 
Apathy Inventory combined with 99mTc-ECD-SPECT and SPM99 analysis in 19 AD 
subjects presenting this type of behavioral phenomenology compared to 12 AD sub-
jects who did not. On the whole, AD patients with lack of initiative and interest 
showed a significantly lower perfusion in the right anterior CC than AD patients 
without such specific behavior (P = 0.00012). These parallel results, however, are 
not surprising as they both resulted from the same research group and were derived 
from a rather small subgroup of patients. Nonetheless, this is yet another confirma-
tion of the CC to be involved in the pathophysiological processes of apathy in 
AD brain.

One last study that relates to apathy, as well as depression, in AD, originates 
from Kang and colleagues (2011). A rather large number of patients, namely, 81, 
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were enrolled in this prospective study. 99mTc-HMPAO-SPECT was performed to 
evaluate rCBF patterns, and according to the NPI subscores for apathy and depres-
sion, unfortunately only nine were classified as clinically depressed and nine as 
clinically apathetic. In addition, 18 more nondepressed and non-apathetic AD 
patients were classified as an age- and MMSE score-matched disease control group. 
Kang and colleagues found that depressed AD patients had a significantly lower 
perfusion in the right orbitofrontal and inferior frontal gyri than nondepressed AD 
patients, while apathetic AD patients displayed a hypoperfusion in the right amyg-
dala; temporal, posterior cingulate; and right superior frontal, postcentral, and left 
superior temporal gyri compared to non-apathetic AD patients. Also, when the 
rCBF patterns were correlated with NPI subscores in the total group of 81 AD 
patients, depression subscores negatively associated with perfusion in the left infe-
rior frontal and right middle frontal gyri, whereas apathy subscores inversely cor-
related with perfusion in the right temporal and right medial frontal gyri.

In conclusion, much evidence resulting from not only SPECT but also PET 
imaging uniformly suggests that mainly (pre)frontal areas as well as the anterior/
posterior CC are involved in the cerebral pathophysiology of depression and apa-
thy in AD.

9.7.1.3  Psychosis
Already in 1994, Starkstein et al. investigated whether delusions in AD were associ-
ated with dysfunction in specific brain areas (Starkstein et al. 1994). In total, 45 
probable AD patients received 99mTc-HMPAO-SPECT, and delusions were assessed 
by the Present State Examination so that patients were subdivided in delusional 
(n = 16) or non-delusional (n = 29). The most common delusion was “paranoia,” 
which was present in 75% of AD patients besides hypochondriac-, grandiose-, and 
infidelity-type delusions. Four patients also suffered from Capgras (impostors) and 
two from Cotard syndrome (delusions of deformity of body parts). Imaging results 
only revealed that delusional AD patients had a bilateral hypoperfusion in inferior 
and temporal lobes compared to non-delusional subjects. However, the mixture of 
different types of delusions might have accounted for the lack of laterality and loss 
of frontal significance (Ismail et al. 2012).

Somewhat later, Ponton et  al. (1995) included 15 initially non-delusional AD 
patients who underwent SPECT scanning and psychometric testing with the 
Alzheimer’s Disease Assessment Scale. Procedures were repeated 1 year later, when 
6 out of the original 15 AD patients had developed several types of delusions. When 
comparing the original baseline SPECT data between delusional (n = 6) and non- 
delusional (n = 9) subjects, the investigators found that delusional patients already 
had a significantly higher perfusion in the right hemisphere, particularly in the infe-
rior and superior temporal gyrus, the temporoparietal area, the Broca’s area, the 
prefrontal region, and the primary visual cortex. Afterward, when comparing 
SPECT data which were yielded at year one between both subgroups, a lower perfu-
sion in the right temporal region was observed in the delusional group compared 
with those who did not develop any type of delusion. Ponton et al. (1995), subse-
quently, were the first to suggest that specifically right temporal lobe dysfunction 
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might predict the onset of delusions in AD. Staff et  al. (1999) were also able to 
identify a relationship between right hemispheric hypoperfusion, namely, in right 
frontal and limbic regions, and delusions in 18 probable AD patients compared to 
15 AD patients who were free of delusions using 99mTc-HMPAO-SPECT with 
SPM. The same goes for Fukuhara et al. (2001), who investigated a very specific 
type of delusions, i.e., delusion of theft, in only nine age- and cognitive-matched 
AD patients by means of 99mTc-HMPAO-SPECT imaging and SPM. AD patients 
with delusions of theft showed a significant hypoperfusion in right medial posterior 
parietal region compared to patients without such delusions, indicating that right 
parietal dysfunction may play a role in producing this type of delusions in AD.

Nakano et al. (2006a) obtained similar results, also using 99mTc-HMPAO-SPECT, 
when examining the relationship between delusions and rCBF in AD. This time, 
however, SPECT data of 64 probable AD patients were compared to a group of 76 
age-matched controls. Delusions were assessed by the NPI delusion subscale fol-
lowing which AD patients were categorized into delusional (n  =  25) and non- 
delusional (n  =  39), without any significant difference between age and MMSE 
scores. Neuroimaging results showed that, when compared to healthy volunteers, 
AD patients had significantly decreased perfusion in the posterior cingulate gyri, 
precuneus, and parietal association cortices. In comparison with non-delusional AD 
subjects, the delusional one’s displayed a significantly decreased perfusion in the 
prefrontal cortex, anterior cingulate gyri, inferior to middle temporal cortices, and 
parietal cortex with a right hemispheric predominance (P < 0.01).

In 2010, Matsuoka et al. studied the relationship between brain perfusion and 
associated delusion severity in individuals with AD, using SPECT and NPI 
(Matsuoka et al. 2010). In total, 35 patients entered this study of which 14 suffered 
from delusions, whereas 21 did not. The delusion subscale scores of the NPI were 
negatively correlated with rCBF patterns in the right anterior insula (P < 0.01) when 
the total AD group was taken into account (n = 35). However, rCBF patterns in the 
right anterior insula were not significantly decreased in delusional AD patients 
when compared to non-delusional patients. The authors suggest that although it may 
not be responsible for the onset of delusions, the right anterior insular dysfunction 
may be responsible for exacerbation of these symptoms.

SPECT imaging has also been used to investigate gender differences in regional 
perfusion in the brains of psychotic AD patients. For instance, Moran et al. (2008) 
assessed cerebral perfusion of 51 probable AD patients with psychosis (16 males, 
35 females) compared to 52 nonpsychotic probable AD patients (19 males, 33 
females). The researchers used the Behave-AD scale to rate the presence or absence 
of psychosis within 1–2 weeks of 99mTc-HMPAO-SPECT imaging. The authors con-
cluded that perfusion was lower in female patients with psychotic symptoms in right 
infero-lateral prefrontal cortex and in inferior temporal regions compared to female 
patients without such symptoms. In contrast, perfusion was higher in male patients 
with psychotic symptoms in the right striatum compared to nonpsychotic male sub-
jects. Comparison groups did not differ in age nor dementia severity, which was 
estimated by the MMSE. These results support the role of right hemispheric pre-
frontal and lateral temporal cortex in psychosis of AD in women, but not in men, 
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and raise the possibility that there might be a gender-related regional specificity in 
the pathophysiology of psychosis in AD.

As distinct from delusions, SPECT studies examining the neuropathophysiology 
of hallucinations are very limited. For instance, Mori et al. (2006) investigated rCBF 
changes in a case of AD with music hallucinations compared to a control AD group 
(n = 747). The patient was a 73-year-old right-handed woman who developed AD at 
the age of 69. 99mTc-HMPAO-SPECT imaging data revealed that rCBF of the case 
was significantly increased in the left superior temporal and left angular gyrus com-
pared to control persons. This specific profile thus could be relevant to the neuro-
anatomical basis of music hallucinations.

In summary, delusions in AD seem to be primarily associated with right hemi-
spheric pathology as was shown not only by SPECT but also by PET imaging data 
(cfr. Sect. 9.5.1.3). More neuroimaging research, however, is mandatory with regard 
to hallucinations in AD.

9.7.1.4  Activity Disturbances
Wandering is a common activity disturbance in AD and one of the most exhausting 
for the caregiver (Rolland et al. 2003). For the moment, only Rolland et al. (2005) 
tried to study the brain’s possible underlying physiological processes of wandering 
behavior in AD patients. For this purpose, they used 99mTc-ECD-SPECT and 
NPI. SPECT scans were then compared between AD subjects with (n = 13) and 
without (n  =  13) wandering behavior. Despite similar clinical dementia severity 
based on MMSE scores, wanderers exhibited a more severely reduced rCBF in the 
left parietotemporal lobe than AD patients without wandering behavior. SPM analy-
sis further revealed a reduced rCBF in the left middle temporal gyrus (BA21) and 
left parahippocampal gyrus (BA37). Unfortunately, these results did not confirm the 
authors’ hypothesis of the involvement of the supervisory role of the frontal lobes 
and neither seemed to be associated with a dysfunction of the spatial navigation 
located in the right parietal cortex nor with a disorder of perception or reality, which 
should have involved the right temporal lobe. In contrast, wandering in AD, as phys-
ical activity and aberrant motor behavior, might enhance an extensive cortico- 
subcortical network interaction.

9.7.1.5  Agitation and Aggression
Nakayama et al. (2017) analyzed the effect of galantamine on BPSD and caregiver 
burden and treated a total of 50 mild AD patients for 12 weeks, followed by NPI 
scoring at baseline and follow-up. 123I-IMP-SPECT was performed at baseline. In 
the end, the authors could not find any significant improvement of NPI scores after 
treatment. Baseline comparison of rCBF SPECT between agitated vs. non-agitated 
AD patients based on the NPI subitems, however, demonstrated increased perfusion 
in the right prefrontal cortex in the agitated subgroup. In one patient of this sub-
group who underwent multiple SPECT scannings at 20 and 56 months after com-
mencement of galantamine treatment, the increase in the rCBF of the right prefrontal 
lobe disappeared at 20 months but, unfortunately, reappeared 36 months thereafter, 
suggesting that the magnitude of rCBF increase in this area may affect a patient’s 
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response to galantamine (Fig. 9.8). The agitated subgroup only consisted of 8 AD 
patients (compared to 42 non-agitated patients), so the observed results should be 
interpreted with caution.

Another very common behavioral disturbance in AD is aggression. So far, only 
two studies have investigated regional brain perfusion in dementia patients with this 
specific behavioral phenomenology.

The first study of Hirono et al. (2000) used a group of ten mixed dementia (MXD) 
patients, i.e., AD+CVD, with and without aggression based on the NPI subscale of 
aggression. As imaging technique, 99mTc-HMPAO-SPECT was applied, and MXD 
patients with aggression revealed a significant hypoperfusion in the left anterior 
temporal cortex (P < 0.001) in addition to the bilateral dorsofrontal and right pari-
etal cortex.

The second study of Lanctôt and colleagues (Lanctôt et al. 2004) was slightly 
different, as they used 30 aggressive and 19 nonaggressive AD patients who were 
rated by the Behave-AD and underwent 99mTc-ECD-SPECT instead of 99mTc- 
HMPAO- SPECT.  This time, diagnoses were made according to the NINCDS- 
ADRDA criteria for probable AD, thereby excluding vascular pathology. 
Unfortunately, SPECT scanning had to be performed only within 3 months of their 
behavioral assessments, which is a rather large interval. Compared with nonaggres-
sive patients, the aggressive subjects displayed hypoperfusion in the right and left 
middle temporal ROI (P  =  0.02 for both). Supplementary SPM analysis further 
revealed a right middle medial temporal hypoperfusion in the aggressive AD group 
(P = 0.008). This region includes the hippocampus, parahippocampus, and posterior 
amygdala and corresponds to BA28, BA35, and BA36. The authors, therefore, 
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Fig. 9.8 Statistical parametric map on a surface standard anatomical image following 123I-IMP- 
SPECT in agitated vs. non-agitated mild AD subjects. The map reflects regions with significantly 
higher blood flow in the group with agitation at baseline than without. The differences were found 
in the right lateral prefrontal cortex (a). The maps show the changes of rCBF in a 67-year-old 
female patient. The maps reflect regions with significantly high blood flow compared with normal 
controls. The increased region in the right lateral prefrontal cortex at baseline decreased 20 months 
after commencement of galantamine treatment but had reappeared in 36 months (b). Abbreviations: 
AD Alzheimer’s disease, rCBF Regional cerebral blood flow. Reprinted from Nakayama S et al. 
(2017) J Alzheimer’s Dis 57:267–273, with permission from IOS Press. Copyright © 2017 
IOS Press
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suggested that the right middle medial temporal region is an important neural cor-
relate of aggression in AD, which is somewhat comparable with Hirono et  al. 
(2000), who also identified the temporal cortex as an important key factor in the 
onset of aggression, although in this case the hypoperfusion was located in the left 
hemispheric temporal region.

9.7.1.6  Sleep Disorders
Sleeplessness in AD is one last behavioral variant besides depression, apathy, psy-
chosis, activity disturbances, and agitation/aggression which has been explored in 
the neuroimaging field of AD.  Noteworthy, literature contains only one related 
SPECT study so far (Ismail et al. 2009).

In this study of Ismail et al. (2009), authors aimed to investigate the possible 
association of regional cerebral perfusion and sleep loss in AD. A group of 55 AD 
patients was characterized as having or not having nocturnal sleep loss based on 
standardized AD scales assessing sleep over the previous 4 weeks. Regular 99mTc- 
ECD- SPECT imaging scans were performed when patients were in a relaxed, wake-
ful state. Afterward, SPM5 analysis was performed to compare brain perfusion 
across both groups. In addition, the two AD groups were also compared with a 
healthy control group of the same age and gender. Results showed increased perfu-
sion in the right middle frontal gyrus (BA9) (P = 0.016) in AD patients suffering 
from nocturnal sleep loss as opposed to patients who were free of sleep loss. 
Comparison with the normal control subjects indicated that the hyperperfusion in 
the right middle frontal gyrus among AD patients with sleep loss was not supreme, 
given the fact that the hyperperfusion of this region which was found in the healthy 
control group after AD patients with sleep loss versus control group comparison 
could not be exceeded. Authors thus concluded that in mild-to-moderate AD, rela-
tive hyperperfusion (rather than absolute hyperperfusion) of the right middle frontal 
gyrus might be associated with reports of sleeplessness in AD. Furthermore, this 
region might play an important role in the regulation of sleep.

9.7.1.7  Other Behavioral Disturbances
The cingulate island score (CIS) indicates the Z-score ratio of the posterior CC rela-
tive to the medial occipital area and has been evidenced to be useful for differentiat-
ing DLB from AD (Imamura et  al. 1997). It reflects the preservation of glucose 
metabolism in the mid- or posterior cingulate. Only recently, Yasuno et al. (2019) 
looked into the potential association between BPSD and CIS by applying 99mTc- 
ECD- SPECT in 17 early-stage AD patients and 13 amnestic MCI subjects com-
bined into one single group. 99mTc-ECD-SPECT images acquired from all patients 
were converted, and the CIS was determined by using the easy Z-score imaging 
system. A significant correlation between CIS and the NPI-Q was identified, with 
the increase in CIS reflecting the relative decrease in posterior CC perfusion. 
Afterward, based on a CIS of 0.39, patients with and without (i.e., NPI-Q score = 0) 
BPSD were correctly classified with a sensitivity and specificity of 72.2% and 
75.0%, respectively. The authors concluded that CIS may not only be useful in 
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discriminating DLB from AD subjects, but that it can also be a valuable and clini-
cally effective tool indicating vulnerability to BPSD at the prodromal to early 
stages of AD.

9.7.2  Other Dementia Subtypes

Personality changes such as antisocial behavior are a prominent part of the behav-
ioral symptomatology in FTD patients. This topic was studied by Nakano et  al. 
(2006b) who assessed 22 FTD patients with the NPI and categorized five types of 
antisocial behavior (stealing, traffic accident (e.g., hit and run), physical assault, 
sexual comments or advances, public urination). These antisocial behaviors were 
rated independently by three different geriatric psychiatrists who had not been given 
the information of the SPECT images. A control group of 76 healthy volunteers was 
included also, and both groups underwent 99mTc-ECD-SPECT and SPM99 analysis. 
Compared to controls, FTD patients showed a significant reduction of rCBF in the 
widespread frontal cortical areas (such as the superior, middle, and inferior frontal 
gyri), as well as in subcortical structures (particularly thalamus and caudate nuclei). 
A subsequent correlation analysis further revealed that antisocial behavioral symp-
toms were associated with reduction of the rCBF in the orbitofrontal cortex, BA47, 
BA32, the right caudate nucleus, and the left insula of FTD patients, suggesting that 
mainly a functional decline of the orbitofrontal cortex in FTD patients is related to 
antisocial behavior (Fig. 9.9). This conclusion is not surprising at all, given the fact 
that orbitofrontal cortex dysfunction is mostly associated with disinhibition, face-
tiousness, sexual and personal hedonism, and lack of concern for others (Nakano 
et al. 2006b).

The study of Roselli et  al. in 2009 targeted BPSD symptoms in 18 well- 
characterized DLB patients and measured striatal DAT levels by 123I-FP-CIT-SPECT 
imaging (DaTscan) after NPI assessment (Roselli et al. 2009). Imaging data showed 
a significant correlation between decreased DAT levels and visual hallucinations. 
Although no other correlations were observed, delusions, apathy, and depression 
were also inversely correlated to decreased caudate DAT levels when putamen and 
caudate nucleus were considered separately. Hence, these results provide important 
evidence on the involvement of mesocortical dopaminergic pathways in neuropsy-
chiatric symptoms in DLB, such as delusions, apathy, and depression.

Fig. 9.9 Results of SPM analyses displaying rCBF patterns that correlated with antisocial behav-
ioral scores in FTD patients (n = 22). Representation in stereotaxic space of cerebral regions that 
correlated with antisocial behavioral scores in FTD patients (n = 22) displayed on a 3D surface 
anatomical template (P < 0.005, not corrected for multiple comparisons). Images show that antiso-
cial behavioral symptoms are, in particular, associated with reduction of rCBF in the orbitofrontal 
cortex. Views are medial right (a), medial left (b), posterior (c), anterior (d), right lateral (e), left 
lateral (f), inferior (g), and superior (h). Abbreviations: FTD frontotemporal dementia, rCBF 
Regional cerebral blood flow, SPM Statistical parametric mapping. Reprinted from Nakano et al. 
(2006a) Neuroimage 32:301–306, with permission from Elsevier. Copyright © 2006 Elsevier Inc
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Furthermore, 99mTc-HMPAO-SPECT imaging in 14 DLB patients with halluci-
nations showed a significant inverse correlation between brain perfusion in the mid-
line posterior CC and hallucination severity, as was illustrated by O’Brien 
et al. (2005).

Finally, Nagahama et  al. (2010) utilized 99mTc-HMPAO-SPECT imaging and 
found that visual hallucinations in DLB patients (n = 100) were related to hypoper-
fusion in the left ventral occipital gyrus and bilateral parietal areas, whereas delu-
sions were rather associated with hypoperfusion in the right rostral medial frontal 
cortex, left medial superior frontal gyrus, and bilateral dorsolateral frontal cortices. 
Based on these results, the authors concluded that visual hallucinations in DLB may 
be related to a dysfunction of parietal and occipital association areas, while delu-
sions may rather be associated with dysfunctions of the frontal cortex. The latter 
statement fully agrees with similar PET research of Perneczky et al. (2008) (cfr. 
Sect. 9.5.2).

9.8  Concluding Remarks

PET and SPECT neuroimaging techniques have played an important role in the dif-
ferential diagnosis of dementia over the past three decades. They have both pro-
vided invaluable information regarding characteristic pathophysiological changes 
during the course of AD. Presently, both imaging modalities have proven to be cru-
cial to most efficiently facilitate dementia diagnosis, indicate disease staging, visu-
alize plaque burden, as well as monitor the effects of disease-modifying therapies. 
However, recent developments evinced that it is best to combine both state-of-the- 
art imaging techniques with other biomarkers of disease to considerably enhance 
differential dementia diagnostics, such as CSF Aβ1–42, T-tau, and P-tau181P measure-
ments. PET and SPECT also work very complementary. In the last 6 years, a lot of 
tau radiotracers have emerged, in addition to improved ligands for amyloid pathol-
ogy. A future challenge will be to continue developing novel radioligands which 
target different and unique aspects of the etiology of dementia, so that patients 
might be even more adequately diagnosed, perhaps in an asymptomatic or prodro-
mal phase

With regard to BPSD, PET and SPECT have repeatedly shown that depending on 
the behavioral phenomenon and dementia subtype, BPSD such as depression, apa-
thy, or psychosis are the result of a very specific, cerebral pathophysiology rather 
than a diffuse brain event. Evidence resulting from not only SPECT but also PET 
imaging uniformly suggests that mainly (pre)frontal areas and anterior/posterior CC 
are involved in the cerebral pathophysiology of depression and apathy in AD and 
MCI, even though both hypermetabolic and hypometabolic states have been 
reported, potentially due to early compensatory mechanisms in MCI. Delusions in 
AD and both delusions and visual hallucinations in DLB seem to be primarily asso-
ciated with right hemispheric pathology, as was shown by SPECT and PET research. 
For agitation in AD, only one SPECT and one PET study have been performed so 
far, with contradictory results—but with a consensus on brain regions—measuring 

Y. Vermeiren et al.



373

increased perfusion or reduced glucose metabolism, respectively, in prefrontal and 
temporal cortices. As for aggression, hypoperfusion in the temporal cortex has been 
indicated among others, following a handful of SPECT studies in AD, without con-
firmatory evidence of alike PET research. A general remark is that for PET-related 
BPSD research, studies were hitherto mostly confined to 18F-FDG as the standard 
radiotracer, so combinations of various tracers are preferred in future studies, simi-
lar as in Ng et al. (2017).

By and large, this shows that more PET and SPECT neuroimaging research is 
mandatory with special attention to activity disturbances, anxieties, hallucinations, 
diurnal rhythm disturbances, and aggression/agitation to fully characterize the 
pathophysiology of each of these neuropsychiatric disturbances in not only AD but 
also other dementia subtypes, such as FTD and DLB.
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