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Abstract

Neurodegenerative diseases, such as Alzheimer’s disease, result in cognitive decline and dementia
and are a leading cause of mortality in the growing elderly population. These progressive diseases
typically have insidious onset, with overlapping clinical features early in disease course that
makes diagnosis challenging. Neurodegenerative diseases are associated with characteristic,
although not completely understood, changes in the brain: abnormal protein deposition, synaptic
dysfunction, neuronal injury and neuronal death. Neuroimaging biomarkers — principally regional
atrophy on structural MRI, patterns of hypometabolism on 18F-fluorodeoxyglucose (FDG) PET,
and detection of cerebral amyloid plaque on amyloid PET — are able to evaluate the patterns of
these abnormalities in the brain to assist and improve early diagnosis of these conditions as well as
to help predict disease course in the future. There are unique strengths of these techniques as well
as synergies in multimodality evaluation of the patient with cognitive decline or dementia. This
review will discuss the key imaging biomarkers from MRI, 18F-FDG PET, and amyloid PET, the
imaging features of the most common neurodegenerative dementias, the role of various
neuroimaging studies in differential diagnosis and prognosis, and introduce some promising
imaging techniques currently under development.

Introduction

Neurodegenerative diseases cause progressive cognitive decline and, ultimately, dementia
affecting a growing number of people with the increasing elderly population. Alzheimer’s
disease (AD) is the leading cause of neurodegenerative dementia, followed by dementia with
Lewy bodies (DLB), frontotemporal lobar degeneration (FTLD), and even rarer syndromes
of progressive supranuclear palsy (PSP) and corticobasal degeneration (CBD). These
syndromes are caused by a progressive neuronal dysfunction and loss, which result in
characteristic symptoms and features in mid to late disease course, but overlap in cognitive
and behavioral profiles can make them difficult to distinguish clinically at presentation. This
review will introduce clinical aspects of neurodegenerative dementia, provide an overview
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of imaging modalities, review the imaging features of specific neurodegenerative dementias,
discuss the use of imaging biomarkers for differential diagnosis and prognosis, and touch
upon future directions for imaging in neurodegenerative dementia. Selected appropriately,
multimodality imaging with MRI and PET has the potential to improve diagnosis and
management of patients with neurodegenerative dementia.

Although no definitive disease-modifying therapies are yet available, appropriate and early
diagnosis allows selection of interventions and symptomatic treatments most likely to
provide benefit and avoidance of therapies that are not likely to help, but with potential to
cause side effects. Furthermore, it allows life planning for patients before that capacity is
lost and preparation for caretakers. While current therapies offer modest symptomatic
benefit and may delay institutionalization, there are considerable ongoing efforts towards
novel treatments; such therapies would likely be most efficacious if started early in the
disease course before significant neurodegeneration occurs. Current benefits of early
diagnosis are modest and difficult to quantify, leaving controversy over whether early
screening should be performed(1).

Even in affluent countries, it is estimated that at least half of dementia cases are
undiagnosed(2). Diagnosis of neurodegenerative dementia is even more challenging at
earlier stages where symptoms are subtle and the characteristic syndromic features may be
incompletely manifest. Compensatory mechanisms, termed ‘cognitive reserve’, which vary
between individuals depending on multiple factors including level of education, and patient
comorbidities such as coexisting depression may mask initial cognitive effects of
neurodegeneration. Additionally, there is heterogeneity in the clinical phenotype of
neurodegenerative condition that may obfuscate diagnosis. Most prominently, AD is
associated with several ‘atypical’ presentations that are relatively common, particularly in
early onset dementia (prior to age 65). For example, a primary progressive aphasia (PPA)
variant of AD presents with language difficulties instead of the more typical amnesia(3),
and, thus, is often confused with PPA due to FTLD spectrum neurodegeneration.

Neuroimaging biomarkers may assist in the diagnosis of neurodegenerative dementia and
may provide prognostic information. Structural MRI, 18F-FDG PET, and, more recently,
amyloid PET may be useful adjuncts to clinical examination; novel MRI techniques and new
PET radiotracers under development may further expand our diagnostic ability. These and
other biomarkers of dementia can be classified into two groups: those that evaluate
underlying molecular pathology, such as amyloid PET, and those that evaluate for evidence
of neurodegeneration, including structural MRI and 18F-FDG PET. Perfusion SPECT is also
used to evaluate for regional perfusion abnormalities; patterns tend to match those for 18F-
FDG PET but SPECT has technical disadvantages and poorer accuracy than 18F-FDG PET
(4) and is not discussed further in this review. As is the case for all diseases of the elderly,
evaluation of biomarkers must be considered in the setting of the normal volume, neural,
and synaptic losses of aging. This parallels considerations for standard psychometric testing
also used for evaluation of cognitive decline, the results of which depend upon language,
education, and culture. Comparison to age- and gender-matched normative standards are
important for the imaging specialist visually interpreting these studies and, particularly when
quantifying data from imaging tests(5).
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Structural MRI is a mainstay of evaluation of patients with cognitive deficits to help exclude
non-neurodegenerative etiologies such as vascular disease. Further, structural MRI can show
evidence of focal atrophy to suggest specific neurodegenerative diseases. While some
atrophy patterns are clear in advanced stages, quantitative post-processing techniques may
assist in early diagnosis of neurodegenerative dementias based on regional gray matter
volume and thickness. Limitations of MRI include contraindications in patients with
pacemakers and other implanted devices and study degradation by patient motion.

PET is used to evaluate a growing number of molecular targets in the brain. Clinical PET,
however, is limited to evaluation of cerebral metabolism using 18F-FDG and newer amyloid
imaging agents. Distribution of FDG in the brain depends upon regional metabolism and
blood flow, which change in response to synaptic activity and cell density. Both of these are
affected in neurodegenerative dementias, with regional differences allowing for
discrimination of the underlying etiology. Sensitivity to synaptic activity can also be a
limitation of 18F-FDG PET, as centrally-active medications and comorbid psychiatric
illness, such as depression, can change or obscure patterns from underlying
neurodegeneration(6).

Amyloid PET evaluates for the presence of fibrillar 3-amyloid deposits, one of the hallmark
pathologic substrates of AD. Three amyloid radiotracers are approved by the United States
Food and Drug Administration for clinical use: 18F-florbetaben, 18F-florbetapir, and 18F-
flutemetamol, although most studies of amyloid PET used the first agent developed, 11C-
Pittsburgh Compound B(7). While there are some differences, these agents appear to
provide similar performance for the detection of cerebral amyloid(8). Amyloid PET shows
detectable cortical uptake with high sensitivity and specificity when a moderate to severe
burden of plaque is present(9). Clinically, amyloid PET is interpreted dichotomously as
positive, indicating presence of cortical amyloid, or negative. Limitations of amyloid PET
include prominent non-specific white matter uptake for clinically available radiotracers,
making visual evaluation more difficult. Furthermore, cortical amyloid is not specific for the
presence of cognitive symptoms, affecting positive predictive value. Beyond amyloid, there
are numerous other pathologic proteins of interest for neurodegenerative diseases, including
tau and alpha-synuclein, which are targets for tracer development(10).

Medical images have traditionally been interpreted visually by imaging specialists and
referring clinicians. In order to better quantify this data, several visual ratings scales have
been developed. However, many of the changes seen in neurodegeneration are difficult or
impossible to evaluate by the human eye and high inter-rater reliability can be difficult to
achieve with visual rating scales. Much research has used manual delineation of regions of
interest or semi- or fully-automated computational tools for data extraction and
quantification, such as voxel-based morphometry. These methods allow for global and
regional quantification of brain volume or cortical thickness for MRI and of radiotracer
distribution and kinetics for PET. Computational methods can generate and evaluate
numerous regions of interest, and some groups have attempted to reduce this complexity to
summative scores(11, 12). Many studies have shown superiority of more quantitative
approaches(13, 14). While powerful, many computational approaches are not fully
standardized and can be difficult to implement, let alone validate, at other institutions.
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Normal aging

Cerebral volume loss is typical during normal aging. These changes include global cerebral
as well as more regional volume loss (Figure 1), particularly involving the prefrontal
cortex(15). Hippocampal atrophy rates are also higher than global atrophy rates in
cognitively normal individuals and increase with age(15, 16). Normally, gray matter shows
high uptake of glucose; there are mild regional decreases with aging(11) that do not match
typical patterns associated with neurodegeneration. Amyloid PET has high sensitivity for
cerebral amyloid plaque, and is often negative in cognitively normal individuals. However,
it is well established that cognitively normal individuals can have detectable cerebral
amyloid deposition. The prevalence of cerebral amyloid increases from 10-15% at age 65 to
about 50% at age 85(17). This uptake in cognitively normal individuals is thought to reflect
preclinical AD(18).

Alzheimer’s disease

AD is usually characterized primarily by memory dysfunction with insidious onset and a
long preclinical phase. While pathologic evaluation for the presence of R-amyloid neuritic
plaques and tau-protein containing neurofibrillary tangles is required for definitive
diagnosis, recent diagnostic criteria have identified biomarkers that can increase confidence
in the diagnosis of underlying AD(19). Interest in early diagnosis has identified two pre-
dementia groups. A prodromal stage is clinically synonymous to mild cognitive impairment
(MCI), defined by the presence of objective cognitive impairment without significant
functional decline (20). However, it is a heterogeneous group and many MCI patients —
sometimes the majority depending on method of classification — do not have underlying AD.
Recent criteria use the presence of biomarker evidence of amyloid pathology and
neurodegeneration to increase the confidence the MCI represents prodromal AD(20). The
presence of a ‘preclinical’ stage of AD has also been defined as including those with no
objective cognitive deficit or biomarker evidence of neurodegeneration but with evidence of
cerebral amyloid deposition(21); note that these criteria were developed for research
purposes, with the hope that defining this group could lead to future preventative or disease
modifying treatments at this stage.

The hallmark MRI biomarker for AD, and by far the most studied in all of
neurodegeneration, is hippocampal atrophy (Figure 2). Average hippocampal volume
reduction is 20-25% in AD and 10-15% in MCI(22). Visual assessment for pathologic
hippocampal atrophy at early stages is challenging, particularly in MCI, resulting in lower
sensitivity for AD. Automated methods for hippocampal evaluation have been developed
but are not widely available(23). The lack of standardized methodology for measurement of
hippocampal volumes has limited incorporation of this biomarker into clinical practice.
Computational evaluation of the entire brain for evidence of focal volume or cortical
thickness reductions show other characteristic regions affected in AD, such as the precuneus
and lateral parietal lobes; these AD signature patterns correlate with severity of cognitive
decline(12, 24).
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18F_FDG PET shows characteristic hypometabolism in the hippocampi/medial temporal
lobes, posterior cingulate, precuneus, and lateral temporoparietal cortex, with the most
reliable early changes seen in the posterior cingulate cortex(25, 26) (Figure 2). Milder but
similar regional changes are seen in MCI likely to progress to clinical AD, (5), while more
advanced AD typically shows frontal lobe involvement. It has long been held that
metabolism may become abnormal earlier in the course of AD than MRI measures(27), but
some recent evidence suggests that these neurodegenerative biomarkers may change
simultaneously(28). In typical amnestic AD, hypometabolism is usually bilateral, but may
be asymmetric(29), and spares the basal ganglia, somatosensory cortex, and occipital
cortex(26, 30). 18F-FDG PET can discriminate AD patients from healthy controls with high
sensitivity and specificity(11). Use of 18F-FDG PET has been shown to improve accuracy in
diagnosis of AD compared to clinical evaluation(31) and to change diagnosis in about a
quarter of patients(32). Amyloid PET is positive with high sensitivity for AD in series with
pathologic confirmation(33). Approximately 50% of MCI patients show positive amyloid
scans, particularly those with deficits in multiple cognitive domains(34). Cerebral amyloid
accumulation appears to start decades before onset of dementia(35) and may be the earliest
biomarker to show measurable abnormality(28).

There are several uncommon, atypical presentations of AD. These consist of the logopenic
variant of primary progressive aphasia (IvPPA), marked by a primary impairment in
language, posterior cortical atrophy (PCA), primarily associated with visuospatial
impairment, and frontal variant AD, characterized by behavioral and executive function
change(36, 37). These atypical forms represent about one third of young onset AD and at
least 5% of late-onset AD cases and pose diagnostic challenges(36). Neuroimaging
demonstrates distinct anatomic distribution of gray matter atrophy and hypometabolism
consistent with the clinical presentations of these conditions. LvPPA tends to display greater
left peri-Sylvian/temporoparietal decreases and PCA is associated with parietal-occipital
decreases(38). The pattern of amyloid deposition seen at autopsy and on amyloid PET in
these atypical presentations is not clearly distinct from typical AD(39).

Frontotemporal Lobar Degeneration

FTLD is a heterogeneous group of neurodegenerative conditions that share clinical features
and pathologic and genetic etiologies. The behavioral variant (bvFTD) is the most common
subtype, clinically characterized by early personality and behavior changes, semantic
dementia (SD) and progressive nonfluent aphasia (PNFA), demonstrate primary language
changes, and there are overlap syndromes with mixed features. Age of onset is typically
younger than AD, generally before age 65. FTLD can be associated with abnormal
aggregates of various proteins, including primarily tau-based pathology, transactive response
DNA Binding Protein-43 (TDP-43) or fused in sarcoma (FUS)(3).

MRI demonstrates frontal and anterior temporal atrophy, which can be severe resulting in
“’knife blade gyri’ appearance. Subtypes of FTLD differ in atrophy patterns (Figure 3).
BVFTD shows greatest atrophy in the anterior frontal lobes, SD typically involves the
anterior temporal lobes, and PNFA the left anterior perisylvian region, particularly left
ventrolateral prefrontal cortex. Asymmetry is common, particularly in language variants
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where the left side is more severely affected(40). Regional atrophy patterns have been used
to distinguish these three subtypes of FTLD with high sensitivity and specificity(41). There
is some evidence that atrophy patterns may relate to underlying pathologic subtype(42).
However, this link is probabilistic at best: on an individual level, each atrophy pattern can be
seen in the setting of multiple clinical subtypes of FTLD-spectrum pathologies. There are
corresponding patterns seen on 18F-FDG PET (Figure 3). BVFTD shows predominately
frontal hypometabolism, with varying involvement of the anterior cingulate cortex and
anterior temporal lobes(43). SD is associated with predominately anterior temporal lobe
hypometabolism that is usually asymmetric(44), while PNFA shows prominently
asymmetric left anterior perisylvian hypometabolism(45). Rarely, FTLD can present with an
AD pattern of hypometabolism, although usually associated with frontal
hypometabolism(5). Additionally, amyloid PET is expected to be negative in FTLD, but a
significant minority of patients have positive scans, with rates differing depending on FTLD
subtype; it is thought that these cases represent comorbid AD pathology or, more likely,
misdiagnosis of the underlying etiology (46, 47).

There are several less common neurodegenerative etiologies of dementia, including PSP and
CBD, which have been classified both as within the FTLD-spectrum and as atypical
Parkinsonian syndromes given their association with characteristic motor symptoms. PSP is
characterized by oculomotor abnormality and gait instability, with less frequent executive
function, visuospatial, and language impairments. MRI shows profound midbrain atrophy
resulting in what has been termed the *hummingbird’ appearance of the brainstem as well as
pontine, thalamic, striatal and milder frontal cortical atrophy. Superior cerebellar peduncle
atrophy is characteristic (Figure 4). 8F-FDG PET may show symmetric prefrontal and
primary/supplemental motor cortex hypometabolism, also with deep nuclear and midbrain
hypometabolism(30). CBD is often associated with a clinical constellation of findings
termed corticobasal syndrome (CBS) which includes asymmetric parkinsonism, apraxia, gait
disturbance, and alien hand phenomenon. In CBD, there is asymmetric frontoparietal
atrophy involving paracentral and parasagittal structures(48) (Figure 4). 18F-FDG PET
shows asymmetric, often unilateral hypometabolism, seen contralateral to predominant
motor symptoms, involving parietotemporal, sensorimotor cortex, prefrontal cortex, caudate,
and thalamus; asymmetry and sensorimotor cortex involvement are relatively unique(30). It
is worth noting that CBS lacks specificity with regard to underlying pathology, as it can be
seen with other FTLD-associated, as well as AD, pathology. Conversely, typical CBD
pathology can present with syndromes similar to PSP and PNFA, amongst others(49).

Dementia with Lewy Bodies

DLB is the second most common form of neurodegenerative dementia. Pathologically
similar to Parkinson’s disease, with alpha-synuclein-containing Lewy bodies on pathology,
DLB is clinically distinguished from Parkinson’s disease dementia (PDD) by presentation of
dementia before or within one year of onset of Parkinsonian movement symptoms(50). At
least 70-80% of DLB patients have cerebral amyloid plaque(51) with many cases meeting
pathologic criteria for mixed DLB/AD. The core clinical features of DLB are parkinsonism,
cognitive fluctuations and visual hallucinations. Cognitive and behavior features include
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abnormalities of executive function, attention, and visuospatial ability, hallucinations,
depression, and anxiety(50).

Structural MRI results have been variable, with cortical atrophy probably due to associated
AD pathology, as studies show that subjects with DLB but no AD pathology have brain
volumes similar to healthy controls, including volumes of medial temporal

structures(52). 18F-FDG PET shows occipital hypometabolism in addition to involvement of
regions affected by AD: posterior cingulate, temporoparietal cortex, and, less prominently,
frontal cortex, although medial temporal metabolism is generally preserved(30, 53) (Figure
5). Greater hypometabolism is correlated with worse severity of dementia(53). Amyloid
PET is usually positive in DLB, while usually negative in PDD(51). Unlike other
neurodegenerative dementias, DLB shows abnormally decreased tracer uptake in the
striatum on PET and SPECT imaging of the dopaminergic system, with 123]-FP-ioflupane
(GE Healthcare) the most widely used(54).

Differential diagnosis of dementia

In addition to sometimes overlapping clinical presentation, various etiologies of
neurodegenerative dementia can have similar appearance with a variety of imaging
modalities. Most imaging studies have focused on distinction from healthy control groups,
however differential diagnosis has also been investigated, with studies generally showing
improvement in diagnosis compared to clinical evaluation. While studies showing high
accuracy using biomarkers to differentiate between typical patients and healthy controls
demonstrate important features of disease, the most relevant studies to clinical evaluation
will interrogate the performance of the biomarkers earlier in the disease course and in less
typical presentations where clinical assessment has poorer performance; these studies are
however difficult to perform largely due to challenges of confirming true diagnoses. Thus,
although many measures have shown strong ability to distinguish between groups in
controlled studies, the utility in evaluation of individual patients will be lower due to
overlaps in biomarker results in these more challenging cases.

MRI has a central role in the differential diagnosis of dementia. It is primarily used to
exclude non-neurodegenerative etiologies of dementia (Figure 6). Vascular dementia, or
vascular cognitive impairment, is arguably the second most common etiology of dementia
and is typically associated with severe small vessel ischemic change and lacunar infarcts,
although large territory infarcts can also present with dementia. Normal pressure
hydrocephalus may be suggested based upon ventricular enlargement although imaging is
far from definitive in this population. Sporadic Creutzfeldt-Jakob Disease, a prion disease, is
often characterized by cortical, basal ganglia and medial thalamic diffusion restriction,
frequently with associated FLAIR abnormalities. Other conditions, including paraneoplastic,
infectious, and inflammatory conditions can cause cognitive decline and may be identified
on MRI. Beyond excluding alternative etiologies, MRI has utility in distinguishing
etiologies of neurodegenerative disease: studies using automated image analysis software
have found that MRI can be used to distinguish AD and FTLD(55) as well as distinguishing
subtypes of FTLD(56). Preservation of hippocampal and lateral temporoparietal volumes
favors DLB over AD(52).

J Nucl Med. Author manuscript; available in PMC 2016 January 06.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nasrallah and Wolk

Page 8

Multiple studies have shown that 18F-FDG PET is useful in the differential diagnosis of
dementia, although few have compared performance in more than two neurodegenerative
conditions and most have used clinical diagnosis as the reference standard, limiting
generalizability. Normal 18F-FDG uptake significantly reduces the likelihood of an
underlying neurodegenerative process(31). 18F-FDG PET shows high sensitivity and
specificity to distinguish AD from FTLD(13). The presence of occipital hypometabolism
can distinguish DLB from AD, which are otherwise similar, with 85-90% sensitivity and
80-90% specificity(57). Vascular dementia can also be differentiated from AD by 18F-FDG
PET, showing focal asymmetric hypometabolism with more common involvement of the
deep nuclei(58). The few studies that have studied mixed cohorts have shown high
performance in differential diagnosis(59), with estimated 87% sensitivity(60) and 81%
specificity to distinguish AD from other causes of dementia(6). Panegyres et al. showed
78% sensitivity and 81% specificity for detection of AD versus other conditions included in
the study: FTLD, DLB, PPA, and depression. Specificity was >95% for diagnosis of the
other etiologies, however sample sizes were small. Topography on PET generally shows
strong correlation with clinical syndrome, but may be less accurate in distinguishing the
underlying pathology, such as in some subtypes of PPA in which several different
pathologies can present with similar clinical syndromes and patterns of
neurodegeneration(61). Multiple studies have shown improved accuracy, improved
diagnostic confidence, and lower inter-rater variability over clinical evaluation of
neurodegenerative dementia alone(13, 31).

Amyloid PET has proven utility in the differential diagnosis of neurodegenerative dementia.
Amyloid PET can identify patients likely to have AD or DLB versus other causes of
dementia(46). This utility is highest in cases of early onset dementia, where AD and FTLD
each account for almost half of cases. Amyloid PET and 18F-FDG PET have similar
accuracy in distinguishing these diagnoses, with amyloid PET showing higher sensitivity
(47). Amyloid PET can also be used to distinguish non-amnestic presentations of AD from
FTLD and amnestic presentations of FTLD from typical AD. Primary progressive aphasia,
for example, can be associated with either AD or FTLD pathology. Amyloid PET may also
be useful to evaluate for the presence of AD pathology in patients with neurologic and
psychiatric comorbidities, which may interfere with both neurocognitive testing and alter the
metabolic pattern of 18F-FDG PET, but should not affect amyloid PET. Vascular dementia
is an important differential diagnosis for AD with distinct therapeutic options, however
patients with severe small vessel ischemic changes of the white matter or multiple infarcts
evident on MRI may have atypical findings on MRI or 18F-FDG PET. Amyloid PET is not
useful in distinguishing AD from DLB(46).

Imaging biomarkers for prognosis

Biomarkers have been extensively evaluated for efficacy in determining progression of
cognitive decline. These include neurocognitive test results, genetic tests, vascular risk
factors, and CSF sampling, in addition to imaging biomarkers(62); this review focuses on
imaging biomarkers. There are several limitations in the application of biomarker studies to
clinical use. First, the patient population included in a research study is very likely to differ
from that of any particular clinical setting, which can have an effect on biomarker
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utility(63). Second, it is important to note that proven utility of a biomarker in one phase of
disease does not indicate that it would be able to inform on prognosis at another stage, as
biomarkers appear to have a characteristic dynamic period(28). Furthermore, while many
studies derive methods for biomarker utilization, these need to be validated and standardized
in independent, larger samples.

Numerous studies have evaluated associations between brain structural measurements on
MRI and progression of cognitive decline and onset of dementia. Cross-sectional medial
temporal lobe and hippocampal volume and longitudinal measures of rate of atrophy are
sensitive and predictive structural features for future decline. Worsening MTL atrophy is
associated with greater progression to AD both for cognitively normal individuals and
MCI(64). Global atrophy is also a risk factor. Patients with atrophy on MRI at the time of
diagnosis of MCI have demonstrated greater rates of conversion to AD within 3-5 years
than those without atrophy(65). Similarly, progressors to AD amongst MCI and normal
individuals have higher rates of ventricular enlargement than those that remain stable (65,
66). Unfortunately, hippocampal atrophy is not specific to AD; for example, it is frequently
observed in some types of FTLD. Associations between atrophy and progression have been
shown in other neurodegenerative dementias. Frontal atrophy in patients with FTLD had
greater rates of cognitive decline than temporal variants(67). Atrophy rates in DLB
correlated with worsening cognitive decline(68). However, while sensitive in group
analyses, there is overlap between groups for structural MRI measures, including
hippocampal volume in AD, which may limit the usefulness for prognosis in individual
patients(65).

18F_FDG PET has also been shown to provide important prognostic information for
progression of cognitive decline. 18F-FDG PET shows high specificity; negative 18F-FDG
PET indicates progression from MCI to dementia is unlikely(5, 6). Hypometabolism in AD-
characteristic regions, including posterior cingulate, lateral temporoparietal lobes, and
medial temporal lobes is predictive of conversion from MCI to dementia(29). Declining
hypometabolism in MCI and AD is associated with greater cognitive and functional
decline(29). Use of 18F-FDG PET for prognosis of other forms of neurodegenerative
dementia has been studied much less. In one small study, non-demented individuals who
showed occipital hypometabolism were at increased risk for conversion to DLB, especially
if temporoparietal hypometabolism was also present(69). 18F-FDG PET also appears to
predict neurodegeneration in carriers of a mutation associated with FTLD prior to symptom
onset(70).

The presence of cerebral amyloid deposition has prognostic information for cognitively
normal individuals and MCI. Most studies of cerebral amyloid have shown relative stability
in demented patients, suggesting that changes in amyloid burden is not likely to provide
clinically useful information at this stage in the absence of a treatment intervention that
modulates amyloid deposition(26). Cerebral amyloid can be detected years, even decades,
before onset of cognitive decline(35). Cognitively intact patients with positive amyloid PET
have been reported in some, but not all, studies to display poorer performance on cognitive
testing(71). There is also an association between amyloid positivity and higher hippocampal
atrophy rates in healthy and MCI individuals(16). Finally, MCI and normal individuals with
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amyloid have higher rates of conversion to AD and MCI, respectively(35, 72). However, it
remains uncertain whether all cognitively normal individuals with a positive amyloid scan
will progress to dementia. The predictive value with regard to the timing of cognitive
decline is also unclear, with many individuals not displaying decline after > 5 years from a
positive study(73). Nonetheless, the study of amyloid positive, cognitively normal
individuals is a major focus of research in the field.

Fewer studies have been performed to compare the relative efficacy and contribution of
different biomarkers for estimation of prognosis in neurodegenerative dementia. Imaging
biomarkers in many cases show improved predictive ability compared to clinical evaluation/
neurocognitive testing(74), although this is not uniform. Several studies have shown slightly
higher predictive ability for 18F-FDG PET compared to structural MRI in separating MCI
from normal controls and in determining progression from MCI to AD(74), with a smaller
number of studies showing similar performance(75). Rowe et al. have shown that amyloid
PET positivity is a stronger predictor of progression of cognitively normal to MCI and from
MCI to AD than hippocampal volume, with high positive predictive value(72). One study
comparing amyloid PET and 18F-FDG PET for conversion of MCI to AD showed higher
sensitivity for amyloid PET, higher specificity for 18F-FDG PET, and similar accuracy(14).
Prestia et al. evaluated multiple biomarkers in two different cohorts, and showed that
amyloid measures had the highest sensitivity for progression to AD and hippocampal
volumes the highest specificity to exclude stable MCI, with 18F-FDG PET showing
intermediate values for both(63).

Combining biomarker data can improve prognostic ability. Adding cognitive score results to
measures of brain atrophy improved ability to predict future conversion from MCI to
AD(76). Regional volumes along with CSF biomarkers showed modestly improved ability
to predict conversion of MCI to AD over the use of either alone, with combined accuracy of
69%(77). A combination of CSF measurements of tau protein and hippocampal atrophy on
MRI was shown to identify from a population of cognitively intact individuals those who are
likely to show deterioration in cognitive testing(78). Classification schemes using baseline
MRI, PET, and CSF biomarkers have shown improved accuracy in classifying MCI patients
from cognitively normal and in predicting conversion from MCI to AD(74, 75). A general
principle that appears to be emerging is that amyloid PET may provide a more certain
etiologic diagnosis, but that neurodegenerative biomarkers, such as 18F-FDG PET and
structural imaging, may better track disease severity and the timing of progression in MCI
and perhaps cognitively normal individuals(35). Thus, these methods serve complementary
roles.

Future imaging biomarkers and technology

Novel MRI sequences and PET radiotracers have the potential to further improve evaluation
of patients with cognitive decline and dementia. These novel MRI sequences and
radiotracers are being applied in research settings and have been informative on the
pathophysiology of neurodegenerative dementia, but not yet adequately validated for routine
clinical use.
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Perhaps the most likely MRI sequence to translate to the clinic is Arterial Spin Labeling
(ASL), which measures cerebral perfusion. ASL shows hypoperfusion in regions similar to
those seen on 18F-FDG PET and with SPECT perfusion agents in AD(79). Furthermore,
differences in cerebral perfusion between AD and FTLD on ASL MRI show promise in
differential diagnosis(80). Thus, ASL could add information previously evaluated only on
PET and SPECT to a routine MRI study, although further standardization of this sequence
particularly between MRI scanner vendors will be required. MRI can also detect changes in
regional neural activation patterns using Blood Oxygen Level Dependent (BOLD)
functional MRI (fMRI), which measures local changes in blood oxygenation caused by
alterations in synaptic activity. BOLD fMRI can be used to evaluate brain activity during
specific tasks, such as a language task, or while at rest to assess regions with co-varied
BOLD signal reflecting brain network functional connectivity. Studies have detected
alterations in BOLD signal in demented patients, including decreased activation in the
hippocampi on memory tasks on fMRI(81) and disruptions in functional connectivity on
resting state fMRI1(82). These techniques currently appear more suited to research
applications than clinical evaluation at present.

Numerous PET radiotracers have been developed that are applicable to evaluation of
neurodegenerative disease. Currently, there is great interest in newly developed radiotracers
with potential to detect the pattern of deposition of tau protein, including 18F AV-1451
(formerly T807) and 18F-THK523(10, 83). Tau is the principle component of neurofibrillary
tangles, one of the hallmark neuropathologic features of AD, and also forms aggregates in
multiple other neurodegenerative diseases, including multiple subtypes of FTLD. Tau
aggregates are neurotoxic; the presence of tau aggregates is associated with
neurodegeneration. The degree and distribution of neurofibrillary tangle pathology is more
closely related to the pattern and severity of clinical symptoms in AD than amyloid(84). The
ability to provide information on the spatial distribution and extent of tau deposition make
these PET tracers more likely to better track disease severity than a scalar, global measure
like CSF tau. PET radiotracers targeting neuroinflammation/microglial activation have also
shown promise in studying AD in early studies, showing significant differences between AD
and cognitively normal groups and correlation of binding with clinical severity(85).

Recent technologic advancements have allowed construction of combined PET/MRI
scanners, which have had limited clinical use to date. These combined scanners have the
potential to acquire both MRI and PET data within the time of a single traditional MRI scan,
adding diagnostic information without additional time or testing, which can be challenging
for patients with dementia. Post-acquisition image coregistration is relatively
straightforward for the brain, so combining standard MRI and PET acquisitions on one
system adds little diagnostic information. PET/MRI scanners are uniquely capable of
simultaneous evaluation of dynamic processes in the brain, particularly using dynamic PET
acquisitions with novel radiotracers and functional MRI. These have clear potential for
research applications; it remains to be seen whether such information will be clinically
useful.
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Conclusion

Neuroimaging allows for earlier and more accurate diagnosis and prognosis for
neurodegenerative dementia and individuals with cognitive decline. Diagnostic criteria for
these conditions are being revised to include imaging biomarker findings, including recent
updates for MCI and AD(19). For AD, there is evidence for an ordered sequence of change
of imaging biomarkers, with early abnormality on amyloid PET followed by various
measures of neurodegeneration quantified on structural MRI and 18F-FDG PET (28).
Increasing efforts to combine biomarker data to further improve diagnostic accuracy must be
tested in independent and inclusive samples to prove validity. Selected appropriately,
multimodality imaging with MRI and PET has the potential to improve diagnosis and
management of patients with neurodegenerative dementia, providing complementary
information that may be acquired simultaneously with upcoming PET/MRI scanners. The
value of imaging biomarkers will be greatly enhanced with development of disease
modifying therapies.
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Figure 1.
Imaging of cognitively normal individuals. (A) Axial FLAIR shows normal appearance of

the brain on MRI in a young adult in third decade and typical appearance of a brain MRI in
the eighth decade, showing mild atrophy and mild white matter hyperintensities. (B)
Normal 18F-FDG PET shows high uptake in gray matter structures. (C) Normal amyloid
PET scan with the radiotracer 18F-florbetapir shows typical white matter uptake but no
evidence of elevated cortical binding.
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Figure2.
Neuroimaging in AD. (A) Coronal T2 and axial FLAIR MRI images show marked medial

temporal lobe atrophy involving hippocampus and subjacent entorhinal cortex, out of
proportion to global volume loss. (B) Axial and sagittal images from an 18F-FDG PET
shows typical lateral temporoparietal, posterior cingulate, and medial temporal lobe
hypometabolism. Milder frontal hypometabolism is present, also common. (C) Axial images
from a positive amyloid PET scan with 18F-florbetapir showing diffuse cortical activity with
loss of the distinction between gray and white matter.
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Figure 3.
Neuroimaging in FTLD. (A) Axial T2 images from two patients show two characteristic

patterns of FTLD: anterior temporal and frontal atrophy. Both show asymmetry and knife
blade appearance of the gyri. 18F-FDG PET shows two typical patterns: left
frontotemporoparietal hypometabolism (B, axial) versus frontal-predominant (C, axial and
sagittal).

J Nucl Med. Author manuscript; available in PMC 2016 January 06.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Nasrallah and Wolk Page 20

Figure4.
MRI appearance of PSP and CBD subtypes of FTLD. Normal sagittal T1 and axial T2

images centered on the brainstem, shown for comparison on the left in parts A and B. In PSP
(A), there is severe midbrain atrophy with ‘hummingbird’ appearance of the brainstem; note
the shortened anteroposterior dimension of the midbrain and concave superior margin. (B)
Superior cerebellar peduncle atrophy in PSP. (C) Axial T1 image shows asymmetric left
frontoparietal atrophy in CBD.
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Figure5.
18F_FDG PET in DLB. Axial images through the levels of the temporal lobes and lateral

ventricles and parasagittal image show occipital and posterior temporoparietal
hypometabolism. Note sparing of the posterior cingulate cortex and medial temporal lobes.
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Figure6.
MRI appearance of selected secondary causes of dementia. (A) Marked small vessel

ischemic changes manifested by confluent periventricular hyperintensity and subcortical
lesions on axial FLAIR. (B) Axial T2 shows enlarged ventricles in a patient with normal
pressure hydrocephalus, out of proportion to the degree of diffuse atrophy. (C) Axial FLAIR
and diffusion weighted images in a patient with CJD show diffuse cortical and asymmetric
deep gray matter signal abnormality most evident on diffusion imaging.
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