Recognizing common PET patterns
in neurodegenerative dementia

Yin Jie Chen, MD; Jucob G. Dubroff, MD, PhD; and llya M. Nusrallah, MD, PhD

eurodegeneration, primarily due
Nto Alzheimer’s disease (AD), is
the major cause of dementia.'-?
Age is a major risk factor for AD and the
prevalence of dementia is predicted to
increase dramatically with the growing
elderly population.! After AD, the most
common neurodegenerative causes of
dementia are dementia with Lewy bod-
ies (DLB) and frontotemporal lobar de-
generation (FTLD). Vascular dementia
is the only non-neurodegenerative cause
of dementia with a similar prevalence.?
Classically, neurodegenerative diseases
tend to most strongly affect specific
cognitive domains related to the specific
pattern of neurodegeneration — memory
for AD, for example — but there can be
syndromic overlap especially early in the
course of the disease.
This article reviews the appearances
of the common neurodegenerative de-
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mentia on positron emission tomography
(PET), specifically "*F-fluorodeoxyglu-
cose (FDG) PET and amyloid PET, with
the goal of increasing diagnostic ac-
curacy and confidence of practicing
radiologists in the use of PET for differ-
entiating types of dementia.

Neurodegenerative disease and the
role of ®F-FDG PET

The region of the brain affected
varies with each neurodegenerative
disease, but the underlying pathophysi-
ology is the same: progressive neuronal
dysfunction and loss, ultimately result-
ing in cognitive decline. Each cause has
characteristic clinical symptoms and
affects particular cognitive domains.
Alzheimer’s disease, for example,
shows decline in memory. The simi-
larities in clinical presentation among
these diseases, moreover, frequently
lead to diagnostic uncertainty, espe-
cially early on, when symptoms are
milder and typical cognitive findings
are only partially expressed. In fact,
when patients begin to show the earli-
est objective signs of cognitive decline,
the term Mild Cognitive Impairment
(MCI) is often used until a more certain
diagnosis can be achieved.

During the past several decades — the
last 15 years, in particular — advances
in imaging have provided biomarkers
to assist in diagnosis and provide prog-
nostic information in neurodegenera-
tive dementia. '8F-FDG uptake by the
brain is one such biomarker of inte-
grated metabolic activity, reflecting a
combination of blood flow, gray matter
volume, and synaptic function,* all of
which are affected by neurodegenera-
tion. As such, '®F-FDG as a biomarker
is not specific to a particular cause of
dementia, but rather an identifier of re-
gional neurodegeneration.

Although there is some variability
and overlap, each disease has a typical
regional pattern of hypometabolism
caused by the typical regional pattern
of neurodegeneration.’ These patterns
match those previously identified in
studies using perfusional single photon
emission tomography (SPECT) with
9mTc-ethyl cysteinate dimer (ECD)
and ®™Tc-hexamethylpropyleneam-
ine oxime (HMPAO), which measure
the patterns of regional hypoperfusion
associated with neurodegeneration.
Due to improved spatial resolution and
better diagnostic accuracy,®® F-FDG
PET has largely replaced perfusion
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FIGURE 1. Typical appearance of neurodegenerative dementias on ®F-FDG PET. (A) Normal "®F-FDG PET brain PET. (B) Typical AD pattern

COMMON PET PATTERNS IN NEURODEGENERATIVE DEMENTIA

with decreased metabolic activity in the posterior cingulate gyrus and temporal and parietal lobes. (C) Classic DLB with decreased metabolic
activity in occipital lobe and preserved posterior cingulate uptake. (D) Typical behavioral variant of FTLD with decreased metabolic activity in
frontal lobes and anterior temporal lobes. (E) Semantic variant of FTLD with asymmetrically decreased metabolic activity involving the left per-
isylvian region. The top row of images is through the superior frontal and parietal lobes; the second row through the basal ganglia; the third row

through the temporal and occipital lobes; and the fourth row shows a parasagittal slice.

SPECT in evaluating cognitive decline
and dementia in clinical practice. As a
topographic marker of neurodegener-
ation, the hypometabolism pattern on
BF-FDG PET is affected by individual
variability in neurodegeneration pat-
tern.”!? This variability is best seen in
several atypical but well characterized
presentations of neurodegenerative dis-
eases that may show patterns that differ
from the archetype.

Under the current Centers for Medi-
care & Medicaid Services (CMS) cov-

erage guidelines, '8F-FDG is approved
clinically for differential diagnosis of
AD versus FTLD in patients with cog-
nitive decline of at least six months’
duration and who meet diagnostic crite-
ria for both.!"!* The use of '*F-FDG for
this indication is based upon strong evi-
dence that typical presentations of these
diseases show clearly different patterns
of hypometabolism.>*-'* However, mul-
tiple studies have also shown efficacy in
differential diagnosis of other neurode-
generative diseases.>1

Typical patterns of '®F-FDG PET in
neurodegenerative diseases
Classically in AD, 'F-FDG PET
shows most prominently decreased
metabolic activity in the lateral tempo-
roparietal cortices, precuneus, posterior
cingulate cortices, and medial temporal
lobes, including the hippocampi. The
posterior cingulate cortex is one of the
most specific regions of abnormality
in AD on BF-FDG PET.%!0 and it must
be specifically evaluated in each case.
The frontal lobes are also frequently
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COMMON PET PATTERNS IN NEURODEGENERATIVE DEMENTIA

involved later in the disease course,
usually to a lesser degree than the tem-
poral/parietal lobes (Figure 1A/B).
These changes are typically bilateral
and symmetric, but they can show some
asymmetry. When this pattern of hy-
pometabolism, albeit usually less se-
vere, is seen in MCI patients, it suggests
underlying AD pathology and future
progression to AD. In typical AD, me-
tabolism in the occipital and somatosen-
sory cortex, as well as the deep cerebral
nuclei, is preserved.®®

In DLB, where cognitive decline
may be accompanied with hallucina-
tions, sleep disorder, and parkinsonism,
decreased metabolic activity in the oc-
cipital lobes may allow discrimination
from AD. Otherwise, DLB also shows
hypometabolism in many regions in-
volved in AD, including the tempo-
roparietal and frontal cortex (Figure
1C). Also suggestive of the diagnosis of
DLB is preservation of posterior cingu-
late cortex uptake with hypometabolism
in the adjacent precuneus and cuneus,
termed the “cingulate island sign”.!>-!7
In cases of DLB without AD pathology,
there is also sparing of medial temporal
metabolism. However, in about 70% of
cases of DLB, there is coexistent AD
pathology,'® likely accounting for a part
of the overlap in metabolic pattern be-
tween DLB and AD.

FTLD consists of a group of clini-
cally and pathologically heterogeneous
neurodegenerative conditions with var-
ied clinical features but overlapping
underlying pathologic and genetic etiol-
ogies; as a result, FTLD can show one
of several patterns on '*F-FDG PET. In
the behavioral variant of FTLD, char-
acterized by personality and emotional
changes and originally called Pick’s
disease, cerebral hypometabolism is
seen in the frontal lobes, commonly
with involvement of the anterior cin-
gulate cortex and variable involvement
of the anterior temporal lobes (Figure
1D.3%1° In the semantic dementia vari-
ant of FTLD, associated with loss of
ability to understand word meaning,
there is asymmetric left-predominant
anterior temporal lobe hypometabo-

lism (Figure 1E).>? The progressive
nonfluent aphasia variant of FTLD,
clinically associated with inability to
produce language, is characterized by
asymmetric left anterior perisylvian hy-
pometabolism. Rarely, FTLD can show
a pattern of hypometabolism similar to
classic AD, although frontal hypome-
tabolism is usually also seen in these
Cases_19,21-23

Overall, although '8F-FDG is not
a biomarker specific to a single de-
mentia entity, there is a strong body
of evidence on its high sensitivity and
specificity in differentiating dementia
types.”!%!14 Perhaps as important, a nor-
mal '"8F-FDG PET scan dramatically
reduces the probability of an underlying
neurodegenerative cause of a patient’s
clinical symptoms and portends a favor-
able prognosis.

Atypical patterns on '8F-FDG PET

Several factors affect the sensitivity
and specificity of "®F-FDG PET in neu-
rodegenerative dementia. These include
variants of AD with unusual patterns
of neurodegeneration, non-neurode-
generative diseases, of which vascular
dementia is the most common, and the
effects of medications.?*?’

Several atypical, non-amnestic pre-
sentations of AD comprise about one-
third of young-onset AD cases and
about 5% of late-onset AD cases.?®
These presentations exhibit different
patterns of cerebral hypometabolism
with regional involvement that matches
the specific patterns of cognitive de-
cline.?*? The logopenic variant of pri-
mary progressive aphasia is usually due
to AD but with primary impairment in
language, specifically word repetition,
and shows asymmetric left temporopa-
rietal hypometabolism.?? This pattern
can be similar to one of the language
variants of FTLD. The posterior cortical
atrophy variant of AD, with a charac-
teristic visuospatial impairment, tends
to have symmetric parietal-occipital
hypometabolism, a pattern overlapping
with DLB.*

Hypometabolism in the deep gray
nuclei is atypical for AD, FTLD, and

DLB in the absence of severe cor-
tical atrophy. Involvement of these
structures should raise consideration
of other etiologies, ranging from vas-
cular dementia to rare neurodegener-
ative conditions such as corticobasal
degeneration or secondary neurode-
generative diseases like Creutzfeld-Ja-
cob disease. Vascular dementia is
relatively common, accounting for 10-
20% of dementia.’'32 It is caused by
microvascular ischemia and/or multi-
ple infarctions and is highly linked with
cardiovascular risk factors. Vascular
dementia can result in atypical pat-
terns of hypometabolism on "*F-FDG
PET commonly affecting the deep gray
structures and frontal lobes, but with
variability depending on the vascu-
lar territories affected in an individual
case.’® As vascular abnormality is fre-
quently seen along with AD, this may
account for some atypical metabolic
patterns in AD patients.

Centrally active medications can
have effects on cerebral metabolism,
particularly during periods of medi-
cation changes as the brain adjusts to
the new equilibrium. Barbiturates and
sedatives have the strongest effects;
however, other medications, including
narcotics, antipsychotics, and cortico-
steroids, can have an effect.?*3> Med-
ication-induced hypometabolism can
mask an underlying neurodegenerative
condition.

Amyloid PET in neurodegeneration
Two hallmark pathologic protein ag-
gregates are present in the brain of AD
patients: B-amyloid neuritic plaques
and tau-containing neurofibrillary tan-
gles. The development of ''C Pittsburgh
Compound B (''C-PiB) PET just over
one decade ago allowed in vivo imag-
ing of B-amyloid plaques.*®*” Due to
the short, 20.3-minute half-life of the
'C radioisotope, it is not possible to
produce '"C-PiB for widespread use.
Subsequently, three fluorinated amyloid
PET tracers ('®F-florbetaben, '8F-flor-
betapir, and '8F-flutemetamol) were
developed and approved by the U.S.
Food and Drug Administration (FDA)
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FIGURE 2. Positive and negative amyloid PET scans using "8F-florbetapir (A), "8F-flor-
betaben (B), and "8F-flutemetamol (C). The presence of cortical binding for all three
radiotracers indicates the presence of moderate to severe amyloid plaque. Note the
presence of prominent white matter tracer uptake in these commercially available '6F

amyloid PET tracers.

for clinical use. *¥4° Due to more prom-
inent, nonspecific white matter tracer
binding, as part of the FDA approval
process, all commercial vendors have
been required to develop reader-train-
ing programs to ensure that readers
appropriately detect the pathological
cortical radiotracer binding. Imagers
must complete this training and fol-
low the specific guidelines described
for each radiotracer in order to inter-
pret amyloid PET studies. Clinically,
amyloid PET is interpreted as either
positive or negative for the presence
of cortical 3-amyloid plaque (Figure
2). High inter-reader agreement can be
achieved for amyloid PET.*!

The three FDA-approved amyloid
PET radiotracers have high sensitivity
for beta-amyloid deposition, with inten-
sity of binding correlated with burden of
amyloid plaque on histopathology.*>46
Specificity for amyloid plaque is also
high. Patients with AD are nearly uni-
formly positive on amyloid PET. In
addition, studies have shown that de-
tectable cortical amyloid is present in
approximately 50% of MCI patients,*’
and that these amyloid-positive MCI

patients are more likely to progress to
AD #4849 However, the detection of ce-
rebral cortical amyloid deposition does
not indicate that an individual has or
will develop AD. Deposition of cortical
amyloid plaque is commonly seen with
aging, even in people without cognitive
symptoms, with 10-15% at age 60 years
old to approximately 50% at 80 years
showing detectable cortical amyloid.>
As a result, the specificity and positive
predictive value of amyloid PET for AD
declines with increasing age.*7!

On the other hand, a negative amy-
loid PET scan indicates that there is no
significant cerebral 3-amyloid plaque,
which is incompatible with a diagno-
sis of AD and should direct clinicians
to search for alternative etiologies. To
help narrow the use of amyloid PET to a
population that is most likely to benefit,
the Alzheimer’s Association and Soci-
ety for Nuclear Medicine and Molecular
Imaging published a set of appropriate-
ness criteria, summarized in the Table.>?
Note that a growing body of evidence
shows that cerebral amyloid may start
accumulating decades before onset of
dementia and may even have detrimen-

tal effects even in cognitively normal
patients;*”>! however, due to a lack of
efficacious preventive therapies, these
groups are not likely to benefit from
knowledge of amyloid status.

The various subtypes of FTLD are
associated with several different patho-
logic protein aggregates, most com-
monly containing either tau protein or
TDP-43 (transactive response DNA
binding protein, 43 kDa).>} Due to the
absence of amyloid pathology and typ-
ically younger age of presentation of
FTLD, studies have shown high neg-
ative amyloid PET rates in FTLD as
well as strong ability to distinguish AD
from FTLD.>*36 Positive amyloid scans
in FTLD groups may represent clinical
misdiagnosis or presence of multiple
pathologies.

In contrast, about 70% of DLB pa-
tients have cerebral amyloid deposi-
tion,'® most of which meet pathologic
criteria for mixed DLB-AD.*"57 Al-
though cognitive features are initially
most prominent, DLB patients ultimately
develop parkinsonism. Clinically, DLB
is distinguished from Parkinson disease
(PD) with dementia by dementia preced-
ing or manifesting within one year after
the onset of a Parkinsonian movement
disorder.’® Like Parkinson disease, the
hallmark protein aggregates in DLB are
a-synuclein-containing Lewy bodies,
for which there is currently no clinically
available radiotracer. However, as with
PD, DLB shows decreased striatal up-
take on molecular imaging of the dopa-
minergic system,>% with '’I-ioflupane
SPECT being the most widely used
tracer in the US.

Recent developments

Historically, medical images have
been interpreted visually, with quan-
tification largely restricted to the re-
search arena. As demonstrated with
measurements of hippocampal volume
and cortical thickness decreases in AD
on structural MRI, quantification can
provide information that is difficult or
impossible to see with the human eye
with high accuracy and precision. Fur-
thermore, quantification can reliably
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FIGURE 3. Voxel-based analysis of '8F-FDG PET brain scans of two patients, with regions of
decreased metabolic activity compared to normal database highlighted in color. (A) AD patient
with decreased metabolic activity in the posterior cingulate gyrus and temporal and parietal
lobes, as well as milder involvement of the frontal lobes. (B) FTLD patient with asymmetric
decreased metabolic activity predominantly in the left frontal lobe, left anterior temporal lobes,
and left anterior cingulate gyrus. Analysis was performed using MIMneuro (Version 6.4.9, MIM

Software, Inc., Cleveland, OH).

demonstrate subtle changes over time
that carry important diagnostic and
prognostic information. PET is intrin-
sically quantifiable, as intensity directly
reflects radioligand binding. "*F-FDG
binding is correlated with cerebral me-
tabolism and amyloid PET radiotracers
correlate with cerebral amyloid bur-
den.*?°! Techniques for quantification
are starting to gain acceptance in clini-
cal image interpretation.

For brain '8F-FDG PET, many com-
mercial software packages are available
to compare a patient’s scan to a data-

base of controls, often matched for age
and gender. These analyses are most
often performed on a voxel-by-voxel
basis to quantify metabolic changes
across the whole brain. For example,
Figure 3 depicts the results from vox-
el-based analysis for an AD patient
(Figure 3A) and a FTLD patient (Fig-
ure 3B), with areas of decreased met-
abolic activity compared to the normal
database highlighted in color. These an-
alytic software packages aid the imag-
ing specialist in visualizing the overall
pattern of decreased cerebral metabolic

activity. The required complex com-
putational steps of co-registration and
voxel-based comparisons can generate
errors, particularly if there is asymmet-
ric/focal atrophy, so correlation with
direct evaluation of the patient’s images
remains critical.

Although unassisted visual interpre-
tation of amyloid PET is mandated by
the reader training programs, there are
several factors to suggest that value of
amyloid PET will be improved with
quantification. First, studies have
shown that quantification improves
reader agreement.*'*> Amyloid PET,
while sensitive, shows a low increase
in signal between negative and posi-
tive*? and high non-target white mat-
ter binding that can make detection of
cortical binding challenging for the
human eye, particularly in borderline
cases. Amyloid PET is typically quan-
tified as a standardized uptake value
ratio,®> where individual voxel uptake
is normalized to a reference region.
Historically, cerebellar uptake has been
used as reference, as the cerebellum is
known to have little amyloid deposition
even in advanced AD, although recent
studies suggest that whole white matter
uptake may be more reliable, especially
in longitudinal follow up.®3%* This sim-
ple SUVR quantification method al-
lows comparison between individuals
and to normal values, and evaluation of
change over time.® The precise role of
quantification for clinical amyloid PET
requires further investigation.

Future directions

The advancements in '8F-FDG PET
and amyloid PET have contributed
tremendously toward understanding
the underlying pathophysiology of
neurodegenerative dementia, and the
future continues to look promising.
While both '"8F-FDG PET and amy-
loid PET have demonstrated robust
clinical performance,® their role in the
clinic in the setting of other imaging
and laboratory biomarkers that have
been developed as AD continues to
evolve. The Imaging Dementia — Evi-
dence for Amyloid Scanning (IDEAS)
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Table. Summary of Appropriate Use Criteria for Amyloid PET (Adapted from Johnson, et al., 2013)*®

Current evidence supports the use of amyloid PET in patients who meet all these criteria:

or

or

1. Objectively confirmed cognitive impairment

2. Uncertain diagnosis after comprehensive evaluation by a dementia expert, with AD as a possible diagnosis

3. Result of amyloid PET expected to increase diagnostic certainty and alter management

4. Patient has persistent or unexplained MCI
Patient meets core clinical criteria for possible AD71 due to either atypical clinical course or mixed presentation
Patient has atypical early onset of progressive dementia before 65 years of age

Examples of inappropriate use scenarios

genetic mutation)
3. Non-medical use

1. Patients with high certainly for AD diagnosis, meeting clinical criteria for probable AD with typical age of onset
2. Patients without objective cognitive decline, regardless of subjective deficits, positive family history, or known

Study, which aims to evaluate the clin-
ical effect of amyloid PET on patient
management and outcomes, has been
enrolling subjects since early 2016,
provides temporary Medicare reim-
bursement for clinical amyloid PET
scans that meet appropriate use criteria
for the first time (Table). Ultimately,
the clinical fate of amyloid PET most
likely depends on future development
of disease-modifying therapies.

Beyond these established radio-
tracers, novel tracers in various stages
of development aim to target other
critical protein aggregates in neuro-
degeneration such as tau®”-%® and al-
pha-synuclein.® In the near future, it
may be possible to evaluate and quan-
tify the presence of several pathologic
protein aggregates to facilitate im-
proved and earlier diagnosis and hope-
fully provide improved estimation of a
patient’s future clinical course.
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