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SA-CME LEARNING OBJECTIVES

After completing this journal-based SA-CME
activiry, participants will be able to:

m List the recommended MRI sequences
commonly employed in structural MRI
analysis and identify region- and lobar-
specific patterns of volume loss and other
pertinent imaging findings.

m Recognize the different nuclear medi-
cine imaging agents and the imaging
patterns of the most common neurode-
generative diseases.

m Contribute to a multidisciplinary ap-
proach in the workup of neurodegenera-
tive disorders.

See rsna.orgl/learning-center-rg.

Neurodegenerative diseases are a devastating group of disorders
that can be difficult to accurately diagnose. Although these disor-
ders are difficult to manage owing to relatively limited treatment
options, an early and correct diagnosis can help with managing
symptoms and coping with the later stages of these disease pro-
cesses. Both anatomic structural imaging and physiologic molecular
imaging have evolved to a state in which these neurodegenerative
processes can be identified relatively early with high accuracy. To
determine the underlying disease, the radiologist should understand
the different distributions and pathophysiologic processes involved.
High-spatial-resolution MRI allows detection of subtle morpholog-
ic changes, as well as potential complications and alternate diagno-
ses, while molecular imaging allows visualization of altered function
or abnormal increased or decreased concentration of disease-specif-
ic markers. These methodologies are complementary. Appropriate
workup and interpretation of diagnostic studies require an integrat-
ed, multimodality, multidisciplinary approach. This article reviews
the protocols and findings at MRI and nuclear medicine imaging,
including with the use of flurodeoxyglucose, amyloid tracers, and
dopaminergic transporter imaging (ioflupane). The pathophysiol-
ogy of some of the major neurodegenerative processes and their
clinical presentations are also reviewed; this information is critical
to understand how these imaging modalities work, and it aids in

the integration of clinical data to help synthesize a final diagnosis.
Radiologists and nuclear medicine physicians aiming to include the
evaluation of neurodegenerative diseases in their practice should be
aware of and familiar with the multiple imaging modalities available
and how using these modalities is essential in the multidisciplinary
management of patients with neurodegenerative diseases.

©RSNA, 2020 * radiographics.rsna.org

Introduction
Neurodegenerative diseases are a collection of diverse, devastating, and
increasingly common processes that can cause significant distress and
expense. The most common of these, Alzheimer disease, is estimated to
affect 5.8 million people in the United States, with a projected increase
to 14 million by 2050, as per the Alzheimer’s Association (1). In 2019,
the cost to the nation from Alzheimer disease and other dementias
is estimated to be $290 billion. Although different forms of manage-
ment exist for these disease processes, treatment efficacy relies on early
diagnosis, and overall prognosis remains poor. Diagnosis relies heavily
on constellations of clinical findings, which can be difficult to detect
and nonspecific. Moreover, patients are typically diagnosed later in
the disease process (2), and many patients and families have difficulty
accepting or identifying these diagnoses on clinical grounds. Definitive
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TEACHING POINTS

B |t is important to perform a high-spatial-resolution volumetric
T1-weighted sequence with multiplanar reformation and a
T2-weighted coronal sequence. The T2-weighted coronal se-
quence should be performed perpendicular to the long axis of
the hippocampus for evaluation of the mesial temporal lobe.

B Although lack of functioning is nonspecific, it can show the
distribution of metabolic derangements, which allows differ-
entiation of disease processes in the same manner as that of
structural MRI. FDG PET and MRI are useful when used in con-
junction to confirm findings and potentially identify early ab-
normalities that have not yet manifested in structural change.

B At B-amyloid imaging, areas of increased cortical uptake are
considered abnormal and correspond to cortical deposition
of B-amyloid plaques. An internal control is used to establish a
normal uptake pattern, with the cerebellum typically used to
compare gray-white differentiation, as the cerebellum rarely
has abnormal amyloid accumulation.

B The typical pattern of hypometabolic activity in Alzheimer dis-
ease on '*F-FDG PET images involves the parietotemporal re-
gion, precuneus, and posterior cingulate gyrus, with sparing
of the sensorimotor strips and occipital region, which usually
corresponds to the atrophic changes depicted on structural
images.

B |n patients with DLB, '®F-FDG PET images show asymmetric
decreased activity in the frontotemporal lobes similar to that
depicted in Alzheimer disease. However, there is preserved
metabolism of the posterior cingulate cortex, resulting in the
so-called cingulate island sign. Alzheimer disease almost in-
variably involves the posterior cingulate gyrus, and this is a
useful differentiating factor. There is hypometabolism of the
occipital lobes, which is helpful to differentiate DLB from typi-
cal Alzheimer disease.

objective diagnosis is only possible through brain
biopsy or autopsy analysis.

Neuroimaging is advancing to a state in
which accurate and objective diagnosis and
evaluation of these neurodegenerative disor-
ders is possible. The common availability of
high-spatial-resolution MRI has made detailed
analysis of sometimes relatively subtle structural
changes possible, and the implementation of
pathophysiology-specific radiotracers in nuclear
medicine allows visualization of the underly-
ing mechanisms of these disease processes. The
radiologic and nuclear medicine modalities are
complementary, and by using an integrated
approach with the clinical presentation, early
diagnosis can be achieved, giving patients and
families an opportunity to confront the disease
and start earlier management.

Structural Imaging
Traditionally the role of neuroimaging in demen-
tia has been to exclude other possible causes that
result in cognitive impairment, such as intracranial
hemorrhage or space-occupying lesions (Fig 1).
Widespread availability and recent advances have
expanded the role of structural imaging in the as-
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sessment of neurodegenerative disorders. Struc-
tural imaging can support the clinical diagnosis
of dementia and mild cognitive impairment, and
many trials are investigating its value as a marker
for disease progression and as outcome measures
for disease-modifying treatments (3).

Knowledge of the relevant anatomic structures
is a prerequisite to performing structural assess-
ment. Often, the initial step is to assess for global
cerebral and cerebellar volume loss. This should
be followed by a more in-depth assessment for
region- or lobar-specific patterns of volume loss,
as these patterns are critical in differentiating the
neurodegenerative diseases. Many of the struc-
tures in the limbic system, such as the hippocam-
pus and entorhinal cortex (important for memory
function), are directly involved in the common
neurodegenerative disorders and are vital to
interpreting anatomic imaging (4). Another im-
portant area to evaluate is the precuneus (medial
parietal lobe), which is best evaluated on sagittal
T1-weighted MR images (Fig 2). Detection of
precuneus involvement also has potential implica-
tions in early-onset Alzheimer disease (6).

In routine clinical practice, the assessment is
usually qualitative, which may lead to ambiguity
and interobserver variability. A few quick, repro-
ducible, and cost-effective semiquantitative scales
have been described, particularly for Alzheimer
disease, such as the medial temporal atrophy
scale by Scheltens et al (7,8) on which patients
are scored on the basis of hippocampal formation
and the surrounding cerebrospinal fluid spaces.
Urs et al (9) expanded on this and described the
visual rating system, a system in which patients are
scored of the basis of the degree of atrophy of the
hippocampus, entorhinal cortex, and perirhinal
cortex (Fig 3) (9). Specialized software programs
that can provide volumetric analysis are also avail-
able for quantitative assessment.

When evaluating patients with suspected de-
mentia at our institution, we perform routine MRI
brain sequences, including diffusion-weighted
imaging, to help identify infarcts and hypercellular
lesions; susceptibility-weighted imaging to identify
blood products; and T2-weighted fluid-attenuated
inversion-recovery (FLLAIR) imaging to iden-
tify edema, encephalomalacia, and white matter
changes. It is important to perform a high-spatial-
resolution volumetric T 1-weighted sequence
with multiplanar reformation and a T2-weighted
coronal sequence. The T2-weighted coronal se-
quence should be performed perpendicular to the
long axis of the hippocampus for evaluation of the
mesial temporal lobe (Fig 4) (10).

Other neurodegenerative disorders such as vas-
cular dementia, normal pressure hydrocephalus,
Creutzfeldt—Jakob disease, and multiple system
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Figure 1. Various causes of cognitive impairment. (a) Coronal T2-
weighted MR image in a patient with progressive memory loss shows
an extra-axial mass (arrow) with broad-based dural attachment, a find-
ing most compatible with meningioma. Note the marked right frontal
vasogenic edema and leftward midline shift with transfalcine herniation.
(b) Axial contrast material-enhanced T1-weighted MR image in a patient
with a 3-month history of progressive cognitive impairment shows a large
left frontal lobe, a solid and cystic heterogeneously enhancing parenchy-
mal mass with rightward midline shift, transfalcine herniation, and left
ventricular effacement. This was a case of anaplastic oligodendroglioma.
(c) Axial "®F-FDG PET image in a patient with mild cognitive impairment
shows markedly decreased uptake in the left temporal lobe (arrow).
(d) Corresponding axial CT image in the same patient as in ¢ obtained
for attenuation correction shows an acute intraparenchymal hematoma

radiographics.rsna.org

(arrow).

atrophy, which are discussed in the following sec-
tions, can be corroborated at structural imaging.

Molecular Imaging
Multiple nuclear medicine imaging agents exist
for neurodegenerative processes, the major ones
including PET with fluorine 18 (*¥F) fluorode-
oxyglucose (FDGQG) and amyloid- and SPECT
with iodine 123 (*?’I) ioflupane. Additional new
agents are under development, including t-based
PET for imaging tauopathies.

FDG PET

FDG is by far the most common contrast agent
used in modern PET. The positron-emitting '*F
substitutes a hydroxyl group on normal glucose,
resulting in a molecule that is taken up by stan-
dard glucose transporters. This molecule is then
phosphorylated and trapped in cells, resulting in
accumulation in metabolically active cells. This
creates the metabolism map that is most com-
monly used in oncologic PET. Additionally, as
the brain is almost entirely glucose dependent
and metabolically active, it allows visualization
of the functioning cerebral cortex. Although this

obscures evaluation when looking for metastatic
disease, it can be used to visualize areas that are
either hyper- or hypofunctioning.

In neurodegenerative diseases, the underlying
pathophysiology causes damage to cerebral tissues
and alters their normal metabolism. In structural
imaging, this causes visible atrophy once enough
damage has been done. As FDG allows visualiza-
tion of metabolic derangement, it can demonstrate
areas that are not functioning properly (Fig 5).
Although lack of functioning is nonspecific, it can
show the distribution of metabolic derangements,
which allows differentiation of disease processes in
the same manner as that of structural MRI. FDG
PET and MRI are useful when used in conjunc-
tion to confirm findings and potentially identify
early abnormalities that have not yet manifested in
structural change (11).

The imaging protocol shares some similarities
with traditional oncologic PET, and guidelines
adapted from the Society of Nuclear Medicine
and Molecular Imaging (SNMMI) procedure
standards can be found in Table 1 (12). Similar
fasting and dietary restrictions are necessary with
monitoring of blood glucose levels on the day of
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Figure 2. Pertinent anatomy in structural imaging. (a) Sagittal illustration (left) and sagittal correlative T1-
weighted MR image (right) show the pertinent anatomy. Attention should be paid to the parietal lobe on para-
sagittal images, as this is the location of the precuneus that is typically affected in Alzheimer disease. (b) Small-
field-of-view coronal-oblique T2-weighted MR image with labels, obtained perpendicular to the long axis of the
hippocampus for assessment of the mesial temporal lobe, shows additional pertinent structures. Specifically, the
visual rating system for mesial temporal atrophy score should be assessed at a plane at the level of the mammil-
lary bodies (5).

Cingulate gyrus

Parietal lobe

< a Occipital

lobe

Frontal lobe
Midbrain

Pons

Hippocampus Mammillary body

,.J;,'
2, R

a. b.

Figure 3. Mesial temporal lobe assessment. Diagonal lines = gray matter of the cortex. (a) lllustration (left) and coned-down
coronal T1-weighted MR image (right) obtained for the assessment of mesial temporal atrophy show normal entorhinal
cortex (blue arrows), hippocampus, and perirhinal cortex (red arrows) volumes. (b) Corresponding illustration (left) and
MR image (right) in a patient with clinical mild cognitive impairment shows moderate to severe atrophy of the entorhinal
cortex (blue arrows) and hippocampus and moderate atrophy of the perirhinal cortex (red arrows).
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Figure 4. Recommended imaging sequences and acquisition. Sagittal high-spatial-resolution T1-weighted MR image (a) shows
the appropriate prescription (dotted lines), perpendicular to the long axis of the hippocampus, for obtaining the coronal-oblique
T2-weighted MR image (b), which is recommended for the assessment of the mesial temporal lobe (10). Solid line in a = section

from which image b was prescribed.

Figure 5. FDG PET images with
normal and abnormal findings.
(a) Axial FDG PET image in a patient
without dementia shows a high level
of cortical uptake throughout the
brain. (b) Axial FDG PET image in
a patient with advanced Alzheimer
disease shows severe cortical hy-
pometabolism involving both the
frontal and parietal lobes. Note the
relative sparing of the sensorimotor
cortices (arrows), which is a classic
finding of Alzheimer disease.

the examination. In addition to activity limitation
and environmental control after injection, patients
must have little to no external stimuli to avoid acti-
vation of different areas of the cerebral cortex. For
example, at our institution patients are typically
given eye covers (similar to those used for sleeping
on flights) to avoid occipital lobe stimulation.

Amyloid-p PET

A relatively new group of contrast agents exists
that allows visualization of abnormal amyloid
aggregation. Although the original agent was
carbon 11-Pittsburgh compound B, the current
major radiopharmaceuticals in this group are all
tagged with 8F and include ®F-florbetapir, '*F-
florbetaben, and '®F-flutemetamol. These are now
commercially available under the names Amyvid
(Eli Lilly, Indianapolis, Ind), NeuraCeq (Piramal
Group, Mumbai, India), and Vizamyl (GE Health-

care, Chicago, Ill), respectively. A similar mecha-
nism is responsible for the distribution of these
agents, wherein the molecules bind to f-amyloid
fibrils and plaques. These agents are fairly nonspe-
cific and will also bind to other amyloid deposits,
with research being conducted on the clinical util-
ity of working up systemic amyloidosis (13).

At neurologic imaging, normal white matter
takes up these agents. The mechanism is not well
understood, but research suggests it may bind
to myelin-binding proteins and could be used in
the workup of demyelinating diseases (14). At
B-amyloid imaging, areas of increased cortical
uptake are considered abnormal and correspond
to cortical deposition of f-amyloid plaques. An
internal control is used to establish a normal
uptake pattern, with the cerebellum typically
used to compare gray-white differentiation, as the
cerebellum rarely has abnormal amyloid accumu-
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Table 1. SNMMI Recommendations and Radiopharmaceutical Information for '®F-FDG PET

Imaging Parameter

Recommendations

Patient instructions
teral feeding)

Preinjection
rescheduling

Critical organ Urinary bladder

Effective dose 0.019 mSv/MBq

Image acquisition

statistics

Fast for 4-6 hours (including no intravenous administration of dextrose or paren-

Avoid caffeine and alcohol
Check blood glucose levels; levels greater than 150—-200 mg/dL. may warrant

Room should be quiet and dimly lit
Place intravenous line 10 minutes before injection
Minimize patient interaction

Administered activity (adults) 185-740 MBq (5-20 mCi)

Begins 30—60 minutes after injection
Examination lasts 5-60 minutes, depending on the injected activity and count

Three-dimensional images are commonly obtained (although obtaining two-
dimensional images is possible)

Source.—Reference 12.

lation (Fig 6) (15). Although cases with extensive
uptake are easily identified, more subtle areas of
uptake can be difficult to identify. Also, research
has shown that early-phase amyloid imaging can
have a distribution similar to that depicted at
FDG PET, allowing for metabolic information to
be obtained using multiphase imaging (16).

The imaging protocol for amyloid PET is
simple, and Table 2 details the guidelines adapted
from the SNMMI procedure standards (17).
Imaging is performed 30—-120 minutes after
injection, depending on the dose and radiotracer
used, and no special considerations are necessary
before injection or during the waiting period.

Figure 6. Normal amyloid uptake. (a) Axial
'8F-florbetaben-amyloid PET image shows nor-
mal uptake throughout the white matter, with
sparing of the cortical gray matter. (b) Axial '8F-
florbetaben-amyloid PET image shows spared
cerebellar gray matter. Gray-white differentia-
tion should be determined by internal control
using the axial imaging plane at the level of the
cerebellum, as cerebellar gray matter is almost
always spared from amyloid deposition, even in
advanced cases of dementia.

'Z]-loflupane SPECT

Parkinsonian-type diseases share a similar patho-
physiology, with loss of dopaminergic neurons.
These neurons are predominantly clustered in the
substantia nigra and contain axons that extend into
the corpus striatum, with synapses that rely on do-
pamine to be released to carry out their functions.
Dopamine then needs to be collected again by

the presynaptic terminal, which uses a transporter
called the dopamine transporter (Fig 7). The
chosen target for this transporter is ?’I-ioflupane,
commercially referred to as DaTScan (GE Health-
care). This agent allows visualization of the active
synapses in the corpus striatum. Parkinsonian
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PET

Table 2: SNMMI Recommendations and Radiopharmaceutical Information for '®F-Amyloid

Imaging Parameter

Recommendations

Patient instructions
Preinjection

Administered activity
(adults)

Critical organ
Effective dose
Image acquisition

No special considerations necessary

No special considerations necessary

I8F-florbetapir, 370 MBq (10 mCi)

I8F-florbetaben, 300 MBq (8 mCi)

I8F-flutemetamol, 185 MBq (5 mCi)

Gallbladder (or large bowel if the patient has undergone cholecystectomy)
Estimated at 4-7 mSv

18F-florbetapir, 30-50-minute wait, 10-minute examination
8F-flutemetamol, 90-minute wait, 10-20-minute examination
18F-florbetaben, 45—-130-minute wait, 20-minute examination
Recommended to obtain three-dimensional images

Source.—Reference 17.

Figure 7. lllustration shows a

synapse at a dopaminergic neu- Dopamine

ron. The green terminal is the pre- Transporter (DAT)
synaptic terminal, and the orange

terminal is the postsynaptic termi- \
nal. Dopamine molecules are cre-

ated in the presynaptic neuron and o
transported into vesicles by vesicu- ° e
lar monoamine transporters. These
vesicles release the dopamine mol-
ecules into the synapse, where the
dopamine can then interact with
dopamine receptors (D7 and D2
receptors). The dopamine can then
either be degraded by catechol-O-
methyltransferase (not shown) or
taken back up into the presynaptic
neuron and recycled through the
dopamine transporter. The dopa- o
mine transporter is the target of (b1
binding, allowing identification of | Receptors
dopaminergic neurons.

D2

diseases cause destruction of dopaminergic
neurons, which causes wallerian degeneration of
the axons and loss of the dopaminergic synapses,
resulting in decreased or absent radiotracer ac-
cumulation at the site of these synapses in the
corpus striatum. Normal distribution has a comma
appearance, with the curved uptake in the caudate
heads and putamina. Patients with parkinsonian
diseases begin with loss in the putamina, result-
ing in a period appearance, which can progress to
almost complete loss of uptake (Fig 8).

There are a few considerations before beginning
ioflupane imaging. Table 3 describes the guidelines
adapted from the SNMMI procedure standards
(18). Pharmaceuticals with a heavy a-adrenergic
effect can severely impair ioflupane binding. Since
this agent uses ?’I, unwanted radioactivity can
accumulate in the thyroid gland. This can be pre-
vented by administering oral iodine or potassium
perchlorate to saturate and protect the thyroid.

Receptors °
(-]
[+]
©

Vesicular
Monoamine
Transporter (VMAT)

loflupane

Dopamine
Molecules

t-based PET

One of the newest imaging agents available uses the
binding of 1 proteins. These agents bind to intra-
and extracellular neurofibrillary tangles. Although
many are currently in development, the agent with
the largest amount of traction was referred to as
18F-AV-1451 during research but now has the name
18F-flortaucipir. These agents have good target-to-
background ratios, with healthy patients exhibit-
ing minimal uptake. However, off-target binding
can sometimes be depicted in the basal ganglia in
otherwise healthy patients (19). The accumulation
of a radiotracer should correspond to the pathologic
areas of abnormal t accumulation, such as within
the hippocampal body and precuneus in cases of
Alzheimer disease. Because of the good target-
to-background ratio, even low-level uptake at the
mesial temporal lobes and entorhinal cortices can
represent early pathologic changes of Alzheimer
disease corresponding to Braak stages I and II.
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Certain tauopathy-type diseases demonstrate
abnormal activity in the affected areas (Fig 9).
Tauopathies predominantly accumulate two
abnormal types of T protein, three repeat (3R)
and four repeat (4R). Research demonstrates that
diseases that accumulate both 3R- and 4R-type
misfolded t proteins result in the most radio-
tracer accumulation, examples of which include
Alzheimer disease, chronic traumatic encepha-
lopathy, and progressive supranuclear palsy (20).

Figure 8. '?l|-loflupane SPECT images
with normal and abnormal findings.
(a) Axial SPECT images of the brain in a
patient without Parkinson disease show
bilateral uptake throughout the corpus
striatum, with radiotracer uptake in the
caudate heads and putamina. This has
a comma appearance (arrows) at the
appropriate levels. (b) Axial SPECT im-
ages in a patient with Parkinson disease
show overall significantly decreased
radiotracer uptake (note the increased
image noise), with the most significant
loss in the bilateral putamina. Preserved
uptake in this case is depicted in the cau-
date heads, with a period appearance
(arrows).

Research also demonstrates that the distribution
of radiotracer uptake can also be helpful in dif-
ferentiating the underlying cause of neurocogni-
tive impairment. For example, while Alzheimer
disease demonstrates uptake corresponding to

the areas outlined by the Braak staging system,
chronic traumatic encephalopathy has been shown
to demonstrate diffuse uptake along the gray-white
junction related to the underlying cause of chronic
injury and shear forces at these locations (21).
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Table 3: SNMMI Recommendations and Radiopharmaceutical Information for '2l-loflupane SPECT

Imaging Parameter

Recommendations

Patient instructions

Preinjection

Administered activity (adults)
Critical organ

Effective dose

Image acquisition

Cocaine, amphetamines, methylphenidate, ephedrine, and phentermine should
not be used, as these severely reduce ioflupane binding

Bupropion, fentanyl, and anesthetic use may also interfere

Administration of a single 400-mg dose of potassium perchlorate, potassium
iodide solution, or Lugol solution (equivalent to 100 mg of iodide) 1 hour
before tracer injection is recommended to protect the thyroid

111-185 MBq (3-5 mCi)

Urinary bladder

0.021-0.024 mSv/MBq

SPECT should start 4-6 hours after injection

The interval is recommended to be fixed at an institution to avoid inter- and
intrasubject variability

Examination time is typically 30-45 minutes (1.5 million total counts)

Source.—Reference 18.

Figure 9. Normal and abnormal
findings on t-PET images. (a) Axial
'8F-AV-1451 ©-PET image obtained
at the convexities shows minimal
radiotracer uptake. Additional
imaging throughout the brain
(not shown) did not show signifi-
cant focal uptake at any location.
(b) Axial ©-PET image of a patient
with cognitive impairment shows
discrete abnormal radiotracer ac-
cumulation (arrow) in the right
parietal lobe.

Computer-assisted

Quantitative Evaluation
In nuclear medicine, quantification of uptake is
possible based on the counts in a specific area.
Standardized uptake values as used in oncologic
PET are difficult to use, and the extensive data
required to truly standardize the measurements do
not yet exist. However, comparing uptake to that
in known normal examinations can allow relative
quantitative regional measurements and generate
maps corresponding to the standard deviations of
uptake from normal examinations. Datasets con-
taining numerous normal examinations are gener-
ated, and through machine learning, algorithms are
able to learn the normal distribution of uptake. This
algorithm can be applied to abnormal cases and
generate color maps to visually demonstrate areas
that have abnormally decreased uptake that fall

outside a specified set of standard deviations below a
certain z score (Fig 10), in which the z score reflects
the number of standard deviations from those of
normal uptake, similar to that in a dual-energy x-ray
absorptiometry examination. This functionality ex-
ists in multiple available software packages for both
PET and SPECT. This technique can be helpful

for identifying subtle areas of abnormality (22), and
it can be used in research protocols as a method of
quantification for a more regimented comparison.

Pathophysiology of
Neurodegenerative Diseases
The various neurodegenerative diseases are charac-
terized by unique disturbances on the histopatho-
logic level. Although the exact mechanisms that re-
sult in the development of these diseases are mostly
unknown, these entities can be loosely grouped
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Figure 10. Computer-aided quantitation in FDG PET. (a) Sagittal color map of the z score of FDG uptake in a normal
subject shows only minimal decreased uptake at the left mesial temporal lobe (arrow). (b) Sagittal color map in a
patient with Alzheimer disease shows characteristic markedly decreased uptake along the cingulate gyrus (red arrow)
and left precuneus region (green arrow). In these examples, light blue areas represent a z score between 1.6 and 2.3
(95-99th percentile), dark blue areas are between 2.3 and 3.1 (99-99.9th percentile), and purple areas are below 3.1
(99.9th percentile) standard deviations from those of normal examinations.

- el R T S B L e { y
Figure 11. B-amyloid staining. Photomicrograph of the mid-
frontal cortex with amyloid-B-5 staining in a patient with de-
mentia shows numerous aggregates of extracellular amyloid
plaque (circles). Amyloid deposition is also depicted along
adjacent vascular walls (arrow). These aggregates are the site
of binding of amyloid PET radiotracers. Although the pres-
ence of amyloid aggregates is sensitive for the detection of Al-
zheimer disease, it is not highly specific and can be visualized
in Alzheimer disease and certain cases of dementia with Lewy
bodies (DLB). The significance of these plaques is still not well
understood, and they may be either primary or secondary find-
ings to the underlying disease process.

into categories that share an over-arching similar
histopathology. This is imprecise and in some cases
there is significant crossover, but recognizing the
basis of these changes is essential for understanding
which molecular imaging modalities can be applied
to which disease. The three that relate the most to
imaging are the concept of tauopathies, f-amyloid
accumulation, and a-synucleinopathies.
Tauopathies are characterized by the aggre-
gation of misfolded 1 proteins. The t proteins

stabilize neural microtubules in the normal brain.
When misfolded, they clump and destabilize mi-
crotubules, causing dissolution and the formation
of neurofibrillary tangles. Entities that fall into this
group include frontotemporal lobar degeneration
(FTLD), corticobasal degeneration, and progres-
sive supranuclear palsy. As mentioned previously,
misfolded proteins come in two main varieties, 3R
and 4R isoforms, and different disease processes
accumulate different isoforms (20). Interestingly,
chronic traumatic encephalopathy also results in
the abnormal accumulation of 3R and 4R 1 ag-
gregates (23). Alzheimer disease also has 3R and
4R 1 aggregates but is considered a secondary
tauopathy given the equal or greater representation
of B-amyloid accumulation in the disease process
(24).These agents can be imaged by t agents such
as F-AV-1451 (or "*F-flortaucipir).

B-amyloid accumulation is one of the primary
aberrations in patients with Alzheimer disease. Ex-
tracellular amyloid plaques are the classic finding
(Fig 11), although evidence suggests intracellular
amyloid accumulation also plays a role (25). These
plaques can be detected by amyloid-specific agents.
Although Alzheimer disease is typically the entity
defined by amyloid plaques, amyloid accumulation
(and therefore abnormal amyloid nuclear imaging)
can be depicted in other entities as well (26-28).

Abnormal accumulation of a-synuclein is de-
picted in cases of neurodegenerative disease with
Lewy body inclusions (Fig 12). The diseases mak-
ing up the a-synucleinopathy subgroup are Parkin-
son disease, dementia with Lewy bodies (DLB),
and multiple system atrophy. Clinically, these
entities demonstrate parkinsonian symptoms with
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Figure 12. Staining with o-synuclein. Photomi-
crograph of the amygdala with 81A staining of
a-synuclein in a patient with DLB shows numer-
ous intracellular a-synuclein inclusions (circles), re-
ferred to as Lewy bodies. Note the appearance of
the relatively normal neurons (arrows), which have
no visible inclusions. Clinically available radiotracers
for a-synuclein do not exist. However, these inclu-
sion bodies are cytotoxic and result in neuronal loss,
which is the basis for dopaminergic neuron and syn-
apse loss that can be visualized with ioflupane (do-

pamine transporter) imaging.
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Figure 13. lllustrations show the Braak t staging system in Alzheimer disease in three different imaging planes. Braak
stages | and Il (orange areas) are characterized by abnormal t aggregation at the entorhinal cortex, with early involve-
ment at the hippocampus. Braak stages lll and IV (green areas) are characterized by more advanced hippocampal
aggregation and further involvement of the limbic system. Braak stages V and VI (purple areas) are characterized by
extension into the neocortex, specifically involving the precuneus, temporal lobes, and lingual gyrus. This staging pre-
dicts the sequence of findings at structural imaging, FDG PET, and t-based PET.

damage to the basal ganglia and visual cortices.
Because of the damage to the basal ganglia, these
are typically abnormal on #I-ioflupane SPECT
images. Of interest, a-synuclein also accumulates in
the gastrointestinal tract, resulting in gastrointesti-
nal symptoms (29).

Alzheimer Disease
Alzheimer disease is the prototypical neurodegen-
erative disease. This is by far the most common
neurodegenerative disease, accounting for the
majority of patients with dementing disorders. This
translates into a total disease incidence of as high as
20 million, with 5 million new diagnoses each year.
Per total population, this accounts for nearly 5% of
all individuals 65 years of age or older (30). Some
estimates are even higher at 6%—-10% (31). Annual
costs worldwide in 2015 were estimated at over

$950 billion, with a cost per patient of $19000 (32).

Histopathologically, this disease is character-
ized by the accumulation of B-amyloid plaques
and misfolded t protein neurofibrillary tangles.
B-amyloid deposition patterns and the signifi-
cance of amyloid burden to clinical symptoms
is not well understood (33), but t protein depo-
sition does follow a more predictable pattern,
which is classified by the Braak staging system

(34).This is broken down into six stages, where
stages I and II show uptake at the entorhinal cor-
tex, III and IV are in the limbic system and hip-
pocampus, and V and VI are spread throughout
the rest of the cortex (Fig 13). These misfolded t
proteins are a mixture of 3R and 4R isoforms.

Clinically, Alzheimer disease begins as mild
cognitive impairment, which slowly progresses to
outright dementia. Diagnostic criteria are com-
plex, but generally diagnosis requires an insidious
onset (rapid-onset dementia is concerning for
other causes, such as Creutzfeldt—Jakob disease),
amnesia with loss of short-term recall, language
deficits starting with word-finding abnormalities,
and loss of spatial orientation. Importantly, these
symptoms must be enough to impair daily life
(35). The slow onset and capability to compensate
contribute to difficulty and delay in diagnosis. Ad-
ditionally, there are atypical variants that exhibit
symptoms more similar to those of FTLD, as
discussed in the next section.

The earliest atrophic changes in Alzheimer
disease on structural MR images are depicted in
the entorhinal cortex (Brodmann area 28), and
eventually in the hippocampus (36). The atro-
phic changes then typically follow a predictable
pattern following the pathologic Braak staging
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Figure 14. Alzheimer disease. (a) Sagittal T1-weighted MR image in a patient with memory loss shows dis-
proportionate moderate volume loss in the precuneus (arrow), a finding suspicious for Alzheimer disease. The
remainder of the brain parenchymal volume is relatively preserved. (b) Sagittal '®F-FDG PET image shows cor-
responding decreased activity in the precuneus (arrow). Image inset shows a coronal section through the middle
of the brain in this particular case to aid in lateralization. Normal uptake is depicted in the frontal and occipital
regions, reinforcing the diagnosis of Alzheimer disease.

system involving the neocortex, particularly the
precuneus. The typical pattern of hypometabolic
activity in Alzheimer disease on 8F-FDG PET
images involves the parietotemporal region,
precuneus, and posterior cingulate gyrus, with
sparing of the sensorimotor strips and occipi-
tal region, which usually corresponds to the
atrophic changes depicted on structural images
(Fig 14). However, in some cases the molecular
imaging findings may show advanced hypometa-
bolic activity without region-specific changes at
structural imaging (Fig 15). Many Alzheimer
disease variants, such as language, visual, and
dysexecutive variants, are currently under in-
vestigation, and they tend to follow the general
distribution as previously described, with few
relatively distinct areas of uptake (37).

Amyloid imaging agents show abnormal
cortical uptake corresponding to the f-amyloid
accumulation. Classic uptake is usually sym-
metric and diffuse throughout the cortical gray
matter, with sparing of the cerebellum, which
is used as an internal control (Fig 16). Studies
have shown relatively little variation in uptake
across Alzheimer disease and its variants, and
amyloid accumulation irrespective of the burden
may result in increased vulnerability for early-
onset Alzheimer disease (38). Although amyloid
deposition can be diagnosed in patients without
clinical dementia, negative amyloid uptake has
a good negative predictive value for Alzheimer
disease. The 1 imaging agents show uptake dis-
tribution following the patterns described in the
Braak staging system, which is readily detect-
able given the overall minimal normal levels of
uptake (39).

Dementia with Lewy Bodies
DLB is the second most common primary de-
menting neurodegenerative disorder after Al-
zheimer disease. Estimates predict 10%—25% of
dementia cases are related to DLB (40). However,
it is likely that this specific disorder is underdiag-
nosed owing to a general lack of awareness and
misdiagnosis as traditional Alzheimer disease.

DLB is defined histopathologically by the
aggregation of Lewy bodies, which is similar to
that which occurs in Parkinson disease. These
Lewy bodies are clumps of misfolded a-synuclein
proteins, which create inclusions that can be
visualized under a microscope. There is a sepa-
rate Braak staging system for Lewy body aggrega-
tion, which was originally described in Parkinson
disease. This suggests that Lewy body progres-
sion starts peripherally, migrating to the pons and
midbrain, then eventually spreading through the
supratentorial regions. Because of the spread of
involvement, this results in damage to dopami-
nergic neurons centered at the substantia nigra
and basal ganglia (41).

Clinically, DLB is characterized by progressive
cognitive decline accompanied by parkinsonian
and visual symptoms, frequently visual hallu-
cinations. This is similar to Parkinson disease
dementia, which is differentiated from DLB
by the order of onset, in which parkinsonism
without cognitive decline appears first, followed
by dementia (42). Similar to Parkinson disease,
there are significant gastrointestinal symptoms,
including constipation, nausea, vomiting, and
gastroparesis. These symptoms are attributed to
Lewy body deposition within enteric neurons
throughout the gastrointestinal tract.
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Figure 15. Alzheimer disease. (a, b) Coronal (a) and sagittal (b) T1-weighted MR images in a patient with suspected Alzheimer disease
show mild-to-moderate generalized volume loss. (¢, d) Axial (c) and sagittal (d) "®F-FDG PET images show markedly decreased activity
in the bilateral frontal lobes and precunei. Image insets show a coronal section through the middle of the brain in this particular case
to aid in lateralization. (e) Axial '8F-florbetaben image shows diffuse cortical uptake, which is a grossly abnormal finding, confirming
amyloid deposition. Corroborative imaging findings are supportive of the clinical diagnosis of Alzheimer disease.

Structural imaging findings are less conspicu-
ous and nonspecific in DLLB compared with
those of Alzheimer disease and FTLD. There
is relative preservation of the mesial temporal
lobe and less severe atrophy of the hippocam-
pus compared with those of Alzheimer disease
(42). Additionally, the swallow tail sign has been
described for the normal appearance of nigro-
some 1 in the substantia nigra on axial high-spa-
tial-resolution susceptibility-weighted images.
Nigrosome 1 demonstrates high signal intensity
on axial susceptibility-weighted images and is
surrounded by low signal intensity, resembling a
swallow’s tail. Absence of the normal high signal
intensity (absent swallow tail sign) is reported
to have high diagnostic utility in parkinsonian
neurodegenerative diseases and can be support-
ive of a DLB diagnosis (43). In patients with
DLB, 8F-FDG PET images show asymmetric
decreased activity in the frontotemporal lobes
similar to that depicted in Alzheimer disease;
however, there is preserved metabolism of the
posterior cingulate cortex, resulting in the so-

called cingulate island sign (Fig 17). Alzheimer
disease almost invariably involves the posterior
cingulate gyrus, and this is a useful differentiat-
ing factor (44). There is hypometabolism of the
occipital lobes, which is helpful to differentiate
DLB from typical Alzheimer disease.
12]-ioflupane SPECT images will show de-
creased striatal uptake in DLB, beginning in the
putamen and resulting in a period appearance
with sparing of the caudate head (Fig 18), in
contradistinction to that in healthy patients and
patients with Alzheimer disease, in which there
is a comma appearance of the normal striatal
uptake. This can be asymmetric and later in the
disease can progress to also involve the caudate
head. This can be helpful to corroborate findings
depicted on MR and FDG PET images.
Unfortunately, f-amyloid imaging may not
adequately differentiate DLLB from Alzheimer
disease, as many cases may exhibit significant
abnormal f-amyloid accumulation. However,
Parkinson disease dementia has been shown
to exhibit lower levels of abnormal -amyloid
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Flgure 16. Patient with memory loss. (a) Saglttal T1-weighted MR image in a patlent with memory loss shows relatively

preserved cortical volume. (b) Axial '8F-florbetaben image at the level of the lateral ventricles shows diffuse abnormal uptake,
confirming amyloid deposition. (c) Axial image at the level of the cerebellum shows preserved gray-white differentiation.
(d, e) Axial susceptibility-weighted minimum intensity projection images at the level of the atria (d) and body (e) of the lateral
ventricles show multiple areas of round signal void (arrows) scattered throughout the periphery of the cortices, compatible with
cerebral amyloid angiopathy. (f) Axial susceptibility-weighted minimum intensity projection image at the level of the cerebel-
lum shows the lack of abnormal susceptibility in the cerebellum, compatible with the sparing noted at amyloid PET imaging.
This case highlights the complementary role of structural and molecular imaging with findings compatible with Alzheimer

disease and cerebral amyloid angiopathy.

uptake (26,27). Neither DLB nor Parkinson
disease dementia should have definite abnormal
uptake at '®F-AV-1451 t-based imaging in a
Braak staging system—type distribution.

Frontotemporal Lobar Degeneration
FTLD is a term applied to a number of simi-
lar tauopathies that result in destruction of the
frontal and temporal lobes. The entity referred
to as Pick disease falls into this category. Once
thought of as rare entities, these diseases appear
to have a higher prevalence than was previously
assumed (45,46). This is likely due to increased
awareness and improved diagnostic criteria.
Alzheimer disease and DLB are accepted as hav-
ing a higher overall prevalence, with this group
representing the third most common group of

dementing disorders in patients over 65 years
of age and the second most common group in
patients under 65 years of age (47).

The histopathology of these diseases demon-
strates the accumulation of abnormal 1 pro-
teins in the affected areas. Depending on the
subtype, different isoforms of the t protein are
involved, with most entities having either a pre-
dominant 3R- or 4R-type isoform. Although the
classic Pick disease has Pick bodies, many of the
other subtypes do not demonstrate this typical
appearance (48).

The clinical presentation is divided into two
main groups: behavioral-variant frontotempo-
ral dementia (bvFTD) and primary progres-
sive aphasia (PPA). All forms of frontotemporal
dementia have both marked behavioral changes
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Figure 17. Dementia with Lewy
bodies. (a, b) Sagittal (a) and
axial (b) MR images show gener-
alized volume loss with significant
occipital lobe involvement (arrow
in a), which is an atypical finding for
Alzheimer disease. (c) Sagittal '8F-
FDG PET image shows correspond-
ing decreased activity (arrow)
in the occipital region. (d) Axial
8F-FDG PET image shows relative
sparing of the posterior cingulate
gyrus (arrow). Involvement of the
occipital lobes and sparing of the
posterior cingulate is a characteris-

tic finding of DLB.

Figure 18. Dementia with
Lewy bodies. (a) Axial '#I-
ioflupane SPECT image in
a patient with memory loss
shows decreased left striatal
uptake with a period appear-
ance (red arrow), confirmatory
of a parkinsonian neurode-
generative disease. Note the
normal right striatal uptake
with a comma appearance
(green arrow), representing
preserved putaminal uptake.
(b) Sagittal '®F-FDG PET im-
age shows subtle decreased
uptake within the occipital
region (arrow). (c) Parasagit-
tal computer-generated map
shows a statistically significant
decrease in FDG uptake in the
precuneus and occipital lobe

a.
(red arrows). Note that the posterior cingulate gyrus is spared (cingulate is-
land sign), which is more readily apparent on the computer-generated map
(green arrow) than on the '8F-FDG PET image. These findings corroborate the
diagnosis of DLB.

radiographics.rsna.org
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Figure 19. Frontotemporal lobar degeneration. (a) Coronal '8F-FDG PET image
at the level of the anterior temporal lobes shows markedly decreased temporal
lobe uptake. / = inferior, S = superior. (b, ) Coronal (b) and axial (c) T1-weighted
MR images show severe bilateral temporal lobe atrophy. (d) Axial MR image at the
level of the temporal lobes obtained 5 years earlier demonstrates the significant

progressive atrophy in this patient.

and decrease in overall cognitive function. The
bvFTD type is characterized by marked behavioral
changes as the first and most clinically obvious
symptoms. PPA is defined by difficulties in lan-
guage function with three main variants: semantic
variant (impaired naming and comprehension),
nonfluent variant (halting, interrupted speech),
and logopenic variant (impaired word retrieval
with word-finding pauses) (47).

Most research into the use of structural
imaging for FTLD has been aimed at improv-
ing differentiation from other neurodegenera-
tive disorders and differentiating between the
subtypes (49). All the subtypes show predomi-
nant frontotemporal atrophy (Fig 19), with the
severely affected regions showing knifelike gyri
owing to the marked loss of brain volume. There
is relative sparing of the parietal and occipital
lobes. In bvFTD, there is volume loss in the
frontal and temporal lobes, with asymmetric
involvement of the anterior temporal lobes,
prefrontal cortices, the insula, anterior cingulate,
striatum, and thalamus (50). In PPA, there is
asymmetric anteroinferior temporal lobe atro-

phy, with left-sided atrophy more common than
the right (51).

The typical pattern of hypometabolic activ-
ity on 8F-FDG PET images usually follows
the structural changes and shows asymmetric
decreased activity in the frontal and temporal
lobes. Classically, there is comparative sparing of
the precuneus and occipital lobes, differentiating
FTLD from Alzheimer disease and DLB (Fig 20).

B-amyloid PET can be used to differentiate be-
tween Alzheimer disease and FTLD, as amyloid
deposition is not part of the FTLD spectrum.

A few studies have shown amyloid positivity in
FTLD, which may be secondary to false-positive
results, coexistent FTLD and Alzheimer pathol-
ogy, and atypical variants of Alzheimer disease
mimicking FTLD (52).

The role of T imaging is unclear at this time.
18F-AV-1451 appears to be relatively insensi-
tive to FTLD, as most of these entities are not
a mixture of 3R and 4R (20). However, there
are multiple other t candidates being developed,
and further research is necessary to assess their
utility in FTLD.
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Figure 20. Frontotemporal lobar degeneration. (a, b) Axial T1-weighted MR images at the convexities (a) and temporal lobes (b)
show moderate frontotemporal atrophy. Note the atrophy at the right frontal lobe (arrows in a). (c) Follow-up axial CT image at the
lateral ventricles obtained 5 years later shows asymmetric worsening atrophy (arrows) on the right. (d) Axial CT image shows similar
asymmetric worsening at the temporal lobes. (e, f) Coronal (e) and sagittal (f) '®F-FDG PET images obtained on the same day as the
CT images show corresponding decreased activity in the frontal and temporal regions, findings compatible with FTLD. Image insets
show a coronal section through the middle of the brain in this particular case to aid in lateralization.

Vascular Dementia

Although not truly a primary neurodegenerative
disease, vascular-induced dementia is common
and is important to consider in the differential
diagnosis for patients with neurocognitive impair-
ment. It is accepted as being the second overall
most common cause of clinical dementia (53).The
underlying pathophysiology is related to neural
loss from impaired circulation, the most classic be-
ing multiple ischemic infarcts. The entity referred
to as Binswanger disease, or subcortical arterio-
sclerotic encephalopathy, falls into this category.

Clinical diagnosis can be difficult, as the range
of symptoms and onset vary depending on the
involved regions. Development of impaired cog-
nition with focal neurologic deficits is fairly easy
to identify clinically, but if the vascular insults are
small and cumulative over a long time, this can
be difficult to differentiate from a primary de-
menting disorder. The classically taught presenta-
tion is a stepwise dementia with punctuated time
intervals of progressively worsening cognition,
although this is variable (54).

MR images show typical findings of vascular
insults, such as encephalomalacia from multiple
vascular territory infarcts, strategically placed
infarcts, and white matter changes (Fig 21) (55).
There are usually secondary signs of volume
loss with enlargement of the ipsilateral sulci and
lateral ventricle. Numerous sets of diagnostic
criteria have been proposed, such as the Diag-
nostic and Statistical Manual of Mental Disorders,
fourth edition (DSM-IV), and National Institute
of Neurological Disorders and Stroke (NINDS)—
Association Internationale pour la Recherche
et ’Enseignement en Neurosciences (AIREN)
criteria (56,57). 8F-FDG PET shows findings of
hypometabolism correlating to abnormal areas at
structural imaging (Fig 22).

Other Dementing Disorders
Although the previously discussed disorders are
some of the most common dementing disorders,
there are many other diseases that should be con-
sidered. Normal pressure hydrocephalus is relatively
common and can sometimes be confused clinically
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Figure 21. Patient with vascular dementia from a strategic left thalamic hemorrhagic infarct. (a—c) Axial T2-weighted fluid-attenuated
inversion-recovery (FLAIR) (a), T2-weighted (b), and gradient-recalled-echo (c) MR images show encephalomalacia and hemosiderin
staining in the left thalamus (arrow), compatible with a chronic hemorrhagic infarct. (d, e) Axial '8F-FDG PET images at the level of the
thalami (d) and lateral ventricles (e) show nearly absent activity in the left thalamus (arrow in d) and decreased activity in the left cere-
bral hemisphere, respectively, when compared with the normal activity depicted in the right thalamus and right cerebral hemisphere.
Corroborative findings are compatible with thalamic infarct and vascular dementia. (f) Coronal '®F-FDG PET image shows decreased
activity (arrows) in the left cerebral hemisphere and right cerebellar hemisphere, compatible with crossed cerebellar diaschisis. This is
secondary to wallerian degeneration of the white matter tracts, which decussate contralaterally. / = inferior, S = superior.

with other forms of dementia. This has charac-
teristic imaging findings that should be identified
at structural imaging to direct the patient toward
appropriate management (Fig 23). In patients
with rapidly progressive dementia, the diagnosis of
Creutzfeldt—Jakob disease should be considered,
and relatively characteristic imaging findings at
structural imaging should guide the diagnosis (Fig
24). Patients with parkinsonian symptoms, the
Parkinson-plus diseases, should be considered,
including multiple system atrophy, corticobasal
degeneration, and progressive supranuclear palsy.

Patient Workup, Algorithm,
and Recommendations
In the workup for dementia and neurodegenera-
tive processes with neuroimaging, it is important

to have a good relationship with referring physi-
cians and an algorithm for recommendations.
Triaging patients to receive dedicated imag-
ing frequently occurs with clinical assessment,
although these patients can be identified by the
radiologist at CT or MRI performed for other
indications. For this reason, it is important that
all radiologists have a working knowledge of the
basic findings to allow identification of these
patients, so they can receive adequate medical
evaluation and treatment. Accurate workup also
requires a thorough knowledge of the appearance
of different processes at different imaging modali-
ties (Table 4).

Workup can begin with either identification
by the radiologist and nuclear medicine physi-
cian or direct referral from a clinician. At our
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Figure 22. Patient with vascular dementia. (a) Axial '8F-FDG PET image shows decreased
activity in the bilateral frontal and parietal regions, with the right side being worse than the
left. In the proper clinical setting, these findings are suggestive of Alzheimer disease de-
mentia. (b) Corresponding axial MR image shows confluent T2-weighted fluid-attenuated
inversion-recovery (FLAIR) white matter areas of hyperintensity extending to the subcorti-
cal regions, reflecting extensive ischemic damage without cortical volume loss. Findings at
structural and functional imaging are representative of subcortical arteriosclerotic encepha-
lopathy or Binswanger disease.

Figure 23. Patient with normal pressure hydrocephalus with insidious onset of dementia, gait disturbance, and
urinary incontinence. Coronal T2-weighted (a) and sagittal T2-weighted three-dimensional-volumetric high-spa-
tial-resolution (b) MR images show ventriculosulcal disproportion, which is suggestive of normal pressure hydro-
cephalus. Three-dimensional-volumetric high-spatial-resolution images also show a large cerebrospinal fluid flow
void (arrows) at the level of the third ventricle, cerebral aqueduct, and fourth ventricle, suggesting increased veloci-
ties and excluding obstruction, which helps confirm normal pressure hydrocephalus.

institution, we recommend that the first step

in evaluation should be performing dedicated
structural imaging for all patients with a sus-
pected dementing neurodegenerative disorder.
This allows the identification and exclusion of
other processes, and in some cases may be highly
supportive of a neurodegenerative diagnosis.

We also typically perform FDG PET to further
elucidate any region-specific abnormalities, al-
though patients presenting with clinically appar-
ent parkinsonian symptoms may benefit from an
initial ioflupane examination. For many patients,
the combination of structural imaging and FDG

PET allows identification of a particular disease
process. For those patients in whom the appear-
ance is more ambiguous, B-amyloid imaging is
recommended. Amyloid deposition, although not
specific, can be helpful by using its negative pre-
dictive value to increase the likelihood of a non—
Alzheimer disease diagnosis. Although not yet
widely available, dedicated t imaging will likely
play a similar role, perhaps with greater sensitiv-
ity and specificity than those of amyloid imaging.
If FDG PET imaging has findings suggestive of
DLB, performing imaging with ioflupane is rec-
ommended for confirmation (Fig 25).
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Table 4: Pathophysiology and Imaging Findings of Neurodegenerative Diseases

Entity Pathophysiology Classic Imaging Findings

Alzheimer disease B-amyloid plaques MRI and FDG PET: cortical loss in the temporoparietal
Neurofibrillary tangles and 3R distribution with predilection for the mesial temporal lobe
and 4R 1 isoform aggregates  and precuneus, with sparing of the sensorimotor strip
Ioflupane SPECT: normal uptake
Amyloid PET: abnormal amyloid tracer uptake diffusely
within the cortex (loss of gray-white differentiation)
1t PET: abnormal t accumulation following the Braak stag-
ing system, with later stages similar to those abnormali-
ties depicted at MRI and FDG PET

DLB Abnormal a-synuclein deposi- MRI and FDG PET: cortical loss classically beginning in
tion the occipital lobes, with sparing of the posterior cingu-
Nigrostriatal degeneration late gyrus (cingulate island sign)
and loss of dopaminergic Ioflupane SPECT: loss of uptake in the bilateral basal
neurons ganglia starting in the putamen and tracking anteriorly

to the caudate head, creating a period appearance
Amyloid PET: some cases demonstrate abnormal uptake
7 PET: no abnormal uptake should be depicted
FTLD Neurofibrillary tangles and ab- MRI and FDG PET: cortical loss most prominent in the
normal T isoform aggregates  anterior frontal and temporal lobes, with relative sparing
of the parietal lobes
Ioflupane SPECT: normal uptake
Amyloid PET: classically shows no abnormal uptake,
although a positive examination does not exclude this
diagnosis
1 PET: role is currently unclear, as uptake seems to vary
among different subtypes
Vascular dementia  Brain tissue infarction from MRI and FDG PET: variable appearance with multifocal
trauma, toxins, or vascular abnormalities asymmetrically in the regions affected
insult Ioflupane SPECT: normal uptake
Amyloid PET: no expected abnormal uptake, but a posi-
tive examination does not exclude this diagnosis
1t PET: Research suggests this modality plays a role in
imaging suspected chronic traumatic encephalopathy,
but otherwise no uptake is expected

a. b.

Figure 24. Creutzfeldt-Jakob disease. Axial diffusion-weighted MR images in a patient with
rapidly progressive dementia show gyriform areas of hyperintensity of the cortical ribbon
sign (arrows), a finding suspicious for Creutzfeldt-Jakob disease. The diagnosis was confirmed
on the basis of clinical and imaging findings and elevated cerebrospinal fluid 14-3-3 protein
levels.
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Figure 25. Flowchart shows the diagnostic strategy for the workup of patients with suspected dementia. In patients with clinical
neurocognitive impairment, the first step in imaging should be performing structural MRI. This allows identification of alternate treat-
able causes before performing additional workup. If a diagnosis is not clear, a clinical history review should be performed to identify
any parkinsonian symptoms. If these symptoms are present, a '?l-ioflupane SPECT image should be obtained. If this is negative or if
parkinsonian symptoms are absent, FDG PET should be performed. In many cases, the combination of MRI, FDG PET, and clinical his-
tory review findings are sufficient to suggest a diagnosis. Additional workup should be used for troubleshooting. Amyloid or timaging
(if available) should be considered to identify patterns that would suggest an Alzheimer disease diagnosis. If the distribution on FDG

images suggests DLB, an examination with ioflupane can be considered. DaT = dopamine transporter.

Conclusion
Dementing neurodegenerative disorders are a
diverse and clinically devastating group of dis-
eases. It is important that practicing radiologists
and nuclear medicine physicians have knowledge
of the findings and available imaging modalities
to appropriately identify these diseases and triage
these patients. Although treatment of many of
these disorders is difficult with the end prognosis
still being poor, there are differences in treatment
and clinical expectations that are important for
management. Moreover, having the ability to offer
objective evidence for a particular diagnosis can be
helpful both for physicians in identifying and ex-
cluding other causes and for patients and families
so they can be correctly informed and prepared to
avoid unnecessary hardship, both emotionally and
financially. This is particularly important given the
high and increasing prevalence of these diseases,

and radiologists and nuclear medicine physicians
are an integral component in providing valuable
service to these patients and families.
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