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Brain Amyloid Imaging*
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Imaging of brain B-amyloid plaques with '8F-labeled tracers for
PET will likely be available in clinical practice to assist the diag-
nosis of Alzheimer disease (AD). With the rapidly growing
prevalence of AD as the population ages, and the increasing
emphasis on early diagnosis and treatment, brain amyloid
imaging is set to become a widely performed investigation.
All physicians reading PET scans will need to know the com-
plex relationship between amyloid and cognitive decline,
how to best acquire and display images for detection of
amyloid, and how to recognize the patterns of tracer binding
in AD and other causes of dementia. This article will provide
nuclear medicine physicians with the background knowledge
required for understanding this emerging investigation, including
its appropriate use, and prepare them for practical training in scan
interpretation.

Key Words: Alzheimer disease; B-amyloid; PET

J Nucl Med Technol 2013; 41:11-18
DOI: 10.2967/jnumed.110.076315

-amyloid (A) plaques are present in moderate to fre-
quent numbers in the cortical gray matter in all cases of
Alzheimer disease (AD) and develop many years before the
onset of dementia. In contrast, A plaques are not found in
frontotemporal dementia or pure vascular dementia. There-
fore, applications for amyloid imaging will include confir-
mation or exclusion of AD, differential diagnosis of
dementia, particularly for the distinction of AD from fron-
totemporal dementia, and earlier diagnosis of AD. Although
there is presently no effective treatment for AD—only symp-
tomatic medication of modest effect—demand for earlier and
more accurate diagnosis is growing. Clinicians and patients
and their families are increasingly seeking more accurate
diagnostic and prognostic information. Researchers want
to trial potential therapies earlier before patients have
dementia, when the therapies are more likely to be benefi-

Received May 25, 2011; revision accepted Aug. 17, 2011.

For correspondence or reprints contact: Christopher C. Rowe, Department
of Nuclear Medicine and Centre for PET, Austin Health, Heidelberg, Victoria
3084, Australia.

E-mail: christopher.rowe@austin.org.au

*NOTE: FOR CE CREDIT, YOU CAN ACCESS THIS ACTIVITY THROUGH
THE SNMMI WEB SITE (http://www.snmmi.org/ce_online) THROUGH MARCH
2015. PARTICIPANTS WHO HAVE ALREADY TAKEN THE EXAM USING JNM
AND PASSED CANNOT RETAKE THE EXAM.

Published online Feb. 8, 2013.

COPYRIGHT © 2013 by the Society of Nuclear Medicine and Molecular
Imaging, Inc.

cial. Clinical diagnosis alone has only moderate accuracy
and requires the presence of dementia, but specific bio-
markers, such as amyloid imaging, for AD-related patho-
logic changes will allow more accurate diagnosis and earlier
diagnosis when patients are only mildly symptomatic.

The first PET tracer specific for A plaques was devel-
oped by Chet Mathis and William Klunk at the University of
Pittsburgh through modification of thioflavin T, a fluorescent
dye used by pathologists to identify plaques in brain tissue
specimens (/,2). The radiopharmaceutical was labeled with
HC, and the first human studies were commenced in 2002
through a collaboration with Uppsala University, Sweden,
where the compound was given the name Pittsburgh com-
pound B (!'C-PiB). After publication of this study in 2004
(3), ""C-PiB imaging spread rapidly to academic centers
worldwide. Recognizing the need for an amyloid tracer
labeled with '8F, several groups soon embarked on develop-
ment programs, and in 2008 the first report of successful
imaging in humans with an !3F-labeled amyloid tracer
appeared (4). Subsequently, 3 companies have progressed
I18F_labeled amyloid tracers through clinical development
programs. These tracers are florbetapir (previously known
as AV-45) (5,6), flutemetamol (7), and florbetaben (previ-
ously known as AV-1) (48,9). Although ''C-PiB PET
images in AD usually show binding in gray matter in excess
of that in white matter, this is not the case for the !8F-labeled
tracers that will be the mainstay of clinical practice. All
18F-labeled tracers currently in late phases of clinical devel-
opment have high nonspecific white matter uptake giving a
distinctive white matter pattern in scans of healthy subjects.
In AD, the '®F-labeled tracers frequently show loss of the
gray matter—white matter demarcation and consequent loss
of the normal white matter pattern as the predominant evi-
dence of cortical amyloid plaque and less often show the
clearly intense binding in the cortical ribbon typical of a
positive ''C-PiB scan.

AD AND DEMENTIA

Clinical Characteristics of Dementia

Dementia is defined as cognitive impairment of sufficient
severity that it prevents independent function in the patient’s
usual occupation or daily activities. There are many causes
for cognitive impairment, but the most common in the eld-
erly is neurodegenerative disease. Metabolic problems such
as hypothyroidism, severe vitamin B12 deficiency, chronic
hypoxia, major organ failure, autoimmune encephalopathy,
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stroke, normal-pressure hydrocephalus, and subdural hema-
toma need to be excluded but account for less than 5% of
presentations with progressive cognitive decline. The most
common cause of neurodegenerative disease in the older
population is AD, and this accounts for about 70% of cases
of dementia. Less common causes include dementia with
Lewy bodies (about 15%), frontotemporal dementia (more
common in late middle age and the younger elderly), and
vascular dementia. Infrequent conditions include mesial
temporal sclerosis (usually found in the very elderly), non-
specific tauopathy, and argyrophilic grain disease (/0).
Vascular disease frequently accompanies neurodegenerative
conditions, and cases with multiple types of neuropathology
are not uncommon.

AD is an irreversible, progressive neurodegenerative
disorder clinically characterized by memory loss and other
cognitive and functional decline. It leads invariably to
death, usually within 7-10 y of diagnosis. Symptoms usu-
ally precede diagnosis by several years, and longitudinal
studies of older populations have found a subtle decline
in cognition up to 10 y before dementia. AD not only has
devastating effects on the patients and their caregivers
but also has a tremendous socioeconomic impact on fami-
lies and the health system, a burden that will only increase
in the upcoming years as the population of most countries
ages (/1). The prevalence of AD is age-dependent, affect-
ing 1% of the population at age 60 y and then doubling
every 5 y, with the result that 25% of persons aged 85 y
have the disease.

At this point there is no cure for AD, nor is there a
proven way to slow the rate of neurodegeneration. Symp-
tomatic treatment with an acetylcholinesterase inhibitor
(donepezil, galantamine, rivastigmine) or a glutamatergic
moderator (memantine) provides modest benefit in some
patients, usually by temporary stabilization rather than a
noticeable improvement in memory function. Amyloid
imaging with PET is contributing to the development of
more effective therapies by allowing better selection of
patients for antiamyloid therapy trials and providing a
means to measure the impact of these therapies on brain
amyloid load (12).

Pathology of AD

The typical end-stage macroscopic pathologic picture of
AD is gross cortical atrophy, whereas microscopically,
there is widespread cellular degeneration and the presence
of the pathologic hallmarks of the disease: intracellular
neurofibrillary tangles and extracellular amyloid plaques
(13,14). In earlier stages, the atrophy is predominantly seen
on MRI in the hippocampi and adjacent mesial temporal
regions, and with volumetric voxel-based MRI techniques,
atrophy is also found in the posteromedial parietal lobe
(precuneus and posterior cingulate gyrus) and lateral tem-
poral lobe cortex. Amyloid plaques are most abundant in
the frontal cortex—particularly the orbital and medial fron-
tal areas—and in the cingulate gyrus, precuneus, and lateral

parietal and temporal regions. There are relatively fewer
plaques in the primary sensorimotor and occipital cortex
and the mesial temporal areas, in contrast to neurofibrillary
tangles, which are present in highest density in the mesial
temporal areas, including the hippocampi (15,16).

APB plaques may be either diffuse or dense. Diffuse
plaque is assumed to be an early phase of plaque formation.
Dense plaques may be described as compact, dense, or
cored and are called neuritic when associated with local
neuronal damage and inflammation. Dense plaque is char-
acteristic of AD. The PET amyloid tracers developed to
date have low affinity for diffuse plaque, and scans may
be negative when only diffuse plaque is present. The dis-
tribution and density of AP plaques, measured postmortem,
have not been consistently shown to correlate with the
degree of cognitive impairment in AD. The best correla-
tion has been observed with neurofibrillary tangles and
soluble levels of AR (/7-19). These soluble forms of
AR, in equilibrium with the insoluble AP in plaques, are
neurotoxic through several possible mechanisms, includ-
ing oxidative stress, excitotoxicity, energy depletion, toxic
oxidative interaction with various metal species, inflam-
matory response, and apoptosis. Nevertheless, the exact
mechanism by which A might produce synaptic loss
and neuronal death is still controversial (20).

To date, most evidence supports the notion that the
breakdown of normal AP handling is central to AD patho-
genesis. Compelling genetic data support this AB-centric
theory (27,22). To date, 3 gene mutations have been linked
to autosomal dominant, early-onset familial AD. These are
the genes for amyloid precursor protein, presenilin 1, and
presenilin 2. The €4 allele of apolipoprotein E is strongly
implicated in late-onset sporadic AD. All these genes influ-
ence AP handling, either by increased production or
reduced clearance (23).

The Changing Approach to Diagnosis of AD

The criteria for clinical diagnosis of AD were described
in 1984 and rely on establishing the presence of progressive
impairment in memory and in at least one other area of
cognition such as language or visuoconstructional function
while excluding other causes. To meet these clinical criteria
for AD, the cognitive impairment must be of sufficient
severity to cause dementia, that is, prevent individuals from
undertaking their usual occupation or daily activities such
as driving, cooking, or shopping (24). Structural brain
imaging with CT or MRI and blood tests are done to
exclude alternate causes of dementia such as normal-pres-
sure hydrocephalus, hypothyroidism, and stroke. However,
compared with postmortem histopathologic diagnosis, clin-
ical diagnosis in most centers is only 80%—85% sensitive
and 70% specific for AD (25). Other causes of dementia
such as frontotemporal dementia and dementia with Lewy
bodies have many features in common with AD and are
frequently misdiagnosed as AD. Recently, the diagnostic
criteria for AD have been revisited, and a new category,
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“probable AD dementia with evidence of the AD pathophys-
iologic process,” was created by the 2011 National Institute
on Aging and Alzheimer Association workgroup (26). The
group’s recommendation states that biomarkers (such as
amyloid imaging) may be useful in 3 circumstances: in in-
vestigational studies, in clinical trials, and as optional clinical
tools for use when available and when deemed appropriate by
the clinician.

The most validated biomarkers for AD fall under 2
categories: those that reflect the specific pathology of
AD and those that reflect neuronal damage or dysfunction.
The pathologic biomarkers of AD are AP imaging and
cerebrospinal fluid assay of the amyloid peptide, ABg4o.
The latter is reduced in subjects with brain amyloid depo-
sition for reasons that are not fully understood but are most
likely due to trapping of the peptide in the plaques (27-30).
The pathologic biomarkers are thought to be present before
those biomarkers that reflect neuronal damage (29). The
biomarkers for neuronal damage or dysfunction are atrophy
on MRI, hypometabolism on '8F-FDG PET, and elevation
of cerebrospinal fluid tau protein. In MRI, the location of
atrophy adds specificity for AD and is most prominent
in the hippocampi and adjacent entorhinal cortex (3/-33).
In '8F-FDG PET, the pattern of hypometabolism gives spe-
cificity for AD and is found in the lateral and medial pos-
terior (precuneus) parietal cortex, lateral temporal cortex,
and posterior cingulate gyrus (34,35). Although present in
most cases of AD, tau and phospho-tau may be present for
other reasons, including acute stroke, because they are
released into cerebrospinal fluid from damaged neurons.
AP imaging shows increased tracer binding in cortical areas
known to have high concentrations of amyloid plaques
(3,36).

Prodromal AD

Symptoms and milder degrees of cognitive impairment
precede the dementia of AD by several years. This phase
has been termed mild cognitive impairment (MCI) (37,38),
but advances in biomarkers for AD have recently led to
proposals for more definitive diagnoses such as “prodromal
AD” by the International Working Party for New Research
Criteria for the Diagnosis of AD (39) or “MCI due to AD”
by the National Institute for Aging and Alzheimer Asso-
ciation workgroup (40). The recommendations of the
National Institute on Aging and Alzheimer’s Association
define MCI due to AD as “high likelihood” when both an
amyloid and a neurodegenerative biomarker are positive for
AD, as “intermediate likelihood” if just one biomarker is
tested and that is positive, or as MCI “unlikely due to AD”
if both amyloid and neurodegenerative biomarkers are neg-
ative. These diagnoses cannot be made on clinical grounds
alone, as patients with MCI proceed to other types of
dementia in 20% of cases or do not progress to dementia
at all in 30%—40% of cases (38,41,42). Delaying diagnosis
in a symptomatic person until dementia is apparent results
in uncertainty and frustration for the patient and the family,

costly serial investigations, and delay in potentially benefi-
cial symptomatic therapy. Alternatively, commencing ther-
apy in MCI without other evidence to support the presence
of prodromal AD will lead to inappropriate medication use
in about 50% of cases. An emerging reason for earlier and
more accurate diagnosis of AD is that disease-modifying
therapies currently under development are more likely to be
effective at slowing or halting disease progression if given
early, before dementia and extensive neuronal death have
developed.

AD Pathology in Healthy Elderly

AD-related neuropathology is also found in about 30%
of the asymptomatic elderly population, and recent longi-
tudinal studies have shown that this neuropathology is
associated with faster rates of cognitive decline and brain
atrophy than in age-matched elderly persons with negative
amyloid scans (43—46). Recently, it has been proposed that,
for research purposes such as early intervention studies,
biomarkers can be used to identify asymptomatic elderly
persons at risk of AD (47). Three stages of preclinical AD
have been proposed: individuals with only a positive pathol-
ogy biomarker, individuals who also have a positive bio-
marker for neuronal damage, and individuals who have both
types of positive biomarkers plus evidence of early cognitive
decline but insufficient to meet the criteria for MCI. How-
ever, a preclinical diagnosis of AD should be restricted to
research and therapy trials at this time, because data on the
risk of progression to AD for these individuals is insufficient
for clinical guidance. Many persons die with a significant
amount of amyloid in the brain but no significant cognitive
impairment (44). Data suggest that amyloid has an essential
role in AD but alone does not account for the cognitive
decline. Other factors, yet to be fully defined, play an impor-
tant role in the development of dementia due to AD (48).
Some identified factors that alter the clinical expression of
AD pathology include coexistent cerebrovascular disease
and coexistent neurodegenerative pathology related to
a-synuclein, whereas cognitive reserve due to a large brain
size and a high level of education have protective effects.

AMYLOID IMAGING

Pittsburgh Compound B (''C-PiB)

HC-PiB led the way in AR imaging. ''C-PiB is a deriv-
ative of a fluorescent amyloid dye, thioflavin T, and has
been shown to possess high affinity and high specificity
for fibrillar AB (/,2,49,50). ''C-PiB PET studies have
shown not only a robust difference in ''C-PiB retention
between AD patients and age-matched controls (3,36,51)
but also inverse correlations with glucose hypometabolism
in some brain regions, as well as decreased cerebrospinal
fluid AB4, (28,52). Although AP burden as assessed by
HC-PiB-PET does not correlate with measures of memory
impairment in AD, it does correlate with memory impair-
ment and rate of memory decline in MCI and healthy older
subjects (53,54).
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11C-PiB in AD

On visual inspection, cortical retention of ''C-PiB is
elevated in AD, but the degree of binding is highly variable
and does not correlate with the severity of dementia. The
regional brain binding of !'C-PiB is highest in the frontal
cortex, cingulate gyrus, precuneus, striatum, parietal cor-
tex, and lateral temporal cortex. The occipital cortex, sen-
sorimotor cortex, and mesial temporal cortex are usually
less affected (Fig. 1). The regional retention of ''C-PiB
reflects the regional density of AP plaques, as reported at
autopsy (55,56) and as measured by quantification of
immunohistochemical staining of brain slices, with a
higher plaque density in the frontal cortex than in the
hippocampus, consistent with previous neuropathologic
and ''C-PiB PET reports (36,57). In healthy individuals,
a moderate degree of nonspecific uptake is seen in white
matter.

11C-PiB in Healthy Elderly

The prevalence of !'C-PiB—positive healthy elderly per-
sons increases each decade at the same rate as that reported
in autopsy studies (45). Positive ''C-PiB scans in appa-
rently healthy persons are found in 12% of those in their
60s, 30% of those in their 70s, and at least 50% of those
over 80 y of age (36,53,58,59). The prevalence of positive
HIC-PiB scans in the asymptomatic elderly population is
strongly related to the presence of the ApoE-¢4 allele, car-
ried by 27% of the general population. These persons have
almost 3 times the risk of a positive ''C-PiB scan if cog-
nitively normal and a similar increase in the risk of devel-
oping AD (45,60,61). The retention of ''C-PiB in healthy
individuals is associated with a greater risk of cognitive
decline and a faster rate of brain atrophy and is likely to
represent preclinical AD (53,54,58,59).

Longitudinal studies with ''C-PiB have confirmed that
the rate of amyloid plaque accumulation in the brain is
slow. In cognitively normal persons with a positive scan,
the increase is on average 2%—-3% per year and appears to
be similar in MCI but then plateaus after the dementia of
AD has developed (46,51). These rates of accumulation are
consistent with a 10- to 20-y period of amyloid plaque
accumulation before the development of dementia.

11C-PiB in MCI

'C-PiB scans are positive in 50%-60% of individuals with
MCI, consistent with the percentage expected to progress
to dementia due to AD over 3-5 y of follow-up (53,62—
64). Unlike in AD, there is a correlation between ''C-PiB
binding and the degree of memory impairment. Follow-up
studies have shown that 70% of !''C-PiB—positive MCI
subjects will progress to dementia due to AD over 3 y
(46,65). Less than 10% of !'C-PiB—negative MCI patients
progress to a clinical diagnosis of AD, whereas about 20%
of ''C-PiB-negative MCI subjects progress to another
type of dementia such as dementia with Lewy bodies or
frontotemporal dementia (46).

FIGURE 1. Comparison of 1'C-PiB PET with postmortem distribu-
tion of amyloid plaques. (Top) Representative midsagittal PET
image shows regional uptake of 1'C-PiB overlaid on MRI, reflecting
AB plaque burden in brain of participant with AD. (Bottom) Sche-
matic drawing demonstrates stage C of AB deposition in human
brain as described by Braak and Braak based on postmortem study
of 2,700 brains (76). There is excellent concordance, with marked
11C-PiB binding in frontal and anterior cortex, posterior cingulate
gyrus, and precuneus (posterior medial parietal), with relative spar-
ing of sensorimotor and occipital regions.

11C-PiB in Other Conditions

Amyloid is also found in 50%-70% of patients with
dementia with Lewy bodies but not in patients with fronto-
temporal dementia (Fig. 2) (36). A variable degree of AD
pathology is found in many cases of clinically diagnosed
vascular dementia, and it is likely that both pathologic pro-
cesses contribute to the clinical presentation.

1C-PiB is also elevated in subjects diagnosed with cere-
bral amyloid angiopathy (66,67), showing a distribution
similar to that in AD patients except that slightly greater
binding may be seen in the occipital cortex.

'C-PiB studies in both asymptomatic and symptomatic
persons carrying a gene mutation known to cause early-
onset, autosomal-dominant familial AD have shown corti-
cal and subcortical binding. In contrast to the retention

14 JoURNAL OF NUCLEAR MEDICINE TECHNOLOGY ¢ Vol. 41 ¢ No. 1 ¢ March 2013


http://tech.snmjournals.org/

Downloaded from tech.snmjournals.org by on June 26, 2020. For personal use only.

pattern observed in sporadic AD, individuals with muta-
tions within the amyloid precursor protein or presenilin 1
genes associated with familial AD present with high ''C-
PiB retention in the striatum preceding the accumulation of
amyloid plaques and ''C-PiB binding in the cortical areas
affected in typical sporadic AD (68-70).

Reading of ''C-PiB Scans

Most studies to date have quantified ''C-PiB binding
using the cerebellar gray matter as a reference region. There
is usually, but not always, far less dense amyloid plaque in
the cerebellum, making it a suitable reference region for
nonspecific cortical binding. Under circumstances in which
there may be plaque in the cerebellum, the pons is used as
the reference region. Such circumstances may include fam-
ilial AD and cases of late-stage AD with advanced demen-
tia. Under most circumstances, the ratio of cortical to
cerebellar binding provides a reliable measure of brain
amyloid burden. This ratio is measured after the binding
in cortex and reference region achieve an apparent steady
state 40-50 min after injection (36). The ratio is usually
described as the standardized uptake value (SUV) ratio for
the neocortex or a particular region. The regions for neo-
cortical SUV ratio usually include only the cortical areas
known to accumulate amyloid plaque (frontal, lateral and
medial parietal, and lateral temporal cortex; anterior and
posterior cingulate gyrus). The scan acquisition time is
usually 20 or 30 min. Some centers prefer a dynamic scan
acquired over 60 or 90 min from the time of injection in
order to calculate binding using the Logan graphical
method to provide a distribution volume ratio. Although
this has some advantages, most groups have reported an
excellent correlation between SUV ratio and distribution
volume ratio, and dynamic acquisition is neither practical
nor necessary for clinical practice. However, it may be
appropriate for longitudinal research studies, as the test—
retest variability is slightly lower and distribution volume
ratio is less likely to be influenced by changes in cerebral
blood flow over time. The upper limit of normal binding
varies according to the size and placement of cortical and

FIGURE 2. '8F-florbetaben PET images of healthy aging (HC), AD,
and frontotemporal dementia (FTD). '8F-florbetaben images show
nonspecific white matter retention in healthy elderly individual, cor-
tical and striatal binding in patient with AD, but no cortical binding in
patient with frontotemporal dementia.

reference regions of interest but is between 1.3 and 1.6 for
neocortical SUV ratio and slightly lower for distribution
volume ratio.

HC-PiB scans can be reliably interpreted by visual
inspection, with binding at least equal to white matter
uptake clearly seen in cortex, though usually this binding
is clearly in excess of white matter uptake. A commonly
used technique is to set a color scale on the cerebellar white
matter and then inspect the midsagittal slice for uptake in
the orbitofrontal cortex and posterior medial parietal area
(precuneus and posterior cingulate gyrus). Transaxial slices
are then reviewed for uptake in lateral temporal, parietal,
and striatal regions. Interpretation of scans as positive on
visual inspection correlates well with the SUV ratio cutoff
for a positive scan determined in the same laboratory (35),
though in some cases in which the cortical uptake is focal,
visual inspection can be more sensitive.

18F-LABELED RADIOPHARMACEUTICALS FOR
AMYLOID IMAGING

Three '8F-labeled radioligands for brain amyloid are in
advanced stages of clinical development. These are florbe-
taben (4,8,9), florbetapir (5,6), and flutemetamol (7). All
aim to provide a reliable assessment of brain amyloid with
a single scan of 15- to 20-min duration. The optimal delay
from injection to commencement of scan acquisition based
on achieving maximal contrast between cortex and refer-
ence region (i.e., cortical SUV ratio) in AD subjects is
50 min for florbetapir and 80-90 min for florbetaben and
flutemetamol. White matter uptake is greater for all 3 radio-
pharmaceuticals than for ''C-PiB. In AD patients, the aver-
age cortical binding is similar to or less than the uptake in
white matter, in contrast to ''C-PiB, which shows uptake
about 30% higher in cortex than in white matter. This
greater white matter uptake requires a modified approach
to reading images obtained with these '8F-labeled amyloid
tracers.

Reading 8F-Amyloid Ligand Scans

The ''C-PiB approach to scan interpretation frequently
gives a clear answer with the '3F-labeled ligands, as shown
in Figures 2 and 3. This approach consists of setting a color
scale that has a good dynamic range to the cerebellar white
matter or pons; examining the midline sagittal slice for
binding in the medial orbitofrontal cortex, cingulate gyrus,
and precuneus; and examining transverse slices for frontal,
parietal, lateral temporal, occipital, and striatal binding.
Great care must be taken that the brain is perfectly orien-
tated for the sagittal slice, because if this is slightly oblique,
it will cut into white matter and could be mistaken for
cortical binding. In a negative scan, the midline sagittal
slice will clearly show the corpus callosum and pons,
whereas on the transverse slices the typical white matter
pattern will be seen, with more marked uptake in the peri-
thalamic area. In a negative scan, there should be clear
separation of activity between the hemispheres apart from
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18F-florbetaben

FIGURE 3. '8F-florbetaben images of 2 elderly subjects with MCI.
Scan on left is negative for brain amyloid. Uptake in corpus cal-
losum and pons is clearly seen on midsagittal image and only in
white matter on transverse slice. This subject remained cognitively
stable over 2 y of follow-up. Scan on right is positive for brain
amyloid, with binding in frontal cortex, posterior cingulate gyrus,
precuneus, and lateral temporal cortex. This subject progressed
to AD over 2 y of follow-up. SUVR = SUV ratio.

the white matter connections, as can be especially seen in
the medial orbitofrontal and precuneus areas.

In some patients, a more sensitive approach for reading
18F_amyloid scans will be needed. For this, a black-on-
white background scale may be optimal, with intensity
set to the global brain. The emphasis then becomes one
of detecting loss of the normal white matter pattern, as
binding to amyloid in the cortex will obscure the gray
matter—white matter junction. A negative brain '8F-amyloid
scan shows a distinctive pattern of binding in white matter.
In contrast, in a positive scan, uptake in cortical gray matter
obscures the normal white matter pattern and shows bind-
ing extending to the outer edge of the brain, as illustrated
in Figure 4.

Head movement resulting in blurring of the image will
lessen the accuracy of the '8F-amyloid ligands. In unco-
operative patients, a thermoplastic head restraint may lessen
this problem if tolerated by the patient. Severe cortical
atrophy will also make image interpretation more difficult.
In such circumstances, correlation with structural imaging
(CT or MRI) may assist by revealing atrophy and sulcal
widening that can give cortical binding an appearance sim-
ilar to white matter binding.

Accuracy of Amyloid Imaging

The increasing prevalence of positive amyloid scans with
advancing age in asymptomatic individuals has implications
for the diagnostic accuracy of these scans for AD in patients
presenting with suspected dementia. Almost all patients with
AD have a positive scan (45,71), though a negative scan in a
91-y-old man with clinical features and cerebrospinal fluid
markers of AD but only diffuse plaques postmortem has
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1C-PiB

18F-florbetaben

8F-florbetapir

18Fflutemetamol

FIGURE 4. ''C-PiB, '8F-florbetaben, '8F-florbetapir, and '8F-flu-
temetamol images of healthy subjects and AD patients. Images on
left are negative for brain amyloid and show distinctive pattern of
retention in white matter. In contrast, positive scans on right illus-
trate that uptake in cortical gray matter obscures normal white mat-
ter pattern and that binding extends to outer edge of brain. Images
were obtained from different centers (Austin Health, Avid Radio-
pharmaceuticals, and University of Pittsburgh) and were acquired
using different cameras and reconstruction algorithms.

been reported (72). However, 12% of healthy persons in their
60s, 30% in their 70s, and 50% in their 80s also have a
positive ''C-PiB scan (45,46,58). It is not yet clear if these
figures will also apply to the '3F-amyloid ligands. Based on
the ''C-PiB figures, the sensitivity and negative predictive
value remain high, but specificity and positive predictive
value decline with age. The result is that the accuracy of
amyloid imaging for AD should be over 90% for patients
under the age of 70 y, about 85% for patients in their 70s,
and 75%-80% for those over 80 y. Of course, if the question
is “does this person have AD-related pathology?” rather than
“is this patient’s current clinical presentation due to AD?”
the accuracy of amyloid imaging remains high at all ages, as
there have been no reports of false-positive scans, when
compared with histopathologic findings, and false-negative
scans appear to be rare (55-57,72). In a report to the Food
and Drug Administration on the results of a florbetapir phase
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I trial with comparison to postmortem findings in 35 sub-
jects, 9 readers had a mean accuracy of 94% for detecting
significant amyloid defined as greater than sparse plaques on
histopathologic examination (71).

Early reports suggest that the strong predictive value of a
positive ''C-PiB scan for progression from MCI to AD
(70% over 3 y vs. <10% if ''C-PiB-negative) is also seen
with the '8F-labeled ligands. Reports from several multi-
center longitudinal studies that include cohorts with MCI
will be available in the next few years to confirm or refute
these early reports.

Amyloid plaques are not present in frontotemporal demen-
tia. Several studies have shown that amyloid imaging
distinguishes clinically diagnosed frontotemporal dementia
from AD with high accuracy (9,36,73-75).

FUTURE REQUIREMENTS

To ensure wide acceptance by the clinical community, it
will be necessary for all readers of amyloid scans to be
trained to a high level of consistency and accuracy. This
training will likely be provided by the manufacturers of
I18F.labeled amyloid ligands and by organizations such as
the Society of Nuclear Medicine. The exact technique that
provides both the highest accuracy compared with postmor-
tem findings and consistency between readers is still under
development by the developers of the '8F-amyloid radio-
pharmaceuticals. Software programs to aid the clinical
interpretation of scans are also under development. Studies
of management impact and patient outcome will also likely
be necessary if reimbursement is to be obtained from the
government and insurers. The full potential value of amy-
loid imaging awaits the development of an effective therapy
to slow, halt, or reverse the disease process. Such a therapy
will be most beneficial when given early, before dementia
has developed. Biomarkers such as amyloid imaging make
development of these therapies feasible.
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