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Upon completion of this activity,
participants should be able to:

• Discuss the limitations of
conventional morphologic
imaging modalities in
evaluating patients with
dementia.

• Explain the advantages and
limitations of metabolic
imaging with FDG-PET in
evaluating patients with
documented cognitive decline.

• List the currently available
medical therapies that are
effective in reversing or
slowing the progression of
cognitive impairment in
patients with Alzheimer’s
disease.

• Effectively use FDG-PET to
supplement the conventional
evaluation of patients with
cognitive impairment.

Dr. Bunker is clinical director of nuclear
medicine at California Pacific Medical
Center in San Francisco and an assistant
clinical professor of radiology at the
University of California, San Francisco.

Dr. Bunker has no significant financial
arrangement or affiliation with any
manufacturer of any pharmaceutical or
medical device and is not affiliated in
any manner with any provider of any
commercial medical or healthcare profes-
sional service.

T he utility of PET to characterize the central
nervous system distribution of fluorine-18
fluorodeoxyglucose (FDG) for the early

detection of Alzheimer’s disease and other
dementias has been extensively documented.1,2

This update will review the important features
of AD and related dementias; familiarize the
reader with a ruling by the Centers for Medicare
and Medicaid Services, effective September
2004, that establishes Medicare reimbursement
for FDG-PET brain imaging under specific
guidelines; and offer an algorithm to referring
clinicians to assist with the indications for FDG-
PET in patients with cognitive decline.

The brain represents the oldest component
of the mammalian organism. Neurons in the
human brain in the ninth decade of life are rem-
nants of those present at birth. It is this longevi-
ty of neurons that facilitates our ability to pre-
serve memories. As the brain ages, volume is
known to decrease. After early adulthood, 1% of
neurons are estimated to die each year. Others
lose the projections by which signals are effi-
ciently conducted or passed from one region to
another. The number of mitochondria within
adult neurons also decreases over time. We are
all aware of vascular disease and the age-related
decline in the integrity of our circulatory sys-
tem. Factors that contribute to a decrease in cen-
tral nervous system circulation include hyper-
tension, tobacco use, diabetes, heart and lung
disease, and cholesterol.
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in NP and NFT load using these agents
has been recently reviewed.18

SUMMARY
The need for an accurate method to
detect the earliest signs of and risk for
developing AD has been established.
Clinical assessments are limited in sensi-
tivity and specificity, requiring additional
information from morphologic modali-
ties to limit the differential diagnostic

possibilities and from functional imaging
with FDG-PET as the currently most
accurate clinically available modality to
confirm, quantify, and differentiate AD
from related neurodegenerative diseases.

Quantitative analysis of the pattern of
CNS glucose utilization has become a
mandatory component of FDG-PET
brain image interpretation. The advent of
PET/CT hybrid scanners, with efficacy
targeted primarily for diagnosis and stag-

ing of oncologic disease, should enable
the combined assessment of morpholog-
ic and functional status in dementia
patients as well. New tracers in the form
of small molecular probes that appear to
allow direct measurement of NP and
NFT load, in conjunction with the afore-
mentioned quantitative analysis routines
applied to FDG-PET imaging, should
provide a significant increase in specifici-
ty and overall accuracy.
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TABLE 1. MEDICAL THERAPIES CURRENTLY 
AVAILABLE FOR AD

Cholininesterase inhibitors
• Donepezil (Aricept)
• Galantamine (Reminyl)
• Rivastigmine (Exelon)

N-methyl-D-aspartate receptor antagonists
• Memantine (Namenda)

TABLE 2. MILD COGNITIVE IMPAIRMENT (MCI)

• Memory complaint, preferably 
corroborated by an informant

• Objective memory impairment
• Normal general cognitive function
• Intact activities of daily living (ADLs)

TABLE 5. CLINICAL ALGORITHMS FOR ORDERING 
FDG-PET BRAIN EXAM 

FDG-PET indicated IF:
Cognitive deficit and/or change in behavior or personality documented by
physician, by close contacts (preferably two or more) of the patient, or by
the patient (whom the physician believes to be credible in his or her
assessment).

AND
Above deficits/changes persist after treatment of any diagnosed cor-
rectable conditions, e.g., substance abuse, malnutrition, side effects of
medications, anemia, thyroid disease, cardiopulmonary disease, renal
and/or hepatic dysfunction, infection, hypoxemia, metabolic disturbances,
etc.

AND
CT or MRI without evidence of sufficient vascular or morphologic abnor-
mality (tumor, post-traumatic, etc.) to explain the clinical presentation.

OR
Above deficits/changes persist after treatment of any eligible abnormalities
demonstrated on CT or MRI.

TABLE 4. CMS CRITERIA FOR REIMBURSEMENT
OF FDG-PET EXAM

• ≥ Six months documented cognitive decline, date of onset

• Dementia with characteristics  consistent with both AD and FTD

• Comprehensive clinical evaluation in accordance with American 
Academy of Neurology guidelines

• Evaluating physician experienced in dementia assessments

• No prior FDG-PET (or perfusion SPECT) for same indication 
and/or less than one year

• Evaluation must be documented (CMS could request audit): Mini 
Mental Status Examination, CT or MRI reports, results of screen
ing laboratory tests (e.g., B-12, thyroid hormone levels), medications, 
consultations, patient visits, etc.

TABLE 3. AD NATURAL PROGRESSION

Early cognitive changes
• Recent memory consolidation
• Language skills
• Visuomotor skills

Behavior/mood changes
• Progressive cognitive decline
• Deterioration of social skills
• Early phases: personality changes, irritability,

anxiety, depression
• Advanced stages: delusions, hallucinations, 

aggression, wandering
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firmed to be heterozygous for the ApoE 4
allele, a specific risk factor for subsequent-
ly developing AD.13 Note the profound
reduction in glucose uptake in the posteri-
or aspect of the brain, achieving statistical
significance on quantitative analysis when
compared with a normal adult database
(several software programs are commer-
cially available).

Conversely, the patient whose scan is
displayed in Figure 2 had more profound
symptoms of dementia, but conventional
workup was inconclusive in differentiating
the specific neurodegenerative disorder.
Note the classic decrease in radioglucose
uptake in the frontotemporal cortex, again
achieving statistical significance and virtu-
ally excluding AD in this patient with
Pick’s disease (FTD). Finally, in Figure 3,
with representative slices from the FDG-
PET examination appearing similar to the
bitemporoparietal hypometabolism typi-
cal of early AD, there is the additional find-
ing of significant loss of metabolism in the
visual cortex. This feature is distinctly
atypical in AD but is believed to indicate a
high likelihood of DLB, which actually
represents the second most common

dementia14 and is usually associated with
or precedes the development of Par-
kinson’s disease.15

Neuroimaging modalities based on
morphology, i.e., CT and routine MRI, are
not sufficiently sensitive to detect the early
manifestations of AD. These images gener-
ally confirm atrophy but are otherwise
unremarkable. Although interrogation of
hippocampal volumes and the presence of
mesial temporal sclerosis significantly
increase the sensitivity of MRI, these find-
ings may not accurately differentiate AD
from FTD. Thus the routine use of CT and
MRI is primarily intended to exclude sig-
nificant unexpected pathology. Newer
techniques such as surface display as well
as the increased spatial resolution of high-
er strength magnets appear to be capable
of making these distinctions, but they have
not yet been compared with conventional
clinical evaluation.

The somewhat limited specificity
reported for FDG-PET is probably related
in part to the lower spatial resolution of
PET devices from just two or three years
ago compared with newer instruments.
And because of the normally high rates of

glucose utilization associated with normal
cortical gray matter and basal ganglia, the
visual or qualitative analysis of gray-scale
images may decrease sensitivity and speci-
ficity relative to color displays and quanti-
tative analysis when as little as 5% or less
decrement in activity is often highly signif-
icant. Thus, the specificity of FDG-PET for
the diagnosis of AD and other dementias
should increase as these and other ad-
vanced techniques become more common
in routine practice.

Perhaps the most exciting area of future
development involves the use of radio-
labeled small molecular probes such as the
benzothiazol (thioflavin-T)-derived agents
(so-called Pittsburgh agent, or PIB)16 and
the fluorinated analog of 1,1-dicyano-2-
[6-(dimethylamino)-2-naphthalenyl]
propene (FDDNP)17 for directly imaging
neuritic plaques (NPs) and/or NFTs. These
new PET agents, when used in conjunction
with or sequential to existing functional
imaging such as FDG-PET should facili-
tate a significant increase in specificity and
overall accuracy of the diagnosis of AD.
The potential for the development of
directed therapies to facilitate a reduction

Dementia is estimated to go
undiagnosed in as many as 50% to
90% of cases, in part because early
signs and symptoms are attributed
to normal aging. Conversely, over-
diagnosis of AD has become prob-
lematic in recent years, affecting the
insurability of individuals whose
medical record may include refer-
ences to “suspected AD.” In many
patients, the differential diagnosis
includes other neurodegenerative
conditions such as dementia with
Lewy bodies (DLB) and frontotem-
poral dementia (FTD). Potentially
reversible conditions with a clinical
presentation that is often confused
with these entities include vascular
disease, major depression (“pseudo-
dementia”), thyroid disease (partic-
ularly hypothyroidism), other meta-
bolic disturbances, and alcohol and
drug abuse or sensitivity.

More than four million people
are affected by AD in the U.S., where
it is the fourth leading cause of
death, accounting for 100,000 deaths
per year, as well as the leading
dementia diagnosis. According to
some estimates, more than 14 mil-
lion people will have AD by 2050.3-5

Senile or neuritic plaques and
neurofibrillary tangles (NFTs) are
histologic characteristics observed to
increase with age. They appear to be
the pathologic lesion(s) responsible
for AD, accumulating early in the
course of the disease in the entorhi-
nal and medial temporal cortexes.
Although it has been proposed that
NFTs may be a secondary response
to AD and other neurodegenerative
disease, rather than the primary
cause,6 it is generally agreed that a
decrease in central cholinergic neu-
rons occurs and is thus the basis of
cholinesterase inhibitor therapies.

Several medications can reverse or at
least slow the progression of AD (Table 1)
and probably DLB,7 but they have not been
demonstrated effective in cases of FTD.
Early detection and differentiation is thus
critical, not only so that the appropriate
therapy can be instituted as soon as possi-
ble and unnecessary and inappropriate
diagnostic tests and treatments avoided,
but also because the number of patients
requiring nursing home placement over a
defined time period can be reduced by over
50%.8,9 It has also been shown that a delay

in therapy of as little as six months may
allow for a deterioration of cognitive func-
tions that cannot be recovered.10

Histologic changes of AD may be pres-
ent in individuals for more than 10 years
prior to clinical manifestations of the dis-
ease. Mild cognitive impairment develops
initially, distinguished from dementia by
the absence of functional disability (Table
2). As dementia sets in, however, its relent-
less progression translates clinically into
increasing levels of disability (Table 3). In
clinical practice, FDG-PET brain imaging
is becoming more frequently employed
when the neurological diagnosis is equivo-

cal following conventional diagnos-
tic and neuropsychological testing
and morphologic neuroimaging
procedures (CT or MRI).

The results of multiple con-
trolled trials have established an
overall increased accuracy in AD
diagnosis when a single FDG-PET
scan is added to the conventional
workup. Sensitivity increases from
83% to 85% for conventional clini-
cal evaluation (usually cumulative
data from sequential and often
repeated tests spanning several
months to years) to 94% to 95%.
Specificity also increases, from 50%
to 55% to 71% to 73%. Overall
accuracy increases from 69% to
89%.11

In addition to the obvious con-
tribution FDG-PET makes toward
an earlier and more accurate diag-
nosis, there is an added benefit relat-
ed to cost savings per correct diag-
nosis that essentially pays for the
cost of FDG-PET brain imaging at
the current levels of reimburse-
ment.12 After extensive review of
these and similar data, the Centers
for Medicare and Medicaid Services
issued its ruling to reimburse for
these exams under specific guide-
lines (Table 4) and for the initial
specific purpose of differentiating
AD from FTD.

Table 5 shows an algorithmic
approach to the indications for
FDG-PET based on the criteria of
the CMS guidelines.

Our own experience over a two-
and-a-half-year period of operation
as a private outpatient PET imaging
facility in San Francisco has been a
true learning experience with regard
to balancing the clinical usefulness

of FDG-PET in specific patients against the
willingness of various payers to reimburse
for the procedure. The CMS ruling has
helped tremendously because many
dementia patients are in the age range
associated with primary coverage by
Medicare, and private payers generally fol-
low Medicare’s reimbursement decisions.

The typical patterns of decreased glu-
cose utilization for both AD and FTD are
well established. Figure 1 demonstrates
bitemporoparietal hypometabolism in a
patient presenting with concern over
memory loss. The patient was still highly
functional but was subsequently con-
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Figure 1. Alzheimer’s disease. Upper panel depicts CNS distribution of FDG
in a sequence of transaxial images rendered in gray-scale. Although the
classic pattern of bitemporoparietal hypometabolism can be discerned,
note the more dramatic demonstration of this phenomenon in the middle
panel, where images are rendered in a color translation table. (Left: Lateral
view of maximum intensity projection, or “movie” display. Second from left:
Coronal slice through frontal lobes. Third from left: Transaxial slice
demonstrating bitemporoparietal hypometabolism. Right: Sagittal slice, left
paracentral plane of section.) Lower panel is a composite of quantitative
analysis program (Hermes Medical Solutions). White arrow indicates
relatively preserved visual cortical activity. Green pixels in
transaxial/coronal/sagittal image slices indicate hypometabolism >2.5
standard deviations below that expected from the normal adult database.

Figure 3. Dementia with Lewy bodies. Upper panel displays lateral-view maximum
intensity projection, then coronal, transaxial and sagittal images with color
translation table. Note the same pattern of bitemporoparietal hypometabolism
depicted in AD patient in Figure 1. Lower panel is a composite of quantitative
analysis program. White arrow indicates hypometabolism in visual cortex. Green
pixels in transaxial/coronal/sagittal image slices indicate hypometabolism >2.5
standard deviations below that expected from the normal adult database.

Figure 2. Frontotemporal dementia. Upper panel displays lateral view maximum intensity
projection, then coronal, transaxial and sagittal images with color translation table. In
contrast to Figures 1 and 3, this patient’s FDG-PET scan is characterized by frontotemporal
hypometabolism, and the glucose utilization in the temporoparietal regions is largely
preserved. Lower panel is a composite of quantitative analysis program. Green pixels in
transaxial/coronal/sagittal image slices again indicate hypometabolism >2.5 standard
deviations below that expected from the normal adult database.
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firmed to be heterozygous for the ApoE 4
allele, a specific risk factor for subsequent-
ly developing AD.13 Note the profound
reduction in glucose uptake in the posteri-
or aspect of the brain, achieving statistical
significance on quantitative analysis when
compared with a normal adult database
(several software programs are commer-
cially available).

Conversely, the patient whose scan is
displayed in Figure 2 had more profound
symptoms of dementia, but conventional
workup was inconclusive in differentiating
the specific neurodegenerative disorder.
Note the classic decrease in radioglucose
uptake in the frontotemporal cortex, again
achieving statistical significance and virtu-
ally excluding AD in this patient with
Pick’s disease (FTD). Finally, in Figure 3,
with representative slices from the FDG-
PET examination appearing similar to the
bitemporoparietal hypometabolism typi-
cal of early AD, there is the additional find-
ing of significant loss of metabolism in the
visual cortex. This feature is distinctly
atypical in AD but is believed to indicate a
high likelihood of DLB, which actually
represents the second most common

dementia14 and is usually associated with
or precedes the development of Par-
kinson’s disease.15

Neuroimaging modalities based on
morphology, i.e., CT and routine MRI, are
not sufficiently sensitive to detect the early
manifestations of AD. These images gener-
ally confirm atrophy but are otherwise
unremarkable. Although interrogation of
hippocampal volumes and the presence of
mesial temporal sclerosis significantly
increase the sensitivity of MRI, these find-
ings may not accurately differentiate AD
from FTD. Thus the routine use of CT and
MRI is primarily intended to exclude sig-
nificant unexpected pathology. Newer
techniques such as surface display as well
as the increased spatial resolution of high-
er strength magnets appear to be capable
of making these distinctions, but they have
not yet been compared with conventional
clinical evaluation.

The somewhat limited specificity
reported for FDG-PET is probably related
in part to the lower spatial resolution of
PET devices from just two or three years
ago compared with newer instruments.
And because of the normally high rates of

glucose utilization associated with normal
cortical gray matter and basal ganglia, the
visual or qualitative analysis of gray-scale
images may decrease sensitivity and speci-
ficity relative to color displays and quanti-
tative analysis when as little as 5% or less
decrement in activity is often highly signif-
icant. Thus, the specificity of FDG-PET for
the diagnosis of AD and other dementias
should increase as these and other ad-
vanced techniques become more common
in routine practice.

Perhaps the most exciting area of future
development involves the use of radio-
labeled small molecular probes such as the
benzothiazol (thioflavin-T)-derived agents
(so-called Pittsburgh agent, or PIB)16 and
the fluorinated analog of 1,1-dicyano-2-
[6-(dimethylamino)-2-naphthalenyl]
propene (FDDNP)17 for directly imaging
neuritic plaques (NPs) and/or NFTs. These
new PET agents, when used in conjunction
with or sequential to existing functional
imaging such as FDG-PET should facili-
tate a significant increase in specificity and
overall accuracy of the diagnosis of AD.
The potential for the development of
directed therapies to facilitate a reduction

Dementia is estimated to go
undiagnosed in as many as 50% to
90% of cases, in part because early
signs and symptoms are attributed
to normal aging. Conversely, over-
diagnosis of AD has become prob-
lematic in recent years, affecting the
insurability of individuals whose
medical record may include refer-
ences to “suspected AD.” In many
patients, the differential diagnosis
includes other neurodegenerative
conditions such as dementia with
Lewy bodies (DLB) and frontotem-
poral dementia (FTD). Potentially
reversible conditions with a clinical
presentation that is often confused
with these entities include vascular
disease, major depression (“pseudo-
dementia”), thyroid disease (partic-
ularly hypothyroidism), other meta-
bolic disturbances, and alcohol and
drug abuse or sensitivity.

More than four million people
are affected by AD in the U.S., where
it is the fourth leading cause of
death, accounting for 100,000 deaths
per year, as well as the leading
dementia diagnosis. According to
some estimates, more than 14 mil-
lion people will have AD by 2050.3-5

Senile or neuritic plaques and
neurofibrillary tangles (NFTs) are
histologic characteristics observed to
increase with age. They appear to be
the pathologic lesion(s) responsible
for AD, accumulating early in the
course of the disease in the entorhi-
nal and medial temporal cortexes.
Although it has been proposed that
NFTs may be a secondary response
to AD and other neurodegenerative
disease, rather than the primary
cause,6 it is generally agreed that a
decrease in central cholinergic neu-
rons occurs and is thus the basis of
cholinesterase inhibitor therapies.

Several medications can reverse or at
least slow the progression of AD (Table 1)
and probably DLB,7 but they have not been
demonstrated effective in cases of FTD.
Early detection and differentiation is thus
critical, not only so that the appropriate
therapy can be instituted as soon as possi-
ble and unnecessary and inappropriate
diagnostic tests and treatments avoided,
but also because the number of patients
requiring nursing home placement over a
defined time period can be reduced by over
50%.8,9 It has also been shown that a delay

in therapy of as little as six months may
allow for a deterioration of cognitive func-
tions that cannot be recovered.10

Histologic changes of AD may be pres-
ent in individuals for more than 10 years
prior to clinical manifestations of the dis-
ease. Mild cognitive impairment develops
initially, distinguished from dementia by
the absence of functional disability (Table
2). As dementia sets in, however, its relent-
less progression translates clinically into
increasing levels of disability (Table 3). In
clinical practice, FDG-PET brain imaging
is becoming more frequently employed
when the neurological diagnosis is equivo-

cal following conventional diagnos-
tic and neuropsychological testing
and morphologic neuroimaging
procedures (CT or MRI).

The results of multiple con-
trolled trials have established an
overall increased accuracy in AD
diagnosis when a single FDG-PET
scan is added to the conventional
workup. Sensitivity increases from
83% to 85% for conventional clini-
cal evaluation (usually cumulative
data from sequential and often
repeated tests spanning several
months to years) to 94% to 95%.
Specificity also increases, from 50%
to 55% to 71% to 73%. Overall
accuracy increases from 69% to
89%.11

In addition to the obvious con-
tribution FDG-PET makes toward
an earlier and more accurate diag-
nosis, there is an added benefit relat-
ed to cost savings per correct diag-
nosis that essentially pays for the
cost of FDG-PET brain imaging at
the current levels of reimburse-
ment.12 After extensive review of
these and similar data, the Centers
for Medicare and Medicaid Services
issued its ruling to reimburse for
these exams under specific guide-
lines (Table 4) and for the initial
specific purpose of differentiating
AD from FTD.

Table 5 shows an algorithmic
approach to the indications for
FDG-PET based on the criteria of
the CMS guidelines.

Our own experience over a two-
and-a-half-year period of operation
as a private outpatient PET imaging
facility in San Francisco has been a
true learning experience with regard
to balancing the clinical usefulness

of FDG-PET in specific patients against the
willingness of various payers to reimburse
for the procedure. The CMS ruling has
helped tremendously because many
dementia patients are in the age range
associated with primary coverage by
Medicare, and private payers generally fol-
low Medicare’s reimbursement decisions.

The typical patterns of decreased glu-
cose utilization for both AD and FTD are
well established. Figure 1 demonstrates
bitemporoparietal hypometabolism in a
patient presenting with concern over
memory loss. The patient was still highly
functional but was subsequently con-
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Figure 1. Alzheimer’s disease. Upper panel depicts CNS distribution of FDG
in a sequence of transaxial images rendered in gray-scale. Although the
classic pattern of bitemporoparietal hypometabolism can be discerned,
note the more dramatic demonstration of this phenomenon in the middle
panel, where images are rendered in a color translation table. (Left: Lateral
view of maximum intensity projection, or “movie” display. Second from left:
Coronal slice through frontal lobes. Third from left: Transaxial slice
demonstrating bitemporoparietal hypometabolism. Right: Sagittal slice, left
paracentral plane of section.) Lower panel is a composite of quantitative
analysis program (Hermes Medical Solutions). White arrow indicates
relatively preserved visual cortical activity. Green pixels in
transaxial/coronal/sagittal image slices indicate hypometabolism >2.5
standard deviations below that expected from the normal adult database.

Figure 3. Dementia with Lewy bodies. Upper panel displays lateral-view maximum
intensity projection, then coronal, transaxial and sagittal images with color
translation table. Note the same pattern of bitemporoparietal hypometabolism
depicted in AD patient in Figure 1. Lower panel is a composite of quantitative
analysis program. White arrow indicates hypometabolism in visual cortex. Green
pixels in transaxial/coronal/sagittal image slices indicate hypometabolism >2.5
standard deviations below that expected from the normal adult database.

Figure 2. Frontotemporal dementia. Upper panel displays lateral view maximum intensity
projection, then coronal, transaxial and sagittal images with color translation table. In
contrast to Figures 1 and 3, this patient’s FDG-PET scan is characterized by frontotemporal
hypometabolism, and the glucose utilization in the temporoparietal regions is largely
preserved. Lower panel is a composite of quantitative analysis program. Green pixels in
transaxial/coronal/sagittal image slices again indicate hypometabolism >2.5 standard
deviations below that expected from the normal adult database.
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