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Technical factors play a critical role in the production of best-
quality amyloid PET images for interpretation. This article
provides specific instructions and general technical information
about PET brain scanning of β-amyloid neuritic plaques. The
focus of tracer-specific information will be on 18F-florbetapir
(indications, contraindications, dosing, administration, uptake
time, scanning time, acquisition, processing, biodistribution, ra-
diation dose, adverse events, and display). General scanning
information relevant to all amyloid-imaging agents will be also
be presented (e.g., mechanism of uptake, safe handling, posi-
tioning, prevention of patient motion, processing, and artifacts).
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b-amyloid neuritic plaques are extracellular deposits
of b-amyloid protein mixed with branches of dying nerve
cells found in the cortical gray matter of patients with
Alzheimer disease. These toxic proteins, along with the intra-
cellular neurofibrillary tangles of tau protein, are implicated
in the disease process, although the exact sequence and
timing of their development is not completely understood
(1). Until recently, clinicians could study the regional dis-
tribution of these proteins only in the laboratory, using
specimens of brain tissue obtained at autopsy or biopsy.
With the advent of PET amyloid-imaging agents, a new
era in the study of neurodegenerative disorders is under
way in which the in vivo density and distribution of amyloid
protein in the brains of living subjects can be estimated (2).
The first successful PET tracer for amyloid imaging in

humans was 11C-Pittsburgh compound B. The PET signal

from this tracer correlates with the location and density of
b-amyloid neuritic plaques as assessed in vitro (3). Because
of the physical limitations in the production of 11C and its
short half-life (20.3 min), investigators have sought ways to
image b-amyloid plaques with 18F-labeled compounds that
can more easily be translated from academic research cen-
ters into widespread clinical use (2). Three 18F-labeled am-
yloid PET radiopharmaceuticals have been approved by the
U.S. Food and Drug Administration and the European Med-
icines Agency: 18F-florbetapir (Amyvid; Eli Lilly & Co.)
(4,5), flutemetamol (Vizamyl; GE Healthcare) (6,7), and
florbetaben (Neuraceq; Piramal Imaging) (8,9).

INDICATIONS AND CONTRAINDICATIONS

PET amyloid agents bind to amyloid neuritic plaque in
cortical gray matter, scans of which provide an in vivo
estimation of plaque density. All 3 approved agents share
a similar indication statement. The product indication as
cited in the U.S. package insert (USPI) for 18F-florbetapir is
as follows. 18F-florbetapir is a. . .

radioactive diagnostic agent for Positron Emission Tomography (PET)
imaging of the brain to estimate b-amyloid neuritic plaque density in
adult patients with cognitive impairment who are being evaluated for
Alzheimer’s Disease (AD) and other causes of cognitive decline (4).

Specific indication language in the European Union Sum-
mary of Product Characteristics (SPC) is consistent with that of
the USPI (5). The implications of a negative and positive scan
are described in the 18F-florbetapir USPI as follows:

A negative [18F-florbetapir] scan indicates sparse to no neuritic plaques,
and is inconsistent with a neuropathological diagnosis of AD at the time
of image acquisition; a negative scan result reduces the likelihood that
a patient’s cognitive impairment is due to AD.

A positive [18F-florbetapir] scan indicates moderate to frequent amy-
loid neuritic plaques; neuropathological examination has shown this
amount of amyloid neuritic plaque is present in patients with AD, but
may also be present in patients with other types of neurologic con-
ditions as well as older people with normal cognition (4).

An amyloid brain scan is not a stand-alone test, and
a positive result does not establish a diagnosis of Alzheimer
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disease; rather, it is part of a diagnostic work-up by a clinician
and should be considered an adjunct to neuropsychologic
testing and other elements of a patient evaluation. An amyloid
scan informs the clinician about the density of amyloid plaque
in the brain, which is one factor involved in the diagnostic
evaluation of cognitive impairment (10). Per the 18F-florbetapir
USPI, the “Safety and effectiveness of [18F-florbetapir] has not
been established for: predicting development of dementia
or other neurologic condition; [or for] monitoring responses
to therapies.” 18F-florbetapir imaging is an estimate of plaque
density at the time of imaging only; it does not predict future
development of b-amyloid neuritic plaque (4,5).

18F-florbetapir is not indicated for pediatric patients.
Women of childbearing years should follow standard radi-
ation precautions and inform their clinician if they could
possibly be pregnant or if they are breastfeeding. As with any
radiopharmaceutical, patients who are breastfeeding should
be advised to use alternate infant nutrition sources after ad-
ministration. Injection of 18F-florbetapir (or any radiophar-
maceutical) contributes to cumulative radiation dose (4,5).
There is no contraindication listed in the USPI for 18F-

florbetapir (4). The SPC cites hypersensitivity to the active com-
ponent or inactive ingredients as a contraindication for use (5).
Errors may occur in interpretation with any of the amyloid-

imaging agents. Motion artifacts, atrophy, image noise,
suboptimal positioning, oversmoothing, and surgery- or radiation-
induced changes can affect the accuracy of interpretation.
Anatomic correlation with CT or MR imaging is useful in
determining the location and severity of atrophy and other
brain disease such as stroke or ventriculomegaly that could
interfere with interpretation (4–9).

ADVERSE REACTIONS

Adverse reactions that occurred during 18F-florbetapir
clinical trials were documented and submitted to regulatory
agencies as part of the application for marketing approval.
In any clinical trial, not only are adverse event data collected
from specific patient groups that may or may not match the
population typically exposed to a new drug after approval, but
the total number of subjects exposed to an investigational drug
is much smaller than the number with eventual access to the
drug in routine clinical practice. For these reasons, the rate and
total number of adverse events should not be directly extrapo-
lated to clinical practice or compared between products (11).
Because 18F-florbetapir clinical studies did not include a placebo
group, it is not possible to statistically distinguish adverse
events occurring more frequently in patients given drug versus
patients undergoing similar procedures without drug treatment.
In clinical trials of 18F-florbetapir (n 5 555), there were

no serious adverse reactions; reported reactions were predom-
inantly mild to moderate. The USPI lists the most frequent
adverse reactions reported by more than one subject in clinical
trials: headache (1.8%); musculoskeletal pain, increased blood
pressure, and nausea (0.7%); and fatigue and injection site
reaction (0.5%). The following adverse reactions were reported
to have occurred in 0.4% of subjects (2/555): anxiety, back

pain, claustrophobia, dizziness, feeling cold, insomnia, and
neck pain (4). The SPC categorizes adverse reactions slightly
differently from the USPI. Headache is listed as occurring with
“common” frequency, meaning that its range of occurrence
was $1 in 100 but ,1 in 10. The adverse reactions that were
listed as “uncommon” ($1 in 1,000 but ,1 in 100) are dys-
geusia (distortion of the sense of taste), flushing, nausea, pru-
ritus, urticaria, and infusion site rash (5). The difference in the
descriptions between the USPI and the SPC are a matter of
how the regulatory agencies categorize and report adverse re-
action data and does not indicate a difference in the raw data
between the two regions.

MECHANISM OF ACTION AND BIODISTRIBUTION

Amyloid-imaging agents such as 18F-florbetapir diffuse
across the blood–brain barrier and produce a radioactive sig-
nal that is detectable throughout the brain. Washout of un-
bound ligand ensues, leading to decreasing tracer in the brain,
followed by differential retention between areas that contain
b-amyloid aggregates (which are a major component of neu-
ritic plaques) and areas that do not. This differential in tracer
uptake is the basis for determining whether the scan is pos-
itive or negative for amyloid (4–9). Beyond this general sim-
ilarity, however, each 18F amyloid-imaging agent has distinct
chemistry, clearance, and biodistribution profiles.

In the case of 18F-florbetapir, brain uptake maximizes within
several minutes of injection and then clears rapidly from the
circulation during the first 30 min after injection. Clearance
slows significantly after 30 min, and by 40–50 min the activity
remains in a steady state until 90 min after injection (12). 18F-
florbetapir is eliminated primarily by clearance through the liver
and excretion into the gallbladder and intestines (4,5).

In a study of healthy subjects, 18F-florbetapir was distrib-
uted throughout the body, and the amount of injected 18F in
the blood was less than 5% by 20 min after injection and
less than 2% by 45 min. Some accumulation and excretion
was also observed in the urinary bladder. Activity in the urine
was due to polar metabolites rather than the parent compound.
The liver was visualized within 4 min after injection. Residual
18F in the circulation during the 30- to 90-min imaging win-
dow consisted primarily of polar metabolites (4,5).

The highest level of 18F-florbetapir uptake in the normal
brain is in regions comprising mostly white matter. The rea-
son for this nonspecific uptake in white matter has not been
definitively established. One hypothesis is that, because of
slower cerebral blood flow in white matter than in gray matter,
18F-florbetapir clears more slowly from white matter (5).

18F-florbetapir uptake has been identified in nonbrain struc-
tures such as scalp, salivary glands, muscles, and bone. It is
unknown whether such uptake is due to blood accumulation of
18F-florbetapir or of any of its radioactive metabolites (5).

RADIATION DOSIMETRY

Amyloid PET radiopharmaceuticals, used as directed in
the product labeling, result in an effective whole-body dose
of radiation that is similar to that from an 18F-FDG PET
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scan (7 mSv for 370 MBq [10 mCi] of 18F-FDG) (4–9,13).
The dosimetry for each amyloid tracer is based on the specific
biodistribution and kinetics of the tracer. The target organ (i.e.,
the organ with the highest radiation dose) for 18F-florbetapir is
the gallbladder wall (Table 1). The effective whole-body dose
for 370 MBq (10 mCi) of 18F-florbetapir is 7 mSv (19 mSv/
MBq) (4,5).
The radiation dose from the CT portion of the PET/CT

scan is operator- and scanner-dependent and may range to up
to 2.2 mSv or more for a diagnostic brain scan but may be
much less for a low-dose (attenuation correction) scan (13).
The decision to use diagnostic-dose versus low-dose CT is
based on the specific clinical scenario and each institution’s
standards and, as such, is beyond the scope of this article.

PATIENT PREPARATION

Because amyloid-imaging agents are not susceptible to
changes in metabolism, it is not necessary to monitor blood
glucose or require patients to fast before injection. Unlike
18F-FDG, the conditions of injection and uptake are not
restricted. Patients can be in a lighted room with ambient
noise and can talk, watch television, eat, drink, walk, and
interact with others (in compliance with institution-specific
radiation safety policies) during the uptake time after
injection.

There are no medication restrictions for 18F-florbetapir
imaging. Patients can continue taking their dementia med-
ications and other medications as prescribed. Drug-to-drug
interactions were not studied in clinical trials of 18F-florbetapir.
However, subjects in clinical trials were not told to stop taking
their medications, including those commonly used to treat
symptoms of cognitive impairment (e.g., donepezil, galant-
amine, and memantine). A comparison of data between subjects
who were on versus not on dementia medications showed no
difference in quantitative values (4,5).

The SPC for 18F-florbetapir suggests that patients should
avoid any close contact with young children and pregnant
women for the 24 h after the injection. In addition, the
following specific warnings are cited in the SPC (5):

The content of sodium is greater than 1 mmol (up to 37 mg per dose).

This should be taken into account in patients on a low sodium diet.

This medicinal product contains 10 vol% ethanol (alcohol), i.e. up to

790 mg per dose, equivalent to 20 mL beer or 8 mL wine per dose. This

amount may be harmful for those suffering from alcoholism, and

should be taken into account in pregnant and breast-feeding women

and high-risk groups such as patients with liver disease or epilepsy.

Metal or attenuating materials in the field of view for any
PET brain scan, 18F-FDG or amyloid, cause CT artifacts,
which can in turn cause errors in attenuation correction and
PET image artifacts (14–16). The technologist should en-
sure that all metal or attenuating materials above the
shoulders have been removed to avoid CT artifacts. Exam-
ples of such materials are glasses, hearing aids, removable
dentures, and hair clips.

DOSING AND ADMINISTRATION

As with all radiopharmaceuticals for injection, 18F-
florbetapir should be inspected for particulate matter; if
particulates are seen, the dose should not be injected. 18F-
florbetapir is a clear and colorless solution. The pH range is
5.5–7.5. 18F-florbetapir should be stored at room tempera-
ture (25�C, 77�F), with permitted excursions to 15�C–30�C
(59�F–86�F). The product does not contain a preservative (4).

Aseptic injection technique and appropriate radiation
(high-energy) shielding, such as a tungsten syringe shield
with a lead glass window, should be used when injecting
PET agents. Waterproof gloves should be worn. Per the
principle of “as low as reasonably achievable,” technolo-
gists should apply time, distance, and shielding techniques
to minimize the radiation dose to themselves and their col-
leagues. Unused product should be disposed of in a safe
manner in compliance with applicable regulations (4–9).

18F-labeled amyloid-imaging agents are neutral and
lipophilic—characteristics that allow these agents to cross
the blood–brain barrier (17–19). Moderate lipophilicity also
means that these agents tend to adhere to plastic tubing and
syringes. Technologists should use short catheters and as
little extension tubing as possible to minimize adsorption
of radiotracer, which could result in a decrease in injected
dose. The 18F-florbetapir product label recommends use of

TABLE 1
18F-Florbetapir–Estimated Absorbed Radiation Dose (4)

Organ or tissue μGy/MBq

Adrenal 14
Bone

Osteogenic cells 28
Red marrow 14

Brain 10
Breasts 6
Gallbladder wall 143
Gastrointestinal tract

Lower large intestine wall 28
Small intestine 66
Stomach wall 12
Upper intestine wall 74

Heart wall 13
Kidneys 14
Liver 64
Lungs 9
Muscle 9
Ovaries 18
Pancreas 14
Skin 6
Spleen 9
Testes 7
Thymus 7
Thyroid 7
Urinary bladder wall 27
Uterus 16
Total body 12
Effective dose* 19*

*μSv/MBq.
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a short indwelling catheter of approximately 4 cm (1.5 in) or
less to minimize adsorption to the catheter (4,5).
The recommended dose of 18F-florbetapir is 370 MBq

(10 mCi) in a maximum volume of 10 mL administered
via intravenous bolus, followed by a saline flush.
In the United States, 18F-florbetapir is supplied to

manufacturing sites in 10-, 30-, or 50-mL vials containing
10, 10–30, or 10–50 mL, respectively, at a strength of 500–
1,900 MBq (13.5–51 mCi)/mL at the end of synthesis. Unit
doses of 18F-florbetapir are drawn by a commercial radio-
pharmacy and delivered to imaging sites in 6-mL polypro-
pylene or high-density polyethylene syringes that, in addition
to being made of material that results in less adsorption, have
no rubber stoppers that could contribute to adsorption and
a resulting loss of radioactivity. These syringes are slightly
shorter than the standard 5-mL syringes but fit into a standard
5-mL PET syringe shield. If a 3-way stopcock is used, both
ports should be rinsed thoroughly with saline to minimize
residual activity. 18F-florbetapir should not be diluted in the
unit dose form (e.g., saline should not be drawn into the
syringe to dilute the dose or increase the volume) (4).
In the European Union, 18F-florbetapir is supplied to im-

aging sites in a multidose vial with concentrations of either
800 MBq/mL (range, 800–12,000 MBq) or 1,900 MBq/mL
(range, 1,900–28,500 MBq) at the time of calibration. The
volume administered to the patient should be minimally
1 mL and maximally 10 mL. The 18F-florbetapir SPC states
that only polypropylene or high-density polyethylene syrin-
ges should be used when a dose is drawn from the vial. 18F-
florbetapir from the vial may be diluted aseptically with
sodium chloride solution for injection to a maximum of
1:5. Diluted product must be used within 4 h of dilution
(5). Automated injector and dispenser systems are not rec-
ommended for 18F-florbetapir because of incompatibility
with the internal silicon tubing used in many of the auto-
mated devices (Avid Radiopharmaceuticals, unpublished
data, 2010).
The maximum mass dose of 18F-florbetapir (i.e., amount

of nonradioactive precursor compound) is 50 mg (4,5). Unit
doses or vials delivered from the radiopharmacy will indicate
a product expiration date and time. A dose that is drawn
before this date should contain the correct mass dose–volume
proportion. However, an expired vial may require a larger
volume of solution, which could potentially lead to injection
of a mass dose larger than prescribed. The shelf-life for 18F-
florbetapir 800 MBq/mL is 7.5 h from the time of calibration.
For 18F-florbetapir 1,900 MBq/mL, the shelf-life is 10 h. If
18F-florbetapir is diluted (as is allowed in the European
Union), it must be used within 4 h of dilution (5). Attention
to the expiration date of radiopharmaceutical doses is univer-
sally good nuclear medicine practice for technologists.

POSITIONING THE PATIENT

Proper positioning of the patient contributes to ease of
interpretation, minimizes potential artifacts due to motion,
and promotes patient comfort. Many of the same position-

ing aids and concepts used to optimize 18F-FDG PET brain
imaging can be applied to amyloid brain imaging.

One helpful way to standardize the description of position-
ing in the head holder is to use the terminology of airplane
pilots in describing the orientation of an airplane in flight. Pitch
is used when the nose of the plane moves up or down and is an
apt description of the movement of a patient nodding his or her
head. Yaw is used for a simple turn, such as when a patient
turns to look to the right or left, or if the patient’s nose is not at
exactly the 12-o’clock position as seen in the axial view. Roll is
the term used if one wing of an airplane dips lower than the
other; the same can be said about one ear being lower than the
other as if dipping toward the shoulder (20).

Patients should be positioned supine with their head in
a nonattenuating head holder. The brain should be in the
center of the scanner field of view to leverage maximum
sensitivity of the detector, and the field should include the
entire cerebellum. The head should be centered on the y-axis
with the nose pointing straight up, with no yaw or roll, using
a laser positioning system if available. The neck should be in
a relaxed position, and the chin pitched slightly forward so
that an imaginary line drawn from the external canthus of the
eye to the center of the auditory meatus is perpendicular to
the scanning table. If the patient cannot hold his or her head
in this canthomeatal positioning, imaging can be performed
with the neck completely relaxed and the images subse-
quently reoriented; however, with small-field-of-view scan-
ners it may be difficult to contain the entire cerebellum
within the field of view.

Patient positioning plays a key role in allowing the
interpreter to follow the standardized method of interpre-
tation and in producing images similar to those in the
manufacturer-developed interpreter training program. For
example, if the head is pitched too far forward or backward,
images become more complicated to interpret because the
interpreter must visualize anatomy in an atypical orienta-
tion while scrolling through slices. A scan that demon-
strates left-to-right yaw or ear-to-shoulder roll can be more
difficult to interpret because bilateral activity in a slice may
appear asymmetric (Fig. 1A). Although reorientation soft-
ware can reposition processed data such as pitch or yaw in 1
or 2 dimensions, not all software can adjust the image
properly when there is a combination of noncentered posi-
tions (e.g., yaw combined with roll). Ensuring that the patient’s
head is centered in all 3 axes is an important way that the
technologist can support a standardized appearance and sub-
sequent interpretation of 18F-florbetapir scans.

Motion is the most common cause of artifacts in PET
brain imaging and is often preventable by using standard
head-imaging techniques. Patient motion during a PET scan
can reduce accuracy by causing image blurring within and
between frames, misregistration between the CT and PET
data, or scatter estimation and attenuation correction errors
due to transmission and emission misalignment (21). Amy-
loid PET imaging is also vulnerable to blurring artifacts,
which can potentially decrease accuracy (10). In a multicenter
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study conducted by the Japanese Alzheimer’s Disease Neuro-
imaging Initiative, subjects with Alzheimer disease showed
a higher level of motion during 18F-FDG PET brain imaging
than did those with mild cognitive impairment or no cognitive
impairment (22). Green et al. studied head motion in cogni-
tively normal cooperative volunteers by positioning them in
a head holder and observing the amount and quality of mo-
tion on PET scans both with and without the use of thermo-
plastic masks. The authors observed that motion occurred in
multiple planes, and cumulative motion increased with time
even in cognitively normal volunteers who were made com-
fortable with appropriate positioning support. Motion was
less frequent and severe with a mask than without any
restraints (23). Beyer et al. studied the impact of patient
support structures on head movement in a simulated PET/CT
environment and concluded that motion and misregistration
artifacts occurred most often when only the neck was sup-
ported and least often when the head holder was fitted with
a custom foam insert. Because not all imaging centers have
access to a curved head holder as in that study, the authors
recommend using other types of cushioning along the sides
of the head such as vacuum-lock bags or bean-filled bags. They
also noted that a common source of downward motion is shoul-
der and neck relaxation during the acquisition (24).
To minimize the potential for motion artifacts in amyloid

imaging, the patient’s head should be secured firmly in the
head holder with tape or a self-adhering wrap (e.g., Coban;
3M) across the forehead, as well as a chin strap or tape. If
there is still room for the patient’s head to yaw right or left
or for the ear to roll toward the shoulder, the technologist
should use foam wedges, towels, or vacuum bags to secure
the head (Fig. 1B). Some technologists find it useful to lie
on the table and allow a colleague to position their head in
the head holder using the chin and forehead strap. This
experiment usually helps them better understand what the
patient experiences and how to minimize potential artifacts.
The technologist should ask patients to relax their shoulders

before the acquisition begins. One simple technique is to ask
patients to squeeze their shoulders tight up to the ears for a few

seconds and then let the shoulder muscles relax completely.
Patients should be monitored closely for motion and reminded
frequently to remain still. In some patients with dementia,
a family member or caregiver may be the person best
suited to encourage the patient to remain still during the
acquisition. After completing the acquisition, the technol-
ogist should immediately review the images for motion or
any other artifacts and rescan the patient if feasible. In
those rare cases in which the patient cannot remain still
during the entire scan, sedating antianxiety medication has
been used. This decision, however, should be made by the
primary care physician while taking into account the
patient’s symptoms and concurrent medications and may
not be appropriate for all patients.

One way to mitigate potential motion artifacts is by
acquiring scan data in smaller increments as a dynamic
protocol. In this case, instead of one static data collection,
data are collected in several shorter sequences that add up
to the total acquisition time required. This technique has been
used successfully for amyloid imaging by the Alzheimer
disease Neuroimaging Initiative in the United States and Japan.
For example, dynamic frames of 5 min each can be summed to
form 10-, 15-, or 20-min datasets, with the option of dropping
a frame that contains significant motion. The resulting scan
would have fewer counts but would not be blurred by
motion artifacts. Alternatively, if movement between frames
is apparent, the affected frames can be spatially aligned and
summed to produce a study with minimal motion effect (22).
Figure 2 shows an example of artifacts caused by motion
between two 5-min frames in a dynamic acquisition.

Ultimately the best way to avoid motion artifacts is to
obtain a raw dataset without motion. If the above tech-
niques are not successful or if, on reviewing the data
immediately after the scan, the technologist sees evidence
of patient motion, the acquisition may need to be repeated.
The decision on whether to repeat the acquisition must be
based on whether the patient can tolerate an additional
examination and be able to remain still more successfully
during a second scan than during the first. In the case of

FIGURE 1. (A) Top row of images
demonstrates proper canthomeatal po-
sitioning on left and head pitched too far
forward on right. In middle row are
corresponding axial projections, with
standard appearance on left and non-
standard appearance on right, with
frontal lobes prominent and occipital
lobes just becoming visible. Bottom two
images demonstrate proper coronal po-
sitioning (left), and right image shows
prominent roll to left. (Courtesy of Avid
Radiopharmaceuticals.) (B) Volunteer
properly positioned in head holder (GE
Healthcare) using laser system, cushions,
chin strap, and forehead strap. (Courtesy
of Desert Advanced [RadNet Imaging
Centers], Palm Springs, California.)
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18F-florbetapir, a scan can be repeated as late as 80 min after
injection. Acquisitions later than that are not recommended.
Enhancement of patient comfort is important and can lead

to an examination that is less stressful for patient, caregiver,
and technologist alike. It is also logical to presume that
a patient who is warm and comfortable is less likely to move
during the acquisition. Many camera rooms are cold, and the
technologist can offer a warm blanket to keep the patient
from shivering or becoming restless because of feeling
chilled. The technologist should apply common techniques
to promote patient comfort, such as pillows or a foam wedge
under the knees for lumbar comfort and an abdominal strap
to hold the arms in place so that arm muscles and shoulders
can relax. These techniques also help to prevent movement
in lower extremities or torso, which can result in head
motion (25). Some patients may find it more comfortable to
have their feet taped together to allow their legs and knees to
relax into position. It is generally recommended that a sleep-
ing patient should not be awakened during the acquisition
because being startled may result in more motion than if the
patient remains asleep. The Alzheimer’s Disease Neuro-
imaging Initiative recommends that patients be offered a
panic button or at least reassurance that someone is watching
or able to hear them at all times. The patient should contin-
ually be reminded to remain still (26).

SCANNING PARAMETERS

Incubation, or uptake time, after injection is based on
tracer uptake and selective retention in areas that retain the
tracer versus those that do not. The recommended window
for starting the 18F-florbetapir PET scan is 30–50 min after
injection. In most 18F-florbetapir PET clinical studies,
images were obtained at approximately 50 min after injec-
tion, but scans may start as early as 30 min and as late as
80 min after injection of the dose. Images should be ac-
quired for 10 min in either static or dynamic mode (4,5).

Three-dimensional acquisition is recommended for am-
yloid imaging because of the increased sensitivity relative
to 2-dimensional imaging. Attenuation correction and
appropriate scatter and energy corrections should be ap-
plied as with any PET scan (27). In general, it is recom-
mended that amyloid images be acquired with only a
single bed position. However, in the case of an extremely
large head or small field of view, two bed positions may
be required.

CT parameters for attenuation correction are not specific
for amyloid PET versus 18F-FDG PET, and technologists
can apply a standard CT protocol as would be applied for
18F-FDG PET brain imaging in their institution. As previ-
ously mentioned, the decision to use diagnostic-dose versus
low-dose CT is based on the specific clinical scenario and
each institution’s standards and, as such, is beyond the
scope of this article. Generally, however, a low-dose CT
protocol is adequate for attenuation correction and ana-
tomic correlation for amyloid PET/CT.

PROCESSING PARAMETERS

Iterative reconstruction or ordered-subsets expectation
maximization is generally recommended for 18F-florbetapir
imaging, although filtered backprojection is accept-
able. The optimal number of iterations and subsets is
usually less than that applied to 18F-FDG data because
amyloid images tend to be lower-count studies than a typ-
ical 370 MBq (10 mCi) 18F-FDG scan. The count rate and
total counts for amyloid images are not predictable be-
cause the density of information depends on the amount
of amyloid plaque. Scans with abnormal findings—a higher
density of b-amyloid neuritic plaque—have a higher count
rate than scans with negative findings—little to no plaque.
Therefore, it is critical that images be acquired for the
correct amount of time as directed in the product label
rather than for a specific number of total counts. The

FIGURE 2. Ten-minute dynamic PET
acquisition, with frame 1 at top and
frame 2 at bottom. Frame 2 is repre-
sentative of subject motion, most notably
yaw and roll. Dashed line indicates degree
of motion between frames. Arrows indicate
image blurring. (Courtesy of Avid Radio-
pharmaceuticals.)
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following range of iterations/subsets has been success-
fully used for 18F-florbetapir imaging: 4/14, 4/15, 4/16,
3/20, and 3/21 (Avid Radiopharmaceuticals, unpublished
data, 2014).
A 128 · 128 matrix was used in clinical trials of 18F-

florbetapir. Late-model PET/CT scanners can produce ex-
cellent images using a finer matrix, such as 256 or 336.
Zoom should be set at 2 for most scanners. For systems
that require a defined diagnostic field of view, 35 cm is
recommended. A postprocessing gaussian filter with a full
width at half maximum (FWHM) of 3–5 mm should gen-
erally be applied. As with any PET data, lowering the
FWHM will apply more smoothing, and increasing the
FWHM will result in sharper but noisier images. Similarly,
a finer matrix may increase spatial resolution but at the cost
of additional noise.
Time-of-flight and point-spread-function algorithms have

not been extensively studied with amyloid imaging and were
not included in clinical trials of 18F-florbetapir. It is not
known whether these high-resolution recovery techniques
are beneficial for non-hotspot imaging in the brain, such as
amyloid plaque imaging. Technologists should apply these
techniques with caution and discuss the implications of the
algorithms with the camera manufacturers. More research in
this area is needed.

DISPLAY AND INTERPRETATION

Display and interpretation methods vary significantly
among the 18F-labeled agents. Display techniques (i.e.,
color vs. gray scale) have been validated in clinical trials
for the different tracers, and the label-recommended inter-
pretation methods therefore differ. Technologists should be
aware of the recommended method of display for the am-
yloid-imaging agent being used. Although each of the 18F
agents has been demonstrated to reliably measure the den-
sity of b-amyloid neuritic plaque, understanding how the
images are interpreted is important to using them success-
fully in clinical practice. Amyloid images should be in-
terpreted only by those who have completed a training

program germane to the specific radiopharmaceutical being
used. For all 3 amyloid-imaging compounds, the objective
of interpretation is to estimate neuritic plaque density, not
to make a clinical diagnosis of Alzheimer disease (4,5).

Amyloid images should be interpreted independently of
the patient’s clinical history and features. In many depart-
ments the PET technologist routinely records a basic pa-
tient history that may also include the referring clinician’s
notes on the patient’s symptoms or cognitive status. This
practice is not recommended for amyloid brain imaging,
however, because interpreters are instructed to interpret
the amyloid image in a manner that is masked to clinical
status. Clinical trials of all 3 amyloid agents were per-
formed with the interpreter masked to patient symptoms
and history. Image interpretation that includes consider-
ation of the patient’s symptoms or clinical history may
lead to errors (4–9). However, once the image results have
been interpreted by the imaging physician, the clinician
should interpret the results in the context of the patient’s
history

18F-florbetapir images should be displayed and inter-
preted by using a linear inverse gray scale (black on white),
with the maximum intensity of the scale set to the maxi-
mum intensity of brain pixels (rather than by setting the
maximum intensity to nonbrain structures such as salivary
glands). All transaxial slices should be reviewed, starting
at the cerebellum and moving upward through the brain.
Sagittal and coronal images should be reviewed periodi-
cally as needed to better define radioactivity uptake and
ensure that the entire brain is displayed. 18F-florbetapir
images are designated as positive or negative for amyloid
by comparing activity in cortical gray matter with activity
in adjacent white matter. This determination is made only
in the cerebral cortex; the signal in the cerebellum does
not contribute to scan interpretation (e.g., a positive scan
may show retained cerebellar gray–white contrast even
when the cortical gray–white contrast is lost). This
method of interpretation is referred to as a binary method,
meaning that the answer is only 1 of 2 choices: amyloid-
positive or amyloid-negative. The text below, from the

FIGURE 3. Representative amyloid-negative (left) and
amyloid-positive (right) transaxial slices from 18F-florbetapir
PET scans. (Courtesy of Avid Radiopharmaceuticals.)

FIGURE 4. 18F-florbetapir PET slice (left) and corresponding
CT slice (right), with arrows indicating location of atrophy.
(Courtesy of Avid Radiopharmaceuticals.)
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18F-florbetapir USPI, defines a positive scan and a nega-
tive scan (4).

Negative [18F-florbetapir] scans show more radioactivity in white

matter than gray matter, creating clear gray-white contrast.

Positive scans show cortical areas with reduction or loss of the nor-

mally distinct gray-white contrast. These scans have one or more areas

with increased cortical gray matter signal which results in reduced

(or absent) gray-white contrast. Specifically, a positive scan will have

either:

(a) Two or more brain areas (each larger than a single cortical gyrus) in

which there is reduced or absent gray-white contrast. This is the most

common appearance of a positive scan.

or

(b) One or more areas in which gray matter radioactivity is less intense

and clearly exceeds radioactivity in adjacent white matter.

Figure 3 provides an example of an amyloid-negative
scan and an amyloid-positive scan.
Quantitative analysis of amyloid images is widely used

for research studies (10) but currently is not generally in-
corporated into clinical use. All three 18F amyloid-imaging
tracers have been approved for visual interpretation, and as
described in the product labels, quantitation software is not
necessary to perform amyloid imaging (4–9). The use of
quantitation as an adjunct to visual interpretation is, how-

ever, currently undergoing evaluation. There are several
commercially available quantitation software packages for
amyloid imaging in the United States and the European
Union.

ARTIFACTS, PITFALLS, AND NORMAL VARIANTS

Whether from normal aging or neurodegenerative dis-
ease, atrophy of the cerebral cortex decreases the thickness
of the gray matter, making it more difficult to distinguish
between gray and white matter, particularly in the frontal,
temporal, and parietal lobes. Correlation with anatomic
imaging such as CT can more clearly reveal the gray matter
and clarify the relationship between amyloid tracer uptake
and gray matter anatomy (4–9). Figure 4 shows an example
of atrophy seen on an 18F-florbetapir PET/CT image.

Other concomitant factors such as stroke, ventriculo-
megaly, surgical changes, post–radiation therapy changes,
and implants can confound interpretation, but interpre-
tation is often possible if gray–white contrast can be
assessed in the nonaffected areas. Motion artifacts can cause
blurring and misregistration between the CT and PET images,
resulting in errors in attenuation correction and less accurate
interpretation.

Excessively noisy images can be caused by low in-
formation density due to dose infiltration, scanning beyond
the recommended imaging time, or undersmoothing of

FIGURE 5. 18F-florbetapir images with
poor resolution due to dose infiltration
(A), imaging beyond recommended time
window (B), inadequate smoothing (2 mm
FWHM) (C), and scanner issue during
acquisition (D). (Courtesy of Avid
Radiopharmaceuticals.)

FIGURE 6. (A) Normal salivary gland
uptake on 18F-florbetapir PET image. (B)
Nonspecific bony uptake in skull and
clivus bone confirmed by CT. (C)
Nonspecific uptake in clivus bone. (D)
Nonspecific uptake in skull. (Courtesy of
Avid Radiopharmaceuticals.)
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reconstructed images. Figure 5 provides examples of images
that may not be interpretable because of excessive image noise.
Metal within the field of view can result in CT artifacts

that have been shown to cause attenuation correction
artifacts in 18F-FDG PET images (14–16).
Interpreters and technologists should understand normal

patterns of nonspecific uptake, such as uptake in the salivary
glands and bony structures. Figure 6 provides examples of
normal variants of nonspecific uptake found on 18F-florbetapir
images.
Like any PET procedure, amyloid PET is vulnerable to

artifacts caused by absence of or inadequate quality control
of instrumentation. The camera manufacturers’ specifica-
tions for routine quality control procedures, corrections,
and normalizations should be followed, including specifi-
cations for the CT portion of PET/CT scanners. Figure 7
shows examples of amyloid image artifacts resulting from
inadequate quality control.

CONCLUSION

Amyloid PET imaging allows in vivo assessment of the
amyloid status of a patient with cognitive impairment. The
currently available PET radiopharmaceuticals for amyloid
imaging bind to b-amyloid neuritic plaques in the brain and
provide an accurate and reliable estimation of plaque density.
No specific patient preparation is required beyond removing
metal from the field of view. Positioning of the head and pre-
vention of patient motion are critical to obtaining high-quality
images. Up-to-date corrections and instrumentation quality
control should be part of any amyloid-imaging program.
Each amyloid-imaging agent has unique dosing and

administration instructions and a recommended scanning
start time and duration, radiation dosimetry, biodistribution,
and method of display and interpretation. Technologists
should refer to the product label for tracer-specific details.
In the case of 18F-florbetapir, the dose is 370 MBq
(10 mCi), injected intravenously followed by a saline flush.

Ten-minute scans should begin 30–50 min after injection.
18F-florbetapir images should be displayed with a linear in-
verse gray scale, with all 3 planes available to the interpreter.

Technical factors can either degrade or optimize amyloid
image quality, which in turn has a direct effect on accurate
interpretation of amyloid status. Technologists who know
the characteristics of radiopharmaceuticals for amyloid
PET, how to prepare and optimally position the patient,
the correct scanning parameters, the recommended re-
construction and display methods, and how to avoid image
artifacts will be better able to provide health care that
makes a difference in the lives of those with Alzheimer
disease and other causes of cognitive impairment.
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