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Can Target-to-Background Ratio Measurement Lead
to Detection and Accurate Quantification of Atherosclerosis

With FDG PET? Likely Not
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Abstract: The introduction of FDG in 1976 started a new discipline and en-
hanced the role of molecular imaging in medicine. While the initial intent
with this tracer was to determine brain function in a variety of neuropsychi-
atric disorders, over time, this powerful approach has made a major impact
on managing many other diseases and disorders. During the past 2 decades,
FDG PET has been used to detect inflammatory lesions in the atherosclero-
tic plaques and in other settings. However, the suboptimal spatial resolution
of PET limits its ability to visualize plaques that are very small in size. Fur-
thermore, this tracer remains in the blood for an extended period and there-
fore provides suboptimal results. Target-to-background ratio (TBR) has
been suggested to correct for this source of error. Unfortunately, TBR values
vary substantially, depending on the timing of image acquisition. Delayed
imaging at later time points (3–4 hours) may obviate the need for TBRmea-
surement, but it is impractical with conventional PET instruments. Recently,
18F-sodium fluoride (NaF) has been used for detection and quantification of
molecular calcification in the plaques. This tracer is highly specific for
calcification and is rapidly cleared from the circulation. In addition, global
atherosclerotic burden as measured by NaF PET can be determined ac-
curately either in the heart or major arteries throughout the body. There-
fore, the role of FDGPET–based TBRmeasurement for detection and quan-
tification of atherosclerotic plaques is questionable at this time.
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T he introduction of FDG in 1976 by investigators at the Univer-
sity of Pennsylvania started a new era in medical imaging,

which is still evolving in many domains.1 The main motivation
for initiating this research was to assess brain function in normal
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aging and various neuropsychiatric disorders.2 This was partly
due to the limitations of PET instruments available at the time and
partly because of the potential impact of such an approach in neuro-
science research. However, with the introduction of whole-body PET
imaging capabilities in the 1980s, the interest in applications of this
compound rapidly shifted to assessing other disorders, and this inter-
est continued over the ensuing decades.3 While initially FDG PET
was used to assess brain tumors, over the years this approach has be-
come the imaging modality of choice in the management of patients
with a variety of malignant diseases and disorders.4 Since the mid-
1990s, investigators have also realized the potential role of FDG
PET in examining inflammatory and infectious disorders.5 In partic-
ular, during the past 2 decades, some efforts have been made to de-
fine the role of this modality in the assessment of atherosclerotic
plaques in the major arteries.6,7 Several groups have started major
projects for characterizing this very common and potentially fatal dis-
ease and for detecting changes following therapeutic interventions.8,9

Numerous scientific communications have been introduced to
the literature about the role of FDG PET in assessing atherosclerosis
as a primary disorder or secondary to inflammatory disorders such as
psoriasis and rheumatoid arthritis.10–15

Over the years, major concerns have been raised about the
ability of FDG PETas an imaging modality in detecting atheroscle-
rosis and other subtle diseases in various organs in the body.16,17 The
spatial resolution of PETeven with modern and sophisticated designs
is worse than 5 mm (depending on organs examined).18 Plaques in
the arteries are relatively small, especially in the early stages of the
disease, when they are no larger than a few millimeters in thickness.
Therefore, in contrast to assessing cancer and other focal lesions that
are relatively large in size and can be detected in spite of suboptimal
spatial resolution of PET, detection and characterization of athero-
sclerotic plaques by FDGPET pose amajor challenge to this imaging
modality.19 Furthermore, the degree of uptake of FDG in inflamma-
tory lesions in the plaques is also relatively low, and this leads to re-
duced contrast between these lesions and surrounding background
activities.20,21 Therefore, the sensitivity of this technique in detecting
plaques is quite low, particularly in the early stages of the disease.

One of themajor issues thatmust be dealtwith is the longstanding
presence of FDG in the circulation, which may last up to a few
hours following the administration of the compound.22 Unfortu-
nately, most studies that have been reported in the literature have
been based on imaging atherosclerosis 1 hour after the administra-
tion of FDG.8,9 Presence of high levels of FDG activity in the circu-
lation leads to substantial overestimation of the tracer activity in the
plaques that are in the arterial wall. These major limitations have
been realized by investigators who have been actively involved in
conducting this type of research at various stages of the disease.
This particular issue has been of concern to the groups who are
using FDG PET imaging to determine the efficacy of various
therapeutic interventions treating atherosclerotic and vascular
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FIGURE 1. Graphplotting themeanFDGactivity in theaorta (A),
carotid arteries (B), and the right atrial blood pool at 65, 124,
and 183 minutes after FDG administration. The ratio between
the arterial and blood pool activity increased with time. The
interrupted lines represent the 95% confidence interval of TBR
values. Reproduced with permission from Blomberg et al.20

FIGURE 2. The dependence of SUVmax, blood-pool SUVmean, cSUVma
carotid (A) and aortic (B) arterial FDG activity was invariant to time, w
values and theTBR significantly increasedwith time. Errorbars represent
increase comparedwithprevious timepoint establishedby thepaired S
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inflammation.8–10,13 These investigators have heavily emphasized
the relevance of target-to-background ratio (TBR) correction for
overcoming the errors caused by the high luminal blood pool activ-
ity. The approach involves dividing the levels of FDG uptake in the
arterialwall by the blood pool activity in venous compartments such
as the jugular vein or the superior vena cava or the right atrium.23,24

This approach has been extensively adopted for quantification of
atherosclerosis by FDG PET in numerous research studies.8,9,12,23

Unfortunately, as is noted in Figure 1, TBR values vary substan-
tially, depending on the time interval between the administration
of FDG and image acquisition.20 Target-to-background ratio values
are substantially higher when measured on delayed images. This
observation seriously challenges the validity of such corrections.
Furthermore, adding a second measurement from a compartment
with a small lumen that is changing constantly introduces a major
source of error.25 Therefore, the division of the arterial wall SUV
by the venous blood pool activity will lead to significant variability
and errors to the TBR measurement.25,26

We believe this practice is unjustified and should be avoided
in the future. If FDG remains as a justifiable marker for detection of
inflammation in the plaques, the current quantitative methodologies
should be substantially altered, and new approaches adopted in the
future. The limited data in the literature show that delayed imaging
up to 3 to 4 hours leads to significant clearance of FDG from the cir-
culation and therefore substantially enhanced contrast between in-
flammatory atherosclerotic plaques and intraluminal activity in the
arteries (Fig. 2).20,21 Unfortunately, such an approach is not a viable
option with conventional PET instruments because of the limited
sensitivity of these instruments for such delayed studies. Therefore,
the role of conventional PET instruments in assessing atherosclero-
tic plaques with FDG is questionable.

The introduction of total body PET instruments may allow
imaging up to several hours following the administration of FDG
or other 18F-based PET tracers in the future (Fig. 3).27–29 The sensi-
tivity of this new imaging modality is substantially higher (30�–
40�) than that of conventional PET machines.27 Therefore, signif-
icant loss of activity due to decay of PET tracers will play a rela-
tively minimal role in imaging with this modality. Furthermore,
these instruments allow imaging the entire body over a short period,
which also is very relevant to visualizing atherosclerotic plaques
x, and the TBR on FDG circulating time. The average maximum
hereas blood-pool activity decreased and blood-pool corrected
the95%confidence interval of themean.***P<0.0001declineor
tudent t test. Reproducedwithpermission fromBlomberg et al.21

www.nuclearmed.com 533

www.nuclearmed.com


FIGURE 3. Delayed imaging at FDG PET (256 MBq injected, 14-minute scan duration). (Left-to-right) Images from scans
performed at 1, 3, 8, and 10 hours after injection of FDG. (Top row) MIP images. (Bottom row) Coronal views of thorax and
abdomen. Head motion artifacts are visible in 8-hour scan. This research was originally published by Badawi et al.27

Alavi et al Clinical Nuclear Medicine • Volume 47, Number 6, June 2022
and quantifying the atherosclerotic burden. This systemic disease is
widespread throughout the entire arterial system from the carotids
in the neck to the tibial arteries in the lower extremities.30,31 There-
fore, imaging with this modern and powerful instrument could rap-
534 www.nuclearmed.com
idly alter the role of PET imaging in this very common and serious
vascular disease.

Research studies over the past decade have demonstrated
the importance of 18F-sodium fluoride (NaF) in detection and
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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quantification of atherosclerosis.19,32,33 While the nonspecificity of
FDG uptake has posed a major obstacle to detecting and quantify-
ing specific processes such as atherosclerosis, NaF is very specific
for calcification and ossification. Because atherosclerotic plaques
are subject to significant degrees of calcification over the course
of the disease, the uptake detected by NaF PET imaging is specific
to the disease process and is not contaminated by unrelated activity
in the surrounding structures. Therefore, what is visualized and
measured reflects molecular calcification in the plaques.34 Further-
more, blood pool activity of NaF significantly decreases over the
first hour after the administration of this compound. Therefore, im-
aging 1 hour after the administration of this tracer allows assess-
ment of its uptake at the intended sites. However, with total body
PET machines, it may be preferable to image at 2 to 3 hours after
injection of this tracer, because this will considerably increase the
target-to-noise ratio and therefore improve detection and quantifica-
tion of plaque activity (Fig. 3). Furthermore, the intense uptake of
FDG in the myocardium prevents detection of plaques in the coro-
nary arteries. This has been a major limitation of FDG because cor-
onary artery disease is a main source of morbidity and mortality in
the affected population. By adopting NaF PET, this limitation is
overcome, and the presence of the plaques in the coronaries can
be successfully assessed.35,36 By adopting global disease assess-
ment approach with PET, it is logical to determine the extent of
the disease in the entire coronary arteries.37 This advantagewill also
have a revolutionary impact on the role of PET in this very impor-
tant and common disease.

Increasingly, in recent years, reports have appeared in the lit-
erature describing potential uses for a multitude of PET tracers in
this vascular disease.38–41 Unfortunately, adoption of these com-
pounds is primarily based on in vitro and animal studies, and there-
fore, their role in assessing atherosclerosis is very minimal or non-
existent based on the published literature. Also, the limitations that
have been described about FDG in this setting are even more appli-
cable to several of these tracers. Therefore, we discourage such ap-
proaches because based on what is known about the limitations of
PET in this domain, the results will be unreliable and misleading.

We encourage our colleagues to abandon the methodologies
that are known to lead to erroneous results. PET and related tech-
niques are highly scientific, and therefore, the validity of the ap-
proaches adopted should be predictable and verifiable by sound sci-
entific designs. We believe that using reliable methodologies will
improve the impact of PET as a powerful imaging modality for de-
tection and management of atherosclerosis throughout the body.
This will be of great importance for assessing the efficacy of various
therapeutic inventions while the disease is in its early stages and
likely to respond to treatment.
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