
REVIEW ARTICLE

Molecular imaging of carotid artery atherosclerosis with PET:
a systematic review

Reza Piri1,2 & Oke Gerke1,2 & Poul F. Høilund-Carlsen1,2

Received: 11 July 2019 /Accepted: 14 November 2019
# Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract
Purpose To conduct a systematic review of articles on PET imaging of carotid atherosclerosis with emphasis on clinical
usefulness and comparison with other imaging modalities.
Methods Research articles reporting carotid artery PET imaging with different radiotracers until 30 November 2018 were
systematically searched for in Medline/PubMed, Scopus, Embase, Google Scholar, and Cochrane Library. Duplicates were
removed, and editorials, case studies, and investigations on feasibility or reproducibility of PET imaging and of patients with
end-stage diseases or immunosuppressive medications were omitted. After quality assessment of included articles using Joanna
Briggs Institute checklists, all eligible articles were reviewed.
Results Of 1718 primary hits, 53 studies comprising 4472 patients, aged 47–91 years (78.8%males), were included and grouped
under the following headlines: diagnostic performance, risk factors, laboratory findings, imaging modalities, and treatment. 18F-
fluorodeoxyglucose (FDG) (49/53) and 18F-sodium fluoride (NaF) (5/53) were the most utilized tracers to visualize carotid wall
inflammation and microcalcification, respectively. Higher carotid FDG uptake was demonstrated in patients with than without
symptomatic carotid atherosclerosis. Normal carotid arteries presented with the lowest FDG uptake. In symptomatic atheroscle-
rosis, carotid arteries ipsilateral to a cerebrovascular event had higher FDG uptake than the contralateral carotid artery. FDG
uptake was significantly associated with age, male gender, and body mass index in healthy individuals, and in addition with
arterial hypertension, hypercholesterolemia, and diabetes mellitus in patients. Histological assessment indicated a strong corre-
lation between microcalcification and NaF uptake in symptomatic patients. Histological evidence of calcification correlated
inversely with FDG uptake, which was associated with increased macrophage and CD68 count, both accounting for increased
local inflammatory response.
Conclusion FDG-PET visualizes the inflammatory part of carotid atherosclerosis enabling risk stratification to a certain degree,
whereas NaF-PET seems to indicate long-term consequences of ongoing inflammation by demonstrating microcalcification
allowing discrimination of atherosclerotic from normal arteries and suggesting clinically significant carotid atherosclerosis.

Keywords Inflammation . Carotid artery . Atherosclerosis . Positron emission tomography . Systematic review .
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Introduction

Cardiovascular and cerebrovascular diseases are the number
one causes of mortality worldwide [1], and thromboembolic
events caused by carotid artery diseases are the main reason
for cerebrovascular diseases [2].We aimed to elucidate what is
known from the literature about positron emission tomogra-
phy (PET) imaging of carotid artery disease and to what de-
gree this provides insight into disease mechanisms and han-
dles for improved management.

Ongoing arterial wall inflammation causes lipid accumula-
tion and calcification. Formed atherosclerotic lesions with
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thrombus formationmay result in carotid artery occlusion and/
or emboli giving rise to downstream cerebral artery occlusion
[3]. Since carotid atherosclerosis is usually symptomless, most
diagnostic approaches are in symptomatic patients to detect
obstruction, which requires that the carotid lesion has grown
to a size above the detection limit. Therefore, most details of
the processes leading to progressive carotid atherosclerosis
remain unknown [4]. PET has brought a new dimension by
targeting molecular elements of the atherosclerotic process
including focally increased glucose metabolism and arterial
wall microcalcification by means of 18F-fluorodeoxyglucose
(FDG) and 18F-sodium fluoride (NaF), respectively [5, 6].

Recent studies using PET have reported promising results
regarding the detection of subtle and primary atherosclerotic
changes in arteries based on inflammation and/or injury rather
than demonstrating anatomical features of the atherosclerotic
process [7]. This would promise early detection of atheroscle-
rosis, risk stratification of developed atherosclerotic lesions,
and potentially timely treatment options. We aimed to system-
ically review the literature with regard to studies utilizing PET
to investigate early carotid atherosclerosis and the relation of
PET findings to clinical, paraclinical, and therapeutic factors.

Methods

Search protocol

This systematic review was conducted using the PRISMA
guidelines [8] (for details see Online Resource 1). Search
strings were “Carotid,” “Artery,” “Atherosclerosis,”
“Plaque,” “PET,” “Fluorodeoxyglucose,” “Sodium
Fluoride,” and their equivalent terms as the keywords. The
search strategy and PICOS questions (Problem, Indicator,
Comparison, Outcome and Study types) to help guide a stan-
dardized and disciplined way of formulating the clinical re-
search question are outlined in Online Resource 2 and 3,
respectively.

The databases Medline/PubMed, Scopus, Embase, Google
Scholar, and Cochrane Library were searched. All human
studies utilizing PET imaging with clinically available radio-
tracers to visualize carotid arteries or carotid plaque published
after 2000 were included. Editorials, letters, commentaries,
perspectives, reviews, case studies, conference abstracts, and
articles on feasibility, methodology, and reproducibility were
omitted together with studies including patient populations
with end-stage diseases. Only original articles in English were
considered.

Study selection

The primary results of the search were compiled using
EndNote (Package for Windows version 8). After deletion of

duplicates, titles and abstracts were reviewed and screened.
Then, full-text articles were extracted and evaluated for eligi-
bility using the Joanna Briggs Institute assessment tools [9]
and rated with regard to evidence class according to Oxford
Centre for Evidence-based Medicine [10]. All steps were con-
ducted by one author (RP).

Data extraction and study analysis

Extracted data included first author, publication year, study
design, demographics (number of patients, age, and gender),
clinical conditions (inclusion criteria) (Online Resource 4),
radiotracer type, acquisition time, radiotracer uptake scale
(Online Resource 5), hypothesis, results, and limitations
(Online Resource 6). The included studies were (a) catego-
rized based on PET findings in different clinical conditions,
(b) correlated with paraclinical findings, and (c) assessed with
respect to PET’s potential to influence atherosclerosis treat-
ment. The categories included diagnostic and prognostic per-
formance, risk factors, laboratory findings, imaging modali-
ties, and treatment.

Results

General characteristics

In the initial literature search, 1718 studies were identified.
After assessment, 53 were included for analysis (Fig. 1,
Online Resource 4). In these, a total of 4472 subjects with
mean age of 58 years (range 47–91) were studied comprising
3526 (78.8%) males. Study designs included cross-sectional
(45/53), case-control (4/53), and interventional trials (4/53).
FDG (49/53) and NaF (5/53) were the most used tracers. The
numbers of studies within the chosen categories were as fol-
lows: diagnostic and prognostic performance (n = 21), risk
factors (n = 17), laboratory findings (n = 13), immunohisto-
chemistry (n = 21), other imaging modalities (n = 25), and
treatment (n = 9); some studies included multiple categories.
The mean level of evidence of the included studies was 3.76
(from the highest level of evidence 1 to the lowest 5).
Descriptive statistics of included studies categorized based
on their study design and category is shown in Table 1.

Diagnostic and prognostic performance

Carotid FDG uptake in patients with atherosclerosis wasmost-
ly compared with that in subjects without atherosclerosis.
Uptake of FDG [11–17] was more pronounced in atheroscle-
rotic patients with than without symptoms except that in one
study this difference was not present [18]. FDG uptake was
higher in carotid artery specimens of patients withmore severe
disease (stroke vs. transient ischemic attack; maximum

Eur J Nucl Med Mol Imaging  (2020) 47:2016–2025 2017



standardized uptake value (SUVmax), i.e., FDG uptake
corrected by the background mean uptake by micro-PET,
5.3 vs. 3.7, p < 0.05) [13] or with an “acute” cerebrovascular
event (< 90 days vs. > 90 days: SUVmax 3.1 vs. 2.5, p = 0.01)
[12]. Kim et al. showed in a recent study that patients with
high carotid FDG uptake are more prone to early recurrence of
ischemic stroke [19], although a prior study by Arauz et al.
was unable to demonstrate this prognostic trend [20]. In pa-
tients with symptomatic atherosclerosis, ipsilateral carotid
FDG uptake correlated with the contralateral carotid FDG
uptake [21, 22], and such that the ipsilateral was higher than
contralateral FDG uptake [12, 22–25]. In contrast, studies per-
formed early after a cerebrovascular event (less than 10 days)
showed no difference between ipsilateral and contralateral
FDG uptake [26, 27]. However, in a study by Kwee et al.,
the difference in FDG uptake between ipsilateral and contra-
lateral carotid arteries was significant until 38 days after initi-
ation of symptoms, but not longer than that [22].

NaF uptake was shown to be lower in normal than in ath-
erosclerotic carotid arteries (percentage uptake of total incu-
bation dose per gram 0.44 vs. 2.3, p < 0.001) [28], whereas
this difference was not significantly present when comparing
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Fig. 1 Flow diagram of the
current study reviewing studies
utilizing PETwith different
radiotracers to inspect carotid
atherosclerosis and its relation
with other clinical, paraclinical,
and therapeutic factors

Table 1 Descriptive statistics of included studies categorized by study
design and category

Variable Number (male%) Tracer

FDG NaF

No. of studies 53 (78.84) 49 5

Study design Cross-sectional 4205 (79.59) 42 4

Case-control 55 (65.45) 3 1

Clinical trials 79 (75.94) 4 0

Category Diagnostic performance 668 (72.6) 17 4

Risk factors 3367 (80.78) 15 1

Laboratory findings 1487 (89.71) 11 0

Immunohistochemistry 496 (68.95) 17 2

Imaging—US 1774 (86.92) 14 0

Imaging—CT 444 (51.35) 5 3

Imaging—MRI 207 (76.32) 7 0

Treatment 165 (69.09) 7 0

CT computed tomography, FDG fluorodeoxyglucose,MRI magnetic res-
onance imaging, NaF sodium fluoride, US ultrasonography
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atherosclerotic carotid arteries in symptomatic and asymptom-
atic patients [28, 29]. Furthermore, there was no difference
between contralateral and ipsilateral carotid arteries of patients
with atherosclerosis [27, 30].

Risk factors and laboratory findings

The correlation between different physiological parameters,
medical history, and drug history varied widely. In the general
population (asymptomatic subjects), higher FDG uptake was
associated with older age [7, 31–34], hypertension [31, 33, 35,
36], diabetes [35–37], central obesity [17, 31, 36], hypercho-
lesterolemia [7, 31, 38, 39], male gender [34, 36], history of
cardiovascular disease [34, 35], increased abdominal fat [31,
32], cardiovascular risk [7, 31, 36], increased triglyceride [36,
39], increased hs-CRP (C-reactive protein) [35, 40], leukocy-
tosis [41], peripheral arterial disease [37], metabolic syndrome
[36], periodontal disease [42], and non-alcoholic fatty liver
disease [32]. Other studies did not show any correlation be-
tween FDG uptake and hs-CRP [31, 43–45], CRP [19, 21,
46], lipid profile [35, 45], leukocytosis [19], smoking [37],
gender [37], and body weight [37]. Finally, in a few studies,
HDL level [39, 40], diabetes [34], and previous statin use [35]
were inversely correlated with FDG uptake.

In patients with atherosclerosis, smoking [12, 21, 39, 43],
previous anti-coagulant or statin therapy [12, 21, 39, 43], im-
paired lipid profile [12, 21, 43], male gender [21, 43], hyper-
tension [12, 21, 43], old age [21, 43], diabetes [12, 43], history
of cardiovascular diseases [21], high body mass index [21],
and metabolic syndrome [39] appeared not to be associated
with a higher FDG uptake. In contrast, some studies showed
significant correlation between FDG uptake and male gender
[39, 41], age [41], lipid profile [39], and history of cerebro-
vascular disease [41] in atherosclerotic patients. Regarding
NaF uptake in the general population, it was shown that in-
creased NaF uptake was associated with aging, male gender,
hypertension, and hypercholesterolemia, but not with
smoking, diabetes, obesity, and history of cardiovascular dis-
ease [47].

Immunohistochemistry

In histological studies performed on samples acquired during
endarterectomy, it was shown that FDG uptake was associated
with an increase in parameters reflecting inflammatory cell
infiltration—e.g., percentage of inflammatory cells and abso-
lute macrophage area [11, 13, 16, 21, 43, 48–50], neovascu-
larization, and loose extracellular matrix [49]. On the other
hand, FDG uptake correlated inversely with calcium deposi-
tion in histological studies [13, 16, 24, 48, 49] and fibrous
tissue [49] in histological assessment. Regarding lipid deposi-
tion, Saito et al. concluded that FDG uptake correlates posi-
tively with lipid deposition [51], whereas Menezes et al. did

not [24]. NaF uptake was correlated with calcium deposition
in histological assessment [28, 30].

Based on the immunohistochemical studies, FDG uptake
correlated with CD68 [12, 23, 24, 43, 48, 51–55], cathepsin K
[52, 53, 55], CD45 [12], MMP-9 [51], IL-18 [52], GLUT-1
[55], and VEGF [24] expression. However, some studies re-
ported that FDG does not correlate with CD68 [26], MMP-9
[53], and VEGF [53]. FDG uptake was found to be inversely
correlated with hexokinase 2 [55], and CD34 [53] expression.
There was no significant relationship between NaF uptake and
CD68 expression, but arterial wall NaF uptake correlated in-
versely with α-smooth muscle antigen [30].

Imaging modalities

In ultrasonographic studies of carotid arteries, it was shown
that carotid plaque echogenicity correlates inversely with
FDG uptake [11, 23, 40]. Also, microembolous signals in
transcranial Doppler sonography were associated with higher
FDG uptake [15, 56, 57]. Intima-media thickness was found
to be correlated with FDG uptake in the general population
[17, 31]. In patients with atherosclerosis, the degree of steno-
sis in carotid plaque did not correlate with FDG uptake [18,
19, 22, 39], whereas Shaikh et al. reported the opposite [26].
Carotid plaque surface irregularity did not correlate with FDG
uptake [19].

In CTstudies, FDG uptake correlated with remodeling, low
attenuation [48], vessel wall volume, lipid-rich necrotic core
volume, fibrous tissue volume, and degree of stenosis [20,
22]. In contrast, FDG uptake correlated inversely with calcium
score [20]. Calcium score was found to correlate with NaF
uptake in asymptomatic patients, but not in symptomatic pa-
tients [28, 30, 47].

When compared with MRI, FDG uptake correlated with
vessel wall volume, fibrous tissue volume [22], the presence
of lipid-rich necrotic cores, intra-plaque hemorrhage, the pres-
ence of rupture in plaque, and high-risk characteristics of
plaque [58]. Other studies found that FDG uptake does not
correlate with plaque thickness [43] or any other anatomical
features [59]. Findings of T1-phase MRI [51], diffusion-
weighted MRI [56], and contrast-enhanced MRI [60] did not
correlate with FDG-PETobservations. In a study by Calcagno
et al., it was concluded that Ktrans, Kep, and vp (which all are
parameters of perfusion in tissue) correlated inversely with
FDG uptake [59].

Treatment

The main therapies applied against carotid artery atheroscle-
rosis were statins. Among patients undergoing endarterecto-
my, those who also had used statins had a more significant
decrease in FDG uptake 3 months after surgery [21]. The
effect of statins on carotid FDG uptake in atherosclerotic
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patients was examined in a retrospective [39] and a prospec-
tive [44] study and was not significant in any of them, al-
though Watanabe et al. showed that pitavastatin administra-
tion (2 mg/day) resulted in a significant reduction in FDG
uptake after 6 months of follow-up [38]. Furthermore, patients
undergoing treatments with antiplatelets, e.g., clopidogrel
(75 mg/day for 6 months) and ticagrelor (90 mg/day for
6 months) [45], or antidiabetics, e.g., pioglitazone (15–
30 mg/day for 4 months) [46], or even bariatric surgery [61]
have been shown to have lower FDG uptake compared with
baseline.

Discussion

Literature search

Our systematic literature search yielded 1718 reports of which
53 were included in the analysis. Since the first article from
Rudd et al. [25], about 4 articles have been published each
year. Of these, the vast majority were cross-sectional studies
targeting elements of inflammation using FDG in 92% of all
included studies. The only other process studied was arterial
wall microcalcification targeted by means of NaF as reported
in 5 of the 53 studies. Several studies belonged to more than
one category. Thus, 21 studies dealt with diagnostic and prog-
nostic performance, 17 with risk factors, 13 with laboratory
findings, 21 with immunohistochemistry, 25 with other imag-
ing modalities, and 7 with treatments, while 23 studies
belonged to only one category.

Diagnostic and prognostic performance

Different scenarios may apply to developing carotid athero-
sclerosis (Fig. 2a–c). It was shown that FDG uptake increased
as carotid atherosclerosis advanced toward complication (nor-
mal→ asymptomatic atherosclerosis→ symptomatic athero-
sclerosis). Carotid atherosclerotic lesions may lead to acute
vascular complications or undergo inflammatory regression
until long-term traces of atherosclerosis prevail in the shape
of developing or consolidated lesions [62]. The underlying
mechanism splitting the atherosclerosis evolution process into
two different downstream courses, i.e., complications due to
thrombosis/occlusion or organized and stable atherosclerotic
plaque, is not known. Furthermore, it is not known whether
this mechanism changes inflammation status—and subse-
quently FDG uptake—in the atherosclerotic plaque or the ar-
teries of the general population (Fig. 2a, ii). The reason for this
ignorance is that no researcher has performed repeat PET im-
aging in asymptomatic atherosclerotic patients to follow them
until a complication occurs. Higher carotid FDG uptake ap-
pears in neurologically asymptomatic patients with neoplastic
diseases to be associated with a higher risk of cerebrovascular

events [63]. So, a difference in inflammation intensity may
exist between asymptomatic and symptomatic atherosclerotic
plaques before complications occur (Fig. 2a, ii). Plaque calci-
fication is thought to be induced by the osteogenic

Fig. 2 Conceptual diagrams demonstrating trends in FDG (a) and NaF
(b) uptake in healthy subjects and patients with and without
atherosclerosis. For the FDG uptake, the changes are divided into three
time periods: (i) before initiation of atherosclerosis, (ii) after i and before
iii, and (iii) after atherosclerosis complication. Note that it is not known
yet whether complication of atherosclerotic plaque is a process started as
soon as formation of atherosclerosis or a sudden incident giving rise to
FDG uptake (between two dotted vertical lines). c Conceptual diagram
depicting the risk of complication caused by carotid atherosclerotic
plaque (black line), whether due to risk of rupture (red line) or due to
stenosis (blue line)
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transformation of the surrounding vascular smooth mus-
cle cell secondary to release of inflammatory cytokines,
which induce a positive feedback loop by increasing
inflammation secondary to microcalcification [64].
NaF-PET is routinely used to trace skeletal mineralization
due to metastatic cancers, but is highly sensitive in visualizing
vascular microcalcification [65, 66]. In a recent study, NaF
uptake in atherosclerotic carotid arteries was found to be clear-
ly higher than that in healthy control subjects (Fig. 2b) [28].

The mentioned limitations (ethical and technical) are
abolished after a cerebrovascular event making imaging more
justifiable among symptomatic than asymptomatic patients. In
the complicated atherosclerotic plaque, local inflammation in
the plaque may cause a flare-up due to local pathophysiolog-
ical processes such as initiation of the coagulation cascade and
release of pro-inflammatory cytokines [67, 68]. This is
reflected by a significantly higher FDG uptake in a symptom-
atic compared with an asymptomatic carotid plaque; mean-
while, FDG uptake in the carotid artery contralateral to the
culprit plaque appears to be higher in symptomatic than in
asymptomatic cases potentially due to initiation of a systemic
inflammation in the entire body after the cerebrovascular
event [69]. The inflammation in the contralateral carotid artery
has a more protracted initiation sequence than in the compli-
cated carotid plaque, meaning that the side difference in in-
flammation intensity is significant initially, but wanes as the
local inflammation in the complicated carotid plaque de-
creases and the inflammation in the contralateral carotid artery
evolves (Fig. 2a, iii). The outlined course of development was
derived from PET findings at different time points after a
cerebrovascular event [11–19, 21–30, 37]. In addition, it was
shown that increased FDG uptake in patients with symptom-
atic atherosclerotic plaques is associated with a higher risk of
recurrence [19].

Risk factors and laboratory findings

The most common risk factors correlated with higher FDG
uptake were aging, gender, hypertension, and hyperlipidemia
in the general population. These findings are justifiable based
on histological studies. Aging has been shown to be associat-
ed with some phenotypic changes in inflammatory vascular
smooth muscle and endothelial cells including increased pro-
inflammatory cytokine secretion and altered adhesion mole-
cules, all leading to increased migration and activation of in-
flammatory cells, especially macrophages [70]. In detail, FDG
uptake increases in carotid arteries as age does, but this pro-
cess is more pronounced in patients bearing risk factors such
as hypertension, diabetes, and high cholesterol and triglycer-
ide than in healthy controls. This is understandable, as the
stress-induced inflammation is accumulated with age and ac-
celerated by the aforementioned risk factors [71]. Although
there are no reports on the measurement of arterial FDG

uptake in childhood or adolescence to compare with older
ages (Fig. 2a, i), there is evidence from postmortem studies
of the existence of fatty streaks as a surrogate for initiation of
underlying inflammation in early ages [72]. The effect of gen-
der on inflammatory status of vascular structures is mostly
debated through the role of sex steroids [73], but the role of
these or other gender-related factors is not known. The influ-
ence of sex hormones on inflammation in the cardiovascular
system depends on hormone level, whether physiologic or
therapeutic, resulting in anti- or pro-inflammatory effects
[74]. Endothelium has an important role in maintaining the
anti- and pro-inflammatory balance in arteries especially by
nitric oxide production [75]. Hypertension and hypercholes-
terolemia induce endothelial dysfunction and impaired nitric
oxide production, which leads to the dominance of pro-
inflammatory factors [76, 77]. Interestingly, most of the men-
tioned risk factors did not correlate with NaF-PET findings in
patients with carotid atherosclerotic disease, which is in con-
trast to what has been reported in other parts of the arterial
system [78].

Immunohistochemistry

Histological and immunohistochemical findings were the
most coherent with PET findings because of the shared focus
on molecular aspects. It was shown that pro-inflammatory
changes especially those in relation to count and activity of
macrophages in carotid arteries correlated with PET findings.
FDG was used to trace the inflammation in carotid plaques as
indicated by a higher radiotracer uptake. Inflammation in ca-
rotid arteries is reflected by an increased count of inflamma-
tory cells especially macrophages in histological studies [79].
In immunohistochemical studies, atherosclerotic carotid arter-
ies have an increased expression of CD68 and cathepsin K,
which is also characteristic for monocyte lineage [80].
Microcalcification as another aspect inspected in histological
studies was co-located with NaF uptake (Fig. 2b), whereas
FDG uptake was inversely correlated with microcalcification.
This is in agreement with the fact that plaques bearing more
calcification have a lower risk of complication and lower FDG
uptake [49]. To sum up, lipid and necrotic debris in plaques,
known to increase plaque vulnerability, are replaced by
microcalcification and eventually consolidated calcifications
during atherosclerosis development, and meanwhile, plaque
size increases and may lead to stenosis (Fig. 2c).

Imaging modalities

Findings of molecular imaging by PET were also assessed in
comparison with conventional imaging modalities.
Echolucency was found to correlate with FDG uptake, al-
though agreement on correlation between FDG uptake and
degree of stenosis or intima-media thickness was poor [18].
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It has previously been shown that echolucent carotid plaques
(lipid-rich) have higher macrophage infiltration [81] justifying
increased FDG uptake. However, considering intima-media
thickness and stenosis as relatively macroscopic features and
the fact that a stenotic carotid artery could both bear both a
stable large calcified and an inflamed and complicated athero-
sclerotic plaque [82, 83], correlating FDG uptake with these
would be unreliable. Also, it was observed that findings by CT
and MRI such as presence and volume of lipid core and ac-
companied soft tissue, intra-plaque hemorrhage, and presence
of rupture are correlated with FDG uptake [58, 84].
Previously, it was shown that low attenuation by CT [85]
and intra-plaque hemorrhage and increased lipid content on
MRI [86] are findings associated with increased inflammation
and more frequent among symptomatic atherosclerotic pa-
tients. Ktrans, Kep, and vp (parameters of perfusion in tissue)
in MRI have been shown to correlate with histological evi-
dence of inflammation [87], but in a recent study, there was no
consensus on the correlation between FDG uptake and these
parameters [35, 36, 50]. Regarding the detection of calcifica-
tion, calcium score on CTwas found to be correlated with NaF
uptake in asymptomatic patients, but not in symptomatic pa-
tients. This can be interpreted in view of the fact that as carotid
plaques grow in size so does calcium percentage in histolog-
ical studies [85], and a higher calcium score in CT is associ-
ated with a decrease in complication risk [88]. Therefore, con-
tinued calcification is a factor resulting in plaque stability,
although the calcification process is initiated as early as in-
flammation itself [28] (Fig. 2b). In other words, the risk of
plaque rupture is a result of a process in which inflammation
increases and calcification decreases the end result.

Treatment

Most interventions directed to reduce carotid atherosclerosis
burden focus on controlling modifiable risk factors, especially
impaired lipid profile and diabetes. Statins, as the most com-
mon lipid-lowering drugs, have been shown to have anti-
inflammatory effects on carotid atherosclerotic plaques [89],
but the information retrieved from the current review on this
theme was inconsistent among others due to different potency
and dosages of the statins proscribed.

Limitations

Amain limitation in the current review was the different mea-
sures and scales used to express tracer uptake restraining us to
perform a meta-analysis. Another limitation was the variation
in PET imaging acquisition technique, timing of PET imaging
following a complication due to a carotid plaque, and the fact
that PETwas used for multiple, not always precisely defined,
purposes like identification of vulnerable plaques or just to
demonstrate the presence of inflammation in the shape of

increased FDG uptake. In addition, several other factors
should be taken into account to underline the complexity of
PET imaging of carotid atherosclerosis. The small size of the
vessel and the limited spatial resolution of PET in assessing
plague structures no more than 100–200 μm in size are chal-
lenges in particular when analyzing tracer uptake in the right
carotid artery. The timing of imaging is critical since imaging
1 h following tracer administration will substantially degrade
the contrast between plaque and background activity because
of which delayed imaging is preferable in detecting athero-
sclerosis in the carotid and other arteries. Most literature dealt
with FDG, but the role of FDG for detection of inflammatory
plaques is questionable because of its non-specificity; not only
is FDG taken up by inflammatory cells in the plaques, it is also
incorporated into smoothmuscles and other arterial wall struc-
tures which adversely affects the specificity in identifying the
intended structures. Therefore, it is unclear whether FDG will
remain a major player in assessing atherosclerosis. Among
other tracers tested over the years, no other tracer than NaF,
in use for detection of arterial wall microcalcification, appears
to have a role to play in detecting and quantifying atheroscle-
rosis in carotid arteries. Finally, many of the “healthy” indi-
viduals used for comparison were patients with suspected or
confirmed malignancies, which could also cast doubt on the
results reported and the deductions made from them.

Conclusion

Molecular PET imaging appears to be an interesting modality
for investigation of atherosclerotic carotid artery disease.
FDG-PET visualizes different inflammatory phases of carotid
atherosclerosis development and its complications, while
NaF-PET seems to mirror and monitor more long-term conse-
quences by demonstrating arterial wall microcalcification
allowing discrimination between atherosclerotic and normal
carotid arteries.

Compliance with ethical standards The authors declare that
they have no conflict of interest. This article does not contain any studies
with human participants or animals performed by any of the authors.
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