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Abstract

Objective To evaluate the role of [18F]-fluorodeoxyglu-
cose positron emission tomography/computer tomography
[18F-FDG PET/CT] comparing target background ratio
(TBR) and standardized uptake value (SUV) with the his-
topathological inflammatory status of the carotid plaques.
Background Vulnerable carotid plaques are the primary
cause of acute cerebrovascular events. 18F-FDG PET/CT
represents a morpho-functional technique able to identify
the highly inflamed and most vulnerable carotid plaques.
Several literature studies experimented this new method to
identify vascular inflammation, but few have effectively
compared PET/CT results with plaque histological data and
no studies had directly compared TBR to SUV.

Methods Thirty-two consecutive patients (20 men and 12
women, mean age 74 + 8 years) undergoing carotid end-
arterectomy were enrolled and studied with carotid 18F-
FDG PET/CT. Maximum and mean SUV and TBR were
used to quantify 18F-FDG uptake while surgical specimens
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were analyzed by optical microscopy to identify inflamed
carotid plaques, with evaluation of macrophages infiltration
by mean of immunohistochemistry. On the basis of the
presence of inflammation at the histological analysis, we
divided population in two groups: group A (n = 12) patients
with inflamed carotid plaques and group B (n = 20) patients
with non-inflamed ones, then crossed and evaluated the
histological data with 18F-FDG PET/CT findings.

Results  SUV max and SUV mean values resulted higher
in group A (respectively, 2.14 £ 0.77 and 1.99 &£ 0.68)
than in group B (respectively, 1.79 £ 0.37 and
1.64 £ 0.34) without reaching a statistical significance
(p = ns). TBR max and TBR mean values resulted higher
in group A (respectively, 1.42 + 0.32 and 1.34 + 0.26)
than in group B (respectively, 1.16 £0.19 and
1.03 & 0.20) with a statistically significant differences
between the two groups and carotid inflammation
(respectively, p < 0.01 and p < 0.001).

Conclusion TBR (max and mean values) is a more reli-
able parameter than SUV in identifying inflamed plaques.
Although limited by the small population analyzed, our
results suggest the important role of 18F-FDG PET/CT,
using TBR, in identification of high-risk carotid athero-
sclerotic plaques.

Keywords PET/CT - Vulnerable carotid plaques -
Histology
Introduction

Atherosclerotic process represents nowadays the main
cause of cerebrovascular disease in western countries, thus
the most important determinant of morbidity and mortality
over there [1]. In particular, complicated carotid plaques
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are currently considered the primary cause of acute cere-
brovascular events [2].

Adpverse clinical events related to carotid atherosclerosis
are largely due to plaque instability, which is able to induce
plaque rupture and thrombi and emboli generation [3]. The
correct diagnostic evaluation of vulnerable carotid plaques
is therefore of primary importance for a prompt diagnosis,
prevention, and treatment of cerebrovascular events. Sur-
gical removal of unstable plaques represents the final
intervention capable of reducing the incidence of fatal
events [4]. Imaging techniques can identify plaque treat-
ment-related changes, and therefore could be used as a
marker of therapeutic efficacy [5].

Traditional methods exploring carotid luminal stenosis
(echo color Doppler, magnetic resonance imaging, com-
puter tomography, and angiography) are not able to reliably
identify the unstable plaques. In fact, the degree of stenosis
does not represent the only factor predictive of events:
unstable non-stenotic plaques can rupture, while stable
stenotic ones can lay dormant for years [6].

Positron emission tomography/computer tomography
with the use of 18F-fluorodeoxyglucose, [18F-FDG PET/
CT], represents an emerging morpho-functional technique
able to identify the highly inflamed and consequently the
most vulnerable carotid plaques [7, 8]. Several studies
demonstrated that 18F-FDG uptake reflects inflammatory
activation of plaque macrophages and potentially the pla-
que vulnerability [5, 9]. Macrophage infiltrate plays, in
fact, an essential role in plaque rupture, as it is associated
with an increased expression of scavenger receptors. The
receptors bind and internalize modified low-density lipo-
protein determining foam cells formation, able to release
several proteases and cytokines, which lead to plaque
rupture [10]. Several literature studies experimented this
new method to identify vascular inflammation, but few
have effectively compared PET/CT results with plaque
histological data [7, 8, 11]. Up to date, no studies of direct
comparison between Standardized Uptake Value (SUV),
Target Background Ratio (TBR), and the plaque histolog-
ical data are reported.

The aim of our study was to evaluate the role of [18F]-
fluorodeoxyglucose positron emission tomography/com-
puter tomography [18F-FDG PET/CT] comparing TBR
and SUV with the histopathological inflammatory status of
the carotid plaques.

Materials and methods
Thirty-two consecutive patients, admitted to the Department
of Vascular Surgery, were investigated. All the patients had

indication to carotid endarterectomy as they had an ultra-
sound diagnosis of significant carotid artery stenosis
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(>70 %) or non-significant stenosis complicated by cerebral
ischemic disorders according to the current guidelines [12].
Before surgery (range 1-10 days; mean 4.4), they underwent
18F-FDG PET/CT of head, neck and thorax; moreover,
patients underwent carotid ultrasound to detect carotid
intima media thickness (C-IMT) and to classify carotid
atherosclerotic plaques according to echogenicity.

Plaques removed during surgery were subsequently ana-
lyzed by an expert pathologist to detect in particular the
presence of inflammation. Data obtained were then com-
pared with 18F-FDG PET/CT results. According to the lit-
erature and the reports from the pathologist, we identified
two groups: group A (12 patients) composed by patients
showing inflamed carotid plaques, and group B (20 patients)
formed by subjects with non-inflamed carotid ones [9, 11].
We directly compared 18F-FDG PET/CT data with those
obtained from the histological analysis of plaques.

The study was approved by the local ethic committee
and carried out in accordance with the principles of the
Helsinki Declaration; all patients gave informed consent
before entering the study.

Clinical evaluation

Major characteristics, clinical status and cardiovascular
risk factor of 32 examined patients, are summarized in
Table 1. Study population included 20 men (63 %) and 12
women (37 %), their age [mean &+ standard deviation
(SD)] was 74 £ 8 years (range 56-85).

Cardiovascular risk factors were distributed as follows:
a total of 27 (84 %) patients suffered from arterial

Table 1 Demographic and clinical characteristics of study
population

Patients (n = 32)
Men/women n (%) 20 (63)/12 (37)
Age (years)” 74 £ 8
Range of age (years) 56-85
Weight (kg)* 73 £ 12
Height (m)* 1.64 £ 0.08
BMI (kg/m?)® 27 +4
Waist (cm)* 9 + 11
Obese subjects n (%) 6 (19)
Overweight subjects n (%) 10 (31)
Smoking n (%) 17 (53)
Arterial Hypertension n (%) 27 (84)
Diabetes n (%) 13 (41)
Dyslipidemia n (%) 27 (84)
Positive family history of CAD n (%) 309

n (%) numbers (percentage), BMI body mass index
# Mean = standard deviation
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hypertension, defined as systo/diastolic blood pressure
values >140/90 mmHg or use of anti-hypertensive medi-
cation [13], 27 (84 %) from dyslipidemia, as they had total
cholesterol >200 mg/dl or low-density lipoprotein cho-
lesterol >130 mg/dl or high density lipoprotein cholesterol
<45 mg/dl or triglycerides >150 mg/dl or they used lipid-
lowering agents [14], 13 (41 %) were diabetic, because
they had fasting glucose level >126 mg/dl, a self-reported
physician diagnosis or were under pharmacologic treat-
ment [15], 6 (19 %) were obese while 10 (31 %) over-
weight, as they had a body mass index >30 kg/m? and
ranging from 25 and 30 kg/m?, respectively, [16] and
finally, we considered “current daily smoker” subjects
with a regular smoke abuse of at least 5 cigarettes/day
during the previous 3 months or which had stopped
smoking <1 year before his/her admittance to the our
department, a total of 17 (53 %) in our sample. Moreover,
3 (9 %) patients referred to have a positive family history
of coronary artery disease that is one or more first-degree
relatives with cardiac ischemic disease at any age [17].
All patients were in optimal pharmacological treatment
before enrolment. Due to their clinical conditions and
morphological vessels alterations, all of them were on
statin and aspirin therapy. Anti-hypertensive treatment at
maximum doses borne by the patients was based on
antagonism of renin-angiotensin-aldosterone system.

Carotid ultrasound evaluation

The evaluations were performed with patients in supine
position, with the neck extended and the head turned contra-
laterally by about 45°. The C-IMT was defined as the distance
between the lumen-intima and media—adventitia borders of
the vessel, ultrasonographically identified by a double hypo-
echoic line, and calculated using scans of the lengthwise axis,
according to the method described by Pignoli et al. [18, 19]
C-IMT value was obtained as the arithmetical mean of the
values calculated in the following three zones: proximally,
about 2 cm above the flow-divider, distally about 1/2 cm
above the flow-divider and in the middle zone. Moreover, we
classified plaques according to echogenicity in hyperechoic,
isoechoic, hypoechoic, and mixed plaques. Plaque echoge-
nicity was compared with blood and adjacent adventitia as
follows: low echoes were defined as those strictly close to that
of blood, and medium to high echoes were those similar to or
greater than adventitia [20].

Histological and immunohistochemical assessment
of carotid plaque

Carotid endarterectomy was performed under local anes-
thesia by the same team of vascular surgeons using a
standardized protocol [21]. Endarterectomy specimens

were removed and fixed in 10 % neutral formalin for
24-48 h. Serial cross sections were then obtained, at
intervals of about 3 mm, to have representative patterns of
the whole sample.

Specimens were paraffin embedded, and then cut in
section of 4 micron thick, and, if too hard to cut, previously
submitted to a decalcification procedure to avoid rupture;
then, they were subsequently stained with hematoxylin-
eosin, Masson trichromic and van Gieson stains, the latter
specific for elastic fibers, assessing, in a blinded manner by
optical microscopy, the presence and the degree of
inflammation.

Moreover, sections were incubated with anti-CD68
monoclonal antibody (clone PGMI1, Dako—Glostrup,
Denmark) at a 1:100 dilution after antigen unmasking
(EDTA buffer in DAKO PTlink) to identify and quantify
the presence of macrophages. Immunohistochemistry was
performed using the Dako “EnVision+” biotin-free
enhanced labeled polymer method. Appropriate positive
and negative controls were used.

Immunohistochemical staining

CD68 staining was analyzed and categorized in a blinded
manner. Because of the inhomogeneous distribution of
histochemical patterns, we applied the high reproducible
semiquantitative analyses to describe the predominant
histochemical characteristics of the entire sample [22].
Immunochemical setting was evaluated using a four
level arbitrary score as follows: (—) absence of immune-
positivity; (4) presence of sporadic CD68-positive cellular
elements, mostly isolated; (++) presence of CD68-positive
cellular elements arranged in small heaps; (+++) presence
of CD68-positive cellular elements scattered in the plaque
and organized into big piles (Fig. 1a, b). Plaques were
considered inflamed if ranged (4++) or (+++).

18F-FDG PET/CT imaging

18F-FDG PET/CT images were acquired with combined
modality PET/CT (GE Discovery LSA, Waukesha, Wi-
sconin, USA) that integrates a PET scanner (Advance nxI)
to a 16-slice CT (Light Speed Plus). Prior to administration
of fluorine-18-deoxyglucose (18F-FDG), all patients fasted
for at least 8 h and the measurement of capillary blood
glucose (<160 mg/ml) were performed. To avoid artefacts
caused by the muscle’s physiological uptake, they were
instructed to limit any physical activity after radiophar-
maceutical administration and before the examination. The
image acquisition was obtained 50 min after the intrave-
nous injection of 37 MBq/10 kg of 18F-FDG. During this
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Fig. 1 a Sparse macrophages
CD 68 positive in the
atherosclerotic plaque (CD 68
immunostaining; magnification
% 100), score ++. b Diffuse
presence of CD 68 positive
macrophages in the plaque
shoulder (CD 68
immunostaining; magnification
x40), score ++-+

time, patients were hydrated by drinking 500 ml of water
and urinate as needed. Muscle relaxant drugs were not
administered. 18F-FDG PET/CT scan was carried out by
the vertix of the head to the diaphragm. Patients were
instructed to breathe quietly during the examination. The
CT acquisition parameters were: 89 mA (auto), 120 kV,
slice thickness 3.75 mm, tube rotation time 0.8 ms, colli-
mation field of view (FOV) of 50 cm. The CT images were
reconstructed with a filtered back-projection. The CT data
were used for attenuation correction of PET scanning,
which was performed immediately after the acquisition of
CT images. The CT scans were obtained without admin-
istration of contrast enhancer. The PET acquisition was
obtained in caudal-cranial direction, acquisition technique
with 3D interactive reconstruction.

Image analysis

A nuclear physician evaluated 18F-FDG PET/CT of the
selected patient at a dedicated Advantage 4.3 Workstation
(GE Healthcare, Waukesha, Wisconsing, USA). The ima-
ges of 18F-FDG PET/CT were displayed in three orthog-
onal planes as PET images, CT and fusion images. The
18F-FDG PET/CT evaluated the atherosclerotic carotid
plaque and the superior cava vein. The scans were analyzed
visually and semi-quantitatively. Arterial 18F-FDG uptake
in the neck was measured by drawing a region of interest
(ROI) around the carotid artery on every slice of the co-
registered transaxial PET/CT images. 18F-FDG uptake
was measured along the length of the carotid plaque,
subsequently removed during endarterectomy, starting at
the bifurcation and extending inferiorly and superiorly
every 4 mm.

On each image slice, SUV max of 18F-FDG in the
ROI was calculated as the maximum pixel activity. The
SUV was automatically calculated by the workstation
software as the ratio between the accumulation of 18F-
FDG (MBg/ml) in an area of interest (drawn on the
images corrected for attenuation) and the activity
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Fig. 2 18F-FDG PET/CT images: a Positron emission tomography
(PET) image of a transverse section with the region of interest (green)
around the carotid plaques to analyse; b fusion CT/PET image of a
transverse section with the region of interest (green) around the
carotid plaques; ¢ Positron emission tomography (PET) image of a
coronal section with the region of interest (green) around the carotid
plaques; d fusion CT/PET image of a coronal section with the region
of interest (green) around the carotid plaques; e Positron emission
tomography (PET) image of a transverse section with the region of
interest (yellow) around the superior cava vein; f fusion CT/PET
image of a transverse section with the region of interest (yellow)
around the superior cava vein
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Table 2 Ultrasound, PET/CT and histopathological characteristics of carotid plaques of whole study population

Ultrasound findings PET/CT findings Mean + SD Range Histological analysis

RCA n (%) 13 (41) SUV max 1.98 £ 0.64 1.2-4.2 Inflammation n (%) 12 (37.5)
LCA n (%) 19 (59) SUV mean 1.77 £ 0.51 0.9-3.5 No inflammation n (%) 20 (62.5)
Hyperechoic plaques n (%) 7(22) TBR max 1.26 &+ 0.27 0.82-1.93 CD 68 data

Isoechoic plaques n (%) 4 (12) TBR mean 1.13 £ 0.26 0.76-1.79 CD 68 (+++) n (%) 8 (25)
Hypoechoic plaques n (%) 9 (28) CD 68 (++) n (%) 4 (12.5)
Mixed plaques n (%) 12 (38) CD 68 (+) n (%) 309.4)
Grade of stenosis % 77 £ 12 CD 68 (—) n (%) 17 (53.1)
R C-IMT (mm) 0.64 £ 0.19

L C-IMT (mm) 0.98 £ 0.2

n (%) numbers (percentage), PET positron emission tomography, CT computer tomography, CA internal carotid artery, R right, L left, C-IMT
carotid intima media thickness, SUV standardized uptake value, TBR target background ratio

administered (MBq), for the weight (kg) according to the
following formula:

SUV = ROI activity (MBg/ml)/[injected dose (MBq)/
body weight (kg)].

To obtain a background value for 18F-FDG uptake,
SUV max and mean were measured in a venous structure.
To accomplish this, an ROI was placed within the center of
a large vein (superior cava vein) in an area devoid of sig-
nificant activity. We calculated the TBR max as the SUV
max normalized to venous SUV max and TBR mean as the
SUV mean normalized to venous SUV mean [5].

Sagittal and coronal image reconstruction was per-
formed to ensure correct ROI placement (Fig. 2).

Statistical analysis

The data are given as mean values £ SD, and categorical
variables as frequencies and percentage. Between-group
comparisons were performed by t test for independent
sample if the distribution resulted normal at Kolmogorov—
Smirnov test and at Lilliefors test. As nonparametric
methods, we used Mann—Whitney U test for two inde-
pendent samples and Kruskal-Wallis ANOVA for multiple
independent samples’ comparison. Frequencies were
compared using the Chi squared or Fisher’s exact test.
Analyses were made using STATISTICA 7 software
(StatSoft Inc., Tulsa, Oklahoma, USA).

Results

Ultrasound, PET/CT, and histopathological characteristics
of the carotid plaques of all patients are summarized in
Table 2. Thirteen (41 %) plaques were localized in the
right carotid artery, while 19 (59 %) in the left one, with a
grade of stenosis of 77 £ 12 %. C-IMT value of the right
carotid artery resulted 0.64 = 0.19 mm, while the left one

0.98 £ 0.2 mm, moreover, as regard the echogenicity, we
detected 7 (22 %) hyperechoic, 4 (12 %) isoechoic, 9
(28 %) hypoechoic and 12 (38 %) mixed plaques.

18F-FDG PET/CT semiquantitative evaluation of all
study population highlighted SUV max and mean values,
respectively, ranged 1.2-4.2, mean 1.98 £ 0.64 and ranged
0.9-3.5, mean 1.77 & 0.51; TBR max and mean values
were, respectively, ranged 0.82—-1.93, mean 1.26 + 0.27
and ranged 0.76-1.79, mean 1.13 £ 0.26.

The histological analysis identified 12 (37 %) inflamed
plaques and 20 (63 %) non-inflamed ones. The results were
perfectly consistent with those of immunohistochemical
assessment. In fact, the 12 (37 %) inflamed plaques showed
to have a large inflammatory component, (4++) in 4 cases
and (4+++) in the other 8 cases composed by macrophages
(CD 68 positive cells), distributed both in the vascular wall
in contiguity of the plaque, both within the plaque itself,
frequently organized in piles. The remaining 20 (63 %)
non-inflamed ones, showed, on the contrary, absence of
immunopositivity, (—) in 17 cases, or presence of sporadic
positive CD 68 cellular elements mostly isolated, (+) in 3
cases.

The comparison between the two groups (A subjects
with inflamed carotid plaques and B subjects with non-
inflamed carotid ones) as regard demographic, clinical,
anatomical, ultrasound and 18F-FDG PET/CT findings are
reported in Table 3. The data showed no statistically sig-
nificant differences between the two groups as regards
demographic, clinical, anatomical and ultrasound findings.

In group A, SUV max and mean ranged, respectively,
from 1.3 to 4.2 mean 2.14 & 0.77 and from 1.2 to 3.5,
mean 1.99 + 0.68. In group B SUV max and mean ranged,
respectively, from 1.2 to 2.5 mean 1.79 &+ 0.37 and from
0.9 to 2.2 mean 1.64 £ 0.34 (Table 3). As regard TBR
values, in group A, TBR max and mean ranged, respec-
tively, from 0.82 to 1.93 mean 1.42 £+ 0.32 and from 0.8 to
1.79 mean 1.34 £ 0.26. In group B TBR max and mean
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Table 3 Comparison between general (demographic and clinical),
anatomical, ultrasound, 18F-FDG PET/CT and histopathological
characteristics of patients with inflamed carotid plaques (group A) vs.
patients with non-inflamed ones (group B)

Group A Group B
(n=12) (n = 20)
General characteristics
Men n (%) 7 (58) 13 (65)
Women n (%) 5 (42) 7 (35)
Age (years)” 73 £ 10 74+£7
Weight (kg)* 77 £ 11 68 + 10
Height (m)?* 1.63 £+ 0.1 1.65 £ 0.1
BMI (kg/m?)?* 29 +3 25+ 3
Waist (cm)* 100 £ 9 94 +9
Smoking n (%) 6 (50) 11 (55)
Arterial hypertension n (%) 11 (92) 16 (80)
Diabetes n (%) 6 (50) 7 (35)
Dyslipidemia n (%) 10 (83) 17 (85)
Ultrasound findings
R-CA n (%) 5 (42 %) 8 (40 %)
L-CA n (%) 7 (58 %) 12 (60 %)
Grade of stenosis (%)* 75 £ 13 79 £ 12
Hyperechoic plaques n (%) 1(8) 6 (30)
Isoechoic plaques n (%) 1(8) 3 (15)
Hypoechoic plaques n (%) 5 (42) 4 (20)
Mixed plaques n (%) 5 (42) 7 (35)
R-CIMT (mm)?* 0.92 £ 0.3 1.08 £ 0.3
L-CIMT (mm)?* 1.02 + 0.2 1.08 + 0.2
PET/CT findings
SUV max* 2.14 + 0.77 1.79 + 0.37
SUV max (range) 1.3-4.2 1.2-2.5
SUV mean* 1.99 + 0.68 1.64 + 0.34
SUV mean (range) 1.2-3.5 0.9-2.2
TBR max* 1.42 £+ 0.32%* 1.16 & 0.19%%*
TBR max (range) 0.82-1.93 0.82-1.64
TBR mean® 1.34 + 0.26%**  1.03 £ 0.20%**
TBR mean (range) 0.8-1.79 0.76-1.5

n (%) numbers (percentage), CA carotid artery, CIMT common car-
otid intima media thickness, R right, L left, PET positron emission
tomography, CT computer tomography, SUV standardized uptake
value, TBR target background ratio

# p < 0.01; %% p < 0.001

% Mean =+ standard deviation

ranged, respectively, from 0.82 to 1.64 mean 1.16 + 0.19
and from 0.76 to 1.5 mean 1.03 4+ 0.20 (Table 3). SUV
max, SUV mean, TBR max and TBR mean values resulted
higher in group A respect to group B, demonstrating that
both parameters are in agreement with the presence of
carotid inflammation (Table 3; Fig. 3). Furthermore, the
comparison of SUV max and mean between the two groups
showed no significant differences while statistically
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significant differences were found as regard TBR max
(t=2.89, p <0.01) and mean (r = 3.7, p < 0.001).

Discussion

In last decade, great attention has been focused on the
research of imaging techniques capable of highlight vul-
nerable carotid plaques at high risk of complication and
therefore of cerebrovascular events and death. A great
interest has been focused on the research of non-invasive
methods able to identify patients with carotid atheroscle-
rotic plaques at risk of rupture, which would benefit from
surgical removal. PET/CT method with the use of 18F-
FDG represents an emerging and an innovative technique
able to noninvasively detect the metabolically active car-
otid plaques at increased risk of rupture. 18F-FDG, in fact,
accumulates in macrophages, considered causally related to
plaques complications [23, 24].

Several animal and clinical studies tried to explain the
mechanism of 18F-FDG uptake in atherosclerotic plaques.
Some authors suggest that 18F-FDG uptake is correlated to
macrophages density because glucose is essential substrate
for energy production in various cells [9]. 18F-FDG uptake
reflects inflammatory activation of plaque macrophages
and potentially the tendency of plaque to rupture [5, 9].
Furthermore, it is reported that the use of statins decreases
18F-FDG uptake in patients with atherosclerosis [25], this
is probably related to anti-inflammatory effect of statin’s
therapy.

In addition, Tawakol et al. [5, 23] demonstrated a cor-
relation between the arterial uptake of 18F-FDG and
macrophage presence, proposing 18F-FDG uptake as an
indicative measure of arterial inflammation, while other
authors showed a significantly higher uptake in vivo of
18F-FDG in symptomatic carotid plaques than in asymp-
tomatic ones, suggesting that inflammation is present to a
greater degree in symptomatic plaques [24].

Moreover, Chen et al. [26] showed a link between 18F-
FDG uptake and cardiovascular events such as myocardial
infarction and stroke. Recently, Figueroa et al. [11] high-
lighted that inflammation, detected by 18F-FDG uptake, is
increased in plaques containing high-risk morphological
features at the histological analysis, supporting the concept
that the burden of morphological abnormalities of carotid
plaques is correlated with the 18F-FDG uptake, considered
a measure of plaque vulnerability. Other authors, Folco
et al. [27], suggest that intraplaque hypoxia may contribute
to the higher intensity of 18F-FDG accumulation in
atheromata.

Although several studies have showed an association
between plaque 18F-FDG uptake and inflammation, sug-
gesting 18F-FDG PET/CT method as a promising tool for
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Fig. 3 Comparison of SUV and TBR values between the two groups;
the square indicates the mean value. Graphs showed no significant
differences as regard SUV max and mean values (p = ns) while
statistically significant differences were found as regard TBR max

detecting patients candidate to carotid endarterectomy [28,
29]. Our results, demonstrating the differences in TBR
values found among the analyzed groups, significantly
expand the validity of 18F-FDG PET/CT method.

In our study, we evaluated in vivo 18F-FDG uptake in
carotid plaques subsequently analyzed histologically,
demonstrating a significant agreement between 18F-FDG
PET/CT results and histological analysis. Our results
showed higher 18F-FDG uptake in presence of inflamma-
tory infiltrate, in which we demonstrated with immuno-
histochemistry the presence of macrophages, cells always
associated with carotid inflammation and then with carotid
vulnerable plaques rupture [30].

Several studies have underlined that 18F-FDG uptake
calculated by SUV or corrected for blood activity to
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(1.42 £ 0.32 in group A vs. 1.16 £ 0.19 in group B, p < 0.01) and
mean (1.34 £ 0.26 in group A vs. 1.03 + 0.20 in group B,
p < 0.001)

produce the TBR are useful tools to evaluate plaque
activity [5, 23, 24]. Rudd et al. [31] compared different
methods of measurement of artery 18F-FDG uptake,
demonstrating the reproducibility of the parameters SUV
and TBR max and mean, but the choice of the better one is
still debated.

Remarkably, we did not find any significant differences
as regard SUV max and mean values between inflamed
and non-inflamed plaques, but, by normalizing carotid
SUV values for blood 18F-FDG activity (TBR max and
mean values), we demonstrated a significant agreement
with the presence of histological inflammation; both TBR
max and TBR mean values resulted in fact significantly
associated with the presence of carotid inflammation
(Table 3).

@ Springer



578

Ann Nucl Med (2014) 28:571-579

Our data suggest that a methodological and rigorous
evaluation of TBR max and mean is more reliable than
SUV in the identification of high-risk plaques in particular
in patients with high risk of cardiovascular events.

The explanation of the better performance of TBR over
SUV must consider some statistical and metabolic factors.
The statistical analysis evidences that in both groups, the
standard deviation of SUV max and mean is significantly
higher than that of the standard deviation of TBR max and
mean, respectively, Group A 0.77 and 0.68 vs. 0.32 and
0.26 and Group B 0.37 and 0.34 vs. 0.19 and 0.20 (Fig. 3).
The normalization of 18F-FDG uptake to the blood activ-
ity, considered in TBR, allows to correct the error from the
blood glucose level or insulin level and others factors that
may influence SUV. In fact, oncologic PET/CT studies
have shown that 18F-FDG uptake is diminished during
hyperglycemia [32-35]. This effect, however, has not been
evaluated in vascular PET imaging, but our results suggest
that blood glucose or insulin levels may influence nega-
tively the SUV and highlight the TBR role.

Limitations

Vascular calcification may arise as a result of both active
and passive mechanisms in the arterial wall during ath-
erogenesis. In this study, CT images of PET/CT were used
only for the anatomical landmark and we did not evaluate
arterial calcification although it is strongly considered as an
independent predictor for cardiovascular events; this can be
maybe a limit of our study. Considering that inflammation
and calcification rarely overlapped within arteries [36] and
that 18F-FDG is not the ideal radiotracers to evaluate the
calcification we think that this limitation does not affect the
results of our study. Further, authors have suggested the use
of 18F-sodium Fluoride as a measure of calcifying plaque
that correlates with cardiovascular risk factors [37].

Our study population was relatively limited, but all the 32
patients underwent endoarterectomy and every carotid pla-
que was analyzed histologically with evaluation of macro-
phages infiltration by mean of immunohistochemistry.

Conclusion

In our comparative study, carotid 18F-FDG PET/CT seems
to be a valid tool in the detection of inflamed plaques at
risk of rupture.

Only TBR max and mean values were in agreement with
the presence of inflammation histologically confirmed,
while no differences were found as regard SUV max and
mean values among inflamed and non-inflamed plaques.

@ Springer

TBR max and mean showed to be the most reliable
parameter in the identification of vulnerable plaques.
Although limited by the small population analyzed, results
suggested the important role of 18F-FDG PET/CT, using
TBR parameter, in the identification of carotid athero-
sclerotic plaques at high risk. Our results are promising but
other studies are needed to make our results more
consistent.

Conflicts of interest None declared.
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