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Background. The aim of the present study was to evaluate the uptake of F18-NaF by the
arterial wall in patients with high cardiovascular (CV) risk profile. The tracer uptake was
assessed in relation to gender and the number of CV risk factors.

Methods and Results. 25 patients without known CV disease were included and evaluated
by PET-CT with F18-NaF: 14 (56%) men and 11 (44%) women. The mean target-to-back-
ground ratio (TBR: max SUV/mean blood-pool SUV) but not the corrected uptake per lesion
(CUL: max SUV - mean blood-pool SUV) was higher in men than women (TBR: 1.8 + 0.6 vs
1.7 £ 0.2; P = 0.04; CUL: 0.7 = 0.3 vs W 0.6 = 0.1; P = 0.4). Patients with >3 CV risk factors
had higher CUL (0.8 £+ 0.1 vs 0.6 + 0.2; P = 0.01) but not TBR (1.8 + 0.2 vs 1.7 + 0.6; P = 0.7)
than patients with <3 risk factors.

Conclusions. The TBR but not CUL is higher in men than women while the CUL but not
TBR is related to the number of CV risk factors. These results are hypothesis—generating and
require validation in larger studies. (J Nucl Cardiol 2018;25:1733-41.)
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BACKGROUND

Atherosclerosis is a chronic inflammatory condition
that affects the arterial wall and is characterized by the
formation of atherosclerotic plaques. These are the sites
where thrombotic events occur, and for those, neither
the size nor the degree of luminal narrowing, imposed
by the plaques, are as important as their biological
content and inflammatory activity.'”

There has been a growing interest in predicting
noninvasively, the risk of events, by analyzing the degree
of calcification and inflammation of the plaques. For that
purpose, positron emission computed tomography (PET),
multi-slice computed tomography (CT), and cardiac
magnetic resonance imaging have played major roles.*®

For a few years, PET-CT, with fluorine-18 fluo-
rodeoxyglucose (F18-FDG), has been the imaging
method of choice in the identification of sites of vascular
inflammation especially in the aortic and carotid territo-
ries. The results show that the F18-FDG uptake is a marker
of inflammation and is related to future cardiovascular
(CV) events.” The major limitation of this tracer is its
strong uptake by the normal myocardium, which makes it
difficult to evaluate the coronary uptake.®'?

Fluorine-18 sodium fluoride (F18-NaF) is used to
detect bone metastases. Retrospective studies showed that
this tracer is also taken by the vascular wall and its uptake
level has been associated with atherosclerotic risk factor
burden.'*'> The F18-NaF uptake seems to signal active
calcification which is a cellular response to a chronic
inflammatory state. The hydroxyapatite crystal is the major
component of vascular calcification in early stages. Fluo-
ride ions are incorporated into the crystal by ion exchange
with hydroxyl groups.'®'” According to recent studies, this
marker seems to identify higher risk plaques.'®'”

The aim of the present study was to evaluate the
uptake of F18-NaF in the arterial wall in patients at high
CV risk. The uptake of the tracer was assessed in
relation to gender and the number of CV risk factors.

METHODS

Population and Study Design

Patients aged >40 years and considered of being of high
CV risk according to the European Society of Cardiology
(ESC) Guidelines were included based on their acceptance in
participating in this prospective and exploratory study between
May 1, 2014 and June 1, 2015. These patients were being
followed in the outpatient clinic, of a tertiary facility university
hospital, due to hypertension.

Inclusion Criteria. For the purpose of this study,
we included individuals with a predicted fatal CV event rate at
10 years >5% (ESC SCORE tables for low-risk countries),?°
chronic kidney disease with glomerular filtration rate under
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60 mL-min~" (Modification of Diet in Renal Disease equa-
tion), diabetes mellitus (type 1 or 2), or markedly abnormal
single-risk factor.

Exclusion Criteria. Patients <40 years old and
women of childbearing age were excluded. For the purpose
of this study, patients with known CV disease such as coronary
artery disease, cerebral vascular disease, or peripheral arterial
disease—or with symptoms suggestive of disease (angina,
neurological complaints or claudication)—patients with severe
renal impairment (GFR < 30 mL~rnin_1), moderate to severe
hepatic failure (Child-Pugh class B or C), chronic inflamma-
tory diseases, and neoplastic disease (in the last 5 years) were
also excluded.

All patients underwent a baseline clinical evaluation
where the CV risk profile was assessed. For that purpose, a
blood sample was drawn to measure the levels of total
cholesterol, LDL cholesterol, HDL cholesterol, triglycerides,
fasting glucose, hemoglobin Alc (HbAlc), creatinine, and C-
reactive protein.

A F18-NaF PET-CT study was performed, to assess the
uptake of the tracer in the carotid arteries, coronary arteries, and
aorta, in the same day of clinical and biochemical evaluation.

All the procedures were done with the approval of the
ethics committee of the Faculty of Medicine of the University
of Coimbra, in accordance with the Declaration of Helsinki
and with the written informed consent of each participant.

Image Acquisition, Data Processing, and
Calculation of Outcome Measures. A Gemini
GXL Philips 16 PET/CT system was used, and image
acquisition was started 60 minutes after intravenous adminis-
tration of 185 MBq of F18-NaF (5 mCi).

The enrolled patients underwent a cardiac PET-CT
imaging of the heart. An attenuation correction CT scan
(non-enhanced 120 kV and 50 mA) was performed, followed
by an electrocardiogram-gated 10-min acquisition. An iterative
reconstruction of cardiac PET scan was accomplished in
multiple phases. For analysis, the diastolic phase between 50%
and 75% was used.

To assess aorta and carotid vessels, a whole-body PET-CT
acquisition was performed. The corresponding bounding box
was defined by the base of the skull, the coccygeal bone, the
sternum, the spinous process of LS, and the sacroiliac joints.

Imaging started with a non-enhanced, low-dose CT scan
(120 kV and 50 mA). PET images were acquired, in list mode,
taking 5 minutes per bed position and an overlap between
consecutive bed positions of 50%.

Transversal PET slices were reconstructed into a
144 x 144 matrix. Voxel size was of 4 x 4 x 4 mm, and
the spatial resolution was about 8 mm. Low-dose CT imaging
was performed for attenuation correction and anatomical
orientation.

Arterial uptake of the tracer was evaluated, after quali-
tative review of the images in the coronal, axial, and sagittal
PET reconstructions. The localization of areas of focal uptake,
in relation to the vascular wall, was determined by PET/CT
fusion images. Semi-quantitative analysis was accomplished
using the maximum standardized uptake value (SUV max) by
visually placing an individual region of interest (ROI) around
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the lesion. Blood-pool SUV was estimated as the mean of five
ROI in the mid lumen of superior vena cava. The SUV max
was then corrected by the blood-pool SUV, dividing SUV max
by the blood-pool SUV, thereby obtaining the target-to-
background ratio (TBR). SUV max was also corrected by the
blood-pool SUV subtracting the blood-pool SUV from the
SUV max, resulting in the corrected uptake per lesion (CUL).
For the purpose of this study, the uptake of F18-NaF in each
vessel territory (aortic, carotid, coronary, and all vascular
territories) was described as the mean of SUV max, TBR, and
CUL obtained by the sum of the SUV max, TBR, and CUL of
each lesion divided by the number of lesions. All steps were
reviewed by 3 different readers.

Statistical Analysis

Continuous data were tested for normality with the
Shapiro-Wilks test and was represented by their mean, median,
and interquartile range. Student’s ¢ test and the Mann-Whitney
test were applied to compare continuous variables as appro-
priate. Categorical variables were represented by their
frequency and compared using Fisher’s exact test or the y*-
test. Data analysis was performed by StatView 5.0.1, version
for Macintosh and Windows, SAS Institute.

RESULTS

Twenty-five patients were included: 14 (56%)
men and 11 (44%) women with a mean age of
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63.9 = 8.6 years. The clinical data of the studied
patients are shown in Tables 1 and 2.

As these patients have a high CV risk, the preva-
lence of risk factors such as diabetes and hyperlipidemia
was very high among the studied group. Considering the
overall BMI, overweight and obese patients were
included, and as expected, high mean values of systolic
blood pressure were found. More women than men had a
positive family history of CV disease. All the other
compared variables showed no statistically significant
differences. There were 7 (28%) patients with >3 risk
factors. Biochemical measurements are presented in
Table 3. There was a trend for higher values in women.

The medications at time of enrollment are described
in Table 4. Most patients were on one or more medi-
cation but there were no significant differences between
men and women.

Imaging Results

One hundred and thirty-one lesions with F18-NaF
uptake were identified in 24 patients, and 71 were also
calcified (54.2%). One patient had no F18-NaF uptake.
Figure 1 shows the number of observed lesions per
arterial territory, in the overall population and in both
genders. PET-CT images of a calcified and a non-
calcified lesion, with F18-NaF uptake, could be seen in
Figure 2.

Table 1. Cardiovascular risk factors and their distribution according to gender

Variables All patients (n = 25) Men (n = 14) Women (n = 11) P
Age (years) 63.9 + 8.6 63.7 +9.3 64.2 + 8.0 0.8
Race (Caucasian) 24 (96%) 14 (100%) 10 (90.9%) 0.9
Diabetes 20 (80%) 13 (92.9%) 7 (63.6%) 0.1
Hyperlipidemia 18 (72%) 11 (78.6%) 7 (63.6%) 0.7
Smoking habits 2 (8%) 1(7.1%) 1(9.1%) 0.9
Family history of CVD 4 (16%) 0 (0%) 4 (36.4%) 0.03
>3 risk CVR factors 7 (28%) 3 (21.4%) 4 (36.4%) 0.7

Table 2. Data from patient’s physical examination and the distribution of findings according to gender

All patients (n = 25) Men (n = 14) Women (n = 11)

Variables M £ SD M IQR M=*SD M IQR M=*SD M IQR P
BMI (m*kg™') 31.7+73 296 108 32559 299 94 30.7+9.0 266 9.7 0.2
W(cm) 1083 +£13.6 103.5 300 111.2+134 1145 21.0 1043+ 135 985 260 0.2
SBP (mmHg) 157.4 + 26.8 155.0 31.3 154.1 £19.5 151.5 300 161.6 +£34.6 160 388 0.6
DBP (mmHg) 82.1+158 800 193 804+11.3 800 150 843+206 75 19.8 0.8
HR (bpm) 653 £9.0 65 103 63.6+78 625 11.0 674+x103 660 160 04

M £ SD, mean + standard deviation; M, median; IQR, interquartile range; BMI, body mass index; W waist circumference; SBP,
systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; bpm, beats per minute
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Table 3. Biochemical parameters and their distribution according to gender

All patients (n = 25) Men (n = 14) Women (n = 11)
Variables M = SD M IQR M<=SD M IQR M+SD M IQR P
Total cholest. 207.4 £ 39.1 209.0 57.0 196.4 + 34.2 201.0 40.0 221.4 +42.1 229.0 61.0 0.09
(mg-dL™")
LDL cholest. 141.7 + 30.3 137.0 44.3 133.1 £+24.3 132.0 29.0 152.6 +34.6 167.0 46.7 0.08
(mg-dL™")
HDL cholest. 48.6 + 10.3 48.0 17.8 47.1 £+99 47.0 17.0 50.5+ 10.8 48.0 17.8 0.4
(mg-dL™")
Triglyc. (mg-dL’l) 141.7 + 100.5 113.0 76.0 1239 +50.3 119.0 73.0 164.4 + 141.2 98.0 89.8 0.3
GFR (mL-min™") 86.3 + 299 790 41.8 86.2 +355 78.0 79 86.4 +22.4 90.0 30.3 09
FB glucose 12000 + 348 1150 34.8 1284 +38.2 1275 41.0 1094 +28.0 104 26.8 0.1
(mg-dL™")
HbA1c (%) 6.3+ 1.1 6.0 0.7 6.2 +09 6.2 0.7 6313 58 0.8 0.7
CRP (mg-dL’l) 0.6 + 0.6 0.3 0.8 0.6 + 0.7 0.3 0.8 0.6 +05 0.3 08 09

M £ SD, mean * standard deviation; M, median; IQR, interquartile range; Cholest., cholesterol; LDL, low density lipoprotein; HDL,
high density lipoprotein; Triglyc., triglycerides; GFR, glomerular filtration rate; FB, fasting blood; HbA1c, hemoglobin Alc; CRP, C-
reactive protein

Table 4. Prescribed medication and distribution according to gender

Medications All patients (n = 25) Men (n = 14) Women (n = 11) P
ACE 10 (40%) 4 (28.6%) 6 (54.5%) 0.4
ARA I 15 (60%) 10 (71.4%) 5 (45.5%) 0.2
BB 19 (76%) 10 (71.4%) 9 (81.8%) 0.7
CCB 20 (80%) 10 (71.4%) 10 (90.9%) 0.3
Statins 17 (68%) 11 (78.6%) 6 (54.5%) 0.4
Insulin 5 (20%) 3 (21.4%) 2 (18.2%) 0.9
Oral antidiabetics 16 (64%) 11 (78.6%) 5 (45.5%) 0.1
Diuretics 20 (80%) 13 (92.9%) 7 (63.6%) 0.1
Aldost. antagonists 7 (28%) 4 (28.6%) 3(27.3%) 0.9

ACE, angiotensin conversor enzyme inhibitor; ARA, angiotensin receptor antagonist; BB, beta blockers; CCB, calcium channel
blockers; Aldost., aldosterone

o . Number of lesions with F18-NaF uptak ding to gend
The characterization of F18-NaF uptake according umber of fesions wi A% apfake according fo gender

to the mean number of lesions and its quantification,
considering the different correction methods for blood-
pool activity, is shown in Table 5. The number of F18-
NaF lesions and their quantification according to gender
are shown in Table 6.

The number of lesions and consequently the tracer
uptake were higher in the aorta. There was no difference in
the number of lesions with tracer uptake between men and
women. The aorta and the overall F18-NaF uptake, as
measured by the TBR, were higher in men than women;
the SUV max and CUL were not different, however.
Carotid and coronary uptake were similar in both genders.

The uptake of F18-NaF was also examined in Figure 1. Number of lesions with F18-NaF uptake in the
relation to the number of CV risk factors (Table 7). studied patients.

H Aorta M Carotid ® Coronary

.

Total (25) Males (14) Females (11)
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<«Figure 2. Transaxial PET-CT images of F18-NaF uptake in
the circumflex artery (A—C) and in the aorta (D-F): CT images
showing calcification in the circumflex artery (A) and no
calcification in the aorta (D); F18-NaF PET images showing
areas of tracer uptake (B,E); fused PET-CT images (C,F).

Table 5. Uptake of F18-NaF in the studied
population

All patients (n = 25)
M £ SD M IQR

Uptake of F18-NaF

svC
BP SUV 0.9 +0.2 0.9 0.3
Aorta
No. of lesions 39+ 1.7 4.0 2.0
SUV max 1.5+0.4 1.5 0.6
TBR 1.8+04 1.8 0.3
CUL 0.7 £ 0.2 0.7 0.2
Carotid
No. of lesions 0.6 £ 0.8 0.0 1.0
SUV max 0.7 £ 0.9 0.0 1.7
TBR 0.8+1.0 0.0 1.6
CUL 0.3+04 0.0 0.7
Coronary
No. of lesions 0.8 £ 0.6 1.0 1.0
SUV max 1.0 £ 0.7 1.3 1.5
TBR 1.1+ 0.8 1.4 1.7
CUL 0.3+03 0.4 0.6
Overall
No. of lesions 52+2.3 5.0 3.2
SUV max 1.5+ 04 1.5 0.4
TBR 1.8+ 0.5 1.8 0.3
CUL 0.7 £+ 0.2 0.7 0.3

SVC, superior vena cava; BP SUV, blood-pool SUV; M + SD,
mean * standard deviation; M, median; /QR, interquartile
range

Those with >3 risk factors had a higher F18-NaF uptake
(SUV max and CUL) than patients with <3 risk factors.
These differences could be seen in the overall uptake, in
the aorta and coronary vessels. In the overall arterial
territories, these patients had also a higher number of
lesions with tracer uptake.

DISCUSSION

Recent publications showed that sodium fluoride
seems to have the ability to identify high-risk atheroscle-
rotic plaques.'® This was the main conclusion of the
study by Joshi et al, in 2014."® In that study, PET-CT
was performed in patients with an acute myocardial
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infarction, with stable angina and with carotid disease.
F18-NaF had the highest uptake in culprit plaques, in
ruptured carotid plaques, associated with histological
evidence of active calcification, and in coronary plaques
related with high-risk features by intravascular ultra-
sound. Myocardial uptake of F18-FDG interfered with
the visualization of coronary uptake.'®

Before this landmark study, there were a few
publications that addressed this subject mainly in onco-
logic patients. From these studies, it has become clear
that F18-FDG and F18-NaF identify different patho-
physiologic processes in atherosclerotic lesions and both
correlated with the presence of CV risk factors.'*!>!%2!

The present study was an exploratory hypothesis
generating, prospective study, that involves asymp-
tomatic patients who have a high CV risk profile but
without known CV disease. The uptake of F18-NaF was
quantified and examined in relation to gender and the
number of CV risk factors.

Our results showed that 96% of the studied patients
had at least one arterial lesion with F18-NaF uptake.
Compared with previous studies,'*'>*' we found higher
rates of tracer uptake probably related to the high CV
risk profile of the studied population.

To assess F18-NaF uptake, TBR and CUL were
used. Quantification of F18-NaF uptake is still contro-
versial. Our option, in using two different methods of
correction for blood-pool activity, was supported by the
results of a study by Blomberg et al, which described a
higher influence of blood-pool activity in the estimation
of arterial TBR compared to arterial CUL.*

The results of F18-NaF uptake were different when
TBR or CUL were considered. A higher overall and
aortic uptake was observed in men, when TBR was used,
while no significant differences were seen when CUL
was used. F18-NaF uptake correlated with the number of
risk factors; higher number of lesions with significantly
higher values of SUV max and CUL in the aorta,
coronary, and in the overall arterial territories, in
patients with >3 RF than <3 risk factors.

In this asymptomatic population with a high CV
risk profile, the presence of areas, in the vessel wall,
with active calcification is almost similar in both
genders, despite slight differences in TBR which could
be due to the influence of blood-pool activity.”

All the studied patients had high CV risk profile
and, in spite of the 10 years gap, between men and
women, in what concerns CV disease,20 no significant
differences were seen between men and women in
carotid and coronary uptake.

The relation between CUL and the number of risk
factors, even in the coronary territory, where only a few
lesions were seen, may suggest a different performance
than TBR.*
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Table 6. Uptake of F18-NaF according to gender
Men (n = 14) Women (n = 11)
Uptake of F18-NaF M = SD M IQR M = SD M IQR P
SvC
BP SUV 0.8+0.2 0.8 0.3 1.0+ 0.3 0.9 0.3 0.2
Aorta
No. of lesions 34+ 1.7 3.5 2.0 45 + 1.6 4.0 2.8 0.1
SUV max 1.4 +0.5 1.4 0.6 1.6 £ 0.3 1.5 0.3 0.4
TBR 1.8+0.5 1.9 0.2 1.7 £0.2 1.7 0.2 0.04
CUL 0.7 +0.2 0.7 0.2 0.7+ 0.2 0.6 0.3 0.8
Carotid
No. of lesions 0.6+ 1.0 0.0 1.0 0.5+0.5 0.0 1.0 0.9
SUV max 0.7+1.0 0.0 1.8 0.8 £ 0.9 0.0 1.7 0.8
TBR 08+ 1.2 0.0 1.9 0.7+ 0.8 0.0 1.5 0.8
CUL 0.4 +0.5 0.0 0.8 0.3+0.3 0.0 0.6 0.8
Coronary
No. of lesions 0.8 +0.7 1.0 1.0 0.8+ 0.6 1.0 0.7 0.9
SUV max 0.9 + 0.7 1.2 1.6 1.1 £0.7 1.3 1.2 0.7
TBR 1.1 £ 09 1.5 1.7 1.1 £ 0.7 1.4 1.4 0.8
CUL 0.3+0.3 0.3 0.6 0.4 +0.3 0.4 0.6 0.9
Overall
No. of lesions 48 +2.4 3.0 3.0 58 + 2.1 6.0 2.7 0.3
SUV max 1.5+0.5 1.5 1.5 1.6 £ 0.3 1.5 0.3 0.7
TBR 1.8+ 0.6 1.9 0.4 1.7 £ 0.2 1.7 0.2 0.04
CUL 0.7 +0.3 0.7 0.3 0.6 + 0.1 0.7 0.2 0.4

SVC, Superior vena cava; BP SUV, blood-pool SUV; M + SD, mean * standard deviation; M, median; IQR, interquartile range

Calcification was seen in ~54% of the lesions with
fluoride uptake. Studies show that non-calcified plaque
burden is seen in patients with CV risk factors and
calcification seems to result in plaque stabilization,
appearing as a natural consequence of inflammation and
active microcalcification; a biological process nicely
depicted by PET-CT with F18-NaF.>*%® So it was not
surprising that about half of the lesions with F18-NaF
uptake were also calcified, and it seems that with this
imaging technique, a different stage of atherosclerotic
disease could be identified.

A few considerations, regarding the technical
aspects of the imaging must be clarified.

In this study, a dose of 185 MB(q of F18-NaF (mean
of 2.5 MBq-kg™' per patient) were administered, which
was lower than the dose used in some studies'*'> and
the lowest recommended dose for bone scans.®’ In
image acquisition, the extended time per bed, higher
than the time described by others,'*'> was a logical
compensation for the reduced dose. Correction for
blood-pool activity was performed drawing five ROI in
the superior vena cava. Recent reports questioned the

stability of blood-pool measurements in this vessel and
referred that its small diameter could cause a higher
susceptibility to partial volume effects.”® Sampling
blood-pool from the right atrium seemed to overcome
this limitation but it was not our option in this study.*

NEW KNOWLEDGE GAINED

As far as we know, this was the first attempt to
characterize, in what concerns F18-NaF uptake, an
asymptomatic high cardiovascular risk population. The
uptake was quantified concerning gender and the num-
ber of CV risk factors. Besides the TBR, another
outcome measure was used in this study, the CUL, and
the results, although limited by the relatively small
sample size, raise questions about the ideal way of
correcting tracer uptake to blood-pool activity.

LIMITATIONS

The number of patients studied was relatively small,
and so, our results and conclusions should be considered
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Table 7. Uptake of F18-NaF according with the number of referred cardiovascular risk factors

<3 RF (n = 18) >3 RF (n = 7)

Uptake of F18-NaF M £ SD M IQR M £ SD M IQR P
svC

BP SUV 0.8+0.2 0.8 0.3 1.0+£0.2 1.0 0.2 0.1
Aorta

No. of lesions 35+ 1.7 3.5 1.0 49+ 15 5.0 2.3 0.08

SUV max 1.4 +0.4 1.4 0.3 1.8+0.3 1.9 0.4 0.02

TBR 1.7+ 0.5 1.8 0.2 1.9+0.2 2.0 0.2 0.3

CUL 0.6 +0.2 0.6 0.2 0.9 + 0.1 0.9 0.2 0.004
Carotid

No. of lesions 0.4 +0.7 0.0 1.0 09+ 1.1 1.0 1.0 0.3

SUV max 0.6 £ 0.9 0.0 1.4 1.1 + 1.1 1.7 2.0 0.2

TBR 0.7 + 1.1 0.0 1.6 1.0+ 1.0 1.4 1.9 0.3

CUL 0.3+04 0.0 0.5 0.5+05 0.6 0.9 0.2
Coronary

No. of lesions 0.7 £ 0.7 1.0 1.0 1.0 £ 0.6 1.0 0.0 0.3

SUV max 0.8 +0.7 1.2 1.4 1.4 +0.7 1.6 0.3 0.02

TBR 1.0+ 0.8 1.3 1.6 1.4 + 0.6 1.7 0.2 0.2

CUL 0.2+0.3 0.2 0.5 0.5+0.2 0.6 0.0 0.02
Overall

No. of lesions 4.7 +2.0 5.0 3.0 6.7+24 7.0 3.2 0.05

SUV max 1.4 +£0.4 1.4 0.4 1.8 +0.3 1.8 0.4 0.02

TBR 1.7 £ 0.6 1.7 0.3 1.8+0.2 1.9 0.3 0.7

CUL 0.6 £+ 0.2 0.6 0.2 0.8 £+ 0.1 0.8 0.2 0.01

RF, Risk factors for cardiovascular disease; M + SD, mean * standard deviation; M, median; IQR, interquartile range

hypothesis generating in need to be validated in a larger
population. In order to evaluate cardiovascular outcome,
a long follow-up is required.

The ideal dose of F18-NaF for these kinds of studies

remains to be established. Quantification of sodium
fluoride uptake in the vascular wall is still controversial
and the choice of the site for blood-pool activity
evaluation, and the used outcome measure could influ-
ence conclusions.
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