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Background. Uptake of '®F-sodium fluoride (®F-NaF) on positron emission tomography
(PET) reflects active calcification. Application of this technique in the early phase of aortic
valve calcification (AVC) is of clinical interest. We investigated clinical implications of '*F-NaF
uptake in subclinical AVC evaluated simultaneously with coronary atherosclerosis, and the
utility of '®F-NaF uptake in predicting AVC progression.

Methods. We studied 25 patients with subclinical AVC and coronary plaques detected on
computed tomography (CT) who underwent '*F-NaF PET/CT. AVC score, volume, mean
density, and the presence of high-risk coronary plaque were evaluated on CT in each patient.
Focal '®F-NaF uptake in AVC and in coronary plaques was quantified with the maximum
tissue-to-background ratio (TBR,,ax).

Results. There were positive correlations between AVC TBR,,.x (A-TBR,.,) and AVC
parameters on CT. The 14 patients with high-risk coronary plaque had significantly higher A-
TBR,,,ax than those without such plaque (1.60 + 0.18 vs 1.42 + 0.13, respectively; P = 0.012). A-
TBR,,ax positively correlated with maximum TBR,,., of coronary plaque per patient (r = 0.55,
P = 0.0043). In the 11 patients who underwent follow-up CT scan, A-TBR,,., positively cor-
related with subsequent increase in AVC score (r = 0.74, P = 0.0091).

Conclusion. Our '"F-NaF PET- and CT-based data indicate relationships between calci-
fication activity in subclinical AVC and characteristics of coronary atherosclerosis. '*F-NaF
PET may provide new information regarding molecular conditions and future progression of
subclinical AVC. (J Nucl Cardiol 2021;28:1522-31.)
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Abbreviations

AS Aortic valve stenosis

A-TBR,,.« Aortic valve calcification maximum|
tissue-to-background ratio

AVC Aortic valve calcification

CCTA Coronary-computed tomography
angiography

CT Computed tomography

8 E.NaF 8F_sodium fluoride

M-TBR,,,.x Maximum tissue-to-background ratio
per patient in any coronary atheroscle-|
rotic lesion

PET Positron emission tomography

SUV ax Maximum standardized uptake value

TBR,ax Maximum tissue-to-background ratio

See related editorial, pp. 1532-1535

INTRODUCTION

Aortic valve calcification (AVC) is a main etiolog-
ical mechanism of aortic valve stenosis (AS). Computed
tomography (CT) and echocardiography are used to
measure established, macro-calcification of the aortic
valve. However, these modalities cannot directly assess
ongoing calcification activity, which is considered the
main driver of disease progression. Although the amount
of established calcium in aortic valves correlates with
disease severity and poor prognosis,' accurate prediction
of AS progression remains challenging in the clinical
setting.

Recently, '®F-sodium fluoride (‘*F-NaF) positron
emission tomography (PET) has been applied to
atherosclerosis and cardiovascular diseases, including
carotid artery disease, coronary artery disease, and
valvular heart disease.”* The '®F-NaF tracer binds to
hydroxyapatite, which is the central component of tissue
calcification and is laid down during the earliest and
active stages of mineralization. An association between
osteogenesis and inflammation has been suggested in the
development of atherosclerosis,”® and the pathophysi-
ology of calcific AS shares many similarities with
atherosclerosis, including lipid deposition, inflamma-
tion, and calcification.” Thus, simultaneous assessment
of metabolic activity in AVC and in coronary
atherosclerosis as indicated by '®*F-NaF uptake may
provide new insight into the pathophysiology of AVC.

In patients with AS, valvular 'SF-NaF uptake
correlates with histological markers of active calcifica-
tion and predicts subsequent progression in calcium
scores of the aortic valves on CT.® Valvular '®F-NaF
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uptake is considered a marker of calcification activity in
the heart valves; investigation of its significance in the
early phase of valve disease may help prevent progres-
sion to AS. However, this aspect has not been studied.

In this study, we simultaneously evaluated '*F-NaF
uptake in subclinical AVC and in coronary atheroscle-
rosis detected and assessed with CT examination.
Additionally, we evaluated the utility of '*F-NaF uptake
in predicting AVC progression.

MATERIALS AND METHODS

Study Participants

This was a post hoc analysis of our previous study.”'°
Between June 2014 and December 2018, a total of 44 patients
with known or suspected coronary artery disease underwent
both cardiac CT and 'F-NaF PET/CT. All patients were
referred for cardiac CT to evaluate and diagnose coronary
artery disease and had at least one coronary atherosclerotic
lesion detected on coronary CT angiography (CCTA) in
segments > 2-mm in diameter according to the Society of
Cardiovascular Computed Tomography’s 18-segment model."’
We retrospectively reviewed these patients and identified 25
with AVC verified on non-contrast CT images for further
analysis in this study. None of these patients had clinical AS,
defined as peak aortic valve velocity > 2.0 m/s on Doppler
echocardiography. Exclusion criteria included the presence of
cardiac arrhythmias (i.e., atrial fibrillation, frequent paroxys-
mal premature beats), contraindications to iodinated contrast
medium, unstable hemodynamic conditions, and ongoing
myocardial infarction or unstable angina. Patients receiving
dialysis were also excluded, which would have been a
potentially confounding factor in the analysis of coronary
calcification. We collected clinical information, including
coronary risk factors and history of myocardial infarction or
unstable angina. History of myocardial infarction or unsta-
ble angina was determined as explained in our previous
report.9

Our hospital’s ethics committee approved the study
protocol; written informed consent was obtained from all
patients. The study protocol has been published in the Japan
UMIN Clinical Trials Registry (ID: UMIN000031134).

Cardiac CT Protocol and Image Analysis

All patients underwent cardiac CT with a 320-detector
row CT scanner (Aquilion ONE; Canon Medical Systems,
Otawara, Japan), as described in our previous report.” Briefly,
a non-contrast scan was performed to measure the coronary
calcium score and AVC score according to the standard
Agatston method (slice thickness, 3.0 mm; maximum tube
current, 270 mA; tube voltage, 120 kV). The data set for
CCTA was acquired with the HeartNAVI system (collimation,
320 x 0.5 mm?; tube current, 350-580 mA; tube voltage,
120 kV; Canon Medical Systems) with retrospective electro-
cardiography gating. The mean effective radiation dose
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according to the dose-length product was 8 mSv per patient.
All reconstructed CT image data were transferred to an offline
workstation (Advantage Workstation Ver. 4.2; GE Healthcare,
Waukesha, WI, USA). Two blinded independent observers
performed post-processing and image analysis.

AVC was defined as a calcification lesion (structure with
a CT density > 130 Hounsfield units) just inferior to the origin
of the right coronary arteries and located at the aortic leaflets,
including the valvular point of attachment.'? In addition to the
measurement of AVC score, the extent of AVC was evaluated
quantitatively on non-contrast CT images. The CT density was
determined by placing five regions of interest in the AVC and
documenting the mean value of all the regions of interest in
each patient. The total volume of AVC in each patient was
measured using a dedicated software (Smartscore, version 4.0,
GE Healthcare).

On CCTA images, the coronary lumen for stenosis and
atherosclerotic lesions in all coronary segments > 2-mm in
diameter were evaluated as in our previous reports.”'® Lumen
stenosis > 70% in any vessel or > 50% in the left main
coronary artery was considered clinically obstructive. In each
patient, the presence or absence of high-risk plaque was
determined, which was defined as coronary plaques with a
Low Density (< 30 Hounsfield units) and High Remodeling
Index (> 1.1). Those were reported to be high-risk character-
istics of coronary plaques resulting in acute coronary
syndrome.'*>'* If the initial assessments of coronary stenosis
and high-risk plaque differed between the two independent
observers, agreement was reached by consensus.

'SE_NaF PET/CT Protocol and Image
Analysis

Within 1 month after cardiac CT scan, all patients
underwent combined PET/CT imaging with a hybrid scanner
(Discovery ST Elite-Performance, GE Healthcare), as in our
previous report.” Briefly, after intravenous administration of a
target dose of 370 MBq '®F-NaF and a 60-minutes rest, a non-
contrast CT scan for attenuation correction and an electrocar-
diogram-gated emission PET scan of the thorax (25-minutes
acquisition using the three-dimensional mode) were per-
formed. An electrocardiogram-gated CT scan for fusion with
PET images was then performed with the same axial coverage
at 120 kV, 250 mA, and a slice thickness of 1.25 mm. The
mean effective radiation dose for the CT scans (for attenuation
correction and fusion) according to the dose-length product
was 2 mSv per patient. The PET component of the combined
imaging system allows simultaneous acquisition of 47 transax-
ial PET images with an interslice spacing of 3.27 mm in one
bed position. The PET data were reconstructed with an
ordered-subset expectation maximization iterative reconstruc-
tion algorithm called VUE Point Plus (21 subsets and two
iterations). The reconstruction of PET data was performed in 8
multiple phases of the cardiac cycle, and the diastolic phase
(62.5-75%) was used for analysis. Two experienced, blinded
readers fused the PET and CT images and analyzed them with
an offline workstation (Advantage Workstation Ver. 4.4; GE
Healthcare).
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Each AVC and coronary atherosclerotic lesion was
identified visually using locations of calcium deposit and
vessel branches on previously scanned CT images (non-
contrast and CCTA images) as landmarks. The extent of
valvular or arterial tracer uptake was standardized as described
in previous reports.** To measure 'SF-NaF uptake in AVC, a
region of interest was drawn around each valvular calcification
of the aortic valve on 3.27 mm axial slices and the maximum
standardized uptake value (SUV .., decay-corrected tissue
concentration of the tracer divided by the injected dose per
body weight) was determined. When multiple calcifications of
the aortic valve were identified in a patient, the highest
SUV.x was selected. The SUV .« of AVC was divided by an
averaged mean SUV in the blood pool, derived from five
circular regions of interest positioned in the center of the
superior vena cava. This value was reported as the maximum
tissue-to-background ratio (TBR,.x), a measure of 8p_NaF
uptake in AVC of each patient (A-TBR,.x). To quantify 18p.
NaF uptake in coronary atherosclerotic lesions, a region of
interest was drawn around each lesion just beyond the
discernible adventitial border and the SUV ., was measured.
The SUV,,,.« of each lesion was divided by the averaged mean
SUV in the blood pool. This value was reported as the TBR .«
for each coronary atherosclerotic lesion, a measure of '*F-NaF
uptake. Additionally, maximum TBR., per patient in any
coronary atherosclerotic lesion was determined (M-TBR,.y).
If the coronary atherosclerotic lesions detected on the previ-
ously scanned coronary CT images could not be identified
confidently on the fused PET/CT images, such lesions were
excluded from the analysis via two-reader consensus.

Follow-Up Study on AVC Progression

A subgroup of the entire cohort underwent follow-up CT
scan to evaluate the progression of AVC. More than 2 years
after the first cardiac CT scan, a non-contrast CT scan was
performed to measure the AVC score and the extent of AVC
(CT density and volume), as in the first CT scan. Changes in
the AVC score, density, and volume were calculated. The
relationships between A-TBR,,x and changes in AVC param-
eters on CT were then assessed.

Statistical Analysis

The coronary calcium score and AVC score, density
(Hounsfield units), and volume (rnm3 ) on CT are expressed as
the median (interquartile range); other continuous variables are
expressed as the mean + standard deviation. Student’ s 7 test or
the Mann—Whitney U test was used for group comparisons of
continuous variables. Interobserver variability of measured
PET activities was determined by calculating the 95% confi-
dence intervals for mean differences and 95% limits of
agreement. Relationships between A-TBR,,, and AVC param-
eters or subsequent changes in these parameters on CT were
assessed by calculating Pearson’s correlation. Linear regres-
sion was used for univariate and multivariate analyses; the
value of standardized f was calculated to evaluate the
relationship between A-TBR,,,x and clinical characteristics
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or cardiac CT findings. P values < 0.05 were considered
statistically significant. All statistical analyses were performed
with JMP Pro 14 statistical software (SAS Institute Inc. Cary,
NC, USA).

RESULTS

Baseline Information

Table 1 shows the baseline clinical characteristics
of included patients. The peak aortic valve velocity on
Doppler echocardiography was 1.4 + 0.3 m/s (range
1.0-1.9 m/s). The AVC score, density, and volume on
CT were 101 (11-171), 326 Hounsfield units (213-454
Hounsfield units), and 33 mm? (8-79 mm3), respec-
tively. The SUV.x of AVC and A-TBR,.,x on PET
were 1.43 + 0.28 and 1.52 + 0.18, respectively. A total
of 90 coronary atherosclerotic lesions (mean 3.6 = 1.2
per patient; range, 2-6 lesions per patient) were ana-
lyzed; 19 of these were determined to be obstructive and
20 were defined as high-risk plaque on CCTA. Among
the 25 patients, 14 had at least one lesion of obstructive
coronary stenosis and 14 had high-risk plaque. The
TBR,.x of all coronary atherosclerotic lesions and
M-TBR,,.x of all patients were 1.07 +0.22 and
1.23 + 0.21, respectively. In the paired comparison,
A-TBR,.x was significantly higher than M-TBR,,.x
(P < 0.0001).

We found good interobserver agreement for SUV-
max Of AVC (mean difference, — 0.02; 95% confidence
interval, — 0.09 to 0.06; 95% limits of agreement,
—0.39 to 0.35), and A-TBR,,.x (mean difference,
— 0.01; 95% confidence interval, — 0.10 to 0.07; 95%
limits of agreement, — 0.40 to 0.37) (Supplementary

Table 1. Baseline clinical characteristics

Number of patients 25
Age (years) 70+ 7
Male sex, n (%) 20 (80)
Body mass index (kg/mz) 23 +3
Hypertension, n (%) 20 (80)
Dyslipidemia, n (%) 22 (88)
Diabetes mellitus, n (%) 14 (56)
Current smoking, n (%) 11 (44)
Statin therapy, n (%) 18 (72)
History of myocardial infarction 16 (64)
or unstable angina, n (%)
Coronary stent implantation, n (%) 7 (29)

Coronary calcium score 314 (28-1147)

Coronary calcium score is expressed as median (interquartile
range) in 18 patients. Other data are expressed as mean +*
standard deviation or number (proportion, %)
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Figure). We previously confirmed good interobserver
agreement for SUV.. and TBR,.x of coronary
atherosclerotic lesions, and for M-TBRmaX.Q’m

Relationships Between AVC '8F-NaF Uptake
and Parameters of AVC and Coronary
Atherosclerosis

There was no correlation between A-TBR,,., and
peak aortic valve velocity on Doppler echocardiography
(r=0.075, P = 0.72). However, A-TBR,,,x had a pos-
itive correlation with the AVC score (r = 0.54,
P =0.0049), density (r = 0.54, P = 0.0052), and vol-
ume (r=0.52, P =0.0081) (Figure 1). There was no
significant difference in A-TBR,.« between patients
with a history of myocardial infarction or unstable angina
and those without such history (1.60 +0.19 vs
1.48 + 0.17, respectively; P = 0.078). A-TBR,,.,x was
similar in patients with versus without obstructive
coronary stenosis (1.53 = 0.20 vs 1.50 + 0.17, respec-
tively; P = 0.71). Patients with at least one high-risk
plaque showed significantly higher A-TBR,. than
those without high-risk plaque (1.60 £ 0.18 vs
1.42 + 0.13, respectively; P =0.012) (Figure 2),
whereas there were no differences in AVC parameters
on CT between the two groups (AVC score: 115 [8-201]
vs 74 [13-141], respectively, P = 0.53; AVC density:
334 Hounsfield units [181-450 Hounsfield units] vs 312
Hounsfield units [222-462 Hounsfield units], respec-
tively, P = 0.98; AVC volume: 43 mm’® [15-85 mm3] VS
28 mm’ [8-56 mm3], respectively, P = 0.31). On mul-
tivariate analysis adjusted for age, sex, coronary risk
factors, statin use, and obstructive coronary stenosis, the
AVC score (ff = 0.57, P = 0.016) and presence of high-
risk plaque (ff = 0.56, P =0.029) were significantly
correlated with increased A-TBR,,.x (Table 2). Addi-
tionally, A-TBR,.x showed a positive correlation with
M-TBR,,.x (¥ = 0.55, P = 0.0043) (Figure 3).

Figure 4 shows a representative case of AVC with
higher '®F-NaF uptake and high-risk plaque.

Significance of '3F-NaF Uptake for AVC
Progression

Among the 25 patients, 11 underwent follow-up CT
scan to evaluate the progression of AVC. The interval
between the first and second CT scans was
35 + 9 months. The changes in the AVC score, density,
and volume were 50 (10-73), 56 Hounsfield units (17-
120 Hounsfield units), and 8 mm? (5-18 mm3), respec-
tively. No significant relationship was found between A-
TBR,.x and the change in AVC density (r = 0.35,
P =0.29) or volume (r = 0.33, P = 0.32). However, A-
TBR,.x had a strong positive correlation with the
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Figure 1. Relationships between 8F_NaF uptake in AVC (A-TBR,.x) and parameters on CT. A-C
A-TBR,,,x correlates positively with comprehensive score, density, and volume of AVC.
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Figure 2. Comparison of 'SF-NaF uptake in AVC (A-
TBR,,.x) between patients with versus without high-risk
plaque on CCTA. Patients with high-risk plaque had higher
A-TBRax-

change in AVC score (r = 0.74, P = 0.0091) (Figure 5).
The interval between the first and second CT scans did
not correlate with the change in AVC score (r = — 0.12,
P =0.73). The baseline AVC score had a moderate
correlation with the change in AVC score (r = 0.62,
P =0.041).

Figure 6 shows representative cases of different
levels of A-TBR,,,,x and AVC progression.

DISCUSSION

We investigated clinical implications of '|F-NaF
uptake in AVC in relation to AVC parameters (assessed
with CT) and coronary atherosclerosis parameters
(assessed with CT and 'SF-NaF PET) in patients with
subclinical AVC. Additionally, we investigated the
predictive value of '®F-NaF uptake in AVC. We found
the following: (1) '®F-NaF uptake in AVC positively
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Table 2. Linear regression analysis of clinical characteristics and cardiac CT findings related to '8F-NaF

uptake in AVC

Univariate regression analysis Multivariate regression analysis

Variable B P value p P value
Age —0.02 0.935

Male sex 0.05 0.795

Hypertension 0.17 0.410

Dyslipidemia — 0.03 0.883

Diabetes mellitus - 0.15 0.463

Current smoking 0.22 0.301

Statin use — 0.04 0.843

Obstructive coronary stenosis 0.08 0.712

AVC score 0.54 0.005 0.57 0.016
Presence of high-risk plaque 0.49 0.012 0.56 0.029

AVC, aortic valve calcification

. r=0.55
P=0.0043

1 12 14 16 1.8 2
A-TBRpax

Figure 3. Correlation between '*F-NaF uptake in AVC and in
coronary plaque. The 18R NaF uptake in AVC (A-TBR.x)
positively correlated with maximum ' F-NaF uptake in
coronary plaque per patient (M-TBR,x)-

correlated with the calcium extent in AVC assessed with
CT. (2) Increased '®F-NaF uptake in AVC was related to
the presence of high-risk coronary plaques on CT. (3)
There was a close correlation between '*F-NaF uptake
in AVC and that in coronary atherosclerosis. (4) In the
follow-up cohort, higher '®F-NaF uptake correlated with
progression of AVC. Our results indicate relationships
between AVC metabolic activity and not only its
calcium extent but also characteristics of coronary
atherosclerosis. Greater 'SF-NaF uptake appears to

predict AVC progression. '*F-NaF PET, as a new
molecular imaging approach, may provide new infor-
mation regarding biological conditions and future
progression of subclinical AVC.

Many processes that drive skeletal bone formation
are reported to mediate and accelerate AVC.'>'7 '8F-
NaF exchanges with hydroxyl groups on hydroxyapatite
crystals, which are key components of both bone and
tissue calcification. Thus, measurement of '®’F-NaF
uptake allows detection of areas of developing calcifi-
cation within the aortic valve. A previous study
enrolling various populations with aortic sclerosis (peak
aortic valve velocity < 2.0 m/s) and mild, moderate, or
severe AS demonstrated that '®F-NaF uptake in the
aortic valve positively correlated with aortic valve
calcium score on CT.* Our study targeted patients with
AVC that did not reach clinical AS. We found positive
correlations between '®F-NaF uptake in AVC and
calcium parameters of AVC on CT, including the
comprehensive score, volume, and density. Our results
indicate that '®F-NaF uptake in AVC reflects details of
the calcification cascade in the early stage of AVC.

The pathophysiology of AS and that of atheroscle-
rosis are reported to share similarities.'®?° Both
conditions are initiated by endothelial damage that
triggers lipid deposition and an intense inflammatory
response. New AVC reportedly occurs in patients with
high LDL-cholesterol and progressive atherosclerosis.”!
Our results support the theory that coronary plaques with
a high lipid component and advanced positive remod-
eling on CT are associated with metabolically active
AVC at the subclinical stage. Dweck et al. reported that
'E_NaF activity in AVC was related to that in coronary
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AVC '8F-NaF PETICT Coronary '8F-NaF PETICT

Figure 4. A representative case of enhanced 8F_NaF uptake in AVC (A-TBR,.x) and high-risk
plaque on CCTA. The fused PET/CT image shows higher A-TBR,. (= 1.6) (AVC 8p_NaF PET/
CT, arrows). The CCTA image shows high-risk plaque (minimum CT density = 22 Hounsfield
units, Remodeling Index = 1.22) in the proximal portion of the left anterior descending artery
(CCTA, arrowhead). Additionally, the fused PET/CT image shows enhanced 'SF-NaF uptake
corresponding to the high-risk plaque (TBR,,x = 1.5) (coronary '8E_NaF PET/CT, arrows).

140 correlation between '®F-NaF activity in AVC and
r=0.74 . patient-based maximum '®F-NaF activity in coronary
120 o . atherosclerosis. Our findings suggest that calcification
. 100 activity of subclinical AVC and that of coronary
g atherosclerosis are related. We recently reported that
é 80 higher '®*F-NaF uptake in coronary atherosclerosis had a
P predictive value for 2-year coronary events.'® Simulta-
g o neous molecular assessment of AVC and coronary
% 40 atherosclerosis using '®F-NaF PET may be useful for
& comprehensive risk stratification of cardiovascular dis-
20 ease and may contribute to prompt therapeutic
intervention in patients at high risk of cardiovascular
0 disease.

12 13 14 15 16 17 18 18 .
ATBR e F-NaF PET may provide a new method of
predicting changes in AVC. A study of patients with
Figure 5. Correlation between '®F-NaF uptake in AVC (A- AS demonstrated that valvular '®F-NaF uptake corre-
TBRnax) and increase in AVC score. There was a positive lated with histological markers of active calcification

correlation between these parameters. and was a good predictor of subsequent progression in

aortic valve CT calcium scores at 1 year.® Another study
demonstrated a strong correlation between baseline
valvular '®F-NaF uptake and the subsequent rate of
progression in aortic valve calcium score.” Similarly,
we found that baseline '®F-NaF uptake in subclinical

arteries (r* = 0.174, P < 0.001) in various populations
with aortic sclerosis and mild, moderate, or severe AS;
however, the correlation was weak.”” Despite the
smaller cohort in the present study, we found a good
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E

18F_NaF PET/ICT

Figure 6. Representative cases showing different levels of 8p_NaF uptake in AVC (A-TBR,.x)
and increase in AVC score. The A-TBR,,,.x and increase in AVC score in case A were 1.37 and 67
(51 — 118), respectively; those in case B were 1.78 and 127 (350 — 477), respectively. The
interval between first and second CT scans was 35 months in both cases.

AVC had a positive correlation with the future progres-
sion of AVC. Our findings suggest that this imaging
modality may allow earlier risk stratification and ther-
apeutic intervention in patients with asymptomatic
AVC. In this study, we need to take into consideration
the fact that there is a wide range of intervals between
the first and second CT scans. However, this factor did
not correlate with the change in AVC score. Because of
our small cohort, we were unable to show the incre-
mental value of '®F-NaF uptake to the baseline AVC
score on CT. The relationship between the follow-up
interval and change in AVC score, and the incremental
value of '®F-NaF uptake warrant future investigation in
a larger prospective cohort.

Our study has some limitations. First, the sample
size was small and we found low post hoc study powers
for our nonsignificant results (e.g., differences in A-
TBR,,.x between patients with versus without a history
of myocardial infarction or unstable angina). A larger
cohort study is required to confirm the findings of this
study. Second, the utility of 'SF-NaF uptake in aortic
valves is of interest in the earlier phase before AVC is
visible on CT, because '®F-NaF PET provides relevant
information about the state of calcified plaque before
structural calcification is detectable with standard CT
techniques.”* We were not able to evaluate this aspect in
this study. Additionally, we could not assess whether
'"E_NaF uptake in subclinical AVC predicts subsequent

changes in aortic valve function based on echocardio-
graphy and new occurrence of clinical AS from the
current data. Third, there were technical limitations. The
protocol for merging PET data with prior CT data and
the lower resolution of PET/CT images may have
caused us to miss significant signals of '®F-NaF uptake
in AVC and coronary arteries. A recent study demon-
strated that coronary CT/PET protocol with prior CT
followed by PET allowed for reliable and reproducible
quantification of '®F-NaF coronary uptake.”> '®*F-NaF
uptake can occur both at AVC sites detected on CT and
remote sites from them, and the whole valve approach
may be useful for avoiding missed '®F-NaF activity of
AVC.?® In addition, the use of motion correction
techniques could further enhance the reproducibility of
image analysis,”’ and mean tissue-to-background ratio
as a measure of 'SF-NaF uptake is potentially less prone
to partial volume effect.”® These techniques may
improve clinical utility of '®F-NaF PET/CT in valvular
heart diseases and coronary artery diseases. Finally, we
did not perform pathological assessment of AVC and
coronary artery with '®F-NaF uptake. Although our data
suggest that calcification activity in subclinical AVC is
related to characteristics of coronary atherosclerosis, this
does not mean that the pathogenesis of the two condi-
tions is similar. Indeed, several studies regarding lipid-
lowering therapies, which are effective for stabilizing
coronary plaque, failed to halt the progression of calcific
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AS and achieve any benefit in the outcome in patients
with AS.*°° An experimental study has reported a
positive effect of statin therapy for preventing AVC
progression at an early stage,”’ but we need to further
examine the similarities and differences in biological
mechanisms between AVC and coronary
atherosclerosis.

NEW KNOWLEDGE GAINED

We have demonstrated that '®F-NaF uptake in
subclinical AVC is related to AVC calcium extent and
high-risk coronary plaque assessed on CT and to 'SF-
NaF uptake in coronary plaque. Higher '®F-NaF uptake
correlated with future progression of subclinical AVC.
Our findings suggest that '®F-NaF PET may provide new
information regarding molecular conditions and future
progression of subclinical AVC.

CONCLUSION

We demonstrate relationships between calcification
activity in subclinical AVC and characteristics of
coronary atherosclerosis based on '®F-NaF PET and
CT data. Also, our data suggest that '®F-NaF uptake
predicts AVC progression. '®F-NaF PET may offer a
new imaging option to assess molecular conditions and
future progression of AVC at the subclinical stage. This
study highlights the importance of further investigation
in a larger cohort to determine the utility of '*F-NaF
PET in the management of subclinical AVC.
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