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Objective: We examined the association of aortic valve calcification (AVC) and mitral annular calcification
(MAC) to coronary atherosclerosis using 64 Itid tor ¢ hy (MDCT).
Background: Valvular calcification is considered a manifestation of atherosclerosis. The impact of multiple
heart valve calcium deposits on the distribution and characteristics of coronary plaque is unknown.
Methods: We evaluated 322 patients referred for 64-MDCT, and assessed valvular calcification and the
extent of calcified (CAP), mixed (MCAP), and noncalcified coronary atherosclerotic plaque (NCAP) in
accordance with the 17-coronary model. We dthe ble characteristics of coronary
plaque with positive remodeling, low-density plaque (CT density <38 Hounsfield units), and the presence
of adjacent spotty calcification.
Results: In 49 patients with both AVC and MAC, the segment numbers of CAP and MCAP were larger thanin
those with a lack of valvular calcification and an isolated AVC (p <0.001 for both). Multivariate analyses
revealed that a combined presence of AVC and MAC was independently associated with the presence
(odds ratio [OR] 9.36, 95% confidence interval [95%CI] 1.55-56.53, p=0.015) and extent ( S-estimate 1.86,
p<0.001) of overall coronary plaque. When stratified by plaque composition, it was associated with the
extent of CAP (B-estimate 1.77, p<0.001) and MCAP (B-estimate 1.04, p<0.001), but not with NCAP.
Moreover, it was also related to the presence of coronary plaque with all three vulnerable characteristics
(OR 4.87, 95%Cl1 1.85-12.83, p=0.001).
Conclusion: The combined presence of AVC and MAC is highly associated with the presence, extent, and
vulnerable characteristics of coronary plaque identified by 64-MDCT.

© 2010 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

AVCand MAC is independent of and incremental to traditional risk
assessment for the prediction of cardiovascular events, and is more

Valvular calcification is generally considered a manifestation strongly associated with cardiovascular mortality than is AVC or
of atherosclerosis. Particularly, aortic valve calcification (AVC) and MAC alone [4].

mitral annular calcification (MAC) were reported to be indepen-

Recent advances in contrast-enhanced data acquisition using

dently associated with both cardiovascular risk factors [1] and multidetector computed tomography (MDCT) enabled the detec-
coronary artery calcification (CAC) [2,3]. Recent epidemiological tion of calcified coronary atherosclerotic plaque (CAP), mixed
studies have also demonstrated that the combined presence of coronary atherosclerotic plaque (MCAP), and noncalcified coro-

nary atherosclerotic plaque (NCAP), which was in good agreement
with intravascular ultrasound [5,6]. Furthermore, 64-MDCT char-
acterizes coronary plaque in terms of vascular positive remodeling,

Abbreviations: AVC, aortic valve calcification; CAC, coronary artery calcification; lipid-rich plaque, and adjacent spotty calcium, which may relate to
CAD, coronary artery disease; CAP, calcified coronary atherosclerotic plaque; Ccr, the fact that vulnerable plaque is prone to rupture with subsequent
creatinine clearance; HU, Hounsfield units; MAC, mitral annular calcification; MCAP, coronary events [7,8).

mixed coronary atherosclerotic plaque; MDCT, multidetector computed tomogra-
phy; NCAP, noncalcified coronary atherosclerotic plaque.
* Corresponding author. Tel.: +31 82 257 5540; fax +81 82257 1569.

E-mail address:

Although AVC and MAC are believed to be associated with over-
all coronary plaque burden using invasive coronary angiography or
noncontrast-enhanced CT [2,9], the impact of multiple heart valve

0021-9150/$ - see front matter © 2010 Elsevier Ireland Ltd. All rights reserved.

doi:10.1016/j.atherosclerosis.2010.08.070
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calcium deposits on the distribution and vulnerable characteristics
of coronary plaque is unknown. Thus, this study aimed to evaluate
the value of the combined presence of AVC and MAC in predict-
ing the extent and vulnerable characteristics of coronary plaque in
patients with proven or suspected coronary artery disease (CAD).

2. Methods
2.1. Study population

Between August 2007 and December 2009, we enrolled 578
consecutive patients with proven or suspected CAD who were
referred for 64-MDCT for the follow-up or diagnosis of CAD at
our institution. Exclusion criteria included prior percutaneous
coronary intervention (n=92) or coronary artery bypass grafting
(n=90), irregular heart rhythm including chronic atrial fibrillation
(n=25), serum creatinine >1.5mg/dl (n=15), prior aortic or mitral
valve surgery (n=8), acute coronary syndrome (n=8), hemody-
namic instability (n=3), and allergy to iodinated contrast agent
(n=2). We also excluded 13 patients due to poor image quality
(n=10) and declined consent (n=3). As a result, 322 patients (207
men, 66+ 11 years) were prospectively enrolled in this study. The
study was approved by the Hiroshima University Hospital's ethical
committee, and written informed consent was obtained from all
patients.

2.2. Covariates and risk factor assessment

Overnight fasting blood samples were collected and the serum
total cholesterol, low-density cholesterol, high-density cholesterol,
triglyceride, and high-sensitivity C-reactive protein levels were
measured. The creatinine clearance (Ccr) was measured by Mod-
ification of Diet in Renal Disease study equation. Hypertension
was defined as systolic blood pressure >140 mm Hg, diastolic blood
pressure >90 mm Hg, or current antihypertensive therapy. Diabetes
mellitus was defined as a fasting plasma glucose >126 mg/dl or
treatment with a hypoglycemic agent. Hyperlipidemia was defined
as a fasting serum total cholesterol of >200 mg/dl or treatment with
a lipid-lowering agent. Patients were considered current smokers
if they had smoked at least one cigarette per day in the last year.

2.3. MDCT scan protocol

MDCT examinations were performed using a 64-MDCT scanner
(LightSpeed VCT, GE Healthcare, Little Chalfont, Buckinghamshire,
UK). Before MDCT angiography, a coronary and valve calcium
scan was performed with a prospective ECG-triggered at 75%
after the R-wave. The precise scan protocol of the retrospective
ECG-gated MDCT angiography was previously described [5]. All
patients with an initial heart rate >60 beats/min were given an
oral B-blocker (metoprolol 40 mg) to achieve a target heart rate of
50-60 beats/min. Sublingual nitroglycerin was administrated just
before scanning. A body-weight-adjusted volume (0.6-0.7 ml/kg)
of iodine contrast (Iopamiron 370, Bayer Healthcare, Berlin, Ger-
many) was administered into the antecubital vein over the course
of 10s, followed by 25ml of saline solution injected at 5.0 ml/s.
The CT reconstructed image data were transferred to an offline
workstation (Advantage Workstation Ver. 4.2, GE Healthcare) for
post-processing and subsequent image analysis.

24. CACscoring
The total CAC score was calculated based on the Agatston

method [10] with dedicated software (Smartscore, version 3.5, GE
Healthcare).

2.5. Coronary plaque evaluation

All coronary segments >2 mm in diameter were assessed using
thin-slice maximal intensity projections, multiplanar reconstruc-
tions, and cross-sectional images rendered perpendicular to the
vessel center line of each coronary segment (0.75mm thickness).
The presence and extent of CAP, MCAP, and NCAP were determined
for each subject and evaluated in accordance with the modified
American Heart Association classification with 17-coronary seg-
ments [11].

CAPwas defined as any structure with a CT density >130 HU that
could be visualized separately from the contrast-enhanced coro-
nary lumen, and that could be assigned to the coronary artery wall.
MCAP was defined as the presence of CAP and NCAP, either because
the calcium was embedded within noncalcified plaque or because
they were adjacent to each other within a coronary segment. NCAP
was defined as any clearly discernible structure >1 mm? that could
be assigned to the coronary artery wall in at least two independent
image planes, and that had a CT density <130 HU but greater than
the surrounding pericardial tissue [12].

We then determined the minimum CT density, vascular remod-
eling index, and adjacent calcium morphology as previously
described [5]. Briefly, the minimum CT density was decided as
each plaque density by setting at least five regions of interest (each
region area=1mm?) in each plaque area, and low-density plaque
was defined as lesions with a CT density <38 HU. Following mea-
surement of the cross-sectional vessel areas at each plaque site and
proximal reference site of the same coronary artery, we calculated
the vascular remodeling index. Positive remodeling was defined as
a remodeling index >1.05. The presence and morphology of cal-
cium deposits in or adjacent to each plaque site were determined.
Spotty calcium was defined as calcium burden length <3/2 of vessel
diameter and width <2/3 of vessel diameter.

2.6. Valvular calcification assessment

The presence of AVC and MAC were qualitatively assessed from
both noncontrast and multi-projection images reconstructed from
contrast CT datasets. AVC was defined as a calcification lesion just
inferior to the origin of the coronary arteries and located at the
aortic leaflets, including the valvular point of attachment [3]. MAC
was located at the junction between the left atrium and ventricle.

For the subgroup of patients with AVC or MAC, valvular calcifi-
cation scores were measured with the same software used in CAC
scoring. As in prior studies, calcification of the aortic wall imme-
diately connected to calcification of the aortic valve cusps was
included in the AVC [2].

2.7. Statistical analysis

Continuous data were presented as mean+SD or median
(interquartile range). Categorical variables were presented as num-
bers and percentages. The Kruskal-Wallis test or ANOVA was used
for group comparisons of continuous variables, and post hoc testing
was performed using the Tukey's test or the Steel-Dwass method
for variables with and without normal distribution, respectively.
Group comparisons of binary variables were performed using
Fisher exact or x2 test. Multivariate analyses included valvular cal-
cification and were adjusted for potential confounders based on
previous reports: age, gender, Ccr, and the traditional risk factors of
body mass index, hypertension, diabetes mellitus, hyperlipidemia,
current smoking, and family history of premature CAD. Spearman’s
correlation coefficient was calculated to evaluate the association
between the severity of valvular calcification and the extent of coro-
nary atherosclerosis, where log-transformed AVC, MAC, and CAC
scores were used. A probability value of p<0.05 was considered
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significant. All statistical analysis was performed using SPSS 13.0
(SPSS Inc, Chicago, IL).

3. Results
3.1. Patient characteristics

There were 201 subjects (62%) with AVCand 53 (17%) with MAC.
Of 17 coronary artery segments, there was an average of 42+3.4
segments with any plaque, 3.5 £ 3.3 with CAP, 1.3 + 1.7 with MCAP,
and 0.8 +1.2 with NCAP. Of 201 subjects with coronary plaque
burden, 84 (26%) had coronary plaque with all three vulnerable
characteristics (vascular positive remodeling, low CT density, and
adjacent spotty calcification).

Clinical characteristics and CT findings stratified by the presence
of valvular calcification are presented in Table 1. The population
of isolated MAC was small (n=4); therefore, we excluded this sub-
group. Compared with patients with no valvular calcification, those
with isolated AVC and those with the combined presence of AVC
and MAC were older and had a higher prevalence of hypertension,
diabetes mellitus, and hyperlipidemia. There were no significant
differences among the three groups in serum lipid and C-reactive
protein levels.

3.2. Valvular calcification and overall coronary plaque burden

In a univariate analyses, patients with the combined presence
of AVC and MAC had an 11-fold increase odds of having any coro-
nary plaque (odds ratio [OR] 11.16, 95% confidence interval [95%CI]
2.58-48.39, p=0.001)and greater extent of overall coronary plaque

H. Utsunomiya et al. / Atherosclerosis 213 (2010) 166-172

burden (B-estimate 2.34, p<0.001) as compared to those with a
lack of valvular calcification. After adjustment for age, gender, Ccr,
and traditional risk factors, the combined presence of AVC and
MAC remained an independent predictor for the presence (OR 9.36,
95%CI 1.55-56.53, p=0.015) and extent (-estimate 1.86, p<0.001)
of coronary plaque, as well as male gender, hypertension, and dia-
betes mellitus.

3.3. Valvular calcification and the prevalence and distribution of
CAP, MCAP, and NCAP

Fig. 1 shows a representative case with the combined presence
of AVC and MAC presenting MCAP with vulnerable characteristics.
The prevalence and distribution of CAP and MCAP escalated in pro-
portion with the presence of valvular calcification (all p<0.001),
whereas the prevalence of NCAP showed no significant difference
among the three groups (Table 1). Fig. 2A shows the multivari-
ate adjusted OR for the presence of CAP, MCAP, and NCAP across
categories of valvular calcification.

Table 2 summarizes the associations of the combined presence
of AVC and MAC to the presence and extent of CAP, MCAP, and
NCAP. Multivariate analysis showed that the combined presence of
AVC and MAC remained an independent predictor for the presence
and extent of CAP (OR 6.21,95%Cl 1.67-23.05, p = 0.006; B-estimate
1.77, p <0.001) and MCAP (OR 5.35, 95%CI 1.94-14.73, p=0.001;
B-estimate 1.04, p<0.001), as well as male gender and hyperten-
sion. Meanwhile, no significant relationship was noted between
valvular calcification and NCAP in either univariate or multivariate
models.

Table 1
Clinical characteristics and CT findings stratified by the presence of valvular calcification.
Characteristics None (N=118) Isolated AVC (N=151) Combined p
presence of AVC
and MAC (N=49)
Clinical data
Age (years) 59410 699" 73+7 <0.001
Male, n (%) 69 (59) 93(63) 38(78) 0.067
Body mass index (kg/m?) 25+7 24+3 24+4 0.457
Cer (ml/min) 71+14 67+15 63+15" 0.011
Hypertension, n (%) 60(51) 116 (77) 39 (80)° <0.001
Diabetes mellitus, n (%) 43(36) 77(51) 32(65)" 0.002
Hyperlipidemia, n (%) 48 (41) 88(58)" 26(53) 0016
Current smoker, n (%) 48 (41) 51(34) 11(22) 0.075
Family history of CAD, n (%) 13(11) 20(13) 9(18) 0.442
Total cholesterol (mg/dl) 205+45 202+36 19434 0.252
Triglycerides (mg/dl) 130(91-191) 124 (92-173) 119 (87-178) 0.801
HDL cholesterol (mg/dl) 60+19 59+18 62+21 0.565
LDL cholesterol (mg/dl) 123+36 119£29 112427 0.102
High-sensitivity CRP (mg/l) 05(03-1.0) 0.6(0.3-1.4) 0.8(03-2.1) 0.260
Lipid-lowering agents, n (%) 21(18) 47(31) 18(37) 0.013
CT findings
CAC score 6(0-51) 152 (27-476) 288 <0.001
(102-1020)"!
Prevalence of CAP, n (%) 62(53) 131(87) 47 (96)"1 <0.001
Prevalence of MCAP, n (%) 44(37) 93(62)" 39 (80)"1 <0.001
Prevalence of NCAP, n (%) 44(37) 78(52) 25(51) 0.059
Extent of CAP (segments) 1.7+24 3323 54+34"1 <0.001
Extent of MCAP (segments) 0.6+0.9 16+18 23420 <0.001
Extent of NCAP (segments) 0.6+0.9 1.0£14 09+14 0.013
Positive remodeling, n (%) 36(31) 96 (64)" 37(76)"" <0.001
Low CT density, n (%) 45 (38) 82(54) 31(63)" <0.001
Spotty calcification, n (%) 37(31) 74(49) 29 (59) 0.001
All three vulnerable characteristics, n (%) 19(16) 44(29) 21 (43)"1 0.001

Values are meanSD, number (percentage), or median (interquartile range). AVC=aortic valve calcification; CAC=coronary artery calcification; CAD = coronary artery
disease; CAP=calcified coronary atherosclerotic plaque; Ccr=creatinine clearance; CRP = C-reactive protein; CT=computed tomography; HDL=high-density lipoprotein;
LDL=low-density lipoprotein; MAC =mitral annular calcification; MCAP=mixed coronary atherosclerotic plaque; NCAP = noncalcified coronary atherosclerotic plaque.

* p<0.05 vs. none.
T p<0.05 vs. isolated AVC.
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Fig. 1. A representative case with the combined presence of aortic valve calcification (AVC) (panel A) and mitral annular calcification (MAC) (panel B) presenting mixed
coronary atherosclerotic plaque (MCAP) with vulnerable characteristics The double oblique transversal image shows calcified lesions at all leaflets (panel C). The maximum

intensity projection image and invasive coronary

the proximal portion of the right coronary artery (arrowhead) and multiple obstructive

lesions (panels D-F, yellow arrow). The multiplanar reconstruction image of the right coronary artery shows an obstructive MCAP with positive vascular remodeling and
adjacent spotty calcium (panels G and H). The remodeling index is 1.23, calculated from the cross-sectional images of the reference site (a) and the lesion site (b). The
minimum CT density of the lesion site is 31 HU. Adjacent spotty calcium can be observed in the cross-sectional image (c). (For interpretation of the references to colour in

this figure legend, the reader is referred to the web version of the article.)

Table 2

Univariate and multivariate models for the associations of the combined presence of AVC and MAC to the presence and extent of CAP, MCAP, and NCAP.

Presence

Extent
0dds ratio (95%Cl) p P-estimate (95%CI) p
CAP .
Univariate model 10.16 (3.44-30.06) <0.001 2.27 (1.29-3.25) <0.001
Multivariate model® 6.21 (1.67-23.05) 0.006 1.77 (0.83-2.72) <0.001
MCAP
Univariate model 6.56 (2.98-14.43) <0.001 1.09 (0.60-1.59) <0.001
Multivariate model® 5.35(1.94-14.73) 0.001 1.04 (0.56-1.53) <0.001
Univariate model 1.75(0.89-3.43) 0.10 0.11 (-0.27-0.49) 0.56
Multivariate model® 1.45 (0.64-3.28) 037 —0.02 (-0.42-0.40) 0.97

Cl=confidence interval. Other abbreviations as Table 1.

2 Adjusted for age, gender, Ccr, and traditional risk factors including body mass index, hypertension, diabetes mellitus, hyperlipidemia, current smoking, and family history

of coronary artery disease.
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*p<005,tp <001
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W Combined presence of
AVC and MAC

All three
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PR LD sC

Fig. 2. Open bars represent novalvular calcification; hashed bars, isolated aortic valve calcification (AVC); solid bars, combined presence of AVC and mitral annular calcification
(MAC).(A)Multivariate adjusted odds ratio for the presence of calcified coronary atherosclerotic plaque (CAP), mixed coronary atherosclerotic plaque (MCAP), and noncalcified
coronary atherosclerotic plaque (NCAP) across categories of valvular calcification. (B) Multivariate adjusted odds ratio for the presence of coronary plaque with vulnerable
characteristics (positive vascular remodeling [PR], low CT density [LD], adjacent spotty calcification [SC], and all three characteristics) across categories of valvular calcification.

3.4. Valvular calcification and coronary plaque with vulnerable
characteristics

Patients with the combined presence of AVC and MAC had
a higher frequency of coronary plaque with all three vulnerable
characteristics than those with either no valvular calcification or
isolated AVC (43% vs. 16% vs. 29%, respectively; p=0.001). Fig. 2B
depicts the multivariate adjusted OR for the presence of coronary
plaque with vulnerable characteristics across categories of valvu-
lar calcification. Multivariate analysis showed that the combined
presence of AVC and MAC remained an independent predictor for
the presence of coronary plaque with all three vulnerable charac-
teristics (OR 4.87, 95%CI 1.85-12.83, p=0.001).

3.5. Valvular calcification score and the extent of coronary plaque

In a subgroup of patients with AVC (n=201, 62%), the median
AVC score was 77 (interquartile range 27-214). The AVC score
correlated with the extent of coronary plaque, but its compo-
sition varied (Table 3). Multivariate analysis revealed that the
log-transformed AVC score was not associated with the extent of
CAP (p=0.07), MCAP (p=0.19), or NCAP (p=0.92).

In a subgroup of patients with MAC (n=53, 17%), the median
MAC score was 82 (interquartile range 27-190). The MAC score did
not correlate with the extent of coronary plaque (p=0.72).

4. Discussion

Our study demonstrates the relationship between valvular calci-
fication and the presence of coronary plaque with positive vascular
remodeling, low CT density, and adjacent spotty calcium, which
may represent vulnerable characteristics as previously reported
[7,8]. These data suggest the presence of a common atherosclerotic
pathway for development of valvular calcification and coronary

Table 3
Age- and gender-adjusted Spearman’s correlation coefficients in patients with AVC
(n=201).

Log(AVC+1)  Log(CAC+1)  CAP MCAP  NCAP
Log(AVC+1) -
Log(CAC+1) 0.28" -
CAP 0.29° 0.88" -
MCAP 0221 053 063" -
NCAP -0.002 -0.12 -0.16* 0.03 -

Abbreviations as Table 1.
* p<0.001 for all correlations.
t p<0.01 for all correlations.
+ p<0.05 for all correlations.
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plaque, and emphasize the importance of the combined presence
of AVC and MAC as a marker of subclinical CAD.

4.1. Association between valvular calcification and coronary
plaque burden

We demonstrate that valvular calcification is a marker of higher
prevalence and severity of coronary plaque, particularly CAP and
MCAP, independent of age and gender. The prevalence of AVC and
MAC definitely increases with age [1], but is strongly related to
traditional cardiovascular risk factors, including diabetes mellitus,
hypertension [3], and hyperlipidemia [2]. Thus far, several stud-
ies have demonstrated a strong association of AVC or MAC with
coronary microvascular endothelial dysfunction [13] and CAC, a
marker of overall coronary atherosclerotic plaque burden [2,3].
Based on these data, it is believed that valvular calcification is a
manifestation of atherosclerosis and is associated with CAD. How-
ever, paucity data exists regarding a direct association between the
combined presence of AVC and MAC and the distribution of non-
calcified plaque. Indeed, there is strong evidence that the severity
of CAC is independent of and incremental to traditional risk factors
for all-cause mortality and cardiovascular events [14]; whereas in
a recent study, the number of segments with MCAP was an inde-
pendent predictor of acute cardiac events [15]. Thus, our findings
link the combined presence of AVC and MAC to the excess MCAP
burden that leads to acute coronary events, and may assure early
detection of MCAP for more accurate assessment of cardiovascular
risk.

In this study, the combined presence of AVC and MAC was sig-
nificantly associated with the presence and extent of MCAP, but not
NCAP. Interestingly, Bamberg et al. recently demonstrated that the
association between MCAP and NCAP was not constant but changed
with age, indicating that the former is prominent in the early stages
of atherosclerosis, whereas the latter develops during the chronic
phase [16]. Therefore, our results suggest that the presence of mul-
tiple calcium deposits in heart valves could be a surrogate marker
for the advanced stages of atherosclerosis. This observation is in
agreement with a recent study that shows a significant relationship
between AVC and the extent of coronary artery plaque [17].

4.2. Association between valvular calcification and coronary
plaque vulnerability

Our study provides novel information on the age-independent
association between valvular calcification and the vulnerable char-
acteristics of coronary plaque. Several cohort studies have shown
that patients with AVC [18] or MAC [19] had a higher risk of
all-cause mortality and cardiovascular events, especially acute
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coronary syndrome. In a recent report, the associations of AVC and
MAC with cardiovascular mortality were strongest in patients with
the combined presence of AVC and MAC [4]. Furthermore, an associ-
ation between thoracic aortic calcification with total mortality was
found in a prospective study with great number of subjects [20].
These data support the hypothesis that multiple calcium deposits
in heart valves and thoracic aorta are a form of more advanced
atherosclerosis with a high frequency of unstable coronary plaque,
explaining its association with an increased risk of cardiovascular
events.

A recent MDCT study demonstrated that noncalcified plaque is
more strongly associated with the pathogenesis of acute coronary
syndrome compared with CAP [7]. In addition, positive vascular
remodeling, low CT density, and adjacent spotty calcium represent
the coronary plaque vulnerability detected by 64-MDCT [8]. Con-
sidering our findings, we suggest that the combined presence of
AVC and MAC may be used to improve risk stratification in clin-
ical practice. Future prospective studies should evaluate whether
the combined presence of AVC and MAC identifies patients at high
risk for ischemic events, and whether medical treatment prevents
these events.

4.3. Amounts of valvular calcification and subclinical coronary
artery atherosclerosis

In this study, the severity of AVC was not independently asso-
ciated with the extent of coronary plaque. In clinical practice,
severe aortic stenosis caused by massive AVC with no obstruc-
tive CAD is often seen. These cases would be inapprehensible with
a solely atherosclerotic mechanism of AVC progression. Recent
noncontrast-enhanced CT studies have shown the two different
phases of AVC progression: the early phase, when AVC appears de
novo with progressive atherosclerosis, and the secondary phase,
when established AVC progresses independently of cardiovascular
risk factors and grows faster with calcification load [2]. Regarding
MAC, echocardiographic severity has been directly related to the
increased risk of cardiovascular events [19], whereas MAC sever-
ity was not correlated with the extent of coronary plaque in this
study. Overall, our findings indicate that the combined presence
of AVC and MAC is a marker of the presence and extent of coro-
nary plaque, but massive valvular calcification is not a marker for
extensive coronary plaque.

4.4. Limitations

This study was limited by a relatively small sample size. Our
results cannot be generated because this is an observational and
cross-sectional study. Thus, larger observational studies are neces-
sary to confirm our findings. The study population was comprised
of patients with proven or suspected CAD. A high prevalence of
traditional risk factors and AVC were observed in this study. Thus,
our results do not apply to patients with a lower probability of
CAD. Furthermore, an additional mechanism related to renal insuf-
ficiency and osteoporosis may be responsible for the development
of MAC. Because there were very few patients with isolated MAC in
this study, the exact association between MAC and coronary plaque
is not clear. However, the combined presence of AVC and MAC
was shown to be incremental to isolated AVC in the prediction of
coronary plaque with vulnerable characteristics.

Finally, cardiac MDCT examination should not be used for the
sole purpose of AVC and MAC assessment due to its high radiation
exposure. However, in this study, we performed 64-MDCT for the
primary purpose of CAD assessment. The images obtained enabled
evaluation of the association between valvular calcification and the
extent and vulnerable characteristics of coronary atherosclerotic
plaque.
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5. Conclusions

Our study provides the first insight into the impact of the
combined presence of AVC and MAC on the presence, extent,
and vulnerable characteristics of coronary plaque in patients
with proven or suspected CAD. The presence of multiple calcium
deposits in heart valves is a useful marker for advanced coronary
atherosclerosis, and is likely to help identify appropriate patients
for aggressive medical therapy to inhibit the atherosclerosis pro-
cess.
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LVOT ellipticity with 64-multidetector computed tomography (MDCT) and to assess the impact of LVOT
ellipticity on the evaluation of CE-based AVA in patients with calcified aortic valves.

Methods: We prospectively studied 110 patients with calcified aortic valves including 54 aortic stenosis (AS)
with both 64-MDCT and transthoracic echocardiography. Double oblique transversal images for planimetry of
the aortic valve and LVOT were obtained during the midsystolic phase. The short and long-axis diameters of
the planimetered LVOT were measured.

Results: The MDCT planimetered LVOT area was by the di derived (rxr?) LVOT area using
echocardiography (444 470 mm? versus 369463 mm?; p<0.001). The mean difference in AVA values calculated
using the CE and planimetry was 0.43 +0.23 cm? and mean measurement error of CE-based AVA was 18%. When
the CE-based AVA was corrected using the MDCT planimetered LVOT area, the measurement error decreased from
2845 to 54 2% in patients with severe aortic stenosis (AVA< 1.0 cm?), whereas from 1645 to 3 +6% in others.
Conclusion: Ellipticity of LVOT is associated with underestimation of AVA measurements using the CE. CE-based
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AVA corrected with MDCT planimetered LVOT area is useful especially in severe AS.

© 2010 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

To assess the severity of aortic stenosis (AS) using Doppler
echocardiography, aortic valve area (AVA) is usually estimated using
the CE [1]: AVA=LVOT areax (VTlyor /VTlay), where LVOT area is the
cross-sectional area of the left ventricular outflow tract (LVOT)
calculated from a mr d LVOT di with the ion that
the LVOT is circular. VTI is the velocity-time integral measured from
Doppler tracings at the LVOT and aortic valve.

Although good correlation between planimetry and CE-based
measurements of AVA has been obtained, planimetric AVA measure-
ments always yield greater AVA values than those calculated using the
CE [2]. Multidetector computed tomography (MDCT) can provide an
accurate and noninvasive imaging technique, not only for the
coronary artery, but also for aortic valve planimetry [3] and geometry
including the aortic annulus and LVOT [4]. Several studies using
64-MDCT have demonstrated that the LVOT is elliptical rather than

* Corresponding author. Department of Cardiovascular Medicine, Hiroshima Uni-
versity Graduate School of Biomedical Sciences, 1-2-3 Kasumi, Minami-ku, Hiroshima
734-8551, Japan. Tel.: +81 82 257 5540; fax: +81 82 257 1569.
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doi:10.1016/j.ijcard.2010.12.071

round in shape [5,6]. It has also been found that the assumption of
circular geometry in calculating the LVOT area using echocardiogra-
phy and the CE (mxr?) consistently underestimates the actual LVOT
area measured by MDCT in a wide variety of pathological condi-
tions [5,6]. However, these investigations have not been sufficiently
validated in patients with calcified aortic valve disease. Thus, we
sought to extensively evaluate LVOT ellipticity with 64-MDCT and to
assess the impact of LVOT ellipticity on the evaluation of AVA using
echocardiography.

2. Methods
2.1. Study population

We prospectively recruited 163 consecutive patients referred for echocardiography
and scheduled for MDCT angi Both inations were
within 1 week. Exclusion criteria included: grade >2/4 aortic regurgitation; bicuspid aortic
valve; previous surgery of the aortic valve or the ascending aorta; reduced LV contraction
(LV ejection fraction <50%); and LVOT obstruction (LVOT flow velocity >2 m/s). A final
number of 110 patients with aortic valve calcification were enrolled in the study. BMI was
used as amarker of obesity: BMI (kg/m?) = weight (kg)/height (m)? The body surface area
(BSA) was calculated as follows: BSA (m?) = 88.83 x height (cm)®563 x weight (kg)*#44.
The study protocol was approved for use by the Human Studies Subcommittee of
Hiroshima University Graduate School of Biomedical Sciences. Prior written informed
consent was obtained from all participants.

Please cite this article as: Utsunomiya H, et al, Underestimation of aortic valve area in calcified aortic valve disease: Effects of left ventricular
outflow tract ellipticity, Int J Cardiol (2011), doi:10.1016/j.ijcard.2010.12.071
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Fig. 1. The left coronal view (A) and the single oblique sagittal view (B) were reconstructed to measure the:

ic AVA. For the of the LVOT, the doubl

view of the LVOT was reconstructed immediately below the aortic valve parallel to the plane used for measurement of the AVA (C). The short-axis image of the LVOT shows a clearly evident
oval shape (D). The directly measured LVOT area is acquired by planimetry (E). AVA=aortic valve area; LVOT =left ventricular outflow tract; MDCT=multidetector computed

tomography.

2.2. Multidetector computed tomography

The MDCT examinations were performed with a 64-MDCT scanner (LightSpeed
VCT, GE Healthcare, Waukesha, W1). For the MDCT coronary angiogram, a collimation of
64x0.625 mm and a gantry rotation time of 350 ms were used. Standard scanning
parameters were set to 120 kV and 600 mA. Following a test bolus examination to
determine the start of the contrast-enhanced scan, a retrospective ECG-gated CT
angiography was performed using a helical mode during an inspiratory breath-hold.
The mean radiation dose for the group was 14.4 mSv. To avoid motion artifacts, all
patients with an initial heart rate >60 beats/min were given an oral B-blocker
(metoprolol 40 mg) to achieve a target heart rate of 50-60 bpm. A body weight-
adjusted volume (0.6-0.7 mL/kg) of nonionic contrast material (lopamiron 370, Bayer
Healthcare, Berlin, Germany) was administrated via the antecubital vein over a period
of 10 seconds, followed by 25ml of saline solution injected at 5.0 mL/s. Image
reconstruction was retrospectively gated to ECG. The dataset of the contrast-enhanced
scan was reconstructed at every 5% of the R-R interval. Axial datasets were then
transferred to a remote computer ion (. Ver4.2, GE
Healthcare) for post-processing and subsequent image analysis.

2.3. Image analysis

For the purpose of LVOT and aortic valve planimetry, we determined a plane
perpendicular to the LVOT and aortic root using the double oblique method [3,4].
Namely, a left coronal and a single oblique sagittal view through the LVOT and aortic
valve were reconstructed (Fig. 1A and B). Then, maximum effort was made to correctly
orientate both planes by si iewing the ted double oblique
transversal view of the aortic leaflet tips. Planimetry of the aortic valve was performed
during the midsystolic phase, which provided the largest AVA with the fewest artifacts
[7]. Likewise, planimetry of the LVOT cross-sectional area was performed just beneath
the aortic annulus in a plane perpendicular to the LVOT long axis in the same phase as
that used for the measurement of the AVA (Fig. 1C).

For the purpose of measurement of LVOT ellipticity, we measured the short-
(a) and long- (b) axis diameters of the planimetered LVOT view. The ellipsoidal-
estimated LVOT area was calculated using the equation for an ellipse (mx a/2x b/2).
Furthermore, the ellipticity index was calculated using the equation 1—(a/b) to
quantify the degree of deviation of the LVOT shape from a perfect circle (Fig. 1D and E).
Using this index, an ellipticity index of zero represents a perfect circle with a higher
index describing a more elliptical geometry.

Intra- and interobserver variability of MDCT measurements were calculated as the
coefficient of variation in 10 randomly selected subjects. Intraobserver reproducibility
was assessed for a single observer on two separate occasions and interobserver
variability was performed by two i experienced i i

2.4. Echocardiography

Comprehensive echocardiograms were performed by an experienced sonographer
using high-quality commercially available ultrasound systems (GE Healthcare Vivid 7,
Milwaukee, W1) equipped with S4 transducer. Images were obtained in the parasternal

(long- and short axis) and apical views. LV volume and ejection fraction were
calculated from apical 2- and 4-chamber views using the biplane Simpson's rule
according to the recommendation of the American Society of Echocardiography [8]. LV
mass was measured using M-mode echocardiography [9]. The LVOT diameter was

during mi i i below the aortic annulus from the
parasternal long-axis view [8]. Using mr?, the diameter-derived LVOT area was
calculated. For the calculation of the CE-based AVA, VTI at the LVOT and the aortic

Table 1
Clinical characteristics, echocardiographic findings and MDCT measurements
(n=110).

Characteristics Findings
Clinical data

Age (years) 70+9
Male (%) 47
Height (cm) 157+10
Weight (kg) 58411
Body mass index (kg/m?) 235+3.1
Body surface area (m?) 1.58+0.19
Echocardiographic data

Peak aortic valve velocity (m/s) 23+13
CE-based AVA (cm?) 1.99+084
Mild AS, n (%) 22 (20)
Moderate AS, n (%) 12 (11)
Severe AS, n (%) 20 (18)
LV end-diastolic volume (ml) 84+24
LV end-systolic volume (ml) 26413
LV ejection fraction (%) 6949
Interventricular septal wall thickness (mm) 106+20
LV posterior wall thickness (mm) 104+16
LV mass index (g/m’) 101431
LVOT diameter (mm) 216+18
MDCT measurements

MDCT planimetered AVA (cm?) 2474103
LVOT short axis diameter (mm) 213+19
LVOT long-axis diameter (mm) 268+24
Ellipsoidal-estimated LVOT area (mm?) 449172
MDCT planimetered LVOT area (mm?) 444470
Ellipticity index 0.20+0.04

Values are expressed as mean +SD or number (percentage).
AVA = aortic valve area; AS=aortic stenosis; CE= continuity equation; LVOT = left
ventricular outflow tract; MDCT = multidetector computed tomography.

Please cite this article as: Utsunomiya H, et al, Underestimation of aortic valve area in calcified aortic valve disease: Effects of left ventricular
outflow tract ellipticity, Int ] Cardiol (2011), doi:10.1016/j.ijcard.2010.12.071
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Table 2
Correlation of the MDCT planimetered LVOT area and the ellipticity index with
demographic and echocardiographic variables.

LVOT area Ellipticity index

Variables Spearman'sR  p Spearman'sR  p

Age —034 <0.001 0.04 0.69
Height 063 <0001 -017 0.07
Weight 051 <0001 —0.08 039
Body surface area 057 <0001 -0.13 017
Systolic blood pressure 0.09 0.63 —0.15 023
Peak aortic valve velocity ~ —0.13 0.19 039 <0.001
LV end-diastolic volume 0.41 <0.001 0.04 0.68
LV end-systolic volume 0.52 <0.001 0.01 091
Interventricular septal 0.18 0.07 031 0.001

wall thickness

LV mass index 0.13 024 031 0.001
LVOT diameter 0.81 <0001 —021 0.03

Abbreviations are as detailed in Table 1.

valve were recorded using pulse Doppler from the apical 5-chamber view. Peak aortic
valve velocity and mean transaortic pressure gradient were in multiple views
(apical long axis, apical 5-chamber and right parasternal) and the maximum values
were used [10]. AS was defined as CE-based AVA<2.0 cm?. Classification of AS was
based on the recommendation of the American Society of Echocardiography (mild:

A
(mm?)
700

600

300

200

MDCT planimetered LVOT area

100
100

600 700

(mm?)

200 300 400 500

Diameter-derived LVOT area

(o}

(mm2)
200 °

130 +25D 133

100
mean 73
50

-2SD 13

diameter-derived LVOT area

MDCT planimetered LVOT area—

700
(mm?2)

200 300 400 500 600

(MDCT planimetered LVOT area +
diameter-derived LVOT area) / 2

aortic valve restriction with AVA>1.5 cm? moderate: AVA 1.0 to 1.5 cm? and severe:
AVA<1.0 cm?) [1].

2.5. Statistical analysis

All measurements were expressed as mean+SD. The unpaired ¢ test or Mann-
Whitney U-test was used to compare continuous variables with or without normal
distribution, respectively. The MDCT planimetered LVOT area was compared with the
diameter-derived LVOT area and ellipsoidal-estimated LVOT area using a paired t test
and Pearson's correlation coefficient r. Agreements between methods (MDCT
planimetered LVOT area versus diameter-derived LVOT area; MDCT planimetered
LVOT area versus ellipsoidal-estimated LVOT area; and CE-based AVA versus MDCT
planimetered AVA) were tested using Bland-Altman analyses and plotted with lines
representing the mean - 2SD. Relationships between LVOT measurements and
patients’ demographic parameters were assessed using Spearman rank correlations.
A probability value of p<0.05 was considered significant. All statistical analyses were
performed using SPSS 12.0 (SPSS Inc, Chicago, IL).

3. Results

3.1. Relationships between LVOT measurements and demographic
variables

Table 1 shows the clinical characteristics, echocardiographic find-
ings and CT measurements of the study population. The mean CE-based

B

(mm2)
7007 r=098
0 <0.001
60l N=110

MDCT planimetered LVOT area

10 200 300 400 S00 600 700
Ellipsoidal-estimated LVOT area (mm?)
(mm?2)
200
Lg 150
g5
=
5 5 100
22 5o
B 'y _ +28D 19
BE 3
3 E 0. mean -6
R ~ -2SD 31
g9 -5
i3
85 -100
CE&
g = -150
-2
200 300 400 500 600 700
(mm2)

(MDCT planimetered LVOT area +
ellipsoidal-estimated LVOT area) / 2

Fig. 2. Scatterplot of correlation between MDCT planimetered LVOT area and diameter-derived LVOT area calculated using echocardiography (A) and that between the MDCT
planimetered LVOT area and the ellipsoidal-estimated LVOT area (B). Bland-Altman plot analysis shows that the MDCT planimetered LVOT area has a poor agreement with the

are as detailed in Fig. 1.

diameter-derived LVOT area (C), whereas has a good with the

LVOT area (D).
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AVA value was 1.99+0.84 cm?, including 54 patients with AS (mild,
n=22; moderate, n=12; severe, n=20). Diameters of the ascending
aorta measured by MDCT ranged from 30 to 44 mm.

Table 2 shows the correlation between the MDCT planimetered LVOT
area and the ellipticity index with the patients' demographic and
echocardiographic variables. The LVOT area was the parameter most
highly correlated with height (r=0.63; p<0.001), followed by the BSA
(r=0.57; p<0.001). These correlations remained robust after adjustment
for age. After indexing for BSA, the LVOT area was found to be similar in
both genders (277445 mm?/m? in men versus 275 +30 mm?/m? in
women; p=043). In addition, the ellipticity index did not differ
significantly between both genders (0.20+0.05 in men versus 0.21+
0.04 in women; p=0.40).

3.2. Planimetered LVOT area and ellipticity in patients with calcified
aortic valve disease

The mean difference between the short- and long-axis LVOT
diameters was 5.5+ 1.6 mm, and the ellipticity index was 0.20+
0.04. The Pearson correlation coefficient between LVOT diameter
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values measured using echocardiography and MDCT was 0.78
(p<0.001). The LVOT diameter measured using echocardiography
(i.e. anteroposterior diameter) corresponded approximately to the
short-axis LVOT diameter (mean difference, 0.2 4 0.3 mm; p=0.11).
This led to the discrepancy in LVOT area measurements between
MDCT planimetry and echocardiography. The actual LVOT cross-
sectional area was significantly underestimated using echocardio-
graphic diameter-derived LVOT area measurement (444 + 70 mm*
versus 369+ 63 mm?; p<0.001).

The MDCT planimetered LVOT area correlated more closely with
the ellipsoidal-estimated LVOT area than with the diameter-derived
LVOT area (r=0.98 versus 0.82) (Fig. 2A and B). In addition, Bland-
Altman analyses were used to test the agreement between diameter-
derived LVOT areas versus MDCT planimetered LVOT areas (Fig. 2C),
and ellipsoidal-estimated LVOT areas versus MDCT planimetered
LVOT areas (Fig. 2D). The ellipsoidal-estimated LVOT area had
narrower limits of agreement and less bias. The mean differences
between the MDCT planimetered LVOT area and the diameter-derived
LVOT area, and ellipsoidal-estimated LVOT area were 7330 mm?
and —6+ 12 mm?, respectively.
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Fig. 3. Scatterplot of the correlation between the MDCT planimetered AVA and the continuity equation (CE)-based AVA calculated using echocardiography (A) and that between the
MDCI‘ planimetered AVA and the CE-based AVA corrected by using the MDCT planimetered LVOT area in the calculation (B). Bland-Altman plot analysis shows that the MDCT

AVA has a poor

with the CE-based AVA (C), whereas has a good agreement with the CE-based AVA corrected using MDCT planimetered LVOT area (D). Bold

lines represent regression lines (C; r=0.78, p<0.001, D; r=049, p<0.001). Abbreviations are as detailed in Fig. 1.
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The mean coefficients of variations, within and across observers,
were within an acceptable range for the MDCT planimetered LVOT
area (2.7% and 4.4%, respectively) and the ellipticity index (3.1% and
5.3%, respectively).

3.3. Impact of LVOT ellipticity on the AVA measurements

Using CE-based calculations, the AVA was significantly under-
estimated relative to the MDCT planimetered AVA (1.9940.84 cm?
versus 2.47 4 1.03 cm?, p<0.001). When the CE was corrected using the
MDCT planimetered LVOT area (i.e. the MDCT planimetered LVOT area
was substituted into the CE in place of the diameter-derived LVOT area),
the measured values were still significantly smaller than those obtained
using planimetry (2.34+092 cm? versus 2.47 + 1.03 cm?, p<0.001),
but the difference between both measurements of AVA significantly
decreased (p<0.001). The correlation coefficient improved from 0.88 to
0.97 (Fig. 3A and B). Similarly, Bland-Altman analyses revealed that
there was better agreement between CE-based AVAs corrected with
directly measured LVOT areas and MDCT planimetered AVAs, than
between CE-based AVAs and MDCT planimetered AVAs (Fig. 3C and D).
The mean differences between the MDCT planimetered AVA and the CE-
based AVA, and the corrected CE-based AVA were 0.43 4+ 0.23 cm? and
0.12:0.21 cm?, respectively. In patients with severe AS (n=20), 6
patients were reclassified as moderate after CE correction using the
MDCT planimetered LVOT area.

Fig. 4A depicts the relationship between the measurement error of
CE-based AVA and MDCT planimetered AVA. On average, the MDCT

lani ed AVA indicated that the CE-based AVA
calculations underestimated values by 18 4+ 7%. Notably, patients with
severe AS (AVA<1.0 cm?) had a larger measurement error than others
(28 £5% versus 1645%, p<0.001). By correcting the impact of
underestimation of LVOT area on the AVA values, the measurement
error of CE-based AVA significantly decreased and did not differ
between severe AS group and others (5 + 2% versus 3 + 6%, p=0.36;
Fig. 4B). Percent changes in measurement error were more improved
in patients with severe AS than in others (23 +3% versus 13 +7%,
p<0.001).

Fig. 5 shows the echocardiographic and CT findings in a
representative case with severe AS. When the CE was corrected by
inclusion of the MDCT planimetered LVOT area, the measurement
error of the CE-based AVA decreased from 39% to 8%.

4. Discussion

In the present study, we demonstrated the following. 1) The MDCT
planimetered LVOT area was positively correlated with body size
regardless of gender, whereas the ellipticity index was independent of
age, gender and body size. 2) In patients with calcified aortic valves
without LVOT obstruction, the anatomy of the LVOT cross-sectional
area had an elliptical shape during the midsystolic phase. 3) The
diameter-derived LVOT area was smaller than MDCT planimetered
LVOT area, resulting in the underestimation of AVA
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view (corresponding to anteroposterior view) assuming a circular
geometry. However, in the present study, the MDCT planimetered
LVOT area was more closely related to the ellipsoidal-estimated
LVOT area than the diameter-derived LVOT area, indicating that the
cross section of the LVOT is oval during the midsystolic phase.
Furthermore, echocardiographically derived anteroposterior mea-
surements of LVOT diameters correspond approximately to the

using the CE. 4) The corrected CE-based AVA using the MDCT
planimetered LVOT area improved the measurement error of CE-
based AVA, especially in patients with severe AS.

4.1. Anatomical observation of LVOT area and geometry assessed
by MDCT

Degenerative AS is the most common valvular disease related to
an atherosclerotic process [11], valvular inflammation and metabolic
disorder [12]. Currently, the American Society of Echocardiography
recommends that effective AVA based on the CE be used as the
standard method for quantitative evaluation of AS [1]. In the CE, the
LVOT area component of the equation is not measured directly but
estimated using the LVOT diameter from a parasternal long-axis

minor d of an elliptical LVOT, resulting in significant
underestimations of the actual cross-sectional LVOT areas. These
findings are in agreement with those detailed in the most recent
report where 64-MDCT was used, but the study population was
limited to patients with severe AS referred for transcatheter aortic
valve implantations (TAVI) [13].

4.2. LVOT ellipticity and CE-based measurements of AVA

Our results showed that CE-based AVA generally underestimated
MDCT planimetered AVA, with a mean measurement error of 18%.
Gilon et al. reported that the discrepancy between both measure-
ments of AVA ranged from 10% to 30% and varied prominently with
valve shape [14]. Other explanations about the observed discrepancy
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Planimetered AVA = 0.88 cm? LVOT diameter = 22.0 mm
Diameter-derived LVOT area
=380 mm?

| y g

Planimetered AVA = 0.84 cm? Planimetered LVOT area =

572 mm?

VTl at the LVOT = 18 cm  Peak aortic velocity = 5.1 m/s
VTI at the aortic valve = 122 cm

CE-based AVA =0.51 cm?

Corrected AVA =
0.51x572/380 =0.77 cm?

Ellipticity index = 0.24
Ellipsoidal-estimated
LVOT area = 581 mm?

Fig. 5. The echocardiographic planimetered AVA is 0.88 cm? (A). The echocardiographic LVOT diameter is 22.0 mm and the diameter-derived LVOT area is calculated as 380 mm? (B).
Doppler tracings show the velocity-time integral (VTI) at the LVOT (C) and the aortic valve (D). The CE-based AVA is calculated as 0.51 cm® Meanwhile, the MDCT planimetered AVA
is 0.84 cm? (E). From a double oblique transversal image of the LVOT, the LVOT area is directly measured as 572 mm? (F) and the ellipsoidal-estimated LVOT area is calculated as
581 mm? (G). When the CE is corrected with the MDCT planimetered LVOT area, the CE-based AVA is corrected to 0.77 cm? The measurement error decreases from 39% to 8%.

Abbreviations are as detailed in Fig. 1.

between CE-based AVA and planimetered AVA have been put forward.
This discrepancy may represent the difference between the anatomic
AVA (geometric orifice area) measured with planimetry and the
averaged effective AVA (effective orifice area) computed using the CE
[2]. The planimetered AVA indicates the maximal opening area in the
systolic phase, whereas the CE-based AVA indicates the average
systolic opening of the aortic valve because the VTl is a time-averaged
systolic velocity [8]. If the ascending aorta is narrow, pressure
recovery phenomenon distal to the stenosis can lead to a measure-
ment error in the CE-based AVA [15,16].

In the present study, the actual cross-sectional LVOT area was
underestimated using diameter-derived LVOT area calculations due
to the assumption of circular geometry. Notably, the ellipticity index
was larger in severe AS patients than in others, resulting in larger
measurement error of CE-based AVA ranging from 20 to 39%. When
the MDCT planimetered LVOT area was included in the CE, the
measurement error significantly decreased in patients with severe
AS more than in others. Thus, we suggest that the difference in LVOT
area calculations due to the assumption of a circular or ellipsoidal
geometry is one of the major causes of the discrepancy between CE-
based AVA and planimetered AVA values. This finding reveals CE's
weak points for assessment of AS, but has only been validated in a
small number of AS patients in the previous study [6]. The present
study has now clearly demonstrated the impact of LVOT ellipticity
on the measurement error associated with the CE-based AVA in
this setting. The application of cardiac MDCT would contribute to
an advance in echocardiographic diagnosis and clinical decision
making, particularly in patients with severe AS, as it frequently
performs due to the necessity for pre-implantation measurements
prior to TAVI.

4.3. Factors related to LVOT area and ellipticity

In the present study, the MDCT planimetered LVOT area was
positively correlated with BSA and height regardless of gender. Leye et
al. have shown that the LVOT diameter has a good correlation with
both BSA and height, independent of gender in adult AS patients [10].
However, few data are available on the relationship between actual
LVOT cross-sectional area and various morphometric parameters,
such as BSA and height.

Interestingly, the ellipticity index was positively correlated with peak
aortic valve velocity, LV wall thickness and LV mass index, independent of
age, gender and body size. A recent study has shown that LVOT geometry
is more elliptical in patients with severe AS before TAVI, with a mean
ellipticity index of 0.26 | 13]. After AS treatment with TAVI, LVOT geometry
changed to being more circular. In view of our findings, this change may
result from LV reverse remodeling with regression of LV mass.

4.4. Study limitations

Firstly, there is no true gold standard for AVA calculation in this
study. However, cardiac MDCT has a superior spatial signal-to-noise
ratio, as compared with echocardiography, and thus would provide
more detailed information about cardiac shape, effectively acting as a
“clinical gold standard”. Secondly, because exposure to radiation is
still high during cardiac MDCT examination [17], we do not
recommend this modality as a first choice for the evaluation of AS,
either initially or for serial follow-up. Echocardiography including 3D
volumetric imaging remains the first choice for the assessment of AS
severity. Thirdly, the limits of temporal resolution with 64-MDCT
would result in inadequate visualization of the valve leaflet and the
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LVOT in patients with rapid or irregular heart rhythms. However, in
our study, we did not need to exclude any patient because of
inadequate image quality.

Finally, patients with bicuspid aortic valves, sigmoid septum, and
ejection fraction <50% were excluded from this study because of the
confounding effect in the assessment of the severity of AS [18,19].
Furthermore, the “dimensions” of Japanese patients in this study were
relatively small. Thus, larger observational studies including other
ethnic group are necessary to confirm our findings.

5. Conclusions

In patients with calcified aortic valve disease including AS, CE-
based calculations have generally underestimated AVA values as
compared with the corresponding values obtained using MDCT
plani d AVA it This discrepancy is considered to
be related to the fact that LVOT geometry is actually elliptical rather
than circular.
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Association Between Visceral Adipose Tissue
Area and Coronary Plaque Morphology
Assessed by CT Angiography
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OBJECTIVES We sought to investigate the association between visceral adipose tissue (VAT) with
the presence, extent, and characteristics of noncalcified coronary plaques (NCPs) using 64-slice
computed tomography angiography (CTA).

BACKGROUND Although visceral adiposity is associated with cardiovascular events, its associa-
tion with NCP burden and vulnerability is not well known.

METHODS The study population consisted of 427 patients (age 67 * 11 years; 63% men) with
proven or suspected coronary artery disease who underwent 64-slice CTA. We assessed the presence and
number of NCPs for each patient. The extent of NCP was tested for the difference between high (=2)
and low (=1) counts. We further evaluated the vulnerable characteristics of NCPs with positive
remodeling (remodeling index >1.05), low CT density (=38 HU), and the presence of adjacent spotty
calcium. Plain abdominal scans were also performed to measure the VAT and subcutaneous adipose
tissue area.

RESULTS A total of 260 (61%) patients had identifiable NCPs. Multivariate analyses revealed that
increased VAT area (per 1 standard deviation, 58 cm?) was significantly associated with both the
presence (odds ratio [OR]: 1.68; 95% confidence interval [Cl]: 1.28 to 2.22) and extent (OR: 1.31; 95% Cl:
1.03 to 1.68) of NCP. Other body composition measures, including subcutaneous adipose tissue area,
body mass index, and waist circumference were not significantly associated with either presence or
extent of NCP. Increased VAT area was also independently associated with the presence of NCP with
positive remodeling (OR: 1.71; 95% Cl: 1.18 to 2.53), low CT density (OR: 1.69; 95% Cl: 1.17 to 2.47), and
adjacent spotty calcium (OR: 1.52; 95% Cl: 1.03 to 2.27).

CONCLUSIONS Increased VAT area was significantly associated with NCP burden and vulnerable
characteristics identified by CTA. Our findings may explain the excessive cardiovascular risk in patients
with visceral adiposity, and support the potential role of CTA to improve risk stratification in such
patients. (J Am Coll Cardiol Img 2010;3:908-17) © 2010 by the American College of Cardiology
Foundation
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7 , besity is widely accepted as a risk factor for
( ‘coronary artery disease (CAD) (1). In
g } particular, visceral adipose tissue (VAT)
"o’ accumulation was reported to be a better
predictor of metabolic abnormalities and athero-
sclerosis than total body fat (2,3). Recent epidemi-
ological studies have also suggested that visceral
adiposity, as evaluated by the waist-to-hip ratio (4)
or computed tomography (CT) scanning (5), is
more closely related to cardiovascular events than is
body mass index (BMI), a crude marker of total
adiposity.

N

See page 918

‘We previously reported that VAT area is associ-
ated with the presence and extent of coronary artery
calcium (CAC), independently of BMI, using mul-
tidetector CT (6). Whereas the presence and extent
of CAC are strongly associated with the overall
atherosclerotic plaque burden, it is assumed that
noncalcified coronary plaques (NCPs), which con-
tain lipid-rich components and display positive
remodeling (PR), are more prone to rupture with
subsequent coronary events, according to results of
intravascular ultrasound (IVUS) (7) and pathologic
(8) studies.

Recent advances in cardiac CT angiography
(CTA) have enabled noninvasive detection of
NCPs (9-12). Moreover, we previously reported
that 64-slice CTA can be used to characterize
NCPs in terms of composition (e.g., predominantly
fibrous vs. lipid-rich plaques), vascular remodeling,
and adjacent calcium morphology. We also re-
ported that 64-slice CTA shows good agreement
with IVUS (11).

To our knowledge, very few studies have exam-
ined the association between VAT, as an entity,
with NCP, particularly regarding its composition
and morphology. Determining the associations be-
tween VAT area and NCP burden or vulnerable
characteristics seems to be important from an etio-
logical perspective. Therefore, in this study, we used
64-slice CTA to quantitatively and qualitatively
assess coronary artery plaques to determine whether
VAT area is associated with the presence, extent,
and vulnerable characteristics of NCPs.

METHODS

Study patients. Between November 2006 and De-
cember 2008, we recruited 565 consecutive Japanese

Ohashiet al.
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patients with proven or suspected CAD, who un-
derwent 64-slice CTA for the follow-up or diag-
nosis of CAD at our institution. For the present
study, we excluded 138 subjects with a history of
percutaneous coronary intervention (n = 63) or
coronary artery bypass grafting (n = 62), subjects
with poor image quality because of motion artifacts
or inadequate contrast concentration (n = 6), and
subjects with missing information for 1 or more
traditional CAD risk factors (n = 7). As a result,
427 patients (267 men and 160 women, 67 = 11
years) were finally enrolled and included in this
study. In all patients, plain cardiac and abdominal
scans were performed to measure the CAC score
and the VAT area. The study was approved by the
hospital’s ethical committee, and written informed
consent was obtained from all patients.

Risk factor assessment. All patients provided details
of their demographics, medical history,
and medications at the clinical consulta-
tion. Patients were considered current
smokers if they had smoked at least 1
cigarette a day within the previous year.
Hypertension was defined as systolic blood
pressure =140 mm Hg, diastolic blood
pressure =90 mm Hg, or on antihyper-
tensive therapy. Diabetes mellitus was de-
fined by self-report, a hemoglobin A,
level =6.5% (13), or current use of hypo-
glycemic agents. Hypercholesterolemia
was characterized by a fasting serum low-
density lipoprotein cholesterol level =140 plaque
mg/dl on direct measurement (14) or cur-
rent use of lipid-lowering agents. Height
(m) and body weight (kg) were used to
calculate BMI.

Coronary CT scan protocol and reconstruction. CT'
examinations were performed using a 64-slice CT
scanner (LightSpeed VCT, GE Healthcare,
Waukesha, Wisconsin) with a gantry rotation time
of 350 ms. To avoid motion artifacts, patients with
a resting heart rate =60 beats/min were orally
administered 40 mg of metoprolol at 60 min before
the CT scan. All patients received 0.3 mg of
nitroglycerin sublingually just before scanning. A
noncontrast-enhanced scan with prospective elec-
trocardiographic gating was performed before CTA
to measure the CAC score (sequential scan with 16
X 2.5-mm collimation; tube current, 140 mA; tube
voltage, 120 kV). Following a test bolus examina-
tion to determine the start of the contrast-enhanced
scan, a retrospective electrocardiogram-gated CTA
was performed using a helical mode during an
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inspiratory breath-hold (64 X 0.625-mm collima-
tion; CT pitch factor, 0.18 to 0.24:1; tube current,
600 to 750 mA with electrocardiogram-correlated
tube current modulation; tube voltage, 120 kV). A
body weight—adjusted volume (0.6 to 0.7 ml/kg) of
contrast material (iopamidol, 370 mg I/ml, Bayer
Healthcare, Berlin, Germany) was injected over the
course of 10 s, followed by a saline flush of 25 ml.
The effective radiation dose was estimated based on
the dose-length product and ranged from 15 to 18
mSv (11).

Image reconstruction was retrospectively gated to
the electrocardiogram. Depending on the heart
rate, cither a half-scan (temporal window = 175
ms) or a multisegment (temporal window <175
ms) reconstruction algorithm was selected, and the
optimal cardiac phase with the fewest motion arti-
facts was chosen individually. The reconstructed
image data were transferred to a remote computer
workstation for post-processing (Advantage Work-
station Ver.4.2, GE Healthcare) and were analyzed
using dedicated software (CardIlQ, GE Health-
care).

CAC scoring. CAC score was assessed by 2 blinded
and independent observers using semiautomatic
software (Smartscore, version 3.5, GE Healthcare).
In each patient, CAC was identified as a dense area
in the coronary artery exceeding the threshold of
130 HU, and the total CAC score was calculated
based on the Agatston method (15).

Evaluation of plaque charactefistics. All coronary
segments >2 mm in diameter were evaluated by 2
blinded and independent observers using curved
multiplanar reconstructions and cross-sectional im-
ages rendered perpendicular to the vessel center
line. Atherosclerotic plaques were classified as cal-
cified or noncalcified. Calcified plaques were de-
fined as lesions composed exclusively of structures
with a CT density greater than that of the contrast-
enhanced coronary lumen, or with a CT density of
>130 HU assigned to the coronary artery wall in a
plain image. NCPs were defined as a low-density
mass >1 mm? in size, located within the vessel wall,
and clearly distinguishable from the contrast-
enhanced coronary lumen and the surrounding
pericardial tissue. For the analysis of plaque char-
acteristics, the optimal image display setting was
chosen on an individual basis; in general, the
window was between 700 and 1,000 HU, and the
level was between 100 and 200 HU.

We further evaluated the NCP characteristics on
CTA by determining the minimum CT density,
the vascular remodeling index, and adjacent calcium
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morphology, as previously described (11). The min-
imum CT density was determined as the lowest
density of at least 5 regions of interest (area = 1
mm?), which were placed on each lesion in a
random order. Based on our previous comparison of
CTA and IVUS data (11), NCP =38 HU (corre-
sponding to IVUS-identified hypoechoic plaque)
was defined as a low-density plaque. We then
measured the cross-sectional vessel area (mm?) for
each NCP site by manually tracing the outer vessel
contour (border to low-signal epicardial fat). Vas-
cular remodeling was assessed using the remodeling
index, which was calculated by dividing the cross-
sectional lesion vessel area by the proximal reference
vessel area. PR was defined as remodeling index
>1.05 (12). Finally, based on the methods previ-
ously described (11,16), we classified calcium de-
posits in or adjacent to each NCP morphologically
according to their length (L) and width (W) versus
the vessel diameter (VD) of the coronary artery in
which the calcium was observed as follows: none,
undetectable; spotty, L < 3/2 of VD and W < 2/3
of VD; long, L = 3/2 of VD and W < 2/3 of VD;
wide, L < 3/2 of VD and W = 2/3 of VDj; and
diffuse, L = 3/2 of VD and W = 2/3 of VD.
Measurement of VAT area. In addition to cardiac
scans, abdominal scans were performed at the 4th to
5th lumbar levels in the spinal position, and 12
slices at 5-mm thickness were obtained during a
breath-hold after normal expiration. The adipose
tissue areas and waist circumference in each subject
were determined from an image taken at the level of
the umbilicus using dedicated software (Virtual
Place, AZE Inc., Tokyo, Japan). Subcutaneous
adipose tissue was defined as extraperitoneal fat
between the skin and muscles, with attenuation
ranging from —150 to —50 HU. Intraperitoneal fat
with the same density as the subcutaneous adipose
tissue layer was defined as VAT The adipose tissue
areas were determined by automatic planimetry.
Wiaist circumference was determined at the umbi-
licus level using a mobile caliper.

Statistical analysis. Categorical variables are pre-
sented as the number of patients (percentage), and
continuous variables are expressed as mean = SD or
medians (interquartile range). We compared sex-
specific clinical and CTA characteristics between
patients divided by the median values of VAT area.
Differences between patients with high and low
VAT area were evaluated using chi-square tests for
categorical variables and the Student # test or
Mann-Whitney U test for continuous variables.
The presence of plaque was assessed as a binary



