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fit Caucasian and Latin American aortic root anatomies. We evaluated the racial differ-
ences in aortic root anatomy and calcium distribution in patients with aortic stenosis who
underwent TAVI. We conducted a multicenter study of 4 centers in Asia and Europe,
which includes consecutive patients who underwent TAVI with preprocedural multi-
detector computed tomography. Quantitative assessment of aortic root dimensions, calcium
volume for leaflet, and left ventricular outflow tract were retrospectively performed in a
centralized core laboratory. A total of 308 patients (Asian group, n [ 202; Caucasian
group, n [ 106) were analyzed. Compared to Caucasian group, Asian group had smaller
annulus area (406.3 – 69.8 vs 430.0 – 76.8 mm2; p[ 0.007) and left coronary cusp diameter
(30.2 – 3.2 vs 31.1 – 3.4 mm; p[ 0.02) and lower height of left coronary artery ostia (12.0 –
2.5 vs 13.4 – 3.4 mm; p <0.001). Of baseline anatomic characteristics, body height showed
the highest correlation with annulus area (Pearson correlation r [ 0.64; p <0.001).
Co-existence of lower height of left coronary artery ostia (<12 mm) and small diameter of
left coronary cusp (<30 mm) were more frequent in Asian group compared with Caucasian
group (35.6% vs 20.8%; p[ 0.02). In contrast, there were no differences in calcium volumes
of leaflet (367.2 – 322.5 vs 359.1 – 325.7 mm3; p [ 0.84) and left ventricular outflow tract
(8.9 – 23.4 vs 10.1 – 23.8 mm3; p [ 0.66) between 2 groups. In conclusion, judicious
consideration will be required to perform TAVI for short patients with lower height of left
coronary artery ostia and small sinus of Valsalva. � 2015 Elsevier Inc. All rights reserved.
(Am J Cardiol 2015;116:1566e1573)
Transcatheter aortic valve implantation (TAVI) has
become the treatment of choice in inoperable or high-risk
patients with severe aortic stenosis.1e3 A number of studies
demonstrated the safety and efficacy of TAVI.4e6 TAVI has
been generalized worldwide, and currently, more than
100,000 patients have been treated. For successful TAVI
f Cardiology and fDepartment of Radiology, University
edical Center, Seoul, Korea; bDepartment of Cardiology,
l, University of Catania, Catania, Italy; cDepartment of
rsity of Tokai School of Medicine, Isehara, Japan; dDe-
iology, Saiseikai Yokohama City Eastern Hospital,
eDepartment of Cardiology, National Taiwan University
Taiwan; and gExcellence Through Newest Advances
ia, Italy. Manuscript received June 17, 2015; revised
d and accepted August 18, 2015.
study was supported by a grant from the Cardiovascular
ion, Seoul, Republic of Korea.
Dr. Ahn contributed equally to this article.
for disclosure information.
g author: Tel: (þ82) 2-3010-4812; fax: (þ82) 2-475-

s: sjpark@amc.seoul.kr (S.-J. Park).

see front matter � 2015 Elsevier Inc. All rights reserved.
0.1016/j.amjcard.2015.08.021
procedure, complete understanding of aortic root anatomy is
of importance. Measurement of aortic annulus size, assess-
ment of aortic root calcification, and selection of appropriate
device size reduce the risk of device embolization, aortic root
rupture, coronary obstruction, and paravalvular aortic regur-
gitation.7e13 Of the imaging modalities, multidetector
computed tomography (MDCT) is widely used because of the
capability of 3-dimensional reconstruction that enables to
appreciate the aortic root anatomy with high reproducibility
and predictability of paravalvular aortic regurgitation.12,13

Although the current TAVI devices have been designed to
fit Caucasian and Latin American aortic root anatomies, the
racial differences in aortic root anatomy and calcification of
patients selected for TAVI have been poorly understood. The
aim of the present study was to evaluate these racial differ-
ences and to identify the determinants of the aortic root di-
mensions in patients with severe aortic stenosis who
underwent TAVI with MDCT.

Methods

From October 2012 to December 2014, consecutive
patients who underwent TAVI at 4 heart centers in Asia and
www.ajconline.org
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Table 1
Baseline characteristics

Variables All
(N ¼ 308)

Asian
(N ¼ 202)

Caucasian
(N ¼ 106)

p
value

Age (year) 81.0 � 6.1 80.8 � 6.3 81.4 � 5.8 0.45
Female 182 (59.1%) 118 (58.4%) 64 (60.4%) 0.74
Height (cm) 155.7 � 9.2 153.4 � 8.9 160.0 � 9.2 < 0.001
Weight (kg) 60.8 � 13.2 56.0 � 10.4 70.1 � 13.1 < 0.001
Body mass

index (kg/m2)
25.0 � 4.3 23.7 � 3.5 27.4 � 4.7 < 0.001

Body surface
area (m2)

1.59 � 0.19 1.53 � 0.17 1.73 � 0.17 < 0.001

NYHA Class III/IV 218 (70.8%) 135 (66.8%) 83 (78.3%) 0.04
Hypertension 264 (85.7%) 175 (86.6%) 89 (84.0%) 0.52
Diabetes mellitus 97 (31.5%) 62 (30.7%) 35 (33.0%) 0.68
Dyslipidemia 184 (59.7%) 126 (62.4%) 58 (54.7%) 0.19
Pulmonary disease 47 (15.3%) 27 (13.4%) 20 (18.9%) 0.21
Renal insufficiency* 159 (51.6) 124 (61.4%) 35 (33.0%) < 0.001
Peripheral vascular

disease
48 (15.6%) 38 (18.8%) 10 (9.4%) 0.03

Previous
percutaneous
coronary
intervention

80 (26.0%) 65 (32.2%) 15 (14.2%) 0.001

Previous coronary
artery bypass
grafting

24 (7.8%) 14 (6.9%) 10 (9.4%) 0.44

Previous stroke 24 (7.8%) 19 (9.4%) 5 (4.7%) 0.15
Logistic

EuroSCORE
20.6 � 13.0 21.0 � 13.6 19.4 � 10.7 0.44

Society of Thoracic
Surgeons score

5.9 � 5.0 6.1 � 5.2 5.1 � 4.5 0.16

Values are expressed as N (%) or mean � SD.
NYHA ¼ New York Heart Association.
* Defined as estimated GFR �60 ml/min/1.73 m2.
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Europe (Asan Medical Center, Korea; Saiseikai Yokohama
City Eastern Hospital, Japan; National Taiwan University
Hospital, Taiwan; and Ferrarotto Hospital, Italy) were
enrolled. Exclusion criteria were as follows: patients who
did not undergo preprocedural MDCT; patients underwent
TAVI for bicuspid aortic valve; patients underwent valve-
in-valve TAVI for degenerated bioprostheses. Finally, 308
patients were included and compared between Asian group
(patients from Asan Medical Center, Saiseikai Yokohama
City Eastern Hospital, and National Taiwan University
Hospital) and Caucasian group (patients from Ferrarotto
Hospital).

In each center, the heart team determined TAVI eligi-
bility on the basis of a systematic assessment with clinical
condition as well as angiography, computed tomography,
and echocardiography information. For the current analysis,
patient data were pooled from 4 institutions, and all
computed tomography Digital Imaging and Communica-
tions in Medicine data were collected and retrospectively
analyzed at core laboratory in Asan Medical Center. Data
collection was approved by the institutional review board at
each center, and all patients provided written informed
consent for analysis of their anonymized data.

All measurements of aortic root dimension were per-
formed by SHY and DHY using 3mensio Structural Heart
software (3mensio Structural Heart, version 6.0; 3mensio
Medical Imaging BV, Bilthoven, The Netherlands), as pre-
viously described.14,15 Three-dimensional MDCT annulus
measurements included minimal diameter, maximal diam-
eter, area, and perimeter. Annular eccentricity was described
using the ellipticity index, defined as maximal diameter
divided by minimal diameter. Aortic root measurements
were performed as previously described.16 In brief, the left
ventricular outflow tract (LVOT) was defined as the plane
5 mm inferior to the annulus plane; the sinus was defined
as the plane showing the largest cusp dimensions; the
sinotubular junction defined as the distal end of the sinus
portion; and the ascending aorta was defined as 30 mm
superior to the annulus plane. All aortic root measurements
were performed in midsystole. Retrieved from 20 randomly
selected data files, annulus area measurements were per-
formed by another observer to determine interobserver
agreement and by the same observers subsequently to
determine intraobserver agreement. All observers were
blinded to previous measurements. Lower height of left
coronary artery ostia was determined as <12 mm, and small
sinus of Valsalva was determined as left coronary cusp
diameter <30 mm according to reported study.8

For the assessment of calcification, calcium volume was
measured using 3mensio Structural Heart software with the
thresholds of 850 Hounsfield units.17 Calcium in left, right,
and noncoronary cusp was quantified separately using the
“Mercedes Benz” tool for localization. For the calcium
quantification, the aortic root was separated in the cranio-
caudal axis along the double oblique long axis of the aortic
root into the following parts: leaflet (from annulus plane to
superior edge of leaflets); LVOT (from 5 mm inferior to
annulus plane to annulus plane); and aortic root (from 5 mm
inferior to annulus plane to superior edge of leaflets), as
previously described.11 Asymmetry was assessed using the
maximum absolute difference in calcium volume between
any 2 leaflets.

For the analysis of device sizing, the appropriate size was
selected according to the published data for Edwards
SAPIEN XT transcatheter heart valve and Medtronic
CoreValve.18e20 Briefly, device sizing for SAPIEN XT was
based on a sizing algorithm with an optimal goal of modest
annulus area oversizing (5% to 10%) with upper and
lower limits of 1% to 20%. When >20% area oversizing
was anticipated, intentional underexpansion of the device
was suggested. Device sizing for Medtronic CoreValve was
based on manufacture’s recommendation: annulus area of
254.5 to 314.2 mm2, 314.2 to 415.5 mm2, 415.5 to
572.6 mm2, and 530.9 to 660.5 mm2 for the 23-, 26-, 29-,
and 31-mm CoreValve prosthesis.

Continuous variables are presented as mean � standard
deviation, whereas categorical variables are expressed as
counts and percentages. Between-group comparisons were
performed using the Pearson bivariate test and the chi-
square or Fisher’s exact test for categorical variables and
the Student t test for continuous variables. Pearson corre-
lation was used to compare the aortic root measurements
and anatomic characteristics. The KolmogoroveSmirnov
test was used to compare the distribution of aortic root
calcium volume. Linear regression analysis was used to
estimate the annulus area. Interobserver and intraobserver
agreement was evaluated by calculating intraclass



Table 2
Aortic root dimensions

Variables All
(N ¼ 308)

Asian
(N ¼ 202)

Caucasian
(N ¼ 106)

p value

Annulus
Area (mm2) 414.5 � 73.1 406.3 � 69.8 430.0 � 76.8 0.007
Perimeter 73.7 � 6.4 73.0 � 6.2 75.1 � 6.5 0.008
Diameter maximal 26.0 � 2.5 25.6 � 2.4 26.7 � 2.6 < 0.001
Diameter minimal 20.6 � 2.1 20.5 � 2.0 20.7 � 2.1 0.40
Diameter mean 23.3 � 2.1 23.1 � 2.0 23.7 � 2.2 0.009
Ellipticity index* 1.26 � 0.10 1.25 � 0.10 1.29 � 0.10 0.001

Left ventricular outflow tract
Area (mm2) 393.1 � 90.5 385.1 � 88.3 408.4 � 93.0 0.03
Perimeter 72.9 � 8.1 71.8 � 7.8 74.9 � 8.2 0.001
Diameter maximal 26.9 � 3.0 26.4 � 2.8 27.6 � 3.1 0.001
Diameter minimal 18.9 � 2.8 18.8 � 2.8 19.0 � 2.7 0.60
Diameter mean 22.9 � 2.8 22.6 � 2.5 23.3 � 2.6 0.02
Ellipticity index* 1.44 � 0.19 1.42 � 0.18 1.47 � 0.20 0.03

Sinus of Valsalva
Area (mm2) 761.0 � 162.7 753.4 � 158.4 775.5 � 170.4 0.26
Perimeter 100.9 � 11.1 100.5 � 11.1 101.5 � 11.2 0.46
Diameter, left coronary cusp 30.5 � 3.3 30.2 � 3.2 31.1 � 3.4 0.02
Diameter, right coronary cusp 29.2 � 3.5 29.2 � 3.1 29.4 � 4.2 0.58
Diameter, non-coronary cusp 30.9 � 4.1 30.7 � 4.3 31.5 � 3.7 0.11
Diameter mean 30.2 � 3.2 30.0 � 3.1 30.7 � 3.3 0.09
Height, left coronary cusp 16.9 � 2.7 16.3 � 2.6 18.0 � 2.8 < 0.001
Height, right coronary cusp 18.7 � 2.8 18.5 � 2.7 19.1 � 2.9 0.046
Height, non-coronary cusp 16.5 � 2.5 16.0 � 2.4 17.5 � 2.5 < 0.001
Height mean 17.4 � 2.3 16.9 � 2.2 18.2 � 2.3 < 0.001

Sino-tubular junction
Area (mm2) 594.6 � 142.6 581.5 � 134.2 628.4 � 153.4 0.006
Perimeter 86.6 � 10.0 85.6 � 9.3 88.6 � 10.8 0.01
Diameter maximal 28.3 � 3.3 27.8 � 3.1 29.1 � 3.6 0.002
Diameter minimal 26.8 � 3.2 26.5 � 3.0 27.3 � 3.4 0.03
Diameter mean 27.5 � 3.2 27.2 � 3.0 28.2 � 3.5 0.007

Ascending aorta
Area (mm2) 752.5 � 154.0 753.0 � 139.8 751.6 � 178.5 0.94
Perimeter 97.0 � 10.7 97.2 � 8.9 96.6 � 13.5 0.70
Diameter maximal 31.6 � 3.2 31.5 � 2.9 31.8 � 3.6 0.43
Diameter minimal 30.3 � 3.0 30.4 � 2.8 30.0 � 3.5 0.37
Diameter mean 30.9 � 3.1 30.9 � 2.8 30.9 � 3.5 0.30

Coronary ostia
Height, left coronary ostia 12.5 � 2.9 12.0 � 2.5 13.4 � 3.4 < 0.001
Height, right coronary ostia 16.8 � 3.0 16.8 � 2.6 16.9 � 3.6 0.82

Leaflet
Left coronary cusp 102.8 � 104.3 96.7 � 103.9 115.7 � 104.4 0.15
Right coronary cusp 104.9 � 109.0 101.6 � 112.2 112.0 � 102.2 0.45
Non-coronary cusp 171.5 � 156.2 168.8 � 153.4 177.3 � 162.6 0.67
Total 364.4 � 323.1 367.2 � 322.5 359.1 � 325.7 0.84
Asymmetry 124.2 � 109.1 127.7 � 106.4 117.5 � 114.3 0.44

Left ventricular outflow tract
Left coronary cusp 5.0 � 17.1 4.1 � 15.6 7.1 � 20.0 0.16
Right coronary cusp 1.6 � 8.1 1.6 � 8.1 1.6 � 8.3 0.95
Posterior-coronary cusp 3.0 � 13.3 3.1 � 14.3 2.7 � 11.0 0.81
Total 9.3 � 23.5 8.9 � 23.4 10.1 � 23.8 0.66
Asymmetry 8.4 � 21.4 8.0 � 21.3 9.1 � 21.6 0.65

Aortic root
Left coronary cusp 107.8 � 109.9 100.8 � 108.5 122.8 � 111.9 0.11
Right coronary cusp 106.5 � 113.3 103.3 � 116.5 113.5 � 106.4 0.47
Posterior-coronary cusp 174.5 � 158.3 172.0 � 156.3 180.0 � 163.3 0.68
Total 388.9 � 331.4 376.1 � 332.3 416.4 � 329.6 0.33
Asymmetry 131.5 � 110.0 130.2 � 109.2 134.4 � 112.3 0.76

Values are expressed as mean � SD.
Values are millimeters, unless otherwise indicated.
* Defined as Maximum diameter/Minimal diameter.
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Table 3
Correlation between anatomical characteristics and annulus size

Annulus area Annulus perimeter Annulus mean diameter

Pearson r correlation p value Person r correlation p value Pearson r correlation p value

Weight 0.35 < 0.001 0.35 < 0.001 0.36 < 0.001
Height 0.64 < 0.001 0.64 < 0.001 0.65 < 0.001
Body mass index 0.03 0.65 0.02 0.70 0.03 0.64
Body surface area 0.47 < 0.001 0.47 < 0.001 0.48 < 0.001

Figure 1. Correlation of aortic root dimensions and body height. Correlations between body height and the annulus area for overall (A), Asian (B), and Caucasian (C)
are shown. Fitted lines present the predicted values from the linear regression, and dotted lines present the predicted values � standard deviation.
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correlation coefficients. All p values reported are 2-sided,
and p values <0.05 were considered significant. All data
were analyzed using the Statistical Package for the Social
Science (SPSS) software version 20 (SPSS Inc., Chicago,
Illinois).

Results

A total of 308 patients with mean age of 81.0 � 6.1 years
and 182 women (59.1%) were included in this study.
Compared to Caucasian group, Asian group was smaller in
height, weight, body mass index, and body surface area
(Table 1). Renal insufficiency, peripheral vascular disease,
and previous percutaneous coronary intervention were more
frequent, and NYHA classes III or IV was less common in
Asian group compared with Caucasian group.

Overall and race-specific dimensions of the aortic root
are provided in Table 2. We demonstrated satisfactory
interobserver and intraobserver reproducibility for aortic
root measurement (interobserver intraclass correlation
coefficients ¼ 0.97 and intraobserver intraclass correlation
coefficients ¼ 0.98). Compared to Caucasian group, annulus



Figure 2. Association of body height and annulus size or appropriate device size. The appropriate device size was associated with body height for Edwards
SAPIEN or SAPIEN XT (A) and Medtronic CoreValve (B). NR ¼ not recommended; UE ¼ underexpansion.

Figure 3. Comparison of left coronary artery (LCA) height and left coronary
cusp (LCC) diameter. Comparison of frequency of lower height of LCA
ostia and small LCC between Asian and Caucasian. Lower height of LCA
ostia was determined by height of LCA ostia <12 mm and small LCC was
determined by LCC diameter < 30 mm.
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area, perimeter, and maximal and mean diameter were
smaller in Asian group. Similarly, LVOT area, perimeter,
and maximal and mean diameter were smaller in Asian
group than in Caucasian group. In terms of other parts of
aortic root, diameter of left coronary cusp, height of all
3 cusps, and sinotubular junction dimension (area, perim-
eter, and maximal/minimal/mean diameter) were smaller in
Asian group than in Caucasian group, but the ascending
aorta dimensions were similar between 2 groups. With
respect to height of coronary ostium, height of left coronary
artery ostia was shorter in Asian group than in Caucasian
group (12.0 � 2.5 vs 13.4 � 3.4 mm; p <0.001), but there
were no differences in right coronary artery ostia between
2 groups (16.8 � 2.6 mm vs 16.9 � 3.6 mm; p ¼ 0.82).

Among the baseline anatomic characteristics including
weight, height, body mass index, and body surface area, height
showed the highest linear association with aortic annulus
dimensions (annulus area, Pearson correlation r ¼ 0.64;
p <0.001; annulus perimeter, Pearson correlation r ¼ 0.64;
p <0.001; annulus mean diameter, Pearson correlation
r¼ 0.65; p<0.001; Table 3 and Figure 1). On linear regression
analysis, annulus area was estimated as following formulas:
(annulus area for Asian)¼ 4.93 � (height) � 350 � 66 mm2;
(annulus area for Caucasian) ¼ 5.24 � (height) � 410 �
102 mm2 (Figure 1). Regardless of the type of devices, the
appropriate device size showed continuous distribution pattern,
with association with body height (Figure 2).

The number of patients with lower height of left coronary
artery ostia (<12 mm) was 146 (47.4%) in overall, 107
(53.0%) in Asian group, and 39 (36.8%) in Caucasian group
(p ¼ 0.007). Similarly, the number of patients with small
sinus of Valsalva (left coronary cusp diameter <30 mm)
was 142 (46.1%) in overall, 101 (50.0%) in Asian group,
and 41 (38.7%) in Caucasian group (p ¼ 0.058).
Co-existence of lower height of left coronary artery ostia
and small sinus of Valsalva was more common in Asian
group than in Caucasian group (35.6% vs 20.8%; p ¼ 0.02;
Figure 3).

The measurements of calcium quantification were sum-
marized in Table 4. There were no differences in mean
calcium volume of leaflet, LVOT, and aortic root between
2 groups (leaflet 367.2 � 322.5 vs 359.1 � 325.7 mm3,
p ¼ 0.84; LVOT 8.9 � 23.4 vs 10.1 � 23.8 mm3, p ¼ 0.66;
and aortic root 376.1 � 332.3 vs 416.4 � 329.6 mm3,
p ¼ 0.33). Similarly, asymmetry of leaflet, LVOT, and
aortic root calcium volume were similar between 2 groups
(leaflet 127.7 � 106.4 vs 117.5 � 114.3 mm3, p ¼ 0.44;
LVOT 8.0 � 21.3 vs 9.1 � 21.6 mm3, p ¼ 0.65; and aortic
root 130.2 � 109.2 vs 134.4 � 112.3 mm3, p ¼ 0.76). In
addition, distribution pattern of aortic root calcium volume
was not significantly different between 2 groups (p ¼ 0.35;
Figure 4).

Discussion

The present study demonstrated 2 following findings:
aortic root dimensions were smaller in Asian group than in
Caucasian group, especially lower height of left coronary
artery ostia and small sinus of Valsalva in Asian group;
there were no significant differences in calcium volume

http://www.ajconline.org


Table 4
Quantification of calcium

Calcium volume, mm3 All
(N ¼ 308)

Asian
(N ¼ 202)

Caucasian
(N ¼ 106)

p value

Leaflet
Left coronary cusp 102.8 � 104.3 96.7 � 103.9 115.7 � 104.4 0.15
Right coronary cusp 104.9 � 109.0 101.6 � 112.2 112.0 � 102.2 0.45
Non-coronary cusp 171.5 � 156.2 168.8 � 153.4 177.3 � 162.6 0.67
Total 364.4 � 323.1 367.2 � 322.5 359.1 � 325.7 0.84
Asymmetry 124.2 � 109.1 127.7 � 106.4 117.5 � 114.3 0.44

Left ventricular outflow tract
Left coronary cusp 5.0 � 17.1 4.1 � 15.6 7.1 � 20.0 0.16
Right coronary cusp 1.6 � 8.1 1.6 � 8.1 1.6 � 8.3 0.95
Posterior-coronary cusp 3.0 � 13.3 3.1 � 14.3 2.7 � 11.0 0.81
Total 9.3 � 23.5 8.9 � 23.4 10.1 � 23.8 0.66
Asymmetry 8.4 � 21.4 8.0 � 21.3 9.1 � 21.6 0.65

Aortic root
Left coronary cusp 107.8 � 109.9 100.8 � 108.5 122.8 � 111.9 0.11
Right coronary cusp 106.5 � 113.3 103.3 � 116.5 113.5 � 106.4 0.47
Posterior-coronary cusp 174.5 � 158.3 172.0 � 156.3 180.0 � 163.3 0.68
Total 388.9 � 331.4 376.1 � 332.3 416.4 � 329.6 0.33
Asymmetry 131.5 � 110.0 130.2 � 109.2 134.4 � 112.3 0.76

Values are expressed as mean � SD.

Figure 4. Distribution of aortic root calcium volume in Asian and Caucasian
groups. Distribution pattern of aortic root calcium volume in Asian and
Caucasian groups are shown.
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and its asymmetry of leaflet, LVOT, and aortic between
2 groups.

In healthy population, aortic annulus size measured by
2-dimensional transesophageal echocardiogram was
augmented with the increase of body weight, body height,
and body surface area; and body surface area showed the
highest correlation.21 In contrast, our study demonstrated
that annulus size in patients with severe aortic stenosis had
the highest correlation with body height. Because the
assumption formulas were similar between Asian and
Caucasian, racial difference in annulus dimensions might be
attributable to the difference in body height. Similarly, the
sexual difference in annulus dimensions might be due to the
difference in body height (Supplementary Figure 1).16

Our study firstly reported the lower height of left coro-
nary artery ostia in Asian group than in Caucasian group.
Note that 1/3 of Asian patients had both lower height of left
coronary artery ostia and small sinus of Valsalva. According
to reported study, lower height of left coronary artery ostia
and small sinus of Valsalva were associated with coronary
obstruction after TAVI.8 Therefore, TAVI practice for
patients with small annulus will increase the risk of coronary
obstruction. In contrast, small annulus was associated with
decreased risk of paravalvular aortic regurgitation.22e24 The
impact of these anatomic differences on clinical outcomes
needs further investigation.

Several studies demonstrated the association between the
amount of calcium volume and higher incidence of para-
valvular aortic regurgitation after TAVI.11,17 Accurate
device sizing with MDCT measurement in the current
practice will emphasize the impact of aortic valve calcifi-
cation on clinical outcome. Several studies described the
racial difference in the prevalence of calcification of coro-
nary artery and extracoronary including aortic and mitral
valves and thoracic aorta in the prospective cohort of
asymptomatic subjects.25,26 However, our analysis demon-
strated that there were no differences in the mean calcium
volume and its asymmetry of leaflet, LVOT, and aortic root
between 2 groups. This discrepancy might be explained by
that the patients with severe aortic stenosis who underwent
TAVI were highly selected population with old age and
multiple co-morbidities and entirely different from the pre-
vious cohort population. Furthermore, the similar severity
and distribution of calcification despite the racial difference
in aortic root dimensions indicates that the aortic valve
calcification was independent from baseline characteristics
and other co-morbidities and thus should be assessed
individually.

The following limitations of the present study need to be
acknowledged: First, this study enrolled patients who
underwent TAVI during selected period and preprocedural
MDCT with adequate quality and does not provide the in-
formation for patients who underwent TAVI at different
period or those without preprocedural MDCT. Second, only
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calcium volume on contrast CT is assessed in this study,
and calcium volume on noncontrast CT is not assessed. The
calcium volume on noncontrast CT is more accurate for the
assessment of calcification; however, given the association
between location of calcium and paravalvular aortic regur-
gitation, quantification of calcium on contrast CT will pro-
vide important information. Finally, both groups do not
adequately represent their races. Korean patients might be
taller in Asian countries, and Italian patients might be
shorter in European countries. The results from this study
need to be investigated in other countries.
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