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INTRODUCTION
There is substantial computed tomography 
angiography (CTA) data on aortic root anat-
omy in patients with aortic valve stenosis, 
but much less information is available on 
normal aortic anatomy as evaluated by CTA. 
CTA is regarded as the most accurate imaging 
modality for quantification of aortic valve ap-
paratus [1–4]. Given the growing number of 
transcatheter aortic valve replacement (TAVR) 
procedures in younger populations and the 
anticipated need for re-interventions, the 
knowledge of potential ethnical differences 
may allow for a more individualized approach 
to appropriate aortic valve selection.

We studied Caucasian and Asian subjects 
without CTA-detectable atherosclerosis in 
either the coronary arteries or the ascending 
aorta to evaluate the ethnic factors affecting 
these dimensions.

METHODS
A consecutive series of 196 Caucasian (Polish) 
patients in whom coronary artery disease was 
excluded by coronary CTA were matched with 
440 Asian (Korean) patients without any CTA 
coronary artery atherosclerotic changes. The 
details of group selection have been described 
previously [5]. Subjects were matched by 1) 
body-surface area (BSA), with ± 0.01 m2 al-
lowance; 2) age, with ± 15 years allowance; 
and 3) sex. Eventually, 115 Caucasian-Asian 

pairs were created. Each CTA examination was 
evaluated for the presence of a bicuspid aortic 
valve, atherosclerotic plaque in the aortic root, 
or the presence of aortic valve prosthesis, 
and patients with any of these pathologies 
were excluded.

Demographic and co-morbidity data 
were obtained from medical records. In the 
Caucasian (Polish) group, CTA was performed 
from 2012 to 2014 at the National Institute 
of Cardiology (Warsaw, Poland) using a du-
al-source scanner (Somatom Definition; Sie-
mens Healthcare, Forchheim, Germany). In 
the Korean group, CTA was performed from 
2014 to 2018 at the Chung-Ang Hospital Uni-
versity (Seoul, Korea) using a Philips Brilliance 
64 scanner (Philips, Best, the Netherlands). Ap-
provals of both Polish and Korean institutional 
review boards were obtained. The research 
was done in accordance with the Declaration 
of Helsinki. Written consent was waived due 
to the retrospective nature of the study.

Image acquisition, contrast dosage, and 
CTA protocol were described in our previous 
article [5]. Only diastolic reconstructions of the 
aortic root were used for measurements. The 
analysis was done retrospectively by a single 
experienced observer (JS) using the same ded-
icated workstation and software (iNtuition, 
Terarecon, Foster City, CA, US). 

Measurements were performed accord-
ing to the standard pre-TAVR evaluation [6]. 



w w w . j o u r n a l s . v i a m e d i c a . p l / p o l i s h _ h e a r t _ j o u r n a l 325

Jarosław Skowroński et al., Impact of ethnicity on aortic root dimensions

The first measurement point was at the level of the aortic 
valve annulus, just below the plane of the hinge points of 
the aortic valve leaflets; the second parallel plane was at 
the greatest aortic bulb cross-section area (CSA); the third 
parallel plane was at the sino-tubular junction (STJ). In 
all planes, CSA, perimeter, and diameter were measured. 
Moreover, STJ height and the heights of the right coronary 
artery (RCA) and the left coronary artery (LCA) ostium were 
evaluated. 

Statistical analysis
Statistical evaluation was done with MedCalc 9.3.8.0 soft-
ware (MedCalc, Merierkerke, Belgium). Categorical vari-
ables were analyzed using the χ2 test. Continuous data 
were evaluated first with the Kolmogorov-Smirnov test for 
normal distribution. The Mann-Whitney U test was used 
in cases of non-parametric distribution, and data were 
presented as medians with interquartile ranges (IQR). The 
t-test was employed in cases of normal distribution and 
data were presented as means with standard deviations 
(SD). The Spearman test was used for correlation analy-
sis. A P-value of less than 0.05 was recognized as significant. 

RESULTS AND DISCUSSION
Of 115 case-control-matched Polish-Korean pairs, 27 pairs 
were rejected because of the presence of defined patholo-
gies, and two pairs were rejected because of non-diagnostic 
CTA. As shown in Table 1, there were no differences in basic 
demographics except for hypertension and smoking. 

Whereas the dimensions of the aortic valve (AV) annulus 
(median [IQR] CSA: 4.1 [3.6–4.8] cm2 vs. 4.1 [3.6–4.7] cm2; 
P = 0.31) were not significantly different between the two 
ethnicities, Caucasians had larger dimensions of the aorta 
at the level of the aortic bulb (median [IQR] CSA: 7.8 [6.9–
9.3] cm2 vs. 7.5 [6.3–8.3] cm2; P = 0.003) and the STJ (median 
[IQR] CSA: 5.6 [5.0–6.9] cm2 vs. 5.4 [4.8–6.2] cm2; P = 0.02) 
than Asians. Also, the distances from the coronary ostia 
and the STJ to the aortic valve were greater in Caucasians 
than in Asians (23.4 [21.9–25.7] mm vs. 21.9 [20.9–23.4] 
mm for median [IQR] STJ height; P <0.001; 15.4 [3.0] mm 
vs. 14.5 [2.3] mm for mean [SD] LCA ostium height; P = 0.01; 
17.6 [3.4] mm vs. 15.9 [2.9] mm for mean [SD] RCA ostium 
height; P <0.01). 

After combining Caucasians and Asians, the strongest 
correlation with aortic dimensions was found for BSA (from 
R = 0.32 for RCA ostium height to R = 0.75 for AV annulus 
perimeter; P <0.01 for all correlations), followed by height 
(from R = 0.31 for STJ CSA to R = 0.71 for AV annulus pe-
rimeter all P <0.01), and weight (from R = 0.27 for AV to 
LCA ostium height to R = 0.69 for AV annulus perimeter 
all P <0.01). 

The main findings of our study in individuals without 
CTA-detectable coronary or ascending aorta atheroscle-
rosis were as follows: 1) Caucasians had larger aortic root 
dimensions by an average of 3.6%–4.6% for diameter and 
by 7.2%–9.4% for CSA than Asians, even after matching for 
body size. 2) The height of the coronary artery ostia was 
greater in Caucasian than Asian subjects. Consequently, our 

Table 1. Basic patient demographics and comparison of aortic root dimensions of Caucasian (n = 86) vs. Asian (n = 86) patients

Variable Caucasian
(n = 86)

Asian
(n = 86)

P-value

Mean age, years, mean (SD) 46.9 (7.9) 47.3 (11.8) 0.68

Men, n (%) 40 (47) 40 (47) 1

Diabetes mellitus, n (%) 3 (4) 2 (2) 0.64

Hypertension, n (%) 40 (47) 14 (16) <0.001

Hyperlipidemia, n (%) 44 (52) 53 (62) 0.26

Active smoking or a history of n (%) 10 (12) 32 (37) <0.001

Weight, kg, mean (SD) 71.0 (13) 71.3 (13) 0.59

Height, cm, median (IQR) 168 (162–176) 167 (161–176) 0.13

BMI, kg/m2, median (IQR) 24.2 (22.0–27.4) 25.0 (22.9–26.8) 0.15

BSA, m2, mean (SD) 1.81 (0.20) 1.81 (0.20) 0.32

AV annulus CSA, cm2, median (IQR) 4.1 (3.6–4.8) 4.1 (3.6–4.7) 0.31

AV annulus diameter, mm, median (IQR) 22.7 (21.4–24.6) 23.0 (21.5–24.4) 0.42

AV annulus perimeter, mm, mean (SD) 75.0 (7.1) 74.0 (6.6) 0.16

Aortic bulb CSA, cm2, median (IQR), 7.8 (6.9–9.3) 7.5 (6.3–8.3) 0.003

Aortic bulb diameter, mm, mean (SD) 31.1 (3.5) 29.7 (2.9) 0.006

Aortic bulb perimeter, mm, median (IQR) 102.0 (96.5–113.0) 101.5 (94.3–107.0) 0.02

STJ CSA, cm2, median (IQR) 5.6 (5.0–6.9) 5.4 (4.8–6.2) 0.02

STJ diameter, mm, median (IQR) 26.7 (25.3–29.6) 26.3 (24.6–28.0) 0.02

STJ perimeter, mm, median (IQR) 84.3 (79.9–93.7) 82.8 (77.9–88.6) 0.01

STJ height to AV annulus, mm, median (IQR) 23.4 (21.9–25.7) 21.9 (20.9–23.4) <0.001

AV to LCA ostium height, mm, mean (SD) 15.4 (3.0) 14.5 (2.3) 0.01

AV to RCA ostium height, mm, mean (SD) 17.6 (3.4) 15.9 (2.9) <0.001

Abbreviations: AV, aortic valve; BMI, body mass index; BSA, body surface area; CSA, cross-sectional area; IQR, interquartile range; LCA, left coronary artery; RCA, right coronary 
artery; SD, standard deviation; STJ, sino tubular junction
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results suggested that ethnic differences should be taken 
into account when setting thresholds for reference values 
defining normal aortic root anatomy. 

Ribeiro et al. [7] found that a lower height of the coro-
nary ostia and smaller aortic bulb diameter increased the 
risk for coronary obstruction after TAVR and that coronary 
obstructions were more frequent in females; however, 
ethnic data were not evaluated. Significantly, coronary 
occlusions after TAVR and, especially, after redoing TAVR 
have been serious and potentially lethal. This was recently 
underlined by Buzzatti et al. [8] who showed that the risk 
after redoing TAVR exceeded 10%. Our data suggest that 
the risk of coronary occlusion during re-TAVR may be higher 
in the Asian population.

Yoon et al. [9] performed a comparison of diseased 
pre-TAVR aortic root anatomy in a multiethnic, four-center 
study. The authors found that the dimensions of the aortic 
root structures and LCA ostium height were smaller in 
Asians than in Caucasian patients [9]. However, this study 
lacked a matching protocol; and BSA was significantly 
different between ethnic groups. 

Pham et al. [10] presented CTA data on aortic root 
anatomy in healthy individuals living in Denmark. The 
authors admitted that lack of data on patient ethnicity 
was a limitation; this limitation has been addressed in our 
report. Indeed, we have concluded that ethnicity affected 
all dimensions of the aortic root and should be taken into 
account when planning future studies. 

There are some limitations of this study. CTA scans were 
performed with coronary protocol focused on the coronary 
tree and, therefore, did not include the whole ascending 
aorta. Only the diastolic phase of the cardiac cycle was 
used for measurements. In the matching protocol, there 
was a substantial allowance for age — 15 years. 

In conclusion, Caucasians have larger aortic root struc-
tures and higher coronary ostia than Asians even after 
matching for body size.

Article information 
Conflict of interest: None declared. 

Funding: The study was funded by the institutional research grant 
from the National Institute of Cardiology (Warsaw, Poland) and by 
the Chung-Ang University (Seoul, Korea) Research Grant in 2018. The 
sponsors did not have any influence on study design, data collection, 
analysis, or interpretation.

Open access: This article is available in open access under Creative 
Common Attribution-Non-Commercial-No Derivatives 4.0 Interna-
tional (CC BY-NC-ND 4.0) license, which allows downloading and 
sharing articles with others as long as they credit the authors and the 
publisher, but without permission to change them in any way or use 
them commercially. For commercial use, please contact the journal 
office at polishheartjournal@ptkardio.pl

REFERENCES
1.	 Plonek T, Berezowski M, Bochenek M, et al. A comparison of aortic 

root measurements by echocardiography and computed tomogra-
phy. J Thorac Cardiovasc Surg. 2019; 157(2): 479–486, doi: 10.1016/j.
jtcvs.2018.07.053, indexed in Pubmed: 30227996.

2.	 Kempfert J, Van Linden A, Lehmkuhl L, et al. Aortic annulus sizing: echo-
cardiographic versus computed tomography derived measurements in 
comparison with direct surgical sizing. Eur J Cardiothorac Surg. 2012; 
42(4): 627–633, doi: 10.1093/ejcts/ezs064, indexed in Pubmed: 22402450.

3.	 Rodríguez-Palomares JF, Teixidó-Tura G, Galuppo V, et al. Multimodal-
ity assessment of ascending aortic diameters: Comparison of different 
measurement methods. J Am Soc Echocardiogr. 2016; 29(9): 819–826.e4, 
doi: 10.1016/j.echo.2016.04.006, indexed in Pubmed: 27288090.

4.	 Blondheim DS, Vassilenko L, Glick Y, et al. Aortic dimensions by multi-de-
tector computed tomography vs. echocardiography. J Cardiol. 2016; 67(4): 
365–370, doi: 10.1016/j.jjcc.2015.06.008, indexed in Pubmed: 26343753.

5.	 Skowronski J, Cho I, Mintz GS, et al. Inter-ethnic differences in normal 
coronary anatomy between Caucasian (Polish) and Asian (Korean) popu-
lations. Eur J Radiol. 2020; 130: 109185, doi: 10.1016/j.ejrad.2020.109185, 
indexed in Pubmed: 32771813.

6.	 Francone M, Budde RPJ, Bremerich J, et al. CT and MR imaging prior to 
transcatheter aortic valve implantation: standardisation of scanning 
protocols, measurements and reporting-a consensus document by 
the European Society of Cardiovascular Radiology (ESCR). Eur Radiol. 
2020; 30(5): 2627–2650, doi: 10.1007/s00330-019-06357-8, indexed in 
Pubmed: 31489471.

7.	 Ribeiro HB, Webb JG, Makkar RR, et al. Predictive factors, management, 
and clinical outcomes of coronary obstruction following transcatheter 
aortic valve implantation: insights from a large multicenter registry. J 
Am Coll Cardiol. 2013; 62(17): 1552–1562, doi: 10.1016/j.jacc.2013.07.040, 
indexed in Pubmed: 23954337.

8.	 Buzzatti N, Montorfano M, Romano V, et al. A computed tomography study 
of coronary access and coronary obstruction after redo transcatheter 
aortic valve implantation. EuroIntervention. 2020; 16(12): e1005–e1013, 
doi: 10.4244/EIJ-D-20-00475, indexed in Pubmed: 32928715.

9.	 Yoon SH, Ohno Y, Araki M, et al. Comparison of aortic root anatomy and 
calcification distribution between Asian and Caucasian patients who 
underwent transcatheter aortic valve implantation. Am J Cardiol. 2015; 
116(10): 1566–1573, doi:  10.1016/j.amjcard.2015.08.021, indexed in 
Pubmed: 26428022.

10.	 Pham MHC, Ballegaard C, de Knegt MC, et al. Normal values of aortic 
dimensions assessed by multidetector computed tomography in 
the Copenhagen General Population Study. Eur Heart J Cardiovasc 
Imaging. 2019; 20(8): 939–948, doi:  10.1093/ehjci/jez012, indexed in 
Pubmed: 30809640.

http://dx.doi.org/10.1016/j.jtcvs.2018.07.053
http://dx.doi.org/10.1016/j.jtcvs.2018.07.053
https://www.ncbi.nlm.nih.gov/pubmed/30227996
http://dx.doi.org/10.1093/ejcts/ezs064
https://www.ncbi.nlm.nih.gov/pubmed/22402450
http://dx.doi.org/10.1016/j.echo.2016.04.006
https://www.ncbi.nlm.nih.gov/pubmed/27288090
http://dx.doi.org/10.1016/j.jjcc.2015.06.008
https://www.ncbi.nlm.nih.gov/pubmed/26343753
http://dx.doi.org/10.1016/j.ejrad.2020.109185
https://www.ncbi.nlm.nih.gov/pubmed/32771813
http://dx.doi.org/10.1007/s00330-019-06357-8
https://www.ncbi.nlm.nih.gov/pubmed/31489471
http://dx.doi.org/10.1016/j.jacc.2013.07.040
https://www.ncbi.nlm.nih.gov/pubmed/23954337
http://dx.doi.org/10.4244/EIJ-D-20-00475
https://www.ncbi.nlm.nih.gov/pubmed/32928715
http://dx.doi.org/10.1016/j.amjcard.2015.08.021
https://www.ncbi.nlm.nih.gov/pubmed/26428022
http://dx.doi.org/10.1093/ehjci/jez012
https://www.ncbi.nlm.nih.gov/pubmed/30809640

