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Background: A limitation associated with coronary computed tomography angiography
(CCTA) is the lack of a normal reference value for aortic root dimensions and the uncertainty
of the influence of age and gender on these dimensions. The purpose of the present study was
to identify the normal values and variations of aortic root dimensions in healthy individuals
and investigate how gender and age affect aortic root size.

Methods: A total of 1286 healthy yellow population (52.7 + 11.0 years, 634 male) who
underwent CCTA were retrospectively included in the present study. Male and female
patients were divided into seven groups according to age (< 30 years old, 30-39, 4049,
50-59, 60—69, 70-79, > 80 years old). In these age groups, we measured and compared the
parameters of the aortic root.

Results: After body surface area (BSA) correction, the aortic root parameters of females
were found to be greater than those of males in the 40-49 age group (P<0.05). There were no
significant differences in aortic root parameters between genders in other age groups, except
for the diameter of the ascending aorta, which was greater in females (P<0.05). In males, age
was positively correlated with aortic root parameters (P<0.05), except for the annulus short
diameter and LVOT short diameter. In females, age was positively correlated with aortic root
parameters (P<0.05), except for the left coronary ostia height and the LVOT short diameter.
Conclusion: Aortic root dimensions are affected by age and gender. After BSA correction,
females show larger aortic root dimensions than males, and aortic root diameters increase
with age.
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Introduction

Accurate assessment of the aortic root anatomy is crucial for the detection of aortic
root disease and for the preoperative selection of an appropriate size valve.
Accordingly, pre-operative imaging plays an important role in assessing the anat-
omy of the aortic root.! Data on the aortic root have been collected from transeso-
phageal echocardiography, coronary computed tomography angiography (CCTA),
and magnetic resonance imaging.' > CCTA has the advantage of providing three-
dimensional images of the aortic root anatomy, as well as the relationship of the
annulus to the coronary ostia, with a high spatial resolution. CT is considered
a promising non-invasive imaging modality for aortic root morphology assessment
and diagnosis of aortic root disease,””’ showing superiority over other modalities.®
However, many of the routinely used CT imaging planes do not have a normal
reference value for aortic root dimensions, and little is known about the influence of

age and gender on the dimensions of the aortic root.
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The purpose of the present study was to identify the
normal values of aortic root dimensions from a large
population examined by CCTA. The effect of gender and
age on aortic root dimension differences was also

explored.

Methods

Patients

Participants were recruited from the Fuwai Hospital,
National Center for Cardiovascular Diseases, a single cen-
ter study on the yellow population. We retrospectively
analyzed 3018 patients suspected of coronary artery dis-
ease without aortic and aortic valve disease who under-
went CCTA from June 2016 to March 2017. All the
patients were initially recommended for CCTA by their
cardiologists. The study complied with the Declaration of
Helsinki, and all patients provided informed consent for
inclusion in the registry. Subjects with heart valve disease
(n=192), heart failure (n=130), congenital heart disease
(n=97), cardiomyopathy (n=106), left ventricular hypertro-
phy (n=77), atrial fibrillation (n=195), or hypertension
(n=808) were excluded from the study. Subjects who did
not have the complete clinical information necessary to
calculate the pre-test (n=117) non-diagnostic coronary
images due to motion artifacts or inadequate image con-
trast on CCTA scans (n=10) were also excluded. In total,
1286 patients were included in the study. The literature
provides little basis for determining “normal” aortic root
morphology; therefore, patients without any pathologic
findings that could affect the aortic root anatomy were
selected. This retrospective study was approved by the
Ethics committee of Fuwai Hospital, National Center for
Cardiovascular Diseases, Chinese Academy of Medical
Sciences and Peking Union Medical College.

CCTA Protocol

All patients were examined with a second-generation dual-
source CT system (SOMATOM Definition Flash; Siemens
Healthcare, Forchheim, Germany). A 100 kV tube voltage
was used for patients with a body mass index (BMI)
< 30 kg/m?, while a 120 kV tube voltage was used for
patients with a BMI > 30 kg/m?. The x-ray tube current
was adjusted individually for each patient according to
BMI. Automated bolus tracking was used in regions of
interest within the ascending aorta for contrast medium
enhancement, with a signal attenuation trigger threshold of
100 Hounsfield units (HU) and a six-second scan delay.

The main scanning parameters were kept at 0.6 mm indi-
vidual detector width, 280 ms gantry rotation time, 0.20—
0.50 pitch, and a 200-250 mm field of view for raw image
reconstruction. A triple-phase contrast medium injection
protocol that consisted of 50 to 60 mL undiluted contrast
agent (Iopromide, 370 mgl/mL; Bayer Healthcare, Berlin,
Germany) was used and was followed by a 30 mL 30:70
mixture of contrast medium and saline and a 30 mL saline
chaser bolus, all injected at flow rates of 4 to 5 mL/s. All
images were acquired during systole (usually in the 20—
50% phase of the cardiac cycle), as slightly larger annular
sizes have been noted in the systolic phase than in the

diastolic phase.”" "2

Clinical Data

A structured review of existing clinical data was con-
ducted after the CCTA to collect information on symp-
toms, demographic characteristics, and the presence of
cardiovascular risk factors. Hypercholesterolemia was
defined by the current use of lipid-lowering medication
or by National Cholesterol Education Panel (NCEP)
Diabetes defined by
a previously established diagnosis, insulin therapy, or

guidelines.'? mellitus  was
oral hypoglycemic therapy. Obesity was defined by
a body mass index > 30. The body surface area (BSA)
was calculated using the Stevenson’s formula BSA (m?) =
0.0061 x Height (cm) + 0.0128 x Weight (kg) —0.1529 for
the Chinese patient population.'® Previous studies have
shown a significant correlation between aortic root dia-
meter and BSA and have suggested that correction of
aortic dimensions for BSA is a valid, simplified approach
for uniformly correcting aortic dimensions for body size at
all aortic sites.!>!* Therefore, to eliminate the influence of
body size, each parameter was calibrated using BSA to
better standardize male and female aortic dimensions.
Moreover, the parameters of the aortic root diameter/
BSA were used to better explore the relationship between
aortic root dimensions, gender, and age in the present
study. Seven subgroups in each sex based on age were
defined: < 30 years, 30 to 39 years, 40 to 49years, 50 to 59
years, 60 to 69 years, 70 to 79 years, and > 80 years.

CCTA Image Analysis

Based on the need for transcatheter aortic valve implanta-
tion (TAVI), parameters were chosen, including the dimen-
sions of the aortic annulus, sinus of Valsalva (SOV),
sinotubular junction (STJ), left ventricular outflow tract
(LVOT), and ascending aorta. The aortic annulus was
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defined as an oval structure virtually identifiable at the
level of the basal attachment of aortic cusps.'® All image
post-processing and analyses were conducted on
a commercially available medical workstation (Deep
Blue, ADW4.6, GE Healthcare, Milwaukee, WI, US).
Data were loaded into a post-processing package of
Cardiac Reformat, and images were reconstructed in the
coronal, sagittal, and axial orientation. The images were
subsequently analyzed using a multiplanar oblique tool by
two experienced radiologists. The aortic annulus was
gained by double oblique transverse reconstruction of the
aortic root below the three lowest insertion points of the
aortic cusps. An oblique transversal plane perpendicular to
the aortic annulus plane was used to measure the length
of the LVOT, the width of the aortic sinus, and the width
of the STJ (Figure 1). The coronary ostia height was
measured on the oblique coronal or sagittal plane

(Figure 2). Post-processing methods and measurement

.

3 ) 3
28.3mm

procedures for assessing the aortic root are described in
detail in prior related literature.>'""'?

Following this, the aortic root parameters were mea-
sured using multiplanar reformations according to expert
consensus guidelines: (1) aortic annulus plan: to measure
the short and long diameter and the mean diameter (the
mean diameter = (long diameter + short diameter)/2); (2)
coronary ostia height: the distance from the coronary ostia
to the aortic annulus plane; (3) LVOT plan (5 mm below
the aortic annulus): to measure the short and long dia-
meter; (4) width of the SOV; (5) width of the STJ;'""'
and (6) diameter of the ascending aorta (40 mm above the
aortic annulus).'”

Statistical Analysis

All statistical analyses were conducted using commercially
available software (SPSS 24 for Windows, SPSS Inc,
Chicago, IL, USA). The continuous variables were

Figure | Computed tomography angiogram oblique transversal plane perpendicular to the aortic annulus plane in a 25-year-old male (A): width of the SOV; (B) width of

the STJ) and a 59-year-old male (C) width of the SOV (D) width of the STJ.
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Figure 2 Computed tomography angiographic double oblique transverse images of the aortic annulus and coronary ostia height in a 53-year-old male (A) Aortic annulus
dimension; (B) Right ostia to annulus; (C) Left coronary ostia to annulus) and 54-year-old female (D) Aortic annulus dimension; (E) Right ostia to annulus; (F) Left coronary

ostia to annulus.

expressed as mean value £ standard deviation after the
assessment of normal distribution. A one-way ANOVA
was used to compare the continuous variables in different
age groups according to the normality of distribution and
homogeneity of variance. An unpaired Student’s #-test was
used to compare the continuous variables between men
and women in each age group. A Pearson correlation was
used to evaluate the association between age and aortic
root dimensions. A two-tailed p-value of less than 0.05
was considered statistically significant.

Results

Subject Demographics
Of the 1286 patients, the mean age was 52.7 + 11.0 years
old (ranging from 18 to 95 years), with an age distribution
of < 30 years (1.63%), 30-39 years (9.72%), 40—49 years
(28.69%), 50-59 years (31.96%), 60—69 years (22.40%),
70-79 years (4.43%), and > 80 years (1.17%).

Table 1 shows the patients’ baseline characteristics.
Tables 2 and 3 show male and female BSA-corrected

parameters of aortic roots in different age groups.
Table 4 shows the correlation between BSA-corrected
aortic root parameters and age. Figures 3 and 4 showed
the trends in male and female aortic root parameters as
affected by age, both before and after BSA correction,
respectively.

Aortic Annulus Dimensions
In each age group, the male subjects’ aortic annulus
dimensions were significantly higher than those of the

Table | Patients’ Baseline Characteristics

Variable Male Female
Number 634 652
Age (years) 508 = I1.1 54.6x10.7
BSA 1.87+0.15 1.610.12
Obesity 56(8.8%) 22 (3.4%)
Diabetes 47(7.4%) 36 (5.5%)
Dyslipidemia 119(18.8%) 124(19.0%)

Abbreviation: BSA: body surface area (mz)
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Table 4 Correlation of Aortic Root Dimension with Age After
Correction for BSA

Male Female
r P value r P value
Annulus short diameter 0.058 0.142 0.082 0.037
Annulus long diameter 0.126 0.001 0.094 0.016
Mean diameter 0.101 0.011 0.096 0.015
Left ostia to annulus 0.099 0.012 —0.009 0.814
Right ostia to annulus 0.097 0.015 0.066 0.095
Width of the SOV 0.272 0.000 0.242 0.000
LVOT short diameter 0.032 0.426 0.025 0.528
LVOT long diameter 0.103 0.009 0.138 0.000
Width of the ST| 0.326 0.000 0.258 0.000
Ascending aorta 0.533 0.000 0.494 0.000

Abbreviations: LVOT, left ventricular outflow tract; SOV, sinuses of Valsalva; ST),
sino-tubular junction.

female subjects (P<0.05; Figure 3A-C). However, the
female subjects’ aortic annulus dimensions were higher
than those of the male subjects after BSA correction. The
difference was significant in the 40—49 age groups (short
diameter: male 10.8 = 1.2 mm vs female 11.3 = 1.1 mm;
long diameter: male 14.3 = 1.3 mm vs female 14.7 £
1.3 mm; mean diameter: male 12.6 = 1.2 mm vs female
13 £ 1.1 mm; all P<0.001) and 60—69 age groups (short
diameter: male 11.1 £ 1.1 mm vs female 11.5 = 1.2mm;
long diameter: male 14.8 + 1.5 mm vs female 15 =+
1.4 mm; mean diameter: male 12.9 £ 1.2 mm vs female
13.2 = 1.2 mm; all P<0.001), whereas the other five age
groups showed no statistical differences (Figure 4A-C).
Statistical differences were found in the annulus short
diameter and the mean diameter between different age
groups (P<0.05) for male subjects, though only the annu-
lus long diameter was statistically different after BSA
correction (P=0.023; Table 2). Age was positively corre-
lated with the annulus long diameter and mean diameter in
males (r=0.126, r=0.101, respectively; P<0.05; Table 4). In
females, there was no statistical difference in the aortic
annulus dimensions in all age groups before and after BSA
correction (Table 3), whereas age was positively correlated
with aortic annulus dimensions (r=0.08, r=0.094, and
r=0.096, respectively; P<0.05; Table 4).

LVOT, SOV, STJ, and Ascending Aorta

Dimensions

In male subjects, all parameters were higher than those of
females in each age group, though there was no difference
in the LVOT short diameter in patients < 30 years old, the

diameter of the ascending aorta in patients < 30 years old
and > 70 years old, and the width of the STJ in patients >
80 years old (all P>0.05; Figure 3F-J). However, after
correcting for BSA, females’ LVOT diameters were higher
than those of males in patients 4049 years old (short
diameter: male 13.3 = 1.3 mm vs female 10.8 + 1.5 mm,
P=0.002; long diameter: male 14.3 £ 1.4 mm vs female
148 £ 1.4 mm, P<0.001) and 60-79 years old (short
diameter: male 10.3 = 1.4 mm vs female 10.9 = 1.3 mm,
P<0.001; long diameter: male 14.7 = 1.5 mm vs female
15.2 £ 1.6 mm, P=0.004); the SOV dimensions for females
were higher than those of males in patients 40—49 years
old (male 16.2 £ 1.8 mm vs female 16.6 + 1.8 mm,
P=0.015); the STJ dimensions for females were higher
than those of males in patients 30—39 years old (male 14
+ 1.4 mm vs female 14.5 £ 1.6 mm, P=0.04) and 4049
years old (male 14 £ 1.4 mm vs female 15.2 £ 1.6 mm,
P<0.001); the ascending aorta dimensions for females
were higher than those of males at all ages (P<0.05, all;
Figure 4F-J). In male subjects, the other aortic root values
were statistically different among different age groups
(P<0.05), except for the LVOT long diameter. However,
after BSA correction, the SOV, STJ, and ascending aorta
dimensions were statistically different among all age
groups (P<0.001; Table 2). In female subjects, statistical
differences were detected in the width of the SOV and
ascending aorta (all P<0.05). However, after BSA correc-
tion, the LVOT long diameter, SOV, STJ, and ascending
aorta dimensions showed statistical differences among age
groups (P<0.001; Table 3). After BSA correction, age was
shown to be positively correlated with the LVOT long
diameter, the width of the SOV, the STJ, and the ascending
aorta, regardless of gender (male: r=0.103, r=0.272,
r=0.326, r=0.533, respectively; P<0.005; female: r=0.138,
r=0.242, r=0.258, 1=0.494, respectively; P<0.001) but was
correlated with the LVOT short diameter (Table 4).

Right and Left Coronary Ostia Height

The left coronary ostia height in males exceeded that of
females in the following age groups: 3040 years
(P<0.001), 40-50 years (P<0.001), 50-60 years (P<0.001),
60-70 years (P=0.003) and > 80 years (P=0.004;
Figure 3E). The right coronary ostia height in males
exceeded that of females in the following age groups: <
30 years (P=0.022), 30-40 years (P<0.001), 40-50 years
(P<0.001), 5060 years (P<0.001), 60-70 years (P<0.001)
and 70-80 years (P<0.001; Figure 3D). However, after BSA
correction, the left coronary ostia height was higher in
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Right ostia to annulus; (E) Left ostia to annulus; (F) LVOT short diameter; (G) LVOT long diameter; (H) Width of the SOV; (I) Width of the STJ; (J) Ascending aorta.
Abbreviations: LVOT, left ventricular outflow tract; SOV, sinuses of Valsalva; STJ, sino-tubular junction.
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females than in males, and statistical significance was
detected in the 40-50 year
Figure 4E). The right coronary ostia height for females

age group (P=0.039;

was higher than that of males in patients 40-50 years old
and 60-70 years old (P=0.009, P=0.003, respectively;
Figure 4D). There was no statistical difference in the
value of the coronary ostia height among age groups
(Table 2). In addition, females showed no correlation
regarding coronary ostia height, while males showed
a positive correlation between age and coronary ostia height
(left: r=0.099, P=0.012; right: r=0.097, P=0.015).

Discussion
Accurately measuring the aortic root size is greatly impor-
tant in diagnosing aortic root disease (aortic dissection,
stenosis, or aneurysm formation) and in preoperative gui-
dance for TAVI surgery. The present study assessed the
relationship between aortic root dimensions determined by
CCTA and age plus gender in a large Chinese population
of relatively normal individuals > 18 years old. The aortic
annulus diameter in the Chinese population was found to
be similar to that of a Western population reported in
previous research.'®!” In contrast, the dimensions of the
ascending aorta and the width of STJ in the Western
population were higher than those in the Chinese popula-
tion. Ethnic differences, including height and weight, may
be responsible for the different aortic root dimensions
observed. The present method of aortic root evaluation
may also have had an impact on the different dimensions
observed because CT was used in the present study,
whereas previous studies used transesophageal echocar-
diography and magnetic resonance imaging.

The relationship between age and thoracic aortic
dimensions has been reported many times in prior

14,18

literature, including in research that suggested that

the aortic annulus is not affected by increasing age.'’
However, aging only partially explains changes in the
aortic size in patient populations. The observed dilatation
incensement could potentially be caused by age-related
collagen synthesis.'” However, as the findings of the pre-
sent study suggest, after BSA correction, age may have
a varying effect on different aortic root segments, such as
a stronger relationship to the dimensions of the diameter of
the ascending aorta. In addition, consistent with other
published data, the ascending aortic diameter, the width
of the SOV, and the STJ diameter showed good correlation
with age.'”""*? Most previous studies have utilized trans-
esophageal echocardiography and magnetic resonance

imaging on a small patient population, whereas the present
study employed CT on a large patient population with
a broad age distribution. The present large patient popula-
tion, wide range of ages, CT imaging method, and BSA
correction method could account for the differences in
aortic root dimensions to those measured in prior studies.

Regarding the relationship between aortic root dimen-
sions and gender, previous research has shown that males
have a larger aorta size and have also found an association
with larger body size.'® In one study on 700 healthy
Japanese individuals ages 20-79 years, echocardiogram
revealed that the width of the SOV was 3 mm larger in
men than women; however, multivariate analyses adjusting
for body size were not reported.?' In the present study, most
of the aortic root parameters showed significant gender
differences. Before BSA correction, males’ aortic root
dimensions were higher compared with those of females;
however, after BSA correction, females’ aortic root dimen-
sions were higher than those in males. Similar findings were
reported by Arik Wolak et al, who showed that women had
wider inner diameters of the ascending aorta than men
following BSA correction.'® In the present study, most of
the aortic root parameters showed significant gender differ-
ences in the 40-50 year age group only, except for the
diameter of the ascending aorta. This could be due to the
large number of patients included in this age group or could
also be because previous studies used transesophageal echo-
cardiography to conduct the measurements and did not
employ BSA correction. In the present study, the aortic
root parameter values were found to increase with age
until age > 80 years, at which point the values suddenly
decreased. In addition, the width of the STJ and the ascend-
ing aortic dimensions were found to have significant gender
differences with increasing age. On the one hand, aortic root
morphology is often subject to pathologic changes, such as
connective tissue disease, bicuspid aortic valve,23 aortic
stenosis, and atherosclerosis; therefore, studying the normal
aortic root is beneficial in detecting these diseases. On the
other hand, differences in aortic parameters exist between
different age and gender groups; therefore, individualized
assessment can improve the accuracy of aortic root disease
diagnosis. The races studied by Pham et al were different
from the present study.”* They mainly measured Caucasian
people, with inconsistent measurement parameters and
a small age range mainly around 50 years old, without age
grouping. In the yellow population we measured, the aortic
root parameters were more detailed, the sample size was
relatively large, and the age group was more detailed.
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Similarly, it was found that SOV/STJ/ascending aorta was
correlated with age. It provides detailed data support for the
diagnosis and treatment of main artery root diseases and
valvular diseases. For example, in TAVI surgery, accurate
preoperative aortic root parameters can avoid implant valve
falling off, perivalvular leakage, aortic dissection or rupture,
and coronary artery mouth obstruction, thus improving the
success rate of surgery.

The present study has some limitations. First, the sample
size of certain age groups was relatively small, particularly
individuals < 30 years old and > 70 years old. Second, the
present study evaluated patients from a single center in
China, which may limit the application of the results in
different ethnicities. Lastly, patients enrolled in the present
study were suspected of coronary artery disease but did not
have aortic and aortic valve disease.

Conclusion

In summary, significant differences in aortic root dimensions
were found to be affected by age and gender. CCTA showed
that males had larger aortic root dimensions than females,
and the Sinus, SOV, and ascending aorta increased with age.
However, after BSA correction, females showed larger aor-
tic root dimensions than males, and aortic root diameters
increased with age. These findings could prove useful in
establishing a normal range of aortic root parameters and
accurately diagnosing aortic root disease.
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