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Aims Reference ranges of ascending aorta diameters (AAoD) for two-dimensional echocardiography (2DE) using inner edge
(IE) convention are lacking, preventing the comparison of AAoD measurements by 2DE with those obtained by other
imaging modalities.

Methods
and results

We used harmonic imaging 2DE to prospectively study 218 healthy volunteers (56% women, 42+ 15 years, 18–80
years). Measurements were performed at the level of aortic root (AoR), sinotubular junction (STJ), and proximal
tubular portion (TAo, 1 cm from the STJ) using both leading edge (LE) and IE conventions at end-diastole and end-
systole. Feasibility of AAoD measurements between end-diastole and end-systole was similar at AoR and STJ levels,
but it was significantly different at TAo level (82 vs. 96%, respectively, P , 0.0001). Ascending aorta diameters
indexed to height were larger in men than in women (P , 0.0001). After adjusting for the effect of gender, only age
and body surface area (BSA) were independent predictors of AAoD at multivariable analysis. Average end-diastolic
AoR, STJ, and TAo diameters measured using IE convention were similar between genders (17+2, 15+2, and
15+2 mm/m2, respectively). Corresponding AAoD measured using the LE convention were 18+2, 16+ 2, and
17+4 mm/m2, respectively. On average, the end-systolic AAoD measured using LE were 2 mm larger than those
performed using IE or at end-diastole. Mean aortic wall thickness was 2.4+0.8 mm.

Conclusion End-diastolic AAoD measured using IE were significantly smaller than those obtained either using LE convention or at end-
systole. Gender-specific reference values for AAoD indexed for BSA should be used to identify ascending aorta pathology.
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Introduction
Accurate and reproducible measurements of ascending aorta dia-
meters (AAoD) are critical to manage patients with native or post-
operative aortic valve disease, to diagnose and follow-up patients
with ascending aorta dilatation, or to select patients for transcatheter
aortic valve implantation.1– 3

Two-dimensional echocardiography (2DE) is the most frequently
used imaging modality to assess the size of ascending aorta and
follow-up patients with diseases of the aorta. Although AAoD with
2DE have been conventionally measured at end-diastole using the
leading edge-to-leading edge (LE) convention from parasternal and
suprasternal approaches,4,5 there is no formal consensus regarding
either method or timing of AAoD measurement by 2DE. Moreover,
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recent ACC/AHA guidelines5 favour the inner edge-to-inner edge (IE)
diameter measurements to increase reproducibility and match to
other imaging modalities, such as cardiovascular magnetic resonance
(CMR) and multi-detector computerized tomography (MDCT).
Since the current 2DE reference values for AAoD have been obtained
using only the LE method,6,7 it is difficult to implement the IE method
for AAoD measurements in the clinical routine of echocardiographic
laboratories. Finally, there is no report regarding the actual differences
in AAoD induced by the adoption of either of the two methods, and
neither any data regarding the normality ranges of aortic wall thickness
assessed by 2DE.

Another issue related to AAoD is the timing of the measurements.
The latter does not affect only echocardiographic assessment, since
also when using other imaging modalities (such as MDCT), the elec-
trocardiographic tracing is rarely available for gating. In previous
echocardiographic studies, AAoD measurements have been per-
formed using variable approaches and at different points of the
cardiac cycle, most frequently at end-systole.8– 10 Since there is no
study comparing aortic diameters obtained at end-diastole and end-
systole, it is currently unclear if the timing of AAoD sizing is clinically
relevant and to which extent. Knowledge of these aspects may influ-
ence also the practice of other imaging modalities (like MDCT) and
improve the comparability of aortic measurements performed by dif-
ferent imaging modalities.

Therefore, we designed this observational, prospective study with
the following aims: (i) to obtain reference values of the AAoD using
both LE and IE conventions using state-of-the art echocardiographic
equipment in a relatively large population of healthy volunteers with a
wide age range; (ii) to study the relationship between AAoD and
physiological parameters which likely influence the aorta size (i.e.
gender, age, body size, blood pressure); (iii) to compare AAoD mea-
sured at end-diastole and end-systole; and (iv) to obtain reference
values for aortic wall thickness.

Methods

Study population
Between October 2011 and February 2013, 227 healthy Caucasian volun-
teers were prospectively recruited in a single tertiary centre among hos-
pital employees, fellows in training, their relatives and people who
underwent medical visits for driving or working license and met the inclu-
sion criteria. Prospective criteria for recruitment included: age ≥18 years,
no historyor symptoms of cardiovascular or lung disease, no cardiovascu-
lar risk factors (i.e. arterial systemic hypertension, smoking, diabetes, dys-
lipidaemia), no ongoing or previous cardio- or vaso-active treatment,
normal ECG, and physical examination. Risk factors were assessed from
the medical files, when available (lipid and glucose levels, history of dia-
betes, and/or dyslipidaemia), from subject self-reporting (smoking habit,
history of blood pressure levels, and metabolic risk factors when other-
wise not available), and from physical assessment immediately preceding
the echocardiographic examination (blood pressure, weight, and height).
Exclusion criteria included: trained athletes, pregnancy, body mass index
(BMI) . 30 kg/m2, and poor apical acoustic window defined as more than
two LV segments not adequately visualized without contrast infusion.

Blood pressure was measured with the patient supine, after 5 min rest
and immediately before starting the echo examination. Mean blood

Figure 1 Ascending aorta diameters measured using the
leading-edge-to-leading edge convention at end-diastole (A) and
end-systole (B), and the inner-edge-to-inner edge convention at
end-diastole (C) and end-systole (D).
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pressure was calculated as diastolic blood pressure plus one-third of the
difference between systolic and diastolic blood pressure. Height and
weight were measured using calibrated stadiometer and scale, and
body surface area (BSA) was calculated according to the formulas by
DuBois and DuBois.11 Body mass index was calculated as weight (kg)/
height (m)2.

The study was approved by the Ethics Committee of University of
Padua (protocol # 2380 P approved on 06 October 2011) and signed
informed consent has been obtained in all volunteers before screening
for eligibility in the study.

Echocardiographic measurements
Conventional 2D images, optimized for the aortic root (AoR) and
ascending aorta, were acquired from the parasternal approach using a
commercially available scanner (Vivid E9, GE Healthcare, Horten,
Norway) equipped with M5S probe, by three experienced researchers
(L.D.B., D.M., and L.P.B.). All patients were examined in the left lateral
position using grey-scale second-harmonic 2D imaging technique, with
the adjustment of image contrast, focus (at the level of aortic valve),
frequency (1.7 MHz transmit frequency and 3.3 MHz receiving fre-
quency), depth (around 10 cm in order magnify the ascending aorta),
and sector size for adequate frame rate (70–80 fps) and optimal visu-
alization of aortic wall. Care was taken to acquire images displaying the
largest aortic lumen, and acquisition was done during breath hold to
minimize translational movements. Aortic root (AoR) at the sinuses
of Valsalva, sinotubular junction (STJ), and the tubular (proximal)
ascending aorta (TAo, 1 cm from the STJ) diameters were measured
at end-diastole and end-systole using both LE(4) and IE(5) conventions
(Figure 1). End-diastole was identified according to the peak R wave of
the electrocardiographic tracing, while end-systole was assessed on
2DE images and set in the frame right before the beginning of aortic
valve closure. All reported values represent the average of at least
three measurements on consecutive cardiac cycles. Measurements
were indexed to BSA and height, the latter in order to provide refer-
ence values applicable for obese patients. Ascending aorta wall thick-
ness was obtained by subtracting the diameter measured using the IE

from the diameter measured using the LE method at the level of the
tubular portion.

Statistical analysis
Normal distribution of variables and uniform distribution of subjects per
agedecadewereassessedusing theKolmogorov–Smirnov test.Continu-
ous variables were summarized as mean+ SD or as median (first, third
quartiles) when reporting reference ranges, while scalar variables were
reported as percentages. The upper limits of each aortic measurement
were defined as the 95th percentile. Differences between values in
men and women were assessed using the unpaired t-test for normally dis-
tributed variables, or the Mann–Whitney U-test otherwise. LE and IE
measurements, as well as diameters obtained at end-diastole and end-
systole obtained from the same subject, were compared using the
paired t-test. Pearson’s correlation was used to analyse the relationships
between aortic diameters and demographic and physiological variables
such as age, blood pressure, and body size.

Multivariable linear regression analysis after selection of independent
demographic variables correlated with AAoD. This was performed for
diameters measured using both LE and IE conventions. In each analysis,
R2 was determined to give the proportion of the variability in the
AAoD attributable to demographic variables.

In addition, independent associations between aortic diameters were
investigated using different set of predictors (only Supplementary data):
age, gender, and BSA (model AGBr, ratiometric); age, gender, height, and
weight (model AGHWr, ratiometric, or model AGHWa, allometric).
The latter models, considering height and weight separately rather than
combined in BSA, would avoid the assumptions proper of BSA. In all
models, gender was included as a dummy variable, resulting in different
constant terms for women and men. Ratiometric scaling approaches
divide the variable of interest by a linear combination of body size predic-
tors and adjusting factors (models AGBr and AGHWr), while allometric
indexing can be obtained dividing each the measure of interest by each
predictor raised to the power of the coefficient of correlation. Since
the indexation for heigth1.7, or the use of allometric indexing did not
improve significantly the coefficient of the multivariate models ( only
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Table 1 Demographics and clinical characteristics of the study population

All (n 5 218) Women (n 5 122) Men (n 5 96) P-value

Age (years) 44+15 45+15 44+14 0.690

,30 years 44 24 20

30–39 years 39 20 19

40–49 years 56 30 26

50–59 years 34 23 11

≥60 years 45 25 20

Weight (kg) 68+11 61+8 76+9 ,0.001

Height (cm) 170+9 164+7 177+7 ,0.001

BMI (kg/m2) 23+3 23+3 24+3 ,0.001

BSA (m2) 1.78+0.18 1.66+0.12 1.93+0.13 ,0.001

Heart rate (bpm) 67+10 68+10 67+11 0.408

SBP (mmHg) 123+14 118+14 129+13 ,0.001

DBP (mmHg) 74+8 71+8 76+7 ,0.001

MBP (mmHg) 90+9 87+9 93+8 ,0.001

Data are expressed as mean+ standard deviation.
BMI, body mass index; BSA, body surface area; DBP, diastolic blood pressure; MBP, mean blood pressure; SBP, systolic blood pressure.
P-values refer to unpaired Student’s t-test, women vs. men.
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Table 2 Gender-specific reference values for ascending aorta diameters measured using the leading-edge-to-
leading-edge or the inner-edge-to-inner-edge conventions at end-diastole

Women (n 5 122) Men (n 5 96) P-value

Range Upper limit Range Upper limit

Leading edge convention

Aortic root (mm) 30 (27, 32) 35 34 (31, 37) 41 ,0.001

Aortic root/BSA (mm/m2) 18 (17, 19) 22 18 (16, 19) 21 0.133

Aortic root/height (mm/m) 18 (17, 19) 21 19 (18, 21) 24 0.001

Sinotubular junction (mm) 27 (25, 29) 31 31 (29, 33) 37 ,0.001

Sinotubular junction/BSA (mm/m2) 17 (15, 18) 20 16 (15, 17) 19 0.031

Sinotubular junction/height (mm/m) 17 (15, 18) 19 17 (16, 19) 21 0.005

Tubular (mm) 29 (26, 30) 32 31 (28, 34) 36 ,0.001

Tubular/BSA (mm/m2) 17 (16, 18) 20 16 (14, 17) 19 ,0.001

Tubular/height (mm/m) 17 (16, 19) 20 17 (16, 19) 22 0.550

Inner edge convention

Aortic root (mm) 28 (25, 29) 32 31 (29, 34) 38 ,0.001

Aortic root/BSA (mm/m2) 17 (15, 18) 20 16 (15, 18) 19 0.169

Aortic root/height (mm/m) 17 (16, 18) 20 18 (16, 19) 22 0.001

Sinotubular junction (mm) 25 (23, 27) 29 28 (26, 30) 35 ,0.001

Sinotubular junction/BSA (mm/m2) 15 (14, 16) 28 14 (13, 16) 28 0.019

Sinotubular junction/height (mm/m) 15 (14, 16) 18 16 (15, 17) 20 0.014

Tubular (mm) 26 (24, 28) 31 29 (25, 31) 35 ,0.001

Tubular/BSA (mm/m2) 16 (15, 17) 19 15 (13, 16) 18 ,0.001

Tubular/height (mm/m) 16 (15, 17) 19 16 (14, 17) 20 0.960

Aortic wall thickness (mm) 2.0 (2.0, 3.0) 3.0 2.0 (2.0, 3.0) 4.0 0.021

Data are expressed as median (first, third quartiles).
Upper limit ¼ 95th percentile of normality.
BSA, body surface area.
P-values refer to unpaired Student’s t-test or Mann–Whitney U-test for independent samples when appropriate.
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Table 3 Comparison of ascending aorta diameters measured using leading-edge-to-leading-edge and
inner-edge-to-inner-edge conventions at end-diastole

Variable Leading edge convention Inner edge convention P-value

Range Upper limit Range Upper limit

Aortic root (mm) 31 (29, 34) 39 29 (27, 31) 37 ,0.001

Aortic root/BSA (mm/m2) 18 (16, 19) 21 16 (15, 18) 20 ,0.001

Aortic root/height (mm/m) 19 (17, 20) 23 17 (16, 18) 21 ,0.001

Sinotubular junction (mm) 29 (26, 31) 35 26 (24, 28) 32 ,0.001

Sinotubular junction/BSA (mm/m2) 16 (15, 17) 19 15 (14, 16) 18 ,0.001

Sinotubular junction/height (mm/m) 17 (16, 18) 20 15 (14, 16) 18 ,0.001

Tubular (mm) 29 (27, 32) 36 27 (25, 29) 34 ,0.001

Tubular/BSA (mm/m2) 17 (15, 18) 20 15 (14, 16) 19 ,0.001

Tubular/height (mm/m) 17 (16, 19) 21 16 (14, 17) 20 ,0.001

Data are expressed as median (first, third quartiles).
Upper limit ¼ 95th percentile of normality.
BSA, body surface area.
P-values refer to paired Student’s t-test, leading edge VD inner edge conventions.
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Supplementary data), we reported our data normalized for BSA as a
simple and easy-to-use values.

Interobserver reproducibility for AAoD was analysed in 25 random
subjects by two independent blinded observers. Intra-observer reprodu-
cibility wasanalysed in another group of 25 subjects by the same observer
performing the same measurements 1 week later. Reproducibility of
AAoD was evaluated using intraclass correlation and the coefficient of
variation was calculated as the absolute difference between the corre-
sponding pairs of measurements in percent of their mean.

All analyses were performed using SPSS 19.0 (SPSS Inc., Chicago, IL,
USA) and MedCalc statistical software version 10.0.1.0. (MedCalc, Mar-
iakerke, Belgium). Differences among variables were considered signifi-
cant at P , 0.05. Upper and lower limits of normality were computed
as the mean value plus or minus 2 SDs.

Results
A total of 227 healthy volunteers (125 women, 42+15 years, age
range 18–80 years) were enrolled in the study. Nine subjects were
excluded from the analysis because of poor parasternal acoustic
window. The enrolled volunteers were uniformly distributed across
age decades and genders (Table 1). The Kolmogorov–Smirnov test
demonstrated uniform distribution across age decade, both for
women (P ¼ 0.759) and men (P ¼ 0.653). Pearson Chi-square did
not showsignificantdifferencebetweenwomenandmen (P ¼ 0.663).

Imaging the ascending aorta at end-systole, rather than at end-
diastole, allowed a maximal visualization of its length. Feasibility of
AAoD was similar between end-diastole and end-systole at both
AoR (98 and 99%) and at STJ (95 and 98%) levels, but it was signifi-
cantly lower at end-diastole at TAo level (82 vs. 96%, respectively,
P , 0.001).

Antropometric characteristics and AAoD of the study population,
stratified by gender, are summarized in Table 1. Age and heart rate
were similar between men and women. Height, BSA, weight, and
BMI were significantly larger in men than in women.

Gender-specific reference values of AAoD measured with LE (top
rows) and IE (bottom rows) conventions are summarized in Table 2.
All aorticdiameters, independentlyof theadoptedmeasuringconven-
tion,were significantly larger in men than inwomen(Table 2). Indexing
diameters by BSA eliminated the significant difference between men
and women at the level of the AoR, but not in the other segments,
both when applying the IE or the LE methods (Table 2). Conversely,
indexing by height resulted in gender-independent diameter of the
tubular ascending aorta (Table 2). Finally, aortic wall was thicker in
men than in women (Table 2).

Measuring AAoD using the IE convention resulted in significantly
smaller values compared with measurements performed using the
LE method (Table 3). The differences between AAoD obtained
using the two measurement conventions were around 2 mm
(Figure 2) accounting for aortic wall thickness, and not significantly dif-
ferent between women and men (Table 2).

All AAoD were found to be significantly related to gender, age,
BSA, BMI, height, weight, and systolic blood pressure. Given the
higher R2 at bivariate analysis, BSA was preferred to BMI in multivari-
ate analysis. Table 4 summarizes the results of the multivariate linear
regression analyses between AAoD, measured with both LE and IE
conventions, with age and anthropometric independent variables.
For all the diameters and independently of the convention used,

the models accounted for approximately half of the observed vari-
ance (R2 ranged between 0.46 and 0.55). Interestingly, BSA and age
were significantly associated with all AAoD, while gender was signifi-
cantly associated with Ao root size. Measurements performed with
LE and IE conventions gave similar R2 for all AAoD (Table 4). Measur-
ing AAoD at end-diastole resulted in significantly smaller values com-
pared with measurements performed at end-systole (Table 5). Aortic
root showed a reduced expansion from diastole to systole in com-
parison with the other aorta segments. Average differences
between AAoD obtained at end-diastole and end-systole were
around 1 mm (Figure 3).

Figure 2 Bland–Altman plots comparing ascending aorta mea-
surements performed using the leading-edge-to-leading-edge
(leading-edge) and inner-edge-to-inner-edge (inner-edge) conven-
tions at aortic root (A), sinotubular junction (B), and tubular portion
(C) levels, respectively.
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Intra- and interobserver variability of AAoD measurements was
similar using either LE and IE convention (Table 6).

Discussion
In the present study, we have used state-of-the-art 2DE to measure
AAoD at end-diastole and end-systole using both LE and IE conven-
tions in a relatively large numberof healthy volunteerswith awideage
range to: (i) find that measuring AAoD using LE convention provides
statistically significant larger AAoD than using IE convention; (ii)
provide reference values of the AAoD using both LE and IE conven-
tions inorder toenhancecomparabilityofAAoDmeasuredwith2DE
with other imaging modalities; (iii) confirm that the assessment of
AAoD should be based on gender-specific reference values which
should take into account patients’ age and BSA; (iv) document that
AAoD obtained at end-systole are significantly larger than those
obtained at end-diastole and the limits of agreement between the
twomeasurements may beas large as 3.8 mm; and (v)provide the ref-
erence values for aortic wall thickness.

Aortic dilation is a potential risk factor for the development of life-
threatening complications including aneurysm formation, dissection,

and/or rupture.11– 15 With recent advances in multimodality cardiac
imaging, a number of techniques now exist for a noninvasive assess-
ment of aortic disease. Cardiovascular magnetic resonance and
MDCT performed with ECG gating are considered the gold standard
for the noninvasive assessment of AAoD.5 However, CMR is not
widely available, is more costly, and cannot be used on patients suffer-
ing from claustrophobia and/or implanted devices, and MDCT is
limited due to the increased risk of radiation exposure and need
for contrast administration. Therefore, 2DE remain the most fre-
quently used imaging technique to screen and follow-up patients
with suspected and/or diagnosed ascending aorta disease.

Conventionally, 2DE measurements of AAoD have been obtained
from parasternal long-axis view using the LE convention, which
includes the thickness of the anterior aortic wall, at end-diastole.3,4

The choice of the LE technique was related to the fact that with
the quality of 2DE images at the time of the standardization of intra-
cardiac measurements, the tissue–blood interface was a relatively
thick, highly gain-dependent line.16 Therefore, the tissue–blood
interface was difficult to identify limiting interobserver and inter-
study reproducibility of AAoD measurement. With the axial spatial
resolution available with modern echocardiographic machines, the
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Table 4 Multiple linear regression analyses of ascending aorta diameters with age and body surface area as independent
variables, adjusted for gender

Root (mm) STJ (mm) Asc Ao (mm)

b (95% CI) r2 b (95% CI) r2 b (95% CI) r2

Inner edge (BSA) 0.48 0.46 0.51

Constant 8.1 (2.6, 13.5)* 7.1 (2.4, 11.8)* 2.1 (23.4, 7.5)

Gender 1.5 (0.3, 2.7)* 0.8 (20.2, 1.8) 20.9 (22.1, 0.3)

Age (years) 0.11 (0.08, 0.14)* 0.09 (0.07, 0.11)* 0.15 (0.12, 0.18)*

BSA (m2) 8.7 (5.5, 11.9)* 8.3 (5.6, 11.1)* 10.5 (7.3, 13.8)*

Leading edge (BSA) 0.52 0.52 0.55

Constant 7.8 (2.1, 13.6)* 7.4 (2.5, 12.4)* 4.6 (21.1, 10.3)

Gender 1.5 (0.2, 2.7)* 1.0 (20.1, 2.1) 20.3 (21.6, 0.9)

Age (years) 0.13 (0.10, 0.16)* 0.11 (0.08, 0.13)* 0.16 (0.13, 0.19)*

BSA (m2) 9.9 (6.5, 13.2)* 9.1 (6.2, 11.9)* 10.0 (6.7, 13.3)*

Asc, ascending tubular aorta; CI, confidence interval; STJ, sinotubolar junction.
*P , 0.01 vs. null coefficient.
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Table 5 Comparison of aortic diameters measured at end-diastole and end-systole using both
leading-edge-to-leading-edge and inner-edge-to-inner-edge conventions

Diameter Leading-edge-to-leading-edge Inner-edge-to-inner-edge

Diastole Systole P-value Diastole Systole P-value

Aortic root (mm) 30+4 32+4 ,0.001 29+4 30+4 ,0.001

Sinotubular junction (mm) 29+4 30+4 ,0.001 26+3 28+3 ,0.001

Tubular (mm) 29+4 31+4 ,0.001 27+4 29+4 ,0.001

Data are expressed as mean+ standard deviation.
P-values refer to paired Student’s t-test, diastolic vs. systolic values.
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precise identification of tissue–blood interface is no longer an issue
and the IE convention could be easily implemented in clinical echo-
cardiography. In addition, both CMR17 and MDCT18 measure
AAoD using the IE convention, and recent ACC/AHA guidelines5

recommend the IE convention to increase reproducibility and inter-
modality comparison of AAoD measurements. However, there is no
echocardiographic study providing the reference values of AAoD
obtained using the IE convention, and this represents a major limita-
tion to the introduction of the IE convention in the clinical routine of
echocardiographic laboratories. To address this issue, we provided
gender-specific reference values and upper limits of normality,
using both LE and IE conventions, obtained from a relatively large
cohort of healthy volunteers.

As expected, AAoD obtained with the LE convention were signifi-
cantly larger (from 2 to 4 mm on average) that those measured with
the IE convention. Indexed AoR diameters measured in our popula-
tion were quite similar to those reported by Vasan et al.7 and Roman
et al.6 in both men and women. Interestingly, AAoD measured with
the IE convention in our study population were quite similar to
those measured by CT (AoR ¼ 31+ 4 vs. 32+3 mm in men, and
28+3 vs. 29+2 mm in women, respectively; TAo ¼ 28+4 vs.
28+4 mm in men and 26+ 3 vs. 28+ 4 mm in women, respective-
ly).18 Similarly, AoR measured with IE convention in our study popu-
lation were comparable with those reported by Burman et al.17 using
CMR (31+4 vs. 32+4 in men and 28+3 vs. 28+3 in women, re-
spectively). To date, there is only one report about reference values
of 2DE proximal thoracic aorta diameters using the IE convention.19

However, patients enrolled in that study were not properly normal
or healthy subjects since they were retrospectively recruited
among those referred for a clinically indicated echocardiographic
study. In addition, 70 of them (14%) had mild systemic arterial hyper-
tension. Conversely, in our study, we prospectively enrolled only
healthy volunteers whowere defined healthy before the echocardio-
graphic study.

Further studies comparing AAoD measured using the different
imaging modalities in the same patients are needed to assess the
actual intermodality comparability of AAoD obtained with the differ-
ent measurement conventions.

Twosets of reference values havebeenprovided foreachmeasure-
ment convention used: one set based on gender and BSA, and the
other based on gender and height. We chose to provide reference
values indexed with two measures of body size because the ideal

Figure 3 Bland–Altman plots comparing ascending aorta mea-
surements performed using the leading-edge-to-leading-edge at
end-diastole and end-systole at aortic root (A), sinotubular junction
(B), and tubular portion (C) levels, respectively.
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Table 6 Intra- and interobserver reproducibility of aortic root and proximal tubular aorta measurements

Leading-edge-to-leading-edge Inner-edge-to-inner-edge

Intra-class
correlation

Coefficient of
variation (%)

Intra-class
correlation

Coefficient of
variation (%)

Intra-observer

Aortic root 0.96 1+2 0.95 1+1

Tubular ascending aorta 0.89 2+3 0.96 1+1

Inter-observer

Aortic root 0.88 1+3 0.89 1+3

Tubular ascending aorta 0.80 3+4 0.86 7+5

Ascending aorta diameters measured by echocardiography 421



method for indexing echocardiographic measurements remains to be
defined.20 Height is very simple to measure, does not require a calcu-
lator to be computed, it has been shown to correlate with aortic
annulus, left atrial, and left ventricular diameters (suggesting that
cardiac dimensions increase primarily in response to skeletal
growth).21 In addition, it canbe reliably used to indexcardiac structure
sizes also in obese patients.22

Differences in TAo measured at end-systole and end-diastole
found in our study were quite similar to those reported by Lin
et al.18 who used MDCT to derive age and gender reference values
for TAo.Availabilityof 2DEreferencevalues for AAoDatend-systole
is not only useful to improve comparability of AAoD among different
imaging modality, but it is also useful during 2DE studies themselves
since they will allow the operator to take advantage of the increased
visualization of the ascending aorta which is usually obtained in
end-systole.

Clinical implications
The results of the present study underscore the fact that AAoD mea-
sured using different measurement conventions and/or at different
time points during cardiac cycle are not interchangeable. Clinicians
who want to use 2DE and/or other imaging modalities (e.g. CMR
and MDCT) to monitor patients with dilated ascending aorta
should ensure that baseline and follow-up measurements are per-
formed using the same measurement convention and at the same
time point of the cardiac cycle. Scientific societies are urged to take
initiatives to provide a common standard for AAoD measurement
across the different imagingmodalities.Thiswill improve theaccuracy
of the detection of aortic dilation, improve the reliability of serial
measurements, and promote comparability of measurements per-
formed using different imaging modalities.

Supplementary material
Supplementary data are available at European Journal of Echocardiog-
raphy online.
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