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Aims To report normal reference ranges for echocardiographic dimensions of the proximal aorta obtained in a large group of
healthy volunteers recruited using state-of-the-art cardiac ultrasound equipment, considering different measurement
conventions, and taking into account gender, age, and body size of individuals.

Methods and A total of 704 (mean age: 46.0 + 13.5 years) healthy volunteers (310 men and 394 women) were prospectively re-

Results cruited from the collaborating institutions of the Normal Reference Ranges for Echocardiography (NORRE) study.
A comprehensive echocardiographic examination was obtained in all subjects following pre-defined protocols. Aortic
dimensions were obtained in systole and diastole, following both the leading-edge to leading-edge and the inner-edge to
inner-edge conventions. Diameters were measured at four levels: ventricular-arterial junction, sinuses of Valsalva, sino-
tubular junction, and proximal tubular ascending aorta. Measures of aortic root in the short-axis view following the
orientation of each of the three sinuses were also performed. Men had significantly larger body sizes when compared
with women, and showed larger aortic dimensions independently of the measurement method used. Dimensions
indexed by height and body surface area are provided, and stratification by age ranges is also displayed. In multivariable
analysis, the independent predictors of aortic dimensions were age, gender, and height or body surface area.
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The NORRE study provides normal values of proximal aorta dimensions as assessed by echocardiography. Reference

ranges for different anatomical levels using different (i) measurement conventions and (ii) at different times of the

cardiac cycle (i.e. mid-systole and end-diastole) are provided. Age, gender, and body size were significant determinants

Conclusion

of aortic dimensions.
Keywords

NORRE study
Introduction

Transthoracic echocardiography is a wide spread imaging technique
used for imaging of proximal aortic segments, and consequently fre-
quently used for thoracic aortic aneurism screening and/or serial
measurement of aortic root dimensions."? Normal reference
ranges have been mainly established for two-dimensional (2D)
echocardiography with fundamental imaging using the leading
edge to leading edge (LL) measurement method.> Current recom-
mendations advise measuring the aortic annulus in mid-systole using
the inner-edge to inner-edge (ll) convention, whereas the other
dimensions of the aortic root complex should be measured at
end-diastole using the LL convention.* However, this latter
approach remains debatable, especially in the era of multimodality
imaging of the aorta.>*

Proximal thoracic aorta dimensions are known to be age and
body size dependent.>® Therefore, demographic and anthropomet-
ric factors are of paramount importance when interpreting aortic
root measurements and its clinical implications.

The Normal Reference Ranges for Echocardiography study
(NORRE study) is an international multi-centre study involving
several accredited echocardiography laboratories of the European
Association of Cardiovascular Imaging (EACVI).” The NORRE
study aims to prospectively establish a set of normal echocardio-
graphic values in a large cohort of healthy individuals over a wide
range of ages. Recently, both the 2D chamber size and Doppler
sub-studies of the NORRE study have been published.®? In the
present study, the normal ranges for echocardiography-derived di-
mensions of proximal aorta are provided, reporting the results for
both the LL and Il conventions measured in both systole and dia-
stole while taking into account demographic and anthropometric
factors.

Methods

Patient population

The NORRE study enrolled a total of 865 normal European subjects
from 22 collaborating EACVI accredited echocardiography laboratories.
Of these, 161 cases were excluded due to incompatible image format or
inappropriate image quality for proximal aorta analysis. Thus 704
healthy adult volunteers with a mean age of 46.0 + 13.5 years (range:
19—-78 years) constituted the population of the Proximal Aorta Dimen-
sions NORRE sub-study. All subjects underwent a comprehensive
transthoracic echocardiographic examination. The study protocol ob-
tained approval from every local ethic committee.

Echocardiography e Thoracic aorta e Sinus of valsalva e Reproducibility of results ® Reference values e

Echocardiographic examination

Transthoracic echocardiography examinations were performed using
either a Vivid E9 (GE Vingmed Ultrasound, Horten, Norway) or iE33
(Philips Medical Systems, Andover, USA) ultrasound system, following
the study protocol.” Echocardiographic images were recorded in native
DICOM format and coded after anonymization for analysis at the EACVI
Central Core Laboratory, at the University of Liége, Belgium. Transthor-
acic scans from the parasternal windows were acquired to obtain a
long-axis view of the left ventricle (LV), which enabled aortic root and
proximal ascending aorta visualization and subsequent measurements.
From the same window, with convenient probe rotation, 2D short-axis
views at the level of the aortic valve plane were taken. Image depth and
sector width were adjusted to optimize proximal aorta visualization.
Zoomed images of both left ventricle outflow tract (LVOT) in paraster-
nal long-axis view, and of the aortic valve in parasternal short-axis view
were obtained and recorded.

Measurements were performed both in end-diastole (QRS complex
onset) and in mid-systole coinciding with the maximal diameter of the
aorta. Aortic dimensions were measured at four different levels: (i)
ventriculo-arterial junction (VA)), at the hinge points of aortic valve in
the distal LVOT; (ii) sinuses of Valsalva (SV); (iii) sinotubular junction
(STJ); and (iv) tubular ascending aorta (TAA) at 1 cm above ST). Mea-
surements were performed in dedicated workstations using both the
LL and Il conventions as depicted in Figure 1.

Diastolic diameters of SV in a short-axis cross-sectional plane of the
aortic root were also obtained using the Il convention at the level of
each commissural line and the corresponding opposite coronary sinus
(according to which the diameter is named) as shown in Figure 2. In add-
ition, the arithmetic mean of the last three measures was calculated, in
order to act as the dependent variable later in regression analysis.

Statistical analysis

Normal distribution of continuous variables was assessed with the Kol-
mogorov—Smirnov test (Lilliefors correction). Variable magnitudes are
described as means with standard deviation (SD), or median and inter-
quartile range (IQR) as appropriate. Reliability was assessed by means of
the intra-class correlation coefficient (ICC) using the two-way mixed
model for average measurements. Differences between groups were
analysed with the unpaired t-test; homogeneity of variances assumption
was confirmed by Levene’s test. For variables distributed otherwise than
normally, differences were assessed by the nonparametric Mann—Whit-
ney U test. Bivariate correlations between variables were performed
with either Pearson or Spearman test as appropriate. Agreement be-
tween measurement conventions was tested with the Bland—Altman
method. Passing—Bablok regression test was carried out to quantify
constant and systematic deviations between measurement conventions.
Univariable linear regression analysis was applied to test the association
between demographic and anthropometric variables and aortic dimen-
sions. Stepwise forward multivariable linear regression was later
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Figure | Echocardiographic parasternal long-axis views cen-
tered in the LVOT and proximal aorta, showing measure-
ment methods. (A) End-diastolic image. (B) Mid-systolic image.
(1) Ventriculo-arterial junction level; (2) sinuses of valsalva level;
(3) STJ level; (4) TAA level. Lines ended in arrowheads show
inner-edge to inner-edge convention. Lines without specific end-
ing represent leading-edge to leading-edge measurement
convention.

Figure 2 Diastolic still frame of echocardiographic parasternal
zoomed short-axis view of aortic root, showing measurement of
diameters corresponding to each aortic sinus and the facing com-
misural line. RCor, right coronary sinus; LCor, left coronary sinus;
NCor, non-coronary sinus.

performed, including into the analysis all the variables with a P-value
<0.1 in univariable analysis. Control for colinearity was warranted in
the multiple linear regression analysis. Differences were considered as
statistically significant at the two-tailed P < 0.05. All computations
were carried out with the software SPSS version 19 (SPSS Inc., Chicago,
IL, USA).

Results

Demographic data

A total of 310 men (44%) and 394 women (56%) were included.
The mean age of the population was 46 years (range 19—78 years).
Table 1 shows the demographic and biological data of the entire
study population, as well as by gender. Per protocol, subjects
were healthy adults with normal anthropometric and clinical charac-
teristics. As compared to men, women had significantly smaller
body size. Minimal differences in blood pressure and glycaemia
were detected, but age was similar in both gender groups.

Reliability of measurements

Reproducibility of the entire set of aortic measurements was good,
with ICC ranging from 0.767 to 0.933 for intra-observer, and from
0.672 to 0.905 for inter-observer reproducibilities.

Normal dimensions of proximal aorta

Table 2 provides descriptive statistics of the dimensions of proximal
aorta at the studied levels. Aortic-complex diameters were con-
stantly significantly larger in men compared with women, irrespect-
ive of the site of assessment, cardiac cycle phase, or measurement
convention applied. After indexing for height (Table 3), men showed
statistically significant larger aortic dimension to height ratios at VA,
SV, and STJ levels, but remained non-significant trend at the TAA le-
vel. In contrast, after indexing aortic diameters to BSA, dimensions
of the proximal aorta tended to be larger in women. Description
and statistical significance for each single measure is provided in
Table 3. The values of aortic measurements according to gender
and age are presented in Table 4. Both for men and women, non-
indexed aortic dimensions tended to increase with age, with the
exception of the VA] diameter.

Predictors of proximal aorta dimensions

Both ascending aorta and aortic root measurements at the level of
SV (expressed as the mean of the three short-axis dimensions
shown in Figure 2) correlated significantly in the univariable analysis
with gender, age, and body size variables. Table 5 shows the results
of the two approaches related to body size (height or BSA) and the
subsequent multivariable linear regression analyses, with the coeffi-
cients (and their corresponding confidence intervals) for each linear
equation.

Agreement between measuring
conventions

Both Bland—Altman plots (Figure 3) consistently demonstrated an
overestimation of measures of ~2 mm of the LL method when
compared with the |l convention (except for a slightly smaller
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Table | Characteristics of the population
Parameters Total (n = 704) Male (n = 310) Female (n = 394) P
Age (years) 45.0 (35.0-57.0) 48.0 (36.3-59.0) 46.0 (36.0-57.0) 0.597
Height (cm) 170.0 (162.0-177.0) 176.5 (171.0-180.5) 163.0 (158.0-168.0) <0.001
Weight (kg) 68.5 (60.0-78.0) 78.0 (70.0-84.0) 63.0 (57.6—69.0) <0.001
Body mass index (kg/m?) 241+ 31 249 +29 239 + 3.1 <0.001
Body surface area (mz) 184+ 0.2 19402 17+ 0.2 <0.001
Waist circumference (cm) 8534+ 10.7 88.2 + 10.0 8254+ 10.6 <0.001
Systolic blood pressure (mmHg) 120.0 (110.0-130.0) 124.0 (118.0-130.0) 117.0 (110.0-128.0) <0.001
Diastolic blood pressure (mmHg) 75.0 (70.0-80.0) 77.0 (70.0-80.0) 73.0 (70.0-80.0) <0.001
Glycaemia (mg/dL) 92.0 (86.0-97.4) 93.0 (88.85-98.0) 91.0 (84.0-95.0) 0.001
Cholesterol level (mg/dL) 184.0 (167.0-199.5) 186.0 (170.0-203.0) 181.0 (165.0-196.0) 0.051
Table 2 Proximal aorta echocardiographic measurements
Parameters Total (n = 704) Total (n = 704) Total (n = 704) Male (n = 310) Female (n = 394) P*
mean + SD IQR 95% CI of mean mean + SD mean + SD
L—L end-diastole
VAJ (mm) 204 + 24 18.8-22.0 20.3-20.6 219 +22 193 +20 <0.001
SV (mm) 315 + 4.1 28.6—34.0 31.2-318 33.6 £ 39 29.7 + 33 <0.001
ST) (mm) 272 4+ 33 25.0-29.5 269-274 287 + 32 260+ 29 <0.001
TAA (mm) 285+ 38 26.0-30.9 28.2-288 299 + 3.8 273+ 34 <0.001
|-I end-diastole
VA (mm) 192 +25 17.5-209 19.0-19.4 20.6 + 2.2 182 + 2.1 <0.001
SV (mm) 293+ 39 26.4-31.8 29.0-29.6 314+ 37 27.7 + 341 <0.001
ST) (mm) 250+ 32 22.9-27.0 24.8-253 264 + 32 239+ 28 <0.001
TAA (mm) 260 + 3.6 24.0-28.7 26.2-26.8 27.8 + 3.6 255+ 33 <0.001
L—L mid-systole
VA (mm) 215423 20.0-23.0 21.4-217 228 + 2.1 20.6 + 1.9 <0.001
SV (mm) 326 +39 30.0-35.0 32.3-329 346 + 38 31.0 £+ 3.1 <0.001
ST) (mm) 281+ 33 25.9-20.3 27.9-284 29.6 + 32 269 + 2.8 <0.001
TAA (mm) 30.0 + 3.6 27.6-32.0 29.7-30.3 314 £ 36 289 + 32 <0.001
|I=I mid-systole
VA (mm) 201 + 2.1 18.8-21.6 20.0-20.3 21.3+20 192+17 <0.001
SV (mm) 304 £+ 38 28.0-32.8 30.1-30.7 324 +37 289 + 3.1 <0.001
ST) (mm) 259 + 3.1 23.8-28.0 25.6-26.1 27.2 + 31 248 + 2.7 <0.001
TAA (mm) 279 + 35 25.6-30.0 27.7-28.2 292 + 3.6 269 + 3.1 <0.001
Short-axis end-diastole
RCor (mm) 279 £ 35 25.5-30.0 27.7-28.2 29.7 + 35 265+ 238 <0.001
LCor (mm) 281+ 3.6 25.6-304 27.8-284 29.6 + 3.7 269 + 3.0 <0.001
NCor (mm) 282 + 3.7 25.9-30.6 27.9-285 29.7 + 37 27.0 + 3.2 <0.001
SD, standard deviation; IQR, interquartile range; Cl, confidence interval; L—L, leading edge to leading edge convention; |-I, inner-edge to inner-edge convention; RCor, diameter of

aortic root at the level of the right coronary sinus; LCor, diameter of aortic root at the level of the left coronary sinus; NCor, diameter of aortic root at the level of the non-coronary

sinus.

*P differences between male vs. female.

deviation at the VA| level). Passing—Bablok regression yielded both
constant and proportional coefficients of the prediction model for
the estimation of a diameter from a measuring convention to

another (Table 6).

Nomograms

nomograms have been constructed for aortic root and TAA

In order to provide a graphical approach to normalcy assess-
ment when dealing with proximal aorta dimensions, dedicated
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Table 3 Proximal aorta echocardiographic measurements indexed by body size

Parameters Total (n = 704) Total (n = 704) Total (n = 704) Male (n = 310) Female (n = 394) P*
Mean + SD IQR 95% CI of mean Mean 4+ SD Mean 4+ SD

Ratios to height
L—L end-diastole

VAJ/Ht (mm/m) 121 +1.2 11.2-12.8 12.0-121 1240 + 1.2 11.8+12 <0.001
SV/Ht (mm/m) 185+ 21 17.2-19.9 18.4-18.7 19.0 +£ 21 18.1+ 20 <0.001
STJ/Ht (mm/m) 160+ 1.8 14.8-171 15.9-16.1 162+ 1.8 158 + 1.8 0.004
TAA/Ht (mm/m) 168 +22 15.2-18.2 16.6—17.0 170 +£22 167 +22 0.079
|1-I end-diastole
VAJ/Ht (mm/m) 113+13 10.5-121 11.2-114 117 +12 111413 <0.001
SV/Ht (mm/m) 173 +£20 15.9-18.0 17.1-174 178 +£20 169+ 19 <0.001
STJ/Ht (mm/m) 147 +1.8 13.5-15.9 14.6-14.9 150+ 1.8 144+ 17 0.003
TAA/Ht (mm/m) 15.6 + 2.1 14.2-16.8 15.5-15.8 15.7 + 21 15.6 + 21 0.283
L—L mid-systole
VAJ/Ht (mm/m) 12.7 + 11 12.6-12.8 12.0-134 129 + 141 125+ 1.1 <0.001
SV/Ht (mm/m) 192 +20 17.9-20.4 19.0-19.3 19.6 £ 21 189+ 19 <0.001
STJ/Ht (mm/m) 167 + 1.8 15.3-17.7 16.4-16.7 168 + 1.8 164+ 1.8 0.006
TAA/Ht (mm/m) 17.7 + 21 16.3-20.0 17.5-179 17.8 + 21 17.6 + 21 0.297
I1=I mid-systole
VAJ/Ht (mm/m) 11.9+10 11.2-125 11.8-11.9 121 +£141 11.7 +£1.0 <0.001
SV/Ht (mm/m) 179+ 20 16.7-19.1 17.8-18.1 183+ 20 176 +19 <0.001
STJ/Ht (mm/m) 153 +1.7 14.0-16.3 15.1-154 154 +1.8 15.1+17 0.038
TAA/Ht (mm/m) 165+ 20 15.1-17.6 16.3-16.6 165 + 21 164 + 20 0.525
Short-axis end-diastole
RCor/Ht (mm/m) 165+ 1.9 15.3-17.6 16.3-16.6 168 +£2.0 1614+ 17 <0.001
LCor/Ht (mm/m) 16.6 +2.0 151-17.7 16.4-16.7 16.8 +2.0 164+19 0.02
NCor/Ht (mm/m) 16.6 +2.0 15.5-179 16.5-16.8 168 +2.0 165+ 19 0.011

Ratios to BSA
L—L end-diastole

VAJ/BSA (mm/mz) 1M7+18 10.6-12.4 11.6-11.9 1.6+ 18 118+18 0.34
SVIBSA (mm/mz) 18.0 £ 2.6 16.2-19.1 17.8-18.2 179 +£2.7 181+ 2.6 0.293
STJ/BSA (mm/mz) 155+24 13.9-16.7 15.3-15.7 152+ 25 158 +£23 0.004
TAA/BSA (mm/mz) 163 +28 14.4-17.6 16.1-16.5 159 +28 16.6 +2.8 0.001
I-1 end-diastole
VAJ/BSA (mm/m?) 11.0+18 9.9-117 10.8-11.2 109 +£1.7 11.1+18 0.363
SV/BSA (mm/m?) 168 +£25 152-179 16.6-16.9 167 £25 168 +24 0.375
ST)/BSA (mm/m?) 143 +23 12.8-15.5 14.1-14.5 140 + 23 144 +22 0.009
TAA/BSA (mm/m?) 152 +27 13.3-16.5 15.0-15.4 147 + 2.6 155 +27 <0.001
L—L mid-systole
VAJ/BSA (mm/mz) 124+ 17 11.3-13.0 12.2-125 121 +17 125+ 17 0.005
SVIBSA (mm/mz) 18.6 +£ 2.6 17.0-20.0 18.4-18.8 184 + 2.7 188 + 2.6 0.03
STJ/BSA (mm/mz) 161+ 24 14.4-17.2 15.9-16.3 158 + 2.4 164 +24 0.002
TAA/BSA (mm/mz) 172+28 15.3-18.7 17.0-17.4 167 +2.8 17.6 £2.7 <0.001
|- mid-systole
VAJ/BSA (mm/mz) 115+ 1.6 10.5-122 11.4-117 113 +1.6 17+16 0.002
SV/BSA (mm/m?) 174+ 25 15.8-18.7 17.2-17.6 172 +£26 175+ 24 0.07
ST)/BSA (mm/m?) 148 +£23 13.3-16.0 14.6-15.0 145 +23 151422 <0.001
TAA/BSA (mm/m?) 160+ 27 142-174 15.8-16.2 155 +26 164 + 2.6 <0.001
Short-axis end-diastole
RCor/BSA (mm/m?) 16.0 +£ 24 14.4-17.0 15.8-16.2 158 +£ 2.5 161 +24 0.058
LCor/BSA (mm/m?) 161+ 25 144-17.4 15.9-16.3 157 £ 2.5 164 £ 2.5 <0.001
NCor/BSA (mm/m?) 161+ 25 14.5-17.4 15.9-16.3 158 + 2.4 164 £ 2.6 0.001
Ht, height; BSA, body surface area; SD, standard deviation; IQR, interquartile range; Cl, confidence interval; L—L, leading edge to leading edge convention; |-, inner-edge to

inner-edge convention; RCor, diameter of aortic root at the level of the right coronary sinus; LCor, diameter of aortic root at the level of the left coronary sinus; NCor, diameter of
aortic root at the level of the non-coronary sinus.
*P differences between male vs. female.
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Table 4 Aortic measures according to age and gender

Parameters <40 years 40-59 years >60 years P* Male** Female**

Total emale v Total Male Female r P r P
Mean + SD 95% CI Mean + SD Mean + SD Mean + SD 95% ClI Mean + SD Mean + SD

L-L end-diastole
VAJ (mm) 204 + 26 20.0-20.7 221+ 21 19.0 + 2.0 20.5 +23 20.3-20.8 218+ 23 19.6 + 1.8 208 +28 19.6-214 223 +2.1 187 £ 2.1 0.653 0.553 0.01 —0.09 0.105 0.06 0232
SV (mm) 303 +4.0 29.8-308 325+ 36 286+ 35 31.7 +£39 31.3-321 340+39 300+ 28 33.1+36 31.9-343 352 +34 31.0 +25 <0.001 0.001 <0.001 021 <0.001 031 <0.001
ST) (mm) 258 + 3.0 254-262 272+ 26 247 +£29 276 +33 272-280 293 +32 263426 292435 279-304 309 +32 273428 <0.001 <0.001 <0.001 033 <0.001 035 <0.001
TAA (mm) 267 + 3.5 26.3-27.1 280+ 3.1 25.6 +3.0 289 + 3.6 285-293 305435 27.6 + 3.0 315+ 46 29.9-33.1 335+38 294 4+ 46 <0.001 <0.001 <0.001 042 <0.001 040 <0.001

|-1 end-diastole
VAJ (mm) 191426 188-19.4 20.6 + 2.1 179 +23 193 +22 19.1-19.5 205 +22 184+ 1.8 194 + 29 184-204 214 +22 173 +20 0.574 0.267 0019 —0.03 0.554 0.04 0.401
SV (mm) 282+ 39 27.7-288 302+ 3.5 26.6 + 34 29.6 + 37 29.1-300 318+ 3.7 279 +£27 309 + 34 29.7-320 329 +32 289 +23 <0.001 <0.001 <0.001 023 <0.001 031 <0.001
ST) (mm) 238+ 30 234-242 272 +26 247 £29 254 + 31 251-258 293 +32 263 +26 269 + 34 25.7-28.1 309 +32 273+28 <0.001 <0.001 <0.001 0.33 <0.001 035 <0.001
TAA (mm) 267 + 33 263-271 280+ 3.1 256 + 3.0 289 + 36 285-29.3 305+ 35 276 +3.0 315+ 46 29.9-331 338+38 294 + 46 <0.001 <0.001 <0.001 042 <0.001 040 <0.001
L—L mid-systole
VAJ (mm) 214 +25 211-217 229+ 21 203 +£22 217 £22 215-219 23.0+20 207 £17 21.6 +£21 209-224 230+ 21 203 +12 0.374 0.918 0.086 0.10 0.093 0.06 0.274
SV (mm) 314+ 38 31.1-320 334+34 30.0 + 34 327 + 38 323-332 350+38 311 +£28 347 + 32 33.6-357 36.6+3.0 327 £ 21 <0.001 <0.001 <0.001 023 <0.001 027 <0.001
STJ (mm) 271 +£32 26.7-275 285+28 260 + 3.0 285 + 3.1 28.1-288 30.1 + 3.1 272 +25 30.0 + 34 288-313 318 +32 281 +26 <0.001 <0.001 <0.001 026 <0.001 025 <0.001
TAA (mm) 285 + 3.1 28.1-289 298+ 3.0 275+28 304 + 34 30.1-30.8 32.0 + 34 293 +30 327 + 45 31.1-343 346 + 4.0 30.5 + 4.1 <0.001 <0.001 <0.001 038 <0.001 032 <0.001
|—1 mid-systole
VAJ (mm) 200 + 24 19.7-203 214 +22 189 + 19 202 + 2.0 20.0-205 214 +20 194 + 1.6 202 +22 19.5-209 215421 189 + 1.0 0.516 0.958 0.043 —0.11 0.059 0.07 0.159
SV (mm) 294 +37 29.0-299 311+ 34 280+ 3.3 306 +3.7 302-31.0 328+ 3.6 290 +28 324 +33 31.2-335 341+33 30.6 + 21 <0.001 <0.001 0.001 023 <0.001 026 <0.001
STJ (mm) 25.0 + 3.1 24.6-254 262 +27 239 +29 262 +3.0 259-26.6 278+ 32 251 +23 274 +33 262-286 289 +33 257 +26 <0.001 <0.001 <0.001 024 <0.001 024 <0.001
TAA (mm) 265 + 3.0 26.1-269 27.6 +29 255 +27 284 +33 28.0-288 29.8 +34 273 +28 301 + 43 28.6-31.7 318+ 40 283 +39 <0.001 <0.001 <0.001 035 <0.001 034 <0.001
Short-axis end-diastole
RCor (mm) 272 +33 269-27.6 288+ 3.0 259 +30 280+ 37 27.6-285 30.1 + 39 264 +26 29.7 +£34 28.6-309 314 +35 281 +24 <0.001 0.002 0.005 0.17 0.004 024 <0.001
LCor (mm) 274 + 34 269-278 286+ 34 263 + 31 28.1+37 277-286 299 + 39 268 +28 29.6 +£3.5 284-308 314 +35 278 +25 0.001 0.002 0.121 0.19 0.001 023 <0.001
NCor (mm) 27.6 +3.7 27.1-280 289 + 35 265+ 35 282 +37 27.8-28.6 30.0 + 3.9 269 +29 302 +32 29.1-312 317 +£30 286 +2.7 <0.001 0.004 0.021 0.16 0.005 022 <0.001

*P for differences between age categories (one-way ANOVA).
**P and r values of the bivariate correlation test for dimensions and age (as a continuous variable) for men and women groups.
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Table 5 Multiple linear regression analyses of aortic root and TAA dimensions (mm) with either BSA or height as

independent variables, adjusted for age and gender

SV Il end-diastole

TAA Il end-diastole

Adj. R* B 95% Cl of B

Height model 0.301

Constant —1.67 —7.06 to 3.72
Age (years) 0.08 0.06 to 0.09
Gender (male) 0.98 0.40 to 1.57
Height (cm) 0.15 0.12 t0 0.18
BSA model 0.259

Constant 17.33 15.15 to 19.51
Age (years) 0.06 0.04 to 0.07
Gender (male) 1.86 1.32 to 2.39
BSA (m?) 415 2.99 to 5.32

P Adj. R? B 95% Cl of B P
029
<0.001 2.4 —3.4410 825 042
<0.001 0.13 0.11 to 0.15 <0.001
0.001 0.87 0.24 to 1.50 0.007
<0.001 0.11 0.07 to 0.14 <0.001
0.267
<0.001 16.07 13.72 to 18.42 <0.001
<0.001 0.11 0.09 to 0.13 <0.001
<0.001 1.56 099 to 2.13 <0.001
<0.001 2.56 123 to 3.81 <0.001

SV, sinuses of Valsalva level; TAA, tubular ascending aorta; Il, inner-edge to inner-edge convention; BSA, body surface area; Adj. R?, adjusted coefficient of determination;
B, unstandarized regression coefficient; Cl, confidence interval; P=significance value of the unstandarized regression coefficient.

measurements. Figure 4 shows aortic root dimensions by gender,
age, and height. Figure 5 displays aortic root dimensions by gender,
age, and BSA. Figures 6 and 7 show tubular aortic dimension by gen-
der and age, as indexed by height and BSA, respectively.

Discussion

The NORRE aortic dimensions sub-study offers a set of data for
normal diameter values of the proximal aorta as assessed by means
of transthoracic echocardiography using harmonic imaging. The po-
tential clinical use is either to confirm normalcy in particular patients
or to assess the clinical characteristics of proximal aorta in a variety
of defined clinical conditions.

Proximal aorta echocardiographic
measurements

Dimensions of the explorable proximal aorta were taken from con-
venient transthoracic echocardiographic images at the recom-
mended levels."* In order to provide a set of data useful for
potential comparisons, diameters have been measured at both end-
diastole and mid-systole. In addition to the customary LL echocar-
diographic convention, the Il convention has been considered to be
more comparable with the measurements obtained from computed
tomography and magnetic resonance imaging luminograms in the
current era of multimodality imaging. The EACVI recommendations
hint a future shift to the Il convention when dealing with aortic di-
mensions in order to converge with other cardiovascular imaging
techniques, but the lack of sufficient normal data prevent endorse-
ment of the Il method.*

Diameters of the aortic root at the levels of SV from short-axis
images were assessed as advised by recent recommendations.*"°
Although such approach is planned for reconstructions from a
three-dimensional data-set, convenient short-axis views of the aor-
tic root are routinely obtainable in 2D echocardiographic studies,
and were included in the NORRE study protocol.” Dimensions

obtained from the short-axis view (Figure 2) relied considerably
on lateral resolution and consequently only the Il convention was
taken into account. As the imaging plane was chosen according to
visual symmetry by each echocardiographer, rather than off-line re-
formatted as usually done in three-dimensional techniques, poten-
tial slanting from the true aortic short-axis could not be
prevented. However, if it is assumed that wrong obliquity of 2D
images randomly occurs in space orientation, errors would be can-
celled by regression to mean in such a large sample, that is well en-
ough powered. In fact all three diameters were similar, and only the
Non-coronary sinus diameter was slightly larger. Regarding this fact,
two considerations could be made. First, this measurement mostly
relies on the more accurate axial ultrasound resolution, thus yielding
a good blood-endocardium definition. Second, since the non-
coronary sinus is the farthest to the parasternal transthoracic probe
position, this diameter is the most prone to overestimation due to
off-axis imaging.

Demographic associations of aortic
dimensions

Non-indexed aortic dimensions were consistently larger in men
with clear statistical significance. When dimensions were indexed
to height, men tended to show larger values of aortic diameters,
but with less robust statistical significance. Notably, ascending
tubular aorta diameters were not dissimilar from a statistical point
of view in men and women when indexed to height. In contrast,
when aortic dimensions were related to BSA, women showed
slightly larger indexed diameters that reached statistical signifi-
cance at the two more distal aortic measurement levels, i.e. ST
and TAA.

In both genders, dimensions of proximal aorta were progressively
larger with aging at all levels with the exception of the aortic annulus
(VA)), which appeared to remain stable unchanged irrespective
of age. Blood pressure, glycaemia, and cholesterolaemia did not cor-
relate with aortic dimensions in this set of healthy individuals.
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Figure 3 Bland—Altman plots of the agreement between the inner edge to inner edge (Il) and the leading edge to leading edge (LL) conventions
for proximal aorta measurements. The graphics are distributed in four rows representing measured levels: VA), SV, STJ, and TAA. End-diastolic
measurements are represented in the left column. Mid-systolic dimensions are displayed on the column at the right. The solid line represents the

mean difference. Dotted lines represent the 95% confidence limits of agreement.
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Table 6 Differences between LL and Il conventions for aortic measurements

Tested difference BA mean difference BA 95% IA of LL — 1l PB constant coefficient PB proportional
LL-11+SD difference (95% CI) coefficient (95% CI)

(LL) — (Il) end-diastole

VAJ (mm) 123 £ 095 —0.62 to 3.108 0.19 (—0.15 to 0.54) 1.04 (1.02 to 1.05)
SV (mm) 214 +£1.17 —0.16 to 443 0.96 (0.57 to 1.35) 1.05 (1.04 to 1.07)
ST) (mm) 216 + 1.18 —0.15 to 447 1.25 (0.72 to 1.76) 1.04 (1.02 to 1.06)
TAA (mm) 1.96 +0.93 0.13 to 3.79 0.89 (0.49 to 1.28) 1.05 (1.03 to 1.07)
(LL) — () mid-systole
VAJ (mm) 143+ 0.72 0.015 to 2.84 0.12 (—0.31 to 0.54) 1.05 (1.03 to 1.08)
SV (mm) 215 +1.01 0.17 to 413 0.60 (0.18 to 1.03) 1.03 (1.01 to 1.05)
STJ (mm) 226 +1.11 0.08 to 4.44 0.82 (0.30 to 1.33) 1.06 (1.03 to 1.08)
TAA (mm) 2.06 + 1.30 —0.48 to 4.61 0.64 (0.20 to 1.06) 1.03 (1.02 to 1.05)

BA, Bland—Altman test; LL, leading edge to leading edge convention; I, inner edge to inner edge; SD, standard deviation; IA, interval of agreement; PB, Passing—Bablok regression
test; Cl, confidence interval.
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Figure 4 Nomograms of aortic root dimensions (SV level) according to different heights for both genders and two age groups (younger or
older than 50 years). X-axis represents height in centimeters. Y-axis represents aortic root diameter in millimeters.
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Figure 5 Nomograms of aortic root dimensions (SV level) according to different calculated body surface areas (BSA), for both genders and two
age groups (younger or older than 50 years). X-axis represents BSA in square meters. Y-axis represents aortic root diameter in millimeters.

In contrast, each single measure of body size related to aortic
diameters. Height, weight and waist circumference (and calculated
indexes) were strongly correlated to each other. Hence, such pre-
dictors were exclusively considered one at a time when performing
multivariable analysis to avoid multicollinearity.

Multiple linear regression analysis allowed building models for
aortic size predictions taking into account age, gender, and either
height or BSA. Notably, linear models considering age, gender,
and body size barely explained around one-quarter of the total
variance, as revealed by the adjusted coefficients of determin-
ation (between 0.259 and 0.301). Therefore, there may be
wide biological variability in aortic dimensions not entirely ex-
plained by simple demographic and anthropometric variables.
This is why, regression equations for prediction of aortic size
(and derived nomograms) based only on these parameters
should be interpreted with caution taking into account this
limitation.

Differences between measuring
conventions

As expected, the LL technique yielded greater mean diameters
of the proximal aorta at all four measurement levels, confirmed
by the convenient Bland—Altman tests of agreement and Passing—
Bablok regression analysis. Differences between LL and Il are due
not only to spatial echo resolution but also due to the structures
included in measurement, as the anterior aortic wall itself. The pro-
vided quantification of such deviation could be clinically valuable as
both the LL and IL measurement conventions are used in clinical
echocardiography, either for single measurements as for entire
population studies. In addition, measurements were carried out
in diastole following current chamber quantification guidelines,*
as well as in systole when aortic wall stress is largest, following
recommendations for paediatric and congenital heart disease
echocardiography."’
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Figure 6 Nomograms of TAA diameters according to different heights for both genders and two age groups (younger or older than 50 years).
X-axis represents height in centimeters. Y-axis represents TAA diameter in millimeters.

Comparison with previous studies

Our study confirmed and extended some previous studies on prox-
imal aortic measurements.®'%"3 However, previous studies were
often limited by size, narrow age range of the participants, or ob-
tained in patients with presumed normal findings. To date, the
NORRE study comprises the largest prospective sample of normal
volunteers not recruited from clinical practice. Candidates with
doubtful clinical normalcy were excluded, having taken into account
clinical history, cardiovascular examination, body size, and labora-
tory findings.”

Data for normal aortic measurements were collected from the
beginning of 2D echocardiography, focused on aortic root dia-
meters, which by then had been well characterized with M-mode
technique.® The use of those relatively old 2D reference values of
aortic root dimensions are customarily used in current recommen-
dations.>* An increase in the signal-to-noise ratio was recently
achieved with the development of second harmonic imaging, result-
ing in better ultrasound visual assessment, but at the cost of a slight

decrease in spatial resolution. More recent studies have focused in
the differences between LL and Il conventions.®'>"> Our data com-
pare favourably with those studies and confirm their findings in a
prospective large healthy population, not only presenting normal
ranges but also on aortic dimensions predictors.®'?

Normalization of aortic measurements and provision of Z scores
requires refined statistical elaboration," which is beyond the scope
of this study. However, the data of this study could be useful in this

regard.

Limitations

The NORRE study results come from a population of individuals of
Caucasian ascend. Application to other populations might be
flawed, as external validity is not fully warranted. Participants in
the NORRE study were normal volunteers with pre-specified selec-
tion criteria, but the inclusion of patients with underlying subtle vas-
cular disease (potentially affecting aortic dimensions) cannot be
completely ruled out.
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50 years). X-axis represents BSA in square meters. Y-axis represents TAA diameter in millimeters.

Conclusion

The NORRE study yielded reference ranges for proximal aorta di-
mensions as assessed by transthoracic echocardiography, based on
data of a large population of normal subjects of broad European ori-
gin. Normal reference values considering measurement method,
time of heart cycle, and anatomical levels are provided. Gender,
age, and body size need to be considered, as are major determinants
of aortic dimensions.
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