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ABSTRACT
Background: Differences in the thoracic aorta diameters have been found according to sex, age and body surface area. However, the
results are very heterogeneous.
Objectives: The aim of this study was to establish the normal thoracic aortic diameters (AoD) by transthoracic echocardiography in
our population and to analyze the influence of anthropometric, demographic and ethnic variables.
Methods: A national, prospective and multicenter registry was performed including 1,000 healthy adults (mean age: 38.3±12.7
years, 553 women, 56.7% of Caucasian origin and 38.3% Native Americans). Aortic measurements were made at 6 levels following
current recommendations: aortic annulus, aortic sinuses, sinotubular junction, proximal ascending aorta, aortic arch and proximal
descending aorta.
Results: The 95th percentile of all absolute AoD was below 3.80 cm; AoD indexed by height was 2.08 cm/m and 2.11 cm/m2 indexed
by body surface area (BSA). The global analysis showed a positive and significant correlation of all AoD with BSA and height, as
well as with age, except for the aortic annulus which did not change over time. In individuals with increased body mass index, BSA
did not correlate with AoD. Women had lower AoD in all segments and in the aortic root, even after indexing it by height. Native
American subjects had lower absolute and indexed AoD than Caucasian ones at all aortic levels (p <0.01), except for the proximal
descending aorta, which showed no significant differences.
Conclusions: Demographic, anthropometric and ethnic variables were significant determinants of aortic dimensions at all levels, so
they must be taken into account for interpretation.
Key words: Aorta, Thoracic/Diagnostic Imaging - Echocardiography - Diagnostic Techniques, Cardiovascular - Argentina
RESUMEN
Introducción: Se han encontrado diferencias en los diámetros de la aorta torácica de acuerdo al sexo, la edad y la superficie corporal.
Sin embargo, los resultados son muy heterogeneos.
Objetivos: Determinar los diámetros normales de la aorta (DAo) torácica por ecocardiograma transtorácico en nuestra población y
analizar la influencia de las variables antropométricas, demográficas y étnicas en DAo.
Material y métodos: Se realizó un registro nacional, prospectivo y multicéntrico que incluyó 1000 adultos sanos (edad media: 38.3
± 12.7 años, 553 mujeres, 56.7% de origen caucásico y 38.3% americanos nativos). Se realizaron mediciones aórticas siguiendo las
recomendaciones actuales en 6 niveles: anillo, sinusal, unión sinotubular, ascendente proximal, cayado y descendente proximal.
Resultados: El percentilo 95 se encontró por debajo de los 3.80 cm para todos los DAo absolutos, 2.08 cm/m para los indexados por
altura y 2.11 cm/m2 por superficie corporal (SC). El análisis global mostró correlación positiva y significativa entre todos los diáme-
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tros aórticos, la SC y la altura, así como la edad con la excepción del anillo aórtico, que no presentó modificaciones con el paso del
tiempo. En los individuos con índice de masa corporal aumentado, la SC no se correlacionó con los diámetros aórticos. Las mujeres
presentaron menores DAo en todos los segmentos y en la raíz aórtica, aun luego de indexarla por altura. Los americanos nativos
presentaron menores diámetros aórticos absolutos e indexados que los caucásicos en todos los niveles aórticos (p<0.01), exceptuando
la aorta descendente proximal, que no mostró diferencias significativas.
Conclusiones: Las variables demográficas, antropométricas y étnicas resultaron determinantes significativos de las dimensiones
aórticas en todos sus niveles, por lo que deben tenerse en cuenta para su interpretación.
Palabras clave: Aorta torácica/diagnóstico por imagen - Ecocardiografía - Técnicas de Diagnóstico Cardiovasculares - Argentina

Abbreviations
ACI

AoD Aortic diameters

LV

Left ventricle

BMI

Body mass index

LVEF

Left ventricular ejection fraction

BSA

Body surface area

MBP

Mean blood pressure

DBP

Diastolic blood pressure

RWT

Relative wall thickness

D

Diameters

SBP

Systolic blood pressure

LAVi

Left atrial volume indexed by body surface area

TTE

Transthoracic echocardiography

INTRODUCTION

Aortic dilatation is associated with the presence and
severity of aortic regurgitation and the risk of acute
aortic syndromes (1–3). Its early diagnosis allows
patient monitoring to determine the optimal time of
treatment and prevent its potential complications (4,
5) On the other hand, its overdiagnosis involves alterations in patients’ quality of life, as well as increased
health costs. Therefore, it is of great importance to
know the normal values of each aortic segment and
for each technique to accurately establish when it is
dilated. (2, 6, 7)
Transthoracic echocardiography (TTE) is the
main method for the initial evaluation of the thoracic
aorta and, in most patients, allows measurement of
all its segments. Several studies evaluated the normal values of the aortic root with TTE that served for
the publication of nomograms. (6, 8, 9) However, the
methodology used for the measurement of the aorta
is controversial and many data considered as normal
limits have been obtained with disused techniques,
small number of patients and with little representation of teenagers and older adults. (6) Additionally,
there is almost no data on the normal diameters of
the aortic arch and the proximal descending aorta.
Age, height, BSA and gender differences of aortic
root diameters have been published, indicating that
anthropometric and demographic factors are of vital
importance for their interpretation. (8–11) However,
there is still no agreement on some issues, as whether
the variations of aortic diameters in relation to gender
are due to differences in BSA or to a different growth
rate between men and women influenced by hormonal factors, or whether indexing by BSA underestimates the degree of aortic dilatation in obese subjects.
In fact, most studies exclude overweight and obese
patients or they are underrepresented in few studies, even when a large part of the current population
suffers from this disease. (9, 10) More importantly,
published data have included population with anthro-

pometric, demographic and ethnic characteristics different from that of our country; hence, the influence
of these variables is unknown. We might then question whether the values currently published as upper
normal limits of aortic diameters (AoD) apply to the
Argentine population.
The National Registry of Thoracic Aorta Measurement by Echocardiography in Argentina (MATEAR)
was designed to prospectively assess, following current methodological recommendations, (12) the normal diameters (D) and the cut-off point of each thoracic AoD segment in a cohort of healthy Argentine
patients, and to determine their correlation with age,
gender, anthropometric variables and ethnicity.
METHODS

The MATEAR Registry was a prospective, observational,
multicenter registry, originated from the Echocardiography and Vascular Doppler Council of the Argentine Society
of Cardiology, developed from February 2018 to June 2019.
This registry included consecutive healthy patients above
18 years of age undergoing a TTE by medical indication
in 45 centers from 16 provinces of the Argentine Republic.
Patients with pathologies that could affect AoD or hinder
their correct measurement were excluded (exclusion criteria in Supplementary Material, Table 1). Demographic and
anthropometric variables, blood pressure and cardiovascular
history, both personal and of first-degree family members, as
well as clinical variables of relevance were collected for each
patient. The data was loaded through a web platform with a
single password per researcher.
Aortic measurements

The operators were trained through an explanatory video
to unify measurement techniques according to current international recommendations. Each patient underwent a
conventional and complete TTE to rule out unknown cardiovascular diseases.
Measurements were made according to current recommendations. (7, 12) Measurements of the aortic annulus (at
the insertion of the aortic leaflets), Valsalva sinuses, sinotubular junction, and proximal tubular (or ascending) portion
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(at 1 cm from the sinotubular junction or where the largest
D of the tubular portion was established) were performed
in left parasternal long axis view. The aortic annulus was
measured from internal edge to internal edge in mid-systole
and the rest of the measurements were performed from upper edge to upper edge at end diastole. The proximal aortic
arch, between the origin of the brachiocephalic trunk and
the common carotid artery, was measured from superior border to superior border, and the proximal descending aorta,
immediately after the origin of the left subclavian artery,
from the left border to the right border, including only the
left border. Measurements of the last two segments were
performed in suprasternal view at end diastole.
Statistical analysis

The values included in the 5th-95th percentile were considered as reference values. Discrete variables are expressed as
proportions. Continuous variables with normal distribution
are expressed as mean and standard deviation, while those
with non-normal distribution are expressed as median and
interquartile range. Student’s t-test was used to compare
continuous variables with parametric distribution.
A simple linear regression analysis was performed between dependent variables (aortic diameters at each level)
and anthropometric variables such as age, BSA, height and
body mass index (BMI), using Pearson’s minimum square
test to obtain coefficients of determination (R) and prediction
intervals (95%). The analysis was repeated stratifying the
population according to gender, age and ethnicity. A multiple
regression analysis was performed to assess the relative influence of the predictor variables in AoD, using variables that
showed significant association in the simple regression analysis. STATA 13 software package was used for statistical analysis. A two-tailed p-value <0.05 was considered significant.
Ethical considerations

The registry was approved by the bioethics committee of the

Table 1. Anthropometric and
echocardiographic characteristics according to gender.

Argentine Society of Cardiology and an informed consent
was obtained from each participant.
RESULTS

The study included 1,000 apparently healthy individuals (mean age: 38.3±12.7 years and 553 (55.3%)
women). Table 1 shows the anthropometric variables
and the complete global and differentiated by gender
echocardiographic values.
As expected, men showed significantly greater anthropometric dimensions, left ventricular dimension
and thickness values. Moreover, men had higher systolic, diastolic and mean blood pressure values, but within
the normal range. The observed differences between
genders can be seen in Table 1. Body surface area was
calculated by the Mosteller method and by the Dubois
formula, without significant differences between the
two methods (1.85 m2±0.24 by the Mosteller method
vs. 1.84 m2±0.26 by the Dubois method, p=NS), so for
subsequent calculations the Mosteller result was taken.
Men had increased BMI more frequently than
women [310 (69.5%) men with BMI> 25, vs. 260
(47%) women, p<0.0001].
The reproducibility of aortic dimension measurements was good, with an intra-class correlation coefficient (ICC) of 0.77-0.95 for intraobserver variability
and between 0.68-0.92 for interobserver variability.
Aortic diameters by echocardiography and body size

Table 2 provides the descriptive statistics of absolute
aortic diameters at the six levels analyzed for both
genders. Aortic diameters were significantly higher
in men at the six levels analyzed. The 95th percentile
of all absolute aortic diameters was below 3.80 cm. A

Total
(n=1,000)

Female
(n=553)

Male
(n=447)

P value

Age, years

38.3 ± 12.9

39.1 ± 13.4

37.2 ± 12.3

0.02

Weight (kg)

74.4 ± 16.8

67.3 ± 14.5

83.2 ± 15.3

<0.0001

Height (cm)

167.4± 9.5

161.5 ± 6.0

174.6 ± 7.7

<0.0001

BSA - Dubois (m2)

1.85 ± 0.24

1.73 ± 0.19

2.00 ± 0.21

<0.0001

BMI (kg/m2)

26.4 ± 5.07

25.8 ± 5.4

27.2 ± 7.4

<0.0001

SBP (mmHg)

113.3 ± 7.1

110.6 ± 9.1

114.6 ± 7.4

<0.0001

DBP (mmHg)

71.7 ± 7.8

70.2 ± 8.1

73.7 ± 7.1

<0.0001

MBP (mmHg)

85.5 ± 7.3

83.5 ± 7.4

88.8 ± 7.1

<0.0001

LVEF, %

64.8 ± 5.0

65.3 ± 4.9

64.1 ± 5.1

0.0003

LAVi (ml/m2)

23.5 ± 6.8

23.4 ± 6.4

23.8 ± 7.2

NS

LV Mass indexed by BSA (g/m2)

70.6 ± 13.2

67.1 ± 13.0

75.0 ± 13.1

<0.0001

RWT

0.36 ± 0.06

0.36 ± 0.06

0.36 ± 0.07

NS

E/A RATIO

1.47 ± 0.4

1.47 ± 0.48

1.45 ± 0.5

NS

LVEDV (cm)

4.6 ± 0.4

4.4 ± 0.38

4.8 ± 0.39

<0.0001

LVESV(cm)

2.81 ± 0.4

2.68 ± 0.36

2.97 ± 0.39

<0.0001

Septal thickness (cm)

0.89 ± 0.12

0.86 ± 0.12

0.94 ± 0.11

<0.0001

Posterior wall thickness (cm)

0.82 ± 0.12

0.79 ± 0.12

0.86 ± 0.12

<0.0001

BSA: Body surface area. BMI: Body mass index. SBP: Systolic blood pressure. DBP: Diastolic blood pressure.
MBP: Mean blood pressure. LVEF: Left ventricular ejection fraction. LAVi: Left atrial volume indexed by body
surface area. RWT: Relative wall thickness. LVEDV: Left ventricular end-diastolic volume. LVESV: Left ventricular end-systolic volume. Results are expressed as mean ± SD.
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positive correlation was observed between the six aortic diameters and anthropometric variables (height
and BSA). Table 3 provides the aortic diameters at the
six levels indexed by height for both genders. Women
had lower aortic diameters indexed by height for the
aortic annulus, Valsalva sinuses and sinotubular junction. No significant differences were observed between
both genders in the ascending aorta, aortic arch and
proximal descending aorta after indexing by height.
The 95th percentile of all aortic diameters indexed by
height was below 2.08 cm/m.
Regarding the increase in AoD with BSA, a linear
and significant correlation was observed at the 6 aortic levels for patients with normal BMI. However, the
strength of the correlation between AoD and BSA decreases with the increase in BMI, because BSA is no
longer representative of the actual body size. Figure 1
shows the decrease in the correlation between sinus
diameter and BSA as BMI increases. In patients with
BMI >35 kg/m2 the correlation between diameters
and BSA ceases to be significant at the level of Valsalva sinuses, sinotubular junction, proximal ascending
aorta, aortic arch and descending aorta.
Therefore, for the calculation of AoD indexed by
BSA, only the subgroup of patients with normal BMI
was taken into account. The group of 430 patients
with BMI under 25 kg/m2 [293 (68%) women] had
BSA: 1.68±0.16m2, weight: 61.1±9.28 kg, height:
165.8±8.7 cm and BMI: 22.15±1.98 kg/m2. Table 4
shows the AoD at the six levels indexed by BSA for
both genders in the group with normal BMI. Women
had higher diameters indexed by BSA at the six levels
analyzed. The 95th percentile of all AoD indexed by
BSA was below 2.11 cm/m2.
Aortic dimensions and age

The AoD correlated significantly with age, except at

the aortic annulus level. In both men and women
there is a progressive and consistent increase in the
absolute dimensions of the ascending aorta with increasing age, as a continuous variable. Moreover, an
increase in the diameters of the aortic root, ascending
aorta, aortic arch and descending aorta is observed for
each gender and age group, as defined by Roman et al.
(6) At each level, with the exception of the annulus, it
was seen that age group 2 (26 to 40 years old) and 3
(over 40 years old) presented in both men and women
aortic dimensions significantly larger than in younger
subjects (Supplemental Figure 1).
The analysis by decades also shows a progressive
increase in AoD every 10 years, except for the annulus
that remains stable, as can be seen in Supplemental
Figure 2. The normal ratio of the different aortic segments with respect to the aortic annulus is reported in
Supplemental Figure 3.
Aortic dimensions and ethic origin

In relation to ethnic origin, the majority of patients
included presented Iberian origin in 547 (55%) cases
and Native American origin in 406 (41%).
Patients of American origin compared with those
of Iberian origin present with different absolute diameters: significantly lower in the aortic annulus, Valsalva sinuses, sinotubular junction and proximal ascending aorta, similar in the aortic arch and greater in
the proximal descending aorta (Table 5). On the other
hand, when indexing by BSA, it was observed that
the diameters in Iberian patients were greater at all
levels, except for the descending aorta (aortic annulus
1.12 cm vs. 1.08 cm, aortic sinuses 1.66 cm vs. 1.48
cm, sinotubular junction 1.44 cm vs. 1.35 cm, proximal ascending aorta 1.54 cm vs. 1.43 cm, aortic arch
1.30 cm vs. 1.26 cm, and proximal descending aorta
1.04 cm vs. 1.12 cm, p<0.0001 in all cases). Regarding

Table 2. Absolute aortic diameters at the 6 levels measured, for both genders.

Aortic annulus (cm)
Valsalva sinuses (cm)
Sinotubular junction(cm)
Proximal ascending aorta (cm)
Aortic arch (cm)
Proximal descending aorta (cm)

TOTAL (N=1000)
Absolute diameter (cm)
Mean ±SD
(P5-P95)

FEMALE (N=553)
Absolute diameter (cm)
Mean ±SD
(P5-P95)

MALE (N=447)
Absolute diameter (cm)
Mean ±SD
(P5-P95)

P value

2.02 ± 0.22

1.93 ± 0.18

2.13 ± 0.20

<0.0001

(1.70 - 2.40)

(1.62 - 2.20)

(1.80 - 2.50)

2.91 ± 0.40

2.76 ± 0.35

3.10 ± 0.39

(2.30 - 3.60)

(2.20 – 3.40)

(2.50 - 3.80)

2.57 ± 0.37

2.44 ± 0.32

2.73 ± 0.38

(2.00 - 3.20)

(1.96 - 3.00)

(2.10 – 3.40)

2.74 ± 0.38

2.64 ± 0.35

2.86 ± 0.37

(2.20 - 3.40)

(2.10 - 3.30)

(2.30 – 3.50)

2.35 ± 0.35

2.27 ± 0.32

2.45 ± 0.36

(1.80 - 2.84)

(1.80 - 2.80)

(1.90 – 3.00)

1.97 ± 0.34

1.91 ± 0.32

2.05 ± 0.34

(1.50 – 2.60)

(1.45 – 2.40)

(1.60 – 2.70)

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

Women presented significantly smaller absolute aortic diameters at the 6 levels. All 95th precentiles were below 3.80 cm for the 6 levels in the total
population. SD: Standard deviation.
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Table 3. Aortic diameters indexed by height at the 6 levels, for both genders.

Aortic annulus (cm/m)
Valsalva sinuses(cm/m)
Sinotubular junction (cm/m)
Proximal ascending aorta (cm/m)
Aortic arch (cm/m)
Proximal descending aorta (cm/m)

TOTAL (N=1000)
Diameter indexed by
height (cm/m)
Mean ±SD
(P5-P95)

FEMALE (N=553)
Diameter indexed by
height (cm/m)
Mean ±SD
(P5-P95)

MALE (N=447)
Diameter indexed by
height (cm/m)
Mean ±SD
(P5-P95)

P value

1.21 ± 0.11

1.19 ± 0.11

1.22 ± 0.11

0.001

(1.04- 1.39)

(1.01- 1.39)

(1.05- 1.38)

1.74 ± 0.22

1.71 ± 0.21

1.77 ± 0.21

(1.39 – 2.11)

(1.37 – 2.08)

(1.41 – 2.11)

1.54 ± 0.20

1.51 ± 0.20

1.56 ± 0.21

(1.21 – 1.89)

(1.19 – 1.85)

(1.26 – 1.94)

1.64 ± 0.21

1.63 ± 0.22

1.64 ± 0.21

(1.32- 2.01)

(1.32- 2.00)

(1.33- 2.02)

1.39 ± 0.25

1.39 ± 0.25

1.39 ± 0.25

(1.08 – 1.75)

(1.08 – 1.73)

(1.07 – 1.77)

1.17 ± 0.24

1.17 ± 0.23

1.16 ± 0.24

(0.86 – 1.52)

(0.87 – 1.52)

(0.86 – 1.53)

<0.0001
0.0002
NS
NS
NS

SD Standard deviation

Fig. 1. Linear correlation
between the Valsalva sinus
diameters and body surface
area, according to body mass
index. From left to right and
from top to bottom the correlation is shown in patients
with normal body mass index
(BMI), with overweight, obesity and grade II obesity or
higher. It is observed how, as
the BMI increases, the correlation between the sinus diameter and the body surface
area decreases.

the indexation by height, it was observed that patients
of American origin presented with smaller diameters
in Valsalva sinuses, sinotubular junction and proximal
ascending aorta, similar in aortic arch and larger in
the proximal descending aorta than those of Iberian
origin (Table 2 of Supplementary Material)
Predictors of aortic dimensions

In the univariate analysis, AoD correlated significantly with age, height and BSA. Two models were made
for multivariate analysis, one using BSA as anthropometric variable and another using height for each
aortic dimension.
Table 5 reports the results of both multiple linear
regression models, the subsequent analyses and the
coefficients for each linear equation at the level of the
Valsalva sinuses. The analysis of both multiple linear

regression models was performed for all patients and
for the group with BMI <25 kg/m2. It was seen that
in patients with increased BMI, BSA loses predictive
value of aortic dimensions in the Valsalva sinuses,
while height is not affected by BMI (adjusted R2 of
the model with BSA in total patients: 0.07 vs. adjusted
R2 of the model with BSA in patients with BMI <25
kg/m2: 0.27). On the other hand, in patients of Iberian origin, the multiple linear regression coefficient of
the height model is greater than in patients of Native
American origin.
DISCUSSION

The MATEAR registry provides the first national scientific evidence of normal thoracic AoD measured by
echocardiography. These findings are of the utmost
relevance, since they allow to determine, based on
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Table 4. BSA indexed aortic diameters at the 6 levels for female and male patients.
TOTAL (N=430)
Diameter indexed
by BS (cm/m2)
Mean ±SD
(P5-P95))
Aortic annulus (cm/m2)
Valsalva sinuses (cm/m2)
Sinotubular junction (cm/m2)
Proximal ascending aorta (cm/m2)
Aortic arch (cm/m2)
Proximal descending aorta (cm/m2)

FEMALE (N=293)
Diameter indexed by
BSA (cm/m2)
Mean ±SD
(P5-P95)

MALE (N=137)
Diameter indexed by
BSA (cm/m2)
Mean ±SD
(P5-P95)

P value

<0.0001

1.16 ± 0.12

1.18 ± 0.11

1.13 ± 0.12

(0.98 – 1.35)

(0.99 – 1.36)

(0.95 – 1.34)

1.71± 0.21

1.72± 0.21

1.67± 0.20

(1.36 – 2.04)

(1.38 – 2.08)

(1.31 – 1.98)

1.50 ± 0.20

1.51 ± 0.20

1.46 ± 0.19

(1.17 – 1.83)

(1.18 – 1.83)

(1.16 – 1.83)

1.58± 0.21

1.61± 0.20

1.53 ± 0.20

(1.26 – 1.95)

(1.27 – 1.96)

(1.21 – 1.88)

1.35 ± 0.21

1.38± 0.20

1.27 ± 0.20

(1.03 – 1.72)

(1.07 – 1.72)

(0.98 – 1.64)

1.11± 0.20

1.13± 0.18

1.07± 0.21

(0.83 – 1.47)

(0.85 – 1.44)

(0.79 – 1.54)

0.008
0.01
0.0002
<0.0001
0.002

Women presented lower aortic diameters indexed by height in the aortic annulus, Valsalva sinuses and sinotubular junction. No significant differences were observed after indexing by height in the proximal ascending aorta, aortic arch, or proximal descending aorta. Women had greater aortic
diameters indexed by body surface at the 6 levels. SD: Standard deviation.

Aortic annulus (cm)

Valsalva Sinuses Age

Age

Age

Asc. aorta Age

STJ Age

Asc proximal (cm)

STJ Age

Age

Age

Desc. aorta Age

Desc. aorta (cm)

Aortic arch (cm)

Aortic arch Age

Age

Age

Fig. 2. Correlations between
aortic diameters and age.
Aortic diameters significantly
increase with age, except at
the level of the aortic annulus, which remains stable.
STJ: Sinus tubular junction.
Asc: Ascending. Desc: Descending.
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Table 5. Absolute aortic diameters at the 6 levels for patients of American and Iberian origin.
Americans (N=406)
Absolute diameter (cm)
Mean ±SD
(P5-P95)

Iberian (N=547)
Absolute diameter (cm)
Mean ±SD
(P5-P95)

P value

2.00 ± 0.20

2.03 ± 0.23

<0.008

(1.70 - 2.30)

(1.70 - 2.40)

Aortic annulus (cm)
Valsalva sinuses(cm)
Sinotubular junction (cm)
Proximal ascending aorta (cm)
Aortic arch (cm)
Proximal descending aorta (cm)

2.74 ± 0.37

3.02 ± 0.38

(2.20 – 3.40)

(2.40 - 3.70)

2.50 ± 0.38

2.62 ± 0.37

(2.00 - 3.20)

(2.00 - 3.20)

2.65 ± 0.35

2.81 ± 0.39

(2.11 - 3.30)

(2.20 - 3.40)

2.33 ± 0.33

2.37 ± 0.36

(1.80 - 2.80)

(1.86 – 3.00)

2.08 ± 0.33

1.90 ± 0.32

(1.60 – 2.70)

(1.41 – 2.50)

<0.0001
<0.0001
<0.0001
NS
<0.0001

Patients of American origin have absolute diameters different from those of Iberian origin: lower in the aortic annulus, Valsalva sinuses, sinotubular
junction and proximal ascending aorta, similar in the aortic arch and greater in the proximal descending aorta.

Table 6. Multiple linear regression models to determine predictors of aortic dimensions at the Valsalva sinus level. Models of both
origins; on the left, in the general population and on the right, in the population with body mass index (BMI) <25. It is observed
that in patients with increased BMI, body surface area loses predictive value of aortic dimensions, while height is not affected
by BMI. In patients of Iberian origin, the height model has a higher R2 regression coefficient than in the Native American population. R2 represents the proportion of the total variability of the evaluated aortic diameter that is explained by the variables
included in the model.

Valsalva sinuses (cm) in the total population
Adjusted R2

Est.

95% CI B

p

Valsalva sinuses in BMI<25
Adjusted R2

Est.

95% CI B

p

HEIGHT MODEL
Constant
Age (years)
Height (cm)
MAP (mmHg)
BSA MODEL
Constant
Age (years)
BSA (m2)
MAP (mmHg)

Valsalva sinuses (cm) in Iberian origin
Adjusted R2

Est.

95% CI B

Valsalva sinuses in American origin
p

Adjusted R2

Est.

95% CI B

p

HEIGHT MODEL
Constant
Age (years)
Height (cm)

local results, the normal upper limits of aortic annulus, Valsalva sinuses, sinotubular junction, proximal
ascending aorta, aortic arch and descending aorta dimensions. Consequently, aortic dilatation can be detected early, allowing close monitoring of patients at
risk of complications.
The population of the MATEAR registry is repre-

sentative of the Argentine population in terms of age,
BSA, height and weight for both genders. (13) We also
believe that the inclusion in the registry of overweight
and obese patients present in more than 60% of the
population is a strength of the study, since it adds external validity (13). In this regard, the only work of
normal AoD values that also included obese patients
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within its population was that of Campens et al. (9)
with less than 10% of obese participants. However, in
this work they did not report an analysis of the effect
of obesity on the correlation between AoD and BSA.
Given that our work group believed, according to previous studies, that the impact of the spurious increase
in body size on BSA indexation should be analyzed, it
was decided to include patients with BMI >25. To our
knowledge, the MATEAR Registry is the first study
that reports the relevance of taking into account BMI
to avoid underdiagnosis of aortic dilatation in patients
who are overweight/obese. In this population we recommend the use of indexation by height, since BSA
in obese patients increases disproportionately and its
correlation with AoD is lower.
Recent echocardiography and computed tomography studies report AoD indexing by height. (10, 14) In
the NORRE European multicenter study, no gender
differences were found in the AoD of the ascending aorta, aortic arch and descending aorta indexed by height.
However, the aortic root presented larger diameters indexed by height in men, which would seem to suggest a
behavior different of the aortic root with respect to the
rest of the aortic segments in relation to gender.
On the other hand, regarding ethnical origin and
its influence on aortic dimensions, some works have
commented on the influence of ethnicity in AoD. (15,
16) However, published studies did not include different ethnical origins as a predictor variable of AoD,
even though there are anthropometric and phenotypic
differences between them. Our study provides information about the relevance of considering ethnicity to
determine the normal AoD in each patient.
It is important to highlight that although predictor
variables of AoD were detected in our population, the
regression model only explains 36% of the total variability observed. These findings are compatible with
those of the main published studies. (8) Therefore,
when analyzing biological variables, it should not be
forgotten that there are unmeasured aspects that influence the analyzed results.
Limitations

A limitation of the study was the difficulty to include
patients older than 65 years who did not have exclusion criteria, mainly arterial hypertension and/or cardiovascular risk factors. This limitation, which is also
present in most studies similar to ours, should be contemplated, as the applicability of our results should
be performed in patients with similar characteristics.
Future directions

Our group is currently carrying out the development
of the automatic calculation of the Z score for each
of the aortic segments studied, in order to facilitate
the interpretation of the results. In this way, entering
height, weight, age, gender and aortic dimension, the
Z score may be known and aortic dilatation can be diagnosed when the result is greater than 2.
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On the other hand, a national multicenter corporate registry is proposed for the measurement of normal thoracic aorta values by computed tomography
and cardiac magnetic resonance imaging in the years
2020-2021.
CONCLUSIONS

The results of this study, pioneer at a national level,
show that AoD correlate with anthropometric and demographic variables. The BMI should be taken into
account, since in obese individuals the correlation between AoD and BSA is lost. In that subgroup, indexing by height is recommended.
In addition, women had lower AoD due to lower
height and BSA. In the aortic root, women’s AoD were
lower, even after indexing by height.
On the other hand, AoD increased with age except for the annulus. According to our findings, patients’ ethnicity should be considered, since patients
with Native American origin had lower absolute and
indexed by BSA AoD at the aortic annulus, aortic sinuses, sinotubular junction and proximal ascending
aorta than those of Iberian origin.
These findings allow obtaining precise cut-off
points and national nomograms in adult patients in
order to diagnose aortic dilatation, taking into account body size, age, gender and ethnical origin.
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SUPPLEMENTARY MATERIAL
1.

Inability or refusal to sign informed consent

2.

Patient who is actively participating in a randomized clinical trial (RCT)

3.

Pregnant patients

4.

Patients with confirmed diagnosis or suspicion of bicuspid aortic valve

5.

Patients with personal or family history of first diagnosis or suspicion of Marfan, Ehler-Danlos or Loeys-Dietz
syndrome, aneurysm of the ascending and/or abdominal aorta

6.

Patients who have practiced a competitive sport in the last 5 years. (professional and/or federated practice,
amateurs with average training ≥2 hours a day).

7.

Patients with any degree of aortic regurgitation and/or stenosis

8.

Patients with history of cardiovascular surgery

9.

Known hypertensive patients, in anti-hypertensive treatment and/or with blood pressure values in the office
greater than 140/90 mmHg

10. Patients with frequent arrhythmia at the time of the study..
11. Patients with major cardiovascular risk factors (diabetes, smoking, hypertension, acute heart failure). o
12. Suboptimal ultrasound window.

Table 1. Detailed exclusion
criteria.
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Valsalva sinuses

STJ

18 to 25

18 to 25
26 to 40
> 40

p=0.42

Proximal ascending aorta(cm)

Ascending aorta

2

gender

F

gender

Aortic arch

18 to 25
26 to 40
> 40
p=0.42

p=0.42

M
M

F

gender

p=0.42

1

2

1

gender

F

gender

Descending aorta

18 to 25
26 to 40
> 40

Aortic arch (cm)

M

p=0.42

18 to 25
26 to 40
> 40

18 to 25
26 to 40
> 40

Proximal descending aorta(cm)

> 40

Valsalva sinuses (cm)

26 to 40

Sino-tubular junction (cm)

Aortic annulus

p=0.42

2

1

gender

Aortic annulus -C7

Valsava sinuses (cm)

Sino-tubular junction (cm)

Fig. 1. Differences in the dimensions at the 6 aortic levels according to age and gender. A progressive and consistent increase in
the absolute dimensions of the aorta is observed in both men and women as age increases at each level analyzed, except for the
aortic annulus.
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Fig. 2. Aortic diameters according to age, in categories every 10 years (red: up to 19 years, blue: up to 29 years; yellow: up to 39
years; green: up to 49 years; gray: up to 59 years; pink: up to 69 years; navy blue: up to 79 years). A progressive increase in average
aortic diameters is seen with each decade, except for the aortic annulus, which remains stable.

24

ARGENTINE JOURNAL OF CARDIOLOGY / VOL 88 Nº 1 / FEBRUARY 2020

Fig. 3. Calculation of the ratio
between each aortic dimension and the aortic annulus.
It expresses the proportion
between the different aortic
segments with respect to the
aortic annulus, which is the
only segment which does not
increase with age.

Ratio of aortic dimensions with
respect to the aortic annulus

Table 2. Aortic diameters indexed by height at the 6 levels for patients of American and Iberian origin.
Americans (N=406)
Diameter indexed by
height (cm/m)
Mean ±SD
(P5-P95)
Aortic annulus (cm/m)
Valsalva sinuses(cm/m)
Sinotubular junction (cm/m)
Proximal ascending aorta (cm/m)
Aortic arch (cm/m)
Proximal descending aorta (cm/m)

Iberian (N=547)
Diameter indexed by
height (cm/m)
Mean ±SD
(P5-P95)

P value

1.20 ± 0.11

1.21 ± 0.12

0.15

(1.02 – 1.38)

(1.04 – 1.39)

1.65 ± 0.21

1.80 ± 0.20

(1.34 – 2.01)

(1.49 – 2.14)

1.50 ± 0.21

1.56 ± 0.19

(1.20 – 1.89)

(1.25 – 1.89)

1.59 ± 0.20

1.67 ± 0.21

(1.30 – 1.98)

(1.35 – 2.04)

1.39 ± 0.19

1.39 ± 0.28

(1.10 – 1.69)

(1.07 – 1.79)

1.25 ± 0.19

1.11 ± 0.24

(0.96 – 1.59)

(0.92 – 1.49)

<0.0001
<0.0001
<0.0001
NS
<0.0001

Patients of American origin have lower height-indexed diameters in the aortic sinuses, sinotubular junction and proximal ascending aorta, similar
in aortic arch and greater in proximal descending aorta.

