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Abstract

Aim: Ascending aortic dilatation is a common clinical issue. In the present study, we

aimed to evaluate the relationship between ascending aortic diameter with left ven-

tricular (LV) and left atrial (LA) functions, and LVmass index (LVMI) in a populationwith

normal LV systolic function.

Methods:A total of 127healthy participantswith normal LV systolic function took part

in the study. Echocardiographic measurements were obtained from each subject.

Results: The mean age of the participants was 43 ± 14.1 years and 76 (59.8%) were

female. The mean aortic diameter of the participants was 32.2 ± 4.7 mm. A negative

correlationwas foundbetweenaortic diameter andLVsystolic function (LVEF r= -.516,

p < .001; Gls r = -.370). In addition, there was a strong positive correlation between

aortic diameter with LV wall thicknesses, LVMI (r = .745, p < .001), and systolic and

diastolic diameters. The relationship between aortic diameter and diastolic parame-

ters was evaluated, a negative correlation with Mitral E, Em, E/A ratio, and a positive

correlation withMPI, Mitral A, Am, E/Em ratio were found.

Conclusion: A strong correlation between ascending aortic diameter with LV and LA

functions, and LVMI in individuals with normal LV systolic function.
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1 INTRODUCTION

Aortic dilatation is themost common pathology of the ascending aorta.

In researches based on different aortic segments, significant overlap

between factors affecting aortic diameter and cardiovascular risk fac-

tors exists.1–3 Age, gender, race, body surface area (BSA), smoking,

alcohol, hyperlipidemia (HL), hypertension (HT), and diabetes melli-
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tus (DM) are traditional cardiovascular risk factors affecting aortic

diameter.4–7

Remodeling of the aorticwall resulting in increased arterial stiffness

(due todecreasedelastin, increased collagenand calcium)may increase

left ventricular (LV) afterload. During systole, LV and ascending aorta

are functionally linked. Therefore, the systolic hemodynamic coupling

between the proximal aorta and the LV is a crucial determinant of cir-
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culatory performance.8,9 To maintain the effective arterial-ventricular

coupling throughout the life, LV adapts to progressive arterial stiffness

and afterload by increased systolic elastance, concentric remodeling,

and hypertrophy. However, this adaptation may lead to increased oxy-

gen demand and decreased cardiovascular reserve, resulting in heart

failure (HF).10

The presence of common risk factors associated with remodeling

in the aortic wall and the decrease in elasticity due to remodeling

may cause aortic dilatation and deterioration in LV structure and

function. Although LV dysfunction has a decisive impact on adverse

cardiovascular outcomes, left atrial (LA) dilatation and dysfunction are

also substantial. Both circumstances often coexist in a cause-effect

relationship.11 This condition can be demonstrated by increased LV

wall thickness, impaired LV systolic and diastolic functions, increased

LA volume, and decreased LA strain.12,13

Although similar clinical studies exist in the literature, we could

find no research showing the mentioned relationship using LV and LA

strains in population with normal LV systolic function. Therefore, we

aimed to evaluate the relationship between ascending aortic diameter

with LV and LA functions, and left ventricle mass-index (LVMI) in this

population.

2 METHODS

The present research is a prospective, single-center, observational

cross-sectional cohort study, and included 127 consecutive partici-

pantswithnormal LV systolic functions. All patients hadgiven informed

consent and the local ethics committee approved the study.DMandHT

were defined according to the current guidelines.14,15 HL was defined

as having a previous diagnosis of hypercholesterolaemia, previous or

ongoing oral low-density lipoprotein cholesterol (LDL-C) lowering

treatment. Smoking at least one cigarette per day for at least five

years was defined as regular smoking. Body mass index was calculated

according to the weight (kg)/height (cm)2 formula.

Secondary HT, history of cerebrovascular disease, acute or chronic

renal failure, end-stage liver disease, active inflammatory disease,

moderate-to-severe heart valve disease, history of cardiac surgery,

malignancy, endocrine diseases, electrolyte disorders, anemia, pul-

monary embolism, myocarditis, cardiomyopathy (ejection fraction

[EF] < 50%) and genetic conditions that affect the body’s connec-

tive tissue, such as Marfan syndrome, Ehlers-Danlos syndrome, and

Loeys-Dietz syndromewere determined as exclusion criteria.

2.1 Echocardiographic evaluation

Detailed two-dimensional transthoracic echocardiography was per-

formed on all participants using Philips Epiq 7 systems (PhilipsMedical

Systems, Andover, MA) with a 1 to 5 MHz X5-1 transducer. LA diame-

ter, LV end-diastolic and end-systolic diameters, pulsed and continuous

Doppler measurements, and E and A wave velocities were quantified

with standard two-dimensional M-mode echocardiographic images

under current guideline recommendations. LV EF was calculated using

the modified Simpsonmethod. Tissue Doppler analysis was performed

in apical 4-chamber (A4C) view, by placing the cursor on the septal and

lateral mitral ring, to get early mitral annular diastolic velocity (e).

LV global longitudinal strain (GLS) was determined using two-

dimensional speckle tracking echocardiography. Three standard apical

views, apical two chamber (A2C), apical three-chamber (A3C), andA4C

views, were obtained. The mean GLS was measured by averaging the

peak GLS values of these chamber images. Measurements of LVGLS

wereperformedofflineusing a commercially available software (QLAb)

program. LV mass was calculated with the linear M-mode Deveraux

formula and indexed to the BSA (LVmass index [LVMI]).16

The ascending aortic diameter was measured perpendicular to the

long axis of the aorta with the use of the leading-edge method in

parasternal long-axis view showing the largest aortic diameter follow-

ing theAmericanSocietyofEchocardiographyguidelines.17 The largest

ascending aortawas alsomeasured in cases of sinus valsalva dilatation.

LA volume was measured using the area-length method through

the A4C and A2C images. The LA appendage and pulmonary veins

were not included in the LA volume measurement. The LA maximal

volume (at ventricular end-systole, just before mitral valve opening),

LA minimum volume (at the end of ventricular diastole, after mitral

valve closure), and LA pre-A volume (just before atrial systole, before

the electrocardiographic Pwave)weremeasured. The LA volume index

(LAVI) (mL/m2)was calculated by dividing the LAvolumebyBSA.Other

parameters weremeasured using the formulas given below:

LA emptying vol = (LA max vol − LA min vol)

LA emptying fraction% = (LA max vol − LA min vol) ∕LA max vol

LA passive EF% = [(LA max vol − LA pre Avol) ∕LA max vol]

2.2 Statistical analysis

SPSS software package (Version 23.0, SPSS, Inc., Chicago, IL) was used

for data analysis. The normality assumption of data was assessed

by the visual (histograms, probability plots) and analytical methods

(Kolmogorov-Smirnov/Shapiro-Wilk’s test). Levene’s test was used to

check the homogeneity of variances. A mean ± standard deviation

chart was used to represent the continuous variables and percentages

were used to represent the categorical variables. All linear vari-

ables were found to have a normal distribution. Correlation analysis

was performed between continuous variables. Continuous variables

which had significant correlation with aortic diameter were evaluated

by multivariate backward linear analysis. A p < .05 was considered

significant.

3 RESULTS

A total of 127 participants (51 male and 76 female) with a mean age of

43±14.1yearswere included in theanalysis. Themeanaortic diameter

was 32.2± 4.7 mm (Table 1). Aortic diameter was positively correlated
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TABLE 1 Demographic, clinical, and laboratory characteristics of
participants.

Variable n= 127

Gender (Male) n(%) 51 (40.2)

Age (year) 43 ± 14.1

Hypertension n (%) 31 (24.4)

DiabetesMellitus n (%) 12 (9.4)

CAD n (%) 11 (8.7)

Current Smoking n (%) 27 (11.3)

Hyperlipidemia n (%) 16 (12.6)

Acetyl Salicylic Acid n (%) 11 (8.6)

ACEI n (%) 9 (7.1)

ARB n (%) 19 (15)

P2Y12 inhibitors n (%) 16 (12.6)

Beta Blocker n (%) 17 (13.4)

Statin n (%) 15 (11.8)

CCB n (%) 13 (10.2)

LV EF% 64.2 ± 2.5

Aortic Diameter (mm) 32.2 ± 4.7

eGFR 100.6 ± 19.2

Glucose 106 ± 26.2

BMI 28.5 ± 5.2

LVEF (%) 63.5 ± 3.2

GLS 18.4 ± 2.7

LAVI 24.7 ± 9.05

LVMI 153.6 ± 47.5

EFT 4.1 ± .17

Abbreviations: ACEI, angiotensin-converting enzyme inhibitors; ARB,

angiotensin receptor blocker; BMI, body mass index; CAD, coronary artery

disease; CCB, calcium channel blocker; EF, ejection fraction; EFT, epicardial

fat thickness; eGFR, estimated glomerular filtration rate; GLS, global Lon-

gitudinal Strain; LAVI, left atrial volüme index; LV, left ventricle; LVMI, left

ventricular mass index.

with age and fasting glucose level and negatively correlatedwith eGFR.

There was a negative correlation between aortic diameter and LV sys-

tolic functions (LVEF r = −.516, p < .001; GLS r = −.370). In addition,

there was a strong positive correlation between aortic diameter with

LV wall thickness, LVMI (r = .745, p < .001), and systolic and diastolic

diameters (Table 2 and Figure 1).

Remodeling of the LV wall leads to impaired diastolic functions. We

found a negative correlation between aortic diameter andMitral E, Em,

E/A ratio, and a positive correlation withMPI, Mitral A, Am, E/Em ratio

(Table 2 and Figure 2). These findings showed a correlation between an

increase in aortic diameter and an impairment in diastolic parameters.

In addition, aortic diameter tended to increase with epicardial adipose

tissue volume. This resultwas consistentwith the relationshipbetween

epicardial adipose tissue content and LV and aortic diameters obtained

in previous studies.

Deterioration in LV diastolic and systolic functions affects the LA

structure and function. In the present study, aortic diameter increase

was positively correlated with LAVI and LA Total Empty Volume, while

negatively correlated with LA Total Empty fraction and LA Passive

Empty Fraction (Table 2 and Figure 3). In linear regression analysis,

age, PW, LVSD, LVMI, LAPaEmVol, and LAPaEmFr were independently

associated with the aortic diameter (Table 3).

4 DISCUSSION

In the present study, we observed a strong correlation between

ascending aortic diameter with LV and LA functions, and LVMI in

individuals with normal LV systolic function.

Aortic size increases throughout life, accompanied by loss of com-

pliance and wall stiffness, and this process ultimately leads to arterial

dilatation. An increase in ascending aortic diameter is an indicator of

cardiovascular and all-causemortality.18 Proximal aortic dilatation can

be considered an indicator of the effect of cardiovascular risk factors

with prognostic importance.

Thepathogenesis of ascending aortic dilatation includes various fac-

tors with local or systemic effects. Mechanisms such as hemodynamic

strength, transmural inflammation, remodeling of the extracellular

matrix, and familial predisposition are among these factors.19–23

There is no particular evidence for the predictive role of aortic

dilatation on cardiovascular mortality. Most studies have examined a

combination of non-fatal and fatal stroke, coronary events, and HF

requiring hospitalization as an endpoint.24–30 The Framingham Heart

Study showed that participants with larger aortic root diameters expe-

rienced more HF-related events over an 8-year follow-up period.24

Consistent with the previous researches, a negative correlation was

observed between aortic diameter and LV systolic functions in the

present study.

The LA wall is relatively thin, similar to the aortic wall.31 Studies

have shown that endothelial dysfunction canhaveadirect impact onLA

dilation and function.32 Factors associated with endothelial dysfunc-

tion, suchasHTandDM,maycauseboth subclinical LAdysfunctionand

aortic dilatation before LV diastolic dysfunction develops.

In the present study, a relationship between aortic diameter and

diastolic functions was observed. Masugata et al. reported the rela-

tionship of aortic root dilatation (ARD) with LV diastolic function

parameters E, E/A ratio, and E’.33 In the study, increased ARD levels

were found to be associated with EDT, mitral E/A, and IVRT, and LA

functions were associatedwith ARD independently of LV diastolic dys-

function. This finding suggests that the systemic effects of HT and DM

affect the LA and LV, and changes in the aorta are components of this

process. It should be kept in mind in the follow-up of patients that

LA mechanical and LV diastolic functions may be impaired and atrial

arrhythmias, in terms of stroke risk, may occur in hypertensive diabetic

patients diagnosedwith ARD.

The elastic properties of the aorta partially determine the LV func-

tion. The LV’s diastolic functions facilitate an atrial-ventricular

pressure gradient that allows blood to fill the LV. Ventricular
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F IGURE 1 Correlation of LV EF, GLS, miyocardial performance index and LVMIwith aortic diameter.

F IGURE 2 Correlation of diastolic parameters with aortic diameter.

 15408175, 2023, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/echo.15635 by R

ecep T
ayyip E

rdogan U
niv, W

iley O
nline L

ibrary on [14/08/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



ERGÜL ET AL. 691

TABLE 2 Univariate correlation analysis between aortic diameter and clinical/echocardiographic parameters of the study population.

Variable Aortic diameter Variable Aortic dimeter

LV EF (%) r −.516 Mitral E r −.299

p <.001 p .001

GLS (%) r −.370 Mitral A r .425

p <.001 p <.001

IVSDia. r .655 Em (Lat) r −.580

p <.001 p <.001

PWDia. r .649 Am (Lat) r .321

p <.001 p <.001

LVDDia. r .592 MPI (Mitral) r .288

p <.001 p .002

LVSDia. r .520 EA Ratio r −.511

p <.001 p <.001

LAVI r .370 EEmRatio r .401

p <.001 p <.001

LA Total Emptying

Volume

r .293 EFT r .496

p .001 p <.001

LA Total Emptying

Fraction

r −.329 LVMI r .745

p <.001 p <.001

LA Passive Emptying

Fraction

r −.358 LVM r .737

p p< .001 p <.001

eGFR r −.545 Glucose r .237

p <.001 p .008

Age r .739 BMI r .433

p <.001 p <.001

Abbreviations: Am, late diastolic peak; BMI, body mass index; Dia, diameter; EF, ejection fraction; EFT, epicardial fat thickness; eGFR, estimated glomerular

filtration rate; Em, early diastolic peak; GLS, global longitudinal strain; IVS, interventricular septum; LA, left atrial; LAVI, left atrial volume index; LV, left ven-

tricle; LVD, left ventricular diastolic; LVM, left ventricular mass; LVMI, left ventricular mass index; LVS, left ventricular systolic; MPI, myocardial performance

index; PW, posterior wall.

relaxation and compliance are substantial factors affecting LV

diastolic functions.34 To ensure normal cardiac performance, the LV

must be able to provide an adequate stroke volume and be filled with-

out requiring high LA pressure. These (systolic and diastolic) functions

should meet the body’s needs both at rest and during exertion.35

Recently, an independent relationship between the index of dias-

tolic function which is defined as deceleration time/peak E velocity

ratio, and aortic root size, has been demonstrated in a population-

based sample36 and in a HT cohort study.37 All these findings suggest

that there is a common pathway in the pathogenesis of ARD and

LV diastolic dysfunction. This connection was further supported by

the independent relationship of aortic root size observed in the

entire study population, reflecting LV relaxation/filling, which is a valid

representation of LA diameter and volume.

In the present study, LV wall thicknesses and LVMI were associ-

ated with aortic diameter. Echocardiographic LV hypertrophy (LVH) is

an important biomarker of hypertensive heart disease and a strong

predictor of cardiovascular morbidity and mortality.38–42 In particu-

lar, the relationship between aortic dilatation and LVH highlights the

role of combined arterial-ventricular remodeling. These finding shows

that remodeling in the aortic and LV wall is interrelated. This is may

be due to the factors that cause remodeling in the aortic wall also

play a role in the remodeling of the LV wall. Another possible reason

is that remodeling in the aortic wall triggers remodeling in the LV wall

by creating an additional afterload or disrupting the physiological rela-

tionship between the aorta and the LV wall. Findings from the general

population and hypertensive cohorts have shown that the incidence of

cardiovascular events increases when LV remodeling and aortic wall

remodeling proceed in parallel.26,29

In nine studies that found a positive relationship between aor-

tic diameter and cardiovascular events, the inclusion of LV mass

in the statistical findings eliminates the prognostic importance of

aortic diameter in predicting HF, non-fatal and fatal cardiovascu-

lar events, and all-cause mortality in hypertensive patients using

anti-hypertensives.26,28,43 On the contrary, two Italian studies have

demonstrated that aortic root and ascending aortic diameter are inde-

pendent predictors of cardiovascular events, independent of LVH and

other factors.29,30
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F IGURE 3 Correlation of left atrial function parameters with aortic diameter.

TABLE 3 Linear regression analysis.

Variable Uns. B Std. C. B t Sig.

%95 CI

Lower B.

%95 CI

Upper B.

Age .171 .523 6.949 <.001 .122 .220

PW −10.2 −.327 −2.392 .018 −18.62 −1.75

LVSD 2.73 .169 2.509 .014 .569 4.837

LAPaEmVol .098 .177 2.600 .011 .023 .172

LAPaEmFr −5.689 −.173 −2.222 .028 −10.76 −.616

LVMI .052 .519 3.634 <.001 .024 .081

Constant 19.3 5.337 <.001 12.1 26.49

Abbreviations: LAPaEmFr, left atrial passive emptying fraction; LAPaEmVol, left atrial passive emptying volume; LVSD, left ventricle systolic diameter; LVMI,

left ventricle mass index; PW, posterior wall.

An association between sinus Valsalva dilatation and LV mass has

been reported in previous studies.44–46 It has been shown that an

increase in LV mass can be detected in the dilatation of the ascending

aorta, supporting our findings.47

5 CONCLUSION

In the current study,weobserveda strong correlationbetweenascend-

ing aortic diameter with LV and LA functions, and LVMI in individuals

with normal LV systolic function. It would be beneficial to evaluate

ascending aorta diameter in clinical practice due to its prognostic

importance.

5.1 Limitations

The study was single-center and was conducted with a limited num-

ber of patients. Aortic diameter imaging was performed only with

2D echocardiography. Evaluation with invasive or advanced imaging

methods will reduce the margin of error. Large population studies are

needed to confirm the findings and clarify the underlyingmechanisms.
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