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Introduction

The left ventricle (LV) is the pump of the peripheral 
c i rcu la t ion ,  there fore  i t s  non- invas ive  accurate 
volumetric and functional assessment is essential (1). 
With its widespread availability, two-dimensional (2D) 
echocardiography (2DE) plays an important role in the 
assessment of conventional LV parameters including 

diameters, volumes and ejection fraction (EF) from typical 
views (2). However, 2DE is known to have significant 
limitations in measuring these parameters (3). Three-
dimensional (3D) speckle-tracking echocardiography (STE) 
is a relatively new tool which is capable of quantifying LV 
volumes and EF (4). Previously it has been validated by 
several accepted methodologies such as sonomicrometry, 
c a r d i a c  m a g n e t i c  r e s o n a n c e  i m a g i n g  ( C M R ) , 
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conventional 2DE, 2DSTE and volumetric real-time 3D 
echocardiography (RT3DE) (1,5-9). To the best of the 
authors’ knowledge, limited number of studies employing 
3DSTE is available analyzing LV volumetric parameters 
and EF in real-life settings, therefore age- and gender-
dependency of 3DSTE-derived LV volumetric parameters 
were aimed to be quantified in healthy adults.

Methods

Patient population 

The present study involved 298 healthy adults. A volunteer 
was considered to be healthy, if he/she had no history of 
chronic illness, no history of medication use, had a negative 
physiological examination and routine electrocardiography 
and echocardiography showing normal parameters. Data 
acquisition took place over a 6-year period (2011–2017), 
during which 123 adults had to be excluded due to inferior 
image quality. The study population was further divided 
into 4 groups based on age decades. The present study is a 
part of the MAGYAR-Healthy Study (Motion Analysis of 
the heart and Great vessels bY three-dimensionAl speckle-
tRacking echocardiography in Healthy subjects), where 
‘magyar’ means ‘Hungarian’ in the Hungarian language. 
This 3DSTE study has been created to assess and determine 
physiological 3DSTE-derived volumetric and functional 
parameters of the heart. All subjects gave informed consent, 
the institutional human research committee approved the 
study and it also complied with the guidelines set by the 
Declaration of Helsinki.

Two-dimensional echocardiography 

The 2DE data acquisition was carried out using a Toshiba 
ArtidaTM imaging system (Toshiba Medical Systems, 
Tokyo, Japan) and a PST-30SBP (1–5 MHz) phased-array 
transducer. Experienced operators performed complete 2DE 
examinations in all subjects (DP, AK, ÁK, NG) together 
with a Doppler study according to the current clinical 
standards (2,10-12). In all cases, left atrial diameter, LV 
dimensions, volumes and EF were measured. To determine 
the severity of valvular regurgitations, a subjective visual 
scale was used, where 0 means no regurgitation and 4 
represents severe regurgitation. Doppler echocardiography 
was used for exclusion of valvular stenosis. 
Three-dimensional speckle-tracking echocardiography 

For 3DSTE measurements, the same Toshiba ArtidaTM 

echocardiographic equipment (Toshiba Medical Systems, 
Tokyo, Japan) was used with a PST-25SX matrix-array 
transducer (Toshiba Medical Systems, Tokyo, Japan) (1). 
Data acquisition was carried out from the apical window 
during a single breath-hold. A full volume pyramid shape 
dataset was made up of 6 smaller wedge-shaped subvolumes, 
which were recorded during 6 constant RR intervals. For 
offline image analysis purposes, the vendor-supplied 3D 
Wall Motion Tracking software (version 2.7) was used. 
During analysis, the apical four- and two-chamber views 
were automatically selected, while the three cross-sectional 
planes were manually specified by the operator. Following 
LV endocardial border detection, the software created 
a virtual 3D model of the LV, which then was used to 
compute LV volumetric parameters as well as different LV 
strain parameters together with LV rotational parameters 
(Figure 1). During a rigorous quality control, all dataset was 
excluded where not all 16 LV segments could be visualized.

The following 3DSTE-derived parameters were assessed: 
 LV end-diastolic and end-systolic volume (3DEDV 

and 3DESV, respectively);
 LV ejection fraction (3DEF);
 LV mass (3DLVM) (as assessed automatically by the 

software following automatic contour detection).

Statistical analysis 

All data are reported as mean ± standard deviation. P 
values <0.05 were considered to be statistically significant. 
Fischer’s exact test was used for categorical variables. 
In case of continuous variables, Shapiro-Wilks test was 
performed firstly to test normality of distribution, then the 
homogeneity of variance was assessed using Levene’s test. 
For normally distributed continuous variables, Student’s 
t-test was used. For variables not following normal 
distribution, Mann-Whitney-Wilcoxon test was applied. 
RStudio was used for statistical analysis (RStudio Team 
(2015). RStudio: Integrated Development for R. RStudio, 
Inc., Boston, MA). For offline data analysis MATLab was 
used (The MathWorks Inc, Natick, Massachusetts).

Results

Demographic and two-dimensional echocardiographic data 

The study population has been broken up into four 
subgroups based on their age: 18–29 years (mean age:  
23.6±2.8 years, 45 males), 30–39 years (mean age:  
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33.5±2.7 years, 27 males), 40–49 years (mean age:  
43.1±3.2 years, 11 males) and 50+ years (mean age:  
56.1±4.4 years, 12 males). The results of 2DE and Doppler 
study are shown in Table 1. None of the volunteers had 
higher than grade 1 valvular regurgitation or significant 
valvular stenosis.

3DSTE-derived LV volumetric data 

No significant differences were detected between the 
different age groups regarding 3DEDV and 3DESV and 
their BSA-indexed counterpart. 3DEF differed significantly 

between the 30–39-year-old males and 40–49-year-old 
males (P=0.04). Between the youngest and oldest patient 
groups, only 3DLVM was significantly different (P=0.02). 
The 18–29-year-old females had a significantly different 
3DLVM (P<0.001) compared to that of the 50+ year-
old females. Between the 40–49-year-old and 50+ year-
old females, 3DLVM (P=0.02) and BSA-indexed 3DLVM 
(P=0.05) proved to be significantly different (Table 2).

Gender differences in 3DSTE-derived LV volumetric data 

In the age group of 18–29 years, 3DEDV (P<0.001), 

Figure 1 Three-dimensional (3D) speckle-tracking assessment of left ventricular (LV) volumes and mass is presented. ‘A’ shows the apical 
four-chamber view, ‘B’ shows the apical two-chamber view of the LV, while ‘C3-5’ are cross sections of the LV. ‘D’ shows the 3D cast of the 
LV and ‘E’ shows LV volumetric and mass data corresponding to the measurement. ‘F’ shows the actual LV volume change during a cardiac 
cycle (dashed line). LV, left ventricle; RV, right ventricle; LA, left atrium; RA, right atrium.
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Table 1 Demographic and 2D echocardiographic data of enrolled healthy volunteers

All subjects (n=175) Males (n=95) Females (n=80)

Risk factors

Age (years) 32.7±12.3 33.0±10.9 32.4±13.7

Male gender (%) 95 (54) 95 (100) 0 (0)

BSA (m2) 1.85±0.11 1.95±0.18 1.67±0.23

Hypertension (%) 0 (0) 0 (0) 0 (0)

Diabetes mellitus (%) 0 (0) 0 (0) 0 (0)

Hyperlipidaemia (%) 0 (0) 0 (0) 0 (0)

Two-dimensional echocardiography

LA diameter (mm) 36.6±4.0 38.3±3.1 34.7±4.1

LV end-diastolic diameter (mm) 48.1±3.7 49.3±3.5 46.6±3.4

LV end-diastolic volume (mL) 106.8±22.8 114.2±22.6 97.9±19.8

LV end-systolic diameter (mm) 32.6±7.4 32.7±2.9 30.8±3.5 

LV end-systolic volume (mL) 36.4±9.2 40.2±8.7 31.9±7.5

Interventricular septum (mm) 9.0±1.5 9.5±1.3 8.3±1.5

LV posterior wall (mm) 9.1±1.6 9.5±1.4 8.6±1.8

LV ejection fraction (%) 65.9±4.9 64.8±4.2 67.2±5.4

E (cm/s) 80.2±17.5 77.8±16.5 83.4±18.4

A (cm/s) 64.6±19.7 59.7±15.7 70.1±22.2

E/A 1.2±0.6 1.3±0.5 1.1±0.7

BSA, body surface area; LA, left atrium; LV, left ventricle; E, early transmitral flow velocity; A, late transmitral flow velocity.

3DESV (P<0.001) and 3DLVM (P<0.001) proved to be 
significantly different between the genders. In the age 
group of 30–39 years, 3DEDV (P=0.004), 3DESV (P=0.04), 
3DLVM (P=0.04) differed significantly between males and 
females. In the group of 40–49-year-old subjects, 3DESV 
(P=0.003) and 3DLVM (P=0.02) were significantly different 
between the genders (Table 2).

Feasibility of 3DSTE-derived LV quantification 

During the acquisition period (2011–2017), the experience 
of the operators grew significantly, thus increasing the 
feasibility of the 3DSTE method. For the overall duration 
of data acquisition, 175 measurements out of 298 proved 
to be acceptable (59% success ratio). For the last year of 
acquisition, 46 measurements out of 58 were successful 
(79% success ratio), this is a significant increase (P=0.001).

Discussion

Nowadays, 2DE is routinely available in the clinical 
practice, it is accessible in all cardiology centers all over 
the world. Through standardized acquisition and analysis, 
all 2DE-derived parameters are comparable no matter 
in which center the examination took place. A few of the 
most important of these LV parameters are EDV, ESV and 
EF. EF has been accepted as the most reliable LV systolic 
functional parameter with robust prognostic implications, 
almost every subspecialty strongly relies on it in the 
daily practice. There are several formulas to calculate 
LVEF using 2DE, the modified Simpson’s formula and 
the area-length method are suggested to be used by the 
guidelines. However, both methods approximate LVEF 
through different mathematical equations using geometric 
assumptions. Furthermore, they heavily rely on the observer 
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and acquisition technique resulting in a relatively inferior 
interobserver variability (2,13). 

The introduction of RT3DE and 3DSTE may be 
able to solve the aforementioned problems. 3DSTE is a 
validated, non-invasive tool in assessing LV volumetric and 
strain parameters together with LV rotational variables 
from a single dataset (1,5-7,14). During a 3DSTE 
measurement, an LV model is created through endocardial 
tracking in 3D space, resulting in precise, real volumetric 
chamber quantification, not just approximation through 
a mathematical formula. However, it is worthy to note 
that LVEF calculated during 3DSTE measurements 
are somewhat lower compared to conventional 2D 
measurements. The explanation for this is that 3DSTE 
underestimates LV volumetric parameters, 3DEDV is more 
affected than 3DESV (9), thus resulting in a lower 3DEF 
value. Mor-Avi et al. found that this underestimation of 
volume is the result of the lower spatial resolution of 3DE 
methodologies compared to CMR. The image quality is 
insufficient to clearly differentiate endocardial trabeculae, 
thus lumping them together with the myocardium resulting 
in lower LV volumes (15). 

In a recently published paper from Takeuchi et al., a 
comparably large group of healthy adults (n=313) were 
examined employing RT3DE to assess age- and gender-
dependency of LV and left atrial coupling. The healthy 
volunteers were divided according to age decades, then 
RT3DE-derived LV volumetric parameters were measured. 
According to the results, males had a significantly higher 
BSA-indexed 3DEDV and 3DESV compared to females, 
but 3DEF tended to be higher in females than in males. 
Through the age decades, 3DEDV and 3DESV steadily 
decreased in the higher age decades (16). In another paper 
from Kleijn et al., 303 healthy adults were examined using 
a Toshiba Artida system with 3DSTE capabilities. In this 
article, only the gender dependency of 3DSTE-derived LV 
volumetric parameters was described. 3DEDV, 3DESV and 
3DLVM were found to be significantly higher in males, 
whereas 3DEF was significantly higher in females compared 
to the other gender (17). 

The results presented in this study corroborate the 
aforementioned findings in a relatively large number of 
healthy volunteers from a single center. It has been found 
that 3DEDV and 3DESV are tendentiously larger in males 
compared to females in an age group, sometimes reaching 
the level of significance. These differences could also be 
observed in case of BSA-indexed 3DEDV and 3DESV, 
although to a smaller degree. The 3DEF was tendentiously 
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higher in females compared to the other gender in a given 
age-group. 3DEDV and 3DESV slightly increased in 
the age group 30–39-year-old subjects compared to the 
youngest age-group, then a steady decline could be observed 
in these volumetric parameters. If 3DEDV and 3DESV 
were BSA-indexed, a slow decline could be seen with aging. 
Changes in LVM with aging and gender-dependency were 
also seen.

Results of the present study are consistent with previous 
non-3DSTE-derived findings demonstrating that EF in 
women is significantly higher compared to matched male 
counterparts, primarily due to smaller indexed EDV. Since 
indexed EDV is linearly correlated with indexed ESV, 
indexed EDV values are usually larger in men than in 
women (18). Moreover, gradual decline of LV volumes with 
aging and gender- and age-dependency of LVM could also 
be demonstrated.

The physiological basis of these findings—over the 
technical reasons—has been debated for decades, it is 
widely accepted that cardiovascular changes occur during 
aging including loss of myocytes, increased stiffness of the 
vascular bed, neurohormonal activation etc. (19-22). The 
age-related decrease of LV volumetric parameters is partly 
responsible for the physiologic LV concentric remodelling 
balanced by the increase of LVEF (23). These changes 
might occur in response to increased blood pressure and 
afterload. The continuous fluid loss of the body throughout 
aging might also play a role (23-25). Further validation 
studies are warranted to better understand LV volumetric 
changes during aging.

Limitation section

 Large number of cases were excluded due to 
inferior image quality. 3DSTE has a relatively low 
temporal and spatial resolution compared to 2DSTE, 
furthermore since the full volume dataset is the 
result of the combination of 6 cardiac cycles, a so-
called “stitching noise” might occur at the subvolume 
borders. Moreover, the effect of motion artefacts 
could not be excluded either.

 In the present study only LV volumetric parameters 
are presented. Analyzing the LV strain and rotational 
parameters was not the goal of the present article.

 Comparison of 3DSTE-derived LV volumetric 
parameters and 2DE-derived ones was not aimed in 
this study.

 We  h a v e  n o t  a i m e d  t o  e x a m i n e  i n t e r-  a n d 
intraobserver variability of 3DSTE-derived LV 
volumetric parameters in this study.

 The present paper was not aimed to be a validation 
study for using 3DSTE in quantifying LV volumetric 
parameters.

 3DLVM is higher in our study compared to other 
studies because LVM was calculated based on the 3D 
cast created by the automatic software.

Conclusions 

3DSTE seems to be a reasonably viable tool for the 
quantification of LV volumetric parameters. 3DEDV and 
3DESV and their BSA-indexed counterparts show a steady 
decline with aging, whereas aging has no effect on 3DEF. 
In a given age decade, males have higher LV volumetric 
parameters compared to females, however females have a 
tendentiously higher 3DEF compared to males.
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