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( Abstract )

Background: The structure and function of the left ventricle play pivotal roles in the diagnosis and management of cardiac
diseases. Three-dimensional echocardiography-derived indices, including the left ventricular end-diastolic volume index
(LVEDVI) and left ventricular end-systolic volume index (LVESVI), provide high accuracy in assessing cardiac function. However,
reference values for these indices in the Iranian population are not well defined.

Objectives: This study aimed to establish normal reference values for these indices in the Iranian population.

Methods: This cross-sectional study was conducted in 72 healthy Iranian individuals (31 females and 41 males) aged 20 - 70
years. Participants without a history of cardiac or systemic disease were enrolled. Three-dimensional echocardiography was
used to measure LVEDVI, LVESVI, ejection fraction (EF), left ventricular end-diastolic diameter (LVEDD), left ventricular end-
systolic diameter (LVESD), left ventricular mass (Mass), and body surface area (BSA). Data were analyzed using appropriate
statistical methods.

Results: The mean values of the measured indices were as follows: LVEDVI 60.90 + 9.15 mL/m?, LVESVI 24.35 + 5.41 mL/m?, EF
60.18 * 5.49, LVEDD 4.71 + 0.39 mm, and LVESD 3.12 + 0.48 mm. Significant differences in some indices were observed between
males and females (P < 0.05).

Conclusions: Normal values of left ventricular structural and functional indices in the Iranian population did not differ
significantly from global reference values. These findings may help develop diagnostic and therapeutic criteria tailored to the
Iranian population. Further studies are recommended to evaluate these indices across different age groups and clinical
conditions.

Keywords: Three-dimensional Echocardiography, Left Ventricular End-diastolic Volume Index, Left Ventricle, Iranian
Population, Ejection Fraction
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1. Background

Significant technological advances have transformed
echocardiography (3DE) into a
fundamental tool for evaluating left ventricular (LV)
volume and function (1). LV volume and ejection fraction

three-dimensional

(EF) are crucial prognostic indicators of complications and
mortality across a broad spectrum of patients and clinical
scenarios (2). Among the various applications of 3DE,
assessment of ventricular and atrial volumes and function
is  particularly promising because it enables
comprehensive evaluation of entire cardiac chambers
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simultaneously. Cardiac volume and function are key
markers of disease severity and prognosis in both acquired
and congenital structural heart diseases. Cardiac chamber
dimensions are known to be influenced by racial and
anthropometric factors (3, 4).

Although cardiac magnetic resonance (CMR) remains
the gold standard for evaluating LV dimensions and
function, 3DE has emerged as a viable alternative for
routine clinical use because of its cost-effectiveness,
avoidance of contrast agent exposure, and superior ability
to capture true chamber geometry. This advantage makes
3DE more accurate than traditional two-dimensional
echocardiography (2DE) for assessing volume and function
(5). Evaluation of LV volume and EF is a cornerstone of
cardiology, playing a pivotal role in guiding prognosis,
informing therapeutic decision-making, and determining
patient eligibility for various treatments and clinical trials
(6-8). As a widely used modality, 2DE remains the most
common imaging tool for assessing LV size and systolic
function, with EF measurement being a primary reason for
referral to echocardiography (9).

Despite its widespread use, 2DE has several limitations.
Although it is noninvasive, portable, cost-effective,
radiation-free, and rapid, it does not provide highly
reliable, reproducible, and precise EF or
measurements (10). Traditionally, 2DE uses the biplane
Simpson method (method of discs) to estimate LV volume
from cross-sectional imaging in only two orthogonal
planes (9). However, this technique is susceptible to errors

volume

arising from foreshortening, inadequate endocardial
border definition, narrow echocardiographic windows,
and assumptions regarding LV geometry. These factors
contribute to inaccuracies in LV volume quantification
(10).

Three-dimensional echocardiography uses advanced
matrix-array transducers capable of acquiring volumetric
images of the entire heart within < 8 cardiac cycles. Unlike
earlier 3D imaging techniques, contemporary "live" 3D
datasets enable volumetric analysis with minimal post-
processing, thereby enhancing efficiency and accuracy (11).
While CMR remains the gold standard for quantifying
cardiac chamber volumes and function, 3DE offers a more
accessible, cost-effective, and efficient alternative. It
provides rapid and precise assessment of key prognostic
indicators and therapeutic outcomes during follow-up of
of 2DE in
quantifying cardiac chamber volumes, and consequently
in evaluating cardiac function, are primarily attributable to

cardiovascular disease. The limitations

1) its reliance on assumptions about geometric shape and
2) the acquisition of imaging planes that are often
misaligned than These
limitations are particularly important in patients with

rather truly perpendicular.

ischemic or nonischemic LV dysfunction, in whom
remodeling alters chamber geometry, leading to
measurement inaccuracies and poor reproducibility (5).

2. Objectives

Given its ability to provide comprehensive chamber
volume assessment with greater accuracy and reliability,
3DE has the potential to clinical
echocardiography, enhance the precision of cardiac
function evaluation, and improve patient management

revolutionize

strategies (12).

3.Methods

3.1. Study Design

This cross-sectional descriptive

determine normal reference values for left ventricular

study aimed to

volumes and ejection fraction using three-dimensional
echocardiography in a healthy Iranian population. These
values may help establish population-specific standards for
more accurate cardiac assessment.

3.2. Sampling Method and Sample Size Determination

Between March 21, 2024, and August 22, 2024, a
prospective study was conducted involving 72 patients
aged 20 years or older who were referred to the
echocardiography laboratory for the assessment of left
ventricular parameters.

3.3. Study Procedure

3.3.1. Inclusion Criteria

Participants meeting the following criteria were
included in the study:

1) Age > 20 years with no known cardiovascular disease,
hypertension, or diabetes.

2) Hypertension was defined as systolic blood pressure
(SBP) > 140 mm Hg and/or diastolic blood pressure (DBP) >
9o mm Hg, or a history of antihypertensive medication
use.

3) No evidence of structural heart disease, as assessed by
medical history, clinical examination, and two-
dimensional echocardiography (2DE).

4) No evidence of left ventricular (LV) diastolic
dysfunction on 2DE.

5) Ability to hold the breath during echocardiographic
imaging to ensure optimal image quality.

3.3.2. Exclusion Criteria

Int Cardiovasc Res J. 2026; 20(1): e168419
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Patients were excluded if they met any of the following
criteria:

1) Presence of diastolic dysfunction, reduced left
ventricular ejection fraction (LVEF), or LV dilation on 2DE.

2) Inadequate echocardiographic image quality that
prevented accurate analysis.

3) Inability to hold the breath during image acquisition.

3-4. Echocardiography Protocol

All echocardiographic examinations were performed
using the Philips EPIQ_CVX system, equipped with
HeartModel and 3D QLab® Advanced (version 6) software.
After written informed consent was obtained, eligible
patients underwent echocardiographic screening. Imaging
was performed according to the European Association of
Cardiovascular Imaging (EACVI) guidelines, and three-
dimensional (3D) echocardiographic data were acquired at
the end of the standard (2D)
echocardiography session.

two-dimensional

3.4.1. Patient Preparation

Patients were positioned supine on the examination
table. Conductive gel was applied to enhance ultrasound-
wave transmission and improve image quality. Patients
were instructed to remain calm and relaxed to minimize
respiratory-motion artifacts.

3.4.2. Probe Selection and Machine Settings

A 3D matrix-array transducer was used for imaging.
Echocardiographic settings were optimized according to
individual patient characteristics, including age, weight,
and cardiac condition. Machine settings were adjusted to
enhance the volumetric frame rate (~22 volumes per
second) and ensure complete left ventricular coverage,
including the endocardial and epicardial borders (Figure

1).

3.4.3.3D Image Acquisition

Patients were positioned in the left lateral decubitus
position, and the transducer was placed at various chest
locations. The apical four-chamber (Apical 4C) view was
used for 3D imaging. Images were acquired throughout the
cardiac cycle, capturing both systolic and diastolic phases
for comprehensive volume analysis (Figure 2).

3.4.4. Image Processing and Volume Measurements

Only patients with sinus rhythm and two consecutive
cardiac cycles were included in the analysis using HM ACQ_
software. Image processing was performed using HM post-
processing software, which automatically identified end-

Int Cardiovasc Res J. 2026;20(1): e168419

diastolic (ED) and end-systolic (ES) phases. When required,
manual adjustments were made to correct software-
detected boundary errors. The final echocardiographic
analysis was performed by a senior cardiologist with more
than 10 years of experience who had conducted
approximately 7,000 two-dimensional and 250 three-
dimensional echocardiographic assessments. Endocardial
and epicardial borders were manually delineated for
precise measurement. Left ventricular end-diastolic
volume (LVEDV) and left ventricular end-systolic volume
(LVESV) were determined by voxel counting within the
endocardial boundary. Left ventricular myocardial mass
(LVM) was calculated by subtracting the endocardial
volume from the epicardial volume, assuming a
myocardial density of 1.05 g/mL.

3.5. Statistical Analysis

Data were analyzed using SPSS software (version 15).
One-way ANOVA was used to compare data between
groups, and Tukey post hoc testing was applied for
pairwise comparisons. A P value < 0.05 was considered
statistically significant. Data were reported as mean +
standard deviation (SD).

4.Results

4.1. Statistical Analysis Overview

This section presents the findings derived from the
collected data in accordance with the study objectives.
Descriptive and inferential statistical methods were used
to analyze the data, and the results are summarized in the
relevant tables and figures. Descriptive statistics, including
measures of central tendency and dispersion, were used to
characterize the data, whereas significance tests were
applied for inferential analysis. For continuous variables,
the mean, standard deviation, and coefficient of variation
were reported. In addition, 95% confidence intervals were
included in graphical representations. Data normality was
assessed using the Shapiro-Wilk test and combined
skewness and kurtosis tests. For inferential analysis, an
independent two-tailed t-test was performed, with a
significance level of 5%. Statistical analyses were conducted
using SPSS for Windows, version 16.0 (Chicago, SPSS Inc.).

4.2. Sample Size and Demographic Characteristics

The study included 72 patients aged 20 - 70 years, with a
mean age of 4213 % 175 years. Of these, 56.9% (41
individuals) were male and 43.1% (31 individuals) were
female. Demographic data were analyzed separately by
gender (Table 1, Figure 3).
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Figure 1. The image is related to 3D echocardiography, which is used to assess left ventricular function and analyze heart volume and motion
parameters. In this assessment, end-systolic and end-diastolic volumes of the left ventricle are measured, and the ejection fraction (EF), an index of the
heart's pumping ability, is calculated. Based on the provided data, left ventricular systolic function falls within the normal range, and no signs of
reduced function or clear heart failure are observed. Additionally, the left ventricular dimensions and volumes appear normal, with no signs of
abnormal dilation. The volume-change chart throughout the cardiac cycle shows a regular pattern, indicating coordinated left ventricular function.
Furthermore, the heart rhythm is regular, and no abnormal changes are recorded on the electrocardiogram. This type of assessment is commonly
used to monitor heart function in patients with structural heart diseases, heart failure, and other left ventricular functional disorders.

LVED Mass, LVEDD, LVESD, and stroke volume (SV) than
females (P < 0.05). However, no significant differences were
observed in LVEDVI, LVESVI, EF, CI, LAEF, and LAVI between
genders. These results suggest structural differences,
whereas functional parameters remained comparable.

4.3. Comparison of Echocardiographic Parameters by Gender

Gender differences in cardiac structure and function
have been well documented in previous studies. This study
aimed to compare various echocardiographic parameters
between males and females to determine the extent of

gender-based variation.

4:3.1. Body Surface Area

Body surface area (BSA) ranged from 1.49 to 237, with a
mean of 1.84 £ 0.19. A statistically significant difference in
BSA was observed between genders (P < 0.001), with males
exhibiting a higher mean BSA (1.93 + 0.13) than females (1.71
* o0.3) (Table 2, Figure 3). This difference is expected
because of variations in body composition and muscle
mass between males and females.

Table 2 shows significant gender differences in several
echocardiographic parameters. Males had higher BSA,

4.3.2. Left Ventricular End-Diastolic Volume Index

LVEDVI ranged from 4230 to 87.50, with a mean of 60.90
* 9.15. No statistically significant difference was observed
between males (62.42 £ 9.99) and females (58.89 £ 7.60) (P =
0.133), suggesting that left ventricular filling capacity is not
significantly influenced by gender in this population.

4.3.3. Left Ventricular End-Systolic Volume Index (LVESVI)

LVESVI values ranged from 12.10 to 38.90, with a mean of
2435 * 5.41. No statistically significant difference was
observed between males (24.92 £ 5.68) and females (23.60 £
5.01) (P=0.547).
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Figure 2. This three-dimensional transthoracic echocardiography (3D TTE) image, captured in the apical four-chamber view, provides comprehensive
visualization of the heart chambers, valves, and walls. The left and right ventricles, along with the left and right atria, are clearly delineated. Overall
chamber sizes appear within normal limits, and left ventricular wall motion appears preserved. The three-dimensional reconstructed image enhances
detailed assessment of valvular structures and intracardiac anatomy, providing valuable insights into cardiac function. With a recorded heart rate of
83 bpm, the rhythm is within the normal range. This echocardiographic view serves as a reliable tool for evaluating ventricular function, valvular
integrity, and chamber dimensions, supporting both clinical and research applications.

Table 1. Demographic Characteristics of the Study Population ?

Characteristics Total (n=72) Male (n=41) Female (n=31)
Age (y) 20-70 (4213 £11.75)
Gender 72 (100) 41(56.9) 31(43.1)

4 Values are expressed as mean + SD or No. (%).

A statistically significant difference in LVED Mass was
4.3.4. Ejection Fraction observed between genders (P < o.001), with males
demonstrating higher values (137.02 + 26.60) than females

Ejection fraction ranged from 53.00 to 74.00, with a ) RS - - )
(104.58 + 17.02). This finding is consistent with previous

mean of 60.18 * 5.49. No statistically significant difference e
was observed between males (60.17 + 538) and females research indicating that males generally have greater left
(60.19 £ 5.71) (P = 0.140), indicating that systolic function

remained comparable across genders.

ventricular mass because of increased myocardial
workload and larger body size.

435. Left Ventricular End-Diastolic Mass 4.3.6. Left Ventricular End-Diastolic Diameter
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Figure 3. Gender distribution of participants in the study (n = 72). A total of 41 male and 31 female participants were included, as illustrated in the bar

chart.

LVEDD values ranged from 3.80 to 5.49, with a mean of
471 £ 039. A statistically significant difference was
observed (P = 0.004), with males exhibiting larger LVEDD
values (4.86 £ 0.38) than females (4.51+ 0.31).

4.3.7. Left Ventricular End-Systolic Diameter

LVESD showed a statistically significant difference
between genders (P < o0.001), with males having higher
values (3.25 £ 0.50) than females (2.98 + 0.40).

4.3.8. Stroke Volume

Stroke volume (SV) showed a statistically significant
difference between genders (P < 0.001), with males having
a higher mean SV (72.66 +11.98) than females (61.61 + 8.30).
This difference is expected because of the larger left
ventricular size and cardiac output in males.

4.3.9. Cardiac Index

Cardiac index (CI) did not differ significantly between
males (2.68 £ 0.42) and females (2.77 £ 0.47) (P = 0.435). This
suggests that although stroke volume is higher in males,

Int Cardiovasc Res J. 2026; 20(1): 168419
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Table 2. Echocardiographic Parameters by Gender

Parameter and Gender Minimum Maximum Mean Standard Deviation P-Value

BSA <0.001
Male 1.59 237 1.93 0.13
Female 1.49 1.95 171 0.13

LVEDVI 0.133
Male 4330 87.50 62.42 9.99
Female 42.30 75.44 58.89 7.60

LVESVI 0.547
Male 14.30 38.90 24.92 5.68
Female 12.10 3110 23.60 5.01

EF 0.140
Male 53.00 73.00 60.17 538
Female 54.00 74.00 60.19 5.71

LVED Mass <0.001
Male 94.00 215.00 137.02 26.60
Female 66.00 132.00 104.58 17.02

LVEDD 0.004
Male 3.80 5.49 4.86 0.38
Female 3.98 5.39 4.51 0.31

LVESD <0.001
Male 2.40 4.20 3.25 0.50
Female 2.10 3.80 2.98 0.40

sV <0.001
Male 48.00 98.00 72.66 11.98
Female 43.00 77.00 61.61 831

CI 0.435
Male 1.84 3.52 2.68 0.42
Female 1.87 3.80 2.77 0.47

LAEF 0.421
Male 51.00 74.00 64.04 5.39
Female 43.00 75.00 65.16 6.99

LAVI 0.203
Male 10.00 27.00 18.90 4.27
Female 12.00 23.00 17.39 2.85

overall cardiac output normalized to body surface area
remains similar across genders.

4.3.10. Left Atrial Ejection Fraction

LAEF was slightly higher in females (65.16 £ 6.99) than
in males (64.04 £ 539), although the difference was not
statistically significant (P = 0.421). This finding is consistent
with previous studies indicating that left atrial function
remains comparable across genders.

4.3.11. Left Atrial Volume Index

LAVI was slightly higher in males (18.90 * 4.27) than in
females (17.39 £ 2.85), but the difference was not statistically
significant (P = 0.203). The left atrial volume index is an

Int Cardiovasc Res J. 2026;20(1): e168419

important marker of diastolic function and does not
appear to be strongly influenced by gender in this cohort
(Table 2, Figure 4, Figure 5).

The analysis showed that BSA, LVED Mass, LVEDD,
LVESD, and SV differed significantly between genders, with
P values less than 0.001 or 0.004. In contrast, LVEDVI,
LVESVI, EF, CI, LAEF, and LAVI did not differ significantly.

4.4. Comparison of 3D Echocardiographic Measurements with
CMR Reference Values

Table 1 provides a detailed comparison of left heart
structural and functional parameters obtained using three-
dimensional echocardiography (3D Echo) with the
standard normal ranges reported for cardiac magnetic
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Figure 4. Comparison of echocardiographic parameters by gender. The bar chart illustrates the mean values of key cardiac measurements in male and
female participants. Males showed higher mean values for BSA, LVED Mass, LVEDD, LVESD, and stroke volume (SV), while other parameters, including EF

and CI, were relatively similar between genders.

resonance imaging (CMR). Measurements are presented
separately for male and female participants, along with
their mean values and standard deviations.

For most parameters, including LVEDVI, LVESVI, EF,
LVED Mass, LVEDD, LVESD, SV, CI, and LAVI, the mean
values obtained from 3D Echo in both genders fell within
the established normal CMR reference ranges.

However, LAEF values measured by 3D Echo were
consistently higher than the upper limit of the CMR
normal range (30 - 50%) in both male and female groups.
This may reflect methodological differences between
echocardiographic and MRI-based measurements of atrial
function.

Furthermore, SV in females approached the lower limit
of the CMR normal range, suggesting potential gender-
specific differences in volumetric parameters that warrant
further investigation.

Statistical ~analysis revealed significant gender
differences in BSA, left ventricular mass, left ventricular
end-diastolic and end-systolic diameters, and SV, all with P
values <o.05.

In conclusion, this comparison demonstrates strong
concordance between 3D echocardiography values and
established CMR reference standards for most left heart

parameters, thereby supporting the reliability of 3D Echo
as a valuable imaging modality for volumetric and
functional assessment (Table 3, Figure 6).

5.Discussion

The findings of this study highlight strong concordance
between three-dimensional echocardiography (3D Echo)
and cardiac magnetic resonance imaging (CMR) in
assessing left heart structure and function. Most
parameters, including left ventricular end-diastolic and
end-systolic volume indices (LVEDVI, LVESVI), ejection
fraction (EF), left ventricular mass (LV mass), stroke
volume (SV), cardiac index (CI), and left atrial volume
index (LAVI), were within the CMR-established reference
ranges. These results support the accuracy and clinical
applicability of 3D Echo as a reliable, noninvasive imaging
modality.

One notable discrepancy was the consistently higher
left atrial emptying fraction (LAEF) measured by 3D Echo
compared with the upper CMR reference limit (30 - 50%).
This finding is likely attributable to differences in imaging
methodology, as echocardiographic techniques may be
more sensitive to atrial functional changes than MRI-based
measurements. Further studies are needed to clarify the

Int Cardiovasc Res J. 2026; 20(1): 168419
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Figure 5. The bar chart illustrates the statistical significance of gender differences across various echocardiographic parameters. The horizontal axis
represents the negative logarithm of the P values (-log10 [P value]) derived from independent-sample t tests comparing male and female groups. This
transformation allows clearer visualization of the level of significance, with larger values indicating stronger statistical evidence against the null
hypothesis.; Each parameter is accompanied by asterisks denoting the level of significance based on conventional thresholds: *** indicates P < 0.001
(highly significant). ** indicates P < 0.01 (significant). * Indicates P < 0.05 (moderately significant). Abbreviation: ns denotes a nonsignificant difference

(P>0.05).

clinical significance of this difference and establish
modality-specific normal ranges.

Additionally, stroke volume in female participants
approached the lower limit of the CMR normal range,
suggesting possible sex-based differences in volumetric
parameters. Significant sex differences were also noted in
left ventricular mass, left ventricular diameters, stroke
volume, and body surface area (BSA), with P values < 0.05.
These findings underscore the importance of considering
sex-specific reference values in echocardiographic
assessments to improve diagnostic precision and clinical
decision-making.

Three-dimensional echocardiography offers several
advantages over CMR and computed tomography (CT),
including faster imaging, cost-effectiveness, and the
absence of ionizing radiation, making it well suited for
routine clinical evaluations and long-term follow-up.

Int Cardiovasc Res J. 2026;20(1): e168419

Given the close alignment of 3D Echo measurements with
CMR standards, this modality may serve as a primary
method for assessing left heart function in both healthy
individuals and patients with cardiovascular diseases.

Further research is warranted to refine population-
specific normal ranges, particularly for underrepresented
ethnic groups, and to investigate the clinical impact of the
observed sex-based differences in cardiac volumetric
parameters.

5.1. Conclusions

This study demonstrates strong concordance between
left heart structural and functional parameters obtained
using three-dimensional echocardiography (3D Echo) and
established normal ranges from cardiac magnetic
resonance imaging (CMR). Most volumetric and functional
indices, including LVEDVI, LVESVI, EF, LV mass, LV
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Table 3. Comparison of Left Ventricular and Atrial Parameters Measured by 3D Echocardiography in Males and Females, Presented as Mean + Standard
Deviation. Values Are Compared with Established CMR Normal Reference Ranges. Most 3D Echo Measurements Fall Within CMR Normal Limits, Except

for LAEF, Which Exceeds Typical CMR Values

Parameters and Gender 3D Echo (Mean + SD) CMR Normal Range Comparison | Comment
BSA (m?)

Male 1.93+0.13 -

Female 171+£0.13 -
LVEDVI (mL/m?)

Male 62.42+9.99 50-90 Within normal CMR range

Female 58.89+7.60 50-90 Within normal CMR range
LVESVI (mL/m?)

Male 24.92+5.68 20-40 Within normal CMR range

Female 23.60 £5.01 20-40 Within normal CMR range
EF (%)

Male 60.17 £5.38 55-75 Normal

Female 60.19 £5.71 55-75 Normal
LVED Mass (g)

Male 137.02 £26.60 70-150 Within normal CMR range

Female 104.58 £17.02 60-120 Within normal CMR range
LVEDD (cm)

Male 4.86+0.38 4.5-5.5 Normal

Female 4.51+0.31 4.0-5.0 Within normal CMR range
LVESD (cm)

Male 3.25+0.50 2.5-35 Normal

Female 2.98+0.40 2.0-3.0 Borderline upper normal
SV (mL)

Male 72.66 £11.98 60-100 Normal

Female 61.61+8.31 60-100 Normal but close to lower limit
CI (L/min/m?)

Male 2.68£0.42 2.5-4.0 Normal

Female 2.77+0.47 25-4.0 Normal
LAEF (%)

Male 64.04 £5.39 30-50 Higher than normal CMR range

Female 65.16 +6.99 30-50 Higher than normal CMR range
LAVI (mL/m?2)

Male 18.90 +4.27 16-34 Within normal CMR range

Female 17.39+2.85 16-34 Within normal CMR range

diameters, SV, CI, and LAVI, fell within the CMR reference
limits, confirming the reliability of 3D Echo for
comprehensive cardiac assessment.

However, LAEF values measured by 3D Echo exceeded
the upper CMR reference limit in both sexes, likely because

diameters, and SV (P < 0.05). These findings emphasize the
need for localized reference values for precise clinical
assessments, particularly in the Iranian population.

Given its accuracy, noninvasiveness, cost-effectiveness,
and radiation-free nature, 3D echocardiography is a

of methodological differences between imaging  valuable imaging modality for assessing LV structure and
modalities. Additionally, stroke volume in females function. Its close alignment with CMR standards
approached the lower normal range, highlighting reinforces its role as a preferred tool for both routine

potential sex-specific variations that warrant further
investigation.

Statistical analysis revealed significant sex differences in
key cardiac parameters, including BSA, LV mass, LV
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evaluations and long-term follow-up in clinical practice.
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Figure 6. This bar chart compares the mean values obtained from 3D echocardiography (3D Echo) with the normal range of cardiovascular magnetic
resonance (CMR) for various cardiac parameters. Blue bars represent the mean values measured by 3D Echo. Red bars indicate the lower limit of the
normal CMR range. Green bars indicate the upper limit of the normal CMR range. This comparison helps assess whether the echocardiographic
measurements fall within the expected CMR range, providing insight into the reliability of 3D Echo in evaluating cardiac function. In most cases, the
values remain within the normal range, although some parameters are near the upper or lower limits and require further consideration.

The authors thank the staff and volunteers of the
cardiovascular departments of Al-Zahra Hospital, Shiraz,
and the staff of Namazi Hospital, Shiraz.

Footnotes

Al Use Disclosure: The authors declare that no generative
Al tools were used in the creation of this article.

Authors' Contribution: P. A.: Conceptualization and
methodology; A. M. and P. A.:: Data curation and writing -
original draft preparation; A. M.: Supervision; D. E.: Writing
and reviewing; A. A.: Editing. All authors read and approved
the final manuscript.

Conflict of Interests Statement: The authors declare that
they have no conflict of interest

Data Availability: The dataset presented in the study is
available on request from the corresponding author
during submission or after publication.

Ethical Approval: IR.SUMS.MED.REC.1403.069.

Int Cardiovasc Res J. 2026; 20(1): 168419

Funding/Support: There is no financial source to support
the article and it is not provided by any organization

Informed Consent: Written informed consent was

obtained from all participants.

References

1. Bernard A, Addetia K, Dulgheru R, Caballero L, Sugimoto T,
Akhaladze N, et al. 3D echocardiographic reference ranges for
normal left ventricular volumes and strain: results from the EACVI
NORRE study. European Heart Journal - Cardiovascular Imaging.
2016;18(4):475-83. [PubMed ID: 28329230].
https://doi.org/10.1093/ehjci/jew284.

2. Otterstad ], St. John Sutton M, Froeland G, Holme I, Skjaerpe T, Hall C.
Prognostic value of two-dimensional echocardiography and N-
terminal proatrial natriuretic peptide following an acute
myocardial infarction. Assessment of baseline values (2 - 7 days) and
changes at 3 months in patients with a preserved systolic function.
European heart journal. 2002;23(13):1011-20. [PubMed ID: 12093053].
https://doi.org/10.1053/euhj.2001.2969.

3. Fukuda S, Watanabe H, Daimon M, Abe Y, Hirashiki A, Hirata K, et al.
Normal values of realtime 3-dimensional echocardiographic
parameters in a healthy Japanese population: the JAMP-3D Study. Circ
I 2012;76(5):1177-81. [PubMed ID: 22361920].
https://doi.org/10.1253/circj.CJ-11-1256.

11


https://brieflands.com/journals/ircrj/articles/168419
http://www.ncbi.nlm.nih.gov/pubmed/28329230
https://doi.org/10.1093/ehjci/jew284
http://www.ncbi.nlm.nih.gov/pubmed/12093053
https://doi.org/10.1053/euhj.2001.2969
http://www.ncbi.nlm.nih.gov/pubmed/22361920
https://doi.org/10.1253/circj.CJ-11-1256

MoarefAetal.

Brieflands

12

Maffessanti F, Muraru D, Esposito R, Gripari P, Ermacora D, Santoro C,
et al. Age-, body size-, and sex-specific reference values for right
ventricular volumes and ejection fraction by three-dimensional
echocardiography: a multicenter echocardiographic study in 507
healthy volunteers. Circ Cardiovasc Imaging. 2013;6(5):700-10.
[PubMed ID: 23811752).
https://doi.org/10.1161/CIRCIMAGING.113.000706.

Bhambhani A, John N, Mathew A. Real-time three-dimensional
echocardiographic left heart parameters in healthy indian adults.
Indian Heart ]. 2018;70(5):642-8. [PubMed ID: 30392502]. [PubMed
Central ID: PMC6204452]. https://doi.org/10.1016/j.ihj.2017.11.018.

Bonow RO, Carabello BA, Chatterjee K, de Leon AC, Faxon DP, Freed
MD, et al. 2008 focused update incorporated into the ACC/AHA 2006
guidelines for the management of patients with valvular heart
disease: a report of the American College of Cardiology/American
Heart Association Task Force on Practice Guidelines. | Am Coll Cardiol.
2008;52(13):e1-e142. [PubMed ID: 18848134].
https://doi.org/10.1016j.jacc.2008.05.007.

SOLVD Investigators, Yusuf S, Pitt B, Davis CE, Hood WB Jr, Cohn JN.
Effect of enalapril on mortality and the development of heart failure
in asymptomatic patients with reduced left ventricular ejection
fractions. N Engl | Med. 1992;327(10):685-91. [PubMed ID: 1463530].
https://doi.org/10.1056/NEJM199209033271003.

Moss A], Zareba W, Hall W], Klein H, Wilber D], Cannom DS, et al.
Prophylactic implantation of a defibrillator in patients with

10.

11.

myocardial infarction and reduced ejection fraction. N Engl | Med.
2002;346(12):877-83. [PubMed ID: 11907286].
https://doi.org/10.1056/NEJM0a013474.

Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E, Pellikka
PA, et al. Recommendations for chamber quantification: a report
from the American Society of Echocardiography's Guidelines and
Standards Committee and the Chamber Quantification Writing
Group, developed in conjunction with the European Association of
Echocardiography, a branch of the European Society of Cardiology. J
Am Soc Echocardiogr. 2005;18(12):1440-63. [PubMed ID: 16376782].
https:|/doi.org[10.1016/j.ech0.2005.10.005.

Mor-Avi V, Lang RM, Badano LP, Belohlavek M, Cardim NM,
Derumeaux G, et al. Current and Evolving Echocardiographic
Techniques for the Quantitative Evaluation of Cardiac Mechanics:
ASE[EAE Consensus Statement on Methodology and Indications
Endorsed by the Japanese Society of Echocardiography. European
Journal of Echocardiography. 2011;12(3):167-205. [PubMed ID: 21385887].
https://doi.org/10.1093/ejechocard/jero21.

Rosenthal MB. Hard choices-alternatives for reining in Medicare and
Medicaid spending. N Engl ] Med. 2011;364(20):1887-90. [PubMed ID:
21506734]. https:|/doi.org[10.1056/NEJMp1104428.

Raco |, Peterson B, Muallem S. Assessment of Volume Status in
Hospitalized Patients with Chronic Heart Failure. Cardiology
research. 2023;14(1):2-11. [PubMed ID: 36896231]. [PubMed Central ID:
PM(C9990539]. https://doi.org[10.14740/cr1434.

Int Cardiovasc Res J. 2026; 20(1): e168419


https://brieflands.com/journals/ircrj/articles/168419
http://www.ncbi.nlm.nih.gov/pubmed/23811752
https://doi.org/10.1161/CIRCIMAGING.113.000706
http://www.ncbi.nlm.nih.gov/pubmed/30392502
https://www.ncbi.nlm.nih.gov/pmc/PMC6204452
https://doi.org/10.1016/j.ihj.2017.11.018
http://www.ncbi.nlm.nih.gov/pubmed/18848134
https://doi.org/10.1016/j.jacc.2008.05.007
http://www.ncbi.nlm.nih.gov/pubmed/1463530
https://doi.org/10.1056/NEJM199209033271003
http://www.ncbi.nlm.nih.gov/pubmed/11907286
https://doi.org/10.1056/NEJMoa013474
http://www.ncbi.nlm.nih.gov/pubmed/11907286
https://doi.org/10.1056/NEJMoa013474
http://www.ncbi.nlm.nih.gov/pubmed/16376782
https://doi.org/10.1016/j.echo.2005.10.005
http://www.ncbi.nlm.nih.gov/pubmed/21385887
https://doi.org/10.1093/ejechocard/jer021
http://www.ncbi.nlm.nih.gov/pubmed/21506734
https://doi.org/10.1056/NEJMp1104428
http://www.ncbi.nlm.nih.gov/pubmed/36896231
https://www.ncbi.nlm.nih.gov/pmc/PMC9990539
https://doi.org/10.14740/cr1434

