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Background: Three-dimensional speckle-tracking echocardiography (3DSTE) is a relatively new non-
invasive imaging modality with ability for simultaneous chamber quantifications and determination of
valvular dimensions. The aim of the present retrospective cohort study was to determine normal reference
values of 3DSTE-derived tricuspid annular (TA) dimensions and functional properties and to evaluate their
age- and gender dependency.

Methods: The present study comprised 156 healthy adult subjects, from which 28 cases were excluded
due to inferior image quality, therefore the remaining group consisted of 128 cases with the mean age
of 35.4£12.5 years (72 males). The subject population was further divided into the following categories:
18-29 years (n=57; mean age: 25.2+2.8 years, 51 males), 30-39 years (n=29; mean age: 34.1+2.5 years,
31 males), 40-49 years (n=17; mean age: 44.1+3.2 years, 11 males) and >50 years of age (n=25, mean age:
59.2£6.4 years, 14 males).

Results: End-diastolic TA diameter (2.2+0.3 vs. 2.5+0.3 cm, P<0.05), area (7.1x1.3 vs. 8.1+1.7 cm’, P<0.05)
and perimeter (10.3+0.9 vs. 11.0£1.2 cm, P<0.05) were lower in females than in males in the 18-29 year-
old group and TA area (6.120.8 vs. 8.0£1.2 cm’, P<0.05) and TA perimeter (9.7+0.8 vs. 11.0£0.9 cm, P<0.05)
were lower in females than in males in the 4049 year-old group. End-systolic TA diameter were lower in
females than in males in the 18-29 year-old group (1.8+0.2 vs. 1.9£0.3 cm, P<0.05) and TA area (4.7£0.3 vs.
6.3+1.2 cm’, P<0.05) and TA perimeter (8.6+0.4 v5. 9.5+0.9 cm, P<0.05) were lower in females than in males
in the 40-49 year-old group. TA fractional area change was found to be reduced in the 40-49 year-old group
as compared to the 30-39 year-old group (21.7%=8.7% vs. 29.2%=x10.0%, P<0.05).

Conclusions: 3DSTE is a novel method for non-invasive assessment of TA dimensions and functional
properties. Results highlight the importance of age- and gender-specific reference values in case of TA

diameter, area and perimeter and calculated functional features respecting the cardiac cycle.
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Introduction

Three-dimensional (3D) speckle-tracking echocardiography
(STE) is a relatively new non-invasive imaging modality
with the ability to determine valvular dimensions and
functional properties in addition to simultaneous chamber
quantifications (1-6). 3DSTE is using a block-matching
algorithm and merges advantages of 3D echocardiography
(visualizing the heart as a 3D organ) and speckle-
tracking echocardiography (quantitative featuring of
wall contractility by strain and rotational parameters),
and became clinically available in the early 2000s (1-4).
Recently, normal reference values of 3DSTE-derived left
ventricular (LV) (7-9), left atrial (LA) (10,11) and right atrial
(RA) (12,13) and mitral annular (MA) (14) dimensions and
functional properties were determined in the MAGYAR-
Healthy Study (3).

The apparatus of the tricuspid valve (TV) is a complex
structure between the RA and the right ventricle (RV)
consisting of anterior, posterior and septal leaflets inserted
in the fibrous tricuspid annulus (TA) and connected to the
papillary muscle via the chordae tendinae (15). The TV
guides blood flow from the RA to the RV and prevents
backflow during systole (15,16). More and more studies
are focusing on the importance of accurate assessment of
the tricuspid valve, as new therapeutic strategies emerge
for certain disorders affecting the right heart including
pulmonary hypertension and congenital heart diseases.
Therefore, the aim of the present study was to determine
the normal reference values of 3DSTE-derived TA
dimensions and functional properties. Additional aim of the
study was to determine whether there is age- and gender-
dependency. Our aim was to evaluate the reproducibility
and feasibility of 3DSTE-derived TA measurements as
well. We present the following article in accordance with
the STROBE reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-22-88/rc).

Methods
Subject population

A total of 156 healthy adults who had no symptoms were
involved in the present retrospective cohort study. Subjects
were recruited on a voluntary basis between 2011-2015, and
were examined at the outpatient clinic of the Department
of Medicine, University of Szeged, Hungary. From this
population, 28 subjects were excluded due to inferior image
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quality for 3DSTE measurement. The remaining healthy
population consisted of 128 subjects (age: 35.4+12.5 years,
72 males). Only subjects who had no valvular regurgitation
more severe than grade 1 in any valves and who had no
significant valvular stenosis were enrolled in the study. None of
them had any known disease or pathological state, or received
any medication which could affect the results. Nothing
abnormal was found with routine electrocardiography and
two-dimensional Doppler echocardiography of the subjects.
"This subject population was further divided into the following
categories based on age (Figure 1):

% 18-29 years of age (n=57; mean age: 25.2+2.8 years,

51 males)

% 30-39 years of age (n=29; mean age: 34.1£2.5 years,

31 males)

% 40-49 years of age (n=17; mean age: 44.1+3.2 years,

11 males)

% and >50 years of age (n=25, mean age: 59.2+6.4 years,
14 males).

The presented results are part of the MAGYAR-Healthy
(Motion Analysis of the heart and Great vessels bYthree-
dimensionAl speckle-tRacking echocardiography in Healthy
subjects) Study, an aim of which was to determine the
normal reference values of 3DSTE-derived parameters in
healthy adults (Magyar’ means "Hungarian’ in Hungarian
language). Institutional and Regional Human Biomedical
Research Committee of University of Szeged, Hungary
approved the study (No. 71/2011); the study complied with
the Declaration of Helsinki (as revised in 2013). Informed
consent was given by all subjects.

Two-dimensional Doppler echocardiography

Routine 2D Doppler echocardiography was performed
before the 3DSTE in all subjects using the available
guidelines. Cardiac chamber quantifications and valvular
assessments were performed by the same observers
(AK, RG) using the same commercial Toshiba Artida™
echocardiographic tool (Toshiba Medical Systems, Tokyo,
Japan) attached to a PST-30BT (1-5 MHz) phased-array
transducer in accordance with the guidelines (17). Routine
LA and LV dimensions and LV ejection fraction were
calculated together with mitral and tricuspid annular plane
systolic excursion (MAPSE and TAPSE, respectively)
and RV fractional area change (RV-FAC). Doppler
echocardiography was used for valvular assessments and to
determine mitral inflow velocities (17).
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Total group: 156 healthy subjects

Exclusion of 28 subjects due to insufficient

Y

Y

image quality

Final group: 128 healthy subjects

'

! !

. .

18-29 year-old cases
(n=57; mean age: 25.2+2.8 years,

30-39 year-old cases
(n=29; mean age: 34.1+2.5 years,

51 males) 31 males)

40-49 year-old cases
(n=17; mean age: 44.1+3.2 years,

>50 year-old cases
(n=25, mean age: 59.2+6.4 years,

11 males) 14 males)

Figure 1 Total number of cases, excluded subjects and distribution of remaining cases in the subgroups.

Figure 2 Extract from a three-dimensional full-volume dataset
showing the TA in a healthy subject is presented: (A) apical four-
chamber view, (B) apical two-chamber view and (C7) a cross
sectional view at the level of the TA optimized in apical four- and
two-chamber views. The yellow arrow represents the TA plane
in the long- (A,B) and short-axis (C7) images. ‘En-face view’ of
the TA is demonstrated in image C7 (see yellow arrow). LA, left
atrium; LV, left ventricle; RA, right atrium; RV, right ventricle; TA,
tricuspid annulus; Area, TA area; Circ, TA perimeter; Dist, TA

diameter.

Three-dimensional speckle-tracking echocardiography

The same Toshiba Artida™ echocardiographic machine
(Toshiba Medical Systems, Tokyo, Japan) was used for
3DSTE attached to a PST-25SX matrix-array transducer
(1-4). All subjects were in sinus rhythm, which was required
to be able to perform the 3DSTE. First, a full volume 3D
‘echocloud” was acquired from the apical window, then a
special software (3D Wall Motion Tracking, version 2.7,
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"Toshiba Medical Systems, Tokyo, Japan) was used for off-
line analysis. Lateral and septal TA endpoints in AP2CH and
AP4CH views were optimized, then TA dimensions were
determined in the C7 short-axis view (Figure 2) (6,18,19):

TA dimensions were measured in end-systole and end-

diastole:

% TA diameter (TAD) was defined as the perpendicular
line drawn from the peak of TA curvature to the
opposite side of the TA border,

% TA area (TAA) was assessed by planimetry,

% TA perimeter (TAP) was evaluated by planimetry, as
well.

TA functional properties were calculated using end-

systolic and end-diastolic TAD and TAA:

% TA fractional shortening (TAFS) = [end-diastolic
TAD - end-systolic TAD]/end-diastolic TAD x 100

% TA fractional area change (TAFAC) = [end-diastolic
TAA - end-systolic TAA]/end-diastolic TAA x 100.

Statistical analysis

SPSS software was used (SPSS Inc., Chicago, IL, USA)
for the statistical analyses. While continuous variables
standard deviation (SD),
categorical data were demonstrated in frequencies and

were presented as mean =

percentage. P>0.05 was considered to be statistically
significant. Shapiro-Wilks test was used to test normality
of distribution: normally distributed datasets were assessed
by Student’s #-test, while not-normally distributed datasets
were analysed by Mann-Whitney-Wilcoxon test. Levene’s

Quant Imaging Med Surg 2023;13(1):121-132 | https://dx.doi.org/10.21037/qims-22-88



124

Table 1 Demographic and two-dimensional echocardiographic data

Variables Data

n 128

Age (years) 35.4+12.5

Male gender (%) 72 (56.0)

Two-dimensional echocardiography
Left atrium (mm) 37.4+3.6
Left ventricular end-diastolic diameter (mm) 48.0+3.5
Left ventricular end-diastolic volume (mL) 105.7+22.7
Left ventricular end-systolic diameter (mm) 32.1+3.3
Left ventricular end-systolic volume (mL) 37.8+9.0
Interventricular septum (mm) 9.2+1.2
Left ventricular posterior wall (mm) 9.3+1.4
Left ventricular ejection fraction (%) 64.6+£3.9
Mitral annular plane systolic excursion (mm) 18.2+3.1
Tricuspid annular plane systolic excursion (mm) 23.1+2.5
Right ventricular fractional area change (%) 46.2+5.2

Three-dimensional speckle-tracking echocardiography

End-diastolic TAD (cm) 2.4+0.3
End-diastolic TAA (cm?) 7.5+1.7
End-diastolic TAP (cm) 10.6+1.2
End-systolic TAD (cm) 1.9+0.3
End-systolic TAA (cm?) 5.5+1.5
End-systolic TAP (cm) 9.2+1.1
TAFAC (%) 26.4+12.3
TAFS (%) 20.8+10.8

Data are presented as mean =+ standard deviation and number
(frequency). TAD, tricuspid annular diameter; TAA, tricuspid
annular area; TAP, tricuspid annular perimeter; TAFAC, tricuspid
annular fractional area change; TAFS, tricuspid annular fractional
shortening.

test was used to evaluate homogeneity of variances.
Categorical variables were analysed by Fisher’s exact test.
Inter- and intraobserver variability of measurements of
TAD, TAA and TAP was tested in 30 randomly selected
healthy subjects at rest in end-diastole and end-systole.
Agreements were verified using the Bland-Altman method
and Pearson’s coefficient was calculated for intraobserver
and interobserver correlations.
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Results
Demographic and two-dimensional echocardiographic data

2D echocardiographic data of subjects were in the normal
range as shown in Table 1. None of the healthy adults
showed > grade 1 regurgitations or had significant stenosis
in any valves. 2D echocardiography-derived LA, LV and RV
data did not show significant differences between the age-
groups.

Age-dependency of 3DSTE-derived TA parameters

No significant changes were found in end-diastolic TA
dimensions between subjects with different age groups,
but tendentiously lower end-diastolic TAA and TAP with
preserved end-systolic TA dimensions were found in older
subjects. While TAFS showed a non-significant reduction
in patients over the age of 40 years, TAFAC was found to
be reduced in the 40-49 year-old group as compared to the
30-39 year-old group (Tuble 2, Figures 3,4). The frame rate
of the 3DSTE acquisition for the measurements was 27+3
volumes per second.

Gender-dependency of 3DSTE-derived TA parameters

End-diastolic TAD, TAA and TAP were lower in females
than in males in the 18-29 year-old group and TAA
and TAP were lower in females than in males in the
40-49 year-old group. End-systolic TAD were lower in
females than in males in the 18-29 year-old group and
TAA and TAP were lower in females than in males in the
40-49 year-old group (Figure 3). TAFS and TAFAC were
tendentiously higher in females, significant difference
could be found between female and male subjects in TAFS
in subjects over the age of 50. TAFAC of 30-39 year-old
female subjects was significantly increased as compared
to that of subjects in all other age groups. TAFS was
significantly reduced in 50+ year-old male subjects as
compared to that of 18-29 and 30-39 year-old subjects.
Changes in TAFS and TAFAC with age and gender are
presented in Figure 4.

Correlations

TAPSE and RV-FAC did not correlate with any 3DSTE-
derived TA dimensions or TA functional properties
including TAFAC and TAFS.
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18-29 year-old subjects

30-39 year-old subjects

40-49 year-old subjects

50+ year-old subjects

Parameters (n=57) (n=29) (n=17) (n=25)
End-diastole
TAD (cm) 2.4+0.3 2.4+0.4 2.4+0.3 2.3+0.3
TAA (cm?) 7.6+1.6 7.7+1.9 7.3x1.4 7.0+1.8
TAP (cm) 10.71.1 10.7+1.2 10.6+1.1 10.3+1.3
End-systole
TAD (cm) 1.8+0.3 1.9+0.4 1.9+0.3 1.9+0.3
TAA (cm?) 5.6x1.4 5.5+1.8 57+1.2 5.5+1.7
TAP (cm) 9.3+1.1 9.1+1.3 9.2+0.8 9.0+1.3
Functional parameters
TAFAC 26.8+10.0 29.2+10.0 21.7+8.7¢ 25.3+19.4
TAFS 21.4+£9.5 21.6+8.1 17.2+7.5 18.2+7.9

Data are presented as mean + standard deviation. *P<0.05 between age groups of 30-39 year-old subjects and 40-49 year-old subjects.
TAD, tricuspid annular diameter; TAA, tricuspid annular area; TAP, tricuspid annular perimeter; TAFAC, tricuspid annular fractional area
change; TAFS, tricuspid annular fractional shortening.
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Figure 3 Age- and gender-dependency of tricuspid annular end-diastolic and end-systolic diameter, area and perimeter in subjects in

different age groups. Significant differences (P<0.05) could be demonstrated in tricuspid annular dimensions between males and females in

certain age groups (see asterisk).

Feasibility of 3DSTE-derived TA measurements

The original study comprised 156 healthy adults, from
which 28 subjects were excluded due to insufficient image
quality. The overall feasibility was found to be 82.1%.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Reproducibility of 3DSTE-derived TA measurements

Mean + SD of the difference in values obtained by two
observers in case of the measurements of end-diastolic

and end-systolic TAD, TAA and TAP with a correlation
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Figure 4 Age- and gender-dependency of tricuspid annular functional properties in subjects in different age groups. Tricuspid annular

fractional area change of 30-39 year-old female subjects was significantly increased as compared to that of subjects in all other age groups

(see asterisk). Difference in tricuspid annular fractional area change was significant comparing 30-39 year-old subjects and 40-49 year-old

subjects (see double asterisk). Tricuspid annular fractional shortening was significantly reduced in 50+ year-old male subjects as compared to

that of 18-29 and 30-39 year-old subjects (see cross). Gender differences were found in case of tricuspid annular fractional shortening in 50+

year-old subjects (see double crosses). TAFAC, tricuspid annular fractional area change; TAFS, tricuspid annular fractional shortening.
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Figure 5 Intra-observer (upper graphs) and inter-observer (lower graphs) agreements and correlations for measuring end-TAD-D by three-

dimensional speckle tracking echocardiography are presented. SD, standard deviation; TAD-D, diastolic tricuspid annular diameter.

coefficient between these independent measurements are
presented in Figures 5-10 (interobserver agreement). Mean +
SD of the difference in values obtained by 2 measurements
of the same observer with a correlation coefficient between
these independent measurements are demonstrated in

Figures 5-10, as well (intraobserver agreement).
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Discussion

Similarly to the mitral valve, dynamic deformation occur in
the TV during the cardiac cycle. Valvular lesions or other
cardiovascular diseases could cause disturbed leaflet or TA
deformation leading to tricuspid regurgitation. These facts
may draw attention to the importance of normal reference
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values for TA dimensions during the cardiac cycle.
Moreover, there is an increasing interest in the non-invasive
evaluation of the right heart as recently new treatment
options have become available in case of pulmonary
hypertension (20). Unfortunately, only limited data are
available regarding the normal values of TA dimensions
assessed by non-invasive cardiovascular imaging (21-23).
Reference values for 2D echocardiography- (21) and cardiac
magnetic resonance imaging-derived (22,23) TA dimensions
are available, but the more reliable and accurate 3D
(speckle-tracking) echocardiographic data are missing from
literature. Therefore, this is the first time to define normal
reference values of 3DSTE-derived end-diastolic and end-
systolic TA dimensions and calculated functional properties
together with their age- and gender-dependency in healthy
adults.

Compering our results to the recently published results
of MA normal reference ranges from the MAGYAR-
Healthy Study (14), we found that TA and MA dimensions
were similar in end-diastole. TA dimensions proved to
be dilated in end-systole compared to MA dimensions,
as a result, TAFAC and TAFS were significantly reduced
compared to MA functional properties based on similar

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

calculation methods. Differences were seen in MA and TA
dimensions and functional properties and changes were
seen in the parameters with age (decades) and gender.
Although end-diastolic MA and TA diameters did not
show significant change with age (decades), continuous
tendentious reduction could be demonstrated in TA area
and perimeter, while MA area and perimeter showed an
increase-decrease pattern. While dilated end-systolic MA
dimensions could be detected in >50 year-old subjects
compared to 18-29 year-old subjects, end-systolic TA
dimensions did not change with age (decades) (14). Both
MAFAC and TAFAC showed reduction in older subjects
compared to younger subjects. While MAFS showed a
decrease-increase-decrease pattern with age (decades) due
to changes in end-systolic MAD, TAFS showed a non-
significant reduction over the age of 40 years. Regarding
gender, while end-diastolic MA parameters did not show
any differences, end-diastolic TA dimensions were lower
in young females and in females in the 40-49 year-old
group. While end-systolic MA dimensions were lower
in young females, lower end-systolic TAD was seen in
females in the 18-29 year-old group and TAA and TAP
were lower in females in the 40-49 year-old group. MA
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and TA functional properties were tendentiously higher in
females compared to those of males (14).

Several theories could explain these changes in TA
dimensions with age and gender and the differences
between TA and MA. Aging-associated changes with
calcification, increased fluid accumulation, fibrosis, low-
grade inflammation, deposition and infiltration of certain
molecules could partially explain our findings. Moreover,
although healthy subjects were selected to be involved in
the present study, subclinical and undetected abnormalities/
disorders were not excluded by certain invasive or non-
invasive procedures due to the absence of any symptoms.
Differences in TA and MA dimensions and functional
properties could be elucidated by considering the
differences in the left and right ventricles and atria and in
their structure, movement, contractility and function, but
genetic and epigenetic factors should also be considered.
Theoretically, hormonal differences could be responsible
for gender differences. However, further studies are
needed to confirm these findings and to compare the role
of 3DSTE in the evaluation of TA dimensions with other
routine imaging methods.

Limitation section

% The present study was a retrospective cohort study,
differences in parameters were from subjects in different
age groups.

% Quality of 3DSTE-derived images is worse compared
to that of 2D echocardiography, which could affect the
results (1-4).

% Using 3DSTE, only 2D-projected TA planimetry could
be performed, the special 3D saddle-shape of TV was
not evaluated, which could affect the results (1-6).

% The present study did not aim to assess dimensions,
volumetric and functional properties of any cardiac
chambers or MA. Moreover, the study did not consider
the validation of TA dimensions measured by 3DSTE as
its objective either.

% It was not planned to compare 3D modalities of
different vendors in the assessment of TV and TA.

% In some age-groups, mainly in older ages, only limited
number of healthy adults were selected. No subjects
over 60 years of age participated in the study due to the
presence of TR.

% It was not aimed to compare the results with subjects

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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with significant TR. It could be a topic of another paper.

Conclusions

3DSTE is a novel method for non-invasive assessment of
TA dimensions and functional properties. Results highlight
the importance of age- and gender-specific reference
values for TA diameter, area and perimeter and calculated
functional features respecting the cardiac cycle.
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