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Background: Evaluation of mitral (MA) and tricuspid annuli (TA) in the same healthy subject in a non-
invasive way in real-life clinical settings makes an opportunity to compare their dimensions and derived
functional properties. The purpose of the present cohort study was to investigate whether there are any
differences in the three-dimensional speckle-tracking echocardiography- 3DSTE-) measured size and
derived functional characteristics of the MA and TA in the same healthy adults.

Methods: The study comprised 248 healthy adults, in which 3DSTE was performed to determine MA and
TA dimensions and functional properties. Due to insufficient image quality, 89 cases were excluded, therefore
the remaining population consisted of 159 subjects (age: 35.6x12.9 years, 76 males). Subjects were enrolled
on a voluntary basis consecutively between January 2011 and November 2017 in the outpatient clinic of
the tertiary cardiology center at the Department of Medicine, University of Szeged, Hungary. Data were
analyzed by Student’s #-test, analysis of variance (ANOVA) test, Fischer’s exact test, Pearsons’ correlations,
interclass correlations and Bland-Altman tests.

Results: Same-side MA/TA end-diastolic annular dilation is associated with simultaneous MA/TA end-
systolic dilation and vice versa. MA dilation in end-diastole and end-systole results in MA functional
improvement/deterioration. Dilation of end-diastolic TA dimensions does not obviously entail differences
in TA function. However, similar to MA, more dilated TA in end-systole is associated with impaired TA
function. Dilated MA dimensions (end-diastolic MA area: 4.31+0.62 vs. 10.89+1.18 cm’, P<0.05) are not
obviously associated with dilated end-diastolic TA dimensions (area: 7.05+1.42 vs. 7.81+1.48 cm’, P=ns) and
functional improvement/impairment (fractional area change: 27.5%+10.8% vs. 25.2%=10.6%, P=ns).
Conclusions: Dilation of MA and TA is associated with different contralateral responses in morphology
and function.
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Introduction

The accurate determination of valvular dimensions is of
clinical importance due to increased possibilities of care for
valvular pathologies (1-6). Theoretically, the ideal method
is characterized by its non-invasivity, simplicity, ease of
implementation and easy-to-learn/easy-to-perform nature.
These conditions are met by three-dimensional speckle-
tracking echocardiography (3DSTE), which is capable
not only for heart chamber quantifications, but also for
determination of dimensions and functional properties
of annuli of the atrioventricular valves with well-defined
normal reference values (7-12). Evaluation of mitral (MA)
and tricuspid annuli (TA) in the same healthy subject in
a non-invasive way in real-life clinical settings makes an
opportunity to compare their dimensions and derived
functional properties. Annuli of the atrioventricular valves
have a known relationship with left/right ventricles (LV/
RV) and atria (LA/RA) (13-16). Due to differences in shape
and function of these cardiac chambers and mitral/tricuspid
valvular structure and leaflet numbers, it is reasonable to
assume that there might be differences between MA and
TA dimensions (13,16,17). Moreover, it would be important
to know how the morphological and functional features
of the MA/TA look and behave even in the presence of
smaller/larger than average sized valves. Therefore, the
present cohort study aimed to investigate whether there are
differences in the size and functional characteristics of the
MA/TA as assessed by 3DSTE in the same healthy adults.
We present this article in accordance with the STROBE
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-24-630/rc).

Methods
Subject population

The study comprised 248 healthy adults, in which 3DSTE
was performed to determine MA and TA dimensions and
functional properties. Due to insufficient image quality,
89 cases were excluded, therefore the remaining population
consisted of 159 subjects (age: 35.6£12.9 years, 76 males)
(Figure 1). All of them participated in the tests on a
voluntary basis between January 2011 and November 2017
in the outpatient clinic of the tertiary cardiology center at the
Department of Medicine, University of Szeged, Hungary.
In all healthy individuals, physical examination, laboratory
test, standard 12-lead electrocardiography (ECG), and
two-dimensional (2D) Doppler echocardiography were
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Total group: 248 healthy subjects

Exclusion of 89 subjects due to
insufficient image quality

Y

Final group: 159 healthy subjects

Figure 1 Inclusion and exclusion criteria for healthy subjects

involved in the study are presented.

performed with findings being in the normal range. None
of the participants took any medications regularly, was
obese (body mass index >30 kg/m’) or smoker. All subjects
were without any positive medical history including known
disorder, previous operation or other pathological state.
3DSTE was also performed in all healthy volunteers: as a
first step digital 3D echocardiographic data acquisition was
performed at the same time, when 2D echocardiography
was performed. As a second step, valve specific analysis was
completed at a later date offline. The present study serves as
a part of the ‘Motion Analysis of the heart and Great vessels
bY three-dimensionAl speckle-tRacking echocardiography
in Healthy subjects’ (MAGYAR-Healthy Study), which
has been conducted at the University of Szeged (11,12).
Among other purposes, the aim of the present study was to
perform analyses that can be used to clarify physiological
relationships between parameters measurable during
3DSTE (‘Magyar’ means ‘Hungarian’ in Hungarian
language). The present study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013) and
the Institutional and Regional Human Biomedical Research
Committee of University of Szeged, Hungary (No.
71/2011) approved the study. All study participants gave
written informed consent.

2D Doppler echocardiography

Routine 2D echocardiographic examination was performed
in all cases including chamber quantifications with
measurement of LA and LV dimensions and LV ejection
fraction (EF) by modified Simpsons’ method. A Toshiba
Artida® echocardiographic machine (Toshiba Medical
Systems, Tokyo, Japan) attached to a 1-5 MHz broadband
PST-30BT phased-array transducer was used for all

examinations. Doppler echocardiography was used for
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Figure 2 3D echocardiographic assessment of mitral (A) and tricuspid (B) annuli: (A) apical four-chamber view, (B) apical two-chamber view

and cross-sectional view (C7) of the mitral and tricuspid annuli optimalised on (A) and (B) images. Mitral and tricuspid annular planes are

indicated by dashed white arrow and white arrow, respectively. RV, right ventricle; LV, left ventricle; RA, right atrium; LA, left atrium; Area,

mitral/tricuspid annular area; Circ, mitral/tricuspid annular perimeter; MA, mitral annulus; TA, tricuspid annulus; 3D, three-dimensional.

determination of valvular regurgitations and stenoses and
to measure early (E) and late (A) diastolic velocities of
transmitral flow and their ratio (E/A) (17).

3DSTE

The same Toshiba Artida™ cardiac ultrasound tool (Toshiba
Medical Systems, Tokyo, Japan) was used for 3D data
acquisitions with a PST-25SX matrix-array transducer with
3D capability (7-12). Data acquisitions were performed
from the apical window, when 6 subvolumes were acquired
within 6 cardiac cycles. Subjects were asked to hold their
breath during that time. For offline data analysis at a later
date, vendor-derived software named 3D Wall Motion
Tracking (Toshiba Medical Systems, Tokyo, Japan, version
2.7) was used.

3DSTE-derived MA/TA measurements

ECG was used to determine end-systole (at the end of T
wave) and end-diastole (at the time of peak R wave). MA
and TA were determined on optimized image planes, which
were defined on the septal and lateral endpoints of the MA/
TA on apical two- and four-chamber views. On C7 short-
axis view, the following MA/TA dimensions were calculated
at end-diastole (D) and at end-systole (S) (Figure 2):
< MA/TA dimensions (11,12):

*  MA/TA diameter (MAD/TAD): perpendicular
line connecting the peak of MA/TA curvature
and the middle of the straight MA/TA border;

¢ MA/TA area (MAA/TAA) measured by planimetry,
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¢  MA/TA perimeter (MAP/TAP) measured by

planimetry.
< MA/TA functional properties (11,12):

¢ MA/TA fractional shortening (MAFS/TAFS) =
(end-diastolic MAD/TAD - end-systolic MAD/
TAD)/end-diastolic MAD/TAD x 100;

¢ MA/TA fractional area change (MAFAC/TAFAC)
= (end-diastolic MAA/TAA - end-systolic MAA/
TAA)/end-diastolic MAA/TAA x 100.

Statistical analysis

Continuous and categorical data were expressed in mean
standard deviation (SD) format or counts and percentages
(%) format, as appropriate. P<0.05 was considered to
be statistically significant. Fischer’s exact test was used
for all categorical variables. Student’s #-test with Welch
correction and one-way analysis of variance (ANOVA) test
with Bonferroni correction were used, where appropriate.
For correlations, Pearson’s correlation coefficients were
determined. The Bland-Altman method was used to
determine intraobserver and interobserver agreements.
For intraobserver and interobserver correlations, intraclass
correlation coefficients (ICCs) were calculated. MedCalc
software (MedCalc, Inc., Mariakerke, Belgium) was used for
statistical analyses.

Results
Clinical, 2D Doppler echocardiographic data
Clinical and 2D Doppler echo data are presented in Table 1.
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Table 1 Clinical and two-dimensional echocardiographic data

Data Measures

Clinical data
n 159
Mean age (years) 35.6+12.9
Males 76 (48)
Systolic blood pressure (mmHg) 118+5
Diastolic blood pressure (mmHg) 77+6
Heart rate (1/s) 73+2
Weight (kg) 73.3+18.1
Height (cm) 171.7£11.4

Two-dimensional echocardiographic data
LA diameter (mm) 37.5+3.6
LV end-diastolic diameter (mm) 48.3+3.7
LV end-systolic diameter (mm) 32.4+3.5
LV end-diastolic volume (mL) 107.9+£27.0
LV end-systolic volume (mL) 38.3+10.0
Interventricular septum (mm) 9.2+1.2
LV posterior wall (mm) 9.3x1.4
LV ejection fraction (%) 64.7+3.8
Early diastolic mitral inflow velocity - E (cm/s) 79.8+15.8
Late diastolic mitral inflow velocity - A (cm/s) 59.8+14.4

Data are presented as number (percent) or mean + standard
deviation. LA, left atrial; LV, left ventricular.

Cases with larger than grade 1 (functional) mitral (FMR),
tricuspid (F'TR), aortic or pulmonary functional regurgitations
were excluded from the study. None of the subjects showed
early signs of valvular stenosis on any valves.

Classification of subjects

Mean = SD of 3DSTE-derived MA and TA parameters of
healthy subjects are presented in Zible 2. Healthy subjects
were classified into 3 groups according to the normal
MAD-D, MAA-D, MAP-D, MAD-S, MAA-S, MAP-S,
TAD-D, TAA-D, TAP-D, TAD-S, TAA-S and TAP-S:
estimated mean + SD served as the lower (2.00 cm, 5.14 cm’,
8.75 cm, 1.24 cm, 2.28 cm’, 5.96 cm, 2.02 cm, 5.73 cm’,
9.32 cm, 1.56 cm, 3.93 cm’ and 7.94 cm, respectively) and
upper (2.86 c¢m, 9.44 cm?, 11.69 em, 2 cm, 4.74 cm’, 8.32 cm,
2.66 cm, 9.03 cm’, 11.66 cm, 2.14 cm, 6.93 cm’ and 10.2 cm,
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Table 2 Three-dimensional speckle-tracking echocardiography-
derived mitral and tricuspid annular dimensions and functional

properties

Parameters Measures (mean + SD)
MAD-D (cm) 2.43+0.43*
MAA-D (cm?) 7.29+2.15
MAP-D (cm) 10.22+1.47
MAD-S (cm) 1.62+0.38*
MAA-S (cm?) 3.51+1.23*
MAP-S (cm) 7.14+1.18*
MAFAC (%) 50.1+15.6*
MAFS (%) 32.3+15.1*
TAD-D (cm) 2.34+0.32
TAA-D (cm?) 7.38+1.65
TAP-D (cm) 10.49+1.17
TAD-S (cm) 1.85+0.29
TAA-S (cm?) 5.43+1.50
TAP-S (cm) 9.07+1.13
TAFAC (%) 26.80+11.98
TAFS (%) 20.52+ 8.77

*, P<0.05 vs. TA counterpart. SD, standard deviation; MAD,
mitral annular diameter; MAA, mitral annular area; MAP, mitral
annular perimeter; MAFAC, mitral annular fractional area
change; MAFS, mitral annular fractional shortening; TAD,
tricuspid annular diameter; TAA, tricuspid annular area; TAP,
tricuspid annular perimeter; TAFAC, tricuspid annular fractional
area change; TAFS, tricuspid annular fractional shortening; D,
end-diastolic; S, end-systolic; TA, tricuspid annular.

respectively) values (Table 2).

End-diastolic MA dimensions and TA

Almost all MA dimensions were smaller and functional
properties were higher as compared to their TA counterpart.
Bigger end-diastolic MA dimensions were associated with
simultaneous enlargement of end-systolic MA dimensions
and larger MA functional properties. However, most TA
dimensions showed only tendentious dilation with preserved
TA function (Tible 3).

End-systolic MA dimensions and TA

Almost all MA dimensions were smaller and functional
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Table 3 Mitral and tricuspid annular parameters in different end-diastolic mitral annular groups

MAD-D |\2/|f\r|;-; 2.86 cm MAA-D fgﬂxm; 9.44cm’  MAP-D f"\;sA;TD 11.69 cm
Parameters <2cm < MAD-D <5.14 cm? 2 < MAA-D <8.75cm < MAP-D

(n=30) <2.86 cm (n=25) (n=27) <9.44 cm (n=25) (n=25) <11.69 cm (n=28)

(n=104) (n=107) (n=106)

MAD-S (cm) 1.40+0.23* 1.65£0.40*" 1.77+£0.32" 1.41+0.23* 1.63+0.39*" 1.83x0.38"™ 1.45+0.23* 1.62+0.39*" 1.79+0.40"
MAA-S(cm?) 2.74x0.72* 3.56x1.22*7 4.25+1.26"™ 2.61+0.64* 3.50+1.16*" 4.50+1.25* 2.66+0.63* 3.49+1.15"7 4.43+1.37*™
MAP-S(cm) 6.50+1.01*  7.14+1.13*" 7.96+1.09*™ 6.22+0.88* 7.14+1.08*" 8.12+1.09*™ 6.23+0.81* 7.13+1.08*" 7.99+1.20*™
MAD-D (cm) 1.87+0.15* 2.43+0.22*" 3.14x0.24*™ 1.96+0.25* 2.44+0.34*" 2.92+0.34*™ 2.00+0.23* 2.42+0.37" 2.86+0.34*™
MAA-D(mm?) 4.86+1.10* 7.34+1.56" 10.10+1.78*™ 4.31+0.62* 7.20+1.07" 10.89+1.18*"™ 4.35+0.70* 7.10+1.16" 10.61+1.35*
MAP-D(cm) 8.66+1.15* 10.31x1.16" 11.78+1.12*™ 8.07+0.69* 10.24+0.79*" 12.45+0.75*™ 7.95+0.57* 10.17+0.73*" 12.44+0.70*™
MAFAC (%) 40.0+15.8* 50.7+15.6*" 57.6+10.4*™ 38.9+14.5* 50.9+15.4*" 58.7+10.0*" 38.4+13.7* 50.4+15.2*" 59.3+11.8*™
MAFS (%)  24.7+11.4 32.0£15.4*" 43.6+10.4*™ 27.5+11.5* 32.5+15.6* 36.7+14.87 27.1x11.4* 32.4+15.6* 37.0+14.6*
TAD-S(cm)  1.76+0.22  1.89+0.32" 1.81x0.22  1.84+0.25 1.84x0.32  1.89+0.21 1.81x0.25 1.86x0.32  1.86+0.21
TAA-S(cm? 5.00£1.03  5.55+1.62 5.47+1.34 5.11x1.30 5.42+1.53 585147 4.97+1.41 547+1.50 5.71+1.47
TAP-S(cm) 8.76x0.88 9.12+1.20 9.24x+0.96 8.84+1.15  0.04x1.11 9.44+1.05' 8.67+1.27 9.09+1.08  9.36+1.04
TAD-D (cm) 2.23+0.30 2.35+0.33 2.43+0.24" 2.30+0.34 2.33:0.32 2.44:0.28 2.26:0.35 2.34x0.31  2.42+0.30
TAA-D(cm?®) 6.97+1.23  7.45+1.78  7.62+1.43  7.05+1.42 7.36x1.72 7.81x1.48 6.88x1.42 7.38+1.69  7.83x1.54
TAP-D(cm) 10.34x1.02 10.52+1.23 10.56+1.06 10.21£1.10 10.51x1.20 10.73+1.06 10.12+1.08 10.50+1.18 10.77£1.12"
TAFAC (%)  28.0£10.3 26.1x12.8 28.2+10.2 27.5x10.8 27.0£12.6 252+10.6 28.2+11.3 26.4x12.4  26.9+10.9
TAFS (%) 20.3+8.2 19.5+.8.3  25.1+9.8™  19.4x7.8 20.4+9.2 22.0+7.8 19.4+8.0 20.3+9.0 22.4+8.3

Data are presented as mean = standard deviation. *, P<0.05 vs. TA counterpart; ', P<0.05 vs. matching mean — SD MA end-diastolic
dimension; ¥, P<0.05 vs. matching mean MA end-diastolic dimension. MAD, mitral annular diameter; D, end-diastolic; MAA, mitral annular
area; MAP, mitral annular perimeter; S, end-systolic; MAFAC, mitral annular fractional area change; MAFS, mitral annular fractional
shortening; TAD, tricuspid annular diameter; TAA, tricuspid annular area; TAP, tricuspid annular perimeter; TAFAC, tricuspid annular
fractional area change; TAFS, tricuspid annular fractional shortening; TA, tricuspid annular; SD, standard deviation; MA, mitral annulus.

properties were higher as compared to their TA counterpart.
Bigger end-systolic dimensions of the MA were associated
with simultaneous enlargement of end-diastolic dimensions
of the MA and lower MA functional properties. However,
most end-diastolic and end-systolic TA dimensions showed
only tendentious dilation with preserved TA function
(Table 4).

End-diastolic TA dimensions and MA

Almost all TA dimensions were larger and functional
properties were lower as compared to their MA counterpart.
Dilation of end-diastolic TA dimensions was associated
with simultaneous dilation of end-systolic TA dimensions
and preservation/reduction of most TA functional
properties. When TA end-diastolic diameter was the

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

biggest, end-systolic MA dimensions showed simultaneous
enlargement. When end-diastolic TA area and perimeter
were examined, end-systolic MA dimensions showed only
tendentious differences. End-diastolic MA dimensions
were tendentiously dilated with dilation of end-diastolic TA
dimensions. MA functional properties deteriorated with
bigger end-diastolic TA diameter and remained preserved
with bigger end-diastolic TA area. With the biggest end-
diastolic TA perimeter, the largest MAFAC could be
detected (Table 5).

End-systolic TA dimensions and MA

Almost all TA dimensions were larger and functional
properties were lower as compared to their MA counterpart.
Bigger end-systolic TA dimensions were associated with

Quant Imaging Med Surg 2024;14(9):6780-6791 | https://dx.doi.org/10.21037/qims-24-630



Quantitative Imaging in Medicine and Surgery, Vol 14, No 9 September 2024

Table 4 Mitral and tricuspid annular parameters in different end-systolic mitral annular groups
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MAD-S  124cm<  2cms< MaAs  22Bomt o el waAps 8.96cm 455 om
Parameters <1.24cm MAD-S<2cm MAD-S  <2.28 cm? ;g’:’i’ﬁz MAA-S  <5.96cm zs'\g’zpénf < MAP-S

(n=27) (n=101) (n=31) (n=28) (n'=1 08) (n=23) (n=28) (n'=111) (n=20)
MAD-S(cm) 1.12£0.14* 1.58+0.19*" 2.22:0.18"™ 1.22:0.12* 1.61x0.31*" 2.15:0.27*™" 1.2320.14* 1.6420.33*" 2.09+0.36™
MAA-S(cm?) 2.26x0.59* 3.34+0.83*" 5.15+1.03™ 1.95:0.19* 3.43x0.66*" 5.70+0.79™ 2.01+0.24* 3.49:0.74*" 5.69+0.95™
MAP-S(cm) 6.05£0.94* 7.03+0.90*" 8.45+0.96*™ 5.49+0.34* 7.16x0.68*" 9.00+0.75™ 5.51+0.31* 7.18+0.67*" 9.16+0.70™
MAD-D (cm) 2.19+0.34  2.42+0.44" 2.71+0.30*™ 2.18+0.32 2.43x0.42" 2.77+0.35*™ 2.18+0.32 2.45:+0.41*" 2.69+0.45™
MAA-D(cm? 6.34+1.78  7.0522.06 8.88+1.91*™ 6.05+1.79* 7.1622.017 09.34x1.74*™ 6.09+1.74* 7.32+2.04" 8.90+2.17™
MAP-D(cm) 9.61+1.37* 10.08+1.40* 11.21+1.29*™ 9.43+1.41* 10.13x1.37*" 11.55+1.07*™ 9.45+1.38* 10.22+1.40" 11.37+1.20™
MAFAC (%) 61.2+#15.5* 50.1x14.2*" 40.3+13.5"™ 64.7+11.7* 49.1x14.1*" 37.3212.8"™ 64.0+12.0 49.7+13.7*" 33.6+13.3*™
MAFS (%)  47.4+10.7* 33.1+12.5*T 16.9+11.1*™ 42.7+10.4* 32.2+14.6 20.9+13.7" 42.1+10.9* 31.9+14.8*" 21.3:+14.2™
TAD-S(cm)  1.78£0.27  1.85£0.29  1.91x0.30 1.81x0.27  1.8420.30  1.96+0.25" 1.80+0.18  1.85+0.32  1.9420.27"
TAA-S(cm? 5.04+1.27  550+1.51 557+1.57 5.30+1.43 5.35+1.50 596+1.44 5.26+1.30 5.34+1.52 6.18+1.40™
TAP-S(cm)  8.79+1.04  9.12+1.15 9.13+1.08 9.10+1.13  8.98+1.14  9.43:0.98 9.04+1.14 8.99+1.14  9.59+0.88"
TAD-D (cm) 2.20+0.29  2.34+0.33  2.45+0.25" 222:0.29 2.33x0.32 2.50+0.26™ 2.21+0.26 2.35+0.33" 2.49+0.23"
TAA-D(cm?®) 6.82+1.59  7.43x1.64 7.72+1.61" 7.12+1.69 7.31x1.64 8.03x1.6" 7.08+1.48 7.36+1.70 8.09+1.34"
TAP-D(cm) 10.2121.20 10.55+1.15 10.55+1.17 10.50+1.26 10.42+1.16 10.81x1.03 10.52+1.20 10.43+1.19 10.87+0.90
TAFAC (%)  26.0+9.3  26.8£#12.8 28.1x10.9 256+10.1 27.5+12.6  25.8+10.3  25.6+9.8  28.2+12.5  23.6+9.9
TAFS (%) 18.8+8.4 20.7+8.8 22.2+8.7 18.3£9.2 21.0+8.8 21.67.5 18.0+8.3 21.2+8.7 21.7+9.8

Data are presented as mean + standard deviation. *, P<0.05 vs. TA counterpart; T, P<0.05 vs. matching mean — SD MA end-systolic
dimension; ¥, P<0.05 vs. matching mean MA end-systolic dimension. MAD, mitral annular diameter; S, end-systolic; MAA, mitral annular
area; MAP, mitral annular perimeter; D, end-diastolic; MAFAC, mitral annular fractional area change; MAFS, mitral annular fractional
shortening; TAD, tricuspid annular diameter; TAA, tricuspid annular area; TAP, tricuspid annular perimeter; TAFAC, tricuspid annular

fractional area change; TAFS, tricuspid annular fractional shortening; TA, tricuspid annular; SD, standard deviation; MA, mitral annulus.

simultaneous enlargement of end-diastolic TA dimensions,
reduction of TA functional properties and (tendentious)
dilation of end-diastolic and end-systolic MA dimensions
with (mostly) preserved MA function (7able 6).

Reproducibility of 3D echocardiography-derived MA/TA

measurements

3DSTE-derived end-diastolic and end-systolic MA/TA
diameter, area, and perimeter measured two times by
the same observer (intraobserver agreement) and by two
independent observers (interobserver agreement) were
expressed as mean = 2SD together with ICCs, the results
are demonstrated in 7able 7. Assessments were performed
on 30 randomly selected subjects.

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

Feasibility of 3D echocardiography-derived MA/TA

measurements

Images of 89 out of 248 healthy subjects (36%) were
inadequate for visual MA or TA qualitative analysis with or
without artifacts therefore had to be excluded. The overall
feasibility of MA/TA measurements proved to be 64%.

Discussion

Although there are many similarities between the
atrioventricular valves and their annuli, they are fundamentally
different (13-16). Both mitral and tricuspid valves have
a spatial saddle-shape with a fibrous structure and these
valves are attached to the ventricular walls with tendineal
chords and papillary muscles, the number of leaflets differ.
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Table 5 Mitral and tricuspid annular parameters in different end-diastolic tricuspid annular groups

TAD-D i'gig_rg 2.66 cm TAA-D i?i;”; 9.03 cm? TAP-D 3'$i;_rg 11.66 cm
Parameters  <2.02 cm < TAD-D <5.73 cm? 2 < TAA-D <9.32 cm < TAP-D

(n=34) <2.66 cm (n=25) (n=25) <9.03cm (n=25) (n=28) <11.66 cm (n=32)

(n=100) (n=109) (n=99)

MAD-S(cm) 1.46+0.31* 1.64+0.39*" 1.78+0.35*" 1.52+0.39  1.63+0.38* 1.69+0.34* 1.54+0.39 1.67+0.38* 1.57+0.35*
MAA-S(cm? 3.00£0.96* 3.54x1.27*" 4.09+1.12*™ 3.20+1.12* 3.53+1.21* 3.74x1.36* 3.18+0.97* 3.6421.26* 3.41+1.29*
MAP-S(cm) 6.72+1.03* 7.14+1.22* 7.70+0.95" 6.86+1.09* 7.15+1.15* 7.37+1.32* 6.79+£0.97* 7.25+1.19* 7.12+1.27*
MAD-D (cm) 2.29+0.36* 2.48+0.46*" 2.43+0.31* 2.32+0.36* 2.45:0.45* 2.46+0.36* 2.43x0.46* 2.44x0.43* 2.4320.40
MAA-D (cm?) 6.66+1.88* 7.45+2.15" 7.50£2.35* 6.79+1.91* 7.30+2.10 7.72+2.48* 6.88x2.14* 7.29+2.12  7.63x2.19*
MAP-D(cm) 9.77+1.46 10.34x1.40" 10.37+1.64* 9.82+1.42* 10.23+1.40* 10.58+1.69* 9.81x1.51* 10.23x1.44 10.56x1.44*
MAFAC (%) 51.9+16.8* 51.3+15.0 42.8+14.5*™ 50.2+18.4* 49.9+15.5* 50.5+12.9* 50.7+17.0* 48.4+15.7* 54.6+13.0*
MAFS (%)  35.3+14.6* 32.9+15.1* 26.3+14.0™ 34.1+14.7* 32.2+157* 31.2+12.4* 354x151* 30.6+15.5* 35.0+13.1*
TAD-S(cm)  1.60+0.13  1.84x0.217 2.2320.33"™ 1.59+0.12  1.82+0.22" 2.25:0.31™ 1.6420.15 1.84+0.26" 2.06+0.34™
TAA-S(cm?)  4.21x1.02 5.45x1.17" 7.10+1.63"™ 3.7620.54 5.33+1.03" 7.54+1.39™ 3.85:0.57 5.39+1.12" 6.96x1.55
TAP-S(cm)  8.16x0.79  9.13x0.98" 10.10+1.09™ 7.79+0.67 9.03+0.83" 10.49+0.94™ 7.87+0.75 9.04+0.84" 10.19+1.03'
TAD-D (cm) 1.93+0.09 2.35:+0.15" 2.86+0.20" 2.02+0.20 2.32+0.25" 2.72+0.29™ 2.12+0.23  2.34+0.29  2.54+0.35
TAA-D(cm?®) 5.80+1.17  7.43+1.23" 9.35x+1.41"™ 506+0.50 7.31x0.91" 10.02+0.99™ 5.33+0.66 7.28+1.04  9.48+1.27
TAP-D(cm)  9.68+1.14 10.49+1.017 11.57+0.89™ 8.88+0.53 10.48+0.80" 12.14+0.54™ 8.85+0.46 10.41x0.64" 12.16+0.40™
TAFAC (%) 27.1£10.3  26.5+10.7 27.8£17.7  25.5#9.5  27.6+13.0  25.1x9.1  27.4+10.0 26.7+12.8 26.8+11.1
TAFS (%) 17.0£6.8  21.4£9.0" 21.9+89"  20.3x6.7 21.3+19.3  17.227.3"  21.8x7.1 20.7+9.5 18.9+7.4

Data are presented as mean + standard deviation. *, P<0.05 vs. TA counterpart; T, P<0.05 vs. matching mean — SD TA end-diastolic
dimension; ¥, P<0.05 vs. matching mean TA end-diastolic dimension. TAD, tricuspid annular diameter; D, end-diastolic; TAA, tricuspid
annular area; TAP, tricuspid annular perimeter; MAD, mitral annular diameter; S, end-systolic; MAA, mitral annular area; MAP, mitral annular
perimeter; MAFAC, mitral annular fractional area change; MAFS, mitral annular fractional shortening; TAFAC, tricuspid annular fractional
area change; TAFS, tricuspid annular fractional shortening; TA, tricuspid annular; SD, standard deviation.

While the mitral valve is bicuspid, the tricuspid valve has
not only an anterior and posterior, but a septal leaflet as
well. Furthermore, the two valves are attached to atria
with different structures. While the LA fills from the four
pulmonary veins, the RA fills from the superior and inferior
caval veins and the coronary sinus. In addition, the two atria
are emptied towards the ventricles of a different structure,
as well (18). While the LV is a bullet (or egg)-shaped heart
cavity made up of muscle fibers perpendicular to each other,
capable of twisting and contracting (18-20), RV located
around the LV on the right side of the heart, which is
triangular from the sides, its cross-sectional image resembles
a crescent moon, widening from the apex to the base.
The RV has no rotational mechanics, its motion during
the cardiac cycle reminds of a bellows (18,21-23). These
fundamental differences between the right and left hearts
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rightly raise the possibility that the two atrioventricular
annuli differ in size and function. With the present study it
was examined what happens with one annulus, if the end-
diastolic or end-systolic dimension and function if the other
annulus is smaller or larger than the mean.

The fact that non-invasive cardiovascular imaging has
developed significantly in recent decades can help us in this.
Not only new methods appeared (computer tomography,
magnetic resonance imaging), but significant developments
were also made in echocardiography. The state-of-the-
art 3DSTE is suitable not only for volumetric and strain
analyses of heart cavities using spatial models, but also for
’en-face’ examination of the atrioventricular valvular annuli.
Although this analysis only allows 2D-projected assessment
of annuli, its main advantage is its simplicity and ease of
implementation (7-12).

Quant Imaging Med Surg 2024;14(9):6780-6791 | https://dx.doi.org/10.21037/qims-24-630



Quantitative Imaging in Medicine and Surgery, Vol 14, No 9 September 2024

6787

Table 6 Mitral and tricuspid annular parameters in different end-systolic tricuspid annular groups

TAD-S l‘?ig_rg 214 cm TAA-S iii;”: 6.93 cm? TAP-S Z'?ipc_rg 10.2 cm
Parameters  <1.56 cm < TAD-S <3.93 cm? > < TAA-S <7.94 cm < TAP-S
(n=17) <2.14cm (n=20) (n=27) <6.93 cm (n=21) (n=29) <10.2 cm (n=24)
(n=122) (n=111) (n=106)

MAD-S(cm) 1.69+0.36* 1.59+0.38* 1.76+0.38* 1.55+0.35 1.65:+0.40* 1.60+0.29* 1.58+0.40 1.63+0.39* 1.64+0.33*
MAA-S(cm?) 3.41+1.13  3.43+1.24* 4.07+1.12*" 3.0520.84* 3.61x1.27*" 3.58+1.31* 3.21+0.98* 3.58+1.23* 3.55x1.44*
MAP-S(cm) 7.01£1.09* 7.07+1.20* 7.66+0.98*" 6.68+0.84* 7.22+1.20*" 7.30£1.32*" 6.78+0.96* 7.24x1.17* 7.12+1.40*
MAD-D (cm) 2.34+0.45* 2.45+0.44* 2.40+£0.27* 2.36+0.43* 2.45:0.43* 2.45+0.37* 2.38+0.39* 2.46+0.44* 2.37+0.39"
MAA-D(cm?) 6.45+1.42  7.34x2.22 7.69+2.08*7 6.41x1.72* 7.42+2.12" 771251 6.78+1.93" 7.44+2.13  7.23+2.41*
MAP-D(cm) 9.59+0.97 10.2521.50 10.56+1.51"" 9.43+1.28 10.37+1.417 10.47+1.69*" 9.75+1.35 10.36+1.44" 10.18+1.63"
MAFAC (%) 46.7+14.2* 51.3+15.8* 45.4+14.3* 50.3x14.2* 49.5+16.6* 52.9+11.0 50.9+13.8* 49.8+16.5* 50.3+13.5*
MAFS (%)  26.5+14.9 34.1x14.6*" 26.5+15.7* 33.2+14.1* 31.8+16.0* 34.1x11.1* 33.3x14.0* 32.5+15.9* 30.3+12.0*
TAD-S(cm)  1.42+0.08 1.82+0.17" 2.38+0.25"™ 1.58+0.17  1.84x0.21" 2.25:0.35™ 1.66+0.20 1.83+0.24" 2.19+0.34™
TAA-S(cm? 3.87+0.86 5.31x1.17" 7.52+1.49™ 3.50+0.33 5.40+0.79" 8.23+1.06™ 3.68+0.48 5.39+0.90" 7.86+1.33"
TAP-S(cm)  8.18+0.88 8.99+1.00" 10.26+1.09™ 7.63x0.59 9.09+0.717 10.86+0.83"™ 7.47+0.38 9.10+0.55" 10.93+0.64™
TAD-D (cm) 2.08+0.25 2.30+0.26" 2.81+0.24™ 2.04+0.22 2.35+0.26" 2.67+0.35™" 2.11+0.25 2.34+0.27" 2.63+0.35™
TAA-D(cm?®) 5.64+1.03  7.26+1.33" 9.60+1.51"™" 550+0.89 7.38+1.18" 9.83+1.27™" 562+1.02 7.37+1.19" 9.67+1.32™
TAP-D(cm)  9.35:0.74 10.45+1.07" 11.69+0.95™ 9.1620.73 10.53 0.94" 11.98+0.70™ 9.22+0.79 10.51x0.92" 12.00+0.63™
TAFAC (%)  30.6+11.9  27.2+121  21.6+8.7"  351£9.7  26.0£9.5" 20.6+18.9™ 33.4x9.7 26.1+10.1" 18.6+6.6™
TAFS (%) 30.5+10.4  20.1x7.9" 152:4.9™  223:92 21.1+8.7  155x6.4™  21.0x8.4 21.2+8.9 16.7+7.4

Data are presented as mean + standard deviation. *, P<0.05 vs. TA counterpart; f, P<0.05 vs. matching mean — SD TA end-systolic
dimension; ¥, P<0.05 vs. matching mean TA end-systolic dimension. TAD, tricuspid annular diameter; S, end-systolic; TAA, tricuspid
annular area; TAP, tricuspid annular perimeter; MAD, mitral annular diameter; MAA, mitral annular area; MAP, mitral annular perimeter;
D, end-diastolic; MAFAC, mitral annular fractional area change; MAFS, mitral annular fractional shortening; TAFAC, tricuspid annular
fractional area change; TAFS, tricuspid annular fractional shortening; TA, tricuspid annular; SD, standard deviation.

The main finding of the present study is that same-
side end-diastolic annular dilation is associated with
simultaneous end-systolic dilation and vice versa. MA
dilation in end-diastole and end-systole result in MA
functional improvement/deterioration. Dilation of end-
diastolic TA dimensions does not obviously entail functional
differences in TA function. However, similar to MA, more
dilated TA in end-systole impairs TA function. More
interesting what happens with the contralateral annulus.
Dilation of MA/TA dimensions does not obviously mean
that contralateral TA/MA dimensions are also dilated and
functionally improved/impaired. Only some parameters
showed dilation tendencies and changes in function.
First of all, these results suggest, that just because one
annulus is more dilated, the contralateral is not in healthy
subjects without regurgitation. Secondly, MA and TA

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

behave differently: while end-diastolic and end-systolic
MA dimensions expand to different degrees, leading to
differences in MA function, in the case of the tricuspid valve
in end-diastole, this does not happen, so the function does
not change with dilation substantially. If end-systolic TA
dimensions are dilated, the situation is similar.

These findings are more interesting if we analyse these
data in the context of atrial volumes and function. Strong
associations in case of dilation of TA/MA in the presence of
higher RA/LA volumes could be demonstrated even under
healthy circumstances (24,25). Pre-systolic contraction of
MA is known to be associated with LA contraction and
minimal MA area during early LV systole (26). Moreover,
associations between RA strains in radial direction and end-
diastolic TA area could be detected as well (27). Similar
strong associations between MA with ventricular function
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Table 7 Intra- and interobserver variability for three-dimensional speckle-tracking echocardiography-derived tricuspid annular dimensions and

right atrial volumes

Intraobserver agreement

Interobserver agreement

Parameters Mean + 2SD difference in ICC between Mean + 2SD difference ICC between independent
values obtained by 2 measurements measurements of the in values obtained by measurements of
of the same observer same observer (P) 2 observers 2 observers (P)
MAD-D 0.03+0.18 cm 0.94 (<0.0001) 0.04+0.20 cm 0.97 (<0.0001)
MAA-D -0.03+0.87 cm® 0.97 (<0.0001) 0.03+0.61 cm® 0.96 (<0.0001)
MAP-D -0.03+£0.84 cm 0.97 (<0.0001) -0.09+0.71 cm 0.97 (<0.0001)
MAD-S -0.03+£0.11 cm 0.96 (<0.0001) 0.03+0.13 cm 0.98 (<0.0001)
MAA-S -0.03+0.23 cm® 0.96 (<0.0001) -0.05+0.55 cm® 0.96 (<0.0001)
MAP-S 0.06+ 0.75 cm 0.97 (<0.0001) 0.05+0.54 cm 0.97 (<0.0001)
TAD-D 0.03+0.17 cm 0.97 (<0.0001) 0.03+0.24 cm 0.97 (<0.0001)
TAA-D -0.03+1.11 cm® 0.96 (<0.0001) 0.03+0.71 cm? 0.96 (<0.0001)
TAP-D -0.03+0.65 cm 0.95 (<0.0001) -0.10+0.70 cm 0.97 (<0.0001)
TAD-S -0.03+0.28 cm 0.95 (<0.0001) 0.02+0.56 cm 0.96 (<0.0001)
TAA-S -0.03+0.40 cm® 0.97 (<0.0001) -0.05+0.75 cm® 0.96 (<0.0001)
TAP-S 0.08+0.51 cm 0.97 (<0.0001) 0.05+0.41 cm 0.96 (<0.0001)

SD, standard deviation; ICC, interclass correlation coefficient; MAD, mitral annular diameter; MAA, mitral annular area; MAP, mitral annular
perimeter; TAD, tricuspid annular diameter; TAA, tricuspid annular area; TAP, tricuspid annular perimeter; D, end-diastolic; S, end-systolic.

are known as well, in systole, contraction of the MA is due
to shortening of the helical LV basal fibers (13,26,28). These
results confirm morphological and functional connection
between atria/ventricles and atriventricular annuli.

In a recent Chinese population-based study, similar
prevalence of FMR and FTR were found (29). Results of
the present study suggest different pattern of changes in
morphology and function of contralateral atrioventricular
valves if a valvular annulus is dilated. Compared to MA,
more dilated TA and absence of improved TA function in
response to dilation of TA in end-diastole found in the same
healthy subjects could partly explain early development of
FTR. However, results should be repeated in patients with
FMR and/or FTR being in different degrees to see the
same parameters. Findings of the present study add further
insights into understanding the (patho)physiology of the
development of FMR/FTR.

Although reproducibility of the presented 3DSTE-
derived MA/TA analysis seems to be excellent, feasibility
proved to be only 64%. This fact makes the whole analysis
limited in real-life settings at this moment using Artida
equipment. The main advantage of the present method is
its simplicity and easy-to-perform nature, and the fact that

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

can be performed together with chamber quantifications.
That means, that in case of volumetric and functional
characterization of a heart chamber, measurement of
MA/TA dimensions does not require the acquisition
of additional datasets, which would overcomplicate the
investigation and prolong its time. The other advantage
is that normal reference values for 3DSTE-derived MA/
TA dimensions are also available (11,12). However, further
validations against other images techniques are necessary to
confirm presented findings in healthy subjects.

Limitation section

The following limitations have arisen during the investigations:

% 3DSTE-derived image quality is still worse compared

to that of 2D echocardiography, which could limit

its clinical usefulness. However, reproducibility of

3DSTE-derived MA/TA determination proved to be
excellent (7-12).

% It was not purposed to compare 2D echocardiography
and 3DSTE in determination of MA/TA dimensions
either.

% Quantification of volumes or assessment of any
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strains or rotational parameters of any chambers by
3D (speckle-tracking) echocardiography were not
purposed in the present study (7-12).

% Both MA and TA have a spatial 3D saddle-shape,
which was not taken into account, since for technical
reasons only the 2D-projected image of the annuli
was examined (13,15,30).

% FMR and FTR were excluded by only a visual
assessment, more advanced methods were not
applied during quantifications (31-33).

% Speckle-tracking-based spatial analysis of MA/TA
functionality was not purposed either (34).

% Sex differences in MA/TA parameters were not
examined due to limited number of subjects. Moreover,
the shape of annuli was also not assessed (35).

% Although there is an important role exerted by the
antero-posterior thoracic diameter in determining
a different size of MA and TA, these relationships
were not examined in the present study (36).

Conclusions

Dilation of MA and TA is associated with different

contralateral response in morphology and function.
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