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Tricuspid annular and right atrial
volume changes are associated in
healthy adults—insights from the
three-dimensional speckle-
tracking echocardiographic
MAGYAR-Healthy Study

Attila Nemes™*, Arpad Kormanyos, Gergely Racz, Zoltan Ruzsa,
Alexandru Achim, Nora Ambrus and Csaba Lengyel

Department of Medicine, Albert Szent-Gydrgyi Medical School, University of Szeged, Szeged, Hungary

Introduction: The tricuspid valve and its annulus (TA) and the right atrium (RA) play
a significant role in regulating blood flow in the right heart. However, their effect
on each other is not fully understood even in normal circumstances. Three-
dimensional (3D) speckle-tracking echocardiography (3DSTE) is able to
simultaneously assess TA and RA at the same time in a non-invasive way. The
present study aimed to examine associations between tricuspid annular (TA)
dimensions and right atrial (RA) volumes in healthy adults by 3DSTE.

Methods: The present study comprised 144 healthy subjects (mean age: 34.4 +
12.6 years, 72 males), who participated in this study on a voluntary basis for
screening between 2011 and 2015. In all subjects, electrocardiography, two-
dimensional Doppler echocardiography and 3DSTE have been performed.
Results: With increasing end-systolic maximum RA volume, all end-systolic and
end-diastolic TA dimensions showed simultaneous increase, but in various
degrees resulting in (non-significant) reduction of TA functional properties.
Similarly, with increasing diastolic pre-atrial contraction and minimum RA
volumes, TA dimensions increased simultaneously (except end-diastolic TA
diameter), but in various degrees resulting in reduced TA fractional shortening
and fractional area change. With increasing RA dimensions, end-systolic and
end-diastolic TA dimensions showed simultaneous increase, but in different,
sometimes not significant degrees. While RA stroke volumes showed increasing
pattern with TA dilation, RA emptying fractions have not changed substantially.
Conclusions: 3DSTE is suitable for non-invasive assessment of TA dimensions and
RA volumes at the same time using the same 3D echocardiographic dataset.
Significant associations between TA size and RA volumes exist in healthy
circumstances. Strong associations in case of dilation of TA in the presence of
higher RA volumes could partly explain functional tricuspid regurgitation later
developing in subjects in sinus rhythm.
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Introduction

In recent years, there has been an increasing interest in the
evaluation of the right heart due to newer therapeutic options
and advanced imaging techniques (1-4). New findings help to
their
characteristics and interactions, even with the aorta, left heart

better understand the right heart, its components,
and venous system, and their dependence on each other (1-4).
The tricuspid valve (TV) and its annulus (TA) and the right
atrium (RA) play a significant role in regulating blood flow in
the right heart. Their effect on each other was examined in
subjects with functional tricuspid regurgitation (FTR) (5-7) and
even in healthy normal circumstances (8, 9). Three-dimensional
(3DSTE) is able to
simultaneously assess TA and RA in detail at the same time in a

speckle-tracking  echocardiography
non-invasive way (10-12). The present study aimed to examine
associations between tricuspid annular (TA) dimensions and
right atrial (RA) volumes respecting the cardiac cycle in healthy
adults by 3DSTE.

Patients and methods
Study population

The present study comprised 144 healthy subjects (mean age:
34.4+12.6 years, 72 males), who participated in this study on a
voluntary basis for screening between 2011 and 2015. In all
subjects, electrocardiography (ECG), two-dimensional Doppler
echocardiography (2DE) and 3DSTE have been performed by the
same observer (AK). A participant was considered to be healthy
if they had no acute or chronic illness in their medical history,
ECG showed no abnormality, and findings of complete 2DE
were in normal ranges. None of the subjects were obese, smoker
or had a history of regular drug use. The present study is part of
the Motion Analysis of the heart and Great vessels bY three-
dimensionAl speckle-tRacking echocardiography in Healthy
(MAGYAR-Healthy) Study. This study aimed to
evaluate the physiological associations among 3DSTE-derived

subjects

and other parameters in healthy adults (“Magyar” means
“Hungarian” in Hungarian language). The study was conducted
in accordance with the Declaration of Helsinki (as revised in
2013). The study was approved by the Institutional and Regional
Human Biomedical Research Committee of University of Szeged,
Hungary (No.. 71/2011 and updated versions) and informed
consent was given by all subjects.

Two-dimensional Doppler
echocardiography

In all cases, the same Toshiba Artida™ echocardiography
equipment (Toshiba Medical Systems, Tokyo, Japan) was used
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attached to a 1-5MHz PST-30BT phased-array transducer.
During chamber quantifications the rules prescribed in recent
guidelines were followed (1). For visual quantification of valvular
regurgitations and to exclude significant valvular stenosis, Doppler
echocardiography was used. Early and late mitral inflow E and A
were also determined to assess LV diastolic function (1, 13).

Three-dimensional speckle-tracking
echocardiography

The same Toshiba Artida™ echocardiographic equipment
(Toshiba Medical Systems, Tokyo, Japan) was used for 3DSTE as
well, but transducer was changed to a PST-25SX matrix-array
transducer with 3DSTE capability (10-12, 14, 15). The protocol of
the 3DSTE examination followed our routines: firstly, 3D
echocardiographic datasets were acquired from the apical window
following optimalisation of image quality on the right atrium (RA).
If RR intervals were constant on ECG (sinus rhythm) and subjects
were on breath-hold, pyramid-shaped 3D echocardiographic
datasets were digitally stored on hard drive for future analysis.

RA-quantification by 3DSTE

Later, offline analysis was performed with the vendor-provided
3D Wall Motion Tracking software version 2.7 (Ultra Extend,
Toshiba Medical Systems, Tokyo, Japan). Data were displayed in
selected apical two- (AP2CH) and four-chamber (AP4CH) views
and 3 short-axis views at basal, midatrial and superior levels. To
create a 3D cast of the RA, definition of reference points on RA
endocardium were required in AP2CH and AP4CH views on the
edges of the TA ring and the RA apex at end-diastole, then
automatic sequential analysis (reconstruction) was performed for
the complete endocardial RA surface. Taking into account the
cardiac  cycle, obtained
(Figure 1) (14):

the following RA volumes were

- Maximum RA volume, measured at end-systole, just before
tricuspid valve opening (Vmax).

- RA volume before atrial contraction, measured at early-diastole
at the time of the P wave on the ECG (VpreA).

- Minimum RA volume measured at end-diastole, just before
tricuspid valve closure (Vmin).

Using RA volumes, several stroke volumes (SV) and emptying
fractions (EF) could be determined featuring different phases of
RA function:

Reservoir function:

- Total Atrial Stroke Volume (TASV): Vmax—Vmin.
- Total Atrial Emptying Fraction (TAEF): TASV/Vmax x 100.

Conduit function:

Passive Atrial Stroke Volume (PASV): Vmax—VpreA.
Passive Atrial Emptying Fraction (PAEF): PASV/Vmax x 100.
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FIGURE 1

minimum right atrial volume

Three-dimensional (3D) speckle-tracking echocardiographic analysis of the right atrium in a healthy subject: apical longitudinal four-chamber (A) and
two-chamber views (B) and 3 short-axis views at basal (C3), midatrial (C5) and superior (C7) RA levels. 3D virtual RA model (D), RA volumetric data (E)
and time—global RA volume change curve (dashed white curve) and time—global RA longitudinal strain curve (white curve) respecting the cardiac
cycle are demonstrated (F). LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle; EDV, end-diastolic volume; ESV, end-systolic volume;
EF, ejection fraction; est., estimated; MV, myocardial volume; V., maximum right atrial volume; V,ea, volume at the onset of atrial systole; Viin,

Long. Strain

EDY 43.69 mL
ESV 23.31 mL
EF 46.64
1.05"MV | 7.18 g

Diastole

315 msec
0 msec

est. LV MASS |

Active contraction:

- Active Atrial Stroke Volume (AASV): VpreA—Vmin.
- Active Atrial Emptying Fraction (AAEF): AASV/VpreA x 100.

TA-quantification by 3DSTE

During assessments, AP2CH and AP4CH views helped to find
optimal lateral and septal TA endpoints on C7 short-axis view
(Figure 2) (15):

Morphological parameters were measured at end-diastole (just
before tricuspid valve closure) and at end-systole (just before
tricuspid valve opening):

- TA diameter (TAD), measured by drawing a perpendicular line
from the peak of TA curvature to the middle of the straight TA
border,

- TA area (TAA), measured by planimetry,

- TA perimeter (TAP), measured by planimetry,
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Functional parameters were calculated from morphologic end-
diastolic and end-systolic parameters:

TA fractional shortening (TAFS), defined as [(end-diastolic
TAD—end-systolic TAD)/end-diastolic TAD] x 100,

- TA fractional area change (TAFAC), defined as [(end-diastolic
TAA—end-systolic TAA)/end-diastolic TAA] x 100.

Statistical analysis

Data were presented in mean + standard deviation (SD) format
or frequency/percentage format, as appropriate. p<0.05 was
considered to be statistically significant. Student ¢ test with
Welch correction and one-way analysis of variance (ANOVA)
test with Bonferroni correction were used, where appropriated.
Fischer’s exact test was used for all categorical variables.
Pearson’s correlation coefficient was calculated for correlations.
The Bland-Altman method was used to determine intraobserver
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FIGURE 2
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Three-dimensional (3D) speckle-tracking echocardiographic assessment of the tricuspid annulus in a healthy subject: apical longitudinal four-chamber
(A) and two-chamber views and cross-sectional view (C7) of the tricuspid annulus optimalised on (A) and (B) images. White arrow indicate plane of the
tricuspid annulus. LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle; Area, tricuspid annular area; Circ, tricuspid annular perimeter; Dist,

tricuspid annular diameter

and interobserver agreements. For intraobserver and interobserver
(ICCs)
analysis was

correlations, intraclass correlation coefficients were

calculated. Multivariable regression used for
assessment of independent predictors of V., and TAA-D.
GPower 3.1.9 Software (Heinrich-Heine Universitit, Diisseldorf,
Germany) was applied for power calculation: in the presence of
effect size: 0.9, alpha: 0.05, power: 0.8 the minimum group size is
n=120. Statistical calculations were performed using SPSS

software (SPSS Inc, Chicago, IL, USA).

Results

Clinical and two-dimensional Doppler
echocardiographic data

Clinical and routine echocardiographic parameters of healthy
adults are presented in Table 1. None of the subjects involved

had larger than or equal to grade 1 valvular regurgitation or
showed significant valvular stenosis on any valves.

Classification of subjects

Mean+ SD of 3DSTE-derived RA and TA parameters of
healthy subjects are presented in Table 2. Healthy subjects were
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classified into 3 groups according to the normal maximum
(Vimax)> pre-atrial contraction (Vprea) and minimum (Vi) RA
volumes and end-systolic and end-diastolic TA diameter (TAD-S
and TAD-D, (TAA-S and TAA-D,
respectively) and perimeter (TAP-S and TAP-D, respectively):

respectively), area
estimated mean+SD served as the lower (33.8ml, 24.8 ml,
18.1 ml,
respectively) and upper (64.0ml, 468 ml, 37.5ml, 2.1cm,
2.7 cm, 6.8 cm?, 8.9 cm?, 10.1 cm, 11.7 cm, respectively) values.

1.5cm, 2.1 cm, 4.0cm2, 57 cmz, 79 cm, 9.3 cm,

Increase of RA volumes and TA

With increasing end-systolic V. all end-systolic and end-
diastolic TA dimensions showed simultaneous increase, but in
various degrees resulting in (non-significant) reduction of TA
functional properties. Similarly, with increasing diastolic Vp.s and
Vimin» TA dimensions increased simultaneously (except TAD-D), but
in various degrees resulting in reduced TAFS and TAFAC (Table 3).

Increase of RA volumes and RA volume-
based functional properties

With increasing end-systolic V.. all SVs and EFs showed
simultaneous increase, except AAEF, which remained unchanged.
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TABLE 1 Clinical and two-dimensional echocardiographic data.

‘ Data Measures

Clinical data

n 144
Mean age (years) 344+12.6
Males (%) 72 (50%)
Systolic blood pressure (mmHg) 121.4+4.1
Diastolic blood pressure (mmHg) 789 +34
Heart rate (1/s) 713+2.1
Height (cm) 170.8 £10.3
Weight (kg) 729+ 155
Body surface area (kg/m?) 1.87 +£0.36
Two-dimensional echocardiographic data

LA diameter (mm) 37.8+3.1
LV end-diastolic diameter (mm) 48.4+3.1
LV end-systolic diameter (mm) 325+26
LV end-diastolic volume (ml) 106.3 £23.3
LV end-systolic volume (ml) 382+89
Interventricular septum (mm) 93+1.1
LV posterior wall (mm) 94+12
LV ejection fraction (%) 65.1 £3.5
Early diastolic mitral inflow velocity—E (cm/s) 79.4+16.5
Late diastolic mitral inflow velocity—A (cm/s) 60.0 + 15.0

LA, left atrial; LV, left ventricular.

TABLE 2 Three-dimensional speckle-tracking echocardiography-derived
right atrial volumetric and tricuspid annular parameters.

Parameters Measures

Maximum right atrial volume (V,,, ml) 489 +15.1
Pre-atrial contraction left atrial volume (Ves, ml) 358+11.0
Minimum left atrial volume (V ;,, ml) 27.8+9.7
Total atrial stroke volume (TASV, ml) 21.1+£10.0
Total atrial emptying fraction (TAEF, %) 425+12.6
Passive atrial stroke volume (PASV, ml) 13.1+8.3
Passive atrial emptying fraction (PAEF, %) 258+ 11.7
Active atrial stroke volume (AASV, ml) 8.0+48
Active atrial emptying fraction (AAEF, %) 225+11.6
End-systolic tricuspid annular diameter (TAD-S, mm) 1.8+0.3
End-systolic tricuspid annular area (TAA-S, mm?) 54+1.4
End-systolic tricuspid annular perimeter (TAP-S, mm) 9.0+1.1
End-diastolic tricuspid annular diameter (TAD-D, mm) 24+03
End-diastolic tricuspid annular area (TAA-D, mm?) 73+1.6
End-diastolic tricuspid annular perimeter (TAP-D, mm) 10.5+1.2
Tricuspid annular fractional shortening (TAFS, %) 21.4+88
Tricuspid annular fractional area change (TAFAC, %) 26.4+10.6

With increasing diastolic Vs, while SVs showed increasing
pattern, EFs had decreasing pattern. With increasing diastolic
Vomin, While SVs remained unchanged, EFs showed decreasing
pattern (Table 3).

Dilation of TA and RA volumes

With increasing TA dimensions, end-systolic and end-diastolic
RA dimensions showed simultaneous increase, but in different
degrees. While SVs showed increasing pattern with TA dilation,
EFs have not changed substantially (Tables 4, 5).
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Dilation of TA and TA functional properties

With increasing end-systolic TA dimensions, TA functional

properties showed simultaneous decrease, but in different
degrees. With increasing end-diastolic TAD-D, TAFS increased,
TAFAC remained unchanged. With increasing end-diastolic
TAA-D and TAP-D, TA functional properties did not show

significant changes (Tables 4, 5).

Correlations and regression analysis

Vmax correlated with TAD-D (r=0.30, p <0.01), TAA-D (r=
0.54, p<0.01), TAA-P (r=0.50, p<0.01), TAD-S (r=0.39, p<
0.01), TAA-S (r=0.55, p<0.01) and TAA-P (r=0.49, p<0.01).
Similarly, Vrea showed correlations with TAD-D (r=0.25, p<
0.01), TAA-D (r=049, p<0.01), TAA-P (r=045 p<0.01),
TAD-S (r =0.40, p<0.01), TAA-S (r=0.58, p<0.01) and TAA-P
(r=049, p<0.01). Vo, correlated with TAD-D (r=0.54, p<
0.01), TAA-D (r=048, p<0.01), TAA-P (r=041, p<0.01),
TAD-S (r=0.37, p<0.01), TAA-S (r=0.54, p<0.01) and TAA-P
(r=0.46, p<0.01), as well.

The logistic regression analysis identified presence of increased
Vmax as an independent predictor of TAA-D [hazard ratio (HR)
1.75, 95% CI of HR: 1.18 to 3.33, p<0.05]. Similarly, dilated
TAA-D had an independent predictive value for V., [hazard
ratio (HR) 1.80, 95% CI of HR: 1.15 to 3.27, p < 0.05].

Feasibility of 3DSTE-derived RA and TA
measurements

During evaluations, 94 subjects were excluded due to inferior
image quality from the total of 238 subjects, therefore the overall
3DSTE-derived RA and TA
quantifcations was 144 out of 238 (61% overall feasibility).

feasibility of simultaneous

Reproducibility of 3DSTE-derived RA and TA
assessments

3DSTE-derived end-diastolic and end-systolic TA dimensions
and RA volumes respecting cardiac cycle were measured twice by
the same observer (intraobserver agreement) and by two
independent observers (interobserver agreement). The values
were expressed as mean + SD together with corresponding ICCs,
the results are presented in Table 6.

Discussion

Components of the TV or right atrioventricular valve include
fibrous TA, anterior, posterior and septal leaflets, papillary
muscles and tendinous cords, which interact with RA and RV
during the cardiac cycle. When TV opens in diastole, it helps
correct one-way blood flow from the RA to the RV, while in
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TABLE 3 Right atrial volumes and tricuspid annular parameters in different right atrial volume groups.

338ml< | 640ml<  Vpea< = 248ml< | 468ml<

Vimax < Vmax 24.8 ml Virea < Vorea

64.0 ml (n=26) (EPE)] 46.8 ml (n=21)

(n=92) (n=100)
Vinax (ml) 29.6+3.4 47.5+7.5% 73.7 £9.1%%* 31.7+79 48.6+10.7" 709+133"" | 344497 47.1+11.3" 65.6 + 14.67
Vprea (ml) 23.1+4.1 35.1 +6.5% 50.5+10.8°%* | 214+33 353+55" 55.4 +8.4"" 234+62 339 +59* 51.2+9.75%
Vinin (ml) 18.1+3.7 27.0 +7.4% 39.8 4 8.1%** 16.0+2.9 27.1+6.2" 448 +4501 153423 259 +4.7* 433 +4.5%%
TASV (ml) 11.5+3.1 20.4+7.7* 33.9+8.9%%* 15.7 £8.0 21.4+93" 26.1+12.3" 19.1+9.3 212492 223+127
TAEF (%) 389+9.4 428+136 459+ 10.1* 47.4+124 429+125 3511070 | 529+121 43.4+10.3" 31.7 12,05
PASV (ml) 6.6+3.4 123+6.3* 23.249.6%% 104+7.2 133+7.9 155+ 11.0 11.0+7.7 132478 144+103
PAEF (%) 22.1+11.0 255+11.2 31.4%123°% | 304+139 258+ 10.9 204+11.8"" | 300+153 26.4+10.4 205+ 1145
AASV (ml) 49+22 8.1+4.6* 10.8 +5.6°%* 53425 8.1+45" 106 +6.20T 8.1+5.0 8.0+3.9 8.0+6.8
AAEF (%) 212+88 23.4+13.0 209+84 24.6 +10.2 230+12.3 182+85" 3224129 23.0 +9.4* 13.9 +10.9%%
TAD-S (mm) 1.7+03 1.8 +0.2% 2.0+ 0.4 1.7+03 1.8+0.2" 2.0+ 04" 17402 1.8+02* 1.9 +04*
TAA-S (mm) 42+12 54+1.1* 6.6+ 1.8 44+13 54+12" 6.6+ 1.9 43+13 54+12% 6.2+ 1.8
TAP-S (mm) 83+12 9.0 £0.9* 9.9 + L.I*** 85+12 9.0+1.0" 9.9+1.2"" 83+12 9.0 +0.9* 9.6+ 1.25%
TAD-D (mm) | 22+03 23+0.3% 2.5 +0.4%%% 23403 23403 25404 22404 24403 24404
TAA-D (mm) | 6.0+14 73+1.3* 8.6+ 1.74%% 66+1.7 73+14" 8.6+1.9""" 63+1.6 73+14* 8.2 +1.8%H
TAP-D (mm) 95+12 10.5 +1.0% 112+ 1.00% 10.0£1.5 104+1.0 112+ 1.1 99+13 104 +1.1% 10.9 + 1.1%%
TAFS (%) 243+10.1 21.1+87 19.8+7.0 26.1+9.6 20.6+85" 19.4+8.0" 2434108 21.4+86 19.1 + 7.4
TAFAC (%) 29.4+12.3 26.5+9.9 232+10.5 325+11.9 25.6+10.1" 223+9.0" 312+11.8 25.9+10.2% 24.1 +10.0*

Vimax. maximum end-systolic right atrial volume; Vyea, €arly diastolic pre-atrial contraction right atrial volume; Vpin, minimum end-diastolic right atrial volume; TASV, total
atrial stroke volume; TAEF, total (right) atrial emptying fraction; PASV, passive (right) atrial stroke volume; PAEF, passive (right) atrial emptying fraction; AASV, active (right)
atrial stroke volume; AAEF, active (right) atrial emptying fraction; TAD, tricuspid annular diameter; TAA, tricuspid annular area; TAP, tricuspid annular perimeter; TAFS,
tricuspid annular fractional shortening; TAFAC, tricuspid annular fractional area change; S, end-systolic; D, end-diastolic.

*0<0.05vs. Vmax < 33.8 ml.

**p < 0.05 vs. 33.8 ml< V< 64.0 ml.

'0<0.05 vs. Vpren<24.8 ml.

p <0.05 vs. 24.8 Ml < Vpep<46.8 ml.

p<0.05 vs. Vimin<18.1ml.

#5<0.05 vs. 18.1 Ml < Vyyn< 37.5 ml.

TABLE 4 Right atrial volumes and tricuspid annular parameters in different end-systolic tricuspid annular groups.

10.1cm <
TAP-S
(n=18)
Vinax (ml) 35.6+10.4 495 +14.4* 54.9 +15.6* 353+9.8 50.0 +13.3" 61.3+184"" | 36.7+10.5 50.0 + 13.7* 58.6 +18.6%**
Vprea (ml) 27.0+9.6 358+10.1% | 41.2+11.9°% | 251469 36.5+8.7" 462+154" | 276481 36.3+9.4* 43.4+155%%
Vonin (ml) 213496 27.5+9.0% 32.8+9.80%* 19.1£6.6 28.5+8.4" 36.0 +11.7"" 20.7+7.5 28.4 +8.9* 34,0 +11.4%%
TASV (ml) 143+64 22.0+9.9* 22.1+10.6* 162+9.1 215+9.5" 253+11.7" 16.0 £8.9 21.7+9.7* 24.6+109*
TAEF (%) 40.9+152 487+ 119 39.0+13.1 447+15.1 423+119 404+13.1 427+147 427+124 412+114
PASV (ml) 8.6+6.1 13.7 +8.2* 13.7+9.1% 10.2+8.2 135479 15.1+10.4 9.0+7.4 13.7+8.1° 15.1+9.5%
PAEF (%) 239+155 26.6+10.9 23.8+123 27.1+159 25.7+10.2 242+ 140 2354152 26.4+10.6 2564129
AASV (ml) 57+23 8.3+4.7* 83+58 6.0+3.4 8.1+46" 102+6.2" 6.9+3.7 8.0+ 4.6 94+6.4
AAEF (%) 22.7+10.6 233+11.6 19.8+11.9 243+11.2 223+12.0 21.5+9.4 255+10.3 222+121 20.8+10.1
TAD-S (mm) 14+0.1 1.8+0.1* 2.3 +£0.20%% 1.6+0.2 1.8+02" 224030 1.7+0.2 1.8+0.2* 224045
TAA-S (mm) 40+09 52+12% 6.8+ 1.6 35404 5.4+0.8" 8.1+13"" 37405 5.3+0.9* 7.8 +1.45%
TAP-S (mm) 82+0.9 9.0 +1.0* 9.8+ 1.1%%* 7.6 £0.6 9.1+0.7" 108+ 0.9 74404 9.1+0.6" 11.0 +0.75%
TAD-D (mm) | 2.1+03 2.3+0.2* 2.7 +0.3%%* 21402 244027 2.7 +0.4"7" 21403 2.4+0.3* 2.6 +0.45F
TAA-D (mm) | 57+1.1 7.1+13* 9.0+ 1.6°** 55+1.0 73+1.2" 9.7 +1.4"1" 57+1.1 73+1.2" 9.6 + 1.45F
TAP-D (mm) | 9.4+09 104+ 1.1% 11.3 1.0 9.1+0.8 10.5+ 0.9 12.0+ 0.8 92409 10.5+ 0.9 12.0 +0.75%
TAFS (%) 313+10.5 21.1+82% 17.2 5.1 233+94 21.6+8.7 17.8+7.8 21.8+88 21.9+8.9 183435
TAFAC (%) 302+12.3 27.1+126 24.4+10.4 34.4+10.3 26.1+99" 171+63"" | 334+104 26.1+10.3 18.8 +5.67H

Vimax, maximum end-systolic right atrial volume; V4, €arly diastolic pre-atrial contraction right atrial volume; Vyin, minimum end-diastolic right atrial volume; TASV, total
atrial stroke volume; TAEF, total (right) atrial emptying fraction; PASV, passive (right) atrial stroke volume; PAEF, passive (right) atrial emptying fraction; AASV, active (right)
atrial stroke volume; AAEF, active (right) atrial emptying fraction; TAD, tricuspid annular diameter; TAA, tricuspid annular area; TAP, tricuspid annular perimeter; TAFS,
tricuspid annular fractional shortening; TAFAC, tricuspid annular fractional area change; S, end-systolic; D, end-diastolic.

*p<0.05vs. TAD-S<15cm.

**p <0.05vs. 1.5cm<TAD-S<2.1cm.

'p<0.05 vs. TAA-S<4.0 cm?®

"p<0.05 vs. 4.0 cm < TAA-S < 6.8 cm®

ip<0.05vs. TAP-S<7.9cm.

#p<0.05vs. 7.9 cm < TAP-S<10.1cm.
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TABLE 5 Right atrial volumes and tricuspid annular parameters in different end-diastolic tricuspid annular groups.

2.1 cm< 27cm <
TAD-D < TAD-D
2.7 cm (n=23)
(n=80)

Vinax (ml) 434+126 49.7 +15.6* 55.8 + 14.7% 36.4+9.5 488+13.7" 59.8+16.5"" 363+9.2 499 +13.6% 57.7 +17.5%%
Vprea (ml) 31.9+9.2 36.4+10.6* 40.6 +13.1* 272+7.8 359+9.5" 429+135" | 278+7.0 36.5+10.0* 415+ 1345
Vinin (ml) 244490 28.3 +9.4% 31.9 +10.5* 20.5+6.7 27.9+9.0" 33.7+106™" | 215+6.8 28.1 +8.9* 328 +11.7%%
TASV (ml) 19.0+9.8 21.4+10.0 23.8+9.9 159+82 21.0+9.7" 262+102" 148+7.8 21.8+9.4% 249+ 11.2°
TAEF (%) 43.1+15.1 422+11.0 423+134 426+142 23+127 422+11.0 40.0+133 43.1+124 426+125
PASV (ml) 115472 133486 152+89 92472 13.0+8.0 169+9.0" 8.6 +6.4 13.4+7.8" 162+ 10.1°
PAEF (%) 256+123 255+11.2 27.1+13.0 242+148 255+ 11.2 28.1+11.0 226+125 262+11.2 2724126
AASV (ml) 7.5+4.9 8.0+4.5 86+5.6 6.7+4.2 8.0+4.5 92+59 62+48 83+4.6" 8.7+5.0
AAEF (%) 240+139 2224106 2124104 242+115 226+119 21.0+10.6 22.1+137 23.1+11.3 213+103
TAD-S (mm) 1.6+0.1 1.8 +0.2* 22+0.3%%* 1.6+0.1 1.8+02" 22+0.3"" 1.6+02 1.8+0.3* 2.0+0.3%
TAA-S (mm) 44+10 54+ 1.1% 6.9 + 1.7 3.8+0.5 53+09" 73+ 160" 39406 54+1.1*% 6.8+ 1.75%
TAP-S (mm) 82+08 9.2+ 1.0* 10.0 + 1.10%* 7.7 +0.7 9.0+0.8" 103 + 1.1 79408 9.1+0.9* 10.1 £ 1.1%%
TAD-D (mm) | 2.0+0.1 24+0.1* 2.8+ 020 20402 23+02" 274030 2.1+02 24+03% 2.5+ 045
TAA-D (mm) | 6.0+1.1 74+12% 9.2+ 1.40%% 5.0+0.5 72+0.8" 9.8+ 11" 53+0.7 7.3 £1.0* 9.5 + 1.45#
TAP-D (mm) 9.8+1.1 10.5 +1.0% 11.5+ 1.00%* 8.8+0.6 10.4+0.8" 120+ 0.6 8.8+0.5 104+0.7* 12.2 +0.4%
TAFS (%) 180+73 22.9+9.4* 225+7.6% 21.6+7.1 21.8+9.5 198+7.1 228+7.3 21.1+94 213+7.7
TAFAC (%) 269+10.6 26.5+10.7 25.5+10.4 248+98 26.9+10.8 26.3+10.5 26.5+9.9 25.6+10.8 29.5+10.4

Vimax. maximum end-systolic right atrial volume; Vyea, €arly diastolic pre-atrial contraction right atrial volume; Vpin, minimum end-diastolic right atrial volume; TASV, total
atrial stroke volume; TAEF, total (right) atrial emptying fraction; PASV, passive (right) atrial stroke volume; PAEF, passive (right) atrial emptying fraction; AASV, active (right)
atrial stroke volume; AAEF, active (right) atrial emptying fraction; TAD, tricuspid annular diameter; TAA, tricuspid annular area; TAP, tricuspid annular perimeter; TAFS,
tricuspid annular fractional shortening; TAFAC, tricuspid annular fractional area change; S, end-systolic; D, end-diastolic.

*p<0.05vs. TAD-D<21cm.
**p<0.05vs. 21cm<TAD-D<2.7 cm.
'0<0.05 vs. TAA-D<5.7 cm?®
"6 <0.05vs. 5.7 cm < TAA-D <89 cm?
*p<0.05vs. TAP-D<9.3cm.
#5<0.05vs. 9.3cm<TAP-D <11.7 cm.

systole, it closes to prevent backflow or regurgitation from the RV
into the RA. The normal TA is a dynamic structure with a saddle-
shape like MA, its dilation is accompanied with a more circular and
planar shape (16, 17). Tricuspid regurgitation is organic only in
10-15% of cases (18), most of the cases show functional
regurgitation (FTR) due to distorted RV, subvalvular apparatus,
or TA, with structurally normal tricuspid leaflets (19, 20). FTR is
mostly due to LV dysfunction, aortic or mitral valve disease or
pulmonary vascular or interstitial disorders and is accompanied

with consequent pulmonary hypertension (PH). If FTR is
secondary to TA dilation and leaflet tethering and associated to
RV dilation and/or dysfunction, it has been called as “classical”
or ventricular form of FTR for a long time. In case of absent PH
or left heart disorders, FTR was called as idiopathic tricuspid
regurgitation previously, which is related to age and atrial
fibrillation (AF) (19, 20). Recently, a new distinct entity has been
created called as atrial FTR, which can be found in AF patients,
in which RA enlargement and dysfunction result in TA dilation,

TABLE 6 Intra- and interobserver variability for three-dimensional speckle-tracking echocardiography-derived tricuspid annular dimensions and right

atrial volumes.

Intraobserver agreement

Mean = 2SD difference in values
obtained by 2 measurements of
the same observer

ICC between
measurements of the
same observer

Interobserver agreement

Mean + 2SD difference
in values obtained by 2
observers

ICC between independent
measurements of 2
observers

End-diastolic TAD 0.02+0.21 cm 0.96 (p <0.0001) 0.03+0.15 cm 0.96 (p <0.0001)
End-diastolic TAA —0.04+ 1.14 cm® 0.95 (p <0.0001) 0.02 +0.56 cm? 0.96 (p <0.0001)
End-diastolic TAP —0.03+0.71 cm 0.95 (p<0.0001) —0.11+0.58 cm 0.96 (p <0.0001)
End-systolic TAD —0.03+0.32 cm 0.96 (p <0.0001) 0.02 +0.44 cm 0.96 (p <0.0001)
End-systolic TAA —0.04+0.31 cm® 0.95 (p<0.0001) —0.05 +0.65 cm® 0.97 (p <0.0001)
End-systolic TAP 0.07 +0.55 cm 0.96 (p < 0.0001) 0.04 +0.59 cm 0.97 (p<0.0001)
Vmax 12463 ml 0.96 (p < 0.0001) 1.0+52ml 0.95 (p<0.0001)
VpreA ~1.5+8.6ml 0.87 (p < 0.0001) ~1.5+83ml 0.90 (p < 0.0001)
Vmin 0.8+5.1 ml 0.94 (p <0.0001) 0.9+4.6 ml 0.94 (p <0.0001)

ICC, interclass correlation coefficient; TAD, tricuspid annular diameter; TAA, tricuspid annular area; TAP, tricuspid annular perimeter; SD, standard deviation; Vpax.
maximum end-systolic right atrial volume; V,ea, early diastolic pre-atrial contraction right atrial volume; Vyyin, minimum end-diastolic right atrial volume.
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leaflet malcoaptation and loss of TA spinchter-like function (21).
Therefore, RA rather than RV dilation is more important to
determine TA dilation and development of FTR in such cases
(5). Similarly, following heart transplantation, overall RA
diameter and native recipient RA diameter were found to be a
risk factor for TA distension, which is reported to be a causative
factor for the most common type of TV dysfunction (22).
Routine non-invasive TV assessment is based on 2D Doppler
echocardiography, but results with 3D echocardiography are also
available (23). 3DSTE has been demonstrated to be capable not
only of performing RA chamber quantifications (14), but for
determination of atrioventricular annular dimensions and its
sphincter-like functional properties at the same time using the
same 3D acquired datasets from the transthoracic window (15).
Age- and gender-dependency and normal reference values for
3DSTE-derived RA and TA assessments were also determined
with considerable intra- and interobserver agreements (14, 15).
3DSTE
simultaneous assessment of TA and RA for (patho)physiologic

Therefore, seems to be an optimal option for
studies. According to present findings, although feasibility of
simultaneous assessment of 3DSTE-derived RA volumes and TA
dimensions proved to be limited, however, reproducibility was
found to be acceptable in those cases where the measurements
were feasible.

There can be a question whether associations between RA size
and TA dimensions exist before FTR develops in healthy adults in
sinus rhythm. It is known that with increasing left atrial volumes,
mitral annulus dilated and became functionally impaired under
healthy circumstances (24). The present study serves as an
analogy for this by examining what happens in the right side of
the heart under similar conditions. Results show similar findings
demonstrating strong associations in case of dilation of TA in the
presence of higher RA volumes. Moreover, dilation of TA and
enlargement of RA predicted each other, as well. It is more
important in the context of recent findings from the MAGYAR-
Healthy Study, where strong associations between RA radial
strains and end-diastolic TA area could also be detected in
healthy subjects without FTR (9). However, further clinical
studies are warranted to confirm our findings in a larger
population or in different pathologic states and to demonstrate
their possible clinical role in patient management. Moreover,
long-term follow-up could confirm predictive role of TA/RA
dilation on the development of AF and/or FTR.

Limitations
Several important limitations have arisen during assessments:

- 2D echocardiography still allows TA assessment with a better
image quality as compared to 3DSTE.

- The results would have been much more convincing if the
measurement results had been validated against those
measured with the Tomtect software. This topic could even be
the subject of a subsequent study.
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Although TA has a special 3D saddle-shape, only its 2D-

projected image was determined.

- The study did not aim to compare 2D echocardiography vs.
3DSTE in the assessment of TA.

- Speckle-tracking analysis of TA functionality was not purposed,
as well.

- FTR was excluded by visual assessment, more advanced

quantification method was not applied during evaluations.

Conclusions

3DSTE
dimensions and RA volumes at the same time using the same 3D

is suitable for non-invasive assessment of TA

echocardiographic dataset. Significant associations between TA
size and RA volumes exist in healthy circumstances. Strong
associations in case of dilation of TA in the presence of higher
RA volumes could partly explain FTR later developing in subjects
in sinus rhythm.
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