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Abstract

Introduction: The functioning of the left atrium (LA) is partly controlled by the neural
system. It was purposed to evaluate correlations between the result of Ewing's
5 standard cardiovascular reflex tests (SCRTs) characterizing autonomic function and
LA volumetric and functional features as assessed by three-dimensional speckle-
tracking echocardiography (3DSTE) in healthy individuals.

Materials and Methods: The current study comprised 18 healthy volunteers being in
sinus rhythm (mean age: 35 + 12 years, 10 men). Measurement of blood pressure,
ECG, 5 SCRTs, two-dimensional Doppler echocardiography and 3DSTE were per-
formed. These parameters were in normal ranges in all cases.

Results: From LA volumetric parameters, only systolic total atrial emptying fraction
(r=0.559, p=0.037) and early diastolic passive atrial emptying fraction (r= 0.539,
p = 0.047) correlated with systolic blood pressure response to standing representing sym-
pathetic autonomic function. From LA strains, peak mean segmental LA radial strain
(RS) (r=—0.532, p=0.050), global and mean segmental LA circumferential strain
(CS) (r = 0.662, p = 0.010 and r = 0.635, p = 0.015, respectively) representing systolic LA
function correlated with Valsalva ratio representing parasympathetic autonomic function.
Global LA-RS (r= —0.713, p = 0.040) and LA-CS (r = 0.657, p = 0.011) and mean seg-
mental LA-CS (r = 0.723, p = 0.003) at atrial contraction representing end-diastolic atrial
contraction showed correlations with Valsalva ratio, as well. Peak global and mean segmen-
tal LA-CS (r = 0.532, p = 0.050 and r = 0.530, p = 0.050) and the same strains at atrial
contraction (r = 0.704, p = 0.005 and r = 0.690, p = 0.006) representing systolic function
and end-diastolic atrial contraction correlated with systolic blood pressure response to
standing representing both parasympathetic and sympathetic autonomic functions.
Conclusions: Significant correlations between features of vegetative autonomic
function represented by Ewing's 5 SCRTs and specific LA functions represented by
3DSTE-derived LA volume-based functional properties and strains could be demon-

strated in healthy adults.
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1 | INTRODUCTION

Evaluation of cardiovascular functions in healthy humans using
modern non-invasive methods allows detailed analysis of physiological
relationships. As a result, the factors playing a role in the normal
volumetric and functional properties of atria and ventricles could be
identified. The left atrium (LA) has a central role in regulating normal
blood flow from the pulmonary veins to the left ventricle (LV) before
valvular regurgitations or stenoses develop.}™ LA is a cardiac cham-
ber with a special behavior during the cardiac cycle having a reservoir
role in systole, working as a conduit in early diastole and having an
active contraction in later diastole.>™

The heart is under essential neural regulation via the cardiac plexus
including both sympathetic and parasympathetic systems.>~” Pregangli-
onic fibers from left and right vagal nerves contribute to the parasym-
pathetic function reaching the ganglia in the cardiac plexus and the
atrial walls and are responsible for coronary vasoconstriction and for
reducing heart rate and cardiac contraction. The sympathetic innerva-
tion is different with the preganglionic fibers branching from the upper
thoracic spinal cord, ganglionic connections in the lower cervical and
upper thoracic ganglia and postganglional fibers reaching the cardiac
plexus and by having opposite effects on heart rate and cardiac
contraction.’”” The Ewing's standard cardiovascular reflex test (SCRT)
is a relatively easy-to-implement way to feature sympathetic and para-
sympathetic functions.” However, the exact relationship between auto-
nomic function and detailed LA functions has not been examined.

Novel cardiovascular imaging techniques are capable for detailed
volumetric and functional examination of cardiac chambers. Three-
dimensional speckle-tracking echocardiography (3DSTE) is considered
to be one of the most up-to-date non-invasive imaging methods
with volumetric and strain analyses representing wall contractility
features.2~* Until now, the relationship between LA functions and
vegetative autonomic function was not fully examined in real-life
clinical settings in healthy circumstances, therefore the present study
purposed to analyze correlations between the result of Ewing's SCRTs
characterizing autonomic function and LA volumetric and functional
features as assessed by 3DSTE in healthy adults.

2 | METHODS

2.1 | Study population

The study comprised 18 healthy volunteers being in sinus rhythm
(mean age: 35 * 12 years, 10 men). None of them were smoker or
obese. Electrocardiography (ECG), antropometric, laboratory and
blood pressure measurements, 5 Ewing's SCRTs, two-dimensional
Doppler echocardiography (2DDE) and 3DSTE were performed in all

subjects, and all parameters were in normal ranges. None of the sub-
jects had any known disorder, pathologic state or cardiovascular risk
factor. There were no other factors present, which could theoretically
affect the results. The present study is the part of the MAGYAR-
Healthy Study (Motion Analysis of the heart and Great vessels bY
three-dimensionAl speckle-tRacking echocardiography in Healthy sub-
jects), which were organized in our department. Among a number of
objectives, our aim was to examine physiologic relationships between
different parameters in healthy adult subjects (“magyar” means
“Hungarian” in Hungarian language). Institutional and Regional
Human Biomedical Research Committee of University of Szeged,
Hungary (No: 71/2011, prolonged February 20/2023) approved the
study, which complied with the Declaration of Helsinki. All participants
gave an informed consent.

2.2 | Two-dimensional Doppler echocardiography
Conventional 2DDE was performed in all subjects by a Toshiba Artida™
echocardiographic tool (Toshiba Medical Systems, Tokyo, Japan)
attached to a 1-5 MHz PST-30SBT phased-array transducer. Chamber
quantifications and valvular assessments were performed in accordance
with recent guidelines. Parasternal LA diameter and standard LV dimen-
sions were measured, LV volumes and ejection fraction were deter-
mined by the Simpson's method. Doppler echocardiography was used
to exclude significant valvular regurgitations or stenoses.'2

2.3 | Three-dimensional speckle-tracking
echocardiography

3DSTE was performed according to recent practices as described
earlier in more detail.**>* Shortly, using the same Toshiba Artida™
echocardiography equipment (Toshiba Medical Systems, Tokyo, Japan),
the transducer was replaced to a PST-255X matrix 1-4 MHz phased-
array transducer for 3D echocardiographic data acquisitions.8** The
subject had to be in sinus rhythm, the acquisitions were made in a breath-
hold just before the autonomic neuropathy tests. Following optimizations
of gain and size, a 3D echocardiographic dataset was acquired, which con-
tained 6 wedge-shaped “subvolumes” from the apical window. From all
subjects 3-4 datasets were acquired. From these subvolumes, the software
was able to create a 3D “full-volume™ dataset by attaching echocardio-
graphic subvolumes to each other according to successive beats; measure-
ments could be performed on these datasets using a special software
(3D Wall Motion Tracking software version 2.7, Toshiba Medical Systems,
Tokyo, Japan). Following an automatic display, data were presented in mul-
tiple plane views including apical two- (AP2CH) and four-chamber (APACH)
longitudinal views and short-axis views at basal, midatrial and superior
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FIGURE 1  Analysis of the left atrium (LA) by three-dimensional speckle-tracking echocardiography: apical four-chamber (A) and two-chamber
(B) longitudinal views and 3 short-axis views (C3, C5, C7) at different LA levels are presented in a healthy man. Three-dimensional cast of the LA
(red D) and segmental LA strains (E) are demonstrated together with LA volumetric data (F). Yellow arrow represents peak LA strains, while
dashed yellow arrow represents LA strains at atrial contraction. EDV, end-diastolic volume; EF, ejection fraction; ESV, end-systolic volume; LA,

left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle.

regions. For the measurements, reference points were set on the edge of
mitral annulus—septum, then markers were placed in a counterclockwise
direction around the LA toward the edge of mitral annulus—lateral wall in
AP4CH and AP2CH views. LA appendage and pulmonary veins were
excluded from the evaluations. Then, automatic tracking of 3D wall motion
was performed through the heart cycle creating a 3DSTE-based virtual
model of the LA (Figure 1).8-12

24 | 3DSTE-derived LA volumetric assessments

Using the 3DSTE-derived LA cast, the following LA volumes were

measured?®®:

1. End-systolic maximum LA volume (LA volume is the largest just

before mitral valve opening, Vmax),

2. Diastolic LA volume before atrial contraction measured at the last frame
before mitral valve reopening or at the time of P wave on ECG (Ven).
3. End-diastolic minimum LA volume (LA volume is the lowest just

before mitral valve closure, Vin).
The following LA volume-based functional properties were calcu-
lated from LA volumes.*®

Systolic reservoir function:

1. Total Atrial Stroke Volume (TASV): Vinax — Vimin-
2. Total Atrial Emptying Fraction (TAEF): TASV/V n.x x 100.

Early diastolic conduit function:

1. Passive Atrial Stroke Volume (PASV): Vinax — Vprea
2. Passive Atrial Emptying Fraction (PAEF): PASV/V nax x 100.
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Late diastolic active contraction:

1. Active Atrial Stroke Volume (AASV): Vrea — Vimin-
2. Active Atrial Emptying Fraction (AAEF): AASV/Vea x 100.

2.5 | 3DSTE-derived LA strain measurements

The following global and mean segmental LA strains were automati-
cally measured by the software at the same time using the same
3DSTE-derived LA cast'*:

1. Longitudinal strain representing lengthening and shortening of LA
segments (LS)

2. Circumferential strain representing widening and narrowing of LA
segments (CS)

3. Radial strain representing thickening and thinning of LA seg-
ments (RS)

4. Area strain as a combination of LS and CS

5. 3D strain as a combination of RS, LS and CS

Following 3DSTE-derived detection of LA strain curves, they
proved to be double peaked. The first peak represented systolic LA
reservoir function, while the second peak represented end-diastolic
atrial contraction (booster bump function).

2.6 | Autonomic function

Autonomic function was assessed by means of 5 Ewing's SCRTs.>15:16
For predominantly characterizing parasympathetic function:

1. In case of heart rate response to deep breathing (HRRDB), the sub-
ject was asked to have a deep breath at the rate of six breaths per
minute (5 s in and 5 s out). The findings were expressed as the dif-
ference between the measured maximum and minimum heart rates
(beats/min) during the six breathing cycles (normal value: 215 bpm,
abnormal value: <10 bpm).

2. In case of calculation of Valsalva ratio (VR), the subject was asked
to blow into a mouthpiece connected to a modified manometer
and holding it at a pressure of 40 mmHg for 15 s under a continu-
ous recording of ECG. The Valsalva ratio was calculated as the
ratio of the longest R-R interval after the procedure to the shortest
R-R interval during the maneuver (normal value: 21.21, abnormal
value: £1.10).

3. In case of calculation of 30/15 ratio, the subject was asked to
remain in the supine position while continuous ECG recording
was done, then the subjects was instructed to stand up without
interrupting the recording. The 30/15 ratio was calculated as
the ratio of the longest R-R interval (at around the 30th beat)
to the shortest R-R interval (at around the 15th beat) following

standing up (normal value: 21.03, abnormal value: <1.00).

For predominantly characterizing sympathetic function:

1. In case of sustained handgrip test (SHT), the subject was instructed to
have a sustained hand grip. The maximum voluntary contraction was-
first determined, then maintained at 30% of that maximum for as long
as possible up to 5 min. Blood pressure (BP) was measured 3 times
before and at one-minute intervals. The findings were demonstrated as
the difference between the highest diastolic BP during handgrip exer-
cise and the mean of the three diastolic BP readings before handgrip
began (normal value: 216 mmHg, abnormal value: <10 mmHg).

2. In case of systolic blood pressure response to standing (SBPRS),
BP was measured in lying position and following standing up. The
postural BP fall was defined as the difference between systolic BP
after 10 min in the supine position and systolic BPs at the 1st, 5th,
and 10th minutes after standing up. The largest difference from
the systolic BP in lying was evaluated as the BP response to stand-

ing (normal value: <10 mmHg, abnormal value: 230 mmHg).

To express the severity of the lesion of the autonomic function, auto-
nomic neuropathy score (ANS) was calculated. In every above mentioned
test, normal values were scored O, borderline values 1 and abnormal values
2. The sum of the scores gave the total ANS (range 0-10). A score was

considered to be normal if 0-1, borderline if 2-3 and abnormal if >3.51>1¢

2.7 | Statistical analysis

Continuous and categorical variables were presented in the following
formats: mean * standard deviation format or number and percentage
format. The selected significance level was p less than 0.05. Pearson's
correlation coefficients were calculated for numerical correlations.
Confounders were examined by multivariable regression analysis. SPSS

software (SPSS Inc, Chicago, IL, USA) was used for statistical calculations.

3 | RESULTS

3.1 | Baseline characteristics

Weight (65.2 + 2.2 kg), height (165.2 + 4.9 cm), body mass index (23.9 +
1.0 kg/m?), systolic (118.2 + 3.8 mm Hg) and diastolic blood pressure
(118.2 + 3.8 mm mm Hg) and heart rate (71.2 + 2.3 1/s) were in normal
ranges in all subjects. From laboratory results, HbA1c (3.5 + 0.7%), low
density lipoprotein (65.2 + 21.3 mg/dL) levels and estimated glomerular

filtration rate (88.2 + 5.1 mL/min/1.73 m?) proved to be normal as well.

3.2 | Standard cardiovascular reflex tests
HRRDB (22.1 + 7.0 bpm), VR (1.87 + 0.19), 30:15 ratio (1.44 + 0.23), SHT
(20.5 + 6.59 mmHg), SBPRS (4.29 + 6.41 mmHg) and ANS (0.57 + 1.24)

were in normal ranges.
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3.3 | Two-dimensional echocardiography

LV end-diastolic and end-systolic diameters (48.8 + 2.5 mm and 33.3 +
3.7 mm, respectively) and volumes (107.9+17.5mL and 39.2+
8.6 mL, respectively), thickness of the interventricular septum and LV
posterior wall (8.9 £ 1.1 mm and 8.8 + 0.7 mm, respectively), LV ejec-
tion fraction (64.0 + 2.9%) and LA diameter in the parasternal long-axis
view (39.5 + 2.7 mm) were measured. Mean transmitral E and A inflow
velocities and their ratio proved to be 79.1+13.2cm/s, 59.8 +
12.5 cm/s, and 1.37 + 0.31, respectively. None of the subjects showed
>grade 1 valvular regurgitation or significant valvular stenosis.

3.4 | Three-dimensional speckle-tracking
echocardiography

3DSTE-derived Viax (404 +14.1 ml), Vpea (28.9 £12.8 mL), Viin
(18.8 + 6.0 mL), TASV (21.7 £12.2 mL), PASV (11.5+ 6.5 mL), AASV
(10.2 £ 9.9 mL), TAEF (50.6 + 17.4%), PAEF (28.9 + 15.4%), and AAEF
(30.5 + 16.4%) were in normal ranges, as well, together with peak global
and mean segmental LA-RS (—14.3 + 9.7% and —19.7 + 8.5%, respec-
tively), LA-CS (38.4 £ 19.9% and 42.7 + 19.4%, respectively) and LA-LS
(25.1 £ 9.5% and 28.1 + 9.3%, respectively) and global and mean seg-
mental LA-RS (—5.7 +5.3% and — 8.5 +4.5%, respectively), LA-CS

TABLE 1
reflex tests in healthy adults.

Parasympathetic function

(17.1 £ 11.0% and 17.7 + 9.0%, respectively) and LA-LS (7.0 + 5.6% and

9.2 + 3.7%, respectively) at atrial contraction.

3.5 | Correlations and linear regression analysis
Pearson's correlation coefficients between SCRTs and LA volumetric
parameters and strains are presented in Tables 1 and 2. From LA volu-
metric parameters, only systolic TAEF and early diastolic PAEF corre-
lated with the SBPRS representing sympathetic autonomic function.
None of the other LA volumes and stroke volumes showed correla-
tions with SCRTs. From LA strains, peak mean segmental LA-RS,
global and mean segmental LA-CS representing systolic LA function
correlated with VR representing parasympathetic autonomic function.
Global LA-RS and LA-CS and mean segmental LA-CS at atrial contrac-
tion representing end-diastolic atrial contraction correlated with VR,
as well. Peak global and mean segmental LA-CS and the same strains
at atrial contraction representing systolic function and end-diastolic
atrial contraction correlated with the SBPRS representing both para-
sympathetic and sympathetic autonomic functions.

Several confounders including age [Odd ratio (OR) = 0.99, 95%
confidence interval (Cl): 0.99-1.01], gender [OR = 1.05, 95% ClI:
0.97-1.10], body mass index [OR = 1.15, 95% Cl: 0.94-1.35], heart
rate [OR = 0.95, 95% Cl: 0.91-1.00] and systolic [OR = 0.97, 95% Cl:

Pearson's correlation coefficients between left atrial volumes and volumes-based functional properties and standard cardiovascular

Sympathetic function

Heart rate response

to deep breathing Valsalva ratio 30/15 ratio
Left atrial volumes
Vimax —0.185 0.165 —0.336

(p =0.527) (p =0.573) (p = 0.240)
Vorea —0.106 -0.130 -0.481

(p=0.719) (p = 0.659) (p =0.081)
Vnin -0.194 —0.385 —0.262

(p = 507) (p = 0.175) (p = 0.366)
Left atrial stroke volumes
TASV -0.154 0.371 -0.279

(p =0.599) (p =0.191) (p = 0.334)
PASV -0.137 0.213 -0.015

(p =0.641) (p = 0.464) (p =0.958)
AASV —0.148 0.147 -0.411

(p =0.615) (p =0.615) (p =0.144)
Left atrial emptying fractions
TAEF 0.026 0.495 —0.165

(p = 0.929) (p = 0.072) (p =0.573)
PAEF -0.081 0.407 0.235

(p =0.782) (p =0.149) (p =0.418)
AAEF -0.075 0.380 —0.336

(p=0.799) (p = 0.180) (p = 0.240)

Note: Bold values are significant.

Systolic blood

Sustained pressure response Autonomic
handgrip test to standing neuropathy score
—0.268 0.282 0.505

(p = 0.353) (p = 0.329) (p = 0.066)
-0.092 -0.131 0.291

(p = 0.753) (p = 0.656) (p=0.314)
-0.097 -0.261 0.462

(p = 0.742) (p = 0.367) (p = 0.096)
-0.407 0.323 0.339

(p = 0.149) (p = 0.260) (p = 0.235)
—-0.333 0.467 0.404

(p = 0.245) (p = 0.092) (p=0.152)
-0.420 0.236 0.339

(p = 0.135) (p = 0.416) (p = 0.235)
-0.211 0.559 0.052

(p = 0.469) (p = 0.037) (p = 0.860)
-0.209 0.539 0.113

(p = 0.473) (p = 0.047) (p = 0.700)
—0.385 0.371 0.217

(p =0.174) (p =0.191) (p = 0.456)
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TABLE 2 Pearson's correlation coefficients between left atrial strains and standard cardiovascular reflex tests in healthy adults.
Parasympathetic function Sympathetic function
Heart rate Systolic blood
response to deep Sustained pressure response Autonomic
breathing Valsalva ratio 30/15 ratio handgrip test to standing neuropathy score
Peak left atrial strains
Global LA-RS 0.165 -0.512 0.174 0.112 -0.131 -0.156
(p=0.572) (p = 0.061) (p = 0.553) (p = 0.703) (p = 0.656) (p = 0.594)
Mean 0.221 -0.532 0.277 0.064 —-0.009 -0.070
segmental (p = 0.449) (p = 0.050) (p =0.337) (p =0.828) (p =0.975) (p =0.811)
LA-RS
Global LA-CS 0.046 0.662 —0.165 —-0.183 0.532 0.076
(p = 0.875) (p = 0.010) (p = 0.573) (p =0.532) (p = 0.050) (p =0.795)
Mean 0.040 0.635 -0.138 -0.194 0.530 0.248
segmental (p =0.893) (p = 0.015) (p = 0.637) (p = 0.507) (p = 0.050) (p =0.393)
LA-CS
Global LA-LS 0.139 0.398 -0.191 -0.317 0.078 0.028
(p = 0.636) (p = 0.159) (p=0.513) (p =0.270) (p =0.791) (p = 0.926)
Mean 0.126 0.407 -0.147 -0.293 0.055 —0.009
segmental (p = 0.669) (p = 0.149) (p = 0.615) (p =0.310) (p =0.852) (p =0.975)
LA-LS
Left atrial strains at atrial contraction
Global LA-RS 0.267 -0.715 -0.029 0.264 —0.468 -0.242
(p = 0.356) (p = 0.004) (p =0.923) (p =0.361) (p = 0.091) (p = 0.405)
Mean 0.112 —0.367 0.059 —0.097 —0.099 0.003
segmental (p =0.702) (p=0.197) (p = 0.840) (p = 0.742) (p =0.737) (p = 0.992)
LA-RS
Global LA-CS -0.126 0.657 0.116 —-0.282 0.704 0.297
(p = 0.669) (p =0.011) (p = 0.692) (p =0.329) (p = 0.005) (p = 0.303)
Mean —0.156 0.723 0.116 —0.383 0.690 0.028
segmental (p = 0.593) (p = 0.003) (p =0.692) (b =0.177) (p = 0.006) (p = 0.926)
LA-CS
Global LA-LS 0.066 0.002 0.405 0.009 -0.117 0.119
(p = 0.822) (p = 0.994) (p=0.151) (p =0.976) (p = 0.690) (p = 0.684)
Mean 0.109 0.273 0.205 —0.205 0.177 0.230
segmental (p =0.710) (p = 0.345) (p = 0.482) (p = 0.482) (p = 0.545) (b = 0.429)
LA-LS

Note: Bold values are significant.

0.93-1.02] and diastolic [OR = 0.99, 95% Cl: 0.94-1.05] blood pres-
sures were analyzed, but none of these parameters were a significant

confounder during multivariable regression analysis.

4 | DISCUSSION

The present investigation is the first, to the knowledge of the authors,
which aimed to examine direct associations between LA volumetric
and functional properties and autonomic function in real-life settings
using clinical methods in healthy adult volunteers. In systole, LA works
like a reservoir, when the pulmonary veins fill the LA, which could be
characterized by LA volumes and volume-based functional properties
(Vimaxs TASV and TAEF) and peak LA strains as assessed at the same
time by 3DSTE. According to the results of this study, VR representing

predominantly the parasympathetic autonomic function showed cor-
relations only with LA-RS and LA-CS from LA strains in healthy adult
subjects. Higher parasympathetic function (represented by higher VR)
correlated with LA thickening in radial direction (represented by
LA-RS) and widening in circumferential direction (represented by
LA-CS). Moreover, higher SBPRS correlated with higher TAEF and LA-CS
as well, meaning associations between lower sympathetic function and
higher LA circumferential widening and enhanced LA emptying. In early
diastole, LA works like a conduit, the mitral valve opens and the LA
empties. 3DSTE-derived Vs, PASV and PAEF are capable of featuring
this function, from which only PAEF correlated with SBPRS. Similarly to
what could be seen in systole, lower sympathetic function was associ-
ated with enhanced LA emptying. In late diastole, LA actively contracts
and has a booster pump function, which could be characterized by Vin,
AASV and AAEF and LA strains at atrial contraction. Correlations
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between VR and LA-RS and LA-CS and SBPRS with LA-CS were similar
as in systole. The ANS did not correlate with any LA volumetric param-
eters and strains.

Pulmonary veins, LA, mitral valve, LV, aorta and the right heart
show a significant interplay ruled by neural control. All these chambers
and vessels have effects on each other as well even in healthy circum-
stances before any other (risk) factors play any role. In clinical circum-
stances, it is difficult to examine the effects on autonomic function, the
relatively simple Ewing's SCRTs could help in this.” In a recent study,
increased parasympathetic function was demonstrated to be associated
with a decrease in LV apical rotation and LV twist. No relationship was
found between Ewing's SCRTs mainly characterizing sympathetic auto-
nomic function and LV rotational parameters.!” Moreover, correlations
existed between aortic distensibility and autonomic function, as well.*8

Results of the present study are important regarding that the
parasympathetic nervous system is thought to contribute significantly
to focal atrial fibrillation (AF).Y? In AF patients during the ablation of
left posterior wall ganglia vagal responses due to the relationship of
the LA with these ganglionated plexi was already encountered.?® The
results may draw attention to the fact that in clinical conditions com-
plicated by early disturbances of autonomic function (e.g., diabetes
mellitus), the relationships described above may be even more com-
plicated or even lost. Therefore, further studies are needed in certain
pathological states. In the present study correlations could be shown
between features of vegetative autonomic function and specific LA
functions in everyday healthy subjects using a routine image tech-
nique 3DSTE providing (patho)physiologic insights into their complex
relationship. However, further studies are warranted to confirm our

results in a larger healthy population with other methods.

4.1 | Limitations

There were several important limitations:

1. A relatively small number of healthy individuals were enrolled in
the present study.

2. The present study demonstrates only a simplified relationship
(correlations) between LA volumes and function and vegetative
autonomic function. Both methods (3DSTE and Ewing's test) are
only simplified approaches for the evaluation of LA and vegeta-
tive autonomic functions.

3. Theoretically different results could come out in different
autonomic tone conditions even in healthy circumstances or in
different pathological states. However, this would a topic of
further investigations.

4. 3DSTE has a limited image quality due to technical reasons (large
transducer, limited number of chrystals, low spatial and temporal
resolution).811

5. Although all cardiac chambers could be analyzed by 3DSTE, only
volumetric and strain analysis of LA was performed.

6. It was not purposed to validate 3DSTE-derived LA volumetric
and functional properties.

7. LA strains are affected by several factors. Although healthy
subjects were examined, all the factors affecting LA functional
properties could not be excluded.

8. Moreover, due to absence of dedicated software for LA segmen-
tation, 3DSTE-derived LV segmentation model was used during
analyses at the time of investigations.

9. One can argue about which atrium the atrial septum belongs
to. In the present study it was considered to be an essential part
of the LA.

10. 3DSTE could be performed only in subjects who are in sinus
rhythm. If technical reasons do not prevent this, it would be
worthwhile to compare the results with those of AF patients.

11. Ewing's SCRTs were used to examine the physiological responses
to shifts in autonomic function affecting several factors including

cardiac mechanics, hemodynamics, venous return, and afterload.”

5 | CONCLUSIONS

Significant correlations between features of vegetative autonomic
function represented by Ewing's 5 SCRTs and specific LA functions
represented by 3DSTE-derived LA volume-based functional proper-
ties and strains could be demonstrated in healthy adults.
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