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Left Atrial Enlargement in Young High-Level Endurance
Athletes — Another Sign of Athlete’s Heart?
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Enlargement of the left atrium is perceived as a part of athlete’s heart syndrome, despite the lack of evidence. So
far, left atrial size has not been assessed in the context of exercise capacity. The hypothesis of the present study was that
LA enlargement in athletes was physiological and fitness-related condition. In addition, we tried to assess the feasibility
and normal values of left atrial strain parameters and their relationship with other signs of athlete’s heart. The study
group consisted of 114 international-level rowers (17.5 + 1.5 years old; 46.5% women). All participants underwent a
cardio-pulmonary exercise test and resting transthoracic echocardiography. Beside standard echocardiographic
measurements, two dimensional speckle tracking echocardiography was used to assess average peak atrial longitudinal
strain, peak atrial contraction strain and early left atrial diastolic longitudinal strain. Mild, moderate and severe left
atrial enlargement was present in 27.2%, 11.4% and 4.4% athletes, respectively. There were no significant differences
between subgroups with different range of left atrial enlargement in any of echocardiographic parameters of the left
ventricle diastolic function, filling pressure or hypertrophy. A significant correlation was found between the left atrial
volume index and maximal aerobic capacity (R > 0.3; p <0.001). Left atrial strain parameters were independent of atrial
size, left ventricle hypertrophy and left ventricle filling pressure. Decreased peak atrial longitudinal strain was observed
in 4 individuals (3.5%). We concluded that LA enlargement was common in healthy, young athletes participating in
endurance sport disciplines with a high level of static exertion and was strictly correlated with exercise capacity,
therefore, could be perceived as another sign of athlete’s heart.
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Introduction

Athlete’s heart as a result of intensive,
prolonged exercise has been investigated for
many years. It has been suggested that training,
especially in endurance sports, can lead to both
left and right atrial enlargement (D'Andrea et al.,
2010; Pagourelias et al., 2013; Pelliccia et al., 2005).
Many previous studies have proved that left

ventricular remodeling due to physical activity is
physiological as the diastolic and systolic function
remains normal or even supernormal. Left atrium
(LA) enlargement is perceived as physiological as
well by extrapolation, even though data
confirming this statement is lacking. LA is of
particular interest owing to its involvement in
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pathophysiology of atrial fibrillation (AF) which is
arrhythmia more often occurring in athletes then
in sedentary controls (Baldesberger et al., 2008).

Deformation (strain and strain rate)
analysis, assessed with two-dimensional speckle
tracking echocardiography (2D STE), is a new
echocardiographic method that allows a non-
invasive evaluation of the atrial function.
Decreased LA strain and the strain rate enable to
predict the onset of atrial fibrillation (Cameli et
al., 2014; Shaikh et al., 2012; Spethmann et al.,
2014; Yoon et al.,, 2012). Moreover, strain value
correlates with atrial fibrosis in paroxysmal and
persistent AF (Kuppahally et al., 2010). Left atrial
deformation assessment has been previously
carried out in male and female athletes (D'Andrea
et al., 2008; D'Ascenzi et al., 2014, 2015; Sun et al.,
2009). However, to our knowledge, there is no
study that has determined normal values of LA
strain in a large sample of elite athletes.

Even though increased exercise capacity
is one of the most obvious results of intensive
training, cardiopulmonary exercise test results
were seldom correlated with echocardiography in
the athletic population (Yamazaki et al., 2000). It is
known that exercise capacity is correlated with
left ventricle size (Whyte et al., 2000; Yamazaki et
al.,, 2000). Whether LA size also correlates with
fitness has not been studied before.

Among all sports, those which combine
high static and dynamic exertion induce the
morphologic adaptation of the heart to the highest
degree. Therefore, the biggest LA enlargement
can be expected in those groups of athletes
(Pelliccia et al., 2005).

The hypothesis of the study was that LA
enlargement in athletes was physiologic, fitness-
related condition in both male and female
athletes. In addition, we tried to assess the
feasibility of left atrial strain parameters and their
relation with other signs of athletes’ heart
observed in echocardiography. Last of all, we
aimed to establish the normal values of 2D STE
left atrial strain in young, healthy athletes.

Material and Methods

The study group was comprised of 117 young,
elite international-level rowers, average age of
17.5 years (15-21), participating in a routine
annual medical check-up in the Institute of Sport
(Warsaw, Poland) between January and March,
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2013. The study was conducted during the
preseason preparation period, in the middle of the
intensive  training program. The medical
assessment was performed in the morning (at
least 12 hours from the last training session) and
consisted of consecutive stages: clinical and
physical examination, resting ECG, transthoracic
echocardiography and an exercise
cardiopulmonary test. The incremental exercise
test (3 min exercise bouts interspersed with 30 s
rest) until exhaustion was performed on a
Concept-1I ergonometer (Morrisville, USA). The
respiratory exchange parameters were measured
with the MetaLyser 3B and MetaMax 3B system
(Cortex, Germany). The exact methodology of the
cardiopulmonary test had been previously
described (Klusiewicz et al., 2014). Maximal
aerobic capacity (VO2max) was expressed in
l/min and in ml/kg/min. Exclusion criteria were
valvular heart disease,
cardiomyopathy, absence of sinus rhythm,
pulmonary disease, endocrine disease and/or
renal failure. For final analysis, only participants
with acceptable quality of echocardiographic
examination were included. All athletes gave
informed consent. The Research Ethics Committee
of the Institute of Sport (Warsaw, Poland)
approved of the study protocol.
Echocardiographic

hypertension,

examination was
performed by two experienced physicians, using a
Vivid 7 machine (GE, Vingmed Ultrasound,
Boston, USA), with a M4S 15 to 4.0 MHz
transducer. ECG was continuously registered.
Attention was given to adjust the ECG curve (lead
selection, gain control) in order to present a well
defined P wave and QRS complex. The
examination was performed at rest in the left-
lateral ~decubitus position using standard
parasternal and apical views. All
echocardiographic acquisitions were digitally
stored and off-line analysis from three
consecutive cardiac cycles was performed using
dedicated software (EchoPac ver. 112 GE, USA).
The chamber size measurements were performed
according to recommendations (Lang et al., 2015;
Rudski et al., 2010). In order to decrease the
influence of preload-dependent parameters and to
increase the quality of recorded data, all
acquisitions were made during shallow end-
expiration. Body surface area (BSA) was
calculated according to the Mosteller's formula
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(1987).

LA measurements were performed at left
ventricular end-systole, in atrial maximal size.
The LA area was measured in a 4-chamber view.
LA volume (LAV) was calculated by the
Simpson’s method and then indexed to the body
surface area as a LA volume index (LAVI). During
LA size assessment the LA appendage and
pulmonary veins were excluded and mitral valve
annulus plane was used as the inferior border. LA
enlargement was defined as follows (Lang et al.,
2015): Mild > 34ml/m2 and <42ml/m2, moderate >
42ml/m?2 and <48ml/m2, severe >48ml/m?2.

STE derived LA strain analysis was performed
offline by one physician. The methodology was
adopted to comply with methodology used in the
most experienced echo-labs involved in athletes’
assessment which showed good reproducibility
(D'Ascenzi et al., 2012). The ultrasound focus
position was set on the level of LA to optimize the
image quality, the frame rate was set between 60-
80 Hz. The commercially available 2D semi-
automated software was used (Echo Pac, ver. 112).
The strain measurement was performed on
generated curves. The scale was adjusted to set 0
level at the beginning of the QRS complex. The
average (from all accepted segments) peak atrial
longitudinal strain (PALS) and peak atrial
contraction strain (PACS) were measured, as
parameters of atrial reservoir and atrial pump
(buster), respectively. The difference between
PALS and PACS was early LA diastolic
longitudinal strain (ELAS) and represented
passive conduit function. PACS was defined as
maximal longitudinal strain before the peak of the
P wave (Figure 1).

To distinguish athletes with low PALS, normal
values of PALS for the general healthy population
were used from the study of Cameli et al. (2009)
using the same methodology, echo system and
software vendor.

Statistical analysis

For statistical analysis, commercially available
software STATISTICA ver. 10 (StatSoft, Tulsa,
USA) was used. Continuous variables are
presented as mean * standard deviation (SD),
categorical variables as percentages. Normal
distribution of all continuous variables was
examined using the Shapiro-Wilk test. The
unpaired t-test and the Mann-Whitney u-test were
used according to data distribution to assess
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between-groups  differences in  continuous
variables and chi-square for categorical variables.
The correlations between continuous variables
were assessed with the Pearson correlation
coefficient (r) and between categorical variables
with the Spearman rank correlation coefficient,
correlations with R>0.3 with p<0.05 were reported.
In order to assess significance of differences
between multiple subgroups analysis of variance
(ANOVA) was used. The post hoc Scheffe test was
performed to distinguish the intergroup
differences. The level of significance was set at p <
0.05.

Results

Clinical  characteristics and  conventional
echocardiography

General characteristics of the examined group
are presented in Table 1. From primarily
examined 117 athletes, 114 were finally included
in the analysis. All exclusions were due to poor
image quality. No cardiovascular disorder was
found. From the analyzed 114 athletes 53 were
female (46.5%). Standard echocardiographic and
Doppler parameters are summarized in Table 2.
The parameters of LA size are presented in Table
3. Left atrium enlargement according to LAVI was
present in nearly half of the athletes (43%) and
was more frequent in man then in women (52.5%
vs 32.1%; p <0.05). Mild, moderate or severe LA
enlargement was present in 27.2%, 11.4% and
4.4% athletes, respectively. Following ANOVA
results, there were no significant differences
between subgroups with different ranges of LA
enlargement with regard to left ventricular
parameters of the diastolic function (mitral E and
A waves velocities, E/A ratio), filling pressure
(E/e’) and hypertrophy (LVMI, IVSd).
Cardiopulmonary exercise test

Cardiopulmonary exercise test parameters are
presented in Table 3. Maximal aerobic capacity
was, as expected, higher in males, both in absolute
(I/min) and relative (ml/min/kg) values. Resting
and maximal exercise heart rates were similar in
males and females. VO2max correlated
significantly with most LA size parameters
(except LA area indexed to BSA).
Left atrial strain analysis

From the primary group of 117 athletes, 114
(97%) had acceptable image quality for STE
analysis. From this group the assessment of 97.7%
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of LA segments (668/684) was feasible. In 10
athletes (9%) one segment and in 3 athletes (2.6%)
two segments could not be traced properly. The
LA roof and interatrial septum were the regions of
poor tracking quality in 6 athletes and 5 athletes,
respectively (see technical consideration). STE
derived LA strain parameters are presented in
Table 4 with 5-95 percentile as suggested by
normal ranges. Linear correlation between LA
strain and parameters of: diastolic function (mitral
inflow E velocity, E deceleration time, A velocity,
E/A ratio, TDI mitral velocities: E', A", E/E), LV
size and hypertrophy (LVM, LVMI, LVEDd,
IVSd), exercise capacity (VO2max) and LA size

(LAV, LAVI, LA area, LA diameter) were
assessed. No significant correlation was found
between LA functional parameters and LV and
LA morphology. No significant correlation was
noted between LA strain and parameters of
exercise capacity. According to normal value for
general population, decreased LA PALS (<29%)
was present in 4 athletes (3.5%). The only
significant differences in athletes with reduced
PALS were a larger intraventricular septum
diameter (1.15 vs 1.07cm), a lower mitral E wave
velocity (78cm/s vs 98cm/s) and consequently
higher mitral E/E’ (6.0 vs 5.0).

Figure 1

Example of left atrial strain (%) curves with selected measured parameters.
PALS- Peak atrial longitudinal strain; PACS — peak atrial contraction strain,
Evas;- Early atrial longitudinal strain;

Table 1
Subjects’ characteristics
All(N=114) Women (n=53) Men (n=61) p

Age (yrs) 175+1.5 17.5+1.39 174+1.5 NS
Training experience (yrs) 4.3+1.7 437+1.9 43+1.6 NS
Body mass (kg) 742+9.6 67.8+7.5 799+7.5 <0.001
Height (cm) 180.8 8.8 173.4+5.6 187.2+5.5 <0.001
BMI (kg/m?) 227+21 225+23 228+1.8 <0.001
BSA (m?) 1.9+0.16 1.8+0.12 2.04+0.11 <0.001
Heart rate (bpm) 65.4+12.0 64.2+12 66.4+11 NS

BMI — body mass index, BSA — body surface area, NS — no significant difference.
Data expressed as mean + SD
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Table 2
Standard and tissue Doppler echocardiographic measurements
. All (N =114) Women (n=53) Men (n=061)

Variable Mean * SD Mean * SD Mean + SD P

RVOTprox (cm) 292+0.3 2.80+0.31 3.02+0.23 <0.001

LVDd (cm) 502+04 4.77 +0.40) 5.24+0.32 <0.001

LVDd/BSA (cm/m?) 2.61£0.22 2.65£0.26 258 +0.17 NS

IVSDd (cm) 1.08 0.1 1.02+0.10 1.13+0.11 <0.001

PWDd (cm) 1.05+0.1 0.99 £0.12 1.10+0.12 <0.001

LVM (g) 246 + 55 206 + 35 281 +45 <0.001

LVMI (g/m?) 127 22 115+19 138 +18 <0.001

Ao (root) (cm) 3.00£0.3 2.83+£0.26 3.14+034 <0.001

Ao (root) (cm/m?) 1.56 +0.15 157 +0.14 1.54+0.17 NS

LV EF (%) 68.4+2.3 68.1+2.0 69.8+2.5 NS

TAPSE (mm) 23.7+3.0 232+29 242+3.1 NS

MV E (m/s) 0.94+0.2 0.96 +0.17 0.92+0.15 NS

MV A (m/s) 0.46+0.1 0.45+0.12 0.46+0.13 NS

MV E/A 220+0.6 2.26+0.55 2.15+0.57 NS

MV E DecT (ms) 2143 +53 212 +48 216 + 56 NS

MV e' (cm/s) 192+22 195+21 189+22 NS

MV a' (cm/s) 83+1.6 8.42+18 823+14 NS

MV s' (cm/s) 11.1+£1.7 10.7+£1.6 11.35+1.7 0.04

MV E/e' 4.96+0.9 4.99 +0.93 4.93 +0.85 NS
RVOT - right ventricle outflow tract, d — diameter,

LVED - left ventricular end-diastolic diameter, IVS — interventricular septum
and-diastolic diameter, PWD — posterior wall end-diastolic diameter,
Ao — aortic root diameter, EF — ejection fraction, TAPSE — tricuspid annular plane systolic excursion
MV—mitral valve, E — early inflow velocity, A — atrial inflow velocity,

DecT — deceleration time, e’ — early diastolic velocity, a” — atrial diastolic velocity,
s’— systolic velocity, NS — no significant difference.
Data expressed as mean + SD — standard deviation

Table 3
Atrial size parameters and cardiopulmonary test results in the examined group of rowers

All (N =114) Women (n =53) Men (n=61)

Mean * SD Mean + SD Mean * SD
LA (cm) 3.65+ 0.40 3.50+0.3 3.77 £0.44 <0.001
LAA (cm?) 22.6£3.4 20.1 £2.6 240+3.4 <0.001
RAA (cm?) 18.0+3.1 16.6 +2.7 19.3+28 <0.001
LA/BSA (cm/m?) 1.90 £0.20 1.95+0.17 1.86 +0.22 0.02
RAA/BSA (cm?/m?) 9.35+1.4 9.20+1.53 9.48 +1.27 NS
LAA/BSA (cm?/m?) 11.7+1.6 11.7+1.5 11.8 £1.6 NS
LAV (cm?) 66.3+15.3 57.5+11 73.9+14.5 <0.001
LAVI (cm3/m?) 343+6.9 31.9+6.1 36.3+6.9 <0.001
VOzmax (I/min) 420409 3.36+0.4 494 +0.6 <0,001
VO2max (ml/kg/min)  56.4 +8.2 499+51 62,1+5.8 <0,001
HRmax (/min) 195 +8.2 194 +7.6 195+ 8.7 NS

LA — left atrial diameter, LAA — left atrial area, RAA — right atrial area,
BSA —body surface area, LAV — left atrial volume, LAVI — left atrial volume index,
VO2zmax — maximal aerobic capacity, HRmax — maximal heart rate.
Data expressed as mean + SD — standard deviation
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Table 4

Mean values of two dimensional speckle tracking echocardiography left
atrial strain parameters assessed in 4 — chamber view, with 5-95 percentile as normal value.

All (N =114) 5-95 Women (n = 53) Men (n =61) 4
Mean + SD Percentile Mean + SD Mean + SD (Men vs Women)
PALS (%) 42.3 (£8.1) 30.0 - 58.1 429+0.1 41.7+0.1 NS
EzzCS 12.1 (£3.6) 6.75-19.0 122+3.6 121+3.7 NS
Evas (%) 302 (x7.2) 20.6 - 44.4 30.7+7.4 29.7+7.0 NS

PALS — Peak atrial longitudinal strain, PACS — peak atrial contraction strain,
Evas, — Early atrial longitudinal strain, TPALS — time to peak atrial strain,
TPACS — time to peak atrial contraction strain, RR — time between consecutive heart cycles.
Data expressed as mean + SD — standard deviation

Correlation between VO2max and LAV (r=0,35; p<0,001)
140
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Figure 2
Correlation between left atrial volume and maximal aerobic capacity.
LAV — left atrial volume, VOzmax — maximal aerobic capacity
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Discussion

In our study we demonstrated that left
atrial enlargement was common condition in
young, healthy rowers. LA dilatation was more
often observed in males, and was not related with
LV hypertrophy or LV diastolic function what
confirmed observations of D'Andrea et al. (2010).
The most often postulated mechanism of
physiological LA dilatation in athletes is due to an
increased volume load in contrast to increased LV
filling pressure observed in pathologic LV
hypertrophy (Pelliccia et al., 2005). In our study,
even though the selected group of athletes
participated in one of the most demanding
endurance sports, the degree of left atrial
enlargement was surprisingly high, especially
given the young age of participants. Observed LA
volumes were comparable to those reported by
Baggish et al. (2010) in senior, elite and sub-elite
rowers. Despite the fact that in the updated
Recommendation for Chamber Quantification
published by Lang et al. (2015) the upper
reference value of the LA volume index was
increased, still more than 40% of young, healthy
athletes exceeded the norms. This observation
shows the need for establishing normal values of
LAVI for this specific population what has been
already postulated by other authors (Galderisi et
al., 2015).

Left and right ventricle size is generally
larger in male athletes, however, indexation with
a body surface area can decrease observed
differences (Konopka et al., 2015; Krol et al., 2011).
A similar observation can be made with regard to
LA enlargement in our examined group. In
absolute numbers all LA size parameters
(dimension, area and estimated volume) were
significantly greater in males (Table 3). After
indexation with the body surface area, differences
of some measurements (atrial area) lose
significance, but the most recommended
parameter (LAVI) does not. The between gender
differences in LAVI have been reported by other
authors and discussed in the context of a lower
incidence of AF in women (D'Andrea et al., 2010;
Mont et al., 2009).

The relationship between results of
cardiopulmonary tests and heart morphology in
athletes has not been extensively studied. It was
shown that VOmax correlated with the LV
diameter in athletes, but not in obese controls
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(Yamazaki et al., 2000). Also the LV diameter and
LV posterior wall thickness correlated positively
with  cycling performance in thriathletes
(Mondillo et al., 2011). To our knowledge, this
study is the first to show a similar relationship of
left atrial size with exercise capacity. This
observation gives another evidence of
physiological nature of LA enlargement due to
intensive training.

The image quality which is a main
limitation of 2D STE is very important in reliable
quantitative strain assessment. Athletes, having in
general a very good acoustic window, seem to be
an appropriate population for the wider
introduction of STE into clinical practice. In our
study, the functional assessment of LA was
feasible in nearly all examined athletes. The
important information is that LA STE derived
strain was independent of LA size, which had
been postulated before based on smaller sample
groups (N < 25) (D'Ascenzi et al., 2012; Gabrielli et
al., 2014). LA systolic and diastolic strains in
young athletes are also independent of the
parameters of left ventricular hypertrophy and
left ventricle filling pressure. In this regard, LA
strain analysis can be used in differentiating
pathological and physiological left ventricular
hypertrophy in hypertrophic cardiomiopathy and
in hypertension what has been investigated before
(D'Andrea et al., 2008; Sun et al., 2009).

Although LA enlargement is common
condition in athletes, only few data exist on the
long term clinical consequences of this
phenomenon. It has been shown that LA
enlargement is more prominent in athletes with
electrocardiographic changes such as early
repolarisation (Konopka et al., 2016). There are
theories suggesting that LA enlargement and
remodeling may contribute to paroxysmal
supraventricular arrhythmias in athletes (Benito
et al., 2011; Guasch et al., 2013). Benito et al. (2011)
on an animal mice model found that intensive,
prolonged physical training led to increased LA
dilatation and fibrosis accompanied with
increased arrhythmia inducibility. Nevertheless,
some studies have shown that despite high
prevalence of LA dilatation in athletes
participating in IIIC sports, AF develops in a
small percentage of them (Pelliccia et al.,, 2005).
Even though LA dilatation may be present in
more than % of endurance athletes, the highest
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prevalence of AF reported by Baldesberger et al.
(2008) was “only” 10% in the 7t decade of life
(Baldesberger et al., 2008). These data suggest that
LA enlargement alone is not a good indicator of
the risk for AF. Therefore, other predictors of AF
should be sought. Functional atrial assessment
seems to be one of possibilities.

In our study, we applied the most often
cited methodology from the center experienced in
sports cardiology (D'Ascenzi et al, 2012, 2014,
2015). In this setting, LA strain parameters
assessed in 2D STE were very similar to other
publications evaluating different groups of
athletes, which strengthens the reproducibility of
the method. The significance of the observed
decreased (<29%) PALS in 4 athletes (3.5%),
described as a normal for the general population
by Camelli et al. (2009), needs further observation.
So far the medical follow-up has not revealed any
pathologies.

In summary, our study provides new
information about LA morphologic and functional
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