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Objectives
The aim of this study was to evaluate early changes in left atrial longitudinal strain 
based on speckle tracking and the atrial stiffness index in patients with mild hyper-
tension. 

Methods
One hundred and one patients, between 30 to 50 years of age, were prospectively 
enrolled in the study: 32 healthy sedentary patients (Group 1), 35 healthy recrea-
tional athletes (Group 2) and 34 controlled hypertensive patients (Group 3). Sixty 
eight patients were men (67.3%). Conventional echocardiographic assessments were 
performed, color tissue Doppler and lateral and septal pulsed tissue Doppler were re-
corded and atrial volume was calculated. Left ventricular strain and strain rate and 
left atrial peak strain during the reservoir period were obtained by speckle tracking. 
The atrial stiffness index was calculated based on the (E/e)/ peak atrial strain ratio. 
Data was analyzed using ANOVA followed by the Bonferroni test. A p value <0.01 
was considered statistically significant.

Results
The E/A ratio and the tissue e wave velocity were higher and the E/e ratio was low-
er in the athlete group. Left ventricular mass index did not show statistical differ-
ences among groups. Left atrial volume was higher in athletes without attaining 
significant difference. In hypertensive patients, atrial strain was lower (36.94 ± 7.71 
vs. 46.17 ± 10.05 in Group1 and 46.80 ± 8.44 in Group 2; 95% CI 3.96-14.47; p < 
0.0001) and the stiffness index was higher (30.49 ± 11.93 vs. 19.94 ± 8.12 in Group 
1 and 18.99 ± 5.88 in Group 2; 95% CI 5.05-16.05; p < 0.0001).

Conclusions
Left atrial longitudinal strain during the reservoir period and the atrial stiffness 
index are altered in patients with mild controlled hypertension before the detection 
of other echocardiographic changes.
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INTRODUCTION
The left atrium (LA) plays an important role in main-
taining cardiac output, acting as a blood reservoir 
during left ventricular systolic contraction and as a 
contractile chamber increasing left ventricular filling 

towards end diastole.
Changes occurring in response to clinical situa-

tions with different hemodynamic conditions are as-
sessed by echocardiography with conventional meth-
ods such as area and volume calculations. (1)
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Left atrial size has shown to be a predictor of car-
diovascular events and death (2) and related to the ex-
tent of diastolic dysfunction. (3, 4) However, between 
25 and 30% of patients with diastolic dysfunction have 
normal atrial size. (5)

The study of atrial function has allowed a better un-
derstanding of diastolic dysfunction and heart failure 
(HF) with preserved ejection fraction (EF). A recent 
study showed that left atrial dysfunction was a predic-
tor of hospitalization for HF in a group of patients with 
coronary artery disease and preserved EF. (6)

New echocardiographic techniques allow quan-
tification of atrial myocardial strain and velocity at 
different periods of the atrial cycle. The study of its 
application in different clinical scenarios has promot-
ed the interest of many researchers in recent years, 
mostly because some parameters derived from these 
new technologies have proved to be early markers of 
disease and have prognostic value. The usefulness of 
atrial strain during the reservoir period and the stiff-
ness index to identify patients with diastolic dysfunc-
tion with and without HF has been previously demon-
strated. (7)

The LA modulates left ventricular filling through 
three components: a phase of reservoir or expansion 
during ventricular systole, a conduit phase during pas-
sive ventricular filling, and an active contractile compo-
nent (when there is atrial contraction). (Figure 1)

During exercise, the atrial reservoir function and 
active contraction increase. Enhanced reservoir func-
tion plays an important role in left ventricular fill-
ing by helping to maintain a proper atrioventricular 
pressure gradient during diastole and an adequate 

stroke volume.
Decreased left atrial compliance may be important 

as a mechanism of hemodynamic changes. (8, 9)
The purpose of this study was to evaluate early 

changes of atrial strain and stiffness in a group of 
controlled hypertensive patients with no significant 
changes in other echocardiographic parameters and 
without HF. They were compared with a control group 
of healthy subjects and a group of recreational ath-
letes of similar age and gender. The inclusion of the 
latter group allowed the comparison of patients with 
increased left atrial volume and to assess its influence 
on strain and atrial stiffness.

METHODS 
A prospective register was performed from January 2011 to 
August 2012 from an echocardiographic database of 150 pa-
tients between 30 to 50 years of age. Forty nine patients were 
excluded due to technical errors in image acquisition, low 
frame rate (FR) or inadequate ultrasound window. Among 
the remaining 101 patients, 32 were healthy, sedentary sub-
jects (Group 1), 35 healthy recreational athletes (Group 2) 
and 34 controlled hypertensive patients (Group 3). Group 2 
was defined as follows: subjects performing isotonic aerobic 
physical activity more than one hour daily, more than three 
times a week at least during the last year. The majority of 
patients were male. (67.3%) The different group characteris-
tics are detailed in Table 1. All patients underwent an echo-
cardiographic study using a GE Vivid E9 ultrasound system 
according to standard technique. Usual echocardiographic 
measurements were performed and the color tissue Doppler 
(TD) was recorded with a FR over 40 frames per second. 
Pulsed lateral and septal TD was calculated off-line from the 
acquired color TD loops. Left atrial volume was measured 
in 4 and 2 chamber views using the modified Simpson rule. 
The E/A ratio of left ventricular filling flow and the E/e ratio 
(ratio between maximum velocity of the mitral flow E wave 
and maximum velocity of the pulsed TD e wave, used to es-
timate ventricular filling pressure or mean left atrial pres-
sure) were calculated. Mean lateral and septal mitral annu-
lus tissue e wave was used to make calculations. Ventricular 
longitudinal systolic strain and strain rate were obtained 
by speckle tracking in the three conventional apical views. 
Mean maximum lateral, inferior and posterior atrial strain 
were similarly calculated during the reservoir period (Fig. 2)

These measurements were performed on cine loops ac-
quired with a frame rate over 50 frames per second using 
the software provided by the equipment, adapting the width 
of the area of interest to atrial wall thickness. All off-line 
analyses were performed by the same operator on at least 
two stored beats. The stiffness index was calculated ac-
cording to the (E/e)/mean atrial longitudinal strain formula 
during the reservoir period. The atrial stiffness index was 
previously postulated and validated by Kurt et al. (7) using  
catheterization.

Left atrial volumes and left ventricular mass were  
indexed to body surface area calculated with the Mosteller 
formula. Finally, the ratio between the stiffness index and 
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Fig. 1. Atrial volume increases progressively until ventricular 
end-systole (reservoir phase), followed by two successive emp-
tying phases (conduit phase and atrial systole). LA: Left atrial. 
ECG: Electrocardiogram

Table 1. Age and gender distri-
bution in the different groups

Age, years
Male gender, % (n)

43.72 ± 5.02
62.5 (20)

Healthy

41.51 ± 6.25
74.3 (26)

Athletes

44.24 ± 5.56
64.7 (22)

Hypertensive

Reservoir Conduit LA 
systole

ECG

LA vol.

LA strain
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left atrial indexed volume was obtained to differentiate sed-
entary from athlete normal subjects. ANOVA followed by the 
Bonferroni test was used to compare means between groups. 
A p value < 0.01 was considered statistically significant.

RESULTS
Depending on the amount of physical activity, athletes 
had greater ventricular mass and atrial volume than 
the other two groups, though the differences were not 
statistically significant probably due to the reduced 
number of patients. There were no differences in these 
parameters between hypertensive and normal seden-
tary subjects. Left ventricular longitudinal strain rate 
was not significantly different among groups. The E/A 
ratio and the velocity isolated from the mean tissue e 
wave were significantly higher and the E/e ratio was 
significantly lower in the athlete group compared with 
hypertensive patients. Global left ventricular longitu-
dinal strain was significantly higher in normal than 
in hypertensive patients, but there were no significant 
differences compared to athletes.

Atrial strain was lower and atrial stiffness was 
higher in the hypertensive group. Both parameters 
were better than the rest of analyzed variables to 
single out hypertensive patients from the other two 
groups (Table 2 and Figure 3). On the other hand, the 
ratio between the stiffness index and the indexed left 

atrial volume significantly separated the athlete group 
from the hypertensive group (Table 2 and Figure 4).
Ten percent of patients were analyzed in two different 
occasions using the same stored loops, with no signifi-
cant differences in the results.

The analysis of atrial strain was simple and repro-
ducible when an adequate ultrasound window was 
available with a correct FR (> 50 cycles per second). 
The software used in the study did not allow the anal-
ysis of the equipment and the need to perform it in a 
work station is difficult and time-consuming.

DISCUSSION
There has been a growing interest in the study of di-
astolic dysfunction given that a significant number of 
patients presenting this condition develop signs and 
symptoms of pump failure. For this reason the num-
ber of patients with HF and preserved EF admitted to 
the hospital has increased in recent years surpassing, 
in some cases, the admission of patients with HF and 
reduced EF. (10).

Several series have shown that hypertension is 
present in a large percentage of patients who reach 
this condition. (11-14) Therefore, assessment of di-
astolic function and early diagnosis of the degree of 
dysfunction in these patients is of particular interest, 
since it favors the beginning of appropriate treatment 

Fig. 2. A: Atrial strain by speckle 
tracking in a normal subject. B: 
Atrial strain by speckle tracking in 
a hypertensive patient.

A

B
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in the early stages of the disease.
It is known that patients with diastolic dysfunc-

tion have increased left ventricular mass and left 
atrial volume compared with control subjects, but not 
versus athlete subjects who present with left ventricu-
lar hypertrophy without diastolic failure. (7)

The classical evaluation parameters of dias-

tolic dysfunction appear late and show variations  
depending on loading conditions and other situations 
such as heart rate, so at times, they may not be con-
clusive. (15) This occurs not only with the E/A ratio 
of mitral inflow but also with tissue Doppler wave  
velocities. It should be noted that approximately one 
third of patients with HF and preserved EF have no 

Indexed LA volume
Mean LA strain
LA stiffness index

Fig. 3. Indexed atrial volume, 
atrial strain and stiffness index 
values. Notice the difference 
of this index in hypertensive 
patients and the similarity in 
healthy sedentary and athlete 
subjects. The negative sign was 
eliminated from atrial strain 
for comparison purposes.

Normal Hypertensive Athletes
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M
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n
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45.97
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29.38
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Table 2. Comparison of mean 
echocardiographic variables

Healthy
(Group 1)

Atheletes
(Group 2)

Hypertensive
(Group 3)

p

LV mass index (gr/m²)

E/A ratio

Pulsed TD e (cm/seg)

E/e

LA vol./m2

(ml/ m²)

LV strain (%)

LV strain rate (x/1)

LA strain (%)

E/e/LA strain x100 

Stiffness/LA vol. ratio

83.88±17.53

1.36±0.40

9.95±1.96

8.62±2.06

28.91±4.71

-21.01±1.96

1.34±0.36

 46.17±10.05

19.94±8.12

0.70±0.26

94.71±25.25

1.60±0.49

10.48±1.88

8.30±1.72

32.78±7.75

-20.06±2.80

1.39±0.40

 

46.80±8.44

18.99±5.88

0.59±0.22

90.51±24.04

1.24±0.40

8.59±2.00

10.48±2.98

29.21±7.45

-18.95±2.10

1.14±0.34

 36.94±7.71

30.49±11.93

1.09±0.47

ns

0.005

(2 vs.3)

0.001

(2 vs. 3)

0.001

(2 vs. 3)

ns

0.003

(1 vs 3)

0.02

(2 vs3)

<0.000

(3 vs.1 y 2)

<0.000

(3 vs.1 y 2)

<0.000

(3 vs.1 y 2)

LA: Left atrial. LV: Left ventricular. TD: Tissue Doppler. V: vol.
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Fig. 4. Stiffness index/LA volume 
ratio. Notice the marked different 
between hypertensive patients 
and athlete subjects. LA: left atri-
um. vol: volume

alteration of the classical parameters of diastolic func-
tion or atrial dilation. (16) Although the E/e ratio (in-
dicator of left ventricular end-diastolic pressure) is 
a highly reproducible parameter, easy to obtain and 
very helpful in patients with preserved EF, it has a 
wide band of indefinite gray values, requiring other 
measurements. (17, 18)

We know the great impact on the LA caused by 
diastolic left ventricular dysfunction, generating its 
dilation and increased pressure.

New tools incorporated into the equipments, as 
myocardial strain based on speckle tracking, have 
brought new insights in particular situations. It has 
been reported that these atrial strain measurements 
would allow predicting the probability of maintaining 
sinus rhythm after successful cardioversion. (19)

Of particular interest is the left atrial peak strain 
during the reservoir period, i.e. at the end of ventricu-
lar systole, end of atrial diastole.

Some studies have shown that atrial strain using 
speckle tracking detects alterations of atrial function 
in hypertensive patients before traditional param-
eters, even in patients without atrial dilation. (20, 21) 
However, this strain is not altered in elite athletes. 
(22)

The Nagueh group has taken a further step by pro-
posing a very simple atrial stiffness index validated 
with direct catheterization measurements. Stiffness 
is defined as the increase in pressure required to pro-
voke a specific increase in volume, in this case of the 
LA, and is expressed in mmHg/ml. In the study, the 
ratio between pulmonary capillary wedge pressure 
and atrial strain during the reservoir period was used, 
which seems a reasonable analogy. (23) Finally, the 

pulmonary capillary wedge pressure was substituted 
by the E/e ratio and the results were similar.

This index was used to study patients with dias-
tolic dysfunction without HF, patients with HF and 
preserved EF, and patients with HF and reduced EF, 
comparing them with a control group. The values of 
left atrial stiffness differentiated these groups better 
than isolated atrial strain. (24) Since in the study of 
patients with suspected diastolic dysfunction the E/e 
ratio must be reported, this stiffness index is very easy 
to obtain and in our series allowed us to identify dias-
tolic dysfunction at a very early stage of hypertension, 
when the isolated E/e ratio was very slightly altered 
and of course ventricular hypertrophy or atrial dila-
tion were not yet present. The fact that we have stud-
ied young subjects makes the group very homogene-
ous with no other associated diseases, even those that 
might be unknown to patients. 

It is remarkable that recreational athletes had 
a greater mass index than the other groups (hyper-
tensive patients were adequately treated) and also 
increased indexed left atrial volume, though this dif-
ference did not reach statistical significance. Hyper-
tensive patients with less mass and less atrial volume 
had a significant increase in atrial stiffness perhaps 
due to increased fibrotic mass of the atrial myocar-
dium, as observed in the ventricle of patients with HF 
and preserved EF. (25) This suggests that hyperten-
sion is a more aggressive disease than widely acknowl-
edged in daily practice.

We believe that the contribution of our work is 
precisely to describe that increased atrial stiffness al-
lows identifying diastolic function alterations better  
than classical diastolic dysfunction parameters in  

Group

Normal Hypertensive Athletes

M
ea

n
 L

A
 s

ti
ff

n
es

s/
LA

 v
o

l.

1.2000

1.0000

0.8000

0.6000

0.4000

0.2000

0.0000
0.6991 1.0933 0.5897



ARGENTINE JOURNAL OF CARDIOLOGY / Vol 82 nº 2 / April 2014122

REFERENCES

1. Vaziri SM, Larson MG, Lauer MS, Benjamin EJ, Levy D. Influence 
of blood pressure on left atrial size. The Framingham Heart Study. 
Hypertension 1995;25:1155-60. http://doi.org/q3n
2. Benjamin EJ, D’Agostino RB, Belanger AJ, Wolf PA, Levy D. Left 
atrial size and the risk of stroke and death. The Framingham Heart 
Study. Circulation 1995;92:835-41. http://doi.org/q3p
3. Tsang TS, Barnes ME, Gersh BJ, Bailey KR, Seward JB. Left 
atrial volume as a morphophysiologic expression of left ventricular 
diastolic dysfunction and relation to cardiovascular risk burden. Am 
J Cardiol 2002;90:1284-9. http://doi.org/dzgwzs
4. Pritchett AM, Mahoney DW, Jacobsen SJ, Rodeheffer RJ, Karon 
BL, Redfield MM. Diastolic dysfunction and left atrial volume. A 
population-based study. J Am Coll Cardiol 2005;45:87-92. http://doi.
org/c45bnm
5. El Aouar LM, Meyerfreud D, Magalhães P, Rodrigues SL, Baldo 
MP, Brasil Y, et al. Relationship between left atrial volume and 
diastolic dysfunction in 500 Brazilian patients. Arq Bras Cardiol 
2013;101:52-8. http://doi.org/q3q
6. Welles CC, Ku IA, Kwan DM, Whooley MA, Schiller NB, Tura-
khia MP. Left atrial function predicts heart failure hospitalization in 
subjects with preserved ejection fraction and coronary heart disease. 
Longitudinal data from the Heart and Soul Study. J Am Coll Cardiol 
2012;59:673-80. http://doi.org/f2ncc7
7. Kurt M, Wang J, Torre-Amione G, Nagueh SF. Left atrial func-
tion in diastolic heart failure. Circ Cardiovasc Imaging 2009;2:10-15. 
http://doi.org/dd5q4m
8. Kihara Y, Sasayama S, Miyazaki S, Onodera T, Susawa T, Naka-
mura Y. Role of the left atrium in adaptation of the heart to chronic 
mitral regurgitation in conscious dogs. Circ Res 1988;62:543-53. 
http://doi.org/q3r
9. Stefanadis C, Dernellis J, Toutouzas P. A clinical appraisal of left 
atrial function. Eur Heart J 2001;22:22-36. http://doi.org/bzrbfm
10. Owan TE, Hodge DO, Herges RM, Jacobsen SJ, Roger VL, Red-
field MM. Trends in prevalence and outcome of heart failure with 
preserved ejection fraction. N Engl J Med 2006;355:251-9. http://doi.
org/b52prg
11. Senni M, Tribouilloy CM, Rodeheffer RJ, Jacobsen SJ, Evans JM, 
Bailey KR, et al. Congestive heart failure in the community: a study 
of all incident cases in Olmsted County, Minnesota, in 1991. Circula-
tion 1998;98:2282-9. http://doi.org/q3s
12. Vasan RS, Larson MG, Benjamin EJ, Evans JC, Reiss CK, Levy 
D. Congestive heart failure in subjects with normal versus reduced 
left ventricular ejection fraction: prevalence and mortality in a pop-
ulation-based cohort. JACC 1999;33:1948-55. http://doi.org/chvtdm
13. Gottdiener JS, McClelland RL, Marshall R, Shemanski L, Fur-
berg CD, Kitzman DW, et al. Outcome of congestive heart failure 
in elderly persons: influence of left ventricular systolic function. 
The Cardiovascular Health Study. Ann Intern Med 2002;137:631-9. 
http://doi.org/q3t
14. Bhatia RS, Tu JV, Lee DS, Austin PC, Fang J, Haouzi A, et al. 
Outcome of heart failure with preserved ejection fraction in a pop-
ulation-based study. N Engl J Med 2006;355:260-9. http://doi.org/
dpg8fd
15. Oh JK, Park SJ, Nagueh SF. Established and novel clinical ap-
plications of diastolic function assessment by echocardiography. Circ 
Cardiovasc Imaging 2011;4:444-55. http://doi.org/fkhtp2
16. Zile MR, Gottdiener JS, Hetzel SJ, McMurray JJ, Komajda M, 
McKelvie R, et al. Prevalence and significance of alterations in car-
diac structure and function in patients with heart failure and a pre-
served ejection fraction. Circulation 2011;124:2491-501. http://doi.

RESUMEN

Análisis de la deformación auricular longitudinal:  
alteraciones precoces en hipertensos jóvenes  
controlados

Introducción
Evaluar alteraciones precoces del strain auricular longitudi-
nal en base al speckle tracking y el índice de rigidez auricular 
en hipertensos leves.

Material y métodos
Ingresaron prospectivamente 101 pacientes de entre 30 y 
50 años: 32 sujetos sanos sedentarios (Grupo 1), 35 sanos 
deportistas (Grupo 2) y 34 hipertensos controlados (Grupo 
3). Sexo masculino: 68 (67,3%). Se efectuaron mediciones 
ecocardiográficas convencionales, se registraron el Doppler 
tisular color y el Doppler tisular pulsado lateral y septal y 
se calculó el volumen auricular. Se obtuvieron el strain y el 
strain rate ventricular sistólico y el strain auricular máximo 
durante el período de reservorio por speckle tracking. Se cal-
culó el índice de rigidez auricular en base a la relación (E/e)/
strain auricular máximo. Se utilizó el análisis de ANOVA 
seguido de la prueba de Bonferroni, considerándose signifi-
cativa una p < 0,01.

Resultados
La relación E/A y la velocidad de la onda e tisular fueron ma-
yores y la relación E/e fue menor en el grupo de deportistas. 
El índice de masa del ventrículo izquierdo no mostró diferen-
cias significativas. El volumen de la aurícula izquierda fue 
mayor en deportistas sin alcanzar significación estadística. 
El strain auricular fue menor en hipertensos (36,94 ± 7,71 
vs. 46,17 ± 10,05 en el Grupo 1 y 46,80 ± 8,44 en el Grupo 
2; IC 95% 3,96-14,47; p < 0,0001) y el índice de rigidez auri-
cular fue significativamente más alto en este grupo (30,49 ± 
11,93 vs. 19,94 ± 8,12 en el Grupo 1 y 18,99 ± 5,88 en Grupo 
2; IC 95% 5,05-16,05; p < 0,0001).

Conclusiones
La deformación auricular longitudinal durante el período de 

hypertensive patients. 
In conclusion, this index could be very useful, it is 

easy to perform and perhaps in the future will facili-
tate the identification of patients with a higher pro-
pensity to develop HF, for which additional studies, so 
far not available, will be required 

We also postulate the ratio between the stiffness 
index and the indexed left atrial volume. This ratio 
clearly distinguished athlete patients from hyperten-
sive patients. With future validated studies, it could be 
useful in differentiating pathological from physiologi-
cal hypertrophy.

CONCLUSIONS
Atrial longitudinal strain during the reservoir period 
by speckle tracking and the atrial stiffness index are 
easily quantifiable, and are altered in controlled mild 
hypertensive patients before other echocardiographic 
abnormalities are detected.

The differences appear to reflect a change in atrial 
function by the disease process itself and indepen-
dently of other adaptive changes

reservorio y el índice de rigidez auricular se hallan alterados 
en hipertensos leves controlados antes de que se detecten 
otras alteraciones ecocardiográficas.

Palabras clave  > Ecocardiografía - Hipertensión - 
  Apéndice atrial
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