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Assessment of Left Atrial Wall Velocities by Pulsed Wave Tissue
Doppler Imaging. A New Approach to the Study of Atrial Function
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Introduction and objectives. To analyze the profile of left
atrial wall velocities by pulsed wave tissue Doppler imaging,
and to compare the relationship between these observations
and the transmitral and pulmonary vein flow velocities obtai-
ned by conventional pulsed Doppler echocardiography.

Patients and method. We studied 90 patients (50 wo-
men and 40 men, mean age 48 [22] years). Pulsed tissue
Doppler images of the left atrial wall were obtained and
analyzed in all subjects. The study population was then
divided in two groups: group | (age <45 years) and group
Il (age >45 years). Transmitral and pulmonary vein flow
velocity tracings were obtained simultaneously by pulsed
Doppler echocardiography.

Results. With pulsed tissue Doppler interrogation of the
left atrial wall, a triphasic signal was recorded in all pa-
tients, consisting of a positive wave (A1) followed by two
negative waves (A2 and A3). Younger subjects (group I)
showed a pattern with a prominent A2 wave and an A2/A3
ratio >1. In older patients (group Il) peak velocity of the A2
wave diminished and peak velocity of the A3 wave increa-
sed, so that the A2/A3 ratio was <1. We found no differen-
ces in peak velocity of the A1 wave between the 2 age
groups (13.5 (3.9) cm/s in group | vs 13.1 (5.4) cm/s in
group lI; P=.59). Significant concordance was observed
between the transmitral flow pattern and the left atrial pul-
sed tissue Doppler tracing (kappa =0.584; P<.0001).

Conclusions. Evaluation of the left atrial wall using pul-
sed tissue Doppler imaging is feasible and reproducible.
Tissue Doppler imaging provides new quantitative insights
of potential use in the assessment of left atrial function.
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Evaluacion de las velocidades de pared

de la auricula izquierda mediante Doppler pulsado
tisular. Una nueva aproximacion al estudio

de la funcién auricular

Introduccion y objetivos. Analizar el perfil de veloci-
dades de la pared auricular izquierda mediante Doppler
pulsado tisular y su relacioén con los registros de Doppler
convencional obtenidos a partir del flujo transmitral y de
las venas pulmonares.

Pacientes y método. Estudiamos a 90 sujetos, 50 mu-
jeres y 40 varones, con una edad de 48 + 22 afios. Se
obtuvieron los patrones de Doppler pulsado tisular de la
pared auricular izquierda. La poblacién fue dividida en 2
grupos: grupo | (< 45 afos) y grupo Il (> 45 afos). Se ob-
tuvieron simultaneamente los registros de Doppler pulsa-
do transmitral y de las venas pulmonares.

Resultados. El analisis con Doppler pulsado tisular de
la pared auricular izquierda muestra una sefal espectral
trifasica, con una onda positiva A1, seguida de 2 ondas
negativas (A2 y A3). En el grupo mas joven (grupo I) se
observa un patrén con una onda A2 prominente y una re-
lacion A2/A3 > 1. Con la edad (grupo Il), el pico de veloci-
dad de A2 disminuye y el de A3 aumenta, por lo que la
relacion A2/A3 se hace < 1. No se observaron diferencias
en las velocidades maximas de A1 entre ambos grupos
(13,5 £ 3,9 cm/s en el grupo | frente a 13,1 £ 5,4 cm/s en
el grupo II; p = 0,59). Los patrones de Doppler transmitral
y de pared auricular mostraron una concordancia signifi-
cativa (kappa = 0,584; p < 0,0001).

Conclusiones. Es posible estudiar de forma reproduci-
ble las velocidades de pared de la auricula izquierda me-
diante Doppler pulsado tisular. Este andlisis nos permite
disponer de nuevos datos cuantitativos que quiza puedan
ser de utilidad para el estudio de la funcién auricular.

Palabras clave: Auricula. Ecocardiografia. Contractili-
dad.

INTRODUCTION

Atrial function has been studied under different clin-
ical and experimental conditions. The contribution of
the left atrium to ventricular filling has been used to
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ABBREVIATIONS

PW-TDI: pulsed wave tissue Doppler imaging.

evaluate atrial contractile function."* Non-invasive es-
timation of left atrial contraction has normally been
done assessing transmitral blood flow using conven-
tional pulsed Doppler echocardiography. New tools,
such as automatic boundary detection, have made it
possible to validate various indexes of both systolic
and diastolic left atrial function.?

Pulsed wave tissue Doppler imaging (PW-TDI) is a
relatively new echocardiography tool for analyzing
high amplitude and low frequency Doppler signals
from the cardiac muscle.* An excellent signal-to-noise
ratio and the possibility of analyzing the data quantita-
tively are some of the new and attractive advantages of
PW-DTL> This technique has been used to evaluate
velocities and time intervals of the contraction and re-
laxation of both ventricles in different clinical situa-
tions.*!° However, there are very few studies that have
provided quantitative data on atrial function using PW-
DTL!

The aims of the present study were: a) to analyze
and attempt to describe PW-TDI spectral patterns of
the left atrial wall; b) to evaluate the reproducibility of
the technique; and ¢) to study the relationship between
PW-TDI patterns of the left atrium and those obtained
through conventional pulsed Doppler echocardiogra-
phy from transmitral and pulmonary vein flow veloci-
ties.

PATIENTS AND METHOD
Study Population

We studied left atrial wall velocities with PW-TDI
in a consecutive group of subjects selected in the
echocardiography laboratory when, regardless of the
reason for the test, the echocardiographic studies were
reported as normal and there was correct visualization
of the atrial walls in the echocardiographic apical 4
chamber view. Exclusion criteria were as follows: a)
the presence of structural heart disease; b) anomalies
in baseline ECG, including the presence of a non-sinus
rhythm; and c¢) unsuitable or poor quality spectral
recordings with PW-TDI and conventional pulsed
Doppler echocardiography. To account for the effect of
aging on the normal patterns of conventional pulsed
Doppler echocardiography as well as its possible ef-
fects on those of atrial PW-TDI, the study population
was arbitrarily divided into 2 groups: group I (age <45
years) and group II (age >45 years). Thus, the first
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group included children, adolescents and young adults,
and the second, older adults and elderly people. The
centers’ Ethics and Clinical Trials Committee ap-
proved the study and informed consent was obtained
in all cases. All the echocardiographic and Doppler
studies were carried out by two observers (MPP and
DMG).

Transthoracic Echocardiogram

All the subjects underwent complete conventional
bidimensional echocardiography. The anteroposterior
dimension of the left atrium was obtained in M-mode
from the parasternal long axis. The end-diastolic and
end-systolic volumes of the left ventricle were mea-
sured in the apical 4 chamber view and the ejection
fraction was calculated with Simpson’s modified rule.

Pulsed Wave Tissue Doppler Imaging
Acquisition of the Left Atrial Wall

The studies were done with the Sonos 5.500 system
(Philips Medical System) via a wideband transducer
(S4 fusion imaging: 2-4 MHz) and data digitally
stored on optical disc for later analysis. The PW-TDI
spectral signal filters were adjusted to obtain a
Nyquist limit of 20 cm/s. Gain was minimized to
obtain a clear signal from the tissue with the lowest
background noise possible. All the subjects were
studied in the left lateral position in the end phase of
expiration and in the apical 4 chamber view. The
lateral wall of the left atrium was divided into 3
segments: basal, medial, and distal. The tissue
Doppler imaging sample volume was placed in the
center of these consecutive segments for analysis.
Special care was taken to place the sample volume
within the endocardial boundary to avoid the pul-
monary vein entrance. The position of the transducer
was adjusted to obtain the best possible alignment
with the atrial wall. When analyzing the PW-TDI
curve, the sample volume moved outside (epicar-
dium) and inside the muscle of the atrial wall (atrial
cavity) to ensure that the recording was obtained
from the center of the wall. Likewise, when analyzing
the basal lateral segment of the left atrium, it was of
particular interest to move away from the mitral valve
ring, so that in all cases the recording obtained was
verified as differing in its morphology and velocity
from the one obtained by placing the sample volume
on the mitral ring. The PW-TDI measurements were
determined by averaging the results obtained in the
basal and medial segments of the lateral wall of the
left atrium after interrogating each one 3 times. Si-
multaneous electrocardiographic recording made it
possible to identify the different phases of each car-
diac cycle such that the exact moment of each of the
Doppler signals could be specified.
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Flow Analysis Via Conventional Pulsed
Doppler Echocardiography

Transmitral flow tracings were obtained with con-
ventional pulsed Doppler echocardiography in the
apical 4 chamber view with the sample volume
placed at the free ends of both mitral leaflets. At the
end of expiration the following parameters were ob-
tained: E-wave velocity, A-wave velocity, E/A ratio,
E-wave deceleration time (the slope from the peak of
the E-wave to the baseline value), and isovolumetric
relaxation time (interval from the closing of the aor-
tic valve to the beginning of ventricular filling). Like-
wise, the pulsed Doppler echocardiography recor-
dings of the left upper pulmonary vein were obtained
by placing the sample volume approximately 1 cm
within the vein. All the tracings were obtained during
an apnea phase. The different measurements carried
out in the pulmonary vein were: S-wave velocity,
D-wave velocity, S/D ratio, and retrograde atrial
A’-wave velocity. The mean of at least three consecu-
tive beats was calculated.

The filling patterns used to characterize diastolic
physiology were: normal, alterations in relaxation,
pseudonormal, and restrictive, in line with convention-
al echocardiographic criteria.!?

Statistical Analysis

The results are expressed as mean + standard devia-
tion (SD). The normal distribution of all the quantita-
tive variables was verified with the Kolmogorov-
Smirnov test with Lilliefors correction. Means were
compared with Student’s ¢ test. Chi-squared test was
used for the qualitative variables. Pearson’s correlation
test was used to obtain correlations between the PW-
TDI velocities and the transmitral and pulmonary vein
flow velocities. The kappa coefficient was used to
study concordance between the atrial velocities ob-
tained through PW-TDI and blood flow velocities de-
termined by conventional pulsed Doppler echocardio-
graphy (atrial PW-TDI vs transmitral flow and atrial
PW-TDI vs pulmonary vein flow). The kappa index in-
dicates moderate agreement if it is >0.4, marked
agreement if >0.6, high agreement if >0.8 and absolute
agreement if =1.!3 All comparisons were bilateral and
were considered significant at a P-value of <.05. To
evaluate interobserver variability, the data were evalu-
ated by 2 independent observers. In 30 subjects, a sin-
gle observer repeated the measurements to calculate
intraobserver variability. Intraobserver and interob-
server variability for the measurement of atrial PW-
TDI velocities and the transmitral and pulmonary vein
flow velocities were calculated with the intraclass cor-
relation coefficient. Values <0.4 indicate low reliabili-
ty; between 0.4 and 0.75 adequate to good, and >0.75
excellent reliability.'*
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RESULTS
Characteristics of the Population

The demographic and echocardiographic charac-
teristics of the study population are shown in Table 1.
We evaluated 110 subjects and 90 of these entered
the study: there were 50 women and 40 men with a
mean age of 48+22 years (range, 9-75 years). Twenty
subjects were rejected because the PW-TDI recor-
dings were unsuitable. Despite the 2 study groups
were quite homogeneous, the subjects in group II
(age >45 years) presented higher systolic blood pres-
sure and greater atrial size. Age was closely correla-
ted to the size of the left atrium (#=0.7; P<.001). In
addition, differences were found in transmitral and
pulmonary vein flow velocities in both groups, as
shown in Table 1.

Pulsed Wave Tissue Doppler Imaging
of the Left Atrial Wall

The left atrial wall generates a triphasic signal
formed by a positive Al wave, followed by two nega-
tive A2 and A3 waves. The time sequence of the ECG,
left atrial flow and transmitral and pulmonary vein
flow indicate that the A1 component of the atrial wall
occurs during ventricular systole and corresponds to
the atrial relaxation period. This wave could be due to
the movement of the mitral ring during ventricular
systole towards the base of the left atrial wall. The A2
wave is produced during early diastolic filling (the
passive phase of ventricular filling) and the A3 wave
coincides with atrial contraction (late ventricular or ac-
tive filling).

TABLE 1. Demographic and Echocardiographic
Characteristics in the Two Groups*

Group | (n=44)  Group Il (n=46) P
Age, years 30 65
Males, n (%) 20 (45.5) 20 (43.5) .22
SAP, mm Hg 120£10 135£20 .002
DAP, mm Hg 756 805 71
HR, beat/min 7010 7111 .57
Body surface, m? 1.94+0.20 1.90+0.23 A7
EF, % 655 62+4 44
LA diameter (M-mode), mm  31.6+4.1 42.5+5.8 .000
E-wave velocity, cm/s 79.6£16.7 64.1+18.7 .002
A-wave velocity, cm/s 50.9£9.0 68.9+18.1 .000
E-wave DT, ms 193+30 210+27 .08
IRT, ms 105£10 114+14 .26
S-wave velocity, cm/s 62.9+14.1 57.4£14.3 43
D-wave velocity, cm/s 51.9+13.9 427134 .01
Retrograde A velocity, cm/s 15.1+6.5 19.418.0 .02

*LA indicates left atrium; HR, heart rate; EF, ejection fraction; SAP, systolic
arterial pressure; DAP, diastolic arterial pressure; DT, deceleration time; IRT,
isovolumetric relaxation time.
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Fig. 1. Spectral recording of pulsed wave tissue Doppler echocardio-
graphy in group | (age <45 years).

The youngest subjects (group I) present a high-ve-
locity A2 wave pattern and an A2/A3 ratio >1 (Figure
1). As age increases (group II), the A2 wave velocity
decreases whereas that of the A3 wave increases. This
means that the A2/A3 ratio is >1 (Figure 2). These dif-
ferences between groups were statistically significant,
as shown in Table 2. In contrast, no differences were
found in the A1 wave velocities between the 2 age
groups (13.5+3.9 cm/s in group I vs 13.1£5.4 cm/s in
group II; P=.59).

Relationship Between Transmitral
Flow Patterns and Atrial Pulsed Wave
Tissue Doppler Imaging Patterns

The mean velocities of the E and A waves, E/A ra-
tio, E-wave deceleration time, and isovolumetric rela-
xation time in both groups are shown in Table 1. We
found that the mean velocity of the E wave was direc-
tly correlated with that of the A2 wave (r=0.55;
P<.001) and inversely with the atrial PW-TDI A3
wave (r=—0.52; P<.001). Likewise, the greater the
transmitral flow A wave velocity the greater the A3
wave velocity (r=0.55; P<.001) and the lower the
atrial PW-TDI A2 wave velocity (r=-0.52; P<.001).

TABLE 2. Left Atrium Velocities Obtained With Pulsed
Wave Tissue Doppler Imaging in Each Group*

A1-Wave Velocity A2-Wave Velocity A3-Wave Velocity A2/A3

Group | 13.5+3.9 22.6+6.4 15.216.1 >1(88%)
Group Il 13.1+5.4 10.56.1 19.6+7.9 <1 (86.5%)
P .59 <.0001 <.03 <.0001

*V indicates velocity.
All velocities expressed as cm/s.

1062 Rev Esp Cardiol 2004;57(11):1059-65

Fig. 2. Spectral recording of pulsed wave tissue Doppler echocardio-
graphy in group Il (age >45 years).

When the transmitral and atrial PW-TDI flow patterns
were analyzed as a whole, a moderate concordance be-
tween them was found (kappa =0.584; P<.0001). This
concordance stayed constant in all the age groups (Ta-
ble 3).

Relationship Between the Pulmonary Vein
and Atrial Pulsed Wave Tissue Doppler
Imaging Flow Patterns

A reduction in anterograde diastolic D-wave veloci-
ty occurred in pulmonary vein flow with age
(51.9+13.9 vs 42.7+13.4 cm/s; P=.01) without signifi-
cant changes in anterograde systolic S-wave velocity
(62.9+14.1 vs 57.4+14.3 cm/s; P=.15). Retrograde
atrial wave (A’) velocity increased with time from
15.1£6.5 to 19.4+£8.0 cm/s (P=.02). Despite these
changes, the S/D ratio remained >1 in most of the sub-
jects studied. These evolutionary patterns seem to be
due to the steady increase in the contribution of atrial
contraction to ventricular filling. Regarding atrial PW-
TDI, a weak inverse correlation was found between
A3-wave velocity and D-wave velocity in pulmonary
vein flow (r=-0.34; P=.01) and a positive correlation,
also weak, between atrial PW-TDI A2/A3 ratio and
D-wave velocity in pulmonary vein flow (r=0.41;
P=.002).

Interobserver and Intraobserver Variability

The interobserver and intraobserver variability for
the measurements of all the left atrium PW-TDI para-
meters (Al, A2, A3, and A2/A3) and the transmitral
and pulmonary vein flow velocities measured by the
intraclass correlation coefficient were 0.65 and 0.60,
respectively.
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DISCUSSION

The main finding of the present work is that the
left atrial wall shows a typical and replicable PW-
TDI pattern made up of three waves, one positive
(A1) and two negative (A2 and A3), that seem to
correspond, respectively, to atrial relaxation, early
ventricular filling and atrial contraction. Further-
more, quantitative data on the left atrial wall ve-
locities have been obtained from a group of sub-
jects without structural heart disease over a broad
age range. As far as we know, this is the first work
that attempts to approach the study of left atrial
function via PW-TDI and which provides morpho-
logical and quantitative information.

Left Atrial Function

Left atrial function has been widely studied.’>!" In
essence, the atrial cavity acts as a reservoir because
this cavity receives blood during ventricular systole. In
addition, it functions as a conduit or passage for blood
from the pulmonary veins to the ventricular cavity du-
ring ventricular diastole. Finally, it has an important
booster pump function (when sinus rhythm is present)
due to its capacity for presystolic contraction that co-
incides with the active phase of left ventricle filling
during late diastole. This booster pump function plays
an important role in the maintenance of cardiac output
in patients with severe systolic dysfunction.

In this work we have shown that it is possible to try
to evaluate the function of the left atrium through PW-
TDI, since each wave of the tissue pattern described
seems to correspond to each of the main actions of the
left atrium during the cardiac cycle. Thus, the A1 wave
corresponds to the reservoir function, the A2 wave to
the blood conduit or passage function and the A3 wave
to the atrial contraction function. Furthermore, in ac-
cordance with what truly occurs, we showed that the
atrial contraction wave acquires greater prominence
with the age.

The contribution of atrial contraction to filling has
already been extensively studied through Doppler
echocardiography.'®!° Thus, it has been demonstrated
that this contribution depends on numerous factors,
such as atrial contractility,'” preload,? postload,?! heart
rate,?? age,? autonomic tone,** atrioventricular conduc-
tion,” respiration,” and electrical cardioversion,”’
among others. The mean pressure of the left atrium
has been studied under different loading conditions in
animals with and without mitral regurgitation. The
pulmonary vein flow parameters correlated well with
mean atrial pressure under such loading conditions,
which in both cases show alterations.”” In a recent
study of left atrial function in which acoustic quantifi-
cation was used, Spencer et al.?® show that reservoir,
conduit and booster pump functions can be evaluated
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TABLE 3. Concordance Between Transmitral

Flow (E/A ratio) and the Pulsed Wave Tissue Doppler
Imaging (PW-TDI) Pattern of the Left Atrium

(A2/A3 Ratio)*

E/A Ratio (Transmitral Flow)

>1 <1

A2/A3 ratio (atrial PW-TDI) <1 36 2
>1 18 34

*Kappa =0.584; P<.0001.

through studying the waves obtained with automatic
boundary detection.

Age-Related Changes in Doppler
Echocardiography Parameters

As age increases there is a gradual reduction in the
capacity of the myocardium to relax and recover its
elasticity, leading to a gradual reduction of left ventri-
cular pressure and a slowing down of ventricular
filling.? Thus, with aging, transmitral flow E-wave ve-
locity decreases and A-wave velocity increases, lead-
ing to an E/A ratio <1, with some prolonged E-wave
deceleration and isovolumetric relaxation times. In the
present study, not only were these evolutionary
changes accurately reproduced, but also, via the PW-
TDI study, it was verified that the left atrium seemed
to experience similar changes as well. There was a
steady increase in the velocity of the wall correspon-
ding to atrial contraction (A3) and a decrease in early
ventricular filling wave velocity (A2), such that an
age-related A2/A3 ratio <1 could be observed in most
cases. These variations significantly correlated with
those of the transmitral flow obtained through conven-
tional pulsed Doppler echocardiography. However, the
correlation between the atrial PW-TDI and pulmonary
vein flow velocities was less frequent, and when sig-
nificant the correlation was weak. This might be the
result of the few changes that are observed over time
in pulmonary vein flow patterns (slight increase in SV,
slight decrease in DV and an almost constant S/D ratio
>1) in subjects without concomitant structural heart
disease.

Study Limitations

The limitations of the present study include the de-
pendency of the measurements on the operators’ skills
and the need for a suitable acoustic window to carry
out studies of acceptable quality. However, if the
echocardiographist has been trained in Doppler
echocardiography images and the equipment used is
technologically suitable, these limitations are purely
relative. The arbitrary division of the population into 2
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age groups could influence the results; however, the
fact that we know that Doppler echocardiography
recordings offer a clear evolutionary pattern forces us
to carry out an analysis of this type. New studies with
a greater number of subjects could further divide the
age groups to corroborate our results with greater pre-
cision.

In addition, and most importantly, we have to take
into account the intrinsic limitations of the tech-
nique, such as dependency on the angle of incidence
(this requires the best possible alignment between
the ultrasound beam and the main displacement vec-
tor of the wall analyzed), the changing situation of
the sample volume and its variable position during
the cardiac cycle, and the problem of analyzing the
movement of a cardiac segment as if this was taking
place in a single direction and not as it actually oc-
curs, that is, with complex movements in multiple
directions. Finally, although the clinical applicability
of this technique is unknown, we believe that it can
open a new path to the study of atrial movement and
function.

Conclusions

It is possible to replicate studies of left atrial wall
velocity via PW-TDI. Pulmonary vein flow velocity
and, in particular, transmitral flow velocity recordings
obtained via conventional pulsed Doppler echocardio-
graphy seem to be related to the recordings of the left
atrial wall obtained through PW-TDI. This makes new
quantitative data available which could be useful for
the study of atrial function. These data should be cor-
roborated by studies with a more complex methodolo-
gy thus leading to possible applications in different
clinical and hemodynamic situations.
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