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Introduction and objectives. To determine whether
the reproducibility of left ventricular outflow tract (LVOT)
area measurement is greater with three-dimensional
echocardiographic  (3D-echo) planimetry than with
conventional 2D-echo. To determine the LVOT circularity
index by means of 3D-echo. To determine the usefulness
of measuring the LVOT area by 3D-echo for quantifying
the severity of valvular aortic stenosis.

Methods. The study included 40 patients, of whom
22 had an aortic stenosis. The LVOT area was measured
using both 2D-echo and 3D-echo, and the circularity
index, using 3D-echo alone. In addition, the severity of
valvular aortic stenosis was categorized using both
2D-echo and 3D-echo.

Results. The levels of inter- and intra-observer
agreement on LVOT area measurements were better with
3D-echo. The circularity index was 1.50 (0.25), and there
was a very poor linear correlation with LVOT area
(r=—0.34; P=.47). Patients with valvular aortic stenosis
were categorized according to the severity of their
stenoses using both 2D-echo and 3D-echo. The level of
agreement between the 2 techniques was poor (k=0.36).

Conclusions. Measurements of the LVOT area made
using 3D-echo were more reproducible than those
made using 2D-echo. Consequently, 3D-echo may be a
better technique for assessing the LVOT area. In
addition, 3D-echo showed that the LVOT is elliptical in
form and that its size is not related to its circularity.
Moreover, 3D-echo could also be helpful in classifying
the severity of valvular aortic stenosis.
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Utilidad de la ecocardiografia tridimensional
en la cuantificacion del area valvular adrtica

Introduccion y objetivos. Determinar si la estimacion
del area del tracto de salida del ventriculo izquierdo
(TSVI) mediante planimetria con ecografia tridimensional
(Eco-3D) es mas reproducible que con ecografia bidi-
mensional (Eco-2D). Determinar el grado de circularidad
del TSVI mediante Eco-3D. Determinar el impacto de la
valoracion del area del TSVI mediante Eco-3D en la
cuantificacion de la severidad de la estenosis aodrtica val-
vular.

Métodos. Se recluté a 40 pacientes con valvulopatia
aortica, 22 con estenosis adrtica. Se calculd el area del
TSVI mediante Eco-2D y Eco-3D. Se calculd el indice de
circularidad del TSVI mediante Eco-3D. Por ultimo, se
clasificd la severidad de las estenosis adrticas mediante
Eco-2D y Eco-3D.

Resultados. El grado de acuerdo tanto entre observa-
dores como intraobservador a la hora de determinar el
area del TSVI fue superior cuando se uso6 Eco-3D. El in-
dice de circularidad fue 1,5 + 0,25 y presenté un grado de
asociacion lineal con el area del TSVI muy bajo (r =
—-0,34; p = 0,47). Los pacientes con estenosis aértica val-
vular fueron clasificados de acuerdo con su severidad de-
terminada con Eco-2D y Eco-3D. El grado de acuerdo en-
tre los métodos fue débil (x = 0,36).

Conclusiones. La medicién del area del TSVI median-
te Eco-3D es mas reproducible que con Eco-2D. Por lo
tanto, probablemente se trate de un método mas preciso
para evaluarla. La Eco-3D demuestra que el TSVI tiene
una forma eliptica y que su tamafo no se relaciona con
su morfologia mas o menos circular. La Eco-3D podria
ayudar a clasificar la severidad de la estenosis adrtica.

Palabras clave: Estenosis adrtica. Ecocardiografia. Tridi-
mensional.

INTRODUCTION

Aortic valve stenosis has become a major problem for
society. Treatment of advanced stages of stenosis is
relatively well defined, although the earlier stages—
particularly in cases in which severe stenosis is not
accompanied by symptoms—are still the subject of much
debate concerning management.!> One of the most



ABBREVIATIONS

AoVA: aortic valve area

CI: confidence interval

2D-echo: 2-dimensional echocardiography
3D-echo: 3-dimensional echocardiography
ICC: intraclass correlation coefficient
LVOT: left ventricular outflow tract

important aspects in the assessment of a patient with
aortic valve stenosis is the calculation of valve area. The
most widely used method for assessing the severity of
aortic valve stenosis is calculation of the effective area
using the continuity equation. However, this method is
not without its limitations. One of the most important is
the calculation of the left ventricular outflow tract (LVOT)
area, which is normally estimated with 2-dimensional
echocardiography (2D-echo) by determining the diameter
obtained from long-axis parasternal view. Besides the
fact that this approach assumes that the LVOT is a perfectly
circular structure, the standardized measurement of the
area of this tract is subject to great variation according
to the operator who performs the study and the limitations
of the technique itself. It can therefore be inaccurate,
which affects measurements as important as that of the
aortic valve area.>*

Recently, 3-dimensional echocardiography (3D-echo)
has been incorporated into the routine clinical practice of
many echocardiographic laboratories. The technique has
many advantages in the assessment of valve disease. For
example, it allows measurements to be made of different
cardiac structures in any spacial plane. In view of this
capability, it has proved to have a high diagnostic precision
in other clinical situations such as mitral valve stenosis,
subvalvular aortic valve stenosis, or determination of left
ventricular volumes and function.>!?

Our objectives were the following: first, to determine
whether the reproducibility of LVOT area measurement
is greater with 3D-echo planimetry than with conventional
2D-echo used to measure the diameter; second, to
determine the LVOT circularity index by means of 3D-
echo; and, finally, to determine the usefulness of
measuring the LVOT area by 3D-echo for quantifying
the severity of valvular aortic stenosis.

METHODS
Study Population

Forty patients with aortic valve disease were recruited.
Of these, 22 (55%) had aortic valve stenosis and 18 (45%)
had aortic valve regurgitation as the underlying problem.
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None of these patients had any other valve disease that
was more than mild in severity. All patients were informed
of the diagnostic techniques to which they would be
subjected and gave their informed consent. Likewise,
after being informed of the nature of the study, they
consented to their data being used anonymously for
research ends.

Echocardiographic Study

All patients underwent a full echo-Doppler study with
a Philips IE-33 device with S5-1 and X3-1 probes (Philips,
Andover, Massachusetts, United States). The images
were analyzed by 2 observers who performed the
measurements independently; 1 of these observers
repeated the measurement without knowing the result of
the first.

Conventional Echocardiographic Studies

The 2-dimensional images of the LVOT were obtained
from a long-axis parasternal view. The LVOT diameter
was determined from these images. Continuous-spectrum
Doppler traces were obtained of flow through the aortic
valve during systole from an apical 5-chamber view and
from a right parasternal plane. The trace with highest
maximum and mean velocities was considered for
subsequent analysis. In addition, traces were obtained
by means of pulsed spectral Doppler techniques at the
level of the LVOT during the systolic period using a 5-
chamber apical view. The aortic valve area was estimated
using the continuity equation.

Three-Dimensional Echocardiographic
Studies

The 3D-echo studies were performed immediately
after the conventional echo-Doppler study. For these
measurements, a Philips X3-1 probe was used (Philips,
Andover, Massachusetts, USA). This system allows for
the use of the so-called “full volume” technique, a pyramid
of data of 60°x60° from between 4 and 7 heartbeats; the
size can be magnified or reduced depending on the
morphologic characteristics of the patient. The 3-
dimensional images were captured from the apical
window. There were many reasons for using this window:
it is the plane for image capture for full volume
measurements for which we had most experience in our
unit; with this window, it is possible to capture the greatest
extent of cardiac structures; and, as this is a 3-dimensional
technique, visualization of the study planes can be
obtained from any projection. The images were stored
on the central server of the imaging service of our hospital
and were analyzed off-line at a workstation using Q-Lab
software (Philips, Andover, Massachusetts). LVOT
planimetry was undertaken using a section of the LVOT
immediately before the plane of insertion of the valve
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leaflets and parallel thereto, during ventricular systole
(Figure 1). Subsequently, measurement was taken of the
long axis and the longest axis perpendicular to the long
axis (referred to from now on as the short axis) of the
LVOT and from this same image, the circularity index
was obtained from the ratio of the long axis divided by
the short one. The values used in the final analysis were
the mean value of the measurements of the 2 independent
observers.

Statistical Methods

The statistics program used for the study was the SPSS
11.0 (SPSS Inc., Chicago, Illinois, USA). Quantitative
data were expressed as means (SD). Qualitative data were
expressed as numbers (percentage). The agreement
between methods was evaluated using the intraclass
correlation coefficient (ICC) and the 95% confidence
intervals (CI) were calculated. In the case of categoric
variables, the K statistic was used. To assess the degree
of linear association between variables, a simple linear
regression analysis was used. Statistical significance was
established at P<05.
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Figure 1. Planimetry of the left ventricular
outflow tract using 3-dimensinal
echocardiography and Q-Lab software
(Philips, Andover, Massachusetts, USA).

RESULTS

Of a total of 45 consecutive patients with aortic valve
disease who were analyzed, it was impossible to carry
out a correct analysis of the measurements of the LVOT
in 5 patients (11%) due to a poor acoustic window, and
so these patients were excluded from the study. Therefore,
a total of 40 patients with aortic valve disease were
included. The mean (SD) age was 65.5 (11) years. Of
these, 23 (57.5%) were men. The measurements obtained
by 2D-echo, 3D-echo, and pulsed Doppler and continuous
Doppler techniques are shown in Table 1.

Analysis of Inter- and Intraobserver
Agreement

As presented in Table 2 and in Figure 2, the level of
agreement, both between observers and for different
measurements by the same observer, for determination
of the LVOT area is much greater when measured
directly using 3D-echo planimetry than when estimated
from measurement of the LVOT diameter using
2D-echo.
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TABLE 1. Different Parameters Obtained by Using Conventional 2D-Echocardiography, Pulsed- or Continuous-
Spectrum Doppler Techniques, and 3D-Echocardiography?

LOVT Diameter LOVT Area LOVT TVI AoV TVI AoVA AoVA (AoVS)
2D-echo 2.1(0.1) 3.3(0.3) 1.4 (1.1) 0.8 (0.3)
Pulsed Doppler 27.8 (10.7)
Continuous Doppler 81.1(33.5)
3D-echo 3.9(0.7) 1.7 (1.5) 0.9(0.3)

2AoVA indicates aortic valve area; AoVS, only patients with aortic valve stenosis; 2D-echo, 2-dimensional echocardiography; 3D-echo, 3-dimensional echocardiography;

TVI, time-velocity integral; LVOT, left ventricular outflow tract; AoV, aortic valve.

TABLE 2. Degree of Inter- and Intraobserver
Agreement in the Calculation of the Left Ventricular
Outflow Tract Area®

IcC 95% CI P

Intraobserver
2D-echo LVOT area 0.27
3D-echo LVOT area 0.99
Interobsever
2D-echo LVOT area 0.43
3D-echo LVOT area 0.97

0.025-0.537 .037
0.983-0.995 <.001

0.143-0.656 .001
0.951-0.986 <.001
22D-echo, 2-dimensional echocardiography; 3D-echo, 3-dimensional

echocardiography; ICC, intraclass correlation coefficient; Cl, confidence interval;
LVOT, left ventricular outflow tract.

Analysis of the Circularity Index

The mean values obtained for the long axis and the
short axis of the LVOT were 2.68 (0.31) and 1.82 (0.28)
cm, respectively. The circularity index was 1.5 (0.25)

and showed a very low degree of linear association with
LVOT area, and this was not statistically significant
(r=-0.34; P=.47).

Impact of Using 3D-Echo for Quantifying
Severity of Aortic Valve Stenosis

In order to assess the possible impact of the use of 3D-
echo on the assessment of aortic valve stenoses, only
patients diagnosed with aortic valve stenosis were
considered (n=22). Two theoretical cross-sections of the
valve area were then established and the patients were
divided into 3 groups according to the following
classification: moderate aortic valve stenosis if the valve
area was greater than 1 cm?; severe if the area was between
1 and 0.75 cm?; and critical if the valve area was less
than 0.75 cm?. The patients were classified as previously
described using the results of the 2D-echo and the
3D-echo applied to the continuity equation (Figure 3).
The x statistic for agreement between the 2 methods was

Patients, No

-1 0 1

Difference in LVOT Area With 2D-Echo
Between Observer 1 and Observer 2

(o2}
1

Patients, %

4

-0.75 -0.5

-0.25 0 0.25

Difference in LVOT Area With 3D-Echo
Between Observer 1 and Observer 2

Figure 2. Histograms representing the interobserver differences in measurements of the left ventricular outflow tract area.
A: with 2-dimensional echocardiography (2D-echo). B: with 3-dimensional echocardiography (3D-echo).
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Figure 3. Severity of aortic valve stenosis using the estimate of the left ventricular outflow tract area. A: with 2-dimensional echocardiography. B:
with 3-dimensional echocardiography. Horizontal axis, 0: valve area >1 cm?; 1: valve area, 1-0.75 cm?; 2: valve area <0.75 cm?,

TABLE 3. Table of Agreement Between Quantification
of the Aortic Valve Area with 2D-Echo and 3D-Echo in
Patients With Aortic Valve Stenosis?

3D-Echo
Total
0 1 2

2D-echo

0 3 1 0 4

1 1 8 1 10

2 0 6 2 8
Total 4 15 3 22

%0 indicates valve area >1 cm?; 1, valve area 1-0.75 cm?; 2, valve area <0.75 cm?
2D-echo, 2-dimensional echocardiography; 3D-echo, 3-dimensional
echocardiography.

only 0.36 (P=.11). Table 3 shows the results for agreement
between the measurements obtained for the aortic valve
area using 2D-echo and 3D-echo in patients with aortic
valve stenosis (Figure 4).

DISCUSSION

Currently, the assessment of the severity of aortic valve
stenosis is essential for an appropriate management of
these patients.>* Although a range of methods can be
used, such as measurement of peak gradients or velocities
through the stenotic valve, it is always recommended to
measure the valve area.'> However, this technique is not
without its limitations. One of the most important is the
calculation of the LVOT area, which is normally estimated
using 2D-echo from the diameter obtained from a long-
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Figure 4. Histogram representing the differences in measurements of
aortic valve area with 2-dimensional echocardiography (2D-echo) and
3-dimensional techniques (3D-echo).

axis view in the parasternal plane. Besides the fact that
this approach assumes that the LVOT is a perfectly circular
structure, the standardized measurement of this tract
varies greatly according to the operator who performs
the study and the technique itself is subject to limitations.
It can therefore be inaccurate, which affects quantification
of the aortic valve area.>*



Three-D-echo presents a theoretical advantage: direct
planimetry of the LVOT can be obtained to provide an
assessment of the anatomic reality of this structure. From
a theoretical viewpoint, 3D-echo may be a useful tool
for performing a precise anatomic assessment of the
LVOT. This is because it is possible to reach a very precise
approximation of the true opening, as we can orient the
section in any spacial direction and, therefore, choose
the optimal one.>®!! Thus, 3D-echo might be able to
eliminate a serious limitation of calculation of the valve
area using the continuity equation.

The results of the present study reveal some interesting
findings. First, there is less inter- and intraobserver
variability in the determination of the LVOT area with
3D-echo than when estimated using traditional 2D-echo
methods. This suggests that this measurement might be
more accurate than the one usually performed using 2D-
echo. In addition, the results support the idea that the
LVOT is not a circular structure but rather an elliptical
one. This is another source of error in the determination
of the LVOT area from the LVOT diameter. What we
have called circularity index in this study shows that the
morphology of the LVOT is not circular. This explains
why the values for LVOT area obtained by 2D-echo are
smaller than those obtained by direct planimetry with
3D-echo. Furthermore, the linear regression analysis
shows that it is not LVOT area itself but rather individual
variations that determine how close the morphology
approaches a perfect circle and so 3D-echo may be useful
regardless of the LVOT size. That is, the circularity of
the outflow tract does not depend on its size but is
independent of this variable and probably depends on
the individual characteristics of the subject.

Finally, the data show that using 3D-echo, there are
patients who can be classified in a different severity
category than when 2D-echo is used. This finding could
be particularly useful in the case of patients with
asymptomatic aortic valve stenosis, in whom therapeutic
management is particularly complicated.?*!314

Limitations

The main limitation of this study is the lack of a
reference measurement technique. We do not have to
highlight the problems that this generates. However,
studies done recently with cardiac magnetic resonance
imaging and other studies with early 3D
echocardiographic methods support our findings.!>!¢ In
addition, the high reproducibility of the technique might
point to some type of systematic error in the technique,
a phenomenon that cannot be ruled out with the design
of the present study. This study is a first approximation
to the usefulness of 3D-echo in the assessment of aortic
valve stenosis. The regular use of this diagnostic method
in everyday clinical practice and future studies will assess
the possibility of generalizing the findings of the present
study to different types of patient.
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CONCLUSIONS

Measurement of the LVOT area using 3D-echo is more
reproducible than with 2D-echo. Therefore, this is
probably a more accurate method for the evaluation of
LVOT area. 3D-echo techniques show that the LVOT has
an elliptical form and that its circularity does not depend
on size. It may be that 3D-echo can provide a more
accurate classification of the degree of severity of aortic
valve stenosis than 2D-echo techniques.
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