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Abstract. Our purpose was to investigate the effects
of body size on the sizes of mitral (MV) and aortic
valve (AV) areas by three-dimensional (3-D) and
two-dimensional (2-D) echocardiography and to
create the normal values for 3-D echocardiography.
A total of 168 healthy subjects aged 2-27 years were
studied by digitized 3-DE, 2-DE, and Doppler
echocardiography.3-D echocardiography was per-
formed by using rotational acquisition of planes at
18° intervals from a parasternal view with electro-
cardiogram gating and without respiratory gating.
The annular levels of MV and AV were identified
from short-axis cut planes and their areas were
measured by planimetry. The diameters of mitral
annulus, left ventricular outflow tract (LVOT), and
aortic annulus were measured by 2-DE from the
apical and parasternal long-axis views. Flow indices
were measured by Doppler from MV inflow and the
flow in LVOT and in the ascending aorta. Both MV
and AV annular areas increased linearly in relation to
body size. In the total study group the estimated
areas for MV were 52 + 0.9 cm?/m’by 3-DE,
3.7 £ 0.5cm?/m? by 2-DE, and 2.0 + 0.4 cm?/m? by
continuity equation. The respective values for AV
were 2.7 + 0.5, 2.1 + 0.3, and 1.8 + 0.4 cm*/m>.
MYV velocity time integral (VTI)/ascending aorta VTI
increased from 0.80 (0.26) to 0.95 (0.23) with in-
creased body surface area (BSA), whereas MV VTI /
LVOT VTI was 1.2 (0.2) in all BSA groups. MV and
AV annulus areas increase linearly in relation to body
size. 3-DE gives greater estimates for the areas than
2-DE and Doppler equation methods. The data ob-
tained from 168 healthy subjects may serve as a ref-
erence for clinical use in patients with various cardiac
abnormalities.
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Knowledge of normal dimensions of aortic (AV) and
mitral valve (MV) areas is important in the manage-
ment of children with congenital heart disease. By
means of two-dimensional (2D) and Doppler echo-
cardiography, valve areas can be measured by plani-
metry or estimated indirectly by the continuity
equation. Planimetry has not been widely used with
children because of difficulties in measuring small ori-
fices of congenitally malformed valves. The pressure
half-time method is also used for calculation of stenotic
mitral valve areas in adults, but the method is affected
by the size of the subject and by changing hemody-
namic conditions [3]. 2DE and Doppler echocardiog-
raphy have been shown to provide a reasonable
estimate of mitral and aortic annulus diameter in
adults [12, 28]. In children, measurements must be
standardized according to normal growth. Data on
aortic [8, 25, 27] and mitral [18] valve annulus based on
2DE and aortic valve area measurements based on
Doppler echocardiography [6, 13] have been reported
for children.

Three-dimensional echocardiography (3DE) is a
new noninvasive imaging technique that has been
shown to be accurate in determining cardiac volume
and mass [24]. Evaluation of valvular heart disease
can also be improved by optimal cross-sectional
planes obtained by 3DE [17, 24]. Studies show that
3DE is feasible in the assessment of mitral stenosis [2,
4, 14, 30]. Visualization of the valve leaflets by 3DE
allows accurate localization and identification of
pathology, facilitating the preoperative planning of
MYV repair [9, 19]. The feasibility of 3DE in recon-
struction of the aortic valve and determination of
stenotic AV area have also been shown [11, 16, 17, 20].
To our knowledge, there are no published data on
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Table 1. Clinical characteristics of the subjects
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BSA (m?)
Characteristic 0.5-0.75 0.75-1.0 1.0-1.25 1.25-1.5 >1.5
n 16 41 34 29 48
Age (years) 3.7 (1.0) 6.9 (1.3) 9.9 (1.6) 12.5 (1.6) 17.3 (3.6)
Sex MBS, F8 M 22, F 19 M 17, F 17 M 15 F 14 M 23, F 25
Height (cm) 99.3 (7.3) 120.9 (6.5) 139.5 (5.2) 152.9 (5.9) 168.9 (9.6)
Weight (kg) 15.9 (2.5) 23.1 (2.7) 32.8 (3.2) 44.2 (4.3) 64.3 (11.1)
BSA (m?) 0.7 (0.1) 0.9 (0.1) 1.1 (0.1) 1.4 (0.1) 1.7 (0.2)
SBP (mmHg) 104 (7) 105 (10) 103 (6) 108 (8) 119 (10)
DBF (mmHg) 60 (8) 65 (12) 62 (8) 65 (8) 67 (10)
Heart rate (beats/min) 100 (16) 84 (10) 76 (10) 73 (8) 67 (12)

M, male; F, female; BSA, body surface area; SBP, systolic blood pressure; DBP, diastolic blood pressure.

Values are mean (SD).

aortic and mitral valve areas in healthy subjects in
relation to body size assessed by 3DE.

Methods

The study was carried out at Kuopio University Hospital, Finland.
Written informed consent was obtained from the parents or sub-
jects. The study was approved by the ethics committee of the
hospital.

Study Population

A total of 168 healthy children and young adults (85 males and 83
females) aged 2-27 years (mean, 11.1 £+ 5.1; median, 10.5) were
enrolled in the study. Weight and height of all subjects were re-
corded and body surface area (BSA) was calculated [7]. No subject
had heart disease, as judged by medical history, clinical examina-
tion, and echocardiography. For the analysis, the subjects were
divided into five groups according to BSA: 0.5-0.75, 0.75-1.0, 1.0—
1.25, 1.25-1.5, and more than 1.5 m>. The clinical details of the
subjects are shown in Table 1.

Echocardiographic Examination

Transthoracic echocaiographic examination was performed with
the patient lying supine or in the left lateral semirecumbent posi-
tion. Sedation was not used. Examinations were carried out by a
single observer using the GE Vingmed System FiVe ultrasound
scanner (Horten, Norway) and saved in digital form on the hard
disk of the ultrasound scanner. The transducer frequencies used
were 2.2, 3.5, or 5 MHz. Standard parasternal, apical, and sub-
costal views were used. 3DE was performed by using rotational
image acquisition from a parasternal long-axis view, with electro-
cardiograph gating and without respiratory gating. The subjects
were breathing normally during the scanning of 3D cineloops. The
normal transducer was fixed to a lightweight, computer-controlled
motored carriage that was easy to hold manually. An optimal
acoustic window was first selected by 2D scanning. Pressing a
button in the motored carriage initiated 3D data acquisition. The
transducer rotated in a semicircle of 180° around the central axis of

the imaging plane resulting in a conical data set. Ten complete
cardiac cycles were collected during the rotation. Scanning of a
plane took place if the pulse rate was within + 20 bpm of the
average. Thus, automatic selection of scanning times by RR
intervals allowed adequate registration of the cardiac cross sec-
tions. Three-dimensional cineloops (10 views; median, 54 frames/
heart cycle; range, 25-86) were digitally stored and transferred to a
detached computer for analysis. Together with the first loading of
the raw data set, a postprocessing was performed by the computer
in which it converted the recorded 2DE sequences into a volumetric
data set. The 3D echocardiographic method used has been de-
scribed in detail [21, 22].

Echocardiographic Analysis

The echocardiographic data were analyzed by a single observer
(TP). In addition, 30 patients were examined by another observer
(TT) for the purpose of interobserver analysis.

3 DE. The postprocessed data sets were used for displaying the
desired cross section of mitral and aortic valves (anyplane mode).
Planimetry was performed in optimal short-axis views of mitral and
aortic valves at the level of valve annulus (Fig. 1). The mitral
annular area was measured in early diastole and the aortic annular
area in early systole, when the valves were opened maximally. The
means of three planimetered areas were calculated.

2 DE. The diameter of the mitral valve annulus was measured
from the apical four-chamber view. The diameters of the left ven-
tricular outflow tract (LVOT) and aortic valve annulus were mea-
sured from the parasternal long-axis view. LVOT diameter was
obtained perpendicularly to the long axis of the outflow tract,
approximately 0.5 cm below the aortic annulus. Valve and LVOT
areas were calculated assuming circular annular geometry (r (d/2)?).

Doppler Echocardiography. Transmitral flow velocity
patterns were recorded from the apical four-chamber view, with
small sample volume being positioned between the tips of the mi-
tral valve leaflets. LVOT flow velocity was recorded from the apical
five-chamber view. The sample volume was placed in the outflow
tract at the same level where the LVOT diameter was measured.
Ascending aortic flow velocity was obtained from the suprasternal
notch. Measurements obtained on three consecutive heart cycles
were averaged. MV and AV areas were calculated using the con-
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Fig. 1. Mitral (A) and aortic (B) valves are visualized in short-axis projections and areas of the valves are traced at the level of valve annulus.

tinuity equation (MV area = LVOT velocity time interval (VTI) x
LVOT area (2DE) / MV VTI; AV area = LVOT VTI x LVOT
area (2DE)/ ascending aorta VTI) [29].

Statistical Analysis

Interobserver and intraobserver variability of 3DE was determined.
Bland-Altman analysis was used to identify possible bias (mean
difference between the two methods) and the limits of agreement
(2SD of the difference). Interobserver analysis was calculated be-
tween the analysis made by observer 1 and that by observer 2.
Intraobserver analysis was calculated between analyses from two
examinations made by observer 1. Differences between means were
assessed with Student’s paired or unpaired ¢-test or one-way
analysis of variance. In case of nonnormality, the nonparametric
Mann—Whitney/Wilcoxon test was used. Valve area estimates ob-
tained by different methods were compared by Pearson’s correla-
tion coefficient. The data are given as mean (SD).

Results

All 3DE examinations were carried out successfully,
and manual tracing of images was possible. The

acquisition time for a 3DE data set was 10-15 sec-
onds, depending on the frame rate used and the heart
rate. Image transfer to the detached computer took 2
or 3 minutes. The time required for image analysis
ranged between 5 and 10 minutes.

The clinical details of the subjects are presented
in Table 1. All subjects were in good clinical condi-
tion with normal exercise tolerance. Seven children
had asthma without symptoms at the time of exam-
ination. Three of the children with asthma had
medication with inhaled corticosteroids.

Reproducibility of MV and AV Measurements

Interobserver Variability. The bias £ 2SD between
the two observers for MV and AV area estimates by
3DE was —0.44 £ 2.59 and -0.27 + 1.10 cm®,
respectively. Correlation coefficients for 3DE MV
and AV estimates between two observers were 0.63
and 0.75 (p < 0.001), respectively. The bias £ 2SD
for 2DE MV and AV area measurements was
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Table 2. Echocardiographic measurements of the MV, AV, and LVOT

BSA (m?)
0.5-0.75 0.75-1.0 1.0-1.25 1.25-1.5 >1.5
n 16 41 34 29 48
3DE
MV area/BSA (cm?/m?) 5.5(0.9) 5.5(0.9) 5.2 (0.9) 4.8 (0.6) 5.0 (0.9)
AV area/BSA (cm?/m?) 2.7 (0.5) 2.8 (0.5) 2.8 (0.5) 2.6 (0.4) 2.6 (0.4)
2DE
MV area/BSA (cm?/m?) 4.0 (0.3) 3.9 (0.5) 3.5(0.5) 3.6 (0.5) 3.6 (0.5)
AV area/BSA (cm?/m?) 2.1(0.2) 2.1 (0.3) 2.0 (0.3) 2.0 (0.3) 2.0 (0.3)
LVOT area/BSA (cm?/m?) 2.4 (0.2) 2.4 (0.3) 2.2 (0.4) 2.2 (0.4) 2.2 (0.3)
Doppler
MV area/BSA (cm?/m?) 2.1 (0.5) 2.1 (0.4) 1.9 (0.4) 1.9 (0.4) 2.0 (0.4)
AV area/BSA (cm?/m?) 1.6 (0.4) 1.7 (0.5) 1.7 (0.4) 1.8 (0.4) 1.9 (0.4)

BSA body surface area; 3DE, three-dimensional echocardiography; 2DE, two-dimensional echocardiography; MV, mitral valve; AV, aortic

valve; LVOT, left ventricular outflow tract.
Values are mean (SD).

—0.14 + 1.41 and -0.13 + 0.39 cm?®, respectively,
and the respective correlations were r = 0.82 and
0.87 (»p < 0.001).

Intraobserver Variability. The bias £ 2 SD for 3DE
MV area was 0.31 + 1.56 cm?, and that for 3DE AV
area was 0.09 + 0.64 cm” with the respective corre-
lations being 0.79 and 0.89 (p < 0.001). The agree-
ment analysis between MV and AV measurements by
2DE resulted in a bias of 0.21 £ 1.05 and 0.06 +
0.50 cm?, respectively, and the respective correlations
were ¥ = 0.82 and 0.87 (p < 0.001).

2 DE and 3 DE Echocardiography

Mitral Valve Measurements. The mean MV area for
the whole study group was 5.2 + 0.9 cm?/m? by 3DE
and 3.7 + 0.5 cm?/m? by 2DE (Table 2). MV area
measurements by 3DE and 2DE correlated well
(r = 0.82, p < 0.001), but the values measured with
3DE were consistently larger than those obtained by
2DE. Figure 2 presents MV areas measured with
3DE and 2DE in relation to BSA. Correlation coef-
ficients of MV area estimates with BSA and height
were 0.85 and 0.82 for 3DE and 0.91 and 0.87 for
2DE (p < 0.001 for all). Table 3 shows the regression
equations for MV estimates calculated in relation to
BSA. No significant differences between males and
females were found in MV area measurements by
3DE and 2DE. The agreement analysis between 3DE
and 2DE for MV area estimates resulted in a bias of
1.84 + 2.52 cm? (p < 0.001) (Fig. 3).

Aortic Valve Measurements. The mean AV area for
the study group was 2.7 + 0.5 cm?/m? by 3DE and
2.1 + 0.3 cm?/m? by 2DE (Table 2). A good corre-
lation was found between 3DE and 2DE estimates of

AV area (r = 0.88, p < 0.001). Figure 2 presents AV
areas measured with 3DE and 2DE in relation to
BSA. Both 3DE and 2DE AV measurements corre-
lated closely with BSA and height (+ = 0.85 and 0.84,
r = 0.92 and 0.90, respectively; p < 0.001). Regres-
sion equations for AV areas and BSA are shown in
table 3. 3DE and 2DE AV area estimates/BSA ten-
ded to be greater in males than in females, but sta-
tistical significance was reached only in the 1.0-1.25
and >1.5 m? BSA groups (p < 0.05). In agreement
analysis between 3DE and 2DE, the bias was
0.74 + 1.93 cm® (p < 0.001) (Fig. 3).

LVOT Measurements. 2DE estimates for LVOT
area are shown in Table 2. There were significant
correlations between LVOT and BSA and height
(r = 0.89, r = 0.87, respectively; p < 0.001). LVOT
area estimates/BSA tended to be greater in males than
in females, and statistical significance was reached in
the 0.75-1.5 m? BSA groups (p < 0.05 for all).

Doppler Echocardiography

Mitral Valve Measurement. Continuity equation
based on LVOT data resulted in the lowest estimates
for MV area (2.0 + 0.4 cm?/m?). In agreement
analysis between 3DE and Doppler measurements,
the bias and limits of agreement were 3.9 + 3.0 cm?
(p < 0.001). However, MV area estimates by con-
tinuity equation correlated with 3DE and 2DE esti-
mates (r = 0.79 and 0.80, respectively, p < 0.001).
There were also significant correlations between MV
area estimates by continuity equation and BSA and
height (» = 0.81 and 0.77, respectively; p < 0.001).
Regression equations for MV and AV areas calcu-
lated by continuity equation and BSA are shown in
Table 3.
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Fig. 2. Mitral valve and aortic valve area estimates assessed by 3DE and 2DE plotted against body surface area (BSA) in 168 subjects. The
solid lines represent median valve areas and the dashed lines represent 95th and 5th percentile values of valve areas.

Table 3. Relationship of BSA and MV, LVOT, and AV areas as-
sessed by 3DE, 2DE, and Doppler

Valve area Equation r

MYV (3DE) 4.669 x BSA + 0.586 0.85
MV (2DE) 3.491 x BSA + 0.215 0.91
MYV (Doppler)* 1.995 x BSA + 0.0186 0.81
LVOT (2DE) 2.121 x BSA + 0.185 0.89
AV (3DE) 2.444 x BSA + 0.283 0.85
AV (2DE) 2.043 x BSA + 0.0384 0.92
AV (Doppler)? 1.949 x BSA + 0.207 0.81

BSA, body surface area; MV, mitral valve; LVOT, left ventricular
outflow tract; AV, aortic valve; 3DE three-dimensional; 2DE, two-
dimensional.

“Estimation based on continuity equation and LVOT data.

Aortic Valve Measurement. AV area estimates cal-
culated by continuity equation were lower (1.8 £ 0.4
cm?/m?) than those measured by 3DE and 2DE, but
the estimates correlated well (r = 0.76 and 0.83,
respectively; p < 0.001). In agreement analysis be-
tween 3DE and Doppler measurements, the bias for

AV estimates was 1.1 + 1.4 cm? (p < 0.001). There
were significant correlations between AV area esti-
mates by continuity equation and BSA and height
(0.81 and 0.79, respectively; p < 0.001).

Table 4 summarizes the flow measurements from
MYV, LVOT, and ascending aorta (Ao asc). MV VTI/
Ao asc VTI increased from 0.80 (0.26) to 0.95 (0.23)
with increased BSA, whereas MV VTI/LVOT VTI
was 1.2 (0.2) in all BSA groups. Both MV VTI and
LVOT VTI increased with increasing BSA and with
decreasing heart rate (r = 0.49 and —0.64, and 0.56
and —0.52, respectively; p < 0.001 for all).

Discussion

Current reference values for MV and AV size are
based on 2DE and Doppler measurements. Both of
these methods present valvular area according to
mathematical estimates assuming circular geometry
of the valve. However, the normal mitral valve
apparatus has a consistent saddle-shaped configura-
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Fig. 3. Bland-Altman agreement plots for estimation of mitral
valve (MV) and aortic valve (AV) areas by 3DE in comparison with
2DE.

tion [5, 14, 18] and LVOT is frequently elliptical [1].
3DE allows direct visualization of valves and mea-
surement of the valve areca at the region of interest
(valve annulus, smallest orifice area). Thus, our
hypothesis is that 3DE provides a more reliable
estimation of the valvular areas than the older
methods. This study presents reference data on mitral
and aortic annular areas obtained with 3DE and
2DE in 168 healthy children and young adults. 3DE
estimates were greater than estimates calculated from
2DE dimensions. Our results showed a linear in-
crease with increasing body size in mitral and aortic
valve dimensions.

Mitral Valve Measurements

The estimates of MV area obtained in this study were
3.7 + 0.5 cm?/m? by 2DE and 5.2 + 0.9 cm?/m” by

Pediatric Cardiology Vol. 27, No. 2, 2006

3DE. In a postmortem study of children, the mitral
valve diameter was 2.3 cm/m> which was greater
than the 2DE diameter (2.0 cm/m?) in our study [26].
The area calculated from postmortem MV diameter
using circular geometry was only slightly smaller than
the 3DE estimate in our study [26]. In a previous
study of 103 children (aged 1 day to 15 years), mitral
annular lateral and anteroposterior diameters were
estimated to be 3.2 and 2.4 cm/m? suggesting an
elliptical shape of the mitral valve [18]. If the math-
ematical formula of ellipse ((m x diameter] x diame-
ter2)/4) was used, the previously mentioned mitral
valve diameters would have resulted in a valve
annular area estimate of 6.0 cm?/m?. The mean MV
area of 4.7 cm?/m? was obtained by the 2DE method
in healthy children (a diastolic cross-sectional valve
area at the base of the left ventricle, near the tips of
MYV leaflets) [23]. Mitral annular area estimates of
4.9-5.4 cm?/m? (the size changed during the cardiac
cycle) were obtained by 3DE in healthy adults [14].
The previously reported dimensions of MV annulus
in children have a logarithmic relationship to BSA
[18]. In contrast, our results by 3DE, 2DE, and
continuity equation show an obvious linear rela-
tionship of MV area to increasing BSA. The 3DE
estimates of MV annulus in our study are in agree-
ment with the 2DE values reported in children [18]
and also with recently reported 3DE estimates of MV
annulus in healthy adults [14]. The slightly smaller
postmortem MV area measurements compared with
3DE may be due to rigor mortis, which is known to
cause a shrinking effect, especially on atrioventricular
valves [12, 26, 31]. An additional factor causing
overestimation maybe distention of the annulus in the
blood-filled beating heart compared to autopsy val-
ues [31]. However, comparing the results from earlier
studies is difficult due to the various methods used
and because measurements have been made at dif-
ferent levels of the mitral valve (annulus, orifice).

Aortic Valve Measurements

Our study supports the finding that AV area is line-
ally related to BSA [13]. Our AV area estimates by
Doppler echocardiography are slightly greater than
those previously reported in children or adults. AV
areas assessed by continuity equation with Doppler
echocardiography were 1.33 cm?/m? in children and
1.57 em?/m? in adults [6, 13]. However, it has been
demonstrated that LVOT is frequently elliptical and
that calculating its area from diameter alone results in
an underestimation of the cross-sectional area [1]. In
the current study, the continuity equation seemed to
underestimate aortic valve area when compared to
3DE or 2DE.
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Table 4. Doppler echocardiographic findings of the subjects

BSA(m?)

0.5-0.75 0.75-1.0 1.0-1.25 1.25-1.5 >1.5
n 16 41 34 29 48
Heart rate (beats/min) 100 (16) 84 (10) 76 (10) 73 (8) 67 (12)
MV VTI (cm) 15.8 (2.5) 18.6 (2.6) 21.2 (3.1) 22.7 (3.8) 23.1 (4.3)
LVOT VTI (cm) 14.1 (2.0) 16.1 (2.4) 18.2 (3.5) 19.7 (2.5) 20.3 (3.0)
Ao asc VTI 21.5 (3.6) 22.9 (3.8) 24.9 (5.9) 24.3 (3.9) 24.9 (4.9)
MV VTI/LVOT VTI 1.2 (0.3) 1.2 (0.2) 1.2 (0.2) 1.2 (0.2) 1.2 (0.2)
MYV VTI/Ao asc VTI 0.80 (0.26) 0.84 (0.19) 0.88 (0.17) 0.95 (0.20) 0.95 (0.23)

BSA, body surface area; MV VTI, velocity time integral of entire transmitral flow complex; LVOT, left ventricular outflow tract: Ao asc,

ascending aorta.
Values are mean (SD).

The estimates of AV area obtained in our study
were 2.1 + 0.3 cm?/m? by 2DE and 2.7 + 0.5 cm?/
m? by 3DE. In a postmortem study, the aortic valve
diameter was 1.4 cm/m?, in agreement with our 2DE
estimate (1.5 + 0.3 cm/m?) and less than our 3DE
estimate, as was seen in the results of the MV [26].
Also, aortic annular dimensions by 2DE reported in
children are similar to 2DE estimates in this study [8,
25, 27].

Three-Dimensional Echocardiography in MV and AV
Measurements

3DE is a new noninvasive imaging technique that has
been shown to be accurate in calculating cardiac
volumes and mass and that also has improved eval-
uation of valvular disease [24, 30]. 3DE overcomes
the limitations of image plane positioning inherent in
2DE and it offers a more precise approach to measure
MYV and AV areas. However, only a few studies have
reported MV orifice areas in patients assessed by
transfhoracic 3DE [2] and transesophageal 3DE [4,
14]. Two of these studies found good correlations
between MV orifice area estimates obtained by 3DE,
2DE, and the Doppler pressure half-time method in
adults with mitral stenosis [2, 4]. One study reported
mitral annular arecas measured by 3DE in healthy
adults [14].

According to the literature, one of the most likely
practical applications for 3DE is for interventions in
valvular disease [15]. Aortic valve orifice areas have
been measured with transesophageal 3DE in patients
with aortic stenosis [11, 16, 20]. Transesophageal
3DE was found to be an accurate technique to mea-
sure AV area when compared with transesophageal
2DE and invasive techniques [11, 20]. Similar esti-
mates for AV orifice area were found with trans-
esophageal 2DE and 3DE [11]. In our transthoracic

study, 3DE estimates for AV area were slightly
greater than 2DE estimates.

Study Limitations

Dynamic 3D reconstruction is limited by the quality
of the original 2D echo cross-sectional images,
which can be adversely affected by minimal patient
movements, breathing, or cardiac arrhythmia.
Respiratory gating was ignored in this study in or-
der to shorten the image acquisition time so that
examination of small children without sedation was
possible. The harmful effect of filled lungs was
avoided by using a left semirecumbent position and
by finding an optimal acoustic parasternal window
near the mitral and aortic valves. The quality of
3DE data sets collected was suitable for analysis
even in young adults. Ten image planes were chosen
also for the purpose of short image acquisition time.
Increasing the number of image planes would
probably have increased the accuracy of the mea-
surements and would have been necessary for the
reconstruction 3D images of the valves and precise
examination of valve morphology.

Boundary tracing is a well-known source of
error common in all imaging systems. Although
valve annular area measurements with optimal im-
age quality are simple, one possible source of error
is overestimation of valve areas with angulation or
parallel shift of image planes when using 3DE and
especially when using 2DE [16]. Therefore, consid-
erable experience and operator skills are necessary
for correct application of 3DE methods. These
sources of error are possible reasons for greater
inter- and intraobserver variability in 3DE mea-
surements compared to 2DE measurements in our
study.

The timing of measurement may affect the esti-
mates of annular size. Studies have reported cyclic
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variation in mitral annular shape and area [10, 14].
The dimension of the mitral annulus is maximal and
most eccentric at the time of normal maximal atrial
volume. At mitral opening, the verticular and longi-
tudinal motions cause major changes in dimensions
[10]. The mitral annular movement and changes in
valve area were also seen while analyzing 3DE data.
We made mitral annular measurements in early
diastole, when the valve was maximally opened.

Despite these limitations, the presented data on
mitral and aortic valves in this large group of healthy
children and young adults provide a framework for
further use of 3DE in children with various heart
diseases. In the near future, real-time 3DE echocar-
diography will become part of routine echocardio-
graphic examination and 3DE measurements will be
available for clinical decision making. Introduction of
a new imaging method requires reference values
based on new methodology, different from those
based on 2DE or Doppler measurements.
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