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Abstract

Fetal echocardiogram has developed into a reliable tool for prenatal diagnosis of con-
genital heart disease. It is also used to evaluate ventricular function. Recently, Tissue Doppler
Imaging (TDI) has been introduced to evaluate ventricular functions especially in ischaemic heart
disease. The objective of this study was to evaluate myocardial velocities and heart motions of
the normal fetal heart by using TDI. The TDI was preformed in 28 fetal hearts with a gestational
age of 20-35 wks (Mean 29+3.7 wks) to evaluate myocardial velocities and heart motion. The
Toshiba, Power Vision, machine with 3.75 and 5 MHz transducers was used with an appropriate
setting of colour-coded tissue velocities. The apical four chamber and apical or parasternal long
axis views were the standard planes for measuring myocardial velocities and evaluating the heart
motions. The results showed the myocardial velocities of the posterior wall of the left ventricle
during the early, mid, and late systolic phases were 1.5+0.2, 2.1+0.9, and 1.0+0.5 cm/sec and
early, mid, and late diastolic phases were 1.3+0.7, 1.9+0.8, and 1.1+0.7 cm/sec respectively. The
myocardial velocity of the anterior wall of the right ventricle during the early, mid, and late systolic
phases were 1.740.9, 1.740.6, and 1.0+0.6 cm/sec and early, mid, and late diastolic phases were
1.140.6, 1.840.7, and 1.5£1.0 cm/sec respectively. The myocardial velocity of the interventri-
cular septum could not be measured due to the abnormal septal motion and the total fetal heart
movement during the cardiac cycle. The fetal heart had anterior displacement during systole and
posterior translation during diastole and also had counter-clockwise rotation during the systolic
phase. Conclusion: Using the TDI to evaluate myocardial velocities of the fetal heart is limited by
the angle of ultrasound beam and the total fetal heart motion. The fetal heart movement is similar
to the newborn or young adult heart.
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Fetal echocardiogram has been accepted as
a reliable tool for prenatal diagnosis of congenital
heart diseases due to much improvement in the
resolution of the 2-D Echo picture and Doppler
Colour Flow Imaging(1'7)- Recently, the Tissue
Doppler Imaging (TDI) method which is a non-
invasive modality, has been developed(8-10). It is
based on the conventional colour Doppler imaging,
which makes it possible to measure cardiac wall
motion velocity as a parameter for quantitative eva-
luation of heart disease including ischaemic heart
disease, myocardial infarction(11-21), cardiomyo-
pathy(22) and ventricular pre-excitation (WPW syn-
drome)(23) in adults. In children, TDI has been
used to evaluate the myocardial velocities in nor-
mal and abnormal structural heart diseases(24,25)
especially in the abnormal origin of the left coro-
nary artery, myocarditis and congestive cardiomyo-
pathy. However, there have been no reports using
TDI to evaluate the ventricular function of both the
normal and abnormal fetal hearts.

The objective of this study was to evaluate
the myocardial wall velocities and the heart motion
of normal fetal hearts for the purpose of establish-
ing base line data to provide beneficial parameters
to detect or diagnose abnormal ventricular function
of the fetal heart.

PATIENTS AND METHOD

From 1998 to 1999, we performed trans-
abdominal fetal echocardiograms in 85 cases pro-
spectively to study the TDI. Twenty-eight of eighty-
five cases with normal fetal hearts with proper cut
and appropriate colour - coded tissue velocity were
recruited. The gestational ages of these 28 fetal
hearts were 20-35 wks (mean 29+3.7 wks). The
Toshiba, Power Vision machine with 3.75 and 5
MHz transducers were used with the appropriate
setting of colour-coded tissue velocity to evaluate
myocardial velocity and heart motion. The apical
four chamber view and apical or parasternal long
axis views with the M-mode superimposed were the
standard planes for measuring myocardial velocity
of the posterior wall of the left ventricle, interven-
tricular septum and anterior wall of the right ven-
tricle. The myocardial velocity interogation was
focused on the posterior wall of the left ventricle,
interventricular septum and the anterior wall of the
right ventricle at the tip or just below the tip of
the mitral valve. Endomyocardial velocity was mea-
sured during the early, mid and late phase of sys-
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tolic (contraction) and diastolic phases (relaxation)
of the posterior wall of the left ventricle, interven-
tricular septum and anterior wall of the right ven-
tricle (Fig. 1). The fetal heart motion was evaluated
by direct observation and by drawing the fetal heart
contour during each cardiac cycle (Fig. 2).

RESULTS

The myocardial velocities of the posterior
wall of the left ventricle during the early, mid, and
late systolic phases (contraction) were 1.5+0.6, 2.1+
0.9, 1.0+0.5 cm/sec and early, mid, and late dia-
stolic phases (relaxation) were 1.3+0.7, 1.9+0.8,
1.140.7 cm/sec respectively. The myocardial velo-
cities of the anterior wall of the right ventricle
during the early, mid, and late systolic phases (con-
traction) were 1.7+0.9, 1.7+0.6, 1.0+0.6 cm/sec
and early, mid, and late diastolic phases (relaxa-
tion) were 1.1+0.6, 1.840.7, 1.54£1.0 cm/sec respec-
tively. The myocardial velocity of both systolic and
diastolic phases of the posterior wall of the left
ventricle and anterior wall of the right ventricle
were scattered and had no correlation with the fetal
gestational ages. The myocardial velocity of the
interventricular septum could not be measured due
to the abnormal septal motion and the whole fetal
heart movement during the cardiac cycle. The fetal
heart had anterior displacement during systole and
posterior translation during diastole and also had
counter-clockwise rotation during the systolic phase.

DISCUSSION

The principle and application of the TDI
system has been reported in detail elsewhere(8-
10), The wall motion toward the transducer was
coded red and that away from the transducer was
coded blue. Real-time image was stored in cineloop
memory, permitting frame-by-frame review. The
quality and appropriate cuts of the apical four
chamber view and apical or parasternal long axis
view of the fetal heart were very important in order
to get good 2- D Echo and TDI pictures. These
were necessary for a reliable M-mode superimposed
picture with the appropriate colour-coded tissue
velocities and gain control to obtain optimal colour-
coded signals for measuring myocardial velocities
of the posterior wall of the left ventricle and the
anterior wall of the right ventricle. The fetal posi-
tion, frequently, was not in a good position to
obtain a good picture. The angle between the beam
of the ultrasound and the area measuring in addi-
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Tissue Doppler Imaging with the colour - coded M-mode of a normal fetal heart with a gestational
normal endomyocardial velocity during systole and diastole of the posterior wall

of the left ventricle (A) and the anterior wall of the right ventricle (B). The interventricular septum
was incorrectly colour-coded due to abnormal interventricular septal motion and fetal heart motion.
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Fig. 2.
during systole (A) and diastole (B).

tion with the fetal heart motion were the main fac-
tors which influenced the real value of the myo-
cardial velocities of both the posterior wall of the
left ventricle and the anterior wall of the right ven-
tricle. Before taking the measurements, standard
plane cuts with the M-mode superimposed includ-
ing the angle between the beam of the ultrasound
and the target area of the myocardium must be in
the proper position and good TDI pictures, other-
wise there would be a lot of error. The appropriate
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Tissue Doppler Imaging of the whole fetal heart motion by directly drawing of the whole heart

colour-coded tissue setting was also very impor-
tant in order to visualize and evaluate myocardial
velocities accurately. The myocardial velocities of
the distal areas of both the posterior wall of the
left ventricle and anterior wall of the right ventricle
could not be measured due to angle between the
beam of the ultrasound and the area of measure-
ment was too wide. New specialized software that
can eliminate the whole heart motions and auto-
matically correct the angle between the beam of the
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ultrasound and the area of measurement is needed.
The author hopes the results of these studies would
be the base-line data of the normal fetal heart myo-
cardial velocities of the anterior wall of the right
ventricle and posterior wall of the left ventricle and
could be used to determine the myocardial dysfun-
tion of an abnormal fetal heart. It may be used to
grade the severity of the myocardial dysfuntion if
new software programs are available. The right
atrial wall and the left atrial wall contractions pro-
duced weak signals and it was difficult to get good
pictures of wall contraction for measuring myo-
cardial velocities by TDI. The anterior wall of the
right ventricle seemed to have more vigorous con-
tractions than the posterior wall of the left ventricle
but there was no statistical difference in the mea-
surements. The fetal heart motion is similar to the
adult heart(26) which has anterior displacement
during systole and posterior translation the during
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diastole and a counter-clockwise rotation during the
systolic phase.

In conclusion, the use of TDI to evaluate
myocardial velocities of the fetal heart is limited
due to the angle between the beam of the ultra-
sound and the area of measurement as well as the
whole fetal heart motion. The myocardial velocity
of the posterior wall of the left ventricle and the
anterior wall of the right ventricle are not related
to the gestational age. The fetal heart movement is
similar to that in the newborn or young adult.
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