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systolic and diastolic, from which
several measurements can be
obtained: 1. The systolic phase
is characterized by a positive
wave (5) preceded by the time
taken for regional isovolumic
contraction (RIVCT); 2. The dia-

Tissue Doppler Imaging (TDI) is an emerging
non-invasive ultrasound technique that makes
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b) the rapid filling period char-
dynamics.

negative

Tw velocity of moving tissue can be studied
with pulsed wave (PW) tissue Doppler
sampling, which displays the peak velocities
within a selected myocardial region against
time, with high temporal resolution (approxi-
mately 8 msec). In addition, the mean velocities
can be calculated with time velocity maps and
displayed as colour encoded velocity maps in
either an M-mode or a two-dimensional format.
While PW tissue Doppler can be analyzed in a
manner similar to PW flow Doppler, providing
regional evaluation of peak and mean velocities,
the amount of information contained in colour
tissue Doppler is still very underestimated. Since
the introduction of TDI it has been clear that
simple visual interpretation suffered from all the
limitations of a qualitative method, and the
need for quantification of regional left ventri-
cular function became evident. Indeed, since all
the points within the ventricular walls are velo-
city-encoded in real-time, the colour-coded
display should provide a huge amount of infor-
mation which could form the basis for the
application of accurate, reproducible quanti-
tative evaluation.

Tissue Doppler analysis
modalities

As with Flow Doppler, myocardial velocities
can be analyzed by TDI with different
modalities: pulsed wave (PW-TDI), colour two-
dimensional (2D-TDI), and colour M-mode
(MM-TDI).

The spectral PW-TDI method provides
higher temporal resclution and resolves all peak
velocities. With this modality a sample volume
is placed within the myocardium (either in the
endocardium or the epicardium) and the low
Doppler shift of frequencies recorded from the
heart wall moving through the sample volume
during the cardiac cycle is recorded. The pattern
(Fig. 1) can be divided into two parts,

acterized by a

wave (E);

c) diastasis, and

d) filling due to atrial contrac-
tion, represented by a second negative wave (A).

The 2D-TDI method provides acceptable
spatial resolution along the direction of the ul-
trasound beam but lower temporal resolution
compared to pulsed TDI (pulsed measures peak
velocities; colour encodes mean velocities), The
temporal resolution varies according to the
system used and ranges from 100 msec in first
generation to 10 msec in the new fully-digital
systems.

The main advantage of MM-TDI is related to
the inherent highest frame rate of this modality
which is relatively independent of two-dimen-
sional image quality. Depending on the orienta-
tion of the cardiac structures relative to the ul-
trasound beam, the velocity signals appear red
or blue according to the movements of the
myocardium towards or away from the trans-
ducer, respectively. Moreover, different colour
coding scales reflect different velocities: low ve-
locities are coded with dark colours, while high
velocities are coded with bright colours.

Qualitative analysis of colour
Tissue Doppler Imaging

The MM-TDI can be recorded either in par-
asternal or apical views. The angle dependency
of TDI implies that only measurement of tissue
motion parallel to the exploring ultrasound
beam can accurately resolve myocardial veloci-
ties, although timing and velocity waveforms
are angle-independent. Thus, the MM-TDI from
the parasternal and apical views allow the anal-
ysis of contraction and relaxation of circumfe-
rential (intra-myocardial) and longitudinal (sub-
endocardial) fibers, respectively.

Colour B-scan gives the best overview of
cardiac dynamics because all of the scanned
colour data are displayed simultaneously. More-
over, a cine-loop with several image frames
stored in an electronic memory allows an easy
frame-by-frame analysis. The colour maps used






