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Editorial

Does Doppler myocardial imaging give new insights or simply
old information revisited?

Current standard cardiac ultrasound techniques derive
their information on myocardial function indirectly either
from variables measured from grey scale endocardial and
epicardial specular reflections or from blood pool Doppler
indices. Doppler myocardial imaging (DMI) is a new car-
diac ultrasound imaging technique in which the Doppler
principle has been applied to measure a number of indices
of myocardial function.1-' This technique is based on
colour Doppler principles and has the potential to quan-
tify regional intramural velocities by detecting consecutive
phase-shifts of the ultrasound echoes from contracting
myocardium. There are several advantages of this tech-
nique over standard grey scale M mode and cross sec-
tional imaging. The velocity of motion at a large number
of neighbouring intramyocardial sites can be determined
and distinguished very rapidly. The Doppler technique
measures frequency shift rather than signal amplitude, and
the image information is not greatly affected by tissue
attenuation. Thus it is possible to obtain diagnostic quality
DMI images from patients who would be considered
poorly echogenic as a result of chest wall attenuation
effects on standard grey scale imaging.4
The technology changes involved in obtaining DMI

velocity images are described by Erbel et al an accompany-
ing editorial on page 193. From mean velocity informa-
tion, regional myocardial accelerations can be calculated
and displayed in a two-dimensional format. In addition,
reflected Doppler energy can be measured. This variable
directly measures tissue backscatter intensity and is
derived by determining the power of the reflected Doppler
signal. Doppler energy information is both velocity and
angle independent. In terms of blood pool imaging, it has
been shown to be directly equivalent to integrated
backscatter data.5

In vitro phantom studies have confirmed the accuracy
of DMI velocity encoding over the range of velocities at
which normal and abnormal myocardium moves.6
Velocity estimation has been shown to be affected by target
velocity, target material, system receive gain, and the pulse
train size, but the inherent error is at worst ± 10% of the
true mean velocity.6 The spatial resolution of both the
two-dimensional velocity and energy maps is at best 1 x
1 mm.2

DMI studies ofnormal myocardial function
Regional intramural velocities, acceleration, and reflected
Doppler energy can be displayed as a two-dimensional
image with frame rates similar to grey-scale imaging.
Intramural velocities and energy can also be displayed in
an M mode format. M mode velocity studies in normal
patients have confirmed the presence of reproducible
transmural velocity gradients across the septum and left
and right ventricular free walls during the cardiac cycle.
DMI M mode velocity studies have confirmed the normal
range of velocity distribution and timing of peak velocity
gradients within the left ventricular posterior wall and
interventricular septum.7 DMI M mode studies have also

been used to interrogate regional long-axis shortening of
the heart and have demonstrated a base-apex longitudinal
velocity gradient in both the septum and ventricular free
walls with the highest long-axis shortening velocities
recorded at the cardiac base and with almost zero veloci-
ties recorded at the apex. Thus the DMI technique has the
potential to characterise regional long-axis function of the
heart including regional abnormalities in long-axis short-
ening and relaxation. Such information is currently not
available from standard grey-scale imaging. DMI veloci-
ties have also been shown to change in a predictable man-
ner in response to both positive and negative inotropes in
an animal model. In addition, pulsed Doppler DMI veloc-
ity sampling of the myocardium can determine regional
myocardial peak velocities and their temporal relation to
mechanical and electrical events in the heart.

Left ventricular diastolic and left atrial function
Earlier ultrasound indices of diastolic function have been
derived either from digitised M mode traces of the left
ventricular endocardial surfaces or from Doppler indices
derived from blood velocities measured in the left heart. In
contrast, DMI provides a direct measure of intramural
velocities during left ventricular relaxation. Preliminary
studies have shown that DMI indices of myocardial relax-
ation parallel transmitral Doppler blood flow measure-
ments and normal changes in blood flow associated with
ageing.8 Others have shown that DMI derived diastolic
velocities of long axis lengthening correlate with normal
and abnormal atrioventricular valve ring velocities during
diastole.9 In addition, DMI indices have been shown to
correlate well with both left atrial wall function indices
and indices of left atrial appendage function.'0 However,
the extent to which these new indices provide new clinical
information remains to be determined.

DMI studies in cardiomyopathies
Clinical studies in the dilated cardiomyopathies (DCM),
hypertrophic cardiomyopathies (HCM), and patients with
concentric left ventricular hypertrophy have determined a
range of abnormalities in the distribution of intramural
velocities that cannot be demonstrated by either standard
grey-scale two-dimensional orM mode techniques. These
studies have shown a significant decrease in mean velocities
and velocity gradients during all systole phases during
atrial contraction in DCM patients." 12 In HCM patients,
velocity gradients were significantly decreased or reversed
in all systolic cardiac phases despite apparently normal M
mode fractional thickening indices."3 These abnormalities
are likely to be caused by the abnormal myocardial archi-
tecture in HCM patients and may prove to be a new ultra-
sound marker specific for this condition.

DMI studies in ischaemic heart disease
DMI can determine regional transmural acute and
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chronic changes in myocardial contractile function
induced by ischaemia. 12-14 These have been determined
both in animal models and in patients. The earliest
changes induced by ischaemia have been recorded using
the DMI pulsed Doppler technique to identify changes in
regional velocity. Significant early changes in regional
diastolic velocities in the ischaemic zone were found after
only 15 seconds ischaemia in a dog model.'5 Later changes
in systolic peak velocities were also observed which paral-
leled changes in the transmural velocity gradient obtained
by two-dimensional DMI reduction in wall thickening on
M mode grey-scale imaging. Encouraging results have also
been reported with regard to reversible ischaemic changes
detected using the DMI single sample volume pulsed
Doppler technique in conjunction with low-dose dobuta-
mine infusions.'6 Predictable changes in transmural veloc-
ities associated with a marked reduction in Doppler
energy signal strength have also been noted in patients
with acute myocardial infarction.14

Doppler energy evaluation ofmyocardial perfusion
Doppler energy has been shown to be effective in detect-
ing the presence of left heart contrast agents within the
myocardium in both a closed-chest animal model and in
normal subjects.2 Cross sectional Doppler energy imaging
has also been shown to detect regional perfusion abnor-
malities, perfusion changes caused by concomitant dipyri-
damole infusion, and myocardial reperfusion in an animal
model.'7 What role any of the Doppler energy techniques
might play in a clinically effective ultrasound approach
remains to be determined but currently DMI shows as
much promise as either radiofrequency data or second
harmonic imaging.

DMI evaluation of arrhythmias
The combination of DMI velocity and acceleration map-
ping using two-dimensional, M mode, and pulsed DMI
techniques can identify specific normal and abnormal
sequences of myocardial acceleration which accurately
reflect the mode and timing of electrical depolarisation.
Abnormal early regional changes in velocity or accelera-
tion associated with either Wolff-Parkinson-White bypass
tracts, unifocal ventricular extrasystoles, or sustained ven-
tricular tachycardias have been accurately located, as has
the immediate normalisation in depolarisation induced
during the monitoring of radiofrequency ablation.'8 19

Doppler myocardial imaging: advantages for
transthoracic 3-D reconstruction
Three-dimensional echocardiography (3-D) has been vali-

dated as an accurate technique for determining left ven-
tricular volume (LVV). However, the major limitation of
transthoracic 3-D data acquisition is often the poor stan-
dard of grey-scale image quality available for reconstruc-
tion. In contrast, DMI is (a ) relatively independent of the
amplitude of the ultrasonic signal returning from the
interrogated myocardium and is less affected by the atten-
uating effect of the chest wall and (b) the DMI algorithm is
a powerful boundary detection technique, and hence
potentially is able to provide a more complete data set for
3-D reconstruction than that obtained by grey-scale imag-
ing.20 LW measurements have been validated by compar-
ing transthoracic 3-D DMI with standard grey-scale
imaging techniques.2' Such studies have shown that,
despite the slightly inferior spatial resolution of DMI, 3-D
LW estimation was equally well effected by both.
However, the superior boundary detection and relative
lack of chest wall signal attenuation inherent in DMI
allowed for accurate volume measurements and successful
3-D volume reconstruction in difficult-to-image patients
in whom grey-scale imaging failed to acquire a data-set.

Doppler imaging of skeletal muscle and skeletal
muscle assist devices
Potential applications of DMI are not confined to cardiac
imaging. Early validation work has demonstrated that
DMI could be used to identify contracting skeletal muscle
groups.' Since then, skeletal muscle contraction in healthy
volunteers has been systematically examined.22 This study
demonstrated the capability of DMI to identify tetanic
skeletal muscle contraction; to differentiate between active
contraction and passive muscle movement; and to charac-
terise isotonic, isometric, and reflex skeletal muscle con-
traction profiles. Thus there may be considerable potential
for further evaluation ofDMI in neurological and muscu-
loskeletal applications. In particular, DMI may have prac-
tical application in the design and validation of
biomechanical assist systems such as latissimus dorsi car-
diomyoplasty.2324
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