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Synchronicity of Contraction in Patients with CAD
To the Editor:

Botvinick et al. l presented their interesting experience with the ra-

dionuclide (RN) phase image in the March 1982 issue of Circulation.
They obtained the RN phase image by using the first harmonic of the
Fourier transform to fit a cosine curve to the time-activity curve of the
ventricular pixels in the multigated study.

This investigation is of interest to many cardiologists seeking more
refined ways to study wall motion abnormalities in patients with coro-

nary artery disease (CAD). The data of Botvinick et al. I show that left
ventricular normokinetic and hypokinetic regions are indistinguishable
on phase-image analysis. As expected, dyskinetic regions were easily
identified as they demonstrated phase delay. Akinetic left ventricular
regions exhibited a disorganized phase pattern. However, as recognized
by the authors and as described by other investigators,2 Fourier phase
analysis may be inaccurate when ventricular wall motion is poor. Thus,
it would be reasonable to use standard wall motion assessment of aki-
netic regions until this uncertainty is resolved. From the foregoing, it is
evident that phase-image analysis contributes little to the evaluation of
ventricular wall motion.

Botvinick et al. I offered several explanations when discussing the
insensitivity of the phase image to detect hypokinetic regions: possible
limited temporal resolution of the study (i.e., greater than 29 msec.);
superimposition of opposing ventricular walls leading to cancellation of
phase differences; effects on regional phase delays by overlying or

background structures; and possible need to use higher harmonics or

more resilient curve-fitting procedures.
We would like to suggest that another explanation for the overlap in

the data rests not with instrumentation but rather in the inherent dynam-
ics of normal and abnormal regional left ventricular contraction. Accu-
mulating evidence indicates that asynchrony is uncommon in CAD
patients. Using contrast and RN ventriculography, Denenberg et al.3
found no evidence of global tardokinesis in CAD patients without a

previous infarction. Their findings agree with our RN first-pass and
angiographic data,4 which showed similar first-third ejection fractions
in normal subjects and in CAD patients regardless of the baseline con-

tractile state. We postulated that the reason for the overlap is the wide
variability in the normal range. Klausner et al.5 presented data that
further demonstrated that the initiation of contraction in normal subjects
is nonhomogeneous and that the sequence of systole in normals pro-

ceeds at different rates in the ventricular walls. A recent investigation in

our laboratory6 has established that although asynchrony occurs in CAD
patients, it is a rare phenomenon. Similarly, Wiener et al.7 demonstrat-
ed that epicardial activation is not delayed in hypokinetic segments.

A. J. KEMPER, M.D.
J. A. BIANCO, M.D.

Veterans Administration Medical Center
West Roxbury, Massachusetts
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The author replies.
To the Editor:

After reading our recent manuscript relating characteristics of the
phase image to patterns of contraction and conduction,l Drs. Kemper
and Bianco make several observations regarding the relationship of
phase angle to contraction pattern. They note initially that phase analy-
sis using a first Fourier harmonic fit may be inaccurate when ventricular
wall motion is poor. This is certainly so and stems from the fact that the
Fourier curve fit is made difficult or impossible as the amplitude of the
fitted function approaches zero. That is, when using this method to
assess a truly akinetic region, the lack of variation in counts or volume
within the region of interest produces a flat line rather than an undulating
function. Fitting such a "curve" would obviously be subject to extreme
variability when the cyclical Fourier function is applied.

However, it is not true that all apparently akinetic regions demon-
strated a disorganized phase pattern. Regions that appeared dyskinetic
as well as akinetic not infrequently presented extremely organized,
homogeneous regions with extreme phase delay. Most commonly, we
have seen such homogeneous regions of late phase angle associated with
akinetic or dyskinetic regions in left ventricles with obvious aneurysm.
The extreme phase delay in such localized aneurysmal segments can be
used to delineate the extent of such localized contraction abnormalities
and may possibly provide an objective method to size regions of ventric-
ular aneurysm, as we have demonstrated in a preliminary work.2 How-
ever, left ventricles demonstrating severe widespread contraction ab-
normalities, as in the setting of a congestive cardiomyopathy, often
show extremely disorganized ventricular phase maps. Although this
phase disorganization may again relate to curve fitting difficulties, it
may also relate to the variety of contraction patterns and disorganization
of contraction sequence seen in massively dilated, widely fibrotic ven-
tricles. We do not have the full explanation for these findings, but the
differentiation between ventricles demonstrating widely disorganized
phase variation and ventricles with aneurysms and localized regions of
homogeneous phase delay may be clinically important regardless of the
specific cause of the phase pattern.3
To the extent that a simple assessment of standard wall motion abnor-

malities could give us similar information regarding the extent of con-
traction abnormality, phase imaging would add little information. How-
ever, wall motion assessment tends to be subjective and, furthermore,
does not provide an evaluation of volumetric changes, as can potentially
the phase image. We think it is premature to conclude that phase-image
analysis contributes little to the evaluation of ventricular wall motion. It
can potentially help localize and quantitate regions of severe contraction
abnormality and can potentially differentiate among more subtle
abnormalities.

At the time of our analysis, we were able only to simply assess phase
changes in discrete segments of the RR interval related to our frame
duration. We and others currently use curve-fitting techniques that
permit an assessment of phase variation with a 2° resolution. Further
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