






the set can be played back at variable rates. The 
stop action permits a more leisurely digitization 
and storage of each picture. 

Although the principles behind the tracking tech
nique are easy to understand, the numbers of arith
metic operations and bit manipulations are rather 
large. For example, using an 11 by 11 array of pix
els around each control point and assuming that 
the motion from picture to picture is no more than 
three units in any direction, it is necessary to use a 
19 by 19 array as a search window. This results in 
about 40,000 arithmetic operations for each of the 
32 control points as they move from picture to pic
ture. 

We performed the calculations on the IBM 3033 
central computer using the interactive APL lan
guage. We were able to use a readily available 
Tektronix-4015 graphics terminal in a gray level 
mode to display the digital images. This permitted 
us to use the powerful APL language for the track
ing operation, display the resulting contours graph
ically over the two-dimensional images, and obtain 
hard copy of the display immediately. 

Figure 3 shows the results of processing a block 
of pictures in an automatic mode. In this experi
ment, we used 20 consecutive high-quality echo pic
tures. The starting contours (Fig. 3a) were gener
ated manually. Figures 3b through 3j show the 
positions of these points as they are automatically 
moved by using the correlation tracking technique. 
Only the point positions at every other picture are 
shown; the tracking was done picture to picture. 
The automatic results were compared to the 
manual contours that were defined by a skilled 
echocardiographer on a duplicate set of the same 
pictures. 

The results of the pilot study provided convinc-
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ing evidence that this technique has a high proba
bility of being successful. 

MEDICAL APPLICATIONS OF THE 
CONTOURING DATA 

Under grants from various sources, the JHMI 
collaborating personnel, primarily Drs. J. L. Weiss 
and M. L. Weisfeldt, have been carrying out clini
cal research using the data produced by computer
aided contouring at APL. 

Experiments have been conducted at JHMI to 
validate the accuracy of two-dimensional echocardi
ography in determining heart volumes. A study was 
made of the accuracy of a ventricular heart volume 
determination in the dog heart preparation (isolated 
and working in a plastic tank). This study showed 
that, without mathematical or major geometric 
assumptions, two-dimensional echocardiography 
can be used to determine left ventricular heart 
volume on a moment-to-moment basis in a remark
ably accurate fashion in a beating heart prepara
tion. A specially designed "volumetric chamber" 
preparation, developed by the JHMI Department 
of Biomedical Engineering, was used as a standard 
for comparison. This validation of accurate volume 
determination was an essential step in the long-term 
program. Further validation studies were done that 
used fewer cross-sectional images. It is important 
that a few cross-sectional slices provide accuracy 
comparable to a large number of slices because the 
time required to obtain the additional data can 
make the technique cumbersome and not very easi
ly applicable to the clinical situation. Using dog 
data, volumes were calculated using different 
numbers of slices. It was found that even with 
thicker and fewer slices (approximately 1.25 cm 

(d) (e) 

( i) (j) 

Fig. 3-Correlation tracking of initial contour (Fig. 3a), established by echocardiographer, through a sequence of 20 
consecutive fields using 16 points on the endocardial and epicardial boundaries. Figures 3b through 3j show, at alter
nate fields, the new computer-determined positions of the control points. It is apparent that the movement of the ven
tricle walls is being followed. 
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thick) the volume estimations correlate very closely 
with those that were determined by the technique 
used as a standard for comparison. 

The ability of two-dimensional echocardiography 
to evaluate heart function by measuring the 
amount of heart-wall thickening during contraction 
was assessed and compared with results obtained 
by standard angiographic techniques (where a 
catheter in the heart injects a contrast dye for x
ray photography). Angiography is a surgical pro
cedure that carries some risk, whereas echocar
diology is noninvasive and, therefore, benign. It 
was found that the contouring technique of evalu
ating regional thickening in patients with coronary 
disease and in normal subjects correlates very close
ly with regional malfunction determined by cardiac 
angiography. Data from the contouring terminal at 
APL for 34 normal and abnormal patients were 
used in this study. An important finding of the 
study was that heart-wall thickening obtained by 
the two-dimensional echocardiographic contouring 
data identified the same diseased segments as 
observed by the standard method of cineangi
ography. Thus, the technique holds promise as an 
accurate noninvasive quantification of regional 
heart-wall malfunction in man. 

Using the contoured echocardiographic data, it 
was found that some patients with acute myocar
dial infarction (heart attack) undergo severe 
bulging or dilatation of the infarcted (or dead) 
zone at an . alarming rate. This heretofore poorly 
understood complication of acute myocardial in
farction, known as regional cardiac dilatation, may 
be an early and potentially lethal consequence of 
heart attacks . It is difficult to observe by conven
tional methods but is readily recognized by two
dimensional echocardiography using the computer
aided contouring technique. 

Since publication of the study on the first 28 pa
tients,2,3 longer follow-ups on these patients have 
been obtained. Others have been added to the 
study protocol. The contour data are being ana
lyzed with several new questions in mind: (a) What 
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is the role of bulging of the local dead heart tissue 
(infarct) in the development of left ventricular ab
normal dilatations (aneurysm)? (b) Do the unin
jured zones of the heart undergo hypertrophy (or 
thickening), and if so, what is the function of these 
zones? (c) What is the outlook for patients with in
farct expansion? (d) Does the regional dilatation, 
which occurs so soon after a heart attack, result in 
later complications such as irregular heartbeats 
and/or death? Future studies are planned for much 
larger patient populations to determine whether 
current drug therapies, such as nitroglycerine or 
propranolol, or future therapies can prevent these 
complications following a heart attack. 

In these research projects, the manual contouring 
terminal has been an essential component. The next 
stage of development is an attempt to automate the 
contouring process itself in order to reduce the time 
required for patient processing. With the manual 
system, a trained medical technician needs about 
two minutes to contour a single image. This trans
lates to hours of grueling work to process even a 
few cardiac cycles. If we can automate the process 
and speed it up by an order of magnitude, the sys
tem will have greatly enhanced clinical applicabil
ity. This is the current thrust of APL's research. 
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