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Following acute coronary occlusion, a left ventricu- 
lar functional abnormality is visualized by two- 
dimensional echocardiography (2D E) within sec- 
onds.le5 Numerous investigators have attempted to 
measure this functional abnormality and correlate it 
to risk area5 or infarct size.1-4 However, there contin- 
ues to be no consensus on the use of endocardial wall 
motion or wall thickening as the most appropriate 
index of ischemic dysfunction. Although, theoreti- 
cally, the extent and degree of wall motion and wall 
thickening abnormalities should correspond during 
acute myocardial ischemia, the complex three- 
dimensional motion of the heart during systolic 
contraction and the particular coordinate system 
used for quantitative analysis may alter this rela- 
tionship. To evaluate potential differences between 
regional wall motion and wall thickening measures 
of functional abnormality, we examined 27 dogs 
during acute coronary occlusion and compared the 
extent of the functional abnormality to the size of 
the myocardium rendered ischemic. 

METHODOLOGY 

Animal model. A total of 27 anesthetized, open- 
chest dogs, weighing between 18 and 23 kg, were 
studied. Each animal was anesthetized with sodium 
pentobarbital and underwent a left thoracotomy 
through the fifth intercostal space. Polyvinyl cathe- 
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ters were inserted into the left internal jugular vein 
for fluid and drug administration, into the ascending 
aorta for measurement of mean aortic pressure, and 
into the left atrium for subsequent injection of radio- 
active microspheres. The animal then underwent a 
limited right thoracotomy to allow placement of the 
2D E transducer directly on the heart using the right 
ventricle as a standoff. A 2 cm section of the left 
circumflex coronary artery was freed by dissection 
and a snare occluder was placed around it. 

Experimental protocol. 2DE was performed by 
means of a Diasonic 3400R scanner and a 2.25 MHz 
transducer. Images were recorded on a videocassette 
using a Panasonic recorder for later analysis. The 
2DE transducer was placed through the limited 
right thoracotomy directly on the right ventricle 
which served as a baflle to allow full visualization of 
the circumferential extent of the left ventricle in the 
short-axis projection. The left ventricle was scanned 
from aortic valve to the apex in the short-axis 
projection, and the midposterior papillary muscle 
position was identified. Once identified, baseline 
hemodynamic and 2DE data were acquired. 

The left circumflex coronary artery was then 
abruptly occluded and, at approximately 30 minutes 
following occlusion, a repeat 2DE study was per- 
formed in the same short-axis projection using the 
posterior papillary muscle as an internal landmark. 
Immediately thereafter, 600,000 technetium-99 
radioactive microspheres (20~ diameter) were 
injected into into the left atrium for subsequent 
autoradiographic analysis of the at-risk, jeopardized 
myocardium. 

Autoradiographic analysis. The animals were killed 
with potassium chloride injection and the hearts 
excised. The left ventricle was dissected free of the 
surrounding tissue, cooled in a freezer for 15 
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Fig. 1. Method of measuring circumferential extent and degree of left ventricular dysfunction from the 
left ventricular regional wall thickening map. See text for details. In this animal study, the extent of wall 
thickening abnormality is 153 degrees and the degree of dysfunction (hatched area) measures 21 cmz. 
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Fig. 2. Method of measuring circumferential extent and degree of left ventricular dysfunction from the 
left ventricular endocardial wall motion map. See text for details. In the same animal study as in Fig. 1, the 
extent of wall motion abnormality is 245 degrees and the degree of dysfunction is 33 cm2. Both values are 
greater than those derived by wall thickening measurements. 

minutes, and sliced into 5 mm transverse sections. 
For in vivo area at-risk determination, the 5 mm 
slices of the left ventricle were exposed for 18 hours 
on an 8 x 10 inch sheet of high-speed x-ray film and 
developed in an X-Omat automatic processor. Nor- 
mally perfused tissue appeared as an area of high 
radiographic density on the final autoradiogram, 
whereas hypoperfused tissue appeared as an area of 
lower or absent radioactivity.6 All slices were traced 
and the endocardial and epicardial margins were 
traced on a clear acetate overlay. By superimposing 
the tracing over the autoradiogram, the boundary of 
the hypoperfused area was drawn at the end of the 
zone of decreased radiographic density by eye. The 
midpapillary muscle slice corresponding to the 2DE 
was identified and the endocardial circumferential 

extent of hypoperfused myocardium was measured 
in degrees with a protractor. 

2DE analysis. With the use of a Diasonics CRC 
minicomputer-based video digitizing system, end- 
diastolic and end-systolic frames were selected for 
analysis by means of the onset of the Q wave in lead 
II to define end diastole and the smallest ventricular 
cavity to define end systole. An observer carefully 
traced endocardial and epicardial borders directly 
from the video display using a digitizing tablet for 
three consecutive beats. We have previously validat- 
ed our 2DE measurements by means of a specially 
constructed phantom7 and in viv0.8’~ Quantitative 
analysis was performed with the use of a radial 
contraction model and a fixed diastolic center of 
mass at 22.5-degree intervals over the full 360- 
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Table I. Hemodynamic and global left ventricular param- 
eters 

Parameters 

Heart rate (bpm) 
Mean arterial pressure 

(mm Hg) 

LV end-diastolic area (cm’) 
LV end-systolic area (cm’) 

LV area ejection fraction 
( "0 ) 

CO?WOl Occlusion 

124 _+ 5 134 + 5 
102 -+ 4 109 k 4* 

11.6 f 0.6 15.0 k 0.71 
5.9 2 0.4 10.6 k 0.6t 

50.0 f 1.7 30.3 -e 1.6t 

LV = left ventricular. 
*p < 0.05. 
tp < 0.0005. 

degree circumference. For correction of rotation, the 
midpoint of the posterior papillary muscle was fixed 
at 135-degrees. Endocardial motion was measured 
as: regional ejection fraction = end-diastolic 
area - end-systolic area/end-diastolic area x 100 % . 
Wall thickening was calculated as: end-systolic wall 
thickness - end-diastolic wall thickness/end-dia- 
stolic wall thickness x 100%. 

For each measured parameter, the mean -+ stan- 
dard deviation was calculated for three normal beats 
and 95% tolerance limits for normal were estah- 
lished in each individual animal. A functional map 
of the normal range of endocardial motion or wall 
thickening for each individual animal was used for 
comparison with occlusion values. Abnormally 
reduced functional parameters were expressed as 
the circumferential extent (degrees) and degree of 
dysfunction (cmZ), measured directly from each 
individual animal occlusion function map. The 
extent of this dysfunction was measured at the curve 
intercepts between the occlusion and normal maps. 
The degree of this dysfunction was measured as the 
planimetered area of the map that was abnormal 
(Figs. 1 and 2). 

Statistical analysis. All data are expressed as mean 
k standard error of the mean. Statistical compari- 
son of values was made by means of two-way 
analysis of variance and paired t tests, as appropri- 
ate. The probability (p) was considered to be statis- 
tically significant when <0.05. 

OBSERVATIONS 

Hemodynamic and global left ventricular parame- 
ters are summarized in Table I. Following coronary 
artery occlusion, there was no change in heart rate 
but a small increase in mean arterial pressure. Each 
animal developed, within seconds of occlusion, an 
obvious wall motion abnormality visible on 2DE in 
the region of the posterior papillary muscle corre- 
sponding to the perfusion bed of the left circumflex 
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Fig. 3. Individual data points for circumferential extent 
of wall motion and wall thickening abnormalities follow- 
ing coronary occlusion. The circumferential extent of wall 
motion abnormality significantly overestimates the cir- 
cumferential extent of wall thickening abnormality. 

coronary artery. Both left ventricular end-diastolic 
area and left ventricular end-systolic area increased 
(p < 0.0005) producing a significant decrease in left 
ventricular area ejection fraction from 50% to 30% 
(p < 0.0005). 

The circumferential extent of regional wall 
motion abnormality measured 266 f 11 degrees and 
significantly overestimated the circumferential 
extent of regional wall thickening abnormality by 
54% (Fig. 3). In addition, the degree of dysfunction 
by regional wall motion was 59% greater than that 
by regional wall thickening 0, < 0.0005) (Fig. 4). 
The hypoperfused risk area measured 128 +- 7 
degrees or 36 % of the left ventricular circumference 
for the midpapillary muscle slice. When the regional 
parameters were further compared to the hypoper- 
fused risk area, the circumferential extent of region- 
al wall motion abnormality overestimated the area 
at risk by 77% (p < 0.0005), whereas the circumfer- 
ential extent of regional wall thickening abnormality 
corresponded better to the area at risk and overesti- 
mated it by only 15% @ = NS) (Fig. 5). 

COMMENTS 

Our data indicate that 2DE left ventricular 
regional wall motion abnormality, by means of our 
specific radial contraction coordinate system, signif- 
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Fig. 4. The degree of dysfunction measured directly 
from the regional function maps. The degree of dysfunc- 
tion by wall motion significantly overestimates the degree 
of dysfunction by wall thickening. 

icantly overestimates both 2DE regional wall thick- 
ening abnormality and the myocardial area as risk 
following an abrupt coronary occlusion. The 2DE 
regional wall thickening abnormality, determined by 
precisely the same coordinate system, however, cor- 
responds better to the actual ischemic myocardium. 
Our results generally agree with previous reports by 
Lieberman et al.3 and O’Boyle et allo Lieberman et 
al.3 studied dogs 48 hours after coronary occlusion 
and found that both regional abnormalities of endo- 
cardial motion and wall thickening abnormalities 
distinguished infarcted from noninfarcted myocar- 
dium. However, they found that wall thickening was 
a more precise discriminator, although no data 
comparing circumferential extent of dysfunction 
were presented. O’Boyle et al.‘O studied closed-chest 
dogs at 48 hours and later following acute coronary 
occlusion. They found that both endocardial motion 
and wall thickening were equally sensitive in detect- 
ing infarction. Although abnormalities of endocardi- 
al motion and wall thickening both correlated with 
infarct size, endocardial motion abnormality overes- 
timated infarct size to a greater extent than did wall 
thickening abnormality. Thus these reports indicate 
that wall thickening abnormality by 2DE may be a 
more precise indicator of risk region and subsequent 
infarct size than endocardial motion. 

In contrast to these reports, Pandian et al.,” in a 
study examining different infarct sixes, found little 
difference between the detection of infarction by 
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Fig. 5. The circumferential extent of wall motion and 
wall thickening abnormalities compared to actual myocar- 
dial area at risk. Note that the circumferential extent of 
wall motion abnormality significantly overestimates the 
area at risk, whereas the extent of wall thickening abnor- 
mality is no different than the area at risk. 

means of endocardial motion versus wall thickening. 
However, they did not specifically address in their 
study whether the circumferential extent of wall 
motion and wall thickening abnormalities diiered. 
It is possible that these two parameters, although 
equally sensitive, produce variable information in 
terms of circumferential or sizing information of 
ischemic and/or infarcted myocardium. 

A number of quantitative schemes for measuring 
regional left ventricular abnormality by 2DE have 
been proposed. 11-16 There has been no consensus as 
to the most appropriate method. Schnittger et all5 
recently compared 44 different reference methods in 
each of three echo views and found that a fixed 
external reference system was optimal for the short- 
axis view at the papillary muscle level. For this 
reason, we employed a fixed external coordinate 
system for both endocardial wall motion and wall 
thickening measurements. Although there are inher- 
ent problems with all coordinate systems that use a 
centroid approach,17s l8 this is still the most common 
analytic approach to 2DE data. There are clear 
advantages to using a noncoordinate approach to 
left ventricular functional analysis which may be 
possible through global or regional shape parame- 
ters.18 However, these approaches remain in a devel- 
opmental stage and require further validation. Sim- 
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ilarly, there are advantages to analyzing regional 
information throughout the entire cardiac cycle 
rather than only in end-diastolic and end-systolic 
frames,16 but this approach is extremely time con- 
suming and would require automatic edge detection 
before proving to be of practical advantage.14 

Previous investigators have used wall thickening 
by ultrasonic crystals as an indicator of regional 
contractile performance and as a measure of inte- 
grated function across all layers of the myocardi- 
um.1g,20 Wall thickening has been demonstrated to 
have a close coupling to decreases in subendocardial 
blood flow and thus serves as a sensitive indicator of 
myocardial ischemia. 2o A potential criticism of the 
use of wall thickening measurements as an index of 
left ventricular regional function is that this method 
does not differentiate between true systolic wall 
thickening and spurious increases in this variable 
caused by translational or rotational “shear” move- 
ments of the left ventricular wall. However, by 
means of a triangulation technique for studying 
segmental wall thickness, Osakada et ahzl have 
shown that the contribution of these factors to 
segmental wall thickness measurements is trivial. 

Previous experimental studies have found region- 
al nonuniformity of contraction and marked animal 
to animal variability, which in combination produce 
extremely large confidence limits of normal regional 
left ventricular function.22’23 This is further compli- 
cated by individual animal variability in the perfu- 
sion bed of the occluded coronary artery. As a result, 
several investigators 5,23 have suggested using strict 
criteria, such as thinning or dyskinesis, as indicators 
of ischemic abnormality. However, we have observed 
major regional abnormalities with coronary occlu- 
sion in some dogs without actual thinning or dyski- 
nesis. Thus, to avoid these potential false negatives, 
we have used tolerance limits for normality in each 
individual animal. This approach avoids problems 
related to large interanimal variability and subse- 
quent definition of abnormality. 

Our observations have important clinical implica- 
tions concerning the sizing of ischemic abnormality 
with the use of ventricular functional data by 2DE 
and other cardiac imaging modalities. Wall thicken- 
ing, by virtue of the fact that it is calculated as a 
relative index and is less coordinate dependent, 
should be used as the standard for measurement of 
the size of the ischemic abnormality. Endocardial 
wall motion, on the other hand, is significantly more 
coordinate dependent and may tend to overestimate 
the actual functional abnormality. Therefore, 
although both parameters are sensitive indicators of 

ischemic dysfunction, possible differences between 
endocardial wall motion and wall thickening abnor- 
malities should be considered when evaluating the 
circumferential extent of ischemic myocardium. 

SUMMARY 

Previous 2DE studies have suggested that left 
ventricular wall thickening determinants of regional 
left ventricular function may be more precise than 
left ventricular wall motion parameters in the 
assessment of myocardial ischemia and infarction. 
To study the relationship between regional wall 
motion and regional wall thickening abnormalities 
relative to myocardial ischemia, we performed 2DE 
in 27 dogs at baseline and following 1 hour of 
circumflex coronary occlusion. A 2DE circumferen- 
tial map of regional wall motion and regional wall 
thickening was generated at 22.5degree intervals 
over 360 degrees using a fixed centroid. With the use 
of three consecutive beats, 95% normal tolerance 
levels were derived for each individual left ventricu- 
lar function map. The circumferential extent of left 
ventricular dysfunction was measured at the curve 
intercepts of the occluded and normal maps. The 
left ventricular ischemic area at risk for the corre- 
sponding 2DE slice was determined by technetium- 
99 autoradiography. Following coronary occlusion, 
left ventricular end-diastolic area increased 
(p < 0.0005), left ventricular end-systolic area 
increased (p < 0.0005), and left ventricular area 
ejection fraction decreased (50 +- 2 % to 30 -t 2 % , 
p < 0.0005). The circumferential extent of regional 
wall motion overestimated the area at risk by 77% 
(226 k 11 degrees vs 128 + 7 degrees, p < 0.0005), 
whereas the circumferential extent of regional wall 
thickening corresponded to the area at risk (147 + 9 
degrees vs 128 * 7 degrees, p = NS). In addition, 
the circumferential extent of regional wall motion 
overestimated regional wall thickening by 54% 
(p < 0.0005). We conclude that regional wall thick- 
ening abnormality corresponds better to actual area 
at risk and that regional wall motion overestimates 
the extent of regional dysfunction. This overestima- 
tion most likely relates to the use of the centroid 
method of analysis which influences regional wall 
motion more than regional wall thickening. 
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