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Abstract

The diagnostic value of dobutamine stress echocardiography, myocardial contrast echocardiography
and dipyridamole stress thallium-201 single photon emission computed tomography (SPECT) for predict-
ing recovery of wall motion abnormality after revascularization was evaluated in 13 patients with
postmyocardial infarction.

Seventeen segments showed severe wall motion abnormalities before revascularization. Nine segments
which had relatively good TI uptake on delayed SPECT images despite severely abnormal wall motion
were opacified during myocardial contrast echocardiography, and showed improved wall motion after
revascularization. In contrast, three segments which had poor TI uptake and severely abnormal wall mo-
tion were not opacified during myocardial contrast echocardiography, and showed no improvement in
wall motion during dobutamine stress echocardiography and after revascularization.

The following three findings were assumed to be signs of myocardial viability : 1) good Tl uptake on
delayed SPECT images; 2) improved wall motion by dobutamine stress echocardiography; and 3) posi-
tive opacification of the myocardium by myocardial contrast echocardiography. Myocardial contrast
echocardiography had the highest sensitivity (100%) and negative predictive value (100%). Delayed
SPECT images had the highest specificity (100%) and positive predictive value (100%). Dobutamine
stress echocardiography had a sensitivity of 83.0%, specificity of 80.0%, positive predictive value of 90.9
%, and negative predictive value of 66.7%, respectively. Myocardial contrast echocardiography showed
the lowest specificity (60.0%).

The techniques of dobutamine stress echocardiography and SPECT, though noninvasive, may underes-
timate wall motion improvement after revascularization. Further examination by myocardial contrast
echocardiography is recommended to assess myocardial viability for determining the indications for coro-
nary revascularization in spite of its invasiveness.
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INTRODUCTION

Assessment of myocardial viability has become
increasingly important due to recent advances in
revascularization techniques such as percutaneous
transluminal coronary angioplasty (PTCA). At
present, revascularization is often performed even
for infarct areas showing abnormal wall motion in
patients with myocardial infarction which occurred
several weeks or months earlier. Some patients
show wall motion improvement after revasculariza-
tion".

In recent years, two echocardiographic methods
have been used to assess myocardial viability : low-
dose dobutamine stress echocardiography, which
elicits contractile improvement of wall motion ab-
normalities in response to an inotropic stimulus?,
and myocardial contrast echocardiography, which
can be used to define the spatial distribution of mi-
crovascular perfusion”. Few studies have reported
the usefulness of these two techniques in predicting
wall motion improvement after revascularization in
patients with postmyocardial infarction.

The present study compared the diagnostic value
of dobutamine stress echocardiography, myocardial
contrast echocardiography and dipyridamole stress
thallium-201 (*'TI) single photon emission com-
puted tomography (SPECT) in predicting wall mo-
tion recovery after revascularization in the same pa-
tients with postmyocardial infarction and abnormal
wall motion.

METHODS

Subjects

The study included 13 patients with postmyo-
cardial infarction who fulfilled the following
criteria : 1) chronic coronary artery disease with
previous myocardial infarction which had occurred
more than 1 month before, 2) severely reduced
wall motion based on two-dimensional echocar-
diography, 3) more than 90% diameter stenosis of
infarct-related coronary artery, 4) successful coro-
nary revascularization, and 5) no evidence of coro-
nary restenosis on the coronary angiogram per-
formed 2—5 months after revascularization.

Twelve patients were male and one was female

Stress echocardiography (dobutamine),
Revascularization,

Radionuclide imaging
Contrast echocardiography

(mean age : 635 years). Twelve had undergone
PTCA and one had undergone coronary artery by-
pass grafting (CABG) on the infarct-related coro-
nary artery (left anterior descending coronary artery
four cases, left circumflex coronary artery four
cases and right coronary artery five cases).

Methods

Segmentation of the left ventricle

The left ventricle on each image obtained from
two-dimensional echocardiography, SPECT, dobu-
tamine stress echocardiography and myocardial
contrast echocardiography was divided into six seg-
ments in the mid-ventricular slices of the short-axis
views as shown in Fig. 1.

Two-dimensional echocardiography

dobutamine stress echocardiography

All patients underwent baseline two-dimensional
echocardiography and dobutamine stress echo-
cardiography prior to revascularization. During
dobutamine stress echocardiography, improvement
in wall motion was assessed by two-dimensional
echocardiography. Dobutamine was administered
intravenously for 3 min at an initial dose of 5 ug/
kg/min and was increased to 10 ug/kg/min during
the subsequent 3 min period. Wall motion in each
segment of the left ventricle was assessed visually
and was semiquantified using the 4-grade sys-
tem: 3 (normal), 2 (mildly hypokinetic), 1 (se-
verely hypokinetic) or 0 (akinetic). Short-axis
images of the left ventricle, taken at baseline
echocardiographic examination, during low-dose
dobutamine administration (10 pg/kg/min) and at
the follow-up study after revascularization, were
compared using a digital image analyzer (Freeland,
CO, USA). In dobutamine stress echocardiography,
improvement of contractile function was defined
when the score improved by 1 grade or more.

Myocardial contrast echocardiography

Using a 20W, 20 kHz sonicator (Sonifier II,
Branson, CT, USA), 5% human albumin was soni-
cated for 30 sec to obtain an ultrasonic contrast me-
dium. Before revascularization, this contrast me-
dium was infused manually into the right coronary
artery (2 m/) and the left coronary artery (3 ml) at
1 mi/sec while simultaneously performing transtho-

and
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Fig. 1 Schematic representation of the six myocardial segments used
for comparison of two-dimensional echocardiography and
dipyridamole stress thallium-201 single photon emission com-
puted tomography

A=anterior; AL=anterolateral; IL=inferolateral; 1=
inferior; IS=inferoseptal; AS=anteroseptal.

racic two-dimensional echocardiography. Segments
with patchy or homogeneous opacification were de-
fined as positive opacification.

Dipyridamole stress thallium-201 single pho-
ton emission computed tomography

Patients underwent SPECT (mean: 7.2 days)
before revascularization. After dipyridamole (0.56
mg/kg) was injected intravenously for 4 min, *'Tl
(3 mCi) was injected intravenously. Tl images were
acquired immediately after Tl injection (early im-
age) and 3—4 hours after injection (delayed image).
Short-axis, vertical long-axis and horizontal long-
axis tomograms were displayed on transparency
film for visual interpretation. On the mid-ventricu-
lar slices of the short-axis tomogram, T1 uptake was
assessed visually using a 4-point scale : 3 (normal),
2 (mildly reduced), 1 (severely reduced) or O (ab-
sent). Segments of good T1 uptake (score 3 or 2) on
delayed SPECT images were regarded as viable.

Follow-up study

At 2-5 months (mean : 3.6 months) after revas-
cularization, the absence of restenosis was con-
firmed on the coronary angiogram, and subse-
quently follow-up resting two-dimensional
echocardiography was performed. The definitive
evidence of hibernating myocardium was provided
by improvement of the wall motion score by 1 grade
or more after revascularization.

The sensitivity, specificity, accuracy, and posi-
tive and negative predictive values of SPECT,
dobutamine stress echocardiography and myocar-
dial contrast echocardiography for predicting wall
motion improvement after revascularization were
calculated.
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Table 1 Relationship between myocardial contrast echocardiography
(MCE) and dobutamine stress echocardiography (DSE)

findings
Group A Group B
MCE MCE
+ - + -
000
@ + 000 i + 0o
A 0 a
- O - oe 000

MCE+ : myocardial opacification (+), MCE— : myocardial opacifi-
cation (—), DSE+ : wall motion improved with DSE, DSE— : wall
motion not improved with DSE, O : segments with recovery of wall
motion abnormality after revascularization, @ : segments with no re-
covery of wall motion abnormality after revascularization.

RESULTS

Seventy-eight segments of the 13 patients were
examined. Seventeen segments showed severely re-
duced or akinetic wall motion (score 1 or 0) before
revascularization. These 17 segments were classi-
fied into two groups by the Tl uptake on delayed
SPECT images, and compared to findings from
myocardial contrast echocardiography and
dobutamine stress echocardiography, as shown in
Table 1.

Usefulness of myocardial contrast echocar-
diography in assessment of myocardial viabil-
ity

In group A (nine segments with T1 uptake score 3
or 2, that is, segments which had relatively good Tl
uptake despite severely abnormal wall motion), all
segments were opacified during myocardial contrast
echocardiography, and showed improved wall mo-
tion after revascularization.

In group B (eight segments with T1 uptake score 1
or 0, that is, segments with poor Tl uptake and se-
verely abnormal wall motion), five segments were
opacified during myocardial contrast echocardio-
graphy and three were not. The latter three segments
showed no improvement in wall motion during
dobutamine stress echocardiography and after
revascularization. Of the five segments opacified
during myocardial contrast echocardiography, three
showed improved wall motion after revasculariza-
tion and two showed no improvement.
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Table 2 Comparison of SPECT, dobutamine stress echocardiography
and myocardial contrast echocardiography for prediction of

wall motion recovery after revascularization

Predictive value
Sensitivity Specificity Accuracy ——
Positive Negative

(%) (%) (%) (%) (%)
SPECT 75.0 100.0 82.0 100.0 62.5
DSE 83.3 80.0 824 90.9 66.7
MCE 100.0 60.0 88.2 857 1000

SPECT=dipyridamole stress thallium-201 single photon emission
computed tomography. Other abbreviations as in Table 1.

Predictive values of SPECT, dobutamine

stress echocardiography and myocardial con-

trast echocardiography

The sensitivity, specificity, accuracy, and posi-
tive and negative predictive values of each imaging
technique for predicting wall motion improvement
after revascularization were analyzed in the 17 seg-
ments showing severely reduced wall motion
(Table 2). The following three findings were as-
sumed to be signs of myocardial viability : 1) good
T1 uptake (score 3 or 2) on delayed SPECT images,
2) improved wall motion by dobutamine stress
echocardiography, and 3) positive opacification
of the myocardium by myocardial contrast
echocardiography. Myocardial contrast echocar-
diography had the highest sensitivity (100%) and
negative predictive value (100%). Delayed SPECT
images had the highest specificity (100%) and posi-
tive predictive value (100%). Myocardial contrast
echocardiography had the lowest specificity (60%).

DISCUSSION

Reduced wall motion was previously thought to
represent necrotic myocardium. However, patients
with no history of myocardial infarction but with
severe stenosis of the coronary artery showed re-
duced wall motion after revascularization®®, and
even patients with postmyocardial infarction
showed recovery of wall motion after coronary
revascularization". The myocardium in such cases
is called “hibernating myocardium”'®. Reduced
wall motion is not always irreversible but can some-
times be recovered when adequate blood flow is re-
stored.

In recent years, low-dose dobutamine stress
echocardiography has been used to evaluate hiber-
nating myocardium. The sensitivity, specificity, ac-

curacy, and positive and negative predictive values
of dobutamine stress echocardiography-based de-
tection of hibernating myocardium were 75.0, 77.8,
76.2, 81.8 and 70.0%, respectively'".

Myocardial contrast echocardiography is consid-
ered useful in evaluating the effects of early
reperfusion therapy for occluded coronary arteries
in cases of acute myocardial infarction. However,
the myocardium in some patients was not opacified
with contrast medium even when reperfusion
therapy was successfully performed. This finding
was called the “no-reflow phenomenon” in animal
models of acute myocardial infarction'?. The no-
reflow phenomenon predicts the poor recovery of
wall motion after reperfusion therapy in acute myo-
cardial infarction'”. However, the usefulness of
myocardial contrast echocardiography to predict
wall motion recovery after revascularization in
postinfarction patients remains unclear.

The present study attempted to evaluate the diag-
nostic values of dobutamine stress echocardiogra-
phy and myocardial contrast echocardiography in
predicting wall motion improvement after
revascularization comparing the values with data
yielded from SPECT. This evaluation yielded the
following results : segments showing good TI
uptake on delayed images remained viable to
some extent, even when wall motion was severely
reduced. However, since wall motion in some
segments was improved by revascularization even
when Tl uptake on delayed images of these
segments was poor, the evaluation of myocardial
viability solely based on redistribution is limited.
All 12 segments which showed improved wall mo-
tion after revascularization had been opacified dur-
ing preoperative myocardial contrast echocardio-
graphy, and three segments without myocardial
opacification showed no improvement in wall mo-
tion after revascularization. Therefore, myocardial
opacification during myocardial contrast echo-
cardiography, that is, the preservation of myocardial
microcirculation, is indispensable for wall motion
to improve after revascularization in postinfarction
patients. All but one of the ventricular segments
with severely reduced wall motion and markedly
reduced TI uptake on delayed images, but which
were opacified during myocardial contrast echocar-
diography and showed improved wall motion dur-
ing dobutamine stress echocardiography, showed
improved wall motion after revascularization, sug-
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gesting that myocardial segments which show such
features before revascularization are viable and in-
dicate revascularization procedures.

Myocardial areas which are opacified during
myocardial contrast echocardiography but show re-
duced wall motion may be : 1) areas with hibernat-
ing myocardium, 2) areas comprising a mixture of
scar tissue and normal myocardium, with adequate
perfusion at rest to sustain cellular viability, and 3)
areas with islands of viable myocytes surrounded by
predominantly fibrotic tissue or areas tethered to re-
gions of extensive scar tissue'*'". In the first case,
wall motion is likely to improve during dobutamine
stress echocardiography and after revascularization.
In the second case, wall motion is likely to improve
during dobutamine stress echocardiography but un-
likely to improve after revascularization. In the third
case, wall motion is not likely to improve during
dobutamine stress echocardiography or after revas-
cularization. This is probably the reason why the
specificity of myocardial contrast echocardiogra-
phy-based prediction of wall motion improvement
after revascularization was lower than that of
dobutamine stress echocardiography- or SPECT-
based predictions. However, the sensitivity of
dobutamine stress echocardiography was lower
than that of myocardial contrast echocardiography
and was comparable to that of SPECT. This is prob-
ably related to factors such as : 1) the difficulty in
detecting mild improvement of wall motion by vi-
sual assessment, and 2) the possibility that ische-
mia is induced even by low-dose dobutamine ad-
ministration (5-10 ug/kg/min) to hibernating myo-
cardium. Opacification of the myocardium during
myocardial contrast echocardiography is indispens-
able for improvement of wall motion following
revascularization, but does not guarantee wall mo-
tion improvement in late postoperative periods. The
assessment of myocardial perfusion by myocardial
contrast echocardiography gives fewer false nega-
tive results than dobutamine stress echocardiogra-
phy and SPECT. The techniques of dobutamine
stress echocardiography are noninvasive, but have
the risk of underestimating wall motion improve-
ment after revascularization. Further examination
by myocardial contrast echocardiography for the as-
sessment of myocardial viability is recommended
for determining the indication of coronary
revascularization in spite of its invasiveness.

In our institution, SPECT is performed before
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revascularization to identify ischemic myocardium.
Recently, many studies have reported that some
segments which showed persistent T1 defects on re-
distribution images demonstrated enhanced revers-
ibility after reinjection of T1 and that these segments
showed improved regional wall motion after coro-
nary angioplasty'®!?, We believe that some persis-
tent defects in our patients would have been revers-
ible after Tl reinjection. The usefulness of the myo-
cardial contrast echocardiography and dobutamine
stress echocardiography compared with reinjection
Tl imaging protocol must be evaluated in further
studies.

There are several potential limitations of this
study. First, we obtained only one short-axis slice at
the mid-ventricular level because of the difficulty in
obtaining multiple echocardiographic images dur-
ing the short period of injection of contrast material.
One short-axis slice obviously does not depict the
entire infarct area, so assessment by integrating in-
formation from multiple images is necessary for
precise analysis of wall motion and myocardial per-
fusion. Second, the short-axis slice may not have
been precisely the same in myocardial contrast
echocardiography and SPECT. We used the right
to left ventricular junction as the anatomic landmark
and obtained the short-axis slice at the mid-
ventricular level to minimize discrepancies in the
tomography studied in myocardial contrast echocar-
diography and SPECT.

This preliminary report includes a relatively
small number of patients. Further studies in a larger
population are necessary to assess precisely the ad-
vantage and limitation of myocardial contrast
echocardiography, dobutamine stress echocardi-
ography and SPECT for the prediction of wall mo-
tion improvement after coronary revascularization.

CONCLUSIONS

SPECT, dobutamine stress echocardiography and
myocardial contrast echocardiography were carried
out in patients with postmyocardial infarction who
had abnormal wall motion. The following results
were obtained:

1) The myocardium can be regarded as viable if
Tl uptake on delayed SPECT images is adequate,
even when severe wall motion abnormalities are
visible.

2) The absence of myocardial gpacification by
myocardial contrast echocardiography indicates the



202 Waku, Ohkubo, Takada et al

loss of myocardial viability.

3) The myocardium is regarded as viable and
revascularization is indicated when the myocardium
is opacified by myocardial contrast echocardio-
graphy and shows improved wall motion by
dobutamine stress echocardiography despite the
presence of severe wall motion abnormalities and
marked reduction in T1 uptake.

4) Myocardial contrast echocardiography is su-
perior to dobutamine stress echocardiography and
SPECT in sensitivity, accuracy, and negative pre-

3

dictive value, but inferior in specificity and positive
predictive value.

These findings indicate that even when wall mo-
tion is severely abnormal and T1 uptake is markedly
reduced, the additional information yielded from
myocardial contrast echocardiography and dobu-
tamine stress echocardiography will allow a more
detailed assessment of myocardial viability and thus
help clinicians to determine the indications for
revascularization in an individual patient.
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