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Low-dose dobutamine echocardiography and
rest-redistribution thallium-201 tomography in the
assessment of spontaneous recovery of left ventricular
function after recent myocardial infarction
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Spontaneous improvement of contraction and perfusion
occurs after acute myocardial infarction. The relative merit
of low-dose dobutamine stress echocardiography (LDDE)
and rest-redistribution thallium scintigraphy (RR TI) in this
setting has not been evaluated. We studied 30 patients at
7 = 3 days after acute myocardial infarction with LDDE (5 to
10 pg/kg/min) and RR Tl single photon emission computed
tomography. Viability was defined as improvement of wall
thickening at LDDE in the presence of redistribution or a de-
fect with uptake =50% of peak activity at RR Tl. Baseline
echocardiography and RR Tl were repeated after 3 months.
In 112 dyssynergic segments, viability was detected in 60
(54%) by RR Tl and in 39 (35%) by LDDE (p < 0.005). Spon-
taneous improvement of function was detected in 35 (31%)
segments. In the same regions, thallium uptake increased
significantly. The sensitivity, specificity, and accuracy of
LDDE for predicting late improvement of wall motion were
77%, 84%, and 82%, respectively. Those of RR Tl were 77%,
57%, and 63%, respectively. Specificity and accuracy of
LDDE were higher than RR Tl (p < 0.005). We conclude that
a myocardial viability pattern after acute myocardial infarc-
tion is more frequently detected by RR Tithan by LDDE. Both
techniques are equally sensitive, but LDDE is a more
specific predictor of spontaneous recovery of regional left
ventricular function. (Am Heart J 1996;131:1088-96.)

From the Thoraxcenter, Division of Cardiology, and Department of Nuclear
Medicine, University Hospital Rotterdam-Dijkzigt and Erasmus Univer-
sity.

Supported in part by the Department of Cardiology, Cairo University Hos-
pital, Cairo, Egypt. Dr Trocino is supported by the Department of Cardiol-
ogy, San Gerardo Hospital, Monza, Italy.

Received for publication July 18, 1995; accepted Oct. 10, 1995.

Reprint requests: Paolo M. Fioretti, MD, University Hospital Rotterdam-
Dijkzigt, Thoraxcenter Ba 300, Dr Molewaterplein 40, 3015 GD Rotterdam,
The Netherlands.

Copyright © 1996 by Mosby—Year Book, Inc.

0002-8703/96/$5.00 + 0 4/1/71354

1088

Recent clinical studies have shown that after a
recent myocardial infarction, late spontaneous re-
covery of regional left ventricular function and my-
ocardial perfusion occurs in a substantial percentage
of patients."” This finding is consistent with the
concept of myocardial stunning® ? and may have im-
portant clinical implications for an improved risk
stratification'® 1! and for a more proper selection
of patients for coronary revascularization proce-
dures.'216 Therefore the prediction of late functional
outcome of left ventricular function would be desir-
able if obtained with a noninvasive, simple, accurate,
reproducible method. Low-dose dobutamine stress
echocardiography (LDDE) and rest-redistribution
thallium scintigraphy (RR TI) have the potential to
fulfill most of these prerequisites.?” 101718 How-
ever, the relative value of both techniques in detect-
ing viable myocardium after a recent myocardial in-
farction has not been compared in the same patient
population.

Accordingly, the aim of this study was threefold:
(1) to study the agreement between LDDE and RR T1I
in diagnosing myocardial viability in patients with a
recent myocardial infarction, (2) to describe the
spontaneous changes of regional left ventricular
function and perfusion 3 months after myocardial
infarction, and (3) to assess the relative value of
LDDE and RR TI to predict the late spontaneous
improvement of regional left ventricular function.

METHODS
Study population. Thirty-two consecutive patients with
a recent myocardial infarction and uncomplicated early
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clinical course were included in the study. The mean age
was 61 = 11 years (range 37 to 78 years), and 21 (70%)
were men. The diagnosis of myocardial infarction was
made on the basis of the presence of at least two of the fol-
lowing eriteria: (1) prolonged chest pain (>30 min), (2) de-
viation =1 mm in at least two leads on the standard elec-
trocardiogram (ECG) and (3) significant increase (at least
twice the upper normal limit) of serum creatine kinase.

The site of the infarction was inferior or inferopostero-
lateral in 20 patients and anterior or anteroseptal in 12.
Intravenous thrombolysis was given in 17 patients; the
delay in hospital admission or other clinical conditions
were the contraindications in the others. A non—-Q wave
myocardial infarction was present in five patients. Four-
teen patients underwent a diagnostic coronary angiogra-
phy.

All patients underwent LDDE at a mean of 7 = 3 days
(range 5 to 14 days) after the infarction. The antianginal
therapy was not discontinued before the test and included
beta blockers in five patients. RR TT was performed in all
patients at a mean of 1.2 days (range 1 to 2 days) from
LDDE. All patients gave a written consent to participate
in the study.

Dobutamine stress echocardiography. Dobutamine
was infused with a volumetric pump at incremental doses
(5 to 10 pg’kg/min) with steps of 3 minutes. A 12-lead elec-
trocardiogram and arterial blood pressure were recorded
at basal conditions and at the end of each stage. Patients
were monitored with three electrocardiographic leads and
two-dimensional echocardiography throughout the test.
Echocardiograms (in standard multiple short- and long-
axis views) were recorded on videotape at rest and during
dobutamine infusion. The images were also digitized and
stored on an optical disk (Vingmed CFM 800, Horton,
Norway) for a display in quad-screen format. A 16-segment

model of the left ventricle, according to the recommenda-

tions of the American Society of Echocardiography,® was
used to evaluate left ventricular wall motion. Both inward
wall motion and gystolic myocardial thickening were con-
sidered for the assessment. Each segment was graded on
a 4-point scale (1, normal or hyperkinesis; 2, hypokinesis;
3, akinesis; 4, dyskinesis). Wall motion score index was
calculated by dividing the sum of the scores by the num-
ber of the segments analyzed. Echocardiographic images
were interpreted by two observers blinded to the patients’
scintigraphic data. A third observer was asked in cases of
disagreement, and a majority decision was reached. In our
laboratory, the inter- and intraobserver concordance on
the response of wall motion during LDDE was 92% (K 0.84)
and 94% (K 0.86), respectively.2? The test results were
considered positive for the presence of viable myocardium
if =1 dyssynergic segment had =1 decrease of wall motion
score compared with resting echocardiogram during dob-
utamine infusion.

Rest-redistribution thallium SPECT. On fasting, 110
MBgq of 201-thallium was injected intravenously at rest, 5
minutes after sublingual administration of 1 mg of nitro-
glycerin. The acquisition of the single photon emission
computed tomography (SPECT) images was started within
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Fig. 1. Agreement for detection of myocardial viability by
LDDE and RR TI SPECT in 112 dyssynergic segments.
Agreement = 56%; Kappa = 0.15.

10 minutes after the injection and repeated 4 hours later.
A three-headed camera (Prism 3000, Picker, Cleveland,
Ohio) equipped with low-energy, high-resolution parallel
hole collimators was used. One hundred twenty projections
were obtained over 360 degrees (3-degree stepwise incre-
ments), with an acquisition time of 45 seconds per head.
The interpretation of the images reconstructed with 180-
degree acquisition was made on the basis of six short-axis,
three longitudinal, and three transverse long-axis slices.
The analysis was visually performed with the assistance of
quantitative measurements (circumferential profile anal-
ysis). Rest and redistribution images were displayed side
by side for comparison. Analysis was performed by an ex-
perienced observer blinded to the results of LDDE. To ob-
tain a matched regional assessment of wall motion and
thallium uptake, the same 16-segment model used for in-
terpretation of the echocardiogram was applied to inter-
pret the SPECT images. The area falling >2 SD below
mean normal values was calculated at each level, and the
sum of the values was considered as the severity of global
thallium uptake defect. Myocardial viability in dyssynner-
gic segments was considered in the corresponding segment
at RR TI in presence of normal perfusion, a reversible de-
fect, or a fixed moderate defect with regional thallium up-
take =50% of maximal (100%) uptake.

Follow-up studies. A rest echocardiogram was per-
formed in all patients at 3 months. The echocardiographic
images were acquired in digital format and stored on the
same optical disk used for the predischarge study. The im-
ages of the baseline and follow-up echocardiogram were
visualized side by side in a quad-screen format allowing a
proper assessment of segmental changes. A regional im-
provement of left ventricular function was defined as a de-
crease of wall motion score =1 grade. An RR TI SPECT was
performed in 18 of the 32 patients, and the analysis of the
results was performed as previously described. The results
were compared with those of the initial study to assess
spontaneous changes of myocardial perfusion.

Statistics. Continuous data were expressed as
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Fig. 2. Flow chart with results of LDDE for detection of myocardial viability in dyssynergic segments and

improvement of contractility at follow-up.
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Fig. 3. Flow chart with results of RR TI SPECT for detection of myocardial viability in dyssynergic seg-

ments and improvement of contractility at follow-up.

mean = SD. Baseline and follow-up wall motion score in-
dex and thallium defect were compared by paired student’s
t test. Differences were considered significant when
p < 0.05. The diagnostic accuracy of LDDE and RR TI was
evaluated by calculating the sensitivity, specificity, posi-
tive and negative predictive value, and the corresponding
95% confidence interval. Agreement between the two
methods was expressed by the K value. Values between
0.75 and 1 were considered indicative of good agreement,
between 0.40 and 0.75 of moderate agreement, and be-
tween 0 and 0.40 of poor agreement.

RESULTS

No complications occurred during dobutamine in-
fusion. Heart rate and systolic blood pressure at rest
were 69 = 14 beats/min and 120 = 13 mm Hg, re-
spectively, and did not change significantly during
dobutamine infusion (73 £ 14 beats/min and 127 *

18 mm Hg, respectively). During follow-up, two pa-
tients underwent coronary angioplasty for angina
and were excluded from the analysis; the other 30
had an uncomplicated clinical course up to the
repeated tests at 3 months after the infarction.
Eighteen of these 30 remaining patients were stud-
ied at follow-up with RR TL.

Regional myocardial function and perfusion. Twenty
segments were excluded from analysis because of
poor quality. At baseline echocardiogram, 112 of the
460 segments analyzed were dyssynergic, and 35
(81%) had a late spontaneous improvement (14
patients). Viable myocardium was detected in 39

- (85%) segments by LDDE and in 60 (54%) by RR T1

(agreement 56%, K 0.15; Fig. 1). The prevalence of a
viability pattern on RR TI was significantly higher
compared with LDDE (p < 0.005).
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Of the 39 dyssynergic segments with an improve-
ment of wall motion during LDDE, 27 (69%) recov-
ered at follow-up, whereas 8 (11%) of the 73 segments
with a negative LDDE improved at follow-up (Fig. 2).
A viability pattern on RR TI SPECT was present in
60 (54%) of the 112 dyssynergic segments. Wall mo-
tion at follow-up improved in 27 (45%) of these seg-
ments. Fifty two (46%) dyssynergic segments were
not viable on RR TI; eight (15%) showed improve-
ment of contractility at follow-up (Fig. 3).

Sensitivity, specificity, predictive values, and di-
agnostic accuracy of LDDE and RR TI SPECT in
predicting late improvement of regional wall motion
are reported in Table I. Sensitivity of both techniques
was comparable; specificity and accuracy of LDDE
were higher (p < 0.0005 and p < 0.005, respectively).

Sensitivity, specificity, predictive values, and ac-
curacy of LDDE and RR TI for the overall prediction
of functional recovery on patient basis are also shown
in Table I.'The number and distribution of dyssyner-
gic segments with late functional improvement in
relation to percentage perfusion defects at RR TI
SPECT are shown in Fig. 4. This figure shows a trend
to a lower prevalence of functional recovery in
segments with more severe defects. Percentage of
thallium defect in dyssynergic segments was signif-
icantly lower in segments with than without im-
provement at low-dose dobutamine (34% =+ 27% vs
52% =+ 22%, p < 0.0005) and in segments with than
without late functional improvement (38% + 27% vs
60% = 14%, p < 0.0001).

Resting wall motion score index in the study group
did not change significantly from baseline echocar-
diogram to follow-up (1.40 + 0.29 vs 1.32 + 0.28).
The ECG of a woman with anterior infarction and
late improvement of regional function is shown in
Figs. 5 through 7 with baseline RR TI images and
echocardiographic images at rest, low-dose dob-
utamine, and at follow-up.

Sequential changes of thallium uptake. In the 18 pa-
tients in whom RR TI SPECT at follow-up was per-
formed, the mean value of the quantitative defect in
the 66 dyssynergic regions analyzed decreased from
50% = 19% to 45% =+ 18% (p < 0.001). There was a
trend toward a greater reduction of thallium defects
in the regions with compared with those without a
late recovery of contractility (6.2% + 14.2% vs 4.9%
+ 13.8%, p = not significant). The index of severity of
total thallium uptake defect decreased in the study
group from 2137 = 1321 to 1438 + 947 (p < 0.05).

DISCUSSION

Several clinical observations have confirmed the
experimental data on the frequent occurrence of a
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Fig. 4. Prevalence of functional recovery of dyssynergic
segments according to percentage of perfusion defects
(segments with reversible defects not included). Shows
trend to lower probability of recovery with more severe de-
fects.

0

spontaneous recovery of myocardial contractility
during the first days after an acute myocardial
infarction,?’>22 consistent with the presence of a
substantial amount of stunned myocardium. How-
ever, few clinical studies have been addressed to de-
scribe the late functional recovery of the infarcted
area that occurs between 1 week and 3 months after
the infarction,?7 if such improvement is accompa-
nied by a concomitant improvement of myocardial
perfusion,?® if improvement is predictable, and by
which method it can be predicted.

In this study, LDDE and quantitative RR TI
SPECT at a mean of 1 week after infarction were
used to predict the late spontaneous recovery of re-
gional left ventricular function after 3 months. The
main findings of this study are (1) 31% of dyssyner-
gic segments have a spontaneous improvement, (2)
there is an improvement of thallium uptake in the
dyssynergic regions of 10% (5% from 50% defect size)
on average, (3) a contractile reserve of the dyssyner-
gic regions detected by LDDE is a powerful predictor
of late recovery of regional left ventricular function,
and (4) a RR TI pattern of myocardial viability is
equally sensitive but less specific for late spontane-
ous recovery of contractility.

Spontaneous improvement of left ventricular function
and perfusion. Although this study had a small pop-
ulation, there is no previous clinical study with serial
assessment of left ventricular function and thallium
uptake from the first week up to 3 months after an
acute myocardial infarction. The incidence of func-
tional improvement of the dyssynergic segments of
31% was similar to that reported in other studies.” 8
Global left ventricular function assessed by wall mo-
tion score index showed a trend toward a slight im-
provement but did not reach statistical significance,
possibly because of the small size of the study group.

Myocardial regional thallium uptake in dyssyner-
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Fig. 5. Baseline electrocardiogram before dobutamine stress test of 45-year-old woman 7 days after un-

complicated Q-wave anterior myocardial infarction.

Table I. Diagnostic accuracy with 95% confidence intervals of LDDE and RR TL SPECT for predicting of spontaneous

recovery of regional function

SENS SPEC PPV NPV ACC

On segmental basis (n = 112 segments)

LDDE 77 84 69 89 82

95% CI 69-85 78-91 61-78 . 83-95 75-89

RR TI 77 57 45 85 63

95% CI 69-85 48-66 36-54 78-91 54-72
On patient basis (n = 30 patients) ‘

LDDE 79 75 73 80 77

95% CI 64-93 60-90 58-89 66-94 62-92

RRTI 71 56 59 69 63

95% CI 55-88 38-74 41-76 53-86 46-81

SENS, Sensitivity; SPEC, specificity; PPV, positive predictive value; NPV, negative predictive value; ACC, diagnostic accuracy; CI, confidence intervals.

gic regions improved significantly at follow-up. In
our study, a state-of-the-art method was used to
assess myocardial viability, including RR TI
SPECT,1%:24 multiple-head camera, quantitative
assessment of regional uptake, and premedication
with nitrates.2? The data of our study are consistent
with the results recently published by Galli et al.?3
with 99m Te sestamibi. This finding is not surprising
because recent data have demonstrated a great sim-
ilarity between thallium and sestamibi in assessing
myocardial viability.26 Spontaneous improvement of
perfusion may be attributed to a late resolution of
myocardial and vascular stunning,?? the creation of
new macro- or microcollateral circuits, and sponta-
neous thrombolysis.? A late resolution of thallium
defects has been also described in clinical models of
hibernating myocardium after successful coronary
angioplasty.?”

Predictors of improvement of regional left ventricular
function. LDDE was a strong predictor of spontane-
ous improvement of regional wall motion (Table I).

These data are aligned with those of previous re-
ports.27 In contrast, the assessment of myocardial
viability by thallium scintigraphy could only identify
segments with low probability but not those with
high probability of spontaneous improvement.
Explanations for these discordant results are dif-
ficult to find. Time course of improvement of myo-
cardial perfusion and function might be different,
unabling a proper prediction of one parameter from
the other. The low specificity of thallium to predict
improvement of wall motion can also be partially re-
lated to the presence of hibernating myocardium
subtended by severely stenotic coronary lesions,
which is amenable to improvement after revascular-
ization. However, this assumption entails a limited
sensitivity of LDDE in detecting myocardial viability
in a hibernating myocardium because most of the
nonrecovered segments with evidence of viability on
RR TI were identified as nonviable by LDDE. Despite
the advantage of thallium scintigraphy over echo-
cardiography in terms of quantitative assessment of
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Fig. 6. Same patient as in Fig. 5. Systolic (fop) and diastolic (bottom) echocardiographic frames in apical
long-axis view of same patient at rest, low-dose dobutamine (10 pg/kg/min), and at follow-up shows
hypokinesis of anterior septum at rest, with improvement of thickening at low-dose dobutamine. Follow-
up resting echocardiogram performed after 3 months shows improvement of thickening of anterior sep-
tum.
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Fig. 7. Same patient as in Figs. 5 and 6. RR T1 SPECT images in short-axis slices from apex to mid sep-
tum (¢op to bottom) with corresponding circumferential profile analysis shows viability of septum evidenced

by normal rest perfusion.

abnormalities, it has inherent technical limitations

because it provides relative and not absolute infor-.

mation on myocardial uptake. It cannot be excluded
that premedication of nitrates may improve the sen-
sitivity of RR T1I at the expense of specificity. Because
of the potential for hypokinesis to occur in normal
subjects,2® some hypokinetic segments may not be
related to the acute coronary events. Consequently,
these segments may show evidence of viability with-
out improvement at follow-up and compromise the
accuracy of the two techniques.

Comparison with previous studies. Lomboy et al
studied 31 patients 2 days after acute myocardial in-
farction with planar RR TI. Twenty-two patients
underwent radionuclide angiography 3 days after
infarction and at a variable follow-up period. The
presence of viability pattern in the infarct zone was
predictive of improvement of ejection fraction and
regional function on follow-up radionuclide angio-
gram as opposed to patients without viability pattern
who had worsening of ejection fraction and regional
function. These different results compared with our
study can be explained by the difference in patient

29

population and method. In the Lomboy et al. study,
revascularization performed in 17 patients may have
enhanced the accuracy of RR TI because of recovery
of a hibernating myocardium. A limitation of that
study is the lack of consistency in the time of obtain-
ing follow-up studies of myocardial function by radi-
onuclide angiography, which ranged from 6 to 270
days, with 64% of the studies performed before dis-
charge (8 = 2 days after infarction). It has been pre-
viously demonstrated that a substantial proportion
of myocardial segments may recover spontaneously
from 7 days to 2 to 3 months after acute myocardial
infarction.® 7 These segments would be considered
nonviable if the follow-up studies were performed
earlier. Despite the fact that radionuclide angiogra-
phy is a good method to assess global function, its
value in assessing regional function may be limited
by the inability to assess wall thickening. The latter
fact is important in assessing myocardial viability
because endocardial excursion alone may be pas-
sively altered by an adjacent segment. The echo-
cardiographic technique is more useful in the tomo-
graphic evaluation of regional wall motion and thick-
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ening and consequently provides tomographic abili-
ties equivalent to those of RR TI SPECT imaging.

Agreement between thallium scintigraphy and low-
dose dobutamine echocardiography on presence of my-
ocardial viability. Two recent studies of patients with
chronic left ventricular dysfunction and reduced
gjection fraction have shown that a viability pattern
is more frequently obtained with stress-reinjection
thallium techniques than with LDDE, consistent
with our findings on RR T1 after acute infarction.20: 30
Arnese et al. 20 recently reported that in patients with
chronic left ventricular dysfunction, LDDE and dob-
utamine stress-reinjection thallium scintigraphy
have a comparable sensitivity for predicting regional
myocardial recovery after surgical revasculariza-
tion, whereas specificity of LDDE was significantly
higher than thallium scintigraphy.

Panza et al.?0 reported that a positive inotropic re-
sponse to dobutamine was directly related to the
magnitude of thallium uptake. In our study, thal-
lium uptake in dyssynergic segments was signifi-
cantly higher in segments with than without im-
provement at LDDE and in segments with than
without late functional improvement. It was sug-
gested that the cellular mechanisms responsible for
a positive inotropic response to adrenergic stimula-
tion require a higher degree of myocyte functional
integrity than those responsible for thallium up-
take.? This possibility may explain the lower spec-
ificity of thallium scintigraphy in the study of Arnese
et al. and in this study by the possibility that only
myocytes with a high degree of functional integrity
are capable of restoration of function spontaneously
or after revascularization.

Study limitations. This study group was limited to
patients with a relatively uncomplicated clinical
course and mildly or moderately reduced left ven-
tricular function. The extension of this information
to a group of patients with more advanced left ven-
tricular dysfunction would be desirable and clinically
more relevant. Coronary arteriography was per-
formed in a minority of patients, and therefore the
association between angiographic anatomy and the
functional outcome could not be performed. It cannot
be excluded that some of the dyssynergic segments
classified as viable by RR T1, which did not improve
at follow-up, represent myocardial hibernation from
the presence of significant stenosis of the related
coronary artery.

Regional function was assessed at baseline and at
follow-up studies rather than global function, which
represents an important determinant of prognosis
after acute myocardial infarction.3! However, the
occurrence of compensatory hypertrophy after acute
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infarction tends to preserve the global ejection frac-
tion.832 This hypertrophy may resolve when im-
provement of regional function occurs, and thus
ejection fraction may not change from baseline to
follow-up despite regional improvement.?

Identification of myocardial segments of interest
was made on the basis of echocardiographic analysis,
which may seem to be in favor of a better accuracy
of LDDE. Since echocardiography is an accurate
method for assessing regional function, we believe
that identification of dyssynergic myocardial seg-
ments by using a baseline echocardiogram is feasible
for selecting myocardial regions of interest. A recent
study by Panza et al.?’ used a similar approach.

Conclusions. The prevalence of a viability pattern
on RR TT is higher than on LDDE in dyssynergic
segments after acute myocardial infarction. About
one third of these segments showed spontaneous im-
provement of wall motion from day 7 to 3 months;
thisimprovement is paralleled by an improvement of
thallium uptake. Our study also demonstrates that
both LDDE and RR TT are equally sensitive but that
LDDE is a more specific predictor of late spontane-
ous recovery of regional function.

We thank [lonka Hoffmanns-van den Ancker for her invaluable
help in the arrangement of follow-up studies.
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