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Electrocardiographic changes during dobutamine stress testing in patients
with recent myocardial infarction: relation with residual infarct artery stenosis

and contractile recovery

Patrizio LANCELLOTTI, Jean Bruno MIPINDA, Luc A. PIERARD
Department of Cardiology, University Hospital, Liége, Belgium.

Objective — The identification of viable but jeopardized myocardium after acute myocardial infarc-
tion (AMI) is of great importance for selecting patients who could benefit from a revascularization
procedure.

The aim of the study was to determine the accuracy of the dobutamine stress electrocardiogram
(ECG) I) for detecting significant stenosis of the infarct-related artery and 2) for predicting the
occurrence of contractile recovery.

Methods and results — Ninety-four patients underwent dobutamine stress ECG and quantita-
tive angiography within the first week after AMI. A follow-up resting echocardiogram was obtained
in all patients at | month. Significant stenosis of the infarct-related artery was detected in 76 patients
and functional recovery occurred in 56 patients. Dobutamine stress induced ST-segment elevation
in 44 patients, ST-segment depression in 17 and T-wave normalization in 34. Increase in QT disper-
sion and dobutamine ST elevation were more sensitive than chest pain and ST-segment depression
(79% and 53% vs. 24% and 17%, respectively; p<0.05) for detecting significant infarct-related artery
stenosis. Four independent variables were selected for predicting contractile recovery: 220 ms
increase in QT dispersion from baseline to low-dose dobutamine (p = 0.00016), dobutamine-induced
ST-segment elevation (p = 0.0009), elective angioplasty of the infarct-related artery (p = 0.001) and
T-wave normalization (p = 0.005).

Conclusions — The analysis of predischarge dobutamine stress ECG is useful for predicting resid-
ual stenosis of the infarct-related artery and contractile recovery in the affected area. QT dispersion

changes during the test are the most accurate parameter. (Acta Cardiol 2004; 59(1): 11-16)
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Introduction

After acute myocardial infarction (AMI), the iden-
tification of viable myocardium at jeopardy is clinically
important, because of its prognostic and therapeutic
implications!. Stress echocardiography or scintigraphy
are most frequently used as a diagnostic tool, but they
are operator dependent or expensive?3. In this clinical
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setting, the potential role of exercise or dobutamine
electrocardiogram (ECG) has recently emerged*’. Dur-
ing pharmacological stress, the ECG signal to noise
ratio is significantly better than during dynamic exer-
cise. Three stress-induced ECG changes are possibly
related to myocardial viability: T-wave normalization®,
ST-segment elevation>® and an increase in QT disper-
sion’. However, the link between these ECG character-
istics and the occurrence of contractile recovery has not
yet been fully elucidated®?. Jeopardized myocardium in
the affected area implies collateral-dependent viable
myocardium or salvaged myocardium perfused by a
coronary artery exhibiting reduced flow reserve. The
present study was designed to determine the accuracy
of several dobutamine-induced ECG changes 1) for
detecting significant stenosis of the infarct-related
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artery and 2) for predicting the occurrence of contrac-
tile recovery.

Methods
STUDY PATIENTS

A total of 121 consecutive patients admitted for a
first AMI were prospectively recruited for the study.
AMI was diagnosed by an increase in creatine kinase
and creatine kinase MB myocardial enzymes to at least
twice the normal values in the clinical setting of typi-
cal chest pain lasting more than 30 minutes and acute
ST-segment elevation. No contraindications to graded
dobutamine infusion were present: post-infarction
angina, heart failure, uncontrolled systemic hyperten-
sion or ventricular arrhythmias. All patients underwent
resting echocardiography, dobutamine-stress testing
and coronary angiography. Twenty-seven patients were
excluded because of an uninterpretable dobutamine
test: the target heart rate was not reached in 17, severe
arrhythmias occurred in 3 and 7 patients had a non-
interpretable ECG. The final study population consisted
of the 94 remaining patients (82 men and 12 women),
with a mean age of 59+12 years. The infarct ECG
location was anterior in 35 patients, lateral in 6, and
inferior in 53. The mean peak level of serum creatine
kinase was 2,107 £976 IU/I. Fifty-nine patients (63%)
were treated with thrombolytic therapy but none
underwent primary angioplasty of the infarct-related
vessel. The study was approved by the Research Ethics
Committee of our institution; informed consent was
obtained in all patients.

STRESS TEST

Stress dobutamine-ECG was performed 4+ 2 days
after admission. Beta-adrenergic-blocking agents were
withdrawn 24 hours before the test. A 12-lead ECG
was continuously monitored and recorded every
minute. Blood pressure was measured at each stage by
an arm-cuff sphygmomanometer. Dobutamine was
administered in doses of 5 and 10 pg/kg/min for 3 min-
utes each, followed by increments of 10 pg/kg/min
every 2 minutes, up to a maximal dose of 40 pg/kg/min.
Atropine (0.25mg to a maximum of 1mg) was added
if the target heart rate (85% of maximum predicted
heart rate) was not reached with dobutamine alone.
End points of the test were: target heart rate, limiting
chest pain and significant (=2 mm) ST-segment depres-
sion. A follow-up resting echocardiogram was recorded
1 month later in all patients and contractile recovery
was defined to be present when wall thickening increased
by at least 1 score in 2 contiguous segments of the
affected area.

ELECTROCARDIOGRAPHIC ANALYSIS

ST-segment, T-waves and QT characteristics were
analysed in the infarct-related ECG leads, as previ-
ously described’-?. During stress test, ST-segment
elevation was defined as new or worsening >1 mm,
80 ms after J point, in 22 contiguous infarct-related
leads. T-wave normalization was defined as present
when inverted T-waves at rest became upright during
stress in >2 infarct-related leads. QT interval was mea-
sured from the onset of QRS to the end of T-wave. QT
dispersion was defined as the difference between the
maximum and minimum QT intervals. QT dispersion
was calculated at baseline, at low-dose dobutamine and
at peak stress. The QT dispersion differences between
low-dose dobutamine and rest and between high and
low-dose dobutamine were also calculated. Since QT
dispersion does not change with heart rate, heart rate-
corrected QT dispersion was not calculated!©.

CORONARY ANGIOGRAPHY

Quantitative coronary angiography and left ven-
triculography were performed in all patients within
1 week after the dobutamine test. Quantitative mea-
surements of coronary stenoses were performed with
the use of the CAAS system (Cardiovascular Angio-
graphy Analysis System, Philips Integris-Medical Sys-
tem, Eindhoven, The Netherlands). Mean global left
ventricular ejection fraction was 47+ 15%. End-diastolic
volume and end-systolic volume were 102+ 39 ml/m?
and 61 %42 ml/m?2, respectively. Significant stenosis of
the infarct-related artery (=50%) was observed in 76
patients. Persistent occlusion of the infarct-related
artery was observed in 14 patients. Mean residual
stenosis of a patent infarct-related artery was 70+ 19%.
Elective angioplasty of the infarct-related artery was
performed in 56 (60%) patients who had >60% steno-
sis. The results of stress testing were not used for the
decision to perform the procedure. Fifteen patients had
multivessel disease (double-vessel disease in 9 and
triple-vessel disease in 6).

STATISTICAL ANALYSIS

Data are expressed as mean =SD. Student’s t test
was used to assess differences between mean values
and categorical variables were compared with chi-
square test and Fisher’s exact test when appropriate. To
detect independent variables associated with functional
recovery, a multivariate logistic regression procedure
was performed according to the unmodified forward
selection stepwise analysis (STATISTICA version 5). In
this case, the variable that had the most significant
relation with dependent outcome was selected first for
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inclusion in the model. At the second and subsequent
steps, the set of variables (clinical, angiographic and
ECG variables) remaining at each point was evaluated,
and the most significant was included if it significantly
improved the prediction of outcome. The algorithm
ceases to select variables when there was no further
significant improvement in the prediction. Statistical
significance was defined as p<0.05. Reproducibility of
QT dispersion measurements has been published pre-
viously 7.

Results
STRESS ELECTROCARDIOGRAPHIC CHARACTERISTICS

On the ECG recorded at rest, pathologic Q waves
were present in 75 patients, negative T-waves in 45 and
ST-segment elevation in 19. Heart rate increased from
baseline to low and high-dose dobutamine (7112 vs.
9319 vs. 131 +11 beats/min, respectively; p<0.001).
Dobutamine infusion significantly increased QT dis-
persion from baseline to low-dose and high-dose dobu-
tamine (69%19 vs. 84+16 vs. 10424 ms; p<0.0001).
Significant ST-segment elevation occurred during stress
in 44 patients (47%): 31 patients had new ST-segment
elevation and the 13 remaining patients showed
increased ST-segment elevation as compared with base-
line. ST-segment depression was observed in 17 patients
and T-wave normalization in 34.

PREDICTION OF SIGNIFICANT INFARCT-RELATED
ARTERY STENOSIS

There were no significant differences between QT
dispersion on the baseline ECG in patients with or
without significant stenosis of the infarct-related artery
(67£19 vs. 74+ 17 ms). The increase in QT dispersion
was significantly greater in patients with significant
infarct artery stenosis. Both the difference in QT dis-
persion between high-dose dobutamine and rest
(40£31 vs. 14£24 ms; p = 0.002) and the difference

between high-dose and low-dose dobutamine (26 £28
vs. 3+20 ms; p = 0.0018) were higher in patients with
significant infarct stenosis. Table 1 shows the sensitiv-
ity, specificity, predictive value and accuracy of stress-
ECG findings for the prediction of significant steno-
sis of the infarct-related artery. Both an increase in QT
dispersion (=30 ms from baseline to high-dose dobut-
amine and >10 ms from low-dose to high-dose dobu-
tamine) and dobutamine ST-segment elevation were
more sensitive than the occurrence of dobutamine-
induced chest pain and ST-segment depression (79%,
68% and 53% vs. 24% and 17%, respectively; p<0.05).
Specificity and positive predictive values were not
significantly different for all stress-ECG features. The
increase in QT dispersion from baseline to high-dose
dobutamine was greater in patients with multivessel
disease than in those with single-vessel disease (69 =26
vs. 29£28 ms; p<0.0001). A>50 ms increase in QT
dispersion from baseline to high-dose dobutamine had
a sensitivity of 73%, a specificity of 75%, a positive
predictive value of 35%, a negative predictive value of
94% and an accuracy of 75% for predicting the pres-
ence of multivessel disease (figure 1).
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Fig. 1. — Bar graph showing sensitivity, specificity and accu-
racy of an increase in QT dispersion from baseline ECG to high-
dose dobutamine by 230 ms for detecting significant infarct
artery stenosis (white bar) and by >50 ms for multivessel decease
(black bar).

Table 1. — Value of dobutamine-induced ECG changes for predicting significant stenosis

of the infarct-related artery

(n) Sensitivity Specificity PV + PV - Accuracy
Chest pain (22) 24 (18/76)* 78 (14/18) 82 (18/22) 19 (14/72) 34 (32/94)*
T-wave normalization (34) 36 (27/76)* 61 (11/18) 79 (27/34) 18 (11/60) 40 (38/94)*
ST-segment depression (17) 17 (13/76)* 78 (14/18) 76 (13/17) 18 (14/77) 29 (27194)*
ST-segment elevation (44) 53 (41/76) 84 (15/18) 93 (41/44) 30 (15/30) 60 (56/94)
Diff QTd Peak — rest 230 ms (67) 79 (60/76) 61 (11/18) 90 (60/67) 41 (11/27) 76 (71/94)
Diff QTd Peak — low-dose 210 ms (56) 68 (52/76) 78 (14/18) 93 (52/56) 37 (14/38) 70 (66/94)

d = dispersion, Diff = difference, n = number of patients, PV = predictive value, * p<0.05 vs. Diff QTd and ST-segment elevation.
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PREDICTORS OF CONTRACTILE RECOVERY

Table 2 presents clinical, ECG and angiographic
findings in patients with and without contractile recov-
ery. Recovery of contraction was observed in 56 (60%)
patients. There were no significant differences between
groups in age, gender, site of infarction, proportion of
Q wave infarction, the use of thrombolytic therapy and
baseline wall motion score index. Peak level of creatine
kinase was lower in patients who recovered (1,881 £ 886
vs. 2,441+£1,017 TU/L; p = 0.012). Elective coronary
angioplasty was more frequently performed in patients
who showed contractile recovery (41 of 56 vs. 15 of 38;
p = 0.001). QT dispersion on the baseline ECG was
shorter in patients with contractile recovery. QT disper-
sion increased by 21+ 10 ms from baseline to low-dose
dobutamine in patients with contractile recovery
and only by 8+ 19 ms in patients without recovery
(p = 0.0012). An increase in QT dispersion by >20 ms
allowed the best distinction between groups
(p<0.00001). Contractile improvement was also more
frequent in patients with stress-induced T-wave nor-
malization, and ST-segment elevation. Using multi-
variate analysis, 4 independent variables were selected
stepwise: an increase in QT dispersion by =20 ms
from baseline to low-dose dobutamine (%2 = 15.3;
p = 0.00016), dobutamine-induced ST-segment eleva-
tion (x2=11.8; p = 0.0009), elective angioplasty of the
infarct-related artery (x* = 11.4; p = 0.001), and
T-wave normalization (y2 = 8.4; p = 0.005). A >20 ms
increase in QT dispersion from baseline to low-dose
dobutamine had a higher sensitivity for predicting con-
tractile recovery than dobutamine-induced ST-segment
elevation or T-wave normalization (86% vs. 66% vs.
45%, respectively; p<0.05) (figure 2). Specificity was
not significantly different for dobutamine-induced
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Fig. 2. — Bar graph showing sensitivity, specificity and accu-
racy of dobutamine-induced T-waves normalization (left bar),
ST-segment elevation (middle bar) and an increase of QT dis-
persion from baseline ECG to low-dose dobutamine by 220 ms
(right bar) for predicting the occurrence of functional recovery.
* p<0.05

ST-segment elevation, T-wave normalization and QT
dispersion changes (82% vs. 76% vs. 61%; respectively).
The accuracy of QT dispersion changes and of ST ele-
vation was greater than that of T-wave normalization
(76% vs. 72% vs. 57%, respectively; p<0.05).

Discussion

This study shows that after AMI, the analysis of
predischarge stress ECG is useful for predicting resid-
ual stenosis of the infarct-related artery and contractile
recovery in the affected area. Changes in QT dispersion
during graded infusion of dobutamine were the most
accurate parameter for this purpose. The clinical value
of dobutamine-induced chest pain or ST-segment
depression was modest. Stress-induced ST-segment

Table 2. — Comparison between patients with and without functional recovery

Data Recovery (n = 56) No recovery (n = 38) P value
Age (years) 60+12 59+11 NS
Gender (% male) 47 (84) 35(92) NS
Anterior infarction 17 (30%) 17 (45%) NS
Thrombolytic therapy 32 (57%) 27 (71%) NS
Peak CK (1U/N) 1,881 £886 2,441%+1,017 0.012
Baseline score index 1.36+0.21 1.40£0.26 NS
Residual stenosis of the IRA (%) 75£19 64£18 0.012
Elective angioplasty 41 (73%) 15 (39%) 0.001
Q-waves 46 (82%) 29 (76%) NS
Negative T-wave 32 (57%) 13 (34%) 0.03
QTd at baseline (ms) 64116 74%21 0.018
Dobutamine test
QTd at low-dose (ms) 85+18 82+15 NS
Diff QT d low-dose — rest (ms) 21£10 8+19 0.0012
Diff QTd >20 ms at low-dose 48 (86%) 15 (39%) <0.00001
T-wave normalization 25 (45%) 9 (24%) 0.038
ST-segment elevation 37 (66%) 7 (18%) 0.00001

CK = creatine kinase, d = dispersion, Diff = difference, IRA = infarct-related artery.
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elevation was a sensitive marker of viable myocardium
but its sensitivity to predict significant residual steno-
sis was moderate.

SIGNIFICANT STENOSIS OF THE INFARCT-RELATED
ARTERY AND MULTIVESSEL DISEASE

After AMI, ischaemic myocardium usually reflects
the presence of significant residual stenosis of the
infarct-related artery?. Several studies have assessed the
relation between dobutamine-induced ECG changes
and the presence of jeopardized myocardium in the
affected area. T-wave normalization in the infarct-
related leads during dobutamine infusion has been
identified as an accurate marker of ischaemia in
patients with non-Q wave AMI!'!. In Q wave AMI,
Lombardo et al. have demonstrated that T-wave nor-
malization was specifically associated with ischaemic
myocardium when developed at high-dose dobuta-
mine*. In our study, the positive predictive value of
T-wave normalization for detecting significant infarct
stenosis was good (79%), but its negative predictive
value was very low (18%). We have recently found a
good relationship between ST-segment elevation and
the observation of a biphasic response during dobut-
amine administration®. In the present study, the sensi-
tivity and the specificity of dobutamine ST-segment
elevation for predicting significant infarct artery steno-
sis were similar to those reported by Smart et al'2. No
study has assessed the accuracy of QT dispersion
changes during dobutamine stress testing for the iden-
tification of infarct artery stenosis. In patients with
significant infarct artery stenosis, QT dispersion
increased significantly during graded infusion of dobu-
tamine. This increase was more sensitive and accurate
than dobutamine-induced chest pain or ST-segment
depression. Our results confirm and extend recent
observations indicating that an increase in QT disper-
sion immediately after exercise was more sensitive for
detecting ischaemic myocardium than ST-segment
depression!3. The increase in QT dispersion was even
higher in patients with multivessel disease. These data
suggest that the degree of heterogeneity of ventricular
repolarization is determined by the extent of stress-
induced myocardial ischaemia.

CONTRACTILE RECOVERY

In the present era of thrombolysis, the incidence of
transmural infarction and left ventricular aneurysm
has largely decreased. Most patients develop an incom-
plete infarction, with an admixture of subendocardial
necrosis and salvaged subepicardium. Several studies
have recently found an association between stress-
induced T-wave normalization!4, ST-segment eleva-

tionl5 or an increase in QT dispersion? and the pres-
ence of myocardial viability. Few studies have shown
the usefulness of stress-induced ECG changes for pre-
dicting improvement of function after AMI. Recently,
we!® and others!” have found that recovery in regional
function was more frequent in patients with than in
patients without dobutamine-induced ST-T segment
changes. However, no investigation has assessed the
accuracy of QT dispersion changes during dobutamine
infusion for the prediction of contractile recovery. In
our study, stepwise multivariate analysis selected an
increase in QT dispersion of 220 ms from baseline to
low-dose dobutamine as the best predictor of func-
tional recovery. The sensitivity of dobutamine ST-seg-
ment elevation (66%) tended to be lower but was not
significantly different to that observed in our previous
investigation (74%)'¢. T-wave normalization was also
a less sensitive marker of myocardial viability as pre-
viously demonstrated®. It should be emphasized that
these results are not necessarily applicable to patient
populations infrequently treated by revascularization
after AMI. In this study, elective angioplasty of the
infarct-related artery also emerged as an independent
predictor of functional recovery. Indeed, persistence
of a significant infarct artery stenosis may preclude
functional recovery!®.

LIMITATIONS

Our observations pertain only to patients with small
or moderate infarct size. Wall motion analysis was
done by a semi-quantitative method rather than by
quantitative techniques, but this method remains the
standard. Coronary angiography was not repeated at
follow-up. Thus, restenosis or reocclusion cannot be
excluded: this could have resulted in lack of recovery
in some patients. However, repeated catheterization is
not indicated in an asymptomatic patient. It is also
possible that the measurement of QT interval cannot
always be assessed in every lead and the terminal
portion of the T-wave may be difficult to determine. In
the present study, QT intervals were assessable in
>8 leads in all patients. The duration of the dynamic
changes in QT dispersion during recovery was not
examined. Correction of QT interval is plagued by con-
troversy due to the weakness of the classical Bazett’s
formula!®. Since QT dispersion does not change with
heart rate, heart rate-corrected QT dispersion was not
calculated.

Conclusions
In patients with uncomplicated AMI, the identifi-

cation of viable but jeopardized myocardium is of great
importance for selecting patients who could benefit
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from a revascularization procedure. Dobutamine stress
echocardiography has been widely validated in this
clinical setting. However, the interpretation of the test
remains difficult in some patients with low echogenic-
ity or with subtle changes in wall thickening. Our study
shows that careful ECG observation, especially dynamic
changes in QT dispersion during graded infusion of
dobutamine provides an accurate and cost-effective
strategy for detecting the presence of significant infarct
artery stenosis and for predicting functional recovery
after AMI.
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