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ABSTRACT 
 
Background: The Doppler myocardial performance index (MPI) is a measure of 
combined systolic and diastolic left ventricular (LV) function and increases 
(deteriorates) during ischemia. Elevation in N-terminal pro brain natriuretic peptide 
(BNP) levels is observed in systolic as well as diastolic LV dysfunction and in patients 
with inducible ischemia. 
Objectives: To test whether an increase in MPI during dobutamine stress 
echocardiography, reflecting deterioration of overall LV function, is associated with 
increased BNP levels and provides prognostic information beyond conventional systolic 
wall motion analysis after acute myocardial infarction (AMI). 
Design: Prospective, observational study. 
Methods: DASE and BNP were assessed 5 days after AMI in 109 consecutive patients. 
MPI was measured at rest, low-dose (10 µg/kg/min), and peak dobutamine infusion 
(≤40 µg/kg/min ± atropine).  
Main outcome measures: End-point was a composite of cardiac death or readmission 
for heart failure or reinfarction. 
Results: In 35 patients (31%), MPI increased at low-dose DASE. This was associated 
with higher BNP levels (β=0.30, p=0.004). During follow-up of 27 ± 7 months, 8 
patients died of cardiac causes and 15 patients were readmitted for heart failure or 
reinfarction. On Cox regression analysis, an increase in MPI at low-dose DASE 
(p=0.02) proved to be an independent predictor of cardiac events. In contrast, no 
additional prognostic information was obtained from traditional wall motion analysis 
during DASE.  
Conclusions: An increase in MPI already at low-dose DASE, reflecting early 
deterioration of overall LV function, is associated with elevated BNP levels and 
provides prognostic information beyond conventional stress echocardiographic data 
following AMI. 
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Inducible myocardial ischemia may be detected and quantified using dobutamine-
atropine stress echocardiography (DASE) after acute myocardial infarction (AMI). 
However, the detection of ischemia is based on semiquantitative wall motion analysis, 
which only provides assessment of left ventricular (LV) systolic function. The Doppler 
echocardiographic myocardial performance index (MPI) is a quantitative measure of 
combined LV systolic and diastolic function.1-3 Because impaired LV diastolic function 
precedes LV systolic dysfunction during myocardial ischemia,4 quantitative assessment 
of changes in both systolic and diastolic LV function seems appealing and may 
potentially increase the clinical yield of DASE after AMI. Limited data exist on the 
changes in MPI during stress echocardiography. But recently, MPI was found to 
correlate closely with invasive measures of LV systolic function during β-adrenergic 
stimulation.5 Furthermore, we have previously demonstrated that MPI consistently 
improves, decreasing its value, during dobutamine stimulation in healthy subjects,6 and 
it has been shown that MPI increases (deteriorates) during dobutamine induced 
ischemia in patients with known or suspected coronary artery disease.7  

Brain natriuretic peptide (BNP) is a cardiac neurohormone that is secreted from 
the atria and ventricles in response to myocardial stretch, pressure overload, and 
myocardial ischemia.8 BNP is increased in patients with systolic as well as diastolic 
dysfunction, where it correlates with functional class and prognosis.9-12 Furthermore, it 
has been suggested that elevated BNP levels are associated with inducible ischemia 
among patients with coronary artery disease.13,14 Therefore, we hypothesized that an 
increase in MPI during DASE after a first AMI, as an indicator of deterioration in 
overall LV function, is associated with increased BNP levels and increased risk of 
cardiac events during follow-up.  

 
 

METHODS 
From March 2000 to October 2001, we prospectively studied 135 consecutive patients 
admitted to Svendborg Hospital, Denmark, with a first AMI. The diagnosis of AMI was 
based on documented transient elevation of biochemical markers of myocardial necrosis 
(creatine kinase B and / or Troponin T), the presence of typical symptoms, and / or 
electrocardiographic signs of AMI. DASE and BNP levels were assessed 5 days after 
hospital admission in 109 patients. DASE was not performed in 26 patients due to death 
before day 5 (n = 8), subacute revascularisation procedures (n = 9), mural thrombus (n = 
2), post infarction ventricular septal defect (n = 2), second degree atrioventricular block 
(n =1), or refusal to participate in the study (n = 4), leaving a total of 109 patients 
(81%). 

Acute management of AMI was decided by the attending physician. Patients with 
ST-segment elevation AMI presenting within 12 hours of symptoms were treated with 
thrombolytic therapy. According to national guidelines at time of enrolment of patients 
in the study, patients underwent a bicycle exercise ECG at hospital discharge. If 
exercise test suggested inducible ischemia or if symptoms suggesting post infarction 
angina, patients were referred for coronary angiography and underwent subsequent 
coronary revascularisation when appropriate. To avoid selection bias, referral for 
angiography was not based on DASE and the referring physicians were blinded for 
results of DASE. The protocol was approved by the regional Scientific Ethical 
Committee, and all enrolled patients gave informed, written consent. 
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Dobutamine-atropine stress echocardiography 
Beta-blocking agents were discontinued at least 24 hours prior to DASE. Dobutamine 
was administered with 3-minute dose increments, starting with 5 µg/kg/min and 
increasing to 10, 20, 30, and 40 µg/kg/min under continuous ECG monitoring. If 85% 
of the maximal age-predicted heart rate was not reached with dobutamine, atropine was 
added intravenously in 0.25 mg increments, to a maximum of 1 mg, to the continuing 
40 µg/kg/min dobutamine infusion. Echocardiograms were obtained at baseline, low-
dose (10 µg/kg/min), and peak dose (+/- atropine) on a Sonos 5500 ultrasound machine 
(Hewlett Packard, Andover, Massachusetts) and stored digitally for subsequent off-line 
analysis. Analyses of the time intervals in MPI were interpreted without knowledge of 
regional wall motion analyses and clinical data.  
 

Assessment of systolic function 
Wall motion score index (WMSI) was obtained semiquantitatively using a 16-segment 
division of the LV.15 Inducible ischemia was defined as 1) new inducible wall motion 
abnormality, 2) biphasic response of resting wall motion abnormality (improvement at 
low dose with worsening at peak dose), or 3) worsening of a resting wall motion 
abnormality at peak dose without improvement at low dose. Worsened wall motion was 
defined as a change from normal wall thickening to hypokinesia, akinesia or dyskinesia 
and from hypokinesia to akinesia or dyskinesia, but not from akinesia to dyskinesia.16 
Myocardial viability was defined as improved wall motion in >2 contiguous infarct-
zone segments or in all infarct-zone segments, if fewer than three segments were 
asynergic.17 At rest, LV volumes and ejection fraction were estimated using Simpson’s 
biplane method. 15 LV volumes were corrected for body surface area.  
 
Doppler technique 
MPI was defined as the sum of isovolumic contraction and relaxation time divided by 
ejection time, which can be obtained from pulsed Doppler recordings of mitral inflow 
and LV outflow.18  Mitral inflow was recorded with the transducer in the apical four-
chamber view placing a 2 mm sample volume between the tips of mitral leaflets during 
diastole. LV outflow velocity curve was recorded from the apical long-axis view with 
the sample volume positioned just below the aortic valve. From the inflow profile, the 
time from cessation to onset of inflow (A) was measured corresponding to the sum of 
isovolumic contraction time, ejection time, and isovolumic relaxation time. From the 
outflow, ejection time (B) was measured. MPI was calculated as (A-B)/B.18 Based on 
our previous study,6 we chose to categorize AMI patients according to whether an 
decrease (improvement) or increase (deterioration) in MPI was observed after low-dose 
dobutamine infusion or peak DASE, respectively. Thus, the cut off was pre-specified, 
and one cannot exclude the possibility that some patients might have been categorized 
incorrectly due to the intra- and interobserver variability in MPI measurements. The 
isovolumic times and ejection time were corrected for heart rate by dividing the 
individual time intervals by the square root of the electrocardiographic RR interval in 
seconds between two consecutive beats. 

LV filling was categorized as normal (grade 0), impaired relaxation (grade 1), 
pseudonormal (grade 2), or restrictive (grade 3) by combined assessment of the flow 
propagation velocity (Vp), obtained by color M-mode Doppler echocardiography, and 
E-wave deceleration time as validated previously.19 Five consecutive beats were 
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measured and averaged for each Doppler variable for patients in sinus rhythm, whereas 
10 consecutive beats were averaged for patients in atrial fibrillation.20  

 
Assessment of N-terminal pro brain natriuretic peptide (BNP) 
Peripheral blood samples for BNP determination were drawn from venipuncture after a 
30-minutes supine rest before stress echocardiography. Test tubes were placed 
immediately on ice and centrifuged within 30 minutes at 4°C. The serum was stored at -
80°C until assayed. BNP was determined with a sandwich immunoassay on an Elecsys 
2010 (Roche Diagnostics).  
 
Statistical analysis 
Continuous data are expressed as mean value +/- SD. Comparisons between groups 
were performed using chi-squared test for categorical variables and two-way analysis of 
variance with Bonferroni corrected post hoc test for continuous variables. BNP data are 
presented as median and interquartile range. Because of skewed distribution of data, 
BNP levels were logarithmically transformed for statistical analysis.  

Cumulative survival analysis was performed with Kaplan Meier plots, and 
differences between subgroups were tested with the log rank test. Further estimation of 
risk was performed using Cox proportional hazards models. A multivariate model using 
forced entry was used to identify independent predictors of cardiac events. The 
assumptions of the proportional hazard model (proportional hazards, linearity of 
continuous parameters and lack of interactions) were tested and were valid unless 
otherwise specified. A P value of less than 0.05 was considered significant. SPSS 
version 10.0 (SPSS Inc. Chicago, Illinois) was used for calculations. 
 

Reproducibility 
Reanalyses of MPI at rest, low-dose, and peak stress were performed in 25 patients by 
the same observer and by a second observer on separate occasions but using the same 
recordings. Variability was assessed as mean percent error (absolute difference divided 
by the average of the two observations).  
 
RESULTS 
DASE and BNP levels were assessed 5 ± 1 day after hospital admission. Patients were 
divided into 3 groups based on the MPI response during DASE. Group 1 comprised 21 
patients, in whom MPI improved (decreased) at low-dose and further improved at peak 
dobutamine infusion; group 2 comprised 53 patients with a biphasic response (initially, 
MPI decreased at low-dose but increased above the resting value at peak stress); and 
group 3 comprised 35 patients, where MPI increased (deteriorated) at low-dose and at 
peak dobutamine infusion (Figure 1). Three patients, in whom MPI did not change 
during LDDE but increased at peak DASE, were categorized in group 3.  

The clinical and echocardiographic characteristics of the groups are listed in 
Tables 1 and 2, respectively. Coronary angiography was performed in 88 patients (81%) 
at a mean of 1.6 ± 1.2 months after AMI. Three-vessel disease was present in 28 
patients (32%) and was more frequent in group 3 patients compared to groups 1 and 2 
patients (Table 1). Seventy-one patients (65%) underwent subsequent revascularisation 
procedures (percutaneous coronary intervention in 39 patients and coronary bypass 
surgery in 32 patients), Table 1. Among the 104 patients who survived to one year of 
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follow-up, no significant differences in the use of aspirin (p = 0.33), β-blocking agents 
(p = 0.72), diuretics (p = 0.25), or angiotensin converting enzyme inhibitor / angiotensin 
II antagonist (p = 0.92) were observed between groups from hospital discharge to one 
year of follow-up. 

 
Dobutamine-atropine stress echocardiography 
Termination of DASE was due to target heart rate in 71 patients (65%), maximum dose 
in 11 (9%), severe angina in 18 (17%), nonsustained ventricular tachycardia in 5 (5%), 
atrial fibrillation in 3 (3%), and hypotension in 1 (1%). The increase in heart rate from 
rest to peak dobutamine infusion was not significantly different between groups (p = 
0.19) and did not correlate with the change in MPI from rest to peak DASE in group 1 (r 
= 0.17, p = 0.94), group 2 (r = 0.08, p = 0.55), or in group 3 (p = -0.11, P = 0.54). 

Table 3 shows changes during DASE in the individual time intervals combined in 
the MPI. Improvement in MPI at low-dose and / or at peak stress was because of a 
marked shortening of isovolumic times relative to the shortening of ejection time, 
whereas deterioration in MPI at low-dose and / or at peak stress was caused by 
unchanged or even prolonged isovolumic relaxation time relative to a significant 
shortening of ejection time.  

 
MPI response during DASE and relation to BNP levels 
BNP levels were significantly higher in group 3 compared to groups 1 and 2, whereas 
no difference was observed between groups 1 and 2 (Table 1). On univariate regression 
analysis, elevation of BNP was associated with an increase in MPI from rest to low-
dose (β = 0.48, p < 0.0001) and to peak dobutamine infusion (β = 0.31, p = 0.001). On 
multivariate regression analysis, the association between BNP levels and the MPI 
response at low-dose (β = 0.30, p = 0.004) and at peak dose (β = 0.31, p = 0.001) 
remained present after adjustment for potential confounders such as age, LV systolic 
function (ejection fraction and wall motion score index), and advanced LV diastolic 
dysfunction (E-wave deceleration time ≤140 ms), moderate to severe mitral 
regurgitation, and right ventricular dysfunction (defined as right ventricular end-
diastolic diameter ≥ 20 mm/m2 and akinesis ≥ 1 right ventricular segment and/or 
interventricular septal paradoxical motion). 
 
MPI response during DASE and relation to outcome 
During follow-up of 27 ± 7 months, 8 patients died from cardiac causes, 9 were 
readmitted to hospital for myocardial reinfarction, and 6 were readmitted for congestive 
heart failure. No events occurred in group 1 during follow-up. In contrast, in group 2, 1 
death and 4 readmissions due to reinfarction or heart failure were seen, and in group 3, 7 
deaths and 11 readmissions occurred. No difference in event rate was found between 
groups 1 and 2 (p = 0.15), whereas it was significantly increased in group 3, Figure 2. 
Among 31 patients where regional wall motion analysis suggested a non-ischemic 
response to DASE, 13 patients demonstrated an increase in MPI, indicative of 
deterioration of LV function during DASE. The event rate among these patients was 
significantly increased (7/13 versus 0/18, log rank 13.9, p < 0.0001). Among these 13 
patients, 7 underwent revascularisation (PCI in 3 patients and CABG in 3, whereas 1 
patient underwent both procedures). 

Univariate predictors of cardiac events are shown in Table 4. In a multivariate 
model including age, LV ejection fraction at rest, diastolic dysfunction, anterior infarct 
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location, new or worsened wall motion abnormalities with stress, an increase in MPI 
from rest to low-dose, an increase in MPI from low-dose to peak stress, and BNP, only 
an increase in MPI at low-dose DASE (hazard ratio 6.3, 95% CI 1.4 to 28.7, p = 0.018) 
proved to be an independent predictor of cardiac events. No additional prognostic 
information was obtained from traditional wall motion analysis during DASE.  

 
Reproducibility 
The intraobserver variability for MPI was 2% ± 3% at rest, 2% ± 4% at low-dose, and 
2% ± 6% at peak dobutamine dose. The interobserver variability for MPI was 2% ± 4% 
at rest, 1% ± 6% at low-dose, and 4% ± 7% at peak dobutamine dose. No significant 
increase in variability occurred for MPI from rest to peak dobutamine infusion when 
assessed by the same observer (p = 0.14) and by different observers (p = 0.20). 
 
 
DISCUSSION 
This study demonstrates in hospital survivors after AMI that an increase (deterioration) 
in the MPI during low-dose dobutamine echocardiography is associated with increased 
neurohormonal activation and increased risk of cardiac events. When MPI was 
available, no additional prognostic information was obtained from conventional wall 
motion analysis during peak-dose dobutamine stimulation. 
 
Added value of MPI response during DASE 
Myocardial ischemia is known to impair both diastolic and systolic LV function; 
diastolic abnormalities precede systolic abnormalities.4 MPI integrates systolic and 
diastolic time intervals. With the onset of ischemia, the sum of isovolumic times 
prolongs and ejection time shortens, and consequently, MPI increases. An increase in 
MPI during DASE has been proposed as a sensitive marker of myocardial ischemia.7  

In the healthy heart, dobutamine will reduce the isovolumic times due to its 
positive inotropic and lusitropic effects.21 Thus, LV performance is maximized with a 
greater part of the cardiac cycle occupied with either ejection or filling, and isovolumic 
times, when the ventricle is neither ejecting nor filling, is reduced.22 In patients with 
inducible ischemia, however, this shortening of isovolumic times is absent or even 
reversed, reducing the time for diastolic filling.23,24 Accordingly, we observed a reduced 
shortening of isovolumic times relative to ejection time among patients with 
deterioration of MPI during DASE. Thus, these patients seem to have a paradox 
response to dobutamine with a reduced filling time, i.e. the diastolic period is 
abnormally shortened, reducing time available for coronary artery filling. This may 
perpetuate subsequent myocardial perfusion instabilities. In the presence of 
compromised coronary flow reserve, it is likely that stimulation of the myocardium by 
even low doses of dobutamine may precipitate myocardial ischemia by increasing the 
oxygen demand beyond the already compromised threshold,25 possible explaining the 
increase in MPI even at low-dose dobutamine stimulation in these patients. One could 
expect that repetitive ischemic episodes in jeopardized areas lead to a progressive loss 
of potentially viable myocytes, mechanical dysfunction, and cardiovascular events.  

 
BNP and inducible ischemia 
Few studies have related inducible ischemia to BNP levels. Bibbins-Domingo et al 13 
demonstrated that elevated BNP levels at rest were independently associated with 
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exercise induced ischemia among patients with stable coronary artery disease, 
particularly among those with a previous myocardial infarction. In another study of 35 
patients with known angina,14 BNP levels increased after exercise. The degree of BNP 
elevation correlated with the size of the ischemic territory, suggesting that inducible 
ischemia may lead to elevated BNP levels. In our study, an increase in MPI during 
DASE was independently associated with elevated BNP levels. Accordingly, both 
prognostic indices appear to point in the same direction. Although the pathophysiology 
underlying this observation remains to be clarified, one could speculate that jeopardized 
infarct areas contribute to an increased load and increased wall stress in the remaining 
noninfarcted myocardium, stimulating release of cardiac peptides. The observed high 
BNP levels and advanced degree of LV diastolic dysfunction in group 3 patients suggest 
elevated filling pressures, which may further compromise coronary artery filling. These 
factors would be expected to increase the risk of cardiovascular events. This is further 
supported by recent invasive studies demonstrating a positive correlation between MPI 
and LV filling pressure.26,27 
 
Clinical implications 
By introducing evaluation of MPI during DASE, we were able even with low-dose 
dobutamine infusion to identify a group of patients with deterioration in overall LV 
function, where conventional wall motion analysis failed to demonstrate any 
deterioration in LV systolic function. These patients were at high risk of adverse 
outcome. Thus, MPI analysis is likely to be an important step in the effort to objectively 
and sensitively detect overall LV dysfunction during dobutamine stress 
echocardiography. This method may therefore assist in the risk stratification of patients 
early after acute myocardial infarction.  
Identifying LV dysfunction even during low-dose dobutamine echocardiography 
confirms the previous studies of Tsutsui et al.,28,29 who demonstrated the usefulness of 
myocardial velocity gradient by tissue Doppler imaging for detecting myocardial 
ischemia during only sub-maximal dobutamine challenge. The consistency between our 
results and those of Tsutsui et al., although using different quantitative techniques to 
explore myocardial ischemia, further enhances the strength of our findings.  
 
Limitations 
At the time of DASE, 92% of all patients were treated with beta-blocking agents. 
Although treatment was discontinued 24 hours before stress testing, this could have 
interfered with the detection of ischemia. However, treatment with beta-blocking agents 
was evenly distributed between groups, and given the well documented beneficial 
effects of adrenergic beta-blockade after AMI, withholding beta-blockers would be 
unethical. 

It has been reported that MPI increases at increasing heart rate,30 and one might 
speculate that the changes in MPI during DASE varies between groups due to 
differences in heart rate response. But this seems unlikely as the increase in heart rate 
was comparable between groups and did not correlate with the changes in MPI in any of 
the groups. Moreover, MPI has shown to correlate to LV systolic function during 
dobutamine infusion independently of the increase in heart rate.5  

Revascularisation after AMI could not be standardized and may have affected the 
prognostic significance of DASE. The excess of revascularisation procedures in group 2 
compared to group 1 could explain, at least in part, the low event-rate in group 2 
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patients. Therefore, adjustment for revascularisation procedures in Cox regression 
analysis would be desirable. However, revascularisation was performed relatively late 
reflecting that the study was done prior to widespread use of primary angioplasty and 
even with some delay in patients with non ST segment elevation AMI. Thus, patients 
eligible for revascularisation were patients that survived the early post infarction period 
irrespective of revascularisation. Inclusion of revascularisation in the prognostic models 
would therefore introduce a major bias, as the model would not be able to separate the 
effect of surviving the early post AMI period and the effect of revascularisation.  

Since patients with an increase in MPI during low-dose DASE presented more 
frequently with multivessel disease, one might speculate that outcome may be 
significantly improved by selective use of revascularisation in these high-risk patients. 
Given the regional location on coronary artery disease, this technique should be 
considered as adjunctive and not specific to a certain myocardial region and targeted 
revascularisation. However, future studies are needed to establish the potential 
beneficial effect of revascularisation procedures or adjunctive therapies aiming at 
improving tissue perfusion in these patients.  

 
Conclusions 
After a first AMI, evaluation of the MPI response during DASE enhances the 
prognostic yield of DASE based on traditional wall motion analysis. Moreover, an 
increase (deterioration) in MPI at the low-dose stage is independently associated with 
elevated BNP-levels and increased risk of cardiac events. With MPI available, no 
additional prognostic information is obtained from traditional wall motion analysis 
during DASE. 
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Figure legends 
 
Figure 1. Graphs showing changes in myocardial performance index (MPI) from rest to 
low-dose and peak dobutamine stress in the 3 study groups. Data are plotted as mean ± 
standard error of the mean. 
 
Figure 2. Kaplan Meier event-free survival estimates for cardiac events in the 3 study 
groups. The cumulative event-free survival was significantly lower in group 3 compared 
to groups 1 (p < 0.0001) and 2 (p = 0.0004), whereas no significant difference was 
present between groups 1 and 2 (p = 0.15). 
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Table 1. Clinical characteristics  
 

 
All patients 

(n = 109) 
Group 1 
(n = 21) 

Group 2 
(n = 53) 

Group 3 
(n = 35) 

Age, years 65 ± 11 63 ± 13 62 ± 9 71± 10*† 
Male gender 75 (69%) 14 (67%) 38 (72%) 23 (66%) 
Current smoker 51 (47%) 6 (29%) 26 (49%) 19 (54%) 
History of hypertension 28 (26%) 3 (14%) 16 (30%) 9 (26%) 
Diabetes 15 (14%)  3 (14%) 7 (13%) 5 (14%) 
Atrial fibrillation  3 (3%) 0 (0%) 1 (2%) 2 (6%) 
ST-elevation AMI 69 (63%) 13 (62%) 31 (59%) 25 (71%) 
Anterior AMI 43 (39%) 8 (38%) 17 (32%) 18 (51%) 
Killip Class ≥II during 
hospitalization 

42 (33%) 2 (10%) 13 (25%) 18 (51%)*† 

Creatine kinase, IU/L 1,552 ± 1,497 1,233 ± 1,303 1,399 ± 1,152 2,286 ± 
1,862*† 

Thrombolytic therapy 47 (43%) 9 (43%) 22 (42%) 16 (46%) 
Medication at discharge 

Aspirin 
 

109 (100%) 
 

21 (100%) 
 

58 (100%) 
 

35 (100%) 
β-blocking agents (92%) 19 (91%) 50 (99%) 31 (89%) 
ACEi / AIIA (30%) 6 (29%) 25 (47%) 19 (54%) 
Diuretics (35%) 4 (19%) 17 (32%) 17 (39) 

Multivessel disease‡ 28 (32%) 2 (13%) 16 (33%) 10(44%)* 
PCI during follow-up 39 (36%) 5 (24%) 23 (43%) 11 (31%) 
CABG during follow-up 32 (29%) 3 (14%) 19 (36%) 10 (29%) 
PCI or CABG during follow-up 71 (65%) 8 (38%) 42 (79%)* 21 (60%) 
BNP levels, median (IQR), 
pmol/L 

131 (53-260) 56 (33-118) 96 (47-154) 310 (199-
566)*† 

Data presented as mean ± SD or number (percentage) of patients. *p < 0.05 compared to group 1. 
†p < 0.05 compared to group 2. ‡Angiography was performed in 88 patients (81%). ACEi/AIIA, 
angiotensin converting enzyme inhibitor or angiotensin II antagonist; AMI, acute myocardial 
infarction; BNP, N-terminal pro brain natriuretic peptide; CABG, coronary artery bypass grafting; 
IQR, interquartile range; PCI, percutaneous coronary intervention.  
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Table 2. Echocardiographic characteristics 
 All patients 

(n = 109) 
Group 1 
(n = 21) 

Group 2 
(n = 53) 

Group 3 
(n = 35) 

LV ejection fraction, % 45 ± 10 50 ± 10 47 ± 8 39 ± 10*† 
LV end-systolic volume index, ml/m2 42 ± 19 37 ± 18 42 ± 21 45 ± 16 
LV end-diastolic volume index, ml/m2 75 ± 22 72 ± 18 73 ± 26 72 ± 16 
WMSI at rest 1.40 ± 0.32 1.30 ± 0.35 1.33 ± 0.30 1.57 ± 0.28*† 
WMSI at low-dose DASE 1.22 ± 0.27 1.12 ± 0.24 1.13 ± 0.20 1.43 ± 0.27*† 
WMSI at peak DASE 1.41 ± 0.29 1.16 ± 0.28 1.37 ± 0.23 1.60 ± 0.26‡ 
Infarct-zone viability 80 (73%) 19 (91%) 48 (91%) 13 (37%)*† 
Diastolic function  
   Normal 
   Impaired relaxation, Grade 1 
   Pseudonormalization, Grade 2 
   Restrictive, Grade 3 

 
53 (49%) 
17 (16%) 
34 (32%) 
5 (5%) 

 
13 (62%) 
5 (24%) 
3 (14%) 
0 (0%) 

 
39 (74%) 
8 (15%) 
5 (9%) 
1 (2%) 

 
1 (3%)*† 
4 (11%)  

26 (74%)*† 
4 (11%)  

Isovolumic relaxation time, ms 78 ± 15  85 ± 16 77 ± 13 76 ± 16 
Isovolumic contraction time, ms 57 ± 25 48 ± 28 52 ± 22 70 ± 23*† 
Ejection time, ms 273 ± 32 278 ± 28 280 ± 28 258 ± 36† 
MPI at rest  0.51 ± 0.14 0.48 ± 0.13 0.47 ± 0.13 0.58 ± 0.13† 
MPI at low-dose DASE 0.47 ± 0.18 0.40 ± 0.13 0.39 ± 0.14 0.63 ± 0.17*† 
MPI at peak DASE 0.55 ± 0.23 0.32 ± 0.14 0.53 ± 0.16 0.71 ± 0.23‡ 
Change in MPI from rest to low-dose DASE 0.03 ± 0.08 0.08 ± 0.05 0.08 ± 0.05 -0.06 ± 0.06*† 
Change in MPI from rest to peak DASE -0.04 ± 0.16 0.17 ± 0.06 -0.06 ± 0.09 -0.14 ± 0.18‡ 
Data presented as mean ± SD or number (percentage) of patients. *p < 0.05 compared to group 1. †p < 0.05 
compared to group 2. ‡p < 0.001 for all comparisons between groups. DASE, dobutamine-atropine stress 
echocardiography; LV, left ventricular; MPI, myocardial performance index; WMSI, wall motion score index. 
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Table 3. Changes in isovolumic times, ejection time and MPI during DASE in the 3 study groups 

 Group 1  Group 2  Group 3 
 Rest Low-dose  Peak DASE  Rest Low-dose Peak DASE      Rest Low-dose Peak DASE 
IRTc 90 ± 18 77 ± 17* 56 ± 20*  79 ± 14 71 ± 17* 82 ± 23  82 ± 16 86 ± 17 91 ± 29 
ICTc          50 ± 30 35 ± 24* 25 ± 26*  54 ± 24 31 ± 23* 43 ± 31*  76 ± 25 75 ± 32 72 ± 37 
ETc 292 ± 20 287 ± 22 254 ± 19*  287 ± 19 283 ± 17 238 ± 24*  278 ± 24 269 ± 25* 233 ± 27* 
MPI 0.48 ± 0.13 0.40 ± 0.13* 0.32 ± 0.14*  0.47 ± 0.13 0.39 ± 0.14* 0.53 ± 0.16*  0.58 ± 0.13 0.63 ± 0.17* 0.71 ± 0.23* 
*p < 0.05 compared to resting values within groups. Data presented as mean ± SD. 
DASE, dobutamine-atropine stress echocardiography; ETc, heart rate corrected ejection time; ICTc, heart rate corrected isovolumic contraction 
time; IRTc, heart rate corrected isovolumic relaxation time; MPI, myocardial performance index. 
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Table 4. Univariate Cox regression analysis for prediction of cardiac events 
 
 

Wald  
Chi-Square 

Hazard Ratio  
(95% CI)  

 
p Value 

Age  11.31 1.07  (1.03-1.10) 0.001 
LV ejection fraction 11.45 0.94 (0.90-0.97) 0.001 
Diastolic dysfunction* 14.35 2.49 (1.55-3.99) < 0.0001 
Anterior infarct location 0.34 0.77 (0.31-1.90) 0.56 
WMSI at rest 7.08 4.11 (1.45-11.64) 0.01 
WMSI at low-dose 12.25 9.02 (2.63-30.91) < 0.0001 
WMSI at peak stress 7.39 5.09 (1.57-16.47) 0.01 
Inducible ischemia 0.23 0.80 (0.32-1.98) 0.63 
Increase in MPI from rest to low-dose 17.07 8.35 (3.05-22.83) < 0.0001 
Increase in MPI from low-dose to peak stress 3.98 7.74 (1.04-57.70) 0.046 
Log BNP 17.98 3.90 (2.08-7.33) < 0.0001 
*Calculated for an increase of 1 grade in diastolic dysfunction (see text for definition of diastolic 
function).  
BNP, N-terminal pro brain natriuretic peptide; CI, confidence interval; LV, left ventricular; MPI, 
myocardial performance index; WMSI, wall motion score index. 
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Figure 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

0.2 

0.4   

0.6 

0.8 

  Rest                       Low-dose                Peak stress          

Group 1 Group 2 Group 3 

MPI 

 on M
ay 21, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/hrt.2005.066225 on 30 D

ecem
ber 2005. D

ow
nloaded from

 

http://heart.bmj.com/


 Follow-up (months)

3024181260

E
ve

nt
-f

re
e 

su
rv

iv
al

 (
%

) 100

80

60

40

20

0

Group 1 

Group 2 

Group 3 

Number at risk     109            95             91             78             48             19              

Figure 2 

 on May 21, 2023 by guest. Protected by copyright. http://heart.bmj.com/ Heart: first published as 10.1136/hrt.2005.066225 on 30 December 2005. Downloaded from 

http://heart.bmj.com/

