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Abstract: The research included 120 patients with acute myocardial infarction with ST-segment elevation, who
underwent reperfusion. It has been revealed, that in AMI + ST ischemic myocardial damage are not the same, and there
are areas of reversible left ventricular dysfunction, along with the irreversible necrosis. An effective reperfusion during
AMI + ST always accompanies by reperfusion injury and the development of "stunned" myocardium. Restoring
asynergic contractility of myocardium under stress echocardiography with small doses of dobutamine, determines the
improvement of global systolic function and left ventricular remodeling. Reperfusion resulted in a decrease the frequency
of signs of heart failure and cardiac arrhythmias in patients with transmural myocardial infarction.
Keywords: acute myocardial infarction, reperfusion, “stunned” myocardium, remodeling.
INTRODUCTION
Restoration of blood flow in the infarct-related
coronary artery (IRCA) should help to reduce mortality
and the incidence of complications of AMI. At the
present, it has been proven the importance of coronary
artery occlusion in the pathogenesis of acute myocardial
infarction (AMI). Restoration of coronary blood flow
should help: 1) To limit the size of myocardial
infarction; 2) To reduce the incidence of life-threatening
arrhythmias; 3) To prevent dilatation of the damaged
myocardial areas and formation of aneurysms; 4) To
prevent enlargement of the heart chambers due to the
intact parts of the myocardium (pathological remodeling
of the LV myocardium), 5) To reduce mortality of acute
myocardial infarction [1, 2, 3].
Numerous studies have shown the high
efficiency of transluminal balloon angioplasty (TBA) in
restoring the blood flow in IRCA and improvement in
prognosis during acute myocardial infarction. The
mechanism of improvement in the clinical outcome after
treatment with TBA appears multifactorial. The main
reason for the favorable clinical course and improvement
of the prognosis of the disease is the early (in the first
hours of the disease) restoration of antegrade blood flow
TIMI 2-3 in IRCA, making possible to significantly
improve the blood supply to the surrounded area of
infarction and to limit the zone of necrosis [4, 5, 6, 7, 8,
9, 10].
The purpose of the study was to define the
clinical course, remodeling, stunned myocardium and
dynamics of the recovery of left ventricular dysfunction
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after adequate reperfusion therapy in patients with acute
myocardial infarction with ST segment elevation.
MATERIAL AND METHODS
The study included 120 patients with acute
myocardial infarction with ST-segment elevation. The
average age was 44,2 ± 1,3 years. Patients admitted to
the CCU Republican research center of emergency
medicine (RRCEM) in the first 8 hours after the
development of the disease. All patients underwent
standard treatment (anticoagulants, antiplatelet agents,
statins,
β-blockers, nitrates,
ACE
inhibitors).
Thrombolytic therapy (TLT) was conducted in 44%, and
primary PCI – in 56% of patients.
Urgent reperfusion therapy performed in 120
patients, with 96 (80%) effectiveness. In 24 (20%)
patients reperfusion did not give the effect. It should be
noted that in half of cases IRCA’s permeability was
verified with emergent coronary angiography (TIMI 2,
3). Time of IRCA’s reperfusion - 5,5 ± 3,2 h. The
patients were divided into two groups: 1st - 96 (80%)
patients with successful reperfusion (SR) and the 2nd 24 (20%) patients without successful myocardial
reperfusion (without SR).
All 120 patients underwent echocardiography
(after reperfusion and after 3 months) and stress
echocardiography with low doses of dobutamine (SDE)
on the 4-6-th day after the stabilization of the patient.
Two-dimensional echocardiography was performed on
the machines "Siemens Omnia" (Germany) and
ClearVue 550 (Philips), were determined in end-diastolic
and end-systolic volume (EDV and ESV), stroke and
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minute volume (SV and MV) and ejection fraction (EF)
of LV.
Protocols of the stress echocardiography
include certain growth of LV systolic wall thickening in
areas dyssynergia on small doses of the drug [12].

Dobutamine was administered by automatic infusomats
by the
conventional
scheme.
Simultaneously
echocardiography by monitoring of global and regional
left ventricular myocardial contractility, ECG and blood
pressure and the heart rate monitor using a Nihon
(Japan) was performed.

Table 1:The clinical characteristics of examined patients with AMI
Total (n=120)
1st group (n=96) 2nd group (n=24)
Age
44,2 ± 1,3
43,2 ± 1,6
44,8 ± 1,3
Men
92 (76,7%)
71
21
the
time
"symptom
- 5,5 ± 3,2 h
2,2 ± 1,3
6,4 ± 3,2*
reperfusion"
Thrombolytic therapy
53 (44%)
37
16
Primary PCI
67 (56%)
59
8
Rescue PCI
5
3
2
Delayed PCI
42
28
14
ST segment lowering from 96 (80%)
96
baseline over 50%
the absence of ST segment 24 (20%)
24
lowering from baseline over
50%
TIMI 0
18 (15%)
18
TIMI 1
6 (5%)
6
TIMI 2
45(37,5%)
45
TIMI 3
51 (42,5%)
51
*P<0,05.
Regional contractile function of the LV was
evaluated according to the classification of LV
segmental division, proposed by the American Society
of Echocardiography. Analysis of violation of local
contractility of the left ventricular myocardium in 16
segments before and during tests conducted by 4-point
scale: normokinesis - 1 point, hypokinesis - 2 points,
akinesia - 3 points and dyskinesia - 4 points [5, 8].
Further, the index is calculated wall motion score index
(WMSI) as the ratio of the total points of the analyzed
segments to their total number. The criterion of viability
(reversible dysfunction) according myocardial stress
echocardiography was the appearance of a zone of
myocardial scar formed as increase its contractility by
one point or more and increase in systolic thickening>3
mm at small doses of dobutamine (5-10 mg / kg / min ).
Statistical analysis was carried out using
Statistica-5,0. In the analysis of the material were
calculated average values, their average standard errors
and confidence intervals of 95%. The hypothesis of
equality of means was evaluated by t criteria of Student.
The statistical differences between samples were set at p
<0.05.
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RESULTS
When analyzing the results of the clinical
studies on patients a reperfusion therapy had a positive
impact of on the clinical course of AMI. Patients
expressed significantly positive impact on the incidence
of revascularization of cardiac arrhythmias, as well as
morphological and functional status of the left ventricle
and the development of heart failure.
ALVF class III and IV of Killip occurred
mainly among patients without successful reperfusion
(10 and 18% vs. 6, and 8%).
The complications such as life-threatening heart
rhythm and conduction also often detected in patients
without successful reperfusion (Fig.1). In these patients
often developed left ventricular aneurysm. One patient
died on the 5th day of AMI as a result of recurrent MI
and the outer myocardial rupture, which belongs to the
category of patients without successful reperfusion. It
should be emphasized that the rate of observed
complications generally corresponds to their occurrence
in the general population of patients with acute
myocardial infarction [11,12].
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Fig. 1: The clinical course of acute transmural myocardial infarction in patients with successful and unsuccessful
reperfusion
During the two-dimensional echocardiography
at rest in the first days after myocardial reperfusion in
patients of both groups had moderate dilatation of the
LV cavity and reduction in global left ventricular
systolic function. LV end-diastolic volume in the 1 and
2-group was 163,3 ± 1,3 and 164,8 ± 1,1 ml (p> 0.05).
The index of global systolic function, left ventricular
ejection fraction was reduced in both groups up to 46,5 ±
0,5 and 47,3 ± 0,3%.
For qualitative analysis of segmental LV
contractility was studied in 1920 segments. Area
asynergia infarction was detected in 40% of segments of
the left ventricle in patients with SR (of which 28% and
12%, hypokinesisakinesia). WMSI amounted to 1,6 ±
0,05. Asynergia infarction was detected in 52% of
segments in the group of patients without SR (of which
34% hypokinesia, akinesia 10% and dyskinesia 8%).
WMSI of patients without SR was 2,0 ± 0,04. Indicators
of general and regional systolic function in the Table 2.

During the correlation analysis revealed reverse
correlation between the degree of growth and EDV LV
sphericity index in the 1st and 12th day of MI (r = -0,4,
and r = -0,44; p <0,01 ). In other words, it was found that
patients with anterior localization of AMI who received
reperfusion therapy effective expansion of LV associated
with the growth of its sphericity.
In the 4-6 th day of the disease on
echocardiographic indices of central hemodynamics and
regional systolic function did not differ. When
conducting stress echocardiography with small doses of
dobutamine in patients with SR revealed an increase in
the number of segments with normokinesis to 92%
reduction in area up to 5% of hypokinesia, akinesia areas
also disappeared to 3%. WMSI significantly decreased
to 1,1 ± 0,04 (p <0.001). Accordingly noted
improvement in the global LV systolic function with the
introduction of low-dose dobutamine, although enddiastolic indices did not change significantly (p> 0.05).
Total EF increased from 46,5 ± 0,5 to 55,4 ± 0,6% (p
<0.001).

Table 2: The data of echocardiography and stress echocardiography with low dose dobutamine
Rate
After reperfusion
Lowdoses of dobutamine
3 months after MI
1 gr, n=96

2 gr, n=24

1 gr, n=96

2 gr, n=24

1 gr, n=96

2 gr, n=23

EDV LV, ml

163,3±1,3

164,8±1,3

163,5±1,5

166,4±1,5

164±1,6

168±1,6

ESV LV, ml

87,4±1,3

86,5±1,2

73±1,16*

85,5±1,16*

76,7±1,12

87,7±1,2^

EF LV, %

46,5±0,5

43,5±0,5

55,4±0,6

45±0,6

53,2±0,5

44±0,6

WMSI

1,6±0,05

1,77±0,04

1,1±0,04*

1,63±0,04*

1,1±0,04*

1,7±0,06^

Normokinesis

461-60%

92-48%

707-92%

149-77%

698-91%

138-72%

Hypokinesis

215-28%

66-34%

38-5%

20-10%

40-5%

23-12%

Akinesis

92-12%

19-10%

23-3%

8-5%

30-3%

16-8%

15-8%

-

15-8%

Dyskinesis
15-8%
Note: * - р<0,05 compared with initial data; ^ - р<0,05 between groups
When conducting a stress echocardiography
with dobutamine in low doses in patients without SR
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increasing the number of identified segments
normokinesis to 77% decrease in area to 10%
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hypokinesia, akinesia zone to 5%. In this group
dyskinetic segments when administered at baseline and
low dose dobutamine was 8%. WMSI is not changed
significantly by administered of low doses of
dobutamine. It was also nonsignificant improvement in
global left ventricular systolic function with the
introduction of low-dose dobutamine, although enddiastolic indices did not change significantly (p> 0.05).

Improved contractility zones hypokinesia noted in areas
which had been diagnosed reversible myocardial
dysfunction (stunned myocardium) during stress
echocardiography with low doses of dobutamine in the
4-6 th day of the disease. WMSI amounted to 1,12±0,04
(p<0.01). It was also noted improvement in the global
LV systolic function. LVEF increased significantly from
46,5±0,5 to 53,2±0,5% (p <0.05).

Conducting stress echocardiography with low
doses of dobutamine revealed that left ventricular
myocardial dysfunction in 8% of the segment was
irreversible (necrosis), and 32% - reversible (stunned
myocardium) in patients undergoing successful
revascularization.

In the group of patients without successful
myocardial reperfusion on the 3 months revealed
hypokinesis reduction in areas from 34 to 12%, the
number of normokinetic segment grew from 48 to 72%.
WMSI amounted to 1,52 ± 0,06 (p <0.05). LVEF not
increased significantly (p> 0.05).

In patients without a successful reperfusion
reversible myocardial dysfunction was detected in 29%
of segments irreversible - 23%.

Direct correlation was found between the
number of segments of dobutamine response and the
value of their functional improvement at peak
dobutamine and changes in ejection fraction (r = 0.72, p
<0.01). Also, found a direct correlation between WMSI
at low dose dobutamineEchoCG at 4-6 days and
echocardiography after 3 month (r = 0,91, p <0.01).
Noted the positive dynamics of the functional state of
left ventricular myocardium in all patients Q myocardial
infarction with reversible myocardial dysfunction.

After
3
months
performed
repeated
echocardiography at rest. In the group of patients with
successful reperfusion of the myocardium revealed a
significant decrease of hypokinesis zones in comparison
with the baseline data from 28 to 5.2%, the number of
normokinetic segment increased from 60 to 90.8%.

LV EF, %

DRS
Fig.2: Direct positive correlation between dobutamine responds segments (DRS) and LVEF
(p<0,05)
The absence of myocardial stanning in the area
of myocardial infarction was accompanied by more
severe of restorative postinfarction period. In the
presence of myocardial stanning after stenting of IRCA
remodeling processes were less pronounced.
Until recently, the violation of the contractile
function of the myocardium in acute myocardial
infarction is uniquely associated with a local necrosis of
cardiomyocytes. However, violations of local
myocardial contractility are not always the result of
myocardial necrosis. Numerous functional and
morphological studies have shown that ischemic damage
to the myocardium is not uniform.
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Many studies have demonstrated that early
reperfusion in acute myocardial infarction + ST
elevation has a positive effect on systolic LV function by
limiting the further loss of cardiomyocytes, even though
after reperfusion and reoxygenation a condition of
stunned myocardium is developing in ischemic areas,
and therefore the LV systolic function is reduced [ 5, 6,
7,9]. To restore the contractility of these stunned
myocardium areas a certain time is needed. L. A. Reduto
et al. [9] found that in patients after intracoronary
administration of streptokinase, LVEF does not
increased significantly immediately after reperfusion,
but only in time of hospital discharge. W. G. Schmidt et
al. [11] surveyed 264 patients with acute myocardial
infarction, have detected a slight improvement in LV
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systolic function in reperfused region in the first 3 days
and significant increase in its pro-intervals of between 3
days and 6th months. B.I. Zaret et al. [13] in a large
group of patients with acute myocardial infarction found
marked improvement of LVEF in the 9-day and the next
6 weeks after thrombolytic therapy. In our studies of
myocardial functional recovery and a significant
increase in ejection fraction from 46,5 ± 0,5 to 53,2 ±
1,3% (p <0.01) occurred on the 12th day of the disease,
(although the 4-6th day did not differ from baseline EF)
that can be associated with improvements in left
ventricular systolic function by restoring contractility in
stunning areas of the myocardium on the background of
the therapy for 12 days. Functional recovery of LV
myocardium coincides with clinical improvement.
CONCLUSIONS
In acute transmural MI ischemic myocardial
damage are not homogeneous, there are areas of
reversible left ventricular dysfunction, along with the
irreversible necrosis, which largely determine a violation
of the functional state of the myocardium. An effective
early myocardial reperfusion in patients with STeMI
always accompanies by reperfusion injury and the
development of "stunned" myocardium.
Functional recovery of left ventricular
myocardium in patients with STeMI, who underwent an
early revascularization does not occur immediately, but
happens after a certain period of time (in this study
within 3 months). Restoring of contractility in asynergic
myocardium under stress echocardiography with small
doses of dobutamine determines the improvement of
global LV systolic function in patients with STeMI.
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10.

Reperfusion therapy has a positive effect on the
clinical course of the disease by reducing the frequency
of signs of heart failure and heart rhythm disturbances in
patients with transmural myocardial infarction.
11.
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