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Summary. The recovery of viable (hibernating) myocardium is possible only after surgical revascularization, in
contrast to stunning myocardium the recovery of which is spontaneous. The aim of the study was to determine the
effect of therapy (medical or surgical revascularization) on the clinical course and echocardiographic findings during
a one-year follow-up of patients after acute myocardial infarction. The investigation included 195 patients
hospitalized for acute myocardial infarction. Prior to discharge, all patients underwent DSE test. During a 12-month
follow-up, the patients underwent 3-month coronarography and possible surgical revascularization (ACB) (57
patients), depending on the presence of viable myocardium and/or residual ischemia. The patients were divided into
two groups: the first group underwent ACB, and the second received medical treatment. Both groups showed
significant dynamics of change in WMSI during the follow-up, but a lower degree of significance was registered in the
group under medical treatment (p<0.02 vs. p<0.01). Neither group showed statistically significant dynamics of
change in EF and QRSS values. The dynamics of change in regional motility between the groups was investigated
using Pearson chi-square test. A statistically significant difference in the dynamics of change in all regional motility
impairments was established, with the significance of difference of p<0.01 for hypokinetic segments, p<0.02 for
akinetic, and p<0.001 for dyskinetic segments. A timely performed surgical revascularization allows for a
significantly faster recovery of segmental contractility and a safer clinical course during one-year follow-up after
AMI.
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Introduction

In recent years, numerous studies have been focused
on the functional recovery of dysfunctional myocardial
viability after revascularization, especially in patients
with dysfunction of the left ventricle (1). Heart insuffi-
ciency, as a consequence of ventricular dysfunction, is
the leading cause of morbidity and mortality. On the
other hand, ventricular dysfunction resulting from is-
chemia is a dynamic and reversible process (2). After
AMI, a possible finding is the region of irreversible
damage surrounded by myocardial stunning in the pre-
infarct zone with hibernating myocardium distally from
coronary stenosis of the infarct or some other artery.
Previous ischemic episodes can precondition myocar-
dial regions (3,4,5), whilst future ischemic events, in
resting or effort conditions, contribute to the contractile
dysfunction. A finding of viability is of considerably
lower clinical significance relative to prediction of
functional recovery after revascularization (6). Dynam-
ics of functional recovery after revascularization differs
in each case alone and depends on the degree of his-
tological abnormality and the quality of revasculariza-
tion procedure (7).

Patients and Methods

The investigation was done as a prospective study
within the period January 1997-June 2001. The aim of
the study was to determine the effect of therapy (medi-
cal or surgical revascularization) on the clinical course
and echocardiographic findings in patients after acute
myocardial infarction during one-year follow-up.

 The study included a total of 195 patients with acute
myocardial infarction who were hospitalized and treated
at the Coronary Unit of the Clinic for Cardiovascular
Diseases, Clinical Center - Niš. On admission, the diag-
nosis of AMI was established on the basis of the exist-
ing WHO criteria, that is, an adequate clinical picture
and electrocardiographic and biochemical parameters.

The evaluation of damage severity of the left ventri-
cle myocardium after AMI was done by electrocardio-
graphic and echocardiographic methods.

Electrocardiographically, the scar size was assessed
using the complete version of Selvester QRS scoring
system with 54 criteria and a maximum score of 32
points.

Echocardiographically, the global contractile func-
tion was assessed by ejection fraction (EF) and the re-
gional by assessing the function of 16 segments.
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Semiquantification was done by scoring the disorders of
regional contractility: normokinesis - 1 point, hypokine-
sis - 2 points, akinesis - 3 points, and dyskinesis - 4
points. Semiquantitative index of the left ventricle con-
tractile function, i.e., WMS (total sum of wall motility)
was obtained by adding up the values of regional motil-
ity of segments. Dividing by the number of segments,
which were visualized, WMSI (motility index) was de-
termined.

The assessment of the left ventricle function was
performed in basal conditions on 3rd-4th day after admis-
sion, 13th+/−3 days, immediate to pharmacodynamic
test, and during the follow-up.

Prior to discharge from the Clinic, the patients un-
derwent symptom-limited exercise test using the
BRUCE or MOD BRUCE protocol treadmill testing.

After one day, patients were subjected to Dobutamin
stress echocardiographic test according to the following
protocol: continuous infusion of dobutamin with in-
creasing doses of 5, 10, 15, 20, 30, 40 mcg/kg/min in
three-minute periods. The response of segments with
impaired motility in resting condition was classified as
follows:

a) biphase response: improvement followed by homo
or heterozonal worsening after administration of
increased doses;

b) progressive improvement of regional contractil-
ity;

c) progressive worsening; and
d) unchanged segmental contractility.

Following the obtained test results, the patients were
referred to invasive diagnostics, performed in objective
circumstances (such as war instability). After coro-
narography, the patients continued with medical treat-
ment or underwent surgical revascularization. Invasive
diagnostics and revascularization were performed
within the first months (2-3 months after survived myo-
cardial infarction).

One year monitoring included six-month and one-
year follow-ups of subjective and objective, i.e., clinical
status of the patient, electrocardiographic and echocar-
diographic examination with the estimation of therapy
effects according to the anamnestic data and reasons for
possible rehospitalizations (angina pectoris, reinfarction,
arrhythmias, heart insufficiency).

Results
Of 111 patients who underwent coronarography, 42

had received thrombolytic and 69 had received conven-
tional therapy. In the group treated with thrombolytic
therapy, 6 patients had single-vessel, 6 patients double-
vessel, and 30 patients multi-vessel coronary disease. In
the group treated conventionally, there were 18 patients
with single-vessel, 45 with double-vessel and 6 patients
with multi-vessel coronary disease.

Fiftyseven patients (45 males and 12 females) un-
derwent surgical revascularization. On admission, 33
patients (27 males and 6 females) received thrombolytic

therapy and 24 patients (18 males and 6 females) re-
ceived conventional therapy.

In the group treated with thrombolytic therapy, 27
patients with multi-vessel, 3 with double-vessel and 3
with single-vessel coronary disease underwent surgical
revascularization.

In the group treated conventionally, surgical revas-
cularization was performed in 21 patients with double-
vessel and in 3 patient with multi-vessel coronary disease.

On the basis of surgical revascularization, the patients
were divided into two groups that were further monitored
for WMSI, EF, and QRSS dynamics of change.

In the group that underwent surgical revasculariza-
tion, Student's t-test was used for establishing a statisti-
cally significant difference in the values of basal WMSI
and WMSI at six-month follow-up (p<0.01), as well as
in the values of basal WMSI and WMSI at one-year
follow-up (p<0.001). No relevant difference was found
between the values of WMSI at six-month and one-year
follow-ups. The values of EF and QRSS didn't show a
statistically significant difference (Table 1).

Student's t-test was also used in the group that didn't
undergo surgical revascularization for establishing a
significant difference in the values of basal WMSI and
WMSI at six-month follow-up (p<0.02), as well as in
the values of basal WMSI and WMSI at one-year fol-
low-up (p<0.02), but of less significance compared to
the group that underwent surgery. No statistically sig-
nificant difference was established between the values
of WMSI at six-month and one-year follow-ups. The
values of EF and QRSS didn't show a statistically sig-
nificant difference (Table 2).

Given the clinical variables and coronarographic
findings, a significant difference was found between
these two groups with respect to the incidence of angina
pectoris (p<0.05) ("in favor of" the patients treated with
ABC) and with respect to the incidence of double-vessel
(p<0.01) and multi-vessel coronary disease (p<0.001).
No statistically significant difference was found be-
tween other clinical variables or relative to rehospitali-
zations (Table 3).

Dynamics of change in regional motility
with respect to surgical revascularization

In the group that underwent ABC, 217 normokinetic
and 87 dyssynergic segments were registered in basal
conditions, of which 57 were hypokinetic, 24 akinetic,
and 6 dyskinetic segments.

At 6-month follow-up, there were 259 normokinetic
and 45 dyssynergic segments, of which 25 were hypo-
kinetic, 18 akinetic, and 2 dyskinetic segments.

At 12-month follow-up, there were 251 normokinetic
and 37 dyssynergic segments, of which 23 were hypoki-
netic, 12 akinetic, and 2 dyskinetic segments (Table 4).

In the group of patients who didn't undergo ACB,
893 normokinetic and 323 dyssynergic segments were
registered under basal conditions, of which 207 were
hypokinetic, 86 akinetic, and 30 dyskinetic segments.
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At 6-month follow-up, there were 1008 normoki-
netic and 208 dyssynergic segments, of which 118 were
hypokinetic, 68 akinetic, and 22 dyskinetic segments.

At 12-month follow-up, there were 1016 normoki-
netic and 184 dyssynergic segments, of which 95 were
hypokinetic, 66 akinetic, and 23 dyskinetic segments
(Table 5).

A difference in the dynamics of change in regional
motility impairments between the observed groups was
investigated using Pearson's chi-square test. A statisti-
cally significant difference of change in all regional mo-
tility disorders was found, with the significance of differ-
ence of p<0.01 for hypokinetic segments, p<0.02 for aki-
netic, and p<0.001 for dyskinetic segments (Table 6).

Discussion

A total of 57 patients underwent surgical revascu-
larization. The patients were referred to invasive exami-
nation on the basis of clear clinical findings with abun-
dant symptomatology, expressed electrocardiographic
changes and clear positive exercise test for ischemia. Of
patients with performed coronarography, 39 patients
with biphasic response to the test, 12 patients with im-
provement of segmental motility, 6 patients with wors-
ening underwent surgical revascularization. It is clear
that the onset of ischemia was one of the most important
reasons for performing surgical revascularization, in
case of a concomitant viable myocardium. No statisti-
cally relevant difference of EF and QRSS values was
established either in the group under surgical revascu-
larization or in the group that didn't undergo surgery. In

Table 1. Significance of difference in WMSI, EF and QRSS during the follow-up of patients treated with surgical revascularization

WMSI EF QRSS
basal-6m basal-12m 6m-12m basal-6m basal-12m 6m-12m basal-6m basal-12m 6m-12m

t 3.36 4.11 n. s. n. s. n. s. n. s. n. s. n. s. n. s.
p <0.01 <0.001 n. s. n. s. n. s. n. s. n. s. n. s. n. s.

Table 2. Significance of difference in WMSI, EF, QRSS during the follow-up of patients who didn’t undergo surgical
revascularization

WMSI EF QRSS
basal-6m basal-12m 6m-12m basal-6m basal-12m 6m-12m basal-6m basal-12m 6m-12m

t 2.50 2.72 n. s. n. s. n. s. n. s. n. s. n. s. n. s.
p <0.02 <0.02 n. s. n. s. n. s. n. s. n. s. n. s. n. s.

Table 3. Significance of difference in clinical variable frequency and coronarographic finding with respect to surgical
revascularization.

AP fatigue dyspnea reIM aneur single-
vessel

double-
vessel

multi-vessel hospital

t 2.29 n.s n.s n.s n.s n.s 3.35 5.73 n.s
p <0.05 n.s n.s n.s n.s n.s <0.01 <0.001 n.s

Table 4. Dynamics of regional motility in the group that underwent ACB

Normokinetic Hypokinetic Akinetic Dyskinetic
Basal 217 57 24 6
6-month follow-up 259 25 18 2
12-month follow-up 251 23 12 2

Table 5. Dynamics of regional motility in patients who didn’t undergo ACB

Normokinetic Hypokinetic Akinetic Dyskinetic
Basal   893 207 86 30
6-month follow-up 1008 118 68 22
12-month follow-up 1016   95 66 23

Table 6. Significance of difference in the dynamics of regional motility disorders between the observed groups

Hypokinetic Akinetic Dyskinetic
ACB yes ACB no ACB yes ACB no ACB yes ACB no

Basal 57 207 24 86 6 30
6-month 25 118 18 68 2 22
12-month 23   95 12 66 2 23
χχχχ2 8.16 7.24 25.30
P <0.01 <0.02 <0.001
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both groups, a significant difference in WMSI values
during hospitalization and at 6- and 12-month follow-
ups was established. However, the difference was con-
siderably higher in the group under surgical revasculari-
zation (p<0.01 vs. p<0.02 at six-month follow-up and
p<0.001 vs. p<0.02 at one-year follow-up). This differ-
ence was supportive of the fact that most patients un-
derwent surgery within the first six months, which fa-
vored the recovery of hibernating myocardium over the
next six-month period after surgery. The existing differ-
ence between basal and six-month follow-up values
suggests a spontaneous recovery of myocardial stun-
ning. The period of recovery of contractile function af-
ter revascularization is most variable. Although numer-
ous studies report fast recovery of myocardial function
after revascularization, a prolonged and gradual recov-
ery for months after revascularization has been also
reported. Using DSE test, it is possible to demonstrate
the contractile reserve of segments running late with
recovery and being a likely consequence of stunning
after revascularization of hibernating myocardium
(8,9,10).

A statistically significant difference in the dynamics
of recovery of segmental motility was established be-
tween the patients under surgical revascularization and
those who didn't undergo surgery, by comparing the
number and dynamics of recovery of hypokinetic,

akynetic, and dyskinetic segments. In the patients who
underwent surgery, the dynamics of segmental motility
improvement was considerably faster with respect to all
aspects of contractility disorders. This confirms the
finding that surgical revascularization is significant for
the recovery of dysfunctional but viable segments.

There was a difference as to the presence of single-
vessel, double-vessel, and multi-vessel coronary disease,
in that the patients with double- and multi-vessel coronary
disease mostly underwent surgical revascularization.

Conclusion

A timely performed surgical revascularization al-
lows for a significantly faster recovery of segmental
contractility. Regarding the clinical variables, no sig-
nificant difference during the follow-up was registered
between the patients who underwent revascularization
and those who received medical therapy, but a positive
trend of segmental motility recovery was noticed in the
group that underwent revascularization. As the investi-
gation was done in patients with predominantly uncom-
plicated myocardial infarction, the patients who under-
went surgical revascularization were during the follow-
up equaled to patients in whom revascularization was
not indicated.
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HIRURŠKA REVASKULARIZACIJA I EFEKAT NA PROGNOZU BOLESNIKA
NAKON AKUTNOG INFARKTA MIOKARDA

Mirko Burazor, Sonja Šalinger-Martinović, Ivana Burazor, Aleksandar Stanković

Klinika za kardiovaskularne bolesti, Klinički centar, Niš

Kratak sadržaj: Oporavak vijabilnog hiberniranog miokarda, moguć je jedino nakon sprovedene hirurške
revaskularizacije, za razliku od ošamućenog, gde je oporavak spontan. Cilj istraživanja bio je procena efekta terapije
(medikamentne ili hirurške revaskularizacije) na klinički tok i ehokardiografski nalaz tokom jednogodišnjeg praćenja
bolesnika nakon akutnog infarkta miokarda. Ispitivanjem je obuhvaćeno 195 pacijenata hospitalizovanih zbog
akutnog infarkta miokarda.Pre otpusta, pacijenti su podvrgnuti DSE testu. Tokom perioda praćenja, a u roku od 3
meseca pacijenti su podvrgnuti koronarografiji i eventualnoj hirurškoj revaskularizaciji (ACB) (57 pacijenta) zavisno
od postojanja vijabilnog miokarda i/ili rezidualne ishemije. Period praćenja je iznosio 12 meseci. Pacijenti su
podeljeni u dve grupe: I-podvrgnuti ACB-u i II-tretirani medikamentima. Obe ove grupe su pokazale značajnu
dinamiku promene WMSI tokom perioda praćenja, ali sa manjim stepenom značajnosti u grupi tretiranoj
medikamentima (p<0.02 v. p<0.01). Vrednosti EF i QRSS nisu pokazale statistički značajnu dinamiku promene u obe
grupe. Dinamika promene regionalnog motiliteta izmedju posmatranih grupa ispitivana je x2 testom.  Nadjena je
statistički značajna razlika dinamike promene svih regionalnih poremećaja motiliteta, pri čemu je za hipokinetične
segmente značajnost razlike iznosila p<0.01, za akinetične p<0.02, a za diskinetične p<0.001. Pravovremeno
sprovedena hirurška revaskularizacija, omogućava značajno brži oporavak segmentne kontraktilnosti, i pruža
bezbedniji klinički tok tokom jednogodišnjeg praćenja nakon AIM.

Ključne reči: AMI, vijabilni miokard, hirurška revaskularizacija, DCE test


