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J. Bělohl �avekg, M. Malýh
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Background: Primary angioplasty improves outcomes of acute myocardial infarction (AMI).

However, in the highest risk subgroups, the mortality remains high despite modern

catheter-based reperfusion therapy. This study analyzed patients with AMI caused by the

left main coronary artery unstable lesion, a subgroup considered to be associated with very

high early mortality.

Methods: A multicenter registry enrolled 6742 consecutive patients with AMI. Ninety-seven

patients (1,4% of the entire study population) had left main as the infarct related artery.

Baseline clinical characteristics, ECG patterns, coronary angiographic and echocardiographic

data were correlated with the revascularization therapies used and with in-hospital outcomes.

Results: Twenty-five patients (25,8%) died during the hospital stay. The deceased patients were

older, had more freqently bundle branch block on the admission ECG, had higher Killip class

on presentation, more frequently had TIMI flow o3 and PCI success rate was 72% (vs. 100%

among survivors). Left main coronary artery (LMCA) lesion impaired distal flow (TIMI flow 0–2

on presentation) in 35 patients: the most frequent ECG presentation pattern for these LMCA

occlusions was ST segment elevation (n ¼ 17), followed by RBBB (n ¼ 9; with LAH 6 and without

LAH 3), LBBB (n ¼ 6) and ST segment depression (n ¼ 3). In other words: acute LMCA occlusion

presents in 51% with ECG changes other than ST segment elevations. Patients with TIMI flow

0–2 had higher Killip class on admission, lower ejection fraction and higher in-hospital

mortality (37% vs. 20%), when compared to those with TIMI flow 3 on the initial angiogram.
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Table 1 – Baseline clinical characteristic

N ¼

Mean age (years; SD)

Females

Diabetes

Previous MI

Killip class on admission (mean; SD)

Bundle branch block on the admission

ECG (LBBB or RBBB)

Ejection fraction (mean; SD)

In-hospital mortality
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Conclusions: Despite modern interventional therapy, acute myocardial infarction caused by the

left main coronary artery obstruction bears high early mortality. The presence of bundle

branch block, diminished TIMI flow on the initial angiogram, higher age and Killip class are

related with increased mortality.

& 2012 The Czech Society of Cardiology. Published by Elsevier Urban & Partner Sp.z.o.o. All

rights reserved.
1. Introduction

Primary percutaneous coronary intervention (PCI) improves

outcomes of acute myocardial infarction (AMI) when com-

pared to thrombolytic therapy [1–3]. However, in the highest

risk subgroups, the mortality remains high despite modern

catheter-based reperfusion therapy. These subgroups include

elderly patients, patients with signs of acute heart failure

(Killip II–IV class on admission [4]) and patients with critical

coronary angiographic findings (left main coronary artery

occlusion, last remaining artery occlusion, occlusion of the

artery supplying the last viable region of the left ventricle,

etc.). This study analyzed one of these high risk

subgroups—patients with AMI caused by the left main

coronary artery acute occlusion or unstable critical stenosis.
2. Methods

2.1. Patient population

A multicenter registry enrolled 6742 consecutive patients with

AMI, who were admitted to one of the seven participating

hospitals during a 3 years period. Ninety-seven patients (1,4%

of the entire study population) had left main as the infarct

related artery. Baseline clinical characteristics are in Table 1.
2.2. Electrocardiographic (ECG) patterns

Upon admission were registered and assigned into one of the

following cathegories: LBBB, RBBB (7LAH or LPH), ST segment

elevation, ST segment depression, other ECG pattern.
s of patients with AMI

AMI with LMCA a
infarct related a

97

68,9 (11.2)

30%

31%

23%

2,25 (1.29)

27%

38,1% (12.4)

25,8%
2.3. Coronary angiographic data

Included the infarct related artery (as assigned by the interven-

tional cardiologist, who performed the procedure), TIMI flow

grade before and after PCI, number of major epicardial arteries

with 450% stenosis and the result of PCI procedure. Ejection

fraction was registered by echocardiography.

All these findings were correlated with the revasculariza-

tion therapies used (PCI, CABG or thrombolysis) and with

in-hospital mortality.

2.4. Statistical analysis

For continuous variables, mean values and standard devia-

tions were calculated. After checking normality by the

Shapiro–Wilk test, Student’s two-sample t-test was used for

testing of the hypotheses about the means in compared

groups. Satterthwaite’s correction for unequal variances was

applied where appropriate. Mann–Whitney test was used for

the ordinal variables (e.g. Killip class). Categorical data were

tested with Fisher’s exact test and Pearson’s w2 test. All tests

have been performed as two-sided on the level of significance

0.05. Statistical software Stata, release 9.2 (Stata Corp LP,

College Station, TX) was used for the analysis.
3. Results

3.1. Overall mortality among all LMCA—AMI patients

Twenty-five out of the 97 patients (25,8%) died during the hospital

stay. The deceased patients were older, had more freqently

bundle branch block on the admission ECG, had higher Killip

class on presentation, more frequently had TIMI flow o3 and PCI

success rate was 72% (vs. 100% among survivors—see Table 2).
caused by the LMCA occlusion or critical stenosis.

s the
rtery

AMI with other infarct
related arteries

P value

6645

65,7 (12.0) 0.009

32% 0.742

28% 0.569

21% 0.706

1,42 (0.83) o0.001

10% o0.001

48,9% (13.4) o0.001

5,2% o0.001



Table 2 – Comparison of survivors vs. deceased patients with LMCA as the infarct related artery.

Survived (n ¼ 72) Died (n ¼ 25) P value

Mean age (years7SD) 67.7 (10.7) 72.5 (11.6) 0.062

Females 28% 36% 0.416

Killip class on admission (mean7SD) 1.95 (1.2) 3.0 (1.2) o0.001

Bundle branch block on admission ECG 25% 32% 0.601

TIMI flow 0–2 on presentation 51% 72% 0.101

TIMI flow 3 on presentation 49% 28% 0.101

Ejection fraction (mean7SD) 39.1% (11.9) 34.7% (14.2)n 0.216

Acute PCI performed 51% 72% 0.101

Acute CABG 28% 0nn 0.001

Success rate of acute PCI (% of TIMI-3 flow after PCI) 100% 72% o0.001

n EF was calculated only in those patients who survived till post-PCI echocardiography (thus, the calculated value certainly overestimates the

value expected in all deceased patients)
nn All these patients were in too critical condition (cardiogenic shock, pulmonary edema, resuscitation, etc.) to allow considering CABG.

Fig. 2 – A—Critical (99%) LMCA stenosis and 100% ostial LAD

occlusion before (a) and after (b) PCI in the same patients as

Fig. 1.

Fig. 1 – Typical ECG from a patient with LMCA subtotal occlusion (99% stenosis with TIMI flow 2). New onset bifascicular block

(RBBBþLAH), ST segment elevations in aVR, V1-5, ST segment depressions in I, aVL, V6.
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3.2. ECG in the subgroup with LMCA functional occlusion

Left main coronary artery (LMCA) was functionally occluded

(TIMI flow 0–2 on presentation) in 35 patients: the most

frequent ECG presentation pattern for LMCA occlusion was ST

segment elevation (n ¼ 17), followed by RBBB (n ¼ 9; with LAH

6 and without LAH 3), LBBB (n ¼ 6) and ST segment depression

(n ¼ 3). In other words: acute LMCA occlusion presents in 51%

with ECG changes other than just ST segment elevations

(Fig. 1). Patients with LMCA functional occlusion (vs. those

with initial TIMI-3 flow) had higher Killip clas on admission,

lower ejection fraction and higher in-hospital mortality (37%

vs. 20%) when compared to those with TIMI 3 flow on the

initial angiogram (Fig. 2, Table 3).



Table 3 – Comparison of patients with functionally occluded LMCA (TIMI flow 0–2 in LMCA) versus those with critical LMCA
lesion, but normal TIMI flow 3 on the acute admission angiogram.

TIMI flow 3 (n ¼ 25) TIMI flow 0–2 (n ¼ 35) P value

Mean age (years 7SD) 68.6 (11.2) 65.5 (11.0) 0.290

Females 28% 20% 0.543

Killip class on admission (mean 7SD) 2.0 (1.3) 3.1 (1.3) 0.002

Bundle branch block on admission ECG 20% 43% 0.096

Ejection fraction (mean7SD) 40.7% (14.8) 34.1% (9.8) 0.070

Acute PCI performed 84% 94% 0.223

Emergent CABG 4% 3% 1.000

Success rate of acute PCI (% of TIMI-3 flow after PCI) 100% 86% 0.069

In-hospital mortality 20% 37% 0.253
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4. Discussion

4.1. Survival predictors

The main predictors of survival were lower age, lower Killip

class on admission and preserved TIMI 3 flow on the initial

coronary angiogram. These variables have been shown to

predict survival also in other AMI patients [4]. Patients with

LMCA critical unstable lesion and TIMI flow o3 frequently

present to the hospital in advanced cardiogenic shock, in

pulmonary edema or after recuscitation and thus emergent

restoration of the LMCA patency is crucial to keep at least

some chance for survival.

4.2. Electrocardiographic signs of LMCA acute occlusion

Terkelsen et al. [5] analyzed mortality from acute myocardial

infarction in a defined region of Denmark with known

population and full coverage of mortality data. They found,

that bundle branch block (and especially RBBB) during acute

myocardial infarction is related with the highest mortality

among all electrocardiographic types of infarction. Similar

observations were published by others [6–14]. Hirano et al. [10]

found, that 37% of patients with acute myocardial infarction

caused by the left main coronary artery occlusion present

with RBBB, while only 3% with LBBB. We have shown, that

acute LMCA occlusion presents in 26% only with RBBB,

without ST segment elevations being in close accordance

both to previously mentioned reports and with Hirano et al.,

who found, that in 30% of left main coronary artery

occlusions no ST segment elevation could be found on the

admission ECG, while RBBB with left axis deviation (fre-

quently accompanied by ST-elevation in aVR) is typical for

this catastrophic type of AMI. The study by Kurisu et al. [11]

found RBBB even in 52% of patients with acute occlusion of

the left main coronary artery.

4.3. Revascularization procedures

The guidelines of the European Society of Cardiology (ESC) list

only LBBB as an indication for urgent reperfusion therapy [15].

The American Heart Association (AHA)/American College of

Cardiology (ACC) guidelines provide similar recommendations
[16]. Our recent study [17] suggested, that RBBB should be listed

in the guidelines as an indication for emergent reperfusion

therapy, preferably by means of PCI.

4.4. Study limitations

This is not a randomized study, but just a multicenter ‘‘real-

life’’ registry. Coronary angiography was not evaluated in an

independent core laboratory. This fact may bear inherent risk

of interindividual differences in TIMI flow and PCI success

evaluation. Moreover, detailed hemodynamic data on admis-

sion are not available. However, such a critical setting as

LMCA occlusion or preocclusion requires immediate thera-

peutical intervention and advanced hemodynamic descrip-

tion is not feasible.
5. Conclusions

Despite modern interventional therapy, acute myocardial

infarction caused by the left main coronary artery obstruction

has high early mortality. The presence of bundle branch

block, diminished TIMI flow on the initial angiogram, age and

Killip class are related with increased mortality.
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