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ABSTRACT 

 

Background: Although infarct location may predict prognosis after primary 

percutaneous coronary intervention (PCI) for ST elevation myocardial infarction 

(MI), previous studies were too small to demonstrate whether this association is 

independent of enzymatic infarct size or left ventricular ejection fraction (LVEF). 

 

Methods: A large scale, prospective, observational study was performed 

recording individual data from all patients who underwent primary PCI between 

1991 and 2004. Stratified analyses were performed according to enzymatic infarct 

size. The independent association between infarct location and one-year 

outcome, was compared with the prognostic importance of enzymatic infarct size 

and LVEF. 

 

Results: Of 4990 patients, 2485 (49.8%) had an anterior infarction. Patients with 

anterior MI had a significantly larger enzymatic infarct size (peak CK 2960 vs 

2009 U/l, p <0.001) and a lower mean LVEF (40.0% vs 50.0%, p <0.001). In all 

tertiles of enzymatic infarct size, patients with anterior MI had a lower LVEF. 

Mortality within one year was higher in patients with anterior infarction as well as 

in those with a high enzymatic infarct size or a low LVEF. Also, in all tertiles of 

enzymatic infarct size, patients with anterior infarction had a higher one-year 

mortality. After multivariable analyses, patients with anterior infarction still had an 

increased risk of a high enzymatic infarct size, a poor left ventricular function and 

also a higher one-year mortality, OR 1.35 (95%CI 1.07-1.70). However, low LVEF 

was a significant stronger predictor of one-year mortality, OR 4.4 (95%CI 2.4-7.8), 

compared to infarct size, OR 2.0 (95%CI 1.6-2.5) or anterior location, OR 1.6 

(95%CI 1.3-2.0). 

 

Conclusion: After primary PCI, location of infarction is still an important 

independent predictor of high enzymatic infarct size, low LVEF and increased 

mortality, even after adjusting for several clinical characteristics. However, LV 

ejection fraction is a stronger predictor of one-year mortality. 
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Introduction 

 

In the pre-fibrinolytic and fibrinolytic era, it was shown that myocardial infarction 

(MI) involving the anterior wall was associated with increased myocardial cell 

death, reduced left ventricular (LV) ejection fraction and worse prognosis [1-4]. 

Apart from an increased amount of myocardial cell death after anterior infarction, 

also other factors may influence myocardial function and worse outcome in these 

patients [5-7], but most previous studies were too small to demonstrate the 

independent effect on prognosis of anterior MI.  

Primary percutaneous coronary intervention (PCI) has improved prognosis after 

ST elevation myocardial infarction (STEMI), particularly after anterior MI [8,9]. In 

patients undergoing primary PCI, the association between enzymatic infarct size 

and prognosis as well as between LV ejection fraction and prognosis was 

previously demonstrated [10,11]. Only one study examined in detail the impact of 

infarct location on prognosis after primary PCI, and this concerned an ad hoc 

analysis of data of a clinical trial, with many inclusion and exclusion criteria [7]. 

Therefore, the question remains whether infarct location is still an important 

predictor of mortality after primary PCI, particularly if compared with the 

prognostic importance of infarct size and LV-function. The primary aim of the 

present study was to evaluate whether location of MI has independent influence 

on prognosis after primary PCI, and to compare this with enzymatic infarct size 

and LV-function. 

 

 

Methods 

 

Population  

From January 1991 to December 2004, individual data from all patients with 

admission diagnosis of STEMI admitted for primary PCI at the Isala klinieken 

(Zwolle, the Netherlands) were prospectively recorded. To avoid double inclusion 

of patients, only the first recorded admission for STEMI during the study period 

was used. Patients were diagnosed with STEMI if they had chest pain of > 30 

minutes' duration with ST segment elevation > 2 mm in at least 2 precordials and 

> 1 mm in the limb leads. Before the primary PCI procedure, all patients received 

500 mg of aspirin intravenously, and 5000 IU intravenous heparin. Primary PCI 

was performed with standard techniques if the coronary anatomy was suitable for 

angioplasty. PCI success was determined by the classification system of the 
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Thrombolysis in Myocardial Infarction (TIMI) trial, in which a grade 3 blood flow 

indicates normal flow within the vessel, in combination with a myocardial blush 

grade 2 and 3 [12]. Additional treatment with glycoprotein IIb/IIIa-inhibitors or 

stents was at the discretion of the treating cardiologist. All patients were treated 

with optimised drug-therapy including angiotensin-converting enzyme inhibitors, 

β-blockers, aspirin and lipid-lowering drugs where appropriate. During the 

observational period, none of the patients was treated with a prophylactic 

implantable defibrillator. 

 

Measurements 

The infarct location was categorized into two groups: anterior location and non-

anterior location according to the admission electrocardiogram. Patients with a 

new left bundle branch block were classified as anterior MI. Protocol-specified 

blood sampling for creatine kinase (CK) and the muscle-brain fraction (CK-MB) 

levels was performed at baseline and at 8 hours, 16 hours and 24 hours after the 

index PCI. Measurement of serum total CK and CK-MB levels was performed 

according to local hospital standards. A large enzymatic infarct size was defined 

as patients who had CK release in the highest tertile. LV ejection fraction was 

measured before discharge by radionuclide ventriculography or by 

echocardiography if the patient had atrial fibrillation. A severely depressed LV 

ejection fraction was defined as an ejection fraction < 30%. 

 

Data collection and follow-up 

We collected the following variables from the patient files: age, gender, history of 

hypertension, diabetes, hyperlipidemia, and smoking, previous myocardial 

infarction, angiographic variables, laboratory measurements, pre-discharge LV 

function and discharge medication. Follow-up information was obtained from the 

patient's general physician or by direct telephone interview with the patient. 

Events were confirmed by reviewing the concerning letter to the general physician 

or patient’s clinical file if necessary, and all cause mortality was reported. Re-MI 

was defined as anginal complaints with new CK(-MB) elevation and/or new Q-

waves on the electrocardiogram in follow-up. Study approval was obtained from 

the medical ethic committee of our hospital. 
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Statistical analysis  

Statistical analysis was performed with the Statistical Package for the Social 

Sciences (SPSS Inc., Chicago, IL, USA) version 12.0.1. Continuous data were 

expressed as mean ± standard deviation and categorical data as percentage, 

unless otherwise denoted. Differences between continuous data were performed 

by students t test, and the chi-square or Fisher’s exact test were used as 

appropriate for dichotomous data. Multivariable logistic regression analysis was 

performed to test the independent association between infarction location and a 

high enzymatic infarction size or a low left ventricular function. Peak CK levels 

were divided into three equal tertiles to determine the prognostic importance of 

infarct location in infarctions of different enzymatic size. As anterior MI was 

present in almost half of patients, the medians of enzymatic infarct size and LV 

ejection fraction were used to compare the association between infarct location, 

enzymatic infarct size, LV ejection fraction and prognosis. Significant variables 

analyzed are reported with their respective odd ratios and 95% confidence 

intervals (CI). Cox proportional-hazards regression models were used to estimate 

hazard ratios of infarction location with regard to survival at one year. For all 

analyses, statistical significance was assumed when the two-tailed probability 

value was < 0.05.  

 

 

Results  

 

Baseline characteristics  

During the study period, 5030 patients were included. Data on infarct location 

were available in 4990 patients (99%) and these patients were the study 

population. Mean age was 61.2 ± 11.9 years (range 19-94 years) and 24% were 

female. Data on enzymatic infarct size were available in 4820 patients (97%) and 

on left ventricular ejection fraction in 2861 patients (57%). The mean ischemic 

time before admission was 3.9 ± 4.8 hours. Diabetes was documented before 

admission in 535 patients (10.8%). A total of 2485 patients (49.8%) had an 

anterior infarction. Differences of the baseline and treatment characteristics 

between patients with anterior infarct location and those with non-anterior infarct 

location are summarized in tables 1 and 2.  
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Table 1: Baseline characteristics according to infarct location in 4990 pts who were admitted 

for primary PCI for ST-elevation MI.  

Variables     Anterior  Non-anterior            p-value 
      n = 2485  n = 2505 

Age, yr     61.0±12.2  61.5±11.5  0.17 
Female gender   23.0   24.6   0.17 

History of 
 MI    12.2   12.9   0.72 
 CABG    1.8   4.0   < 0.001 
 PCI    5.1   7.0   0.02 
 Stroke    3.6   3.1   0.60 
 Hypertension   29.3   28.1   0.63 
 Hyperlipidemia  18.6   23.1   < 0.001 
 Family  CVD   41.3   42.6   0.66 
 Smoke    48.7   48.8   0.71 
 Diabetes   11.5   10.1   0.31 

Referred from other hospital  51    33   < 0.001 
Killip class >1    12.9    8.6   < 0.001 
Patient delay, hr   4.0±5.1  3.7±4.5  0.02 
Door to balloon time <30 minutes 53   41.7   < 0.001 

Coronary angiography 
   Multi-vessel disease  48.0   59.6   < 0.001 
   TIMI 0 flow pre-PCI   59   66   < 0.001 
   Collaterals, Rentrop >0  41.8   50.2   < 0.001 
 Diameter infarct related  
 vessel (mm)    2.8±0.50  3.1±0.55  < 0.001 

% or mean ± sd 
 

 

 

Table 2. Treatment according to infarct location in 4990 pts who were admitted for primary 

PCI for ST-elevation MI. 

Variables     Anterior  Non-anterior            p-value 
      n = 2485  n = 2505    

Initial treatment 
   Primary PCI    90.5   92.5   0.01 
   Conservative   5.3   4.5   0.2 
   CABG    4.3   3.0   0.02 

TIMI 3 flow post-PCI   85   89   < 0.001 

Hospital stay (days)   5.3±6.8  5.1±6.2  0.23 

Discharge medication 
   Aspirin    87   94   < 0.001 
   Cumarins    17.1   6.0   < 0.001 
   Beta-blocker   81.8   82.5   0.79 
   Diuretics    14.6   9.6   < 0.001 
   ACE-inhibitors   69   34   < 0.001 

% or mean ± sd 
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Table 3:  Outcome according to infarct location in 4990 pts who were admitted for primary 

PCI for ST-elevation MI. 

Variables    Anterior  Non-anterior            p-value 
     n =  2485  n = 2505  

Mean LVEF (%)  40.0±12.3  50.0±9.5  < 0.001 
LVEF < 30%   25   2.9   < 0.001 

Peak CK (U/L)  2960±2926  2009±2191  < 0.001 
Large enzym. infarct size 42.1   22.6   < 0.001  
Peak CK-MB (U/L)  295±254  209±172  < 0.001 

Mortality 
   30 days   5.8   3.4   < 0.001 
   One year   8.8   5.8   < 0.001 
Re-MI or death 
   30 days   6.5   3.8   < 0.001 
   One year   13.2   9.4   < 0.001 
Re-PCI 
   30 days   6.3   6.1   0.76 
   One year   14.6   14.8   0.87   
CABG 
   30 days   8.1   7.7   0.54 
   One year   13.1   13.2   0.92 
Stroke 
   30 days   0.3   0.5   0.26 
   One year   0.9   1.0   0.91 

% or mean ± sd 

 

 

Clinical outcome 

Patients with anterior MI had a significantly larger enzymatic infarct size and a 

lower LV ejection fraction (table 3). The unadjusted risk of a large enzymatic 

infarct size for patients with anterior location was 2.49 (95% CI 2.2 – 2.8). Also 

the prevalence of a severely depressed LV ejection fraction was much higher in 

those with anterior infarction location (25%) compared to patients with non-

anterior location (2.9%). Furthermore, in all tertiles of enzymatic infarct size, 

patients with anterior MI had a lower LV ejection fraction (figure 1). 

A total of 230 patients (4.6%) died within 30 days and 363 (7.3%) died within one 

year after admission. Both a large enzymatic infarct size, OR 2.1 (95% CI 1.70 – 

2.60) and a severely depressed LV ejection fraction, OR 5.48 (95% CI 3.52 – 

8.53) were associated with increased one-year mortality. A large enzymatic infarct 

size was a predictor of one-year mortality in both patients with anterior MI, OR 

2.07 (95% CI 1.46 – 2.92) and in those with non-anterior MI, OR 1.91 (95% CI 

1.44 – 2.53). A severely depressed LV ejection fraction was also a predictor of 

one-year mortality in both patients with anterior MI, OR 5.62 (95% CI 3.11 – 

10.15) and those with a non-anterior MI, OR 6.84 (95% CI 2.63 – 17.83). 
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Figure 1. Mean LV ejection fraction in different tertiles of enzymatic infarct size according to 

infarct location. 

 

 

 

One-year mortality in patients with anterior location was 8.8% compared to 5.8% 

in those with non-anterior infarction (p <0.001). Survival curves of patients with 

anterior and non-anterior infarction are depicted in figure 2. 

 

The unadjusted risk of one-year mortality for patients with anterior location 

compared to non-anterior location was 1.56 (95% CI 1.26 – 1.92). The 

combination of death or re-MI was observed in 565 patients (11.3%) after one 

year. This combined endpoint was also higher in patients with anterior infarct 

location (table 3). Although not significant, a comparable trend for a higher 

mortality in patients with anterior infarction was seen in every tertile of enzymatic 

infarct size, as shown in figure 3. 
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Figure 2. One-year mortality in 2485 patients with anterior infarct location and 2505 patients 

with non-anterior location. 

 

 
Figure 3. One-year mortality according to infarct location in tertiles of peak-CK in 4990 

patients. 
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Figure 4. Age and gender adjusted odds ratios for one-year mortality with regard to LV 

ejection fraction (EF), enzymatic infarct size and infarct location in 4990 patients. 

 

 

 

Multivariable analyses 

After adjusting for differences in age, gender, diabetes, previous MI, heart failure 

on admission, hypercholesterolemia and enzymatic infarct size, patients with 

anterior infarct location still had an increased risk of a severely depressed LV 

ejection fraction, OR 10.2 (95% CI 7.2 – 14.6). After adjusting for differences in 

age, gender, diabetes, previous MI, heart failure on admission and 

hypercholesterolemia, patients with anterior infarct location had also still an 

increased risk of a large enzymatic infarct size, OR 2.44 (95% CI 2.14 – 2.78). 

After adjusting for differences in age, gender, diabetes, previous MI, heart failure 

on admission, hypercholesterolemia and even enzymatic infarct size, patients 

with anterior infarct location had also still a significant increased risk of one-year 

mortality, OR 1.35 (95% CI 1.07 – 1.70). 

 

Comparison of prognostic importance 

To compare the prognostic importance, patients with anterior MI (50% of patients) 

were compared with those with a LV ejection fraction lower than the median (EF 
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<46%), and with those with enzymatic infarct size higher than the median (CK 

>1729 U/L). The odd ratios, corrected for age and gender, for one-year mortality 

were 1.6 (95% CI 1.3 – 2.0) of anterior location, 2.0 (95% CI 1.6 – 2.5) of 

enzymatic infarct size and 4.4 (95% CI 2.4 – 7.8) of LV ejection fraction, and are 

depicted in figure 4. 

 

 

Discussion 

 

Our results show that in patients undergoing primary PCI for STEMI, location of 

infarction is still an important independent predictor of a large enzymatic infarct 

size, low LV ejection fraction and increased mortality, even after adjusting for 

several clinical characteristics. In all tertiles of enzymatic infarct size, patients with 

anterior MI have a lower LV ejection fraction and an increased one-year mortality. 

LV ejection fraction is, however, a stronger predictor of mortality compared to 

infarct location or enzymatic infarct size. 

 

Previous studies 

Several studies have investigated the relation between infarct location, infarct 

size, LV ejection fraction and prognosis. However, most of these studies were 

performed in patients treated with thrombolytics or no reperfusion therapy at all. In 

patients not receiving reperfusion therapy, it was demonstrated that both peak 

enzyme level and infarct location had a poor in-hospital and long-term prognosis 

[1-3,13], although the effect of infarct location on long-term prognosis has been 

discussed [14,15]. 

If enzymatic infarct size is comparable, the effects on LV function seem to be 

greater after anterior infarction, particularly when the apical region is involved 

[16]. 

 

Primary PCI 

After primary PCI, it was shown that both enzymatic infarct size, as defined by 

peak CK or peak CK-MB, and LV ejection fraction were related to prognosis 

[10,11]. Our study confirmed these findings. 

A study with gated single-photon emission computed tomography (SPECT) 

showed a lower LV ejection fraction for anterior infarctions than for inferior or 

lateral infarctions of the same extent [5]. Also in another study, left anterior 

descending artery (LAD)-related infarctions, when compared with non-LAD-
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related infarctions, had a lower residual LV ejection fraction for a similar amount 

of myocardial necrosis as determined by enzymatic infarct size [6]. A post-hoc 

analysis of the CADILLLAC trial demonstrated an association between infarction 

involving the LAD and a reduced LV function, less frequent collateral flow, 

impaired myocardial perfusion and increased major adverse cardiac events after 

one year [7]. However, this trial had a number of in- and exclusion criteria, 

influencing the external validity of the findings, and they did not adjust for 

enzymatic infarct size. 

 

A remarkable observation of a sub-analysis of the MADIT II trial was recently 

published, showing in patients with advanced LV dysfunction that inferior wall MI 

was associated with a significantly higher risk of mortality than anterior wall MI 

[17]. However, most patients included in MADIT II had their infarction very long 

before inclusion and the type of reperfusion therapy was not clear in that study. 

Possibly, progressive coronary artery disease with additional myocardial infarction 

may have contributed to the poor prognosis of inferior infarctions. 

 

Possible mechanisms 

There may be several reasons for the association between infarction location and 

prognosis. Anterior MI may be associated with a larger mass of infarcted 

myocardium [1]. However, both our study and previous studies [1-3,18] show also 

an association between location and prognosis after correction for enzymatic 

infarct size. 

 

Possibly, specific intrinsic and extrinsic qualitative differences between the 

myocardial wall regions are important [19]. Patients with anterior MI have a 

greater risk of expansion, regional dilatation and thinning of the infarct zone, 

leading to ventricular aneurysm, which, apart from the increased risk of thrombus 

formation and myocardial rupture, has an adverse effect on LV function [20]. This 

higher risk of aneurysm may be caused by a thinner myocardial wall at the apex 

by less circumferential fibres of the middle myocardial layer [21]. Therefore, apical 

involvement may result in greater systolic dysfunction per unit area infarcted [16]. 

Although a patent infarct-related artery has a favourable effect on LV remodelling 

[22] and is achieved in the majority of patients treated with PCI [23], LV 

remodelling remains common after anterior MI, despite the use of angiotensin-

converting enzyme inhibitors, angiotensin II receptor blockers and β-blockers [24-

26]. 
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Another possible reason for the poor prognosis after anterior MI is the potential 

disturbance in electromechanical behaviour, with septal incoordination after 

anterior MI [27]. Occurrence of bundle branch block or other intraventricular 

conduction defects may also influence prognosis [1,17]. 

 

Furthermore, differences in reperfusion may also explain the difference in 

outcome between anterior and inferior infarction. It was suggested that 

spontaneous reperfusion occurs more often in patients with non-anterior infarction 

[7], but this was not confirmed by our study. TIMI-3 flow post-PCI was more 

common in non-anterior MI in both our study and previous studies [7]. This and 

the lower prevalence of collaterals in anterior MI may contribute to less 

improvement in LV function [28]. 

 

Limitations 

During the 11 years of inclusion, techniques of PCI and medical treatment 

afterwards have been changed. Although this may have affected outcome, it 

seems unlikely to affect our principal conclusions. Another limitation is the 

selection of patients in the first years of registry, as patients with anterior 

infarction were more often accepted for primary PCI from referral hospitals in that 

period. Our follow-up period was only one year. Furthermore, we had no data on 

death causes or data of medication changes during follow-up. 

 

Conclusion 

Although not as strong as LV ejection fraction, location of infarction is still an 

important independent predictor of prognosis in patients undergoing primary PCI. 

The question remains whether the prognosis of patients with anterior MI could be 

improved by more aggressive medical treatment or by using more often 

prophylactic implantable defibrillators. 
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