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ABSTRACT  
Objectives: The clinical significance of infarct location during long-term follow up in trials 
comparing thrombolysis and primary angioplasty (PCI) has not been studied.  
Design: Retrospective longitudinal cohort analysis of prospectively entered data. 
Setting: Patients with acute ST elevation myocardial infarction treated with primary PCI.   
Patients: In the Zwolle trial 395 acute STEMI patients were randomized to intravenous 
streptokinase (SK) or PCI. 
Main outcome measures: Survival according to infarct location and treatment after 8±2 
years follow up.  
Results: 105 patients died; 63 patients in the SK group and 42 patients in the primary PCI 
group (RR 1.6, 95%CI: 1.0-2.6, p=0.03). In non-anterior STEMI patients there was no 
difference in mortality between SK and PCI patients (RR 1.1, 95%CI 0.6-2.1, p=0.68) but 
MACE was significantly higher in the SK group compared with the PCI group (RR 2.1, 
95%CI: 1.2-3.6). Number needed to treat to prevent 1 MACE was 4. 
In anterior STEMI patients, mortality was higher in the SK group compared with the PCI 
group (RR 2.7, 95%CI:1.4-5.5, p=0.004). The number needed to treat to prevent 1 death 
is 5. Kaplan-Meier analysis confirms the benefits of primary angioplasty in the first year 
and demonstrates additional benefit of PCI compared to SK between 1 and 8 years after 
the acute event.  
Conclusions: Patients with anterior STEMI have better long-term survival when treated 
with PCI, compared with SK treatment. In patients alive 1 year after the acute event, PCI 
confers a significant additional survival benefit, probably due to better preserved residual 
left ventricular function.  
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Introduction 
Reperfusion treatment in acute myocardial infarction aims at early and sustained 
reperfusion of the myocardium at risk.[1] Reperfusion can be obtained by thrombolysis or 
primary coronary intervention (PCI). Several studies have demonstrated a better survival 
in patients with acute STEMI treated with primary PCI, when compared with treatment 
with thrombolysis.[2][3] A previous pooled analysis of all randomized studies showed that 
clinical outcome was better with primary PCI when compared to thrombolysis.[4] 
Therefore, nowadays more patients with acute ST segment elevation myocardial infarction 
(STEMI) are being treated with primary PCI. Recent studies have demonstrated a better 
survival in acute STEMI patients treated with primary PCI, even when patients need to be 
transported for this treatment.[5][6][7][8] A recent pooled analysis [9] and a separate 
quantitative review of 23 randomized trials of all randomized trials between both 
reperfusion therapy modalities [10] confirmed and demonstrated an improved survival in 
patients with acute STEMI, when treated with primary PCI compared with thrombolytic 
therapy on site even when transportation to a PCI center is needed. However, in daily 
clinical practice, there are still patients who are being treated with thrombolysis due to 
logistical and non-medical reasons, such as reimbursement.  
Patients with anterior STEMI, have worse clinical outcome compared to non-anterior 
STEMI.[11][12] This worse clinical outcome is related to a larger final infarct size and a 
subsequent lower residual left ventricular ejection fraction, which is a powerful predictor 
for outcome.[13][14] The clinical significance of infarct location during long-term follow up 
in trials comparing thrombolysis and primary angioplasty has not been studied. We 
studied survival in the Zwolle trial patients according to infarct location, with a mean long-
term follow up of 8 years. 
 
Methods 
The patients have been described before.[15] Briefly, 395 patients with acute STEMI were 
randomized to primary PCI or thrombolytic therapy. Base-line characteristics, clinical data, 
including infarct location and outcomes were recorded in a dedicated database. Patients 
were enrolled if they had no contraindications for thrombolytic therapy; had symptoms of 
acute myocardial infarction lasting longer than 30 minutes, accompanied by an 
electrocardiogram with ST-segment elevation of more than 1 mm (0.1 mV) in two or more 
contiguous leads; and presented within 6 hours, or between 6 to 24 hours if there was 
evidence for continuing ischaemia. After informed consent had been obtained, patients 
were randomly assigned to undergo primary PCI or to receive streptokinase (SK). All 
patients received heparin and aspirin. Patients assigned to SK treatment received 1.5 
million units intravenously over one hour. Patients assigned to primary PCI were 
immediately transported to the catheterization laboratory: if the coronary anatomy was 
suitable for PCI, the procedure was performed with standard techniques. Global left 
ventricular ejection fraction was measured by equilibrium radionuclide ventriculography 
between days 4 and 10 after treatment.[16] Enzymatic infarct size was measured by 
cumulative enzyme release from five to seven serial measurements up to 72 hours after 
symptom onset was calculated.[16] For all patients, additional revascularization 
procedures were performed if indicated for symptoms or signs of myocardial 
ischaemia.[17] Follow-up information was obtained in September 2000. All outpatients' 
reports were reviewed, and general practitioners were contacted by telephone. For 
patients who had sustained clinical events during follow-up, hospital records were 
reviewed. Nonfatal recurrent myocardial infarction was defined as the combination of 
chest pain, changes in the ST-T segment, and a second increase in the serum creatine 
kinase level to more than two times the upper limit of normal. If the creatine kinase level 
had not decreased to normal levels, a second increase of more than 200 U per liter over 
the previous value was regarded as indicating a recurrent infarction.[16]  
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Statistical Analysis  
The primary endpoints were death and the combined incidence of death and nonfatal 
reinfarction (MACE). All outcomes were analyzed according to the intention to treat 
principle. Statistical analysis was performed using SPSS 10.0. Differences between group 
means were tested by two-tailed Student's t-test; A chi-square statistic was calculated to 
test differences between proportions, with calculation of relative risks and exact 95% 
confidence intervals. The Fisher exact test was used when the expected value of cells 
was smaller than 5. Statistical significance was defined as a p-value of less than 0.05. 
Cumulative survival (and mortality) curves were constructed according to the Kaplan–
Meier method,[18] and differences between the curves were tested for significance by the 
log-rank statistic,[19] Cox proportional-hazards regression models were used to estimate 
hazard ratios of variables that were significantly different in univariate analysis.[20] Age 
(>60) and left ventricular function (LVEF<40 %) were dichotomized for the purpose of the 
multivariate analysis. 
 
Results 
Of the 395 patients enrolled, 194 were randomized to undergo primary PCI and 201 to 
receive SK. The groups were similar in age, sex, infarct location, previous myocardial 
infarction and a history of diabetes mellitus (Table 1).  
 
Table 1. Clinical variables and infarct size in the Zwolle trial patients       
_____________________________________________________________________  

 
    PCI  SK  P 
    (n=194) (n=201) 
 
Age >60 (%)  94 (48)  109 (54) 0.25 
 
Male  (%)  160 (82) 158 (79) 0.37   
 
Hypertension (%)  36 (19)  40 (20)  0.73 
 
Anterior MI (%)  77 (40)  74 (34)  0.60 
 
Previous MI (%)  38 (20)  31 (15)  0.29 
 
Diabetes (%)  16 (8)  16 (8)  1.00 
 
Infarct size 
 
LVEF   (%)  49.8 ± 10.3 44.9 ± 11.3 <0.001 
 
LDHQ72    939 ± 738 1289 ± 1144 <0.001  
 
LDHQ72 = enzymatic infarct size, LVEF = left ventricular ejection fraction,  
PCI = primary coronary intervention, SK = streptokinase 
 
 
The residual ejection fraction of the left ventricle was measured in 189 patients of the PCI 
group and in 188 patients of the SK group. The mean ejection fraction of the left ventricle 
was higher in the PCI group compared to the SK group (50% versus 45%, P<0.001). 
Enzymatic infarct size was measured in 367 patients (93%). Mean follow up was 8 ± 2 
years. One patient was lost to follow-up. At follow up a total of 105 patients had died. In 
the SK group 63 (31%) patients died, compared to 42 (22%) patients in the PCI group (RR 
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1.65; 95%CI: 1.05 - 2.60). Nonfatal recurrent myocardial infarction occurred in 58 patients. 
Nonfatal reinfarctions, occurred in 13 (7%) patients in the PCI group and 45 (22%) 
patients in the SK group (RR 0.25; 95%CI 0.13 - 0.48). All reinfarctions that occurred 
within the first 30 days affected the region of the index infarction. Of the 38 reinfarctions 
after day 30, (15 during the first year of follow-up and 23 afterwards), 20 involved the 
original infarct related artery. The difference in the reinfarction rate was thus entirely due 
to events in the original infarct related artery. Kaplan-Meier curves for overall survival 
between patient treated with SK or PCI are shown in Figure 1. 
 
Non-Anterior STEMI patients in the Zwolle Trial 
Table 2 shows the baseline characteristics of the Zwolle trial patients according to the 
infarct location, either anterior or non-anterior. In the non-anterior STEMI patients there 
were no significant differences in baseline characteristics between the patients who 
underwent primary PCI or those who received SK, see Table 2.  
 
Table 2. Clinical variables and infarct size in the Zwolle trial patients according to 
infarct location       
_____________________________________________________________________ 
  

 Anterior (n=151)   Non-anterior (n=244) 
PCI    SK  P  PCI    SK  P 

 (n=77)    (n=74)   (n=117)   (n=127) 
Clinical variables 
Age >60 (%) 31 (40)    43 (58) 0.03  63 (54)     66 (52) 0.78 
Male  (%) 61(79)    54 (73) 0.37  99 (85)    104 (82) 0.57  
Hypertension  (%) 18 (24)    16 (22) 0.80  18 (15)    24 (19) 0.47 
Previous MI  (%) 20 (26)    9 (12) 0.03  18 (15)    22 (17) 0.68 
Diabetes  (%) 6 (8)    9 (12) 0.37  10 (8)     7 (5)  0.35 
 
 
Infarct size 
 
LVEF   (%) 47±12      38±12 <0.001  52± 9    48±9  0.005 
LDHQ72   1117±917 1592±1261   0.01  822±566 1099±1027  0.01 
_______________________________________________________________________ 
LDHQ72 = enzymatic infarct size, LVEF = left ventricular ejection fraction,  
MI = myocardial infarction, PCI = primary coronary intervention, SK = streptokinase 
 
 
Enzymatic infarct size was larger in patients treated with SK, compared with patients 
treated with primary PCI (1099 ± 1027 vs. 822 ± 566, p=0.01). Residual left ventricular 
ejection fraction was lower in patients treated with SK, when compared with patients 
treated with primary PCI (48 ± 9 vs. 52 ± 9, p=0.005). At follow up, 23 (20%) patients with 
non-anterior STEMI died in the group treated with PCI compared to 28 (22%) patients 
treated with SK (RR 1.1, 95%CI 0.6-2.1, p=0.68). Kaplan-Meier curves for overall survival 
between non-anterior STEMI patients treated with SK or PCI are shown in Figure 2. The 
combined endpoint of MACE was significantly higher in the SK group when compared to 
the PCI group; 39 (50%) patients in the SK group and 28 (24%) patients in the PCI group 
(RR 2.1 95%CI: 1.2-3.6). Number needed to treat to prevent 1 MACE was 4. 
 
Anterior STEMI patients in the Zwolle Trial  
In the anterior STEMI patient group, there were no significant differences in the two 
treatment arms in sex and a history of diabetes mellitus. In the anterior STEMI patients, 
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more patients with previous myocardial infarction were treated with PCI (26% vs. 12%, 
p=0.03). The anterior STEMI patient group that received SK was older the patient group 
treated with PCI (age >60 years: 58% vs. 40%, p=0.03). Enzymatic infarct size was larger 
in patients treated with SK, compared with patients treated with primary PCI (1592 ± 1261 
vs. 1117 ± 917, p=0.001). Residual left ventricular ejection fraction was lower in patients 
treated with SK, when compared with patients treated with primary PCI (38 ± 12 vs. 47 ± 
12, p<0.001). At follow up, in patients with anterior STEMI, 35 (47%) patients in the SK 
treated group died compared with 19 (25%) patients in the PCI treated group (RR 2.7, 
95%CI:1.4-5.5, p=0.004). The number needed to treat to prevent 1 death was 5. Kaplan-
Meier curves for overall survival in anterior STEMI patients according to treatment with SK 
or PCI are shown in Figure 3. In univariate analysis of anterior STEMI patients, there were 
some differences in baseline characteristics and in residual left ventricular function 
between the PCI group and the SK group. We included these variables (age>60, previous 
MI, randomization and left ventricular function) in a multivariate model to study their 
independent value of long-term mortality. Multivariate analysis revealed that age >60 and 
randomization to PCI treatment were equally strong predictors of long-term mortality 
(Table 3).  
 
Table 3. Predictors of long-term mortality in anterior STEMI patients in the Zwolle 
trial 
        

OR* (95% CI) p-value 
 
Age     2.2 1.2-3.8  0.01 
 
SK vs. PCI   2.2 1.2-3.8  0.01 
 
Previous MI   1.3 0.7-2.6  0.40 
______________________________________________________________________ 
Age = Age >60 vs. Age <60 years, MI = myocardial infarction, *Odds Ratios taken from 
the Cox Regression Analysis, PCI = primary coronary intervention, SK = streptokinase 
 
 
When LVEF was included in the same model, the only two predictors of long-term 
mortality were age >60 and LVEF <40% (Table 4).  
 
Table 4. Predictors of long-term mortality in anterior STEMI patients in the Zwolle 
trial 
 

OR* (95% CI) p-value 
 
LVEF    3.5 1.8-6.7  <0.001 
 
Age     2.2 1.2-4.3  0.01 
 
Previous MI   1.2 0.5-2.4  0.69 
 
SK vs. PCI   1.2 0.6-2.4  0.54 
_______________________________________________________________________ 
 
Age = Age>60 vs. Age <60 years, LVEF = left ventricular ejection fraction <40% vs. 
>40%, MI = myocardial infarction, *Odds Ratios taken from the Cox Regression Analysis, 
PCI = primary coronary intervention, SK = streptokinase  
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The combined endpoint of MACE was significantly higher in the SK group when compared 
to the PCI group; 44 (59%) patients in the SK group and 25 (32%) patients in the PCI 
group (RR 3.0 95%CI: 1.7-5.9). The number needed to treat to prevent 1 MACE was 4. 
We additionally analyzed mortality in anterior STEMI patients excluding the deaths in the 
first year after the index myocardial infarction. From the total of 395 patients, 25 died in 
the first year. After the first year, 14 (19%) patients from the PCI treatment group died and 
21 (36%) patients from the SK treatment group (RR 2.3, 95%CI 1.1-5.1). Figure 4 shows a 
significantly better survival in anterior STEMI patients treated with PCI, compared with SK 
treatment, even when first year deaths are excluded from analysis.  
 
Discussion   
This study strongly supports our principal goal: all anterior STEMI patients should be 
treated with primary PCI. In the western world where PCI has demonstrated its superiority 
over thrombolysis in randomized trials, some patients are still being treated with 
thrombolytic regimens due to several reasons. Although these reasons may be valid in 
some cases, it is essential that we treat patients, who have proven long-term benefit, with 
primary PCI.  
 
Non-Anterior STEMI – Primary PCI vs. Streptokinase  
In our study we could not find a better long-term survival in patients treated with PCI over 
those treated with SK. To show differences in outcome between treatment arms in non-
anterior STEMI patients it is necessary to have large sample sizes, as are used in 
thrombolysis studies to demonstrate benefit of one regimen over another. Although we did 
not demonstrate a better long-term survival, it is clear that patients treated with PCI had a 
significantly smaller infarct size, as measured by residual left ventricular ejection fraction 
(52 ± 9 vs. 48 ± 9, p=0.005) and by enzymatic infarct size during 72 hours (822 ± 566 vs. 
1099 ± 1027, p=0.01). Residual left ventricular ejection fraction is a known important 
endpoint of reperfusion therapy and a strong predictor of long-term outcome.[13][14] 
Additionally, patients with non-anterior STEMI, treated with SK had more often recurrent 
myocardial infarction needing additional admissions and therapy as evidenced by a 
significantly higher incidence of MACE in patients treated with SK. Therefore, although 
long-term survival was not significantly different in both treatment modalities, we conclude 
that also in non-anterior STEMI, primary PCI offers clinical benefits over treatment with 
SK. In addition, patients with uncomplicated non-anterior STEMI can be discharged 2 to 3 
days after primary PCI.[21] 
 
Anterior STEMI – Primary PCI vs. Streptokinase 
Our study clearly confirms that primary PCI is the treatment of choice in anterior STEMI. 
Patients treated with primary PCI had higher residual left ventricular ejection fraction (47 ± 
12 vs. 38 ± 12, p<0.001) and smaller enzymatic infarct size (1117 ± 917 vs. 1592 ± 1261, 
p=0.01). The absolute difference of residual left ventricular ejection fraction was 9% in 
anterior STEMI when both treatment arms were compared, whereas this absolute 
difference was only 4% in the patients with non-anterior STEMI in both treatment arms. 
These differences have been described before, but their importance comes clearly to 
expression during long-term outcome.[12] Furthermore, residual left ventricular ejection 
fraction after primary PCI improves over time, especially in anterior STEMI patients. 
Therefore, not only is there an immediate better residual left ventricular ejection fraction 
after the index acute STEMI, but the long-term recovery after STEMI, when treated with 
PCI, may importantly contribute to the better survival.[12][13] 
Patients with anterior STEMI had an markedly better survival when treated with primary 
PCI, compared to patients treated with SK. Long-term mortality was 25% in the PCI group 
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and 47% in the SK group. Therefore, there was a 22% absolute risk reduction for long-
term mortality; the number needed to treat to save 1 life is only 5 patients. Since there 
were some differences in the baseline characteristics between patients treated either with 
primary PCI or SK, we performed multivariate regression analysis to study the 
independent predictors of long-term mortality. This analysis revealed that age (>60 years) 
and randomization to PCI were the two predictors for long-term survival in anterior STEMI 
patients. However, when residual left ventricular ejection fraction (<40%) was included in 
this model, the two predictors for long-term survival in anterior STEMI patients were age 
(>60 years) and residual left ventricular ejection fraction (<40%). This analysis 
demonstrates that the long-term improved survival in anterior STEMI patients treated with 
PCI is the result of better preserved left ventricular ejection fraction, when compared to 
treatment with SK. Treatment with thrombolysis, as in our study with SK, results in more 
recurrent myocardial infarction when compared with primary PCI. It is therefore 
conceivable, that the better survival in patients treated with primary PCI would in part be 
due to the recurrent (fatal) reinfarctions, that occur mainly within one year after the acute 
event. We therefore analyzed long-term mortality, after excluding all deaths in the first 
year after the index acute STEMI. Figure 4 clearly demonstrates the difference in mortality 
of anterior STEMI patients when the two treatment modalities are compared.  
  
Limitations  
While multicenter thrombolysis trials have included many thousands of acute myocardial 
infarction patients, undergoing reperfusion therapy, our study included only 395 patients 
from a single center. During the study period intracoronary stenting and the use of GP 2B-
3A receptor antagonists was not used. These two new therapies may well have a 
profound effect on clinical outcome.[22][23][24]  
 
Conclusion 
In all acute STEMI patients, left ventricular function is better preserved, when treated with 
primary PCI compared to treatment with SK. In acute anterior STEMI patients treated with 
primary PCI, the additional mortality benefit during long-term follow is probably due to 
better preserved residual left ventricular function. The number needed to treat to prevent 1 
death is 5 and the number needed to treat to prevent 1 MACE is 4. In non-anterior STEMI 
patients treated with primary PCI, the principle benefit is the reduction in MACE; the 
number needed to treat to prevent 1 MACE is 4. Independent predictors of long-term 
mortality after acute anterior STEMI are age and residual left ventricular function. 
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Figure Legends 
 
Figure 1:  
Kaplan-Meier Curves for Overall Survival of the Zwolle Trial  
in the PCI and SK Groups during 8 Years Follow-up 
 
Figure 2:  
Kaplan-Meier Curves for Overall Survival for Non-Anterior STEMI 
in the PCI and SK Groups during 8 Years Follow-up 
 
Figure 3: 
Kaplan-Meier Curves for Overall Survival for Anterior STEMI 
in the PCI and SK Groups during 8 Years Follow-up 
 
Figure 4:  
Kaplan-Meier Curves for Overall Mortality for Anterior STEMI, Without  
Deaths in First Year of 8 Years Follow-up in the PCI and SK Groups 
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