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Abstract

In acute ST-elevation myocardial infarction (STEMI), patients with multivessel disease 

(MVD) are considered to be a subgroup with an increased risk of mortality compared 

with patients with single vessel disease (SVD). To evaluate the impact of MVD on one-year 

mortality in patients with STEMI we studied 1417 consecutive STEMI patients, admitted 

between 1997 and 2002, all treated with primary percutaneous coronary intervention 

(PCI). Furthermore we hypothesized that the impact of MVD on mortality is due to 

the presence of a chronic total occlusion (CTO) in a non-infarct related artery. Patients 

with MVD and/or with a CTO had multiple differences in baseline and angiographic 

characteristics, all associated with worse outcome. Mortality in patients with SVD, 

MVD and a CTO was 8%, 16% and 35% respectively. After correction for the baseline 

differences, MVD was an independent predictor of mortality (OR 1.5; 95%CI: 1.1 – 2.1). 

However, when CTO was included in the model, MVD was no longer an independent 

predictor for mortality, whereas CTO was a strong and independent predictor for one-

year mortality in STEMI patients treated with PCI (OR 3.8; 95CI: 2.5 – 5.8). In conclusion, 

STEMI patients with MVD have a higher one-year mortality rate compared with patients 

with SVD, which is mainly determined by the presence of a CTO in a non-infarct related 

artery. In the setting of primary PCI the presence of a CTO, and not the mere presence of 

MVD, is an independent predictor of mortality.
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Introduction

Treatment of patients with ST-elevation myocardial infarction (STEMI) aims at early 

restoration of antegrade flow in the infarct related coronary artery, to preserve myocardial 

function and to improve survival.1 Angiography after thrombolysis or before primary 

percutaneous coronary intervention (PCI) has revealed that multivessel disease (MVD) is 

present in 40-65% of all STEMI patients. These patients are considered to be a subgroup 

with a high risk for morbidity and mortality, compared with patients with single vessel 

disease (SVD).2-10 Currently, primary PCI is the reperfusion therapy of choice.11 There 

is only limited information on the effect of MVD on long-term clinical outcome after 

primary PCI. Meanwhile there is a growing interest for additional revascularization or 

other strategies, with only very limited information on benefit for these patients. We 

investigated the effect of MVD on one-year clinical outcome after primary PCI in a large 

cohort of STEMI patients. We furthermore hypothesized that the impact of MVD on 

long-term mortality is due to the presence of a chronic total occlusion (CTO) in a non-

infarct related artery.

Methods

Between January 1997 and December 2002, 1463 consecutive and unselected patients 

were admitted to our hospital with STEMI and underwent coronary angiography with 

a view to perform PCI. This cohort has been described before.12 STEMI was diagnosed 

when patients had symptoms of an acute myocardial infarction lasting >30 minutes 

and <6 hours, accompanied by an electrocardiogram with ST-segment elevation >1 mm 

(0.1 mV) in two or more contiguous leads. All patients were treated with Heparin and 

Aspirin before PCI. Baseline clinical and angiographic data were collected prospectively 

in a dedicated database. Patients were immediately transported to the catheterisation 

laboratory and if the coronary anatomy was suitable for PCI, the procedure was 

performed with standard techniques. The patients were classified as SVD, MVD and/

or CTO based on the angiogram before PCI. Our database classified MVD in subgroups: 

diameter stenosis 50-90% and >90%. For the purpose of this study MVD was defined 

as ≥1 stenosis of >50% of the coronary lumen diameter in ≥1 of the non-infarct related 

epicardial arteries. A CTO was defined as a non-infarct related artery with 100% pre-PCI 

luminal narrowing without antegrade flow or with either antegrade or retrograde filling 

through collateral vessels. Identical angiographic criteria with regard to vessel size (≥2.5 

millimeter) and coronary artery lesion location were used to qualify for the presence of 

MVD and/or a CTO. From the 1463 patients, 17 patients were lost to follow up and in 

another 29 the coronary angiogram could not be analysed completely. The remaining 

1417 patients represent the cohort of this study. Follow-up information was obtained 

1 year after the initial event by written questionnaire sent to all patients. If necessary 
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outpatients’ reports were reviewed, and general practitioners were contacted by phone. 

Additional revascularisation procedures were performed for all patients if indicated for 

symptoms or signs of myocardial ischaemia.13

Statistical analysis were two-tailed and performed using SPSS 12.0. 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 (CI). Statistical significance was defined as a 

p-value of less than 0.05. Cumulative survival curves were constructed according to the 

Kaplan–Meier method and differences between the curves were tested for significance 

by the log-rank statistic.14 To study the independent value of MVD on one-year mortality 

we performed Cox regression multivariate analysis, including all significantly different 

distributed clinical and angiographic variables in the model.15 Thereafter we performed 

another Cox regression multivariate analysis by including CTO in the aboved mentioned 

model, including all significant different distributed clinical and angiographic variables. 

Additionally we performed the last mentioned analysis but this time MVD was defined as 

≥1 stenosis of >90% of  the coronary lumen diameter in at least one of the non-infarct 

related epicardial arteries.

Results

Among the 1417 patients, 578 patients (41%) had MVD. Clinical characteristics 

are presented in Table 1. Patients with MVD were older, more often had a previous 

myocardial infarction, a history of diabetes, and more often presented with cardiogenic 

shock compared with SVD patients.

There were differences in angiographic characteristics between patients with SVD and 

MVD (Table 1). MVD patients had a higher incidence of coronary calcifications (30% vs. 

16%, p<0.001) and reperfusion failure (9% vs. 4%, p<0.001) compared with patients 

with SVD. The left anterior descending artery was more often the infarct related artery in 

patients with SVD than in patients with MVD  (56% vs. 44%, p<0.001). The incidence of 

TIMI grade 0 flow prior to PCI was comparable between both groups.

During one-year follow-up a total of 164 patients died (11%). The mortality rate in 

MVD patients was higher compared with SVD patients (16% vs. 8%, p<0.001, OR 1.5; 

95%CI: 1.1 – 2.1). Mortality curves in patients with SVD and MVD are shown in Figure 1.

Multivariate analysis including age, gender and all clinical variables that were 

significantly different distributed within patient groups with SVD and MVD revealed that 

independent predictors of one-year mortality were: Shock on admission (OR 5.7; 95%CI: 

4.1 – 7.9), reperfusion failure (OR 4.5; 95%CI: 3.0 – 6.6) , left anterior descending artery 

as the infarct related artery (OR 1.7; 95%CI: 1.2 – 2.3), age >60 years (OR 1.6; 95%CI: 

1.1 – 2.3) and MVD as compared with SVD (OR 1.5; 95CI: 1.1 – 2.1; Table 2).

From the 1417 patients, 165 (12%) had a CTO. Clinical characteristics are listed in Table 

3. Patients with a CTO were older, more often had a previous myocardial infarction, a 
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history of diabetes, and presented more often with cardiogenic shock compared with 

patients without a CTO. Angiography revealed significant different findings (Table 3), 

with a higher incidence of coronary calcifications (29% vs. 20%, p<0.001) and reperfusion 

Table 1 Characteristics of 1417 ST-elevation myocardial infarction patients with and without 
multivessel coronary disease

Variable

Coronary Arteries Narrowed

1 
(n = 839)

>1 
(n = 578) P-value

Age >60 years 346 (41%) 347 (60%) <0.001

Men 606 (72%) 427 (74%) 0.49

Hypertension 244 (29%) 195 (34%) 0.06

Smoker 418 (50%) 258 (45%) 0.06

Diabetes mellitus 71 (9%) 97 (17%) <0.001

Known hyperlipidemia at admission 188 (22%) 149 (26%) 0.14

Previous myocardial infarction 89 (11%) 150 (26%) <0.001

Shock 72 (9%) 82 (14%) 0.001

Angiographic

Left anterior descending artery related myocardial infarction 472 (56%) 252 (44%) <0.001

Pre-angioplasty TIMI 0 598 (71%) 402 (70%) 0.49

Calcifications 131 (16%) 171 (30%) <0.001

Reperfusion failure 34 (4%) 49 (9%) <0.001

One year total mortality 69 (8%) 95 (16%) <0.001

Figure 1 STEMI, ST-elevation myocardial infarction; PCI, primary coronary intervention; MVD, 
multivessel disease; SVD, single vessel disease
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failure (13% vs. 5%, p<0.001) compared with patients without a CTO. The distribution 

of the left anterior descending artery as the infarct related artery and the incidence 

of TIMI grade 0 flow prior to PCI was comparable between both groups. In survivors 

after hospital discharge there were no differences in the distribution of medication in 

patients with or without a CTO after one-year follow-up: Aspirin (28% vs. 21%, p=0.09), 

β blockers (55% vs. 52%, p=0.58), angiotensin-converting enzyme inhibitors (29% vs. 

31%, p=0.71) and statins (58% vs. 57%, p=0.72).

One-year mortality was higher in patients with a CTO compared with patients without 

a CTO (35% vs. 9%, p<0.001. OR 3.8; 95%CI: 2.5 – 5.8). Patients with MVD without a 

CTO had a comparable mortality rate compared with SVD patients (8% vs. 8%; Figure 2).

Table 2 Independent predictors for 1 year mortality after primary angioplasty in 1417 patients

OR 95% CI P-value

Mortality

Shock 5.7 4.1 – 7.9 <0.001

Reperfusion failure 4.5 3.0 – 6.6 <0.001

Left anterior descending artery related myocardial infarction 1.7 1.2 – 2.3 0.002

Age >60 years 1.6 1.1 – 2.3 0.006

Multivessel coronary disease 1.5 1.1 – 2.1 0.02

Calcifications 1.3 0.9 – 1.8 0.15

Diabetes mellitus 1.1 0.7 – 1.7 0.58

Previous myocardial infarction 1.1 0.8 – 1.6 0.65

Table 3 Characteristics of 1417 ST-elevation myocardial infarction patients with and without a 
chronic total occlusion

Variable

Chronic Total Occlusion

No
(n = 1252)

Yes
(n = 578) P-value

Age >60 years 594 (47%) 99 (60%) 0.002

Men 907 (72%) 126 (76%) 0.29

Hypertension 383 (31%) 56 (34%) 0.38

Smoker 608 (49%) 68 (41%) 0.08

Diabetes mellitus 133 (11%) 35 (21%) <0.001

Known hyperlipidemia at admission 285 (23%) 52 (32%) 0.013

Previous myocardial infarction 176 (14%) 63 (38%) <0.001

Shock 119 (10%) 35 (21%) <0.001

Angiographic

Left anterior descending artery related myocardial infarction 633 (51%) 91 (55%) 0.27

Pre-angioplasty TIMI 0 878 (70%) 122 (74%) 0.31

Calcifications 254 (20%)  48 (29%) 0.009

Reperfusion failure 61 (5%) 22 (13%) <0.001

One year total mortality 106 (8%) 58 (35%) <0.001
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Multivariate analysis showed that CTO was a very strong and independent predictor 

of one-year mortality (Table 4A). After inclusion of CTO in the multivariate model, MVD 

was no longer an independent predictor for one-year mortality, even when ≥1 additional 

stenosis of >90% qualified for MVD (Table 4B). In fact, multivariate analysis, including 

information about CTO and MVD, unequivocally shows that MVD without CTO bears no 

risk at all, when compared with SVD.

Figure 2 STEMI, ST-elevation myocardial infarction; PCI, primary coronary intervention; CTO, chronic 
total occlusion; MVD, multivessel disease; SVD, single vessel disease

Table 4A Independent predictors of 1 year mortality in 1417 ST-elevation myocardial infarction 
patients treated with primary angioplasty

OR 95% CI P-value

Mortality

Shock 5.1 3.7 – 7.1 <0.001

Reperfusion failure 4.4 3.0 – 6.6 <0.001

Chronic total occlusion 3.8 2.5 – 5.8 <0.001

Age >60 years 1.7 1.2 – 2.4 0.004

Left anterior descending artery related myocardial infarction 1.5 1.1 – 2.1 0.011

Calcifications 1.4 1.0 – 2.0 0.07

Diabetes mellitus 1.0 0.7 – 1.5 0.94

Previous myocardial infarction 0.9 0.6 – 1.3 0.50

Multivessel coronary disease, ≥1 additional stenosis >50% 0.9 0.6 – 1.4 0.58
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Discussion

We found that, despite the reperfusion therapy of choice, patients with MVD have a 

higher one-year mortality rate compared with patients with SVD after primary PCI for 

acute STEMI. This is the first study to demonstrate that the higher one-year mortality 

rate in patients with MVD is mainly determined by the presence of a CTO in a non-

infarct related artery and not due to the mere presence of MVD. Our results confirm 

previous studies reporting the adverse outcome in STEMI patients with MVD.3-10, 16-18 

Patients with MVD were older, more often diabetic and were more often in shock on 

admission compared with patients without MVD. Patients with MVD had more coronary 

calcifications and reperfusion failure compared with patients without MVD. In short, MVD 

patients had several differences in clinical and angiographic characteristics, all associated 

with adverse clinical outcome. In fact, patients with MVD had a double mortality rate 

after one-year follow-up compared with SVD patients.

The higher incidence of previous myocardial infarction and shock may partly explain 

the higher mortality rate in MVD patients. It is conceivable that patients with MVD would 

have a pre-existent reduced left ventricular function. After STEMI, residual left ventricular 

function is reduced due to residual myocardial ischemia and impaired recovery of left 

ventricular function.16, 19-22 Furthermore, patients with MVD are at higher risk of future 

coronary events and subsequent additional decrease of left ventricular function.23

A CTO was present in 12% of all patients and in 29% of MVD patients. Patients with 

a CTO were older, more often diabetic and more often in shock on admission compared 

to patients without a CTO. Patients with a CTO more often had coronary calcifications 

and reperfusion failure compared with patients without a CTO. Interestingly, and in 

accordance with daily clinical practice, only a fraction of the patients with a CTO had a 

history of a previous myocardial infarction. It is likely, or at least conceivable, that these 

patients would have a more reduced left ventricular function, which may have led to a 

Table 4B Independent predictors of 1 year mortality in 1417 ST-elevation myocardial infarction 
patients treated with primary angioplasty

OR 95% CI P-value

Mortality

Shock 5.1 3.7 – 7.1 <0.001

Reperfusion failure 4.4 3.0 – 6.6 <0.001

Chronic total occlusion 3.8 2.4 – 5.9 <0.001

Left anterior descending artery related myocardial infarction 1.5 1.1 – 2.1 0.009

Calcifications 1.4 1.0 – 2.0 0.07

Diabetes mellitus 1.0 0.7 – 1.5 0.96

Previous myocardial infarction 0.9 0.6 – 1.3 0.49

Multivessel coronary disease, ≥1 additional stenosis >90% 0.9 0.6 – 1.4 0.68
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higher mortality rate. Patients with a CTO had a quadruple mortality rate compared with 

patients without a CTO.

In multivariate analysis, CTO was a very strong and independent predictor for one-

year mortality. Furthermore, after inclusion of CTO in the multivariate model, the mere 

presence of MVD was no longer an independent predictor for one-year mortality, even 

when MVD was defined as ≥1 additional stenosis of >90%. Apparently, patients with a 

CTO constitute the MVD patient group with a truly higher risk for death after one year.

Reperfusion early in the course of STEMI has proven to be efficacious and results 

in myocardial salvage, preserved ventricular performance and improvement of patient 

survival. Besides effects on left ventricular remodeling, the mechanism includes 

electrophysiological effects and electrical stability, resulting in a reduction of the 

incidence and duration of sustained ventricular arrythmias.24, 25 Even late opening of an 

infarct related artery may confer these beneficial effects.26, 27 This has been described as 

the “open artery hypothesis”. In contrast, the effects of revascularization of an additional 

CTO are less clear. Several studies report beneficial effects and demonstrated additional 

improvement of left ventricular function after recanalization of a CTO, but only in the 

presence of viable myocardium.28, 29 However, this particular complex PCI in post STEMI 

patients should be, if at all, carried out carefully.

Our study included patients from a single center. We have not routinely measured 

infarct size and/or residual left ventricular ejection fraction in all patients. It would 

have enabled us to reconfirm that MVD patients have reduced left ventricular function 

after reperfusion therapy. However, this is an outcome measure and was therefore not 

included in our multivariate analysis with baseline characteristics to find predictors of 

mortality. Although our study is of considerable size, a larger patient population, with a 

longer follow-up, could have identified MVD as an additional independent predictor of 

mortality after correction for CTO. Nevertheless, patients with a CTO will still constitute 

the MVD patient group with a truly higher risk for death.
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