
n

456

© Europa Edition 2012. All rights reserved.

C L I N I C A L  R E S E A R C H

EuroIntervention 2
0

12
;8

:456-464   
D

O
I: 10.4

2
4

4
/E

IJV8
I4

A
7

2

*Corresponding author: Department of Cardiology, Odense University Hospital, Sdr. Boulevard 29, DK-5000 Odense C, 
Denmark. E-mail: okkels@dadlnet.dk

Culprit only or multivessel percutaneous coronary 
interventions in patients with ST-segment elevation 
myocardial infarction and multivessel disease
Lisette Okkels Jensen1*, MD, DMSci, PhD; Per Thayssen1, MD, DMSci; Dóra Körmendiné Farkas2, MSc; 
Mikkel Hougaard1, MD; Christian Juhl Terkelsen3, MD, PhD; Hans-Henrik Tilsted4, MD; Michael Maeng3, MD, 
PhD; Anders Junker1, MD, PhD; Jens Flensted Lassen3, MD, PhD; Erzsébet Horváth-Puhó2, MSc, PhD;  
Henrik Toft Sørensen2, MD, DMSci, PhD; Leif Thuesen3, MD, DMSci

1. Department of Cardiology, Odense University Hospital, Odense, Denmark; 2. Department of Clinical Epidemiology, Aarhus 
University Hospital, Aarhus, Denmark; 3. Department of Cardiology, Aarhus University Hospital, Skejby, Aarhus, Denmark; 
4. Department of Cardiology, Aarhus University Hospital, Aalborg, Aalborg, Denmark

Abstract
Aims: In patients with ST-segment elevation myocardial infarction (STEMI), timely reperfusion with pri-
mary percutaneous coronary intervention (PPCI) is the preferred treatment. However, it remains unclear 
whether the optimal strategy is complete revascularisation or culprit vessel PPCI only. 

Methods and results: From January 2002 to June 2009 all patients treated with PPCI were identified from 
the Western Denmark Heart Registry. We examined mortality according to timing of multivessel PCI: acute 
procedure, staged procedure during the index hospitalisation, or staged procedure performed within 60 days. 
The hazard ratio (HR) for death was estimated using a time-dependent Cox regression model, with time of 
PCI for the non-culprit lesion as the time-dependent variable. The study cohort consisted of 5,944 patients, of 
whom 4,770 (80%) had single-vessel disease and 1,174 (20%) had multivessel PCI within 60 days. Among 
354 (30.2%) patients with acute multivessel PCI, 194 (16.5%) patients with multivessel PCI during the index 
hospitalisation, and 626 (53.3%) patients with multivessel PCI within 60 days after the index hospitalisation, 
the adjusted HRs for one-year mortality were 1.53 (95% confidence interval (CI): 1.07-2.18), 0.60 (95% CI: 
0.28-1.26), and 0.28 (95% CI: 0.14-0.54), respectively, compared to patients with single vessel disease.

Conclusions: Acute multivessel PCI in patients with STEMI was associated with increased mortality.
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Introduction
Primary percutaneous coronary intervention (PPCI) is a well-estab-
lished treatment for ST-segment elevation myocardial infarction 
(STEMI)1,2. In up to half of patients presenting with STEMI, multi-
vessel coronary disease is present3-5 and has been found to be associ-
ated with worse prognosis4,6. Optimal treatment of patients with 
STEMI and multivessel disease is not clear. Both the European Soci-
ety of Cardiology guidelines for PCI7 and the American College of 
Cardiology/American Heart Association guidelines for the manage-
ment of patients with STEMI8 recommend acute PCI treatment of the 
culprit lesion. PCI of the non-culprit lesions are only recommended 
during the index procedure in haemodynamically compromised 
patients. Two randomised trials9,10 reported that multivessel treatment 
during PPCI was safe without increased mortality in controlled trials, 
but their sample sizes were too small to provide a definite answer.

Editorial, see page 423

A post hoc analysis of the “Harmonizing Outcomes With Revasculari-
zation and Stents in Acute Myocardial Infarction” concluded a deferred 
angioplasty strategy of non-culprit lesions should remain the standard 
approach in patients with STEMI undergoing primary PCI, as multi-
vessel PCI might be associated with a greater risk for mortality and 
stent thrombosis11. Two meta-analyses reported similar major adverse 
cardiovascular events and long-term mortality12,13 in STEMI patients 
treated either with acute complete revascularisation or with only 
infarct-related PPCI in the acute phase, whereas one large meta-analy-
sis where prospective and retrospective studies were included sup-
ported current guidelines discouraging performance of multivessel 
primary PCI for STEMI14. The New York State PCI Registry15 reported 
that, in haemodynamically stable patients with multivessel disease, 
acute phase multivessel PCI resulted in increased mortality, compared 
with infarct-related PPCI only. One observational study reported lower 
adverse outcome rates for culprit lesion PPCI16 and another study 
found no significant difference17. We used data from the Western Den-
mark Heart Registry (WDHR) to examine differences in in-hospital 
and longer-term mortality for STEMI patients with multivessel disease 
treated with multivessel PCI compared to patients with single vessel 
disease (STEMI culprit lesion). Further, for patients with multivessel 
PCI we compared three strategies: multivessel PCI performed acutely, 
staged procedures during index hospitalisation, or staged procedures 
within 60 days after hospital discharge. We compared their outcomes to 
those among patients with single vessel disease.

Patients and methods
SETTING AND DESIGN
The study was conducted using Western Denmark’s healthcare data-
bases, which cover the region’s entire population of approximately 
3.0 million inhabitants (55% of the Danish population). A detailed 
description of the databases has been reported previously18,19.

PATIENTS AND PROCEDURES
Primary PCI became the recommended treatment for STEMI in 
Denmark after publication of the results of the DANish trial in 
Acute Myocardial Infarction-2 (DANAMI 2) 1 in 2003. To be eligible 

for primary PCI, patients must meet the following criteria: 1) symp-
toms present less than 12 hours from onset of pain to time of cath-
eterisation, and 2) ST-segment elevation (at least 0.1 mV in two or 
more standard leads or at least 0.2 mV in two or more contiguous 
precordial leads) or a new left bundle branch block (LBBB). We 
used the WDHR to identify all PPCIs performed from January 1, 
2002, up to June 25, 2009. For inclusion in the present study, 
patients had to have either single vessel disease (culprit lesion) or 
multivessel disease (culprit lesion+non-culprit lesion) treated with 
PCI either acutely, in an in-hospital staged procedure, or within 60 
days after hospital discharge. In addition, the patients had to be 
haemodynamically stable without cardiogenic shock (Figure 1 pre-
sents the flow chart for patient selection). Patients with cardiogenic 
shock, a critical pre-hospital condition, anaesthesiology assistance, 
intubation, use of intra-aortic balloon pump, or a systolic blood 
pressure <90 mmHg were excluded from the analysis. PPCI was 
performed according to the standard practices of the participating 
centres. A glycoprotein IIb/IIIa receptor blocker was administered 
at the operator’s discretion. The post-intervention antiplatelet regi-
men included lifelong acetylsalicylic acid (75-150 mg once daily) 
and clopidogrel with a loading dose of 300 mg followed by mainte-
nance with 75 mg daily. The recommended duration of clopidogrel 
treatment was 3 to 12 months until November 2002 and 12 months 
thereafter.

ENDPOINTS
The endpoint was time to all-cause mortality. Data on mortality 
were obtained from the Danish National Registry of Patients 
(DNRP)20, which has kept electronic records on the gender, date of 
birth, changes in address, date of emigration, and changes in vital 
status of the entire Danish population since 1968.

COVARIATES
We retrieved data from the WDHR on potential predictors for sub-
sequent cardiovascular events, including characteristics of the 
patients, procedures and lesions. For each patient, we obtained data 
on all discharge diagnoses from the DNRP. We then computed 
comorbidity scores using the Charlson Comorbidity Index (CCI)21, 
which covers 19 major disease categories, including diabetes mel-
litus, heart failure, cerebrovascular diseases, and cancer. The index 
value is a weighted summary of the diagnoses, with each weight 
calculated based on one-year mortality associated with each disease 
in the original Charlson dataset.

STATISTICAL METHODS
Distributions of continuous variables in the group of patients with 
single vessel disease (culprit lesion) and the group with multivessel 
PCI were compared using the Kruskal-Wallis test. Distributions of 
categorical variables were compared using the Chi-square test.

We counted endpoint events that occurred during the follow-up 
period and compared rates for the two groups. Follow-up began on 
the date of PPCI procedure and continued until date of death, emi-
gration, June 25, 2010, or after seven years of follow-up (to ensure 
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at least 10% of the study population at risk), whichever came first. 
We constructed Kaplan-Meier curves for patients with multivessel 
PCI and single vessel PCI. Patients with multivessel disease PCI 
were stratified according to the time of the non-culprit lesion PCI 
(acute, staged during index hospitalisation, or performed within 
60 days of hospital discharge). Cox proportional hazards regression 
analysis was used to estimate the hazard ratio (HR) for mortality 
(using single vessel disease as the reference) with time for multi-
vessel PCI as a time-dependent variable. We used the change-in-
estimate variable selection strategy to assess inclusion of potential 
confounders. This entailed retaining variables that changed the crude 
HR estimates for overall mortality by more than 10 percent22.

We used multiple imputation methods to impute missing covari-
ate values23. We assessed all variables in Table 1 and Table 2 and 
found that only age and CCI score changed HR estimates for the 
mortality outcome by more than 10 percent. Thus, we adjusted only 
for these variables, together with gender, in the final model. All data 
analyses were carried out using SAS software version 9.13 (SAS 
Institute Inc., Cary, NC, USA).

Results
STUDY POPULATION
A total of 9,926 patients were treated with primary PCI for STEMI 
or BBBMI at one of the three participating PCI centres between 
January 1, 2002, and June 25, 2009. Mortality data were not avail-
able for 151 patients, who were foreign citizens or who had emigrated. 

Patients with haemodynamic instability or cardiogenic shock 
(n=720 [7.2%] patients with single vessel disease n=264 and 
patients with multivessel disease n=442), a coronary artery bypass 
operation within two months (n=292 [2.9%]) and patients with mul-
tivessel disease but without further revascularisation within 60 days 
(n=2,586 [26.1%]) were excluded. Thus, the final study cohort con-
sisted of 5,944 patients, of whom 4,770 (80%) had single vessel 
disease PCI and 1,174 (20%) had multivessel disease PCI within 60 
days. There were significant differences in several baseline charac-
teristics, including cardiac risk factors and comorbidity, for patients 
with single vessel disease vs. multivessel PCI (Table 1).

MORTALITY
The median follow-up time was 3.9 years (25th-75th percentile: 
2.3-5.7 years), with a one-year mortality of 4.8% (n=287) and 
seven-year mortality of 12.1% (n=722). Among patients with sin-
gle vessel disease PCI and multivessel disease PCI, one-year 
cumulative mortality was 4.9% (n=235) and 4.4% (n=52), respec-
tively; seven-year mortality was 17.4% (n=555) and 20.2% 
(n=157), respectively (Table 3). Among patients with multivessel, 
non-culprit lesion PCI performed acutely, staged during the index 
hospitalisation, or performed within 60 days, one-year cumulative 
mortality was 10.2% (n=36), 3.6% (n=7), and 1.4% (n=9), respec-
tively; their seven-year mortality was 32.2% (n=87), 14.2% 
(n=22), and 15.2% (n=48), respectively (Figure 2). After adjust-
ment for age, gender, and CCI score, overall seven-year mortality 

Patients with STEMI treated with primary PCI
between 1.1.2002 and 25.6.2009

n=9,926

Not in the CPR registry, n=151

Patients with haemodynamic instability, n=720

Patients with multivessel disease
n=4,052

Patients with single vessel disease
n=4,770

No further revascularisation within 2 months
n=2,586

Diffuse disease, n=5
0 vessel disease, n=18

Number of diseased vessels missing, n=197
Single vessel disease with CABG, n=13

Patients with CABG (after index procedure) n=292

Acute non-culprit lesion PCI
n=354

Non-culprit lesion PCI during index
n=194

Non-culprit lesion PCI after index
hospitalisation and within 2 months

n=626

Figure 1. Trial flow diagram.
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Table 1. Characteristics of patients with single vessel disease versus multivessel disease PCI.

Single vessel 
disease

Valid 
cases

Multivessel 
PCI

Valid 
cases

p value 
(SVD vs. 

MVD PCI)

Multivessel 
PCI at the 

time of PPCI

Multivessel 
PCI staged 
in-hospital

Multivessel 
PCI within 
60 days

p value 
(MVD PCI 

at different 
time)

Number of patients - n 4,770 4,770 1,174 1,174 354 194 626

Male gender - n (%) 3,439 (72.1) 4,770 923 (78.6) 937 <0.001 269 (76.0) 153 (78.9) 501 (80.0) 0.332

Age - years (inter-quartile range) 61.6 (52.6-71.1) 4,770 64.3 (56.0-73.4) 1,174 <0.001 65.4 (56.7-76.5) 63.6 (56.3-72.3) 64.1 (55.5-72.5) 0.051

Family history - n (%) 1,283 (26.9) 3,299 394 (33.6) 903 0.010 104 (29.4) 57 (29.4) 233 (37.2) 0.910

Smoking - n (%) 2,604 (54.6) 3,263 678 (57.8) 891 0.016 166 (46.9) 98 (50.5) 414 (66.1) 0.026

Body mass index - kg/m2 
(inter-quartile range) 26.1 (23.9-29.2) 2,350 26.1 (23.9-28.9) 668 0.834 26.1 (24.0-28.7) 25.7 (22.9-29.2) 26.2 (24.0-29.0) 0.704

Diabetes mellitus - n (%) 268 (5.6) 3,718 121 (10.3) 1,163 <0.001 38 (10.7) 27 (13.9) 56 (8.9) 0.123

Hypertension - n (%) 939 (19.7) 3,374 301 (25.6) 917 0.003 76 (21.5) 44 (22.7) 181 (28.9) 0.679

Previous coronary artery bypass 
grafting - n (%) 40 (0.8) 3,446 15 (1.3) 936 0.282 6 (1.7) 4 (2.1) 5 (0.8) 0.116

Previous percutaneous coronary 
intervention - n (%) 181 (3.8) 3,334 53 (4.5) 904 0.612 15 (4.2) 11 (5.7) 27 (4.3) 0.297

Previous myocardial infarction - n 
(%) 247 (5.2) 3,329 122 (10.4) 905 <0.001 46 (13.0) 15 (7.7) 61 (9.7) 0.016

Lipid lowering therapy - n (%) 509 (10.7) 3,376 174 (14.8) 914 0.004 60 (16.9) 25 (12.9) 89 (14.2) 0.037

Glycoprotein IIb/IIIa receptor 
blocker - n (%) 3,151 (66.1) 4,421 865 (73.7) 1,118 <0.001 217 (61.3) 134 (69.1) 514 (82.1) <0.001

Comorbidity index score - n (%) 4,770 1,174 <0.001 <0.001

0 3,122 (65.5)  702 (59.8) 185 (52.3) 126 (64.9) 391 (62.5)

1-2 1,360 (28.5) 380 (32.4) 128 (36.2) 50 (25.8) 202 (32.3)

3+ 288 (6.0) 92 (7.8) 41 (11.6) 18 (9.3) 33 (5.3)

did not differ between patients with multivessel PCI and patients 
with single vessel disease (HR = 0.96, 95% CI: 0.80-1.14) 
(Table 4). Among patients with multivessel PCI, those with acute 
multivessel PCI had higher short-term and long-term mortality 
than patients with single vessel disease PCI. Mortality in patients 
with multivessel disease PCI and a staged procedure within the 
index hospitalisation was comparable to that in patients with sin-
gle vessel disease PCI. Patients with multivessel disease PCI per-
formed as a staged procedure after discharge from the index 
hospitalisation, but within 60 days, had lower mortality rates 
compared to patients with single vessel disease PCI at all-time 
intervals under study (Table 4). However, among patients with 
multivessel who were discharged, 135 patients (5.1% of patients with 
multivessel disease without any further revascularisation within 
60 days than culprit lesion) died within 60 days, and an eventual 
planned revascularisation strategy was not known (Figure 3).

Discussion
The findings of the present study indicate that among STEMI 
patients treated with primary PCI in a real-world clinical setting, 
presence of multivessel disease treated with PCI did not increase 
short-term or long-term mortality rates overall. Patients with 
STEMI and multivessel disease undergoing complete revasculari-
sation in the acute phase had higher short-term and long-term 

mortality than patients with single vessel disease and culprit lesion 
PCI only. However, staged multivessel PCI was found to be safe.

In patients with STEMI and acute multivessel PCI, the potential 
advantages of staged intervention are completeness of revasculari-
sation and possible shortening of the cumulative hospital stay. In 
patients with haemodynamic instability in the acute setting there is 
a further clinical indication for acute complete revascularisation24,25. 
We found an increased mortality rate in all time intervals examined 
among patients with acute multivessel PCI, despite exclusion of 
patients with cardiogenic shock, a critical pre-hospital condition, 
anaesthesiology assistance, intubation, use of an intra-aortic bal-
loon pump, or a systolic blood pressure <90 mmHg. Patients with 
multivessel PCI were older and had more comorbidity (especially 
patients with acute multivessel PPCI), compared to patients with 
single vessel disease and staged revascularisation procedures. Our 
results are in line with data from the New York State PCI Registry15, 
which showed that haemodynamically stable patients with multi-
vessel PCI had a higher in-hospital mortality rate, compared to 
patients undergoing PCI only in the infarct-related artery. Four 
other studies11,14,16,26 reported similar results, with an increased rate 
of major adverse cardiac events in patients undergoing multivessel 
PCI acutely compared to PCI restricted to the infarct-affected 
artery. The largest registry, the National Cardiovascular Data 
Registry27, found that patients undergoing multivessel PCI were at 
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Table 2. Procedure characteristics of patients with single versus multivessel disease PCI.

Single vessel 
disease

Valid 
cases

Multivessel 
PCI

Valid 
cases

p value 
(SVD vs.  

MVD 
PCI)

Multivessel 
PCI at the  

time of PPCI

Multivessel 
PCI staged 
in-hospital

Multivessel 
PCI within 
60 days

p value 
(MVD PCI 

at 
different 

time)

Number of patients - n 4,770 1,174 354 194 626

Number of diseased vessels - n (%) 0.46

2 vessel disease – 749 (63.7) 1,174 235 (66.4) 120 (61.9) 749 (63.8)

3 vessel disease – 425 (36.3) 1,174 119 (33.6) 74 ()38.1) 425 (36.2)

Infarct-related artery - n (%) 4,770 1,174 <0.001 <0.001

Left anterior descending artery - n (%) 2,264 (47.5) 495 (41.6) 182 (49.5) 63 (32.3) 250 (39.9)

Left circumflex artery - n (%) 662 (13.8) 221 (18.6) 85 (23.1) 31 (15.9) 105 (16.8)

Right coronary artery - n (%) 1,827 (38.3) 466 (39.2) 98 (26.6) 98 (50.3) 270 (43.1)

Left main - n (%) 17 (0.4) 7 (0.6) 3 (0.8) 3 (1.5) 1 (0.2)

Anterior STEMI or BBBMI - n (%) 2,075 (43.5) 4,377 473 (39.8) 1,073 0.038 169 (45.9) 62 (31.8) 242 (38.7) <0.001

Killip class - n (%) 4,766 1,174 0.106 <0.001

I 4,513 (94.6) 1,097 (92.3) 315 (85.6) 179 (91.8) 603 (96.3)

II 188 (3.9) 59 (5.0) 25 (6.8) 12 (6.2) 22 (3.5)

III 65 (1.4) 17 (1.4) 14 (3.8) 2 (1.0) 1 (0.2)

Pre-intervention TIMI flow - n (%)* 4,770 1,174 <0.001 <0.001

Grade 0 2,802 (58.7) 610 (51.3) 120 (32.6) 115 (59.0) 375 (59.9)

Grade 1 283 (5.9) 72 (6.1) 20 (5.4) 11 (5.6) 41 (6.5)

Grade 2 623 (13.1) 170 (14.3) 62 (16.8) 25 (12.8) 83 (13.3)

Grade 3 1,056 (22.1) 334 (28.1) 164 (44.6) 43 (22.1) 127 (20.3)

Lesion length - mm* 15.0 (10.0-20.0) 4,713 15.0 (10.0-20.0) 1,174 0.066 14.0 (10.0-20-0) 15.0 (10.0-20.0) 15.0 (10.0-20-0) 0.001

Reference vessel diameter - mm* 3.5 (3.0-3.7) 4,697 3.4 (3.0-3.6) 1,170 0.026 3.2 (3.0-3.5) 3.5 (3.0-3.8) 3.5 (3.0-3.7) <0.001

Minimum lumen diameter - mm* 0.0 (0.0-0.2) 4,672 0.0 (0.0-0.2) 1,161 <0.001 0.1 (0.0-0.4) 0.0 (0.0-0.1) 0.0 (0.0-0.0) <0.001

Saphenous vein graft - n (%)* 4 (0.1) 4,770 5 (0.4) 1,174 0.009 2 (0.5) 0 (0.0) 3 (0.5) 0.643

Stent length - mm* 18.0 (13.0-23.0) 4,485 18.0 (13.0-24.0) 1,130 0.017 18.0 (13.0-23.0) 18.0 (15.0-26.0) 18.0 (15.0-25.0) <0.001

Stent number - n (%)* 4,770 1,174 0.031 0.013

0 288 (6.0) 60 (5.1) 40 (10.9) 8 (4.1) 12 (1.9)

1 3,674 (77.0) 883 (74.3) 272 (73.9) 148 (75.9) 463 (74.0)

2 642 (13.5) 200 (16.8) 40 (10.9) 33 (16.9) 127 (20.3)

3+ 166 (3.5) 46 (3.9) 16 (4.3) 6 (3.1) 24 (3.8)

Drug-eluting stent - n (%)* 2,327 (48.8) 4,080 616 (51.8) 1,119 0.473 179 (48.6) 98 (50.3) 339 (54.2) 0.721

Max balloon pressure - atm* 16.0 (14.0-18.0) 4,755 16.0 (14.0-18.0) 1,174 0.088 16.0 (14.0-18.0) 16.0 (14.0-18.0) 16.0 (14.0-18.0) 0.271

Max balloon diameter - mm* 3.5 (3.2-3.9) 4,753 3.5 (3.0-3.8) 1,174 <0.001 3.3 (3.0-3.6) 3.5 (3.2-3.9) 3.5 (3.1-3.8) <0.001

Final TIMI flow - n (%)* 4,762 1,174 0.136 <0.001

Grade 0 87 (1.8) 13 (1.1) 11 (3.0) 1 (0.5) 1 (0.2)

Grade 1 49 (1.0) 12 (1.0) 6 (1.6) 2 (1.0) 4 (0.6)

Grade 2 252 (5.3) 48 (4.0) 13 (3.5) 15 (7.7) 20 (3.2)

Grade 3 4,374 (91.7) 1,114 (93.7) 337 (91.6) 176 (90.3) 601 (96.0)

Procedure time - minutes 18.0 (12.0-28.0) 4,751 25.0 (16.0-35.0) 1,166 <0.001 33.0 (24.0-45.0) 19.0 (12.0-29.0) 22.0 (15.0-30.0) <0.001

Flouro time - minutes 5.2 (3.3-9.0) 4,728 7.1 (4.1-11.6) 1,174 <0.001 11.0 (7.9-16.8) 6.5 (4.0-10.1) 5.3 (3.5-9.0) <0.001

Contrast - ml 100.0 (70.0-142.0) 4,731 110 
(80.0-180.0) 1,174 <0.001 180.0 

(120.0-250.0) 100.0 (80.0-160.0)100.0 (70.0-130.0) <0.001

 *culprit lesion in infarct-related artery
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higher risk and were more likely to be in cardiogenic shock. In 
addition, overall in-hospital mortality rates were higher in patients 
undergoing multivessel PCI. Similar results were found among 
Medicare Beneficiaries28 who underwent single vessel versus mul-
tivessel PCI during an hospitalisation.

In contrast, other studies have found that performing multives-
sel PCI acutely did not lead to increased mortality5,29. In the study 
by Varani et al5 the multivessel disease group consisted of patients 

Table 3. Mortality rates for patients with single versus multivessel disease PCI.

Single vessel 
disease

Multivessel PCI
Multivessel PCI at 
the time of PPCI

Multivessel PCI 
staged in-hospital

Multivessel PCI 
within 60 days

Number of patients - n 4,770 1,174 354 194 626

In-hospital mortality - n (%) 52 (1.1) 14 (1.2) 12 (3.4) 2 (1.0) –

30-day mortality - n (%) 126 (2.6) 29 (2.5) 25 (7.1) 2 (1.0) 2 (0.3)

12-month mortality - n (%) 235 (4.9) 52 (4.4) 36 (10.2) 7 (3.6) 9 (1.4)

24-month mortality - n (%) 313 (6.6) 78 (6.6) 52 (14.7) 9 (4.6) 17 (2.7)

Overall mortality - n (%) 555 (11.6) 157 (13.4) 87 (24.6) 22 (11.3) 48 (7.7)

Table 4. Relative risk estimates for death for patients with single versus multivessel disease PCI.

Single vessel 
disease

Multivessel PCI
Multivessel PCI at 
the time of PPCI

Multivessel PCI 
staged in-hospital

Multivessel PCI 
within 60 days

reference HR, 95% CI HR, 95% CI HR, 95% CI HR, 95% CI

In-hospital mortality - n (%) 0.92 (0.51-1.66) 2.09 (1.11-3.94) 0.44 (0.11-1.81) –

30-day mortality - n (%) 0.83 (0.56-1.25) 2.11 (1.36-3.25) 0.35 (0.09-1.40) 0.12 (0.03-0.48)

12-month mortality - n (%) 0.76 (0.56-1.03) 1.53 (1.07-2.18) 0.60 (0.28-1.26) 0.28 (0.14-0.54)

24-month mortality - n (%) 0.84 (0.66-1.08) 1.66 (124-2.24) 0.57 (0.29-1.10) 0.38 (0.23-0.61)

Overall mortality - n (%) 0.96 (0.80-1.14) 1.60 (1.27-2.01) 0.75 (0.49-1.14) 0.62 (0.49-0.86)

Relative risk estimates adjusted for age, gender, and comorbidity index.
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Figure 2. Time-to-event curves for all-cause mortality for patients 
with single vessel disease (culprit lesion only) and for patients with 
multivessel PCI.
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Figure 3. Time-to-event curves for all-cause mortality for patients 
with single vessel disease (culprit lesion only) and for patients with 
multivessel PCI. For patients with multivessel PCI three strategies 
are shown: multivessel PCI performed acutely, staged procedures 
during index hospitalisation, or staged procedures within 60 days 
after hospital discharge.

with acute multivessel PCI (37%), PCI within 24 hours (12%), and 
PCI within 48 hours (12%); the remaining patients with multivessel 
disease had only culprit lesion PCI (39%), and some had haemody-
namic compromise. After exclusion of patients with haemodynamic 
compromise upon admission, mortality differences between the 
subgroups of multivessel disease patients disappeared. The authors 
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stated that a word of caution is mandatory regarding routine per-
formance of early multivessel PCI due to the observational nature 
of their study and the risk of subacute stent thrombosis. When 
a staged procedure was used, the 30-day mortality rate was 2.1% 
- comparable to the 1.0% 30-day mortality rate found in our study. 
Our group has previously shown that in unselected STEMI 
patients treated with PPCI, 25% of definite stent thromboses 
occurred acutely within 24 hours and another 50% occurred 
within 30 days30. Qarawani et al29 observed similar short-term and 
one-year mortality rates among both patients with multivessel dis-
ease treated acutely with complete revascularisation and patients 
with culprit lesion PCI only. However, re-intervention was higher 
and hospital stay shorter in patients treated with acute multivessel 
PCI. Based on a small randomised study, Di Mario et al9 reported 
that it was safe to perform acute multivessel PCI. However, no 
clinical or economic advantages were obtained from the more 
aggressive initial approach, and the need for subsequent clinically 
driven revascularisation was low.

More than half of patients treated with multivessel PCI in our 
study underwent a more conservative procedure, with non-culprit 
lesion revascularisation after hospital discharge and within 60 days. 
This group had the lowest mortality rate at one year and at two years, 
as well as after the longest follow-up available. Revascularisation 
in this group may have been clinically driven, guided by objective 
evidence of residual ischaemia, or suggested by the operator during 
the initial procedure. Only one other study assessed the approach of 
a staged procedure after hospital discharge: as in the present study, 
the New York State PCI Registry15 found a reduced mortality rate in 
patients treated with a staged PCI within 60 days. Both studies suf-
fer from selection bias, as this group of patients represents those 
with culprit vessel PCI who survived for up to 60 days. 

These findings support the need for a large-scale randomised 
trial to evaluate revascularisation strategies in patients with STEMI 
and multivessel disease.

Limitations
The validity of our findings depends on data quality and the ability 
to control for potential confounding. Our design is based on com-
puterised registries with complete nationwide coverage, allowing 
study of a well-defined, large population with complete follow-up. 
However, like all observational studies, our study is prone to biases 
related to unmeasured factors. Bias due to unknown variables can-
not be eliminated.

We excluded patients with cardiogenic shock, critical pre-hos-
pital condition, anaesthesiology assistance, intubation, use of an 
intra-aortic balloon pump, or a systolic blood pressure <90 mmHg. 
However, in some enrolled patients undergoing acute multivessel, 
there might have been a strong clinical indication for this aggres-
sive approach that we were not able to identify in the WDHR, as 
acute multivessel PCI at the time of primary PCI was more com-
monly performed in patients with Killip class III, anterior STEMI 
(LAD as culprit lesion) and in patients where no flow could be 
achieved in the infarct-related coronary artery (TIMI 0). Further, 

the chosen strategy in patients with multivessel disease was taken 
by the cardiologist treating the patients (either the PCI operator or 
the cardiologist controlling the patients after discharge from index 
hospitalisation). There may have been a selection between a 
severe proximal lesion in the left anterior descending coronary 
artery and a lesion in a non-dominant circumflexus. STEMI 
patients who underwent non-culprit lesion PCI after hospital dis-
charge and within 60 days represent those with multivessel dis-
ease who survived up to 60 days and those who did not develop 
relative contraindications to repeat PCI (such as renal failure or 
neurologic complications). Two thirds of patients with multives-
sel disease did not undergo further revascularisation within 60 
days. It is important to note that we did not have access to data on 
left ventricle ejection fraction or medical therapies received 
before hospitalisation and after discharge in patients with and 
without multivessel disease.

Conclusion
Acute multivessel PCI in STEMI patients was associated with 
increased mortality compared to patients with single vessel disease. 
Non-culprit lesion revascularisation is safer when performed as 
a staged procedure.
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