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Abstract
Aims: The aim of this study was to evaluate clinical outcome for different indications for PCI in an unse-
lected, nationwide PCI population at short- and long-term follow-up.

Methods and results: We evaluated clinical outcome up to six years after PCI in all patients undergoing 
a PCI procedure for different indications in Sweden between 2006 and 2010. A total of 70,479 patients were 
treated for stable coronary artery disease (CAD) (21.0%), unstable angina (11.0%), non-ST-elevation myo-
cardial infarction (NSTEMI) (36.6%) and ST-elevation myocardial infarction (STEMI) (31.4%). Mortality 
was higher in STEMI patients at one year after PCI (9.6%) compared to NSTEMI (4.7%), unstable angina 
(2.2%) and stable CAD (2.0%). At one year after PCI until the end of follow-up, the adjusted mortality 
risk (one to six years after PCI) and the risk of myocardial infarction were comparable between NSTEMI 
and STEMI patients and lower in patients with unstable angina and stable CAD. The adjusted risk of stent 
thrombosis and heart failure was highest in STEMI patients.

Conclusions: The risk of short-term mortality, heart failure and stent thrombosis is highest for STEMI 
patients after PCI. Therapies to reduce stent thrombosis and heart failure appear to be most important in 
decreasing mortality in patients with STEMI or NSTEMI undergoing PCI.
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Introduction
Treatment with percutaneous coronary intervention (PCI) improves 
outcome in patients with ST-elevation myocardial infarction 
(STEMI) and in patients presenting in the acute phase of non-ST-
elevation myocardial infarction (NSTEMI)1-3. In patients with sta-
ble coronary artery disease (CAD), PCI has not been proven to 
result in an improved prognosis compared to optimal medical ther-
apy, and is mainly performed to reduce symptoms4.

In the past decade, differences in mortality have been widely 
investigated in patients with different presentations of CAD, espe-
cially NSTEMI and STEMI. However, the results are inconsistent in 
the short and long term. In the first year after myocardial infarction, 
studies have reported a higher5-7, comparable8-10 and lower11 mortal-
ity in STEMI patients compared to NSTEMI patients. In relation 
to the long term, some studies have reported a comparable mortal-
ity risk in NSTEMI and STEMI patients6,7,12, while others observed 
a higher mortality risk among NSTEMI patients11,13. In these stud-
ies, various proportions of patients have been treated with PCI as 
reperfusion and revascularisation strategy and selective groups of 
patients were included. Therefore, it may be questionable whether 
the previous studies reflect current real-world clinical practice.

The aim of this study was to evaluate clinical outcome after 
PCI over the whole spectrum of CAD in a nationwide PCI popula-
tion. We investigated early and late mortality after PCI, and other 
clinical events that could contribute to our understanding of differ-
ences in mortality at short- and long-term follow-up.

Methods
SELECTION OF PATIENTS
In the present study, we included all patients with CAD under-
going a PCI procedure in Sweden between January 2006 and 
December 2010 (Figure 1). From 2006 onwards, there were 
almost no missing data and the proportions of indications for PCI 
were relatively stable over time. All patients were included only 
once in the analyses. Patients without a Swedish personal identi-
fication number, necessary for merging with other registries, were 
excluded. In addition, patients with non-ST-elevation acute cor-
onary syndromes (NSTE-ACS) were excluded when data about 
myocardial damage based on biomarkers were not registered, as 
they could not be identified as unstable angina or NSTEMI.

Patients undergoing PCI between
2006 and 2010: N=75,187

PCI patients included:
N=70,479

Myocardial damage unknown: N=2,513
Other diagnosis: N=2,195

Stable CAD:
N=14,820

Unstable angina:
N=7,753

NSTEMI:
N=25,780

STEMI:
N=22,126

Figure 1. Flow chart. Selection of the patients with coronary artery 
disease undergoing PCI.

SCAAR DATA
The Swedish Coronary Angiography and Angioplasty Registry 
(SCAAR) documents all coronary angiography and PCI proce-
dures performed at any of the 30 hospitals with a catheterisa-
tion laboratory in Sweden from 1989 onwards. SCAAR is part 
of the nationwide Swedish Web-system for Enhancement and 
Development of Evidence-based care in Heart disease Evaluated 
According to Recommended Therapies (SWEDEHEART) registry. 
Data are prospectively collected following the registration stand-
ards for clinical practice, and data are reported in a web-based 
interface14,15. Collection of data on baseline, angiographic and pro-
cedural characteristics is initiated at the catheterisation labora-
tory by the treating physician. The long-term follow-up data were 
available by merging data from national patient registers with 
SCAAR on the basis of the unique personal identification num-
ber which all Swedish citizens have. Vital status and date of death 
were obtained from the Swedish National Population Registry 
until December 31, 2011. Follow-up concerning hospitalisations 
for myocardial infarction (ICD 10th revision, codes I21 and I22) 
and heart failure (ICD 10th revision, codes I50, I97, I13.0, I13.2, 
K76.1) was derived from the National Patient Register, and was 
available only until December 31, 2010. Information regarding 
stent thrombosis and target lesion revascularisation (TLR) is reg-
istered in SCAAR itself at any coronary angiography performed in 
Sweden, irrespective of where in the country the initial PCI was 
performed, and follow-up was available until December 31, 2011. 
The merging with SCAAR was performed by the Epidemiologic 
Center of the Swedish National Board of Health and Welfare, and 
was approved by the ethics committee of Uppsala University.

INDICATIONS FOR PCI
In SCAAR, the indication for PCI in patients with CAD is reg-
istered as stable CAD, NSTE-ACS, or STEMI. Stable CAD is 
defined as symptoms of chest pain during exercise relieved by rest 
or nitroglycerine, described as definite angina or probable angina 
according to the Coronary Artery Surgery Study (CASS) classifi-
cation16. NSTE-ACS is defined as typical symptoms of chest pain 
progressive during the last four weeks, occurring at rest or less 
responsive to nitroglycerine; new onset of symptoms during the 
last four weeks; or typical symptoms during the initial four weeks 
after myocardial infarction. In this study, patients classified as 
NSTE-ACS were divided into unstable angina and NSTEMI based 
on the elevation of biomarkers of myocardial damage (CK-MB 
or troponin-T level ≥2 times the upper limit of the normal range) 
before PCI. STEMI was defined as clinical suspicion of ongoing 
myocardial ischaemia with ST-elevation or new left bundle branch 
block on the qualifying ECG.

CLINICAL OUTCOMES
We investigated clinical outcome after PCI for the different indica-
tions during the first year after PCI and at the long-term follow-up 
after the first year. The pre-specified primary outcome was all-
cause mortality. Secondary outcomes were myocardial infarction, 



305

E
uroIntervention 2

0
16

;1
2

:3
0

3
-311

Outcome after PCI for different indications

stent thrombosis, TLR and admission for heart failure. For all sec-
ondary outcomes, we analysed the first time admission for the 
event after the index PCI. The first time admission for myocardial 
infarction ≥2 days after the index PCI was defined as new myo-
cardial infarction. Stent thrombosis and TLR were assessed by the 
operator during coronary angiography at any subsequent angiog-
raphy or PCI procedure. Stent thrombosis was confirmed on the 
coronary angiogram with angiographic signs of a thrombus or an 
occlusion in the stent combined with an acute clinical presenta-
tion17. TLR was defined as any revascularisation with PCI in the 
stented or dilated segment of the index procedure, in any subse-
quent procedure performed18.

STATISTICAL ANALYSIS
The patients were divided into four groups based on the indica-
tion for PCI. Categorical variables are presented as frequency 
values and proportions, and differences between the indica-
tions were compared using the chi-square test. Continuous vari-
ables with a normal distribution are presented as mean±standard 
deviation (SD). Differences in continuous variables were evalu-
ated using a one-way analysis of variance. The cumulative inci-
dence of mortality, myocardial infarction, stent thrombosis, TLR 
and heart failure was presented by Kaplan-Meier event curves for 
the different indications of PCI. We performed landmark analyses 
at one year after PCI to provide a separate insight into the early 
and late risks of events. Cox regression analyses were performed to 
adjust for covariates. We adjusted for all observed significant dif-
ferences in baseline, angiographic and procedural characteristics: 

age (continuous variable), gender, smoking status, prior medical 
treatment for diabetes, hypertension, hyperlipidaemia; history of 
myocardial infarction, PCI, CABG, heart failure, stroke and renal 
failure; number of diseased vessels, stent type19, number of stents 
(continuous variable) and the use of aspirin or P2Y12 inhibitors, GP 
IIb/IIIa inhibitors or bivalirudin. In addition, we adjusted for the 
year of the PCI procedure and hospital. For the endpoint of stent 
thrombosis, we also adjusted for mean total stent length and mean 
stent diameter as all patients received a stent. The adjusted haz-
ard ratios are reported with corresponding 95% confidence inter-
vals. STEMI patients were defined as the reference category. The 
log minus log test and the scaled Schoenfeld residuals were evalu-
ated to test the proportional hazard assumption. For all analyses, 
two-sided p-values <0.05 were defined as significant. Statistical 
analyses were performed using SPSS, Version 20.0 (IBM Corp., 
Armonk, NY, USA).

Results
From January 2006 to December 2010, 75,187 unique patients 
underwent a PCI procedure (Figure 1). A total of 70,479 patients 
were identified who underwent a PCI procedure for stable CAD 
(21.0%), unstable angina (11.0%), NSTEMI (36.6%) or STEMI 
(31.4%). The proportion of NSTEMI patients of all patients who 
underwent PCI increased from 34.5% in 2006 to 39.2% in 2010. 
The proportion of STEMI patients increased from 28.7% in 2006 
to 32.0% between 2007 and 2010. Depending on the analysis, 
a maximum of 0.3% of the patients had missing data. Baseline 
and procedural characteristics are shown in Table 1 and Table 2.

Table 1. Baseline characteristics.

Variable
Stable CAD 
n=14,820

Unstable angina 
n=7,753

NSTEMI 
n=25,780

STEMI 
n=22,126

p-value

Age, years (±SD) 66.4±9.7 65.9±10.5 67.7±11.1 66.8±12.0 <0.001

≤50 years 849 (5.7%) 612 (7.9%) 1,872 (7.3%) 2,121 (9.6%) <0.001

≥80 years 1,270 (8.6%) 815 (10.5%) 4,168 (16.2%) 3,726 (16.8%) <0.001

Male gender 11,119 (75.0%) 5,558 (71.7%) 18,401 (71.4%) 15,637 (70.7%) <0.001

Smoking status <0.001

Ex-smoker 6,534 (44.1%) 3,038 (39.2%) 8,815 (34.2%) 5,308 (24.0%)

Current smoker 1,574 (10.6%) 1,182 (15.2%) 5,489 (21.3%) 6,188 (28.0%)

Smoking unknown 420 (2.8%) 304 (3.9%) 1,081 (4.2%) 2,608 (11.8%)

Prior medical 
treatment for

Diabetes 3,367 (22.7%) 1,542 (19.9%) 5,207 (20.2%) 2,925 (13.2%) <0.001

Diabetes unknown 20 (0.1%) 13 (0.2%) 66 (0.3%) 428 (1.9%)

Hyperlipidaemia 11,341 (76.5%) 4,729 (61.0%) 13,037 (50.6%) 4,128 (18.7%) <0.001

Hyperlipidaemia unknown 101 (0.7%) 80 (1.0%) 324 (1.3%) 1,262 (5.7%)

Hypertension 9,866 (66.6%) 4,517 (58.3%) 13,983 (54.2%) 8,512 (38.5%) <0.001

Hypertension unknown 118 (0.8%) 80 (1.0%) 277 (1.1%) 958 (4.3%)

History Myocardial infarction 3,592 (24.2%) 1,817 (23.4%) 4,992 (19.4%) 2,388 (10.8%) <0.001

PCI 3,521 (23.8%) 1,752 (22.6%) 3,077 (11.9%) 1,488 (6.7%) <0.001

CABG 2,261 (15.3%) 951 (12.3%) 2,252 (8.7%) 589 (2.7%) <0.001

Heart failure 1,291 (8.7%) 545 (7.0%) 1,987 (7.7%) 834 (3.8%) <0.001

CABG: coronary artery bypass grafting; CAD: coronary artery disease; CVA: cerebrovascular accident; NSTEMI: non-ST-elevation myocardial infarction; 
PCI: percutaneous coronary intervention; SD: standard deviation; STEMI: ST-elevation myocardial infarction
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MORTALITY
The median time to end of follow-up (or death) was 3.25 years 
(interquartile range 1.96-4.62). During the six-year follow-up, 
there was a lower cumulative incidence of mortality in stable 
CAD, unstable angina and NSTEMI patients compared to STEMI 
patients (Table 3, Figure 2A). Mortality rates at one year after 
PCI were 2.0% (n=301) in stable CAD, 2.2% (n=168) in unsta-
ble angina, 4.7% (n=1,209) in NSTEMI and 9.6% (n=2,119) in 
STEMI patients. After adjustment for differences in baseline and 
procedural characteristics, there was a lower risk of mortality in 
patients with stable CAD, unstable angina, and NSTEMI patients 
compared to STEMI patients in the first year after PCI (Table 3, 
Figure 2B). Between one and six years after PCI, the risk of mor-
tality was lower in patients with stable CAD and unstable angina 
as compared to STEMI patients, but there was no difference 
between NSTEMI and STEMI patients.

MYOCARDIAL INFARCTION
The median time to end of follow-up (or myocardial infarction) 
was 2.04 years (interquartile range 0.76-3.48). During the five-
year follow-up, the cumulative incidence of myocardial infarc-
tion was higher in NSTEMI patients compared to STEMI patients, 
and was lower in stable CAD and unstable angina compared to 
STEMI patients (Table 3, Figure 3A). In the first year after PCI, 

myocardial infarction occurred in 4.1% (n=496) of patients with 
stable CAD, in 5.5% (n=353) of patients with unstable angina, 
in 11.0% (n=2,249) of patients with NSTEMI and in 10.3% 
(n=1,828) of patients with STEMI. The adjusted risk of myocar-
dial infarction is shown in Table 3 and Figure 3B.

STENT THROMBOSIS
The median time to end of follow-up (or stent thrombosis) was 
3.28 years (interquartile range 1.95-4.73). During the total follow-
up of six years, the cumulative incidence of stent thrombosis was 
lower in patients with stable CAD, unstable angina and NSTEMI 
compared to patients with STEMI (Table 3, Figure 4A). In the 
first year after PCI, stent thrombosis occurred in 0.7% (n=96) of 
patients with stable CAD, in 0.8% (n=61) with unstable angina, in 
1.3% (n=305) with NSTEMI and in 1.4% (n=290) with STEMI. 
The adjusted risk of stent thrombosis is shown in Table 3 and 
Figure 4B.

TLR
The median time to end of follow-up (or TLR) was 3.32 years 
(interquartile range 1.99-4.75). During the total follow-up of six 
years, the cumulative incidence of TLR was higher in patients 
with stable CAD and unstable angina compared to patients with 
STEMI (Table 3, Figure 5A). In the first year after PCI, TLR 

Table 2. Procedural characteristics.

Variable
Stable CAD 
n=14,820

Unstable angina 
n=7,753

NSTEMI 
n=25,780

STEMI 
n=22,126

p-value

Angiographic findings <0.001

One-vessel disease 6,486 (44.0%) 3,918 (50.7%) 11,435 (44.4%) 10,486 (47.4%)

Two-vessel disease 4,471 (30.3%) 2,106 (27.3%) 7,885 (30.6%) 6,171 (27.9%)

Three-vessel disease 2,736 (18.5%) 1,247 (16.1%) 4,881 (19.0%) 4,036 (18.3%)

Stent use <0.001

No stent 1,445 (9.8%) 502 (6.5%) 1,841 (7.1%) 1,726 (7.8%)

Only BMS 7,354 (49.6%) 4,516 (58.2%) 15,820 (61.4%) 16,999 (76.8%)

Only old-generation DES 3,843 (25.9%) 1,748 (22.5%) 4,785 (18.6%) 2,113 (9.5%)

Only new-generation DES 1,332 (9.0%) 632 (8.2%) 2,134 (8.3%) 857 (3.9%)

Mixture of stents 846 (5.7%) 355 (4.6%) 1,200 (4.7%) 431 (1.9%)

Number of stents <0.001

1 7,638 (51.5%) 4,363 (56.3%) 13,112 (50.9%) 10,545 (47.7%)

2 3,616 (24.4%) 2,065 (26.6%) 7,770 (30.1%) 8,058 (36.4%)

≥3 2,142 (14.5%) 828 (10.7%) 3,093 (12.0%) 1,827 (8.3%)

Mean stent diameter, mm (±SD) 3.00 (0.47) 3.07 (0.55) 3.03 (0.49) 3.14 (0.48) <0.001

Mean total stent length, mm (±SD) 29.13±19.36 26.69±16.50 28.21±17.32 28.84±15.53 <0.001

Aspirin before PCI 14,110 (95.2%) 7,488 (96.6%) 25,018 (97.0%) 18,425 (83.3%) <0.001

P2Y12 inhibitor before PCI 10,522 (71.0%) 6,808 (87.8%) 24,477 (94.9%) 15,594 (70.5%) <0.001

P2Y12 inhibitor during PCI 3,856 (26.0%) 887 (11.4%) 1,318 (5.1%) 5,030 (22.7%) <0.001

GP IIb/IIIa inhibitor during PCI 575 (3.9%) 643 (8.3%) 4,029 (15.6%) 12,183 (55.1%) <0.001

Bivalirudin during PCI 1,568 (10.6%) 1,510 (19.5%) 5,411 (21.0%) 5,918 (26.7%) <0.001

CAD: coronary artery disease; GP: glycoprotein; NSTEMI: non-ST-elevation myocardial infarction; PCI: percutaneous coronary intervention; 
STEMI: ST-elevation myocardial infarction
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occurred in 3.4% (n=500) of patients with stable CAD, in 4.3% 
(n=329) of patients with unstable angina, in 3.1% (n=803) of 
patients with NSTEMI and in 2.7% (n=587) of patients with 
STEMI (Figure 5A). The adjusted risk of TLR is shown in Table 3 
and Figure 5B.

HEART FAILURE
The median time to end of follow-up (or heart failure) was 
2.08 years (interquartile range 0.81-3.51). During the five-year 
follow-up, the cumulative incidence of heart failure was lower 
in patients with stable CAD and unstable angina compared to 

Table 3. Short- and long-term outcome after PCI.

Variable Stable CAD Unstable angina NSTEMI STEMI
p-value 
for trend

Mortality Overall unadjusted HR (95% CI) 0.45 (0.42-0.48) 0.41 (0.38-0.45) 0.73 (0.70-0.77) 1.00 (ref.) <0.001

1-year adjusted HR (95% CI)* 0.25 (0.22-0.29) 0.28 (0.24-0.34) 0.51 (0.47-0.56) 1.00 (ref.) <0.001

>1-year adjusted HR (95% CI)* 0.75 (0.68-0.84) 0.64 (0.57-0.73) 0.93 (0.86-1.02) 1.00 (ref.) <0.001

Myocardial 
infarction

Overall unadjusted HR (95% CI) 0.49 (0.46-0.53) 0.61 (0.56-0.66) 1.07 (1.01-1.12) 1.00 (ref.) <0.001

1-year adjusted HR (95% CI)* 0.33 (0.30-0.37) 0.46 (0.41-0.52) 0.95 (0.88-1.02) 1.00 (ref.) <0.001

>1-year adjusted HR (95% CI)* 0.68 (0.59-0.80) 0.82 (0.70-0.97) 1.04 (0.92-1.18) 1.00 (ref.) <0.001

Stent 
thrombosis

Overall unadjusted HR (95% CI) 0.51 (0.42-0.61) 0.64 (0.51-0.79) 0.84 (0.73-0.96) 1.00 (ref.) <0.001

1-year adjusted HR (95% CI)¶ 0.48 (0.36-0.65) 0.60 (0.44-0.82) 0.88 (0.72-1.08) 1.00 (ref.) <0.001

>1-year adjusted HR (95% CI)¶ 0.29 (0.20-0.44) 0.50 (0.33-0.75) 0.58 (0.43-0.79) 1.00 (ref.) <0.001

TLR Overall unadjusted HR (95% CI) 1.26 (1.14-1.39) 1.47 (1.31-.165) 1.09 (1.00-1.20) 1.00 (ref.) <0.001

1-year adjusted HR (95% CI)* 1.33 (1.13-1.56) 1.56 (1.33-1.84) 1.15 (1.01-1.31) 1.00 (ref.) <0.001

>1-year adjusted HR (95% CI)* 0.91 (0.71-1.16) 0.93 (0.71-1.21) 0.80 (0.64-0.99) 1.00 (ref.) ns

Heart failure Overall unadjusted HR (95% CI) 0.62 (0.58-0.66) 0.65 (0.59-0.70) 0.93 (0.88-0.98) 1.00 (ref.) <0.001

1-year adjusted HR (95% CI)* 0.43 (0.38-0.47) 0.51 (0.45-0.57) 0.72 (0.67-0.78) 1.00 (ref.) <0.001

>1-year adjusted HR (95% CI)* 0.75 (0.65-0.86) 0.76 (0.65-0.89) 0.94 (0.83-1.06) 1.00 (ref.) <0.001

*Cox regression adjusted for baseline and procedural characteristics without mean stent diameter and mean total stent length. ¶Cox regression adjusted 
for baseline and procedural characteristics. CAD: coronary artery disease; CI: confidence interval; HR: hazard ratio; NSTEMI: non-ST-elevation 
myocardial infarction; STEMI: ST-elevation myocardial infarction; TLR: target lesion revascularisation

Figure 2. Mortality after PCI for different indications. A) Cumulative incidence of mortality for the different indications. B) Adjusted risk of 
mortality during and after the first year after PCI.
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patients with STEMI, and did not differ between patients with 
NSTEMI and STEMI (Table 3, Figure 6A). During the first year 
after PCI, heart failure occurred in 5.0% (n=608) of patients 
with stable CAD, in 5.5% (n=354) with unstable angina, in 8.5% 
(n=1,735) with NSTEMI and in 9.4% (n=1,676) with STEMI. 
The adjusted risk of heart failure is shown in Table 3 and 
Figure 6B.

Discussion
We evaluated clinical outcome for the different indications of PCI 
in a contemporary population at short- and long-term follow-up. 
Baseline characteristics differed substantially between the indica-
tions for PCI, as well as the treatment strategy. During the first 
year after PCI, mortality risk was highest in patients with STEMI 
compared to NSTEMI, unstable angina and stable CAD. Between 

Figure 3. Myocardial infarction after PCI for different indications. A) Cumulative incidence of myocardial infarction for the different 
indications. B) Adjusted risk of myocardial infarction during and after the first year after PCI.

Figure 4. Stent thrombosis after PCI for different indications. A) Cumulative incidence of stent thrombosis for the different indications. 
B) Adjusted risk of stent thrombosis during and after the first year after PCI.
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one and six years after PCI, the adjusted mortality risk was com-
parable in STEMI and NSTEMI patients but higher than in unsta-
ble angina and stable CAD patients.

Clinical outcomes after PCI have been widely investigated 
in patients with NSTEMI and STEMI. Previous studies often 
report that NSTEMI patients have an equal or higher mortality 
risk compared to STEMI patients in the long term after PCI6,7,11-13. 

However, comparisons are difficult as studies differ in evaluated 
time intervals, performance of landmark analyses and adjust-
ments for covariates. Differences between our findings and pre-
vious studies are most likely influenced by patient selection. The 
complete registration of all consecutive PCI procedures in Sweden 
made it possible to analyse an unselected contemporary nation-
wide population.

Figure 5. TLR after PCI for different indications. A) Cumulative incidence of TLR for the different indications. B) Adjusted risk of TLR during 
and after the first year after PCI. TLR: target lesion revascularisation

Figure 6. Heart failure after PCI for different indications. A) Cumulative incidence of heart failure for the different indications. B) Adjusted 
risk of heart failure during and after the first year after PCI.
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Baseline characteristics and risks differed between the indi-
cations for PCI. Although the mean age did not differ substan-
tially between the indications, the proportion of patients ≥80 years 
was twice as high in NSTEMI and STEMI patients compared to 
patients with stable CAD and unstable angina. NSTEMI patients 
presented more often with risk factors for CAD and a prior myo-
cardial infarction or PCI compared to STEMI patients. This may 
indicate that NSTEMI patients have more extensive CAD than 
STEMI patients, as previous studies have suggested5,13. However, 
the number of diseased vessels did not differ substantially between 
NSTEMI and STEMI patients.

We did not observe a difference in the adjusted risk of mor-
tality between STEMI and NSTEMI patients one to six years 
after PCI. However, there was a substantial difference in mor-
tality risk between patients with and without elevated biomark-
ers of myocardial damage at short- and long-term follow-up. 
The great difference in mortality, especially between unstable 
angina and NSTEMI patients, confirms that myocardial damage 
is an important predictor of mortality, as previously reported at 
six months20. The one-year mortality in STEMI patients in this 
study was high compared to the TASTE study21. In TASTE, the 
STEMI population was more selected, based on the exclusion 
criteria.

Even after adjustment for type of stent, the stent thrombosis 
risk was higher in STEMI patients compared to all other indica-
tions, even in the long term. The activated coagulation may play 
a role, present in STEMI patients until months after an acute 
event22. In addition, undersizing of stents may contribute, due to 
vasoconstriction or mural thrombus in the acute phase of myo-
cardial infarction23. An increase in the use of more potent platelet 
inhibitors and new-generation drug-eluting stents may contribute 
to a lower risk of stent thrombosis in STEMI patients in future 
clinical practice19,24.

Limitations
Data from observational registries typically have lower quality 
and there are more often missing data as compared to randomised 
clinical trials. In SCAAR, the completeness of the data has sub-
stantially improved over time, with almost no missing data after 
2006. Furthermore, baseline and procedural characteristics dif-
fered between the indications for PCI, and greatly influenced the 
clinical outcomes. Therefore, we adjusted for all measured covari-
ates. In addition, data about medical therapy and compliance were 
not available during the follow-up period.

Conclusions
In this contemporary, unselected population, mortality at one 
year after PCI was higher in STEMI patients compared to other 
indications. After the first year after PCI, we observed a substan-
tial difference in the adjusted risk of mortality between patients 
with and without myocardial damage. The risk of stent thrombo-
sis and heart failure was highest in STEMI patients, even in the 
long term. 

Impact on daily practice
Mortality and clinical outcomes after PCI differ substantially 
between the different indications of PCI on short- and long-term 
follow-up. Our findings suggest that improvements in therapy are 
needed in the acute phase as well as in the long term. Specifically, 
therapies and strategies to reduce stent thrombosis and to oppose 
the development of heart failure appear to be most important for 
the reduction of mortality in patients with acute coronary syn-
dromes undergoing PCI.

Funding
SCAAR is sponsored by the Swedish Health Authorities and is 
independent of commercial funding. M. Fokkema receives non-
commercial funding from Stichting Jo Kolk Studiefonds.

Conflict of interest statement
S. James has received research grants from AstraZeneca, Eli Lilly, 
Bristol-Myers Squibb, Terumo Inc., Medtronic, and Vascular 
Solutions, honoraria from The Medicines Company, AstraZeneca, 
Eli Lilly, Bristol-Myers Squibb, and Iroko, and is a consultant/on 
the advisory board for AstraZeneca, Eli Lilly, Merck, Medtronic, 
and Sanofi. P. Eriksson has received honoraria from AstraZeneca, 
Eli Lilly, Boston Scientific and Iroko Cardio. The other authors 
have no conflicts of interest to declare.

References
 1. Keeley EC, Boura JA, Grines CL. Primary angioplasty versus 
intravenous thrombolytic therapy for acute myocardial infarction: 
a quantitative review of 23 randomised trials. Lancet. 2003;361:13-20.
 2. Steg PG, James SK, Gersh BJ. 2012 ESC STEMI guidelines 
and reperfusion therapy: evidence-based recommendations, ensur-
ing optimal patient management. Heart. 2013;99:1156-7.
 3. Fox KA, Clayton TC, Damman P, Pocock SJ, de Winter RJ, 
Tijssen JG, Lagerqvist B, Wallentin L; FIR Collaboration. Long-
term outcome of a routine versus selective invasive strategy in 
patients with non-ST-segment elevation acute coronary syndrome 
a meta-analysis of individual patient data. J Am Coll Cardiol. 
2010;55:2435-45.
 4. Boden WE, O’Rourke RA, Teo KK, Hartigan PM, Maron DJ, 
Kostuk WJ, Knudtson M, Dada M, Casperson P, Harris CL, 
Chaitman BR, Shaw L, Gosselin G, Nawaz S, Title LM, Gau G, 
Blaustein AS, Booth DC, Bates ER, Spertus JA, Berman DS, 
Mancini GB, Weintraub WS; COURAGE Trial Research Group. 
Optimal medical therapy with or without PCI for stable coronary 
disease. N Engl J Med. 2007;356:1503-16.
 5. Song YB, Hahn JY, Kim JH, Lee SY, Choi SH, Choi JH, 
Choi SH, Lee SH, Yoon J, Kim YJ, Jeong MH, Gwon HC, Korea 
Acute Myocardial Infarction Registry Investigators. Comparison of 
angiographic and other findings and mortality in non-ST-segment 
elevation versus ST-segment elevation myocardial infarction in 
patients undergoing early invasive intervention. Am J Cardiol. 
2010;106:1397-403.



311

E
uroIntervention 2

0
16

;1
2

:3
0

3
-311

Outcome after PCI for different indications

 6. Hirsch A, Verouden NJ, Koch KT, Baan J Jr, Henriques JP, 
Piek JJ, Rohling WJ, van der Schaaf RJ, Tijssen JG, Vis MM, de 
Winter RJ. Comparison of long-term mortality after percutaneous 
coronary intervention in patients treated for acute ST-elevation 
myocardial infarction versus those with unstable and stable angina 
pectoris. Am J Cardiol. 2009;104:333-7.
 7. van Leeuwen MA, Daemen J, van Mieghem NM, de Boer SP, 
Boersma E, van Geuns RJ, Zijlstra F, van Domburg RT, Serruys PW; 
Interventional Cardiologists of the Thoraxcenter 2000-2009. 
Comparison of long-term outcomes in STEMI and NSTE-ACS 
after coronary stent placement: an analysis in a real world BMS and 
DES population. Int J Cardiol. 2013;167:2082-7.
 8. Abbott JD, Ahmed HN, Vlachos HA, Selzer F, Williams DO. 
Comparison of outcome in patients with ST-elevation versus non-
ST-elevation acute myocardial infarction treated with percutaneous 
coronary intervention (from the National Heart, Lung, and Blood 
Institute Dynamic Registry). Am J Cardiol. 2007;100:190-5.
 9. Montalescot G, Dallongeville J, Van Belle E, Rouanet S, 
Baulac C, Degrandsart A, Vicaut E; OPERA Investigators. STEMI 
and NSTEMI: are they so different? 1 year outcomes in acute myo-
cardial infarction as defined by the ESC/ACC definition (the 
OPERA registry). Eur Heart J. 2007;28:1409-17.
 10. Polonski L, Gasior M, Gierlotka M, Osadnik T, Kalarus Z, 
Trusz-Gluza M, Zembala M, Wilczek K, Lekston A, Zdrojewski T, 
Tendera M; PL-ACS Registry Pilot Group. A comparison of ST ele-
vation versus non-ST elevation myocardial infarction outcomes in 
a large registry database: are non-ST myocardial infarctions associ-
ated with worse long-term prognoses? Int J Cardiol. 2011;152:70-7.
 11. Chan MY, Sun JL, Newby LK, Shaw LK, Lin M, Peterson ED, 
Califf RM, Kong DF, Roe MT. Long-term mortality of patients 
undergoing cardiac catheterization for ST-elevation and non-ST-
elevation myocardial infarction. Circulation. 2009;119:3110-7.
 12. Fox KA, Carruthers KF, Dunbar DR, Graham C, Manning JR, 
De Raedt H, Buysschaert I, Lambrechts D, Van de Werf F. 
Underestimated and under-recognized: the late consequences of 
acute coronary syndrome (GRACE UK-Belgian Study). Eur 
Heart J. 2010;31:2755-64.
 13. Garcia-Garcia C, Subirana I, Sala J, Bruguera J, Sanz G, 
Valle V, Aros F, Fiol M, Molina L, Serra J, Marrugat J, Elosua R. 
Long-term prognosis of first myocardial infarction according to the 
electrocardiographic pattern (ST elevation myocardial infarction, 
non-ST elevation myocardial infarction and non-classified myocar-
dial infarction) and revascularization procedures. Am J Cardiol. 
2011;108:1061-7.
 14. Jernberg T, Attebring MF, Hambraeus K, Ivert T, James S, 
Jeppsson A, Lagerqvist B, Lindahl B, Stenestrand U, Wallentin L. 
The Swedish Web-system for enhancement and development of 
evidence-based care in heart disease evaluated according to recom-
mended therapies (SWEDEHEART). Heart. 2010;96:1617-21.
 15. Flynn MR, Barrett C, Cosio FG, Gitt AK, Wallentin L, 
Kearney P, Lonergan M, Shelley E, Simoons ML. The Cardiology 

Audit and Registration Data Standards (CARDS), European data 
standards for clinical cardiology practice. Eur Heart J. 
2005;26:308-13.
 16. Chaitman BR, Bourassa MG, Davis K, Rogers WJ, Tyras DH, 
Berger R, Kennedy JW, Fisher L, Judkins MP, Mock MB, Killip T. 
Angiographic prevalence of high-risk coronary artery disease in 
patient subsets (CASS). Circulation. 1981;64:360-7.
 17. Cutlip DE, Windecker S, Mehran R, Boam A, Cohen DJ, 
van Es GA, Steg PG, Morel MA, Mauri L, Vranckx P, McFadden E, 
Lansky A, Hamon M, Krucoff MW, Serruys PW; Academic 
Research Consortium. Clinical end points in coronary stent tri-
als: a case for standardized definitions. Circulation. 2007;115: 
2344-51.
 18. Stenestrand U, James SK, Lindback J, Frobert O, Carlsson J, 
Schersten F, Nilsson T, Lagerqvist B; SCAAR/SWEDEHEART 
study group. Safety and efficacy of drug-eluting vs. bare metal 
stents in patients with diabetes mellitus: long-term follow-up in the 
Swedish Coronary Angiography and Angioplasty Registry 
(SCAAR). Eur Heart J. 2010;31:177-86.
 19. Sarno G, Lagerqvist B, Nilsson J, Frobert O, Hambraeus K, 
Varenhorst C, Jensen UJ, Tödt T, Götberg M, James SK. Stent 
thrombosis in new-generation drug-eluting stents in patients with 
STEMI undergoing primary PCI: a report from SCAAR. J Am Coll 
Cardiol. 2014;64:16-24.
 20. Fox KA, Dabbous OH, Goldberg RJ, Pieper KS, Eagle KA, 
Van de Werf F, Avezum A, Goodman SG, Flather MD, Anderson FA 
Jr, Granger CB. Prediction of risk of death and myocardial infarction 
in the six months after presentation with acute coronary syndrome: 
prospective multinational observational study (GRACE). BMJ. 
2006;333:1091.
 21. Lagerqvist B, Fröbert O, Olivecrona GK, Gudnason T, 
Maeng M, Alström P, Andersson J, Calais F, Carlsson J, Collste O, 
Götberg M, Hårdhammar P, Ioanes D, Kallryd A, Linder R, 
Lundin A, Odenstedt J, Omerovic E, Puskar V, Tödt T, Zelleroth E, 
Östlund O, James SK. Outcomes 1 year after thrombus aspiration 
for myocardial infarction. N Engl J Med. 2014;371:1111-20.
 22. Campo G, Valgimigli M, Gemmati D, Percoco G, Tognazzo S, 
Cicchitelli G, Catozzi L, Malagutti P, Anselmi M, Vassanelli C, 
Scapoli G, Ferrari R. Value of platelet reactivity in predicting 
response to treatment and clinical outcome in patients undergoing 
primary coronary intervention: insights into the STRATEGY Study. 
J Am Coll Cardiol. 2006;48:2178-85.
 23. Holmes DR Jr, Kereiakes DJ, Garg S, Serruys PW, Dehmer GJ, 
Ellis SG, Williams DO, Kimura T, Moliterno DJ. Stent thrombosis. 
J Am Coll Cardiol. 2010;56:1357-65.
 24. Wallentin L, Becker RC, Budaj A, Cannon CP, Emanuelsson H, 
Held C, Horrow J, Husted S, James S, Katus H, Mahaffey KW, 
Scirica BM, Skene A, Steg PG, Storey RF, Harrington RA; PLATO 
Investigators, Freij A, Thorsen M. Ticagrelor versus clopidogrel 
in patients with acute coronary syndromes. N Engl J Med. 
2009;361:1045-57.


