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Abstract
Aims: The aim of this substudy of the SORT OUT IV trial was to compare clinical outcomes among patients 
with acute coronary syndromes (ACS) and stable angina pectoris (SAP) treated with everolimus-eluting 
stents (EES) or sirolimus-eluting stents (SES).

Methods and results: We performed a post hoc subgroup analysis of data from SORT OUT IV. Of 2,705 
patients, 1,178 (43.5%) patients had ACS and were treated with EES (n=580) or SES (n=598), and 1,527 
(56.5%) patients had SAP and were treated with EES (n=773) or SES (n=754). The primary composite end-
point was major adverse cardiac events (MACE): cardiac death, myocardial infarction (MI), stent thrombosis, 
or target vessel revascularisation within 18 months. Hazard ratios (HR) and 95% confidence intervals (CI) 
were calculated for the endpoints.

At 18-month follow-up, patients with ACS had higher rates of MACE compared to patients with SAP 
(8.1% versus 6.7%; HR=1.23, 95% CI: 0.93-1.62). MACE did not differ significantly between ACS patients 
treated with EES or SES (7.3% versus 8.9%; HR=0.81, 95% CI: 0.54-1.22) nor between SAP patients treated 
with EES or SES (6.9% versus 6.5%; HR=1.05, 95% CI: 0.71-1.55). 

Conclusions: EES and SES performed similarly with respect to MACE at 18-month follow-up in patients 
with ACS and SAP.
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Introduction
Compared with bare metal stents (BMS), first-generation drug-
eluting stents (DES) have reduced the need for repeat revascularisa-
tion1,2. However, safety concerns related to first-generation DESs 
have arisen, as they may lead to delayed healing and endothelial 
dysfunction of the stented arterial segment, increasing the risk of 
late thrombotic events3. Second-generation DESs were developed 
to improve the safety and efficacy of these devices4. Recent ran-
domised trials with head-to-head comparisons of the first-genera-
tion paclitaxel-eluting TAXUSTM stent (PES) (Boston Scientific, 
Natick, MA, USA) with second-generation stents suggest that the 
newer DESs are more effective and are safer5-7.

The second-generation everolimus-eluting stent (EES) represents 
a potential step forward in DES technology, characterised by high 
deliverability and a tissue-gentle polymer coating8-10. Currently it is 
one of the most commonly used drug-eluting stents11. A meta-analy-
sis suggested that the sirolimus-eluting stent (SES) is a more effec-
tive and safer first-generation device than the PES1. Randomised data 
comparing the EES with the SES are limited5,11-16. Therefore, direct 
head-to-head comparison of the EES and SES is of major clinical 
interest in defining the role of EES in the treatment of patients with 
coronary artery disease. 

Patients with acute coronary syndromes (ACS) constitute an impor-
tant high-risk group for acute and late adverse events12. In order to 
establish the long-term safety and efficacy of EES versus SES in ACS 
patients, we conducted a subgroup analysis of SORT OUT IV ran-
domised clinical trial data, comparing the clinical outcome of EES ver-
sus SES in patients with ACS and with stable angina pectoris (SAP). 

Methods
PATIENTS AND STUDY DESIGN
The SORT OUT IV trial was designed as a prospective, multicen-
tre, all-comer, two-arm, randomised, non-inferiority study compar-
ing the EES to the SES in treating atherosclerotic coronary artery 
lesions17. The study period was August 2007 to June 2009. The 
detailed study protocol is provided in the main publication18. 
Briefly, patients were eligible if they were at least 18 years old, had 
chronic stable coronary artery disease or acute coronary syndromes, 
and at least one coronary lesion with more than 50% diameter ste-
nosis, requiring treatment with a DES. If multiple lesions were 
treated, the allocated study stent had to be used in all lesions. No 
restrictions were placed on number of treated lesions, number of 
treated vessels, or lesion length. Exclusion criteria were life expec-
tancy of less than one year; allergy to aspirin, clopidogrel, siroli-
mus, or everolimus; participation in another randomised trial; or 
inability to provide written informed consent. 

RANDOMISATION
Patients were enrolled by the investigators and randomly allocated 
to treatment groups after diagnostic coronary angiography and 
before the percutaneous coronary intervention. Block randomisa-
tion by centre (permuted blocks of random sizes [2/4/6]) was used 
to assign patients in a 1:1 ratio to receive the EES (XIENCE V®; 

Abbott Vascular, Redwood City, CA, USA; or PROMUSTM 
[Abbott’s privately-labelled XIENCE V everolimus-eluting coro-
nary stent system distributed by Boston Scientific Corporation]) or 
the SES (Cypher Select Plus; Cordis, Johnson & Johnson, Warren, 
NJ, USA). The allocation sequence was computer-generated and 
stratified by gender and presence/absence of diabetes. Patients were 
assigned to treatment through an automated telephone allocation 
service. While operators were unblinded, the clinical events com-
mittee was masked to treatment assignment.

STUDY PROCEDURES
The EES was available in diameters of 2.25-4.00 mm and lengths 
of 8-28 mm. The SES was available in diameters of 2.25-3.50 mm 
and lengths of 8-33 mm. Stents were implanted according to stand-
ard techniques. Angiographic variables were visually estimated by 
the operators. Direct stenting without prior balloon dilation was 
allowed. Before or at the time of the procedure, patients received at 
least 75 mg of aspirin, a 600 mg loading dose of clopidogrel, and an 
unfractionated heparin dose (5,000 IU or 70-100 IU/kg).

Glycoprotein IIb/IIIa inhibitors were used at the operator’s discre-
tion. Recommended post-procedure dual antiplatelet regimes were 
75 mg aspirin daily for life and 75 mg clopidogrel daily for one year.

ENDPOINTS
Definition of endpoints has been provided elsewhere17,18. The pri-
mary endpoint of this substudy was a composite of safety (cardiac 
death, myocardial infarction, definite stent thrombosis) and efficacy 
(clinically indicated target vessel revascularisation) parameters within 
18 months of stent implantation. Individual components of the pri-
mary endpoint comprised the secondary endpoints: cardiac death, 
myocardial infarction, definite stent thrombosis, clinically indicated 
target vessel/lesion revascularisation, probable, possible, and overall 
stent thrombosis according to the Academic Research Consortium 
(ARC) definition19, and device failure (defined as inability to implant 
the assigned study stent in the target lesions). 

COMORBIDITY
For all patients, we obtained data on all hospital diagnoses from the 
Danish National Registry of Patients, covering all Danish hospitals, 
from 1977 until the implantation date20. We then computed Charl-
son Comorbidity Index scores, which encompass 19 major disease 
categories, including diabetes mellitus, heart failure, cerebrovascu-
lar diseases and cancer21. 

Clinical event detection
Clinically driven event detection was used to avoid study-induced 
reinterventions. Data on mortality, hospital admissions, coronary 
angiography, repeat percutaneous coronary intervention, and coro-
nary bypass surgery were obtained for all randomly allocated 
patients from the following national Danish administrative and 
healthcare registries: the Civil Registration System22; the Western 
Denmark Heart Registry23,24; the Danish National Registry of 
Patients25, which maintains records on all hospitalisations in Denmark; 
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and the Danish Registry of Causes of Death26. An independent clini-
cal events committee reviewed all endpoints and source documents 
to adjudicate causes of death, reasons for hospitalisation, and diag-
noses of myocardial infarction. Cine films were reviewed by the 
committee to classify stent thrombosis and target vessel revascu-
larisation (following percutaneous coronary intervention or coro-
nary artery bypass grafting).

The Danish National Health Service provides universal tax-sup-
ported health care, guaranteeing residents free access to general 
practitioners and hospitals. The Danish Civil Registration System 
has kept electronic records on gender, birth date, residence, emigra-
tion date, and vital status changes since 196822, with daily updates; 
the 10-digit civil registration number assigned at birth and used in 
all registries allows accurate record linkage. The Civil Registration 
System provided vital status data for our study participants and 
minimised loss to follow-up. The National Registry of Causes of 
Death and the Danish National Registry of Patients provided infor-
mation on causes of death and diagnoses assigned by the treating 
physician during hospitalisations (coded according to the International 
Classification of Diseases, 10th revision [ICD-10])25. 

Statistical analysis
Data are presented as mean±SD or median and interquartile range 
for continuous data or as counts. Distributions of continuous vari-
ables were compared between study groups using the two-sample 
t-test (or Cochran test for cases with unequal variance) or the Mann-
Whitney U test, depending on whether the data followed a normal 
distribution. Distributions of categorical variables were compared 
using the χ2 test. In analyses of every endpoint, follow-up continued 
until the date of an endpoint event, death, emigration, or 18 months 
after stent implantation, whichever came first. Survival curves were 
constructed based on cumulated incidences, accounting for death as 
a competing risk27. Hazard ratios were computed using Cox propor-
tional hazards regression analysis. Patients treated with the SES 
were used as the reference group for subgroup analyses. Hazard 
ratios were computed for major adverse cardiac events at 18-month 
follow-up. The intention-to-treat principle was used in all analyses. 
A two-sided p-value of less than 0.05 was considered to indicate 
statistical significance. Analyses were conducted using SAS soft-
ware version 9.2 (SAS Institute Inc., Cary, NC, USA). This trial is 
registered with ClinicalTrials.gov, number NCT00552877.

Results
PATIENTS AND ENROLMENT
The SORT OUT IV trial randomised 2,705 patients with ACS 
(EES=580, SES=598) or SAP (EES=773, SES=754). In the ACS 
group, 122 (21%) and 145 (24%) patients were treated for ST-segment 
elevation myocardial infarction in the EES and SES groups, respec-
tively. One patient was lost to follow-up on day 187 because of emi-
gration (this patient had SAP at the time of the index procedure, which 
was considered a non-event in the primary endpoint analysis).

Baseline patient characteristics differed between the ACS and 
SAP groups (Table 1). 

Table 1. Baseline patient and procedure characteristics of trial 
participants treated with an everolimus-eluting stent or a sirolimus-
eluting stent due to stable angina pectoris or acute coronary 
syndromes.

Stable  
angina 

pectoris

Acute 
coronary 

syndromes
p-value

No. of patients treated 1,527 1,178

Age, years 65.1±10.4 62.8±11.4 0.0001

Male 1,140 (74.7%) 901 (76.5%) 0.27

Family history of coronary artery disease 711 (49.8%) 436 (47.1%) 0.19

Current smoker 338 (24.6%) 343 (38.0%) <0.0001

Hypertension 872 (60.9%) 433 (46.8%) <0.0001

Lipid-lowering therapy 1,128 (78.8%) 548 (59.0%) <0.0001

Diabetes mellitus 256 (16.8%) 127 (10.8%) <0.0001

Previous myocardial infarction 316 (22.0%) 194 (20.7%) 0.47

Previous percutaneous  
coronary intervention 363 (25.2%) 133 (14.2%) <0.0001

Previous coronary artery bypass grafting 163 (11.3%) 48 (5.1%) <0.001

Comorbidity index 0.0004

0 648 (42.4%) 577 (49.0%)

1-2 642 (42.0%) 467 (39.6%)

≥3 237 (15.5%) 134 (11.4%)

Glycoprotein IIb/IIIa inhibitor 116 (7.6%) 327 (27.8%) <0.0001

No. of lesions treated 1,984 1,510

Treated coronary artery 0.10

Left main 40 (2.0%) 20 (1.3%)

Left anterior descending 845 (42.6%) 651 (43.1%)

Left circumflex 439 (22.1%) 378 (25.0%)

Right coronary artery 641 (32.3%) 459 (29.8%)

Vein graft 19 (1.0%) 11 (0.7%)

Lesion type 0.0001

A 302 (15.7%) 242 (16.0%)

B1 580 (29.2%) 389 (25.8%)

B2 322 (16.2%) 331 (21.9%)

C 780 (39.2%) 548 (36.3%)

Visual estimation of lesion length (mm) 16.6±12.1 16.7±10.5 0.70

Visual estimation of reference vessel 
diameter (mm) 3.2±0.5 3.2±0.5 0.68

No. of stents per lesion (n) 1.3±0.6 1.2±0.6 0.13

No. of stents per patient (n) 1.6±1.0 1.6±0.9 0.10

Stent length (lesion) (mm) 20.5±13.3 20.5±11.6 0.92

Stent length (patient) (mm) 26.6±18.6 26.3±16.9 0.66

Fluoro time (minutes) 10.3±9.6 8.2±7.8 0.0001

Contrast volume used (mL) 129.4±90.8 115.3±80.8 0.0001

Procedure time (minutes) 30.0±21.8 24.5±17.8 0.0001

Data are presented as numbers and percentages or as mean±standard deviation

Compared to patients with SAP, patients with ACS were slightly 
younger (62.8±11.4 years vs. 65.1±10.4 years, p=0.0001), more 
often active smokers, and had lower rates of diabetes mellitus, 
hypertension, hypercholesterolaemia, and previous revascularisa-
tion. Prevalence of previous MI did not differ between the two 
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indication groups. The comorbidity index score was significantly 
lower in patients treated for ACS compared to patients treated for 
SAP (Table 1).

Baseline parameters were well balanced in both the EES and SES 
treatment subgroups of the ACS and SAP groups (Table 2). EES-treated 
ACS patients had significantly more stents per patient (1.3±0.6 vs. 
1.2±0.5, p=0.01), and stents per lesion (1.3±0.6 vs. 1.2±0.5, p=0.01), 
compared with the SES-treated ACS patients. EES-treated ACS patients 
more often had direct stenting (25.0% vs. 20.7%, p=0.05). EES-treated 
SAP patients had shorter lesion lengths, larger reference vessel sizes, 
shorter stent lengths per lesion, and lower balloon pressure applied 
periprocedurally, compared to SES-treated SAP patients (Table 3). 

CLINICAL OUTCOMES
CLINICAL OUTCOMES ACCORDING TO INDICATION 
At 18 months, MACE did not differ significantly among ACS 
patients compared to SAP patients (8.1% vs. 6.7%; HR=1.23, 95% 
CI: 0.93-1.62) (Figure 1). 

When we tested for interaction between clinical presentation and 
type of drug-eluting stent, we found no significant interaction for 
the composite endpoint MACE (p=1.00). 

Rates of cardiac death (2.4% vs. 1.3%; HR=1.83, 95% CI: 1.03-
3.25) and definite and probable stent thrombosis (1.4% vs. 0.6%; 
HR=2.31, 95% CI: 1.02-5.24) were significantly higher among 
patients with ACS compared to patients with SAP, while rates of 
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Figure 1. Time-to-event curves for major adverse cardiac events. Major adverse cardiac events are the composite of cardiac death, myocardial 
infarction, definite stent thrombosis, and target vessel revascularisation. Major adverse cardiac events (A), cardiac death (B), definite or 
probable stent thrombosis (C) in patients treated with everolimus-eluting stents or sirolimus-eluting stents due to acute coronary syndromes or 
stable angina pectoris.

Table 2. Baseline characteristics of patients with acute coronary syndromes and stable angina pectoris treated with either the 
everolimus-eluting stent or the sirolimus-eluting stent.

Acute coronary syndromes Stable angina pectoris

Everolimus-
eluting stent 

(n=580)

Sirolimus-
eluting stent 

(n=598)
p-value

Everolimus-
eluting stent 

(n=773) 

Sirolimus-
eluting stent 

(n=754)
p-value

Age, years 62.9±11.8 62.8±11.0 0.86 65.1±10.1 65.2±10.6 0.85

Male 446 (76.9%) 455 (76.1%) 0.74 582 (75.3%) 558 (74.0%) 0.56

Arterial hypertension 214 (47.0%) 219 (46.5%) 0.87 457 (62.9%) 415 (58.9%) 0.11

Hypercholesterolaemia 271 (59.2%) 277 (58.8%) 0.91 572 (78.8%) 556 (78.8%) 0.99

Diabetes mellitus 61 (10.5%) 66 (11.0%) 0.77 131 (16.9%) 125 (16.6%) 0.85

Current smoker 170 (37.9%) 173 (38.1%) 0.96 166 (23.9%) 172 (25.3%) 0.52

Body mass index, kg/m2 27.2±4.5 27.4±4.3 0.57 27.7±4.7 27.3±4.4 0.12

Previous myocardial infarction 98 (21.2%) 96 (20.3%) 0.73 166 (22.8%) 150 (21.1%) 0.43

Previous percutaneous coronary intervention 71 (15.3%) 62 (13.1%) 0.33 186 (25.5%) 177 (24.9%) 0.81

Previous coronary artery bypass grafting 25 (5.4%) 23 (4.9%) 0.71 90 (12.3%) 73 (10.3%) 0.22

Glycoprotein IIb/IIIa inhibitors 154 (26.6%) 173 (28.9%) 0.36 57 (7.4%) 59 (7.8%) 0.74

Comorbidity index score 0.46 0.75

0 280 (48.3%) 297 (49.7%) 328 (42.4%) 320 (42.4%)

1-2 239 (41.2%) 228 (38.1%) 330 (42.7%) 312 (41.4%)

3+ 61 (10.5%) 73 (12.2%) 115 (14.9%) 122 (16.2%)

Data are presented as numbers and percentages or mean±standard deviation
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MI, TVR, and TLR did not differ significantly between the two 
groups. Of the 48 cardiac deaths observed in the total study popula-
tion, nine (18.8%) occurred in-hospital (EES n=5, and SES n=4). 
Among patients with ACS, MACE did not differ significantly 
between STEMI patients and UAP/NSTEMI patients (7.1% vs. 
8.4%; HR=0.85, 95% CI: 0.52-1.41).

CLINICAL OUTCOMES BY STENT TYPE
In patients with ACS, treatment with EES compared to SES did not 
affect MACE significantly at 18 months (7.3% vs. 8.9%; HR=0.81, 
95% CI: 0.54-1.21) (Figure 2). 

The other endpoints also did not differ significantly between the 
two treatment subgroups.

Table 3. Baseline lesion and procedure characteristics for patients with acute coronary syndromes and stable angina pectoris treated 
with either an everolimus-eluting stent or a sirolimus-eluting stent.

Acute coronary syndromes Stable angina pectoris

Everolimus-
eluting stent 

(n=744)

Sirolimus-
eluting stent 

(n=766)
p-value

Everolimus-
eluting stent 
(n=1,013)

Sirolimus-
eluting stent 

(n=971)
p-value

Target lesions per patient 0.58 0.70

1 444 (76.6%) 459 (76.8%) 587 (75.9%) 589 (78.1%)

2 110 (19.0%) 115 (19.2%) 143 (18.5%) 122 (16.2%)

3 24 (4.1%) 19 (3.2%) 35 (4.5%) 35 (4.6%)

>3 2 (0.3%) 5 (0.8%) 8 (1.0%) 8 (1.1%)

No. per patient 1.3±0.6 1.3±0.6 0.96 1.3±0.6 1.3±0.6 0.47

Treated coronary artery 0.32 0.31

Left main artery 13 (1.7%) 7 (0.9%) 23 (2.3%) 17 (1.8%)

Left anterior descending artery 304 (40.8%) 347 (45.3%) 409 (40.4%) 436 (44.9%)

Left circumflex artery 194 (26.1%) 184 (24.0%) 234 (23.1%) 205 (21.1%)

Right coronary artery 227 (30.5%) 223 (29.1%) 338 (33.4%) 303 (31.2%)

Vein graft 6 (0.8%) 5 (0.7%) 9 (0.9%) 10 (1.0%)

Lesion type 0.81 0.74

A 123 (16.5%) 119 (15.5%) 159 (15.7%) 143 (14.7%)

B1 184 (24.7%) 205 (26.8%) 296 (29.2%) 284 (29.2%)

B2 166 (22.3%) 165 (21.5%) 170 (16.8%) 152 (15.7%)

C 271 (36.4%) 277 (36.2%) 388 (38.3%) 392 (40.4%)

Chronic total occlusion lesions 14 (1.9%) 21 (2.8%) 0.27 95 (9.7%) 80 (8.6%) 0.40

Bifurcation lesions 84 (11.7%) 86 (11.6%) 0.95 128 (13.1%) 127 (13.6%) 0.72

Lesion length >18 mm 247 (33.2%) 223 (29.1%) 0.09 292 (28.9%) 290 (29.9%) 0.62

Lesion length (mm) 16.9±10.7 16.5±10.3 0.44 16.0±10.9 17.1±13.2 0.05

Reference vessel size (mm) 3.2±0.5 3.2±0.5 0.72 3.3±0.5 3.2±0.5 0.01

No. of stents

Per patient 1.6±1.0 1.5±0.8 0.07 1.6±1.0 1.6±1.0 0.90

Per lesion 1.3±0.6 1.2±0.5 0.01 1.2±0.6 1.3±0.6 0.30

Total stent length (mm)

Per patient 26.8±17.6 25.8±16.2 0.31 26.0±17.4 27.2±19.7 0.21

Per lesion 20.9±12.0 20.1±11.2 0.20 19.8±12.4 21.1±14.2 0.03

Direct stenting 185 (25.0%) 158 (20.7%) 0.05 212 (21.0%) 195 (20.2%) 0.05

Stent delivery failure 28 (3.8%) 6 (0.8%) <0.0001 23 (2.3%) 30 (3.1%) 0.26

Maximum pressure (atm) 16.3±4.2 17.7±4.0  <0.0001 16.4±4.3 17.5±4.3 <0.0001

Length of procedure (minutes) 24.5±18.2 24.4±17.4 0.92 29.4±21.1 30.6±22.5 0.30

Fluoro time (minutes)  8.1±7.7 8.4±7.9 0.52 10.0±9.1 10.7±10.0 0.18

Contrast (ml) 114.5±78.9 116.0±82.7 0.75 128.1±90.7 130.7±90.9 0.57

Data are presented as numbers and percentages or mean±standard deviation
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In patients with SAP, treatment with EES compared to SES did 
not influence the prevalence of the composite endpoint (6.9% vs. 
6.5%; HR=1.05, 95% CI: 0.71-1.55) (Figure 2).

Overall, there were no significant differences in rates of stent 
thrombosis in SES versus EES patients with ACS or SAP (Table 4 
and Figure 2). Definite stent thromboses were not observed in SAP 
patients treated with EES, while eight cases of definite stent throm-
bosis were registered among SAP patients treated with SES. Among 
SAP patients treated with SES, most definite stent thromboses 
occurred within 30 days of the index procedure. There was only one 
case of very late definite stent thrombosis.

An analysis of outcomes according to type of ACS (ST-segment 
elevation myocardial infarction [STEMI] versus non-ST-segment 
elevation myocardial infarction [NSTEMI]) is summarised in 
Table 5. Outcomes did not differ significantly by type of ACS, or 
by type of stent implanted in STEMI patients. 

A stratified analysis for major subgroups with respect to the pri-
mary endpoint in the ACS patients was assessed in a forest plot 
(Figure 3).

Discussion
This substudy of the SORT OUT IV trial focused on safety and 
efficacy of EES versus SES in patients with ACS or SAP. The main 
findings may be summarised as follows: (1) patients with ACS had 

a non-significantly higher MACE rate than patients with SAP; (2) 
the MACE rate did not differ significantly among EES and SES 
treated patients with ACS or SAP, respectively; and (3) definite 
stent thromboses were not observed in SAP patients treated with 
EES at 18-month follow-up. 

Despite the improved efficacy of the most recent DESs, ACS 
continues to be a determinant of impaired prognostic outcome28,29. 
This is shown in the results of the present study, in which patients 
with ACS had a higher MACE rate than patients with SAP. 
Information about potential differences in outcome after treatment 
with a first versus second-generation DES in the high-risk ACS 
group is limited and has not previously been studied in a ran-
domised trial. Planer et al30 recently compared clinical outcomes of 
treatment with EES versus PES in patients with ACS and SAP by 
pooling results from the “Everolimus-eluting versus paclitaxel-
eluting stents in coronary artery disease” (SPIRIT)31-34 and “Second-
generation everolimus-eluting and paclitaxel-eluting stents in 
real-life practice” (COMPARE)35 trials. In agreement with our 
results, they found that treatment of ACS patients was associated 
with a higher rate of MACE at two years. In the pooled analysis of 
data from the SPIRIT and COMPARE trials30, treatment with EES 
provided enhanced safety and efficacy compared with PES amongst 
both ACS and SAP patients. In our study, we saw a numerically, but 
not statistically significant, difference in MACE rates between 
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Figure 2. Time-to-event curves for major adverse cardiac events. Major adverse cardiac events are a composite of cardiac death, myocardial 
infarction, definite stent thrombosis, and target vessel revascularisation. MACE (A: stable angina; B: acute coronary syndromes), cardiac 
death (C: stable angina; D: acute coronary syndromes), definite or probable stent thrombosis (E: stable angina; F: acute coronary 
syndromes) in patients treated with everolimus-eluting stents versus patients treated with sirolimus-eluting stents.
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subgroups receiving EES versus SES. The lack of significance may 
be partly explained by EES being superior to SES11, and partly by 
lack of power in this subgroup analysis.

Kalesan et al36 recently compared the long-term clinical outcome 
of EES versus SES in patients with ACS. Propensity-score match-
ing was used, and clinical outcome was compared among 705 
matched pairs of ACS patients treated with EES or SES. They 
found that unrestricted use of EES was associated with an improved 
longer-term clinical outcome compared with SES, mainly because 
of a lower TVR rate after EES implantation. This is in line with our 

results, where MACE and TVR events were numerically lower in 
the EES subgroup of ACS patients. It is possible that there will be 
significant differences in clinical outcomes among ACS patients 
treated with EES versus those treated with SES during long-term 
follow-up.

Regarding the stratified analysis for subgroups with respect to 
the primary endpoint in the ACS patients (forest plot, Figure 3), we 
found a significant p-value for interaction in patients with multives-
sel disease. However, we do not have an explanation for that, and 
this significant result could have been found by chance.

Table 4. Clinical outcomes 12 and 18 months after implantation of the everolimus-eluting stent or the sirolimus-eluting stent due to 
acute coronary syndromes or stable angina pectoris. 

Acute coronary syndromes Stable angina pectoris

Everolimus-
eluting stent 

(n=580)

Sirolimus-
eluting stent 

(n=598)
HR (95% CI)

Everolimus-
eluting stent 

(n=773)

Sirolimus-
eluting stent 

(n=754)
HR (95% CI)

Events at 12 months

Composite endpoint 35 (6.1%) 44 (7.4%) 0.82 (0.53-1.28) 46 (6.0%) 40 (5.3%) 1.12 (0.73-1.71)

Death 22 (3.8%) 21 (3.5%) 1.09 (0.60-1.98) 17 (2.2%) 12 (1.6%) 1.38 (0.66-2.89)

Cardiac 15 (2.6%) 12 (2.0%) 1.30 (0.61-2.78) 11 (1.4%) 9 (1.2%) 1.19 (0.49-2.87)

Myocardial infarction 7 (1.2%) 12 (2.0%) 0.60 (0.24-1.53) 9 (1.2%) 8 (1.1%) 1.10 (0.42-2.84)

Target vessel revascularisation 20 (3.4%) 27 (4.5%) 0.76 (0.43-1.36) 33 (4.3%) 32 (4.2%) 1.00 (0.61-1.62)

Target lesion revascularisation 12 (2.1%) 14 (2.3%) 0.89 (0.41-1.92) 17 (2.2%) 17 (2.3%) 0.97 (0.50-1.90)

Stent thrombosis

Definite 2 (0.3%) 3 (0.5%) 0.69 (0.11-4.11) 0 (0.0%) 6 (0.8%) –

Acute 0 (0.0%) 0 (0.0%) – 0 (0.0%) 3 (0.5%) –

Subacute 2 (0.3%) 2 (0.3%) 1.03 (0.15-7.32) 0 (0.0%) 2 (0.3%) –

Late 0 (0.0%) 1 (0.2%) – 0 (0.0%) 1 (0.1%) –

Probable 6 (1.0%) 3 (0.5%) 2.07 (0.52-8.28) 0 (0.0%) 1 (0.1%) –

Definite or probable 8 (1.4%) 6 (1.0%) 1.38 (0.48-3.98) 0 (0.0%) 7 (0.9%) –

Possible 4 (0.7%) 4 (0.7%) 1.04 (0.26-4.17) 5 (0.7%) 1 (0.1%) 4.87 (0.57-41.7)

Definite, probable or possible 12 (2.1%) 10 (1.7%) 1.25 (0.54-2.88) 5 (0.7%) 8 (1.1%) 0.61 (0.20-1.85)

Events at 18 months

Composite endpoint 42 (7.3%) 53 (8.9%) 0.81 (0.54-1.22) 53 (6.9%) 49 (6.5%) 1.05 (0.71-1.55)

Death 26 (4.5%) 26 (4.3%) 1.04 (0.60-1.79) 27 (3.5%) 21 (2.8%) 1.26 (0.71-2.22)

Cardiac 16 (2.8%) 12 (2.0%) 1.39 (0.66-2.93) 11 (1.4%) 9 (1.2%) 1.19 (0.49-2.87)

Myocardial infarction 12 (2.1%) 14 (2.3%) 0.88 (0.41-1.91) 10 (1.3%) 11 (1.5%) 0.89 (0.38-2.09)

Target vessel revascularisation 25 (4.3%) 35 (5.9%) 0.73 (0.44-1.22) 39 (5.0%) 40 (5.3%) 0.95 (0.61-1.47)

Target lesion revascularisation 15 (2.6%) 19 (3.2%) 0.81 (0.41-1.68) 20 (2.6%) 25 (3.3%) 0.78 (0.43-1.40)

Stent thrombosis

Definite 3 (0.5%) 4 (0.7%) 0.77 (0.17-3.45) 0 (0.0%) 8 (1.1%) –

Acute 0 (0.0%) 0 (0.0%) – 0 (0.0%) 3 (0.5%) –

Subacute 2 (0.3%) 2 (0.3%) 1.03 (0.15-7.30) 0 (0.0%) 2 (0.3%) –

Late 0 (0.0%) 1 (0.2%) – 0 (0.0%) 1 (0.2%) –

Very late 1 (0.2%) 1 (0.2%) – 0 (0.0%) 2 (0.3%) –

Probable 6 (1.0%) 3 (0.5%) 2.07 (0.52-8.28) 0 (0.0%) 1 (0.1%) –

Definite or probable 9 (1.6%) 7 (1.2%) 1.37 (0.58-3.58) 0 (0.0%) 9 (1.2%) –

Possible 5 (0.9%) 7 (1.2%) 1.30 (0.35-4.85) 5 (0.7%) 1 (0.1%) 4.88 (0.57-42.7)

Definite, probable or possible 14 (2.4%) 11 (1.9%) 1.32 (0.60-2.91) 5 (0.7%) 10 (1.3%) 0.49 (0.17-1.42)

Data are presented as numbers and percentages
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Reference segment
<2.75 mm
  At least one
  None
One stent per patient
  One stent
  More than one
Multivessel disease
  Yes
  No
Age
  Age >65
  Age ≤65
Male
  Yes
  No
Lesion type C
  At least one
  None
Previous PCI
  Yes
  No
Previous MI
  Yes
  No
STEMI
  Yes
  No
Diabetes mellitus
  Yes
  No
LAD
  At least one
  None
All
  All

Everolimus-eluting
stent better

0.5 (0.2-1.1) 8/123 (6.5) 17/126 (13.5)
1.0 (0.6-1.6) 34/457 (7.4) 36/472 (7.6)

0.8 (0.5-1.4) 22/227 (9.7) 26/219 (11.9)
0.8 (0.4-1.5) 19/349 (5.4) 25/376 (6.6)

2.6 (0.9-7.1) 14/93  (15.1) 5/80 (6.3)
0.6 (0.4-1.0) 28/487 (5.7) 48/518 (9.3)

0.9 (0.5-1.8) 18/252 (7.1) 19/246 (7.7)
0.8 (0.4-1.3) 24/328 (7.3) 34/352 (9.7)

0.8 (0.5-1.3) 34/446 (7.6) 41/455 (9.0)
0.7 (0.3-1.7) 8/134 (6.0) 12/143 (8.4)

1.0 (0.6-1.7) 25/237 (10.5) 27/247 (10.9)
0.7 (0.4-1.2) 17/343 (5.0) 26/351 (7.4)

0.5 (0.2-1.5) 6/71 (8.5) 9/62 (14.5)
0.9 (0.5-1.5) 29/392 (7.4) 34/411 (8.3)

0.7 (0.3-1.6) 10/98 (10.2)  14/96 (14.6)
0.9 (0.5-1.5) 25/364 (6.9) 29/377 (7.7)

1.1 (0.4-2.6) 9/122 (7.4) 10/145 (6.9)
0.8 (0.5-1.2) 33/458 (7.2) 43/453 (9.5)

0.8 (0.4-18) 11/61 (18.0) 15/66 (22.7)
0.8 (0.5-1.3) 31/519 (6.0) 38/532 (7.1)

1.2 (0.7-2.1) 25/278 (9.0) 24/309 (7.8)
0.5 (0.3-10) 17/302 (5.6) 29/289 (10.0)

0.8 (0.5-1.2) 42/580 (7.2) 53/598 (8.9)

p-value for
interaction

0.14

0.99

0.01

0.63

0.75

0.37

0.40

0.61

0.50

0.94

0.07

HR (95% Cl) Events (%)
Everolimus-
eluting stent

Sirolimus-
eluting stent

no./total (%)

0.25 0.5 1 2 4
Sirolimus-eluting

stent better

Figure 3. Forest plot summarising a stratified analysis for major subgroups with respect to the primary endpoint in ACS patients.

Table 5. Clinical outcomes 18 months after implantation of an everolimus-eluting stent or a sirolimus-eluting stent according to type of 
acute coronary syndrome (ST-segment elevation myocardial infarction versus non-ST-segment elevation myocardial infarction). 

Acute coronary syndromes STEMI

STEMI 
(n=267)

NSTEMI 
(n=911)

HR (95% CI)
Everolimus-
eluting stent 

(n=122)

Sirolimus-
eluting stent 

(n=145)
HR (95% CI)

Composite endpoint 19 (7.1%) 76 (8.4%) 0.85 (0.52-1.41) 9 (7.4%) 10 (6.9) 1.07 (0.44-2.64)

Death 11 (4.1%) 41 (4.5%) 0.91 (0.47-1.78) 7 (5.2%) 4 (2.8%) 2.14 (0.63-7.30)

Cardiac 5 (1.9%) 23 (2.5%) 0.74 (0.28-1.95) 5 (4.1%) 0 –

Myocardial infarction 7 (2.6%) 19 (2.1%) 1.26 (0.53-3.00) 3 (2.5%) 4 (2.8%) 0.89 (0.20-3.96)

Target vessel revascularisation 10 (3.7%) 50 (5.5%) 0.68 (0.34-1.33) 4 (3.3%) 6 (4.1%) 0.79 (0.22-2.80)

Target lesion revascularisation 4 (1.5%) 30 (3.3%) 0.45 (0.16-1.28) 1 (0.8%) 3 (2.1%) 0.39 (0.04-3.78)

Stent thrombosis

Definite 1 (0.4%) 6 (0.7%) 0.57 (0.07-4.71) 1 (0.8%) 0 –

Acute 0 0 – 0 0 –

Subacute 0 4 (0.4%) – 0 0 –

Late 0 1 (0.1%) – 0 0 –

Very late 1 (0.4%) 1 (0.1%) 3.40 (0.21-54.4) 1 (0.8%) 0 –

Probable 2 (0.8%) 7 (0.8%) 0.97 (0.20-4.69) 2 (1.7%) 0 –

Definite or probable, n (%) 3 (1.1%) 13 (1.4%) 0.78 (0.22-2.75) 3 (2.5%) 0 –

Possible, n (%) 1 (0.4%) 8 (0.9%) 0.43 (0.05-3.40) 1 (0.8%) 0 –

Definite, probable or possible, n (%) 4 (1.5%) 21 (2.3%) 0.65 (0.22-1.88) 4 (3.3%) 0 –

Data are presented as numbers and percentages
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Two recent meta-analyses including large, randomised trials 
comparing EES versus SES in patients with coronary artery disease 
found no significant differences in efficacy and safety clinical out-
comes5,11. Also, recent randomised trials comparing EES versus 
SES in other high-risk groups reported clinical outcome results 
comparable with those in the present study12,14,16. 

Patient-related composite and stent-related composite outcomes were 
assessed in patients treated with the EES versus the zotarolimus-eluting 
Resolute stent (Re-ZES; Medtronic, Minneapolis, MN, USA) in the 
“Unrestricted use of two new generation drug-eluting coronary 
stents: two-year patient-related versus stent-related outcomes from the 
RESOLUTE All Comers trial”37. Similar safety and efficacy outcomes 
were sustained between these two new-generation DESs at two-year fol-
low-up in a mostly complex population of patients with ACS and SAP. 
Also, in “A randomised controlled trial in second-generation zotaroli-
mus-eluting Resolute stents versus everolimus-eluting XIENCE V stents 
in real-world patients (the TWENTE trial)”38, the Re-ZES was non-infe-
rior to the XIENCE V EES with target vessel failure in a patient popula-
tion where half of the patients were treated due to non-STEMI ACS.

ACS patients treated with PCI and DES represent patients with an 
additional risk of morbidity and mortality, compared to patients with 
stable coronary artery disease29,39. Intervention in a pro-thrombotic, 
inflammatory environment may result in compromised vessel heal-
ing, delayed re-endothelialisation, and enhanced agonist-induced 
platelet aggregation28,40-42.

Overall, the risk of stent thrombosis did not differ significantly 
between ACS patients treated with EES versus SES. However, results 
seemed to favour the EES in treatment of SAP patients, as we found no 
definite stent thromboses within 18 months in this subgroup. Different 
mechanisms of action of drugs or polymers, in terms of inhibiting neoin-
timal growth and vascular healing, may explain the disparity in risk of 
stent thrombosis in different clinical syndromes after EES and SES treat-
ment. The mechanisms underlying a reduced risk of stent thrombosis 
with EES remain somewhat unclarified, but may be related to factors 
such as reduced strut thickness (81 µm versus 140 µm) resulting in 
a more rapid, complete and homogeneous endothelialisation, a thinner 
biocompatible polymer (7.6 µm versus 12.6 µm) potentially reducing 
the risk of vascular hypersensitivity reactions, and a lower dose of the 
antiproliferative drug36,43. Also, interactions between stent platform and 
lesion characteristics might be contributing factors28,29. 

Due to an overall low frequency of stent thrombosis, large sample 
sizes are needed to estimate treatment differences between stents 
accurately. Palmerini et al44 recently assessed this clinical issue by 
providing a meta-analysis, including randomised trials comparing 
different drug-eluting stents or drug-eluting with bare metal stents. 
Using the ARC definition19, the EESs were associated with a signifi-
cant reduction in definite stent thromboses compared with the BMSs 
at one-year follow-up. Additionally, the EESs were associated with 
a lower risk of definite stent thromboses compared with the PESs, the 
SESs, the phosphorylcholine polymer-based zotarolimus-eluting 
stents (PC-ZESs), and the Re-ZESs. 

Also, a recent large-scale cohort study, provided by Räber et 
al45, assessed and compared the risk of very late stent thrombosis 

in 12,339 SES-, PES-, and EES-treated patients, where approxi-
mately 50-60% of the patients in the three stent subgroups were 
treated due to ACS. During follow-up of up to four years, they 
found that the EES was associated with a lower risk of very late 
stent thrombosis compared with early-generation drug-eluting 
stents, supporting the unrestricted use of the EES in a broad patient 
population.

The TLR rate was numerically lower in ACS and SAP patients 
treated with EES compared to those treated with SES in the present 
study, but the difference was not statistically significant. These data 
concur with recently published results from the “Biodegradable 
polymer versus permanent polymer drug-eluting stents and everoli-
mus- versus sirolimus-eluting stents in patients with coronary 
artery disease” (ISAR-TEST 4) trial12, in which the EES and 
the SES showed similar three-year clinical efficacy. Also the 
EXCELLENT trial16 had similar findings regarding TLR when the 
EES and the SES were compared at 12 months.

Limitations 
Although both treatment groups were recommended dual antiplatelet 
therapy for the same duration after stenting, complete data confirm-
ing actual duration are not available.

Also, longer follow-up is needed to follow and confirm the clinical 
outcomes of these drug-eluting stents in different clinical settings/
indication subgroups.

Another concern is that the operators were not blinded to the stent 
type implanted; however, the clinical events committee was blinded 
regarding the stent type deployed.

Our findings showed fewer events, particularly fewer myocardial 
infarctions, than reported in other randomised trials (COMPARE, 
RESOLUTE, LEADERS). This difference can partly be explained 
by procedure-related myocardial infarction, which was not a part of 
the primary endpoint in the SORT OUT IV trial. In the LEADERS 
trial, the myocardial infarction rate increased 0.5% and 0.6%, 
respectively, from 30 days (biolimus-eluting stent=4.9%, and siroli-
mus-eluting stent=4.1%) to nine months post-implantation (biolimus-
eluting stent=5.7%, and sirolimus-eluting stent=4.6%), indicating that 
the majority of myocardial infarctions were early, and predominantly 
related to stent implantation. 

The SORT OUT IV trial was an all-comers trial; however, as in 
other all-comers trials, not all eligible patients were enrolled. Eligible 
non-randomised patients were older and were more often hospital-
ised with STEMI. This may influence an application to a larger 
STEMI population.

However, patient care complied with normal clinical practice, i.e., 
follow-up during a hospital outpatient visit after one to three months. 
We believe that this approach to clinically driven event detection com-
bined with a randomised all-comers trial design allowed us to assess 
the efficacy of different percutaneous coronary interventions in a con-
text reflecting everyday clinical practice during the study period.

This is a subgroup analysis of the SORT OUT IV trial and the size 
of the subgroups was not a priori powered for comparison. However, 
the large sample size and randomised design of our study provided 
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sufficient power to indicate that there are no clinically important dif-
ferences between EES and SES on MACE at 18-month follow-up in 
ACS and SAP patients.

Conclusion
EES and SES appear similar with respect to MACE at 18 months in 
patients with ACS and SAP. No definite stent thromboses were seen 
in SAP patients treated with EES.
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