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early percutaneous coronary intervention for acute coronary syndrome: 
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   Introduction 
 Over the past decade, the introduction of fi rst-generation drug-
eluting stents (DES) has revolutionized the practice of coronary 
intervention, reducing the rates of target lesion revascularization 
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   Key messages    

 For patients presenting with acute coronary syndrome  •
who underwent early percutaneous coronary 
intervention, the rate of patient-oriented outcome in 
patients receiving the titanium-nitride-oxide-coated 
bioactive stents was similar to that in patients receiving 
everolimus-eluting stents at 24-month follow-up.   
 Th e rate of stent-oriented outcome at 24-month follow- •
up was also similar in the two stent groups.   
 Th e rate of stent-oriented outcome was substantially  •
lower than that of patient-oriented outcome.    

     Background.  The BASE-ACS trial demonstrated an outcome of 
the titanium-nitride-oxide-coated bioactive stents (BAS) statisti-
cally non-inferior to that of the everolimus-eluting stents (EES) at 
12-month follow-up in patients presenting with acute coronary 
syndrome (ACS). We performed a  post hoc  analysis of the BASE-
ACS trial with particular focus on stent-oriented versus patient-
oriented outcome at 24-month follow-up. 
  Methods.  A total of 827 patients with ACS were randomly assigned 
to receive either BAS (417) or EES (410). Stent-oriented outcome 
was defi ned as a composite of cardiac death, target vessel-related 
non-fatal myocardial infarction, or ischemia-driven target lesion 
revascularization. Patient-oriented outcome was defi ned as a 
composite of all-cause death, any non-fatal myocardial infarc-
tion, or any revascularization. 
  Results.  Clinical follow-up for 24 months was completed in 406 
(97.4%) patients in the BAS group and in 398 (97.1%) in the EES 
group. Stent-oriented outcome at 24-month follow-up occurred 
at similar frequencies in the two stent groups (10.1% for BAS ver-
sus 11.2% for EES,  P    �     0.53). Likewise, patient-oriented outcome 
at 24-month follow-up was similar in the two groups (16.3% ver-
sus 19.8%, respectively,  P    �     0.2). 
  Conclusions.  In patients presenting with ACS, the rates of both 
stent-oriented and patient-oriented outcomes at 24-month 
follow-up in the BAS group were similar to those in the EES group.  

  key words:    Acute coronary syndrome  ,   bioactive stents  ,   everolimus-
eluting stents  ,   outcome   

by one-half to two-thirds at long-term follow-up (1,2). A further 
step forward was taken with the design of second-generation 
DES. In this context, everolimus-eluting stents (EES) signifi cantly 
reduced late lumen loss (assessed by quantitative coronary an-
giography) as compared with paclitaxel-eluting stents, with non-
inferior rates of a composite outcome of safety and effi  cacy (3). 

 Accumulating evidence from registries and meta-analyses has 
questioned the long-term safety of fi rst-generation DES, raising 
concerns about a higher risk of late — and very late — stent throm-
bosis (ST) (4 – 6). According to the FDA-convened Circulatory 
System Device Panel, this long-term risk was chiefl y encountered 
with the use of DES for off -label indications, such as patients 
with more complex clinical and lesion characteristics (7). Th ese 
patients quite possibly have a worse long-term clinical outcome 
attributed to their higher-risk clinical and angiographic profi le —
 as for instance diabetes mellitus and chronic total coronary occlu-
sion — rather than stent-oriented events. Hence, in order to obtain 
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a comprehensive evaluation of overall cardiovascular outcome, 
composite end-points of randomized clinical trials should focus 
not only on stent-oriented events, but also on patient-oriented 
clinical events (8). 

 Th e safety of titanium-nitride-oxide-coated bioactive stents 
(BAS) has been established in several reports from real-world un-
selected populations (9,10), as well as from randomized clinical 
trials in patients with acute coronary syndrome (ACS) (11,12). 
In the multicenter randomized controlled BASE-ACS trial, BAS 
proved non-inferior to EES in patients presenting with ACS at 
12-month follow-up (12). We performed a  post hoc  analysis of the 
BASE-ACS trial with particular focus on stent-oriented versus 
patient-oriented outcome at 24-month follow-up.   

 Material and methods  

 Patient selection and study design 

 Th e design of the original trial has been previously reported 
(12). Briefl y, the BASE-ACS (randomized comparison of 
titanium-nitride-oxide-coated bioactive stent with everolimus-
eluting stent in acute coronary syndrome) trial is a prospective 
multicenter single-blinded randomized controlled clinical trial, 
with the chief aim to evaluate non-inferiority in clinical out-
comes of Titan2  ®   (Hexacath, Paris, France) BAS as compared 
with Xience V (Abbott Vascular, Santa Clara, CA, USA) EES in 
patients presenting with the whole spectrum of ACS. Th e study 
enrolled a total of 827 patients above 18 years, presenting with 
ACS, with at least one signifi cant  de novo  lesion (defi ned as at 
least 50% diameter stenosis by visual estimation) in a native 
coronary artery or coronary bypass graft . Chief exclusion crite-
ria were limited to unprotected left  main disease or aorto-ostial 
lesions, intolerance to the study medications, planned surgery 
within 12 months of the index procedure, and life expectancy 
less than 12 months. Enrolled patients were randomly assigned 
in a 1:1 fashion to receive either BAS or EES. Th e operators were 
by necessity aware of the assigned study stent, whereas patients 
and the staff  involved in follow-up assessment were blinded to 
the allocated stent type.   

 Ethical issues 

 Th e study was initiated by the investigators and conducted accord-
ing to the ethical guidelines of the 1964 Declaration of Helsinki, 
as revised in 2002. An informed written consent was obtained 
from every patient aft er full explanation of the study protocol. 
Th e study protocol was approved by the Ethics Committees of the 
co-ordinating center, Satakunta Central Hospital, and the other 
participating hospitals. Th e BASE-ACS trial is registered with 
ClinicalTrials.gov, number NCT00819923.   

 Pharmacological interventions 

 Patients already maintained on aspirin received no additional 
aspirin loading dose. Th ose not maintained on aspirin were pre-
treated with aspirin at a loading dose of 250 mg orally, or 250 – 
500 mg intravenously during percutaneous coronary inter-
vention (PCI), and continued thereaft er at a daily dose of 75 – 
150 mg indefi nitely. Oral clopidogrel was initiated at a loading 
dose of at least 300 mg before or immediately aft er the procedure 
and continued thereaft er at a daily dose of 75 mg. According to 
the protocol, patients in either group were prescribed oral clopi-
dogrel for a minimum of 6 months and, thereaft er, for extended 
periods (maximum 12 months) according to the operator ’ s dis-
cretion. During the procedure, low-molecular-weight heparin 
(enoxaparin sodium) or unfractionated heparin was administered 

intravenously in the standard dosage recommended by the guide-
lines. Use of periprocedural glycoprotein IIb/IIIa inhibitors or 
bivalirudin was left  up to the operator ’ s discretion.   

 Study end-points and defi nitions 

 The diagnostic criteria for non-ST-segment elevation ACS 
and ST-segment elevation myocardial infarction (MI) have 
been previously described in detail (12). The primary end-
point was the first occurrence of major adverse cardiac events 
(MACE), defined as a composite of cardiac death, non-fatal 
MI, or ischemia-driven target lesion revascularization (TLR) 
at 12-month follow-up. Secondary end-points included all-
cause death, a composite of cardiac death or non-fatal MI, and 
definite ST at 12-month follow-up. Cardiac death was defined 
as death from cardiovascular causes or any death without 
another known cause. Stent-oriented outcome was defined as 
a composite of cardiac death, target vessel-related non-fatal 
MI, or ischemia-driven TLR. Patient-oriented outcome was 
defined as a composite of all-cause death, any non-fatal MI, or 
any revascularization. Any revascularization included all TLR 
(ischemia-driven and non-ischemia-driven), all target vessel 
revascularization (ischemia-driven and non-ischemia-driven), 
and any non-target vessel revascularization, by percutaneous 
or surgical means. This  post hoc  analysis of stent-oriented and 
patient-oriented outcomes was not pre-specified in the origi-
nal study protocol published in ClinicalTrials.gov, number 
NCT00819923. ST was adjudicated according to the criteria 
of definite and probable stent thrombosis described by the 
Academic Research Consortium (ARC) (8). An independent 
Clinical Events Committee whose members were blinded to 
stent group allocation throughout the study period adjudicated 
all clinical events for analysis.   

 Statistical analysis 

 All data were analyzed on the basis of the intention-to-treat 
principle. The trial was powered for testing non-inferiority of 
BAS as compared with EES for the primary composite end-
point. The criterion for non-inferiority was considered to have 
been met if the upper limit of the one-sided 95% confidence 
interval for the difference between groups was not more than 
5 percentage points higher than the observed rate of the 
primary composite end-point in the group receiving EES. 
Assuming a 12-month rate of the primary composite end-point 
of 9.2% for EES, we calculated that enrollment of at least 400 
patients per group would yield at least 90% power to detect 
non-inferiority for the primary composite end-point (1-sided 
 α  significance level 0.05). Superiority testing was pre-specified 
if the criterion for non-inferiority with respect to the primary 
composite end-point was met. Hazard ratios (HR) and 95% 
confidence intervals (CI) were derived from univariate Cox 
models for the comparisons between the groups. Survival 
curves for time-to-event variables were constructed on the ba-
sis of all available follow-up data with the use of Kaplan – Meier 
estimates and were compared with the use of the log-rank test. 
Continuous variables were presented as means  �  SD, while 
categorical variables were described with absolute and rela-
tive (percentage) frequencies. Comparisons between the two 
groups were performed using the unpaired  t  test for continu-
ous, and the Pearson chi-square test or Fisher ’ s exact test for 
categorical variables. All tests were 2-sided, and a probability 
value of  P   �  0.05 was considered statistically significant. All 
data were analyzed with the use of SPSS version 16 (13), and 
SAS system for Windows version 9.1 (SAS Institute Inc., Cary, 
NC, USA).    
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  Figure 1.     Kaplan – Meier estimates for the primary end-point, stent-oriented 
and patient-oriented outcomes, in the two study groups, over 24 months 
of follow-up. Kaplan – Meier curves show the cumulative incidence of 
major adverse cardiac events (the primary end-point), a composite of 
cardiac death, non-fatal MI, or ischemia-driven TLR (A); stent-oriented 
outcome, a composite of cardiac death, target vessel-related non-fatal MI, 
or ischemia-driven TLR (B); patient-oriented outcome, all-cause death, 
any non-fatal MI, or any revascularization (C). BAS    �    bioactive stents; 
EES    �    everolimus-eluting stents; MI    �    myocardial infarction; TLR    �    target 
lesion revascularization.  

  Table III. Stent thrombosis in the two individual study groups according to 
ARC defi nition at 24-month follow-up.  

BAS group, 
 n    �     417

EES group, 
 n    �     410  P  value

Defi nite stent thrombosis

Early ( �    30 days) 3 (0.7) 7 (1.7) 0.19
Late (30 – 360 days) 0 (0) 2 (0.5) 0.15
Very late ( �    360 days) 1 (0.2) 2 (0.5) 0.55
All defi nite stent thrombosis 4 (1.0) 11 (2.7) 0.05

Defi nite/probable stent thrombosis
Early ( �    30 days) 5 (1.2) 8 (2.0) 0.39
Late (30 – 360 days) 0 (0) 3 (0.7) 0.08
Very late ( �    360 days) 2 (0.4) 4 (1.0) 0.40
All defi nite/probable stent thrombosis 7 (1.6) 15 (3.7) 0.07

    Variables are presented as frequency (percentage).   
 ARC    �    Academic Research Consortium; BAS    �    bioactive stent; EES    �    
everolimus-eluting stent.   

or ischemia-driven TLR) at 24-month follow-up in patients receiv-
ing BAS was similar to that in patients receiving EES. Moreover, the 
composite incidence of patient-oriented outcome (all-cause death, 
any non-fatal MI, or any revascularization) at 24-month follow-up 
was also similar between the two groups. Yet, incidence of stent-
oriented outcome was far below that of patient-oriented outcome.   

 Clinical outcome of the BASE-ACS trial at 24 months 

 In the BASE-ACS trial, the hazard ratio for MACE associated 
with BAS as compared with EES at 12-month follow-up was 1.04 
( P    �     0.81) (12). Th is hazard ratio decreased to 0.94 at 24-month 
follow-up ( P    �     0.53). Among the individual components of 
MACE, we observed a decrease of the hazard ratio associated 
with BAS from 12- to 24-month follow-up for both cardiac death 
(from 1.49 to 1.14) and ischemia-driven TLR (from 1.17 to 1.03) 
(12). Th e hazard ratio for non-fatal MI associated with BAS re-
mained unchanged. During the period of follow-up from 12 to 
24 months, more cardiac death and ischemia-driven TLR events 
occurred in the EES group than in the BAS group. Th e excess 
cardiac death events in the EES group as compared with the BAS 
group during this period of follow-up can be explained by more 
events of ST in the EES group between 12 and 24 months (Table 
III), during which time the vast majority of patients in either 
group were not maintained on clopidogrel therapy. Th e excess 
ischemia-driven TLR events in the EES group as compared with 
the BAS group during this period of follow-up can be viewed as 
a  ‘ catch-up phenomenon ’ . Yet, the lack of angiographic follow-
up in the current study may have infl uenced the relative rates of 
TLR between the two groups. It is well known that angiographic 
follow-up increases the absolute diff erence in TLR between 
stent groups beyond that which would otherwise be observed 
with clinical follow-up alone. However, with clinical follow-up, 
the results are more likely to refl ect real-life practice, avoiding 
unnecessary re-interventions for clinically  ‘ silent ’  angiographic 
lesions. 

 The rates of clinical events associated with EES at 24-
month follow-up in the current trial were slightly higher 
than those reported in the 2-year report of the RESOLUTE 
All Comers trial (stent-related outcome 11.2% versus 10.7%, 
non-fatal MI 7.1% versus 5%, and ischemia-driven TLR 
7.1% versus 5.1%) (14). The clinical event rates were fur-
ther lower in the 2-year outcome of the COMPARE (MACE 
7.4%, non-fatal MI 3.9%, and ischemia-driven TLR 2.6%) 
and the SPIRIT IV (MACE 7.1%, non-fatal MI 2.5%, and 
ischemia-driven TLR 4.5%) trials (15,16). Cardiac death at 
2-year follow-up was slightly higher (2.2%) in both the RESO-
LUTE All Comers and COMPARE trials, and lower (0.9%) 
in the SPIRIT IV trial (14 – 16). The exclusive enrollment of 
patients presenting with ACS in the current trial, in contrast 
to the all-comer populations of the other three trials, might 
explain the difference in the rates of adverse events among the 
trials at 24-month follow-up. Yet, in a 2-year report of pooled 
data from the SPIRIT and the COMPARE trials, the event rates 
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associated with EES in patients with ACS were lower than the 
current trial: MACE 8.7%, non-fatal MI 4%, ischemia-driven 
TLR 4.7% (17). On the other hand, the 2-year cardiac event 
rates associated with BAS in the current trial were similar 
to those in the 2-year report of the TITAX AMI trial which 
enrolled patients with acute MI who underwent early PCI: 
MACE 11.3% versus 11.2%, cardiac death or non-fatal MI 
4.8% versus 5.1%, and ischemia-driven TLR 7.4% versus 9.3%, 
respectively (18).   

 Stent-oriented versus patient-oriented outcome 

 Primary and secondary composite end-points in late-breaking 
randomized controlled trials comparing coronary stents have 
encompassed a wide range of adverse outcome, ranging from 
patient-oriented events such as all-cause mortality, to device-
specifi c events such as defi nite ST. Over the years, randomized 
trials have gradually shift ed from including non-stent-related 
complications to particularly focusing on stent-oriented ones. 
Th is apparently sound shift  would rationally avoid attributing to 
the device some consequences of other disease process that would 
otherwise artifi cially worsen the outcome of the index stent, as for 
instance cancer death. However, this trend would clearly ignore 
the total burden of cardiovascular — and non-cardiovascular —
 disease, which is heavily instrumental in determining the ulti-
mate patient prognosis, especially in patients with substantially 
higher levels of risk. Furthermore, comparisons of composite 
end-points between the many randomized trials of coronary 
stents available to date have been diffi  cult due to the lack of 
consensus defi nitions of end-points and the frequent overlap 
between the individual components of composite end-points. 
Hence, it is a quite reasonable approach to report individu-
ally both the most specifi c stent-oriented outcome and the most 
 ‘ generic ’  patient-oriented outcome in each study, paving the 
way for uniform consensus defi nitions of both sets of composite 
end-points, and allowing for comparisons between trials at both 
levels of outcome.   

 The importance of patient-oriented outcome 

 Interestingly, the current report demonstrated that the rate of 
patient-oriented adverse events was substantially higher than 
that of stent-oriented events, with an approximate doubling of 
event rates for patient-oriented outcome. A similar proportion of 
stent-oriented versus patient-oriented outcome was observed in 
the 2-year report of the RESOLUTE All Comers trial (14). Th is 
underscores the prime role played by stent-unrelated patient co-
morbidities in drawing the fi nal landscape of patient prognosis 
following PCI and stenting. Patient-oriented outcome liberally 
included any non-cardiac death, any MI not related to the target 
vessel, and any revascularization not related to the target lesion. 
Th us, it would honestly refl ect the extent and severity of disease 
in the coronary tree outside the treated lesion, the prevalence of 
vulnerable plaques other than the treated one, and, quite possibly, 
the intrinsic predisposition of patients for atherosclerotic disease 
progression (19). Likewise, it would mirror the total risk profi le of 
patients which would augment cardiovascular adverse outcome, 
such as diabetes mellitus and chronic renal insuffi  ciency, or sepa-
rately compromise patients ’  survival, such as cancer and other 
lethal illnesses (19,20).   

 Clinical implications 

 Th e fi nding that roughly half the events that occurred follow-
ing PCI was unrelated to the index stent would highlight the 
indispensable value of secondary prevention measures during 

long-term follow-up. In this sense, strict control of modifi able 
risk factors and optimization of medical management of pa-
tients following invasive coronary procedures might seem even 
more important than the mere choice between the alternative 
coronary devices. Additionally, premature discontinuation of 
clopidogrel is widely acknowledged as the most important pre-
dictor of late ST following DES implantation (5). In the current 
study, 3.7% of patients in the EES group were still maintained on 
dual  anti-platelet therapy at 24-month follow-up. Th is fi gure is 
lower than those reported from the RESOLUTE All Comers and 
 COMPARE trials, in which the proportion of patients in the EES 
arm receiving dual anti-platelet therapy at 24-month follow-up 
were 18% and 13%, respectively (14,15). Th e substantial drop 
out of patients in the EES group off  the dual anti-platelet drug 
coverage may bear association with the trend toward a higher 
24-month rate of ARC-defi nite ST in the EES group in the current 
study, as compared with the BAS group. Furthermore, although 
only 51% of patients in the BAS group were on clopidogrel, as 
compared with 68% of patients in the EES group, at 12 months 
( P     �    0.001), the rate of cardiac death or non-fatal MI was not 
higher in the BAS group; indeed there was a trend toward a lower 
rate of such events in the BAS group at 24 months ( P    �     0.056). 
Th is quite interesting fi nding may possibly imply that a shorter 
duration of dual anti-platelet therapy (less than 12 months) in 
patients with ACS who receive BAS might be suffi  cient.    

 Conclusion 

 In patients presenting with ACS who underwent early PCI, the 
rate of patient-oriented outcome in patients receiving BAS was 
similar to that in patients receiving EES at 24-month follow-
up. Moreover, the rate of stent-oriented outcome at 24-month 
follow-up was also similar in the two stent groups. Yet, the rate 
of stent-oriented outcome was substantially lower than that of 
patient-oriented outcome.  

 Study limitations 

 It should be noted that any comparison between stent-oriented 
and patient-oriented outcomes is hypothesis-generating, and 
was not pre-specifi ed a priori in the study protocol. Moreover, 
any death of unknown cause was by default classifi ed as a cardiac 
death, even if it was indeed non-cardiac in origin. Furthermore, 
although the current trial was well-powered to detect non-inferi-
ority of BAS as compared with EES concerning the primary com-
posite end-point of total MACE at 12-month follow-up, it was 
not adequately powered to address the individual components 
of safety or effi  cacy. Additionally, although ischemia-driven TLR 
was a component of MACE, the investigators have no available 
data about the methods of ischemia detection in the individual 
participating centers. Finally, the fact that TLR was ischemia-
driven may have underestimated the actual rates of in-stent rest-
enosis; however, it would avoid unnecessary re-interventions in 
borderline restenotic lesions due to the  ‘ oculostenotic refl ex ’  and 
undue patient anxiety.               
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