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Stent selection in patients with 
acute coronary syndromes and 
unstable coronary lesions

  Review

Percutaneous coronary intervention (PCI) has been increasingly used over recent years during interventional 
procedures in patients with acute coronary syndromes including ST-elevation myocardial infarction (STEMI) 
and non-STEMI. In patients with either STEMI, non-STEMI, high-risk acute coronary syndromes with ECG 
changes or cardiac enzyme rises, PCI with bare-metal stent (BMS) implantation has been associated with 
a significant improvement in clinical outcome. Therefore, BMS implantation during primary PCI in STEMI 
has become a standard of practice. With the introduction of drug-eluting stents (DES) in this decade, the 
use of these new devices instead of BMS in patients with STEMI has emerged as a rational PCI alternative 
in this particular subgroup of patients. In spite of the unquestionable benefits of DES in terms of reduction 
of restenosis and rates of target vessel revascularization, specific concerns have arisen regarding their 
long-term safety. A high incidence of very late stent thrombosis has been described with these devices 
and special attention should be paid to patients with unstable coronary lesions, in which plaque composition 
and remodeling may play a main role in their safety and long-term outcome. Intraluminal thrombus caused 
by plaque rupture is the most frequent mechanism of STEMI, in which the necrotic core and thin fibrous 
cap play a major role. In this context, the use of the first DES designs may be futile or even unsafe because 
delayed healing may further contribute to plaque instability. Adjunctive invasive imaging tools can improve 
stent deployment and safety outcomes in these lesions with intravascular findings of plaque instability. 
The introduction of new DES designs with new platforms has minimized many of the safety concerns of 
the first DES generation, although long-term outcomes with these new DES are pending. Recently, other 
agents, such as new dedicated anti-thrombotic BMS designs, including self-expanding stents or drug-
eluting coated balloons, are exploring their potential indications in patients with acute coronary syndromes 
and myocardial infarction. Nevertheless, when a patient with an acute myocardial infarction is on the 
table, our primary aims should be to open the artery safely, preserve muscle, reduce incidence of reinfarction 
and reocclusion of the infarct-related artery and improve the chances of survival. 
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Percutaneous coronary intervention (PCI) has 
been increasingly used over recent years dur-
ing interventional procedures in patients with 
acute coronary syndromes (ACS) including 
ST-elevation myocardial infarction (STEMI) 
and non-STEMI (NSTEMI) [1–5]. Furthermore, 
in patients with either STEMI, NSTEMI, 
high-risk ACS with ECG changes or car-
diac enzymes rises, PCI with bare-metal stent 
(BMS) implantation has been associated with 
a significant improvement in clinical outcome, 
including reduction of major adverse cardiac 
events (MACEs) or recurrent ischemia (Table 1). 
Importantly, primary PCI during the first hours 
following the onset of STEMI has been one of 
the few clinical niches in the field of cardiology, 
including medical, interventional or surgical 
approaches, in which an intervention has dra-
matically reduced the incidence of death and 
myocardial infarction (MI).

Since the introduction of the first-genera-
tion drug-eluting stents (DES) for PCI, siro-
limus-eluting stents (SES; CYPHER®, Cordis 
Corp., NJ, USA) and paclitaxel-eluting stents 
(TAXUS®, Boston Scientific Corp., MA, USA), 
the angiographic and clinical parameters of 
coronary restenosis have decreased noticeably 
during the first years of follow-up. Several ran-
domized studies comparing BMS with DES 
in subsets of patients of different complexity 
have demonstrated a significant reduction in 
coronary restenosis, which translates into lower 
rates of target vessel revascularization (TVR) 
and target lesion revascularization (TLR) [6–11]. 
However, after several years of systematic use of 
these devices in a variety of complex subsets of 
patients in many countries all over the world, 
angiographic and clinical improvement of the 
rate of restenosis have not been translated into 
a reduction of hard cardiac events such as MI 
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wand death [12], which raises concerns regarding 
the true benefits behind the use of DES. Several 
problems have been associated with the use of 
DES, including inflammation, delayed endothe-
lial healing, late-acquired stent malapposition 
(LASMA), collateral circulation damage and 
endothelial dysfunction [13–20]. Furthermore, 
the observation that late stent thrombosis is sig-
nificantly higher after DES implantation [21–25] 
and that its incremental rate does not decrease 
over time [26] opens up a question as to its poten-
tial role in patients with complex pathological 
findings, such as those with ACS.

Vulnerable plaque 
Most of the ACS, which include unstable 
angina, two forms of acute MI (AMI) and sud-
den coronary death, are believed to be the result 
of luminal thrombosis [27,28]. Plaque rupture is 
the most frequent cause of luminal thrombo-
sis (60–75% of cases), followed by erosion and 
calcified nodules [27]. Plaque rupture lesions are 
characterized by a large necrotic core and an 
overlying thin disrupted fibrous cap infiltrated 
with macrophages and T lymphocytes (typically 
<65 µm) [27,28]. Exposure of the thrombogenic 
necrotic core to circulating platelets and inflam-
matory cells results in the formation of a lumi-
nal thrombus [27,28]. It is now accepted that the 
precursor lesion of plaque rupture, which lacks a 
luminal thrombus, is the vulnerable plaque, also 
known as thin-cap fibroatheroma (TCFA) [27–29]. 
The TCFA has a similar, but less pathological, 
morphology to plaque rupture, with a smaller 
necrotic core, less calcification and a fibrous cap 
with fewer macrophages [27]. 

The complexity of this type of lesion is further 
underscored by the great degree of heterogene-
ity in plaque morphology and the composition 
that one can encounter in a relatively short dis-
tance from a given necrotic core, varying from a 
vulnerable TCFA or a healed rupture to multi
ple acute ruptures [27]. In this context, the use 
of DES may be ineffective or even hazardous 
because delayed healing may further contribute 
to plaque instability, and systemic pharmaco-
logic treatment may therefore be preferred for 
the stabilization of vulnerable TCFAs [27]. It 
has been shown that DES can cause a signifi-
cant delay in arterial healing characterized by 
persistent peristrut fibrin deposition, minimal 
neointimal thickening and incomplete endo-
thelialization compared with BMS [17]. This 
partial endothelialization and delayed heal-
ing may in turn serve as a potent spur of late 
stent thrombosis associated with DES in AMI Ta
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patients [17,20,30]. Culprit lesions in AMI patients 
treated with DES are associated with a signifi-
cant delay in healing compared with patients 
treated with DES for stable angina, suggesting 
that the underlying plaque morphology plays a 
major role in the arterial response to DES [20]. 

Moreover, endothelial dysfunction promotes 
platelet aggregation, the release of vasoactive 
mediators and changes in the arterial wall, which 
have a major role in the progress of coronary 
artery lesions. The first DES designs have been 
associated with endothelial dysfunction, in both 
experimental and clinical studies [14,31–33]; there-
fore, their use in patients with ACS, in which 
all of these findings are interrelated, should be 
indicated with caution. 

Several invasive and noninvasive imaging 
techniques are currently being employed for 
the early detection and identification of TCFAs 
before plaque rupture and thrombosis  [34,35]. 
Intravascular ultrasound (IVUS)-based meth-
ods such as IVUS-virtual histology, can image 
the arterial wall, providing real-time informa-
tion on plaque volume and composition, ves-
sel remodeling, calcification and presence of 
necrotic core [34–36]. Optical coherence tomo
graphy (OCT) is a highly sensitive technique 
that can produce higher-resolution images than 
IVUS, from which detailed information about 
fibrous cap thickness, plaque microarchitecture, 
macrophage infiltration and thrombus can be 
extracted [34–36]. More recently, combinations of 
these tools have been used to enhance the detec-
tion of TCFA and lipid-rich plaques. For exam-
ple, IVUS-virtual histology was combined with 
OCT for the in vivo detection of TCFAs [37,38], 
which allowed for the first time the identifica-
tion of the frequency, distribution, morpho
logy and composition of high-risk plaques at 
bifurcations  [38]. Near infrared spectroscopy is 
now being used as a potential tool for identify-
ing the chemical composition of plaques, with 
an accurate delineation of their lipid-core con-
tent [34,35,39,40]. The use of near infrared spectro
scopy can provide additional information for 
clinical (PCI or coronary bypass graft surgery) 
and coronary revascularization decisions, such 
as stent design (DES or BMS) and stent length. 

All the aforementioned modalities for the 
detection of vulnerable lesions are invasive; 
therefore, only patients with clinical indication 
for coronary angiography can be treated with 
these modalities. Conversely, the noninvasive 
computed tomographic angiography (CTA) 
technique provides as high a resolution image 
of the vessel lumen as invasive angiography, 

but also provides an image of the vessel wall, 
which grants it with an IVUS-like character 
that can identify the morphology of unstable 
plaques [41–43]. The use of CTA for the detec-
tion of unstable coronary lesions is exemplified 
in Figure 1, which shows a large eccentric inter-
mediate mixed lesion with positive remodeling 
in the right coronary artery (RCA) of a patient 
detected by CTA but without severe stenosis by 
conventional angiography. At 2 years, the patient 
developed a STEMI with a tight lesion (>95%) 
in the mid-portion of the RCA, corresponding 
to the previous stenosis detected by CTA. A long 
BMS was deployed, which involved the proximal 
and mid portions of the RCA. 

Angioplasty with DES implantation 
in acute coronary syndromes 
& complex lesions subsets
As previously mentioned, coronary angioplasty 
with BMS implantation has become the most 
frequent revascularization strategy in patients 
with ACS. Moreover, an invasive strategy with 
PCI has significantly reduced the incidence of 
MACEs and reinfarction in those patients with 
ACS having either clinical or ECG markers at 
high risk (i.e., enzyme or inflammatory marker 
rise). Randomized clinical trials and registries 
have not yet established how we can improve 
these results with the introduction of DES. 
Despite a significant reduction on TLR, these 
studies have failed to demonstrate a benefit in 
the incidence of hard cardiac events associated 
with DES. 

Even though randomized trials advocate the 
use of DES versus BMS owing to a reduction of 
instent restenosis [44–50], most of these clinical tri-
als include a well-selected population, use surro
gate angiographic end points (e.g., restenosis and 
instent late luminal diameter loss) and some of 
them lack long-term outcomes. Moreover, most 
large randomized studies include TLR rather 
than TVR in their end  points, which favor 
the results of the DES arm compared with the 
BMS arm, although the patient’s clinical benefit 
depends on TVR and not on TLR.

Furthermore, results from randomized trials 
and registries have shown discrepancies, under-
scoring the selection bias of randomized stud-
ies. In fact, many revascularization procedures 
in those trials have been driven by protocol-
mandated coronary angiography. Similarly, in 
those randomized or observational studies with 
only clinically driven follow-up angiography, 
differences in TVR rates were less pronounced, 
as reported by the Basel Stent Cost–Effectiveness 
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Trial – Late Thrombotic Events (BASKET 
LATE) trial [51] and by two large registries from 
Sweden [52] and Denmark [53]. 

We now have new long-term data from random
ized trials and registries that raise a question about 
the real cost–effectiveness of DES in patients 
with complex lesion subsets [54]. This question 
regards the case of the diabetic patients included 
in the Sirolimus-Eluting Stent in De Novo Native 
Coronary Lesions (SIRIUS) trials [55] in which, 
surprisingly, at 5 years of follow-up, incidence 
of death and MI were significantly higher in the 
group treated with SES implantation. In these 
pooled data, incidence of both death and MI in 
the diabetic population was significantly higher 
than in the BMS group after the first year of fol-
low-up. At 4 years of follow-up in the Swedish 
Coronary Angiography and Angioplasty Registry 
(SCAAR) [52], which included a patient cohort 
with 80% of either NSTEMI or STEMI, the 
mortality rate in diabetic patients was found to 
be significantly higher compared with nondia-
betic patients and was independent of the stent 
design. We do not have a clear explanation for 
these findings, although diabetic patients have 
lesions that are more lipid-rich and softer, with 
more endothelial dysfunction and more prone 
to rupture than those in nondiabetic popula-
tions [56]. All of these pathology findings have 
also been described as part of the spectrum of 
ACS. Pathology studies have shown that diabetic 
plaques are characterized by a larger necrotic core, 
greater plaque burden and increased macrophage 
infiltration than those observed in nondiabetic 
patients, suggesting an increased vulnerability for 
coronary thrombosis [57,58]. 

In the Argentine Randomized Study Coronary 
Angioplasty versus Coronary Bypass Surgery in 
Multiple Vessel Disease (ERACI) III study [59], 

which is a nonrandomized comparison from pre-
vious BMS and coronary bypass graft surgery 
randomized data with a prospective registry with 
DES, a greater incidence of hard cardiac clini-
cal events at 5 years was observed in the DES 
cohort of patients. Finally, a large registry from 
Denmark [53], with more than 60% of the patients 
having ACS, reported a poor 4-year outcome in 
the DES group, with greater incidence of MI and 
stent thrombosis, in spite of a reduction in TLR.

These reports also underscore the value of 
long-term outcomes in patients treated with 
DES deployment to truly assess the effectiveness 
of these devices. Notably, some of these studies 
included a large cohort of patients with ACS, 
including NSTEMI and STEMI or Braunwald 
angina class IIIb and IIIc, in which the presence 
of endothelial dysfunction and plaque rupture 
plays a major role compared with those with stable 
clinical conditions. Plaque sealing, less degree of 
inflammation and complete endothelium stent 
strut coverage instead of reduction of TVR should 
be the main goals of stent deployment in patients 
with unstable coronary lesions with histological 
characteristics prone to plaque rupture.

Angioplasty with DES implantation 
in ST-elevation myocardial infarction
Since the introduction of BMS during primary 
PCI in STEMI [60], which was driven by sev-
eral randomized studies and registries, BMS 
implantation has become the standard practice 
of PCI in patients with STEMI. Both incidence 
of MACEs and recurrent ischemia have been 
significantly reduced with the use of BMS in 
the site of STEMI (Table 1). With the introduc-
tion of DES, the use of DES instead of BMS in 
patients with STEMI has emerged as a ratio-
nal PCI alternative in this particular subgroup 

A B C D E

*

Figure 1. Patient with positive remodeling in the right coronary artery detected by computed tomographic angiography. 
Patient with positive remodeling in the right coronary artery detected by computed tomographic angiography angiography (asterisk and 
arrows in A), with a nonsevere stenosis in the conventional angiogram (B). A total of 2 years later, an ST-elevation myocardial infarction 
developed with a tight stenosis in the mid portion of right coronary artery (C), corresponding to the previous stenosis detected in the 
computed tomographic angiography; a bare-metal stent was succesfully placed (D & E).
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of patients. Nevertheless, special awareness is 
needed in this cohort of patients with unstable 
coronary lesions, in which plaque composition 
and remodeling can play a main role in their 
safety long-term outcome. 

Several randomized trials have been conducted 
in recent years exploring the potential advantages 
of DES in patients with STEMI undergoing PCI 
[44–50,61–63]. In general, at short- and mid-term 
follow-up, DES have not been associated with 
an incremental risk of death and MI, with a sus-
tained benefit in terms of repeated revascular-
ization procedures (Table 2). Nonetheless, special 
attention to trial design and exclusion criteria 
should be taken into account before reaching any 
conclusions [64]. This is testified by the oppos-
ing results of two randomized trials regarding 
whether or not there is an advantage with DES 
over BMS in TLR or TVR rates, depending 
on the exclusion criteria [45,61]. Whereas the 
Paclitaxel-Eluting Stent versus Conventional 
Stent in Myocardial Infarction With ST-Segment 
Elevation (PASSION) trial [61], designed with no 
exclusion criteria, fails to show an advantage in 
TLR of DES versus BMS at 5 years of follow-
up, the Trial to Assess the Use of the Cypher 
Stent in Acute Myocardial Infarction Treatment 
With Balloon Angioplasty (TYPHOON) 
trial [45], designed with large exclusion criteria, 

reports an advantage of DES only related to 
rates of TVR. In addition, 3‑year data from the 
randomized Drug Elution and Distal Protection 
During Percutaneous Coronary Intervention 
in ST‑Elevation Myocardial Infarction 
(DEDICATION) trial [63] demonstrate that the 
DES cohort of patients had a greater incidence 
of all-cause mortality and significantly higher 
cardiac death compared with those included in 
the BMS arm.

Late or very late stent thrombosis have been 
associated with a high incidence of death and 
MI and may occur especially after discontinu-
ation or reduction of dual antiplatelet therapy 
(thienopyridines and aspirin) in patients with 
DES [65–67]. In one registry, after the second 
year of follow-up, late stent thrombosis was 
found in 5.3% of STEMI patients treated 
with DES versus 0.8% in the BMS group [68] 
and the benefit of DES over BMS in terms of 
TVR after 3 years was no longer apparent [69]. 
Late stent thrombosis in patients with STEMI 
treated with DES seems to be associated with 
positive arterial remodeling and large thrombus 
burden [66]; both findings have been linked to 
the presence of LASMA. Large thrombus bur-
den in patients with STEMI treated with DES 
has been reported with higher incidence of stent 
thrombosis (8.2 vs 1.3% with respect to small 

Table 2. Clinical outcomes after angioplasty with drug-eluting stent or bare-metal stent implantation in 
patients with acute myocardial infarction.

Study (duration, 
patients [n])

Treatment Overall 
death

Cardiac 
death

Re-MI TVR TLR Late ST Ref.

STRATEGY
(8 months, n = 175)

DES (%)
BMS (%)
p-value

8
9
0.78

7
9
0.60

7
20
0.01

6
20
0.006

0
0
>0.99

[44]

TYPHOON
(1 year, n = 712)

DES (%)
BMS (%)
p-value

2.3
2.2
1.00

2.0
1.4
0.58

1.1
1.4
1.00

5.6
13.4
<0.001

0.3
0.6
1.0

[45]

PASSION
(1 year, n = 619)

DES (%)
BMS (%)
p-value

4.6
6.5
0.30

3.9
6.2
0.20

1.7
2.0
0.74

5.3
7.8
0.23

0.3
0
NS

[61]

MISSION
(1 year, n = 310)

DES (%)
BMS (%)
p-value

1.3
2.6
0.44

1.3
1.3
1.0

5.7
9.2
0.24

5.1
13.2
0.01

3.2
11.2
0.006

0
0.7
0.49

[62]

MULTISTRATEGY
(8 months, n = 744)

DES (%)
BMS (%)
p-value

3.0
4.0
0.42

3.2
4.6
0.34

3.2
10.2
<0.001

[50]

DEDICATION
(3 years, n = 626)

DES (%)
BMS (%)
p-value

10.5
6.4
0.084

6.1
1.9
0.013

1.9
3.2
0.45

8.9
19.8
<0.001

6.1
16.3
<0.001

[63]

BMS: Bare-metal stent; DEDICATION: Drug Elution and Distal Protection During Percutaneous Coronary Intervention in ST-Elevation Myocardial Infarction; 
DES: Drug-eluting stent; MI: Myocardial infarction; MISSION: Prospective Randomized Trial to Evaluate the Efficacy and Safety of Drug-Eluting Stents versus 
Bare-Metal Stents for the Treatment of Acute Myocardial Infarction; MULTISTRATEGY: Multicentre Evaluation of Single High-Bolus Dose Tirofiban versus Bare-Metal 
Stent in Acute Myocardial Infarction; NS: Not significant; PASSION: Paclitaxel-Eluting Stent versus Conventional Stent in Myocardial Infarction With ST-Segment 
Elevation; ST: Stent thrombosis; STRATEGY: Single High-Dose Bolus Tirofiban and Sirolimus-Eluting Stent versus Abciximab and Bare-Metal Stent in Myocardial 
Infarction; TLR: Target lesion revascularization; TVR: Target vessel revascularization; TYPHOON: Trial to Assess the Use of the Cypher Stent in Acute Myocardial 
Infarction Treatment With Balloon Angioplasty.



Interv. Cardiol. (2010) 2(4)550 future science group

Review   Rodriguez & Rodriguez‑Granillo

thrombus burden; p < 0.001) and death and 
has been independently associated with poor 
outcome [70].

The Prospective Randomized Trial to Evaluate 
the Efficacy and Safety of Drug-Eluting Stents 
versus Bare-Metal Stents for the Treatment 
of Acute Myocardial Infarction (MISSION! 
Intervention) trial [62] reports 12.5 versus 37.5% 
(p < 0.001) of late stent malapposition in STEMI 
patients with BMS and DES, respectively, with 
25% of malappositions in DES patients being 
acquired during follow-up versus only 5% in 
BMS patients (p < 0.001). Furthermore, recent 
OCT studies in DES patients suggest a higher 
frequency of incompletely apposed and uncov-
ered struts in the STEMI group, and DES 
implantation was an independent predictor of 
incomplete stent apposition and the presence of 
uncovered struts at 6 months of follow-up [71]. 
Several mechanisms may account for the devel-
opment of late incomplete stent apposition, 
including positive remodeling of the vessel wall, 
decrease in plaque and media owing to resolu-
tion of thrombus in patients with STEMI, insuf-
ficient stent expansion during implantation and 
chronic stent recoil [62,66]. However, the first two 
processes are more likely to be associated with 
LASMA and appear to be an adverse effect of 
the drug on the arterial wall in patients treated 
with DES [62]. The clinical impact of this IVUS 
observation has been demonstrated by Cook 
et  al., who report a presence of LASMA in 
77 versus 12% (p < 0.001) of patients with very 
late stent thrombosis when compared with the 
DES control group [66]. 

The Global Registry of Acute Coronary Events 
(GRACE) provides insights into mortality out-
comes after PCI for STEMI patients receiving 
BMS only or at least one DES, with up to 2 years 
of follow-up [65]. This large multinational obser-
vational registry in patients with ACS affords 
very useful information regarding the role of 
DES in a real-world STEMI population. In spite 
of hospital mortality being higher for patients 
receiving BMS than those receiving DES (3.7 
vs 2.1%, respectively; p < 0.01), early follow-up 
mortality (from hospital discharge to 1 year) was 
the same in both groups and, most importantly, 
late mortality (from 6 months to 2 years) was 
significantly higher for patients receiving DES 
(1.6 vs 6.3%, respectively; p < 0.01). It is worth 
mentioning that the average GRACE risk score 
was higher among patients receiving BMS only, 
indicating that these patients were at a higher 
risk of death, which may explain the increase in 
hospital mortality in this group [65]. Overall, this 

study suggests that there may be an increased 
risk of late mortality associated with DES in 
patients with STEMI. 

Compliance with long-term dual antiplatelet 
therapy is also a key issue in patients having PCI 
during STEMI, because sudden discontinuation 
of this treatment can have catastrophic effects 
on poorly healed sites. Despite the apparent 
awareness of this, the prospective registry of 
MI patients known as the Prospective Registry 
Evaluating Myocardial Infarction: Events and 
Recovery (PREMIER) [23] demonstrates that 
13.6% of DES patients (~1/7) were not tak-
ing this medication 1 month after hospital dis-
charge. Importantly, patients who did not adhere 
to the medication exhibited an increase in both 
rate of mortality (7.5 vs 0.7%; p < 0.0001) and 
frequency of cardiac rehospitalization after 
1 year of MI compared with those patients who 
continued thienopyridine therapy. This raises 
the possibility of a bias being introduced in 
controlled clinical trials with selected patients 
in which prescribed medication and follow-up 
care is widely available, as opposed to registries 
representing real world and everyday practice. 
Moreover, the use of DES is further limited 
by subgroups of patients that are incompletely 
responsive, nonresponsive [72] or unsuitable [73] 
for long-term clopidogrel therapy.

Conclusion
Acute coronary syndromes including unstable 
angina at rest, NSTEMI and STEMI represent 
different degrees of a common pathologic find-
ing leading to plaque rupture and thrombosis. 
PCI clearly plays a major role in the treatment of 
this cohort of patients. Furthermore, we should 
proudly recognize that PCI in patients with 
STEMI is one of the selected clinical circum-
stances in all of cardiology in which a therapeu-
tic approach has undoubtedly demonstrated a 
survival advantage. 

The role of DES to further improve the results 
seen with BMS in patients with unstable coronary 
lesions and STEMI is questionable and currently 
unknown. Besides the unquestionable advantage 
in the reduction of coronary restenosis of DES, 
their safety profile in this cohort of patients is 
debatable and they could potentially be harmful. 

With the introduction of the latest DES 
designs, new agents have been incorporated into 
the field, featuring potential solutions for previous 
adverse effects linked with the first DES genera-
tion. Results from these new designs at midterm 
outcome are promising, although long-term 
safety outcomes are largely pending.
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Vascular healing, less endothelial damage, no 
endothelium dysfunction, stent struts coverage 
and so on are the main goals to fulfill when a 
stent design selection is made for patients with 
ACS. The introduction of new dedicated BMS 
with anti-thrombotic layers coating their sur-
face, as well as tailored self-expanding stents, 
is promising, although these devices still need 
further exploration. The use of paclitaxel-
eluting balloon stents also seems promising, but 
still requires long-term clinical, angiographic 
and IVUS data to fully assess its safety profile; 
in addition, we are also waiting results from 
randomized studies.

In conclusion, when a patient with an AMI 
is on the table at the catheterization labora-
tory, our primary aims should be to open the 
artery safely, save muscle, preserve ventricular 
function, reduce incidence of reinfarction and 
reocclusion of the infarct-related artery and 
improve survival. All of these primary goals are 
not linked with restenosis prevention; therefore, 
these clinical criteria should ultimately drive 
our stent selection in AMI patients.

Future perspective
The presence of stent thrombosis in patients 
with ACS and either unstable angina NSTEMI 
or STEMI is higher compared with stable angina 
patients, independently of the stent design 
used  [67]. The adverse effects associated with 
the first DES (late stent thrombosis, delayed 
healing, inflammation and endothelial dysfunc-
tion) and with the old BMS designs (high rate of 
coronary restenosis and TVR) are currently well 
known and clearly recognized. Therefore, the 
question of how we can potentially overcome the 
negative effects associated with these two stent 
designs that have large differences in vascular 
healing profiles remains.

�� New DES designs
During recent years, we have been able to 
understand the complex process of building 
the ideal DES design, in which a combination 
of safety and efficacy should be the main goal. 
Moreover, we have clearly recognized that min-
imal luminal diameter loss at follow-up should 
be reduced to improve late outcome, although 
the degree of such reduction is contentious [74–
76]. Some of the side effects with the first DES 
designs have been related to the presence of 
durable polymers [77,78], an essential feature 
in the first DES generation. The first SES and 
paclitaxel-eluting stent designs were built using 
permanent polymers (poly[ethylene-co-vinyl Ta
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acetate], poly[n-butyl methacrylate] and 
poly[styrene-b-isobutylene-b-styrene]), which 
add an extra factor that influences local vascu-
lar responses. Each of these polymers provokes 
a distinctive inflammatory reaction in ani-
mals; for example, giant cell infiltration with 
progressive granulomatous and eosinophilic 
reaction [79,80]. These data support the percep-
tion that durable polymers in DES technol-
ogy might provoke chronic inflammation and 
decreased safety/efficacy.

New technologies are arising with the 
introduction of biocompatible or biodegrad-
able polymers (e.g., polylactide, polyglycolide, 
poly[l-lactic acid] and poly[glycolic acid]) using 
asymmetric abluminal coating. The purpose of 
these new designs is to avoid or minimize the 
undesirable side effects linked to durable poly-
mers. Therefore, we now have positive random-
ized clinical trials with newer DES versus older 
generations. The industry is working hard to 

solve many of these problems. Results from 
trials using biodegradable and biocompatible 
polymers are encouraging, as testified by the 
approximate 1-year follow-up results from the 
Trial Comparing Everolimus-Eluting Stent 
with Paclitaxel-Eluted Stent (SPIRIT) II  [81], 
SPIRIT III [82], SPIRIT IV [101], Limus Eluted 
From a Durable versus Erodable Stent Coating 
(LEADERS) [83], ABSORB [84] and the Trial 
Comparing a Paclitaxel-Eluting Stent with 
Biodegradable Polymer versus a Bare-Metal 
Stent (EUCATAX) [85] trials (Table  3). In 
EUCATAX, a new DES design using a dual-
coating technology, a bioabsorbable polymer 
combined with a glycocalyx coating, showed 
significantly less late stent apposition compared 
with a BMS design, a unique finding that may 
be associated with the safety outcome of this 
device [85]. In fact, very late stent thrombosis was 
not seen with this new DES design. 

In addition, we are now using new drugs 
with different releasing profiles, which have 
significantly less endothelium dysfunction com-
pared with first-generation DES [86]. Absence 
of endothelium dysfunction either with new 
drugs or by complete degradation of the poly-
mer together with complete and fast release 
of the immunosuppressive agent have become 
key issues in stent design selection in patients 
with ACS. 

Conversely, in patients with large thrombus 
burden, the use of rheolytic thrombectomy 
before DES deployment has been associated 
with low incidence of stent thrombosis at late 
follow-up [66]; therefore, its use in circumstances 
of large thrombus burden should be suggested. 
A recent randomized clinical trial with this 
device reports a significantly lower rate of major 
adverse events at 30 days and 6 months of follow
-up [87]. It is reasonable that the use of aspira-
tion devices before DES or BMS implantation 
should be recommended during PCI in STEMI 

A B C D E

Figure 2. Patient with ST-elevation myocardial infarction. Patient with ST-elvation myocardial infarction with complete closure of 
the left anterior descending artery (A & B), treated first with rheolytic thrombectomy (C) and stent placement (D & E).

A B

A

B

*
*

*

*

*
*

Figure 3. Patient with acute ST-elevation myocardial infarction. Patient with 
acute ST-elevation myocardial infarction with large hematomas in the proximal and 
mid portions of the right coronary sinus detected by intravascular ultrasound and 
computed tomographic angiography (A & B); after stent placement, the 
hematomas was succesfully sealed (asterisks in B).
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when a large thrombus burden is observed. As 
an example, in Figure 2 we show one patient with 
AMI who has a large thrombus burden in the 
RCA and left anterior descending arteries, in 
whom rheolytic thrombectomy was performed 
before implantation of a BMS (see Figure 2 legend 
for details). 

�� New bare-metal stent designs
What are the potential solutions for the major 
limitations of BMS in patients with unstable 
coronary lesions (e.g., coronary restenosis)? We 
know that the vascular response to the heal-
ing process is the major advantage of BMS 
designs over DES, particularly in patients with 
unstable coronary lesions. Therefore, how can 
we improve the efficacy of the BMS without 
sacrificing safety? 

In recent years, the industry and research-
ers have introduced in pre- and observational-
clinical study BMS designs specially committed 
for patients with high-risk coronary thrombotic 
lesions. Recently, an observational study in 
patients with ACS with a semisynthetic coat-
ing of a BMS that mimics luminal endothelial 
cell glycocalyx (Camouflage®, Eucatech AG, 
Germany) has reported encouraging results in 
terms of safety outcome [88]. Camouflage coat-
ing provides a semisynthetic layer that serves as 
a model for a nonthrombogenic interface and 
promotes stent endothelialization. In fact, in 
this study, incidence of stent thrombosis was not 
found and an IVUS substudy during follow-up 
did not detect presence of late stent malapposi-
tion in STEMI patients. Furthermore, patients 
scheduled for an elective noncardiac surgery 
within the first month after stent deployment 
did not suffer any cardiac adverse events dur-
ing hospitalization or in the following 30 days 
after PCI procedure. This group of patients, 
unable to take clopidogrel for longer than 1 or 
2 weeks, are well known to be at high risk for 
catastrophic cardiac adverse events during the 
early hospitalization period [89,90]. 

In addition, a nitinol, self-expanding, tailored 
stent has been recently used to shield a vulner-
able plaque [35]. No restenosis or stent mal
apposition was detected by IVUS and OCT 

restudies at follow-up. In Figure 3, we report a 
patient having an acute inferior MI with a coro-
nary hematoma as a potential cause of subacute 
thrombosis. After successful implantation of a 
BMS, CTA and IVUS studies demonstrated 
complete sealing of the hematoma by the stent 
(asterisks in Figure 3B). In this patient, a balloon-
expandable BMS sized one-to-one by IVUS was 
deployed, although this case is a good example 
of the potential use of self-expanding stents in 
unstable coronary lesions.

�� Alternative therapies to DES
Another potential alternative to DES techno
logy is the use of drug-eluted balloon techniques, 
which have been successfully used to treat in-
stent restenotic lesions [91], bifurcations and 
small vessels coronary artery disease, and they 
are currently being tested in randomized stud-
ies in patients with STEMI. Furthermore, with 
the use of this drug-eluting balloon, primary 
implantation of a stent after the treatment is not 
mandatory; therefore, some of the side effects 
associated with stent implantation in STEMI 
will not be present with this device. 

We now have new tools beyond DES to reduce 
or prevent coronary restenosis using conven-
tional BMS designs. During the last decade, we 
have observed the results from randomized clini-
cal trials using systemic oral therapies after BMS 
implantation. All of these studies, although they 
did not include patients with STEMI, have sys-
tematically reported positive results using oral 
sirolimus, oral prednisone, oral thiazolidinedio-
nes or oral cilostazol [74,92–99]. Two of these stud-
ies have also reported sustained improvement at 
late follow-up [96,99]. 

None of the above therapies require long-
term antiplatelet therapy. We have to recognize 
that besides patients who are nonresponsive to 
clopidogrel, there are other subgroups of patients 
with limited compliance to that therapy, whose 
characteristics include older age, upper and 
lower digestive tract bleeding, patients under 
oral anticoagulation therapy or with concomi-
tant noncardiac illness [72,73]. Therefore, these 
patients are potential candidates for these  
alternative therapies.

Executive summary

�� Percutaneous coronary interventions with bare-metal stent implantation have become the standard of care in patients with ST-elevation 
myocardial infarction during the first hours after symptom onset. 

�� Drug-eluting stents in randomized clinical trials demonstrated a significant reduction of angiographic restenosis; however, its role in 
lesions having large thrombus burden or lesions containing thrombus could be controversial.

�� New drug-eluting stent designs with bioabsorbable polymers, dedicated bare-metal stents with antithrombotic coating layers, self-
expanding nitinol stents or lately drug-eluting balloons were recently introduced and discussed in the article.
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