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Abstract
Primary percutaneous coronary intervention is the pre-
ferred reperfusion strategy for patients presenting with 
ST-segment elevation myocardial infarction (STEMI). 
First generation drug-eluting stents (DES), (sirolimus 
drug-eluting stents and paclitaxel drug-eluting stents), 
reduce the risk of restenosis and target vessel revas-
cularization compared to bare metal stents. However, 
stent thrombosis emerged as a major safety concern 
with first generation DES. In response to these safety 
issues, second generation DES were developed with 
different drugs, improved stent platforms and more 
biocompatible durable or bioabsorbable polymeric coat-
ing. This article presents an overview of safety and ef-
ficacy of the first and second generation DES in STEMI.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Primary percutaneous coronary intervention is 
the preferred reperfusion strategy for patients present-

ing with ST-segment elevation myocardial infarction 
(STEMI). First-generation drug-eluting stents (DES) 
reduce restenosis and target vessel revascularization 
compared to bare metal stents at the expense of an 
increased stent thrombosis rate. Recent improvements 
in second-generation DES have overcome these safety 
concerns. This article presents an overview of safety 
and efficacy of the DES in STEMI.
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INTRODUCTION
Primary percutaneous coronary intervention (PCI) has 
become a well-established reperfusion strategy for pa-
tients presenting with acute ST-segment elevation myo-
cardial infarction (STEMI)[1,2]. In this setting, bare-metal 
stents (BMS) reduced the risk of  recurrent ischemia 
and restenosis compared to balloon angioplasty[3]. First-
generation drug-eluting stents (DES)-sirolimus-eluting 
stents (SES) and paclitaxel-eluting stents (PES)-were also 
able to reduce the risk of  restenosis and target-vessel 
revascularization (TVR) compared to BMS in this con-
text[4,5]. However, stent thrombosis emerged as a major 
safety concern[6]. In response, second-generation DES 
were developed with different drugs, more biocompatible 
durable polymers or bioabsorbable polymeric coatings, 
and new stent platforms, including fully bioresorbable 
vascular scaffolds.

PATHOPHYSIOLOGY OF STEMI
As shown in Figure 1, STEMI is an event related to ath-
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erosclerotic plaque rupture, ulceration, fissuring, erosion, 
or dissection that results in intraluminal thrombus in one 
or more of  the coronary arteries, leading to decreased 
myocardial blood flow or distal platelet emboli with en-
suing myocyte necrosis[7,8]. During the early years after 
the introduction of  coronary stents, it was thought that 
implanting a metallic device under a thrombotic environ-
ment in the acute phase of  STEMI could increase the 
risk of  adverse outcome. However, refinement of  stent 
implantation technique and the development of  new anti-
thrombotic regimen have overcome those initial concerns.

PATHOPHYSIOLOGY OF STENT 
THROMBOSIS
The pathophysiology of  stent thrombosis includes pro-
cedure-, stent-, and patient-related factors (Figure 2). The 
PCI procedure for acute coronary syndrome, including 
STEMI, is one of  the most powerful predictors for stent 
thrombosis in the vast majority of  registries[9-14] (Fig-
ure 3). Late stent malapposition is common in STEMI 
patients and may eventually provoke stent thrombosis. 
Late malapposition may be linked to underdeployment 
of  stents at the time of  STEMI treatment, due mainly to 
dissolution of  thrombus behind the struts or undersized 
vessels due to the spastic condition of  the coronary ar-
teries in the acute phase of  STEMI[15]. Implanting DES 
over a necrotic core may also significantly delay healing, 
due to less neointimal growth and greater inflammation, 
fibrin deposits, and uncovered struts compared to DES 
implanted over coronary stable plaques[16,17]. 

Currently, patients are categorized as having early or 
late stent thrombosis. Early stent thrombosis is defined as 
occurring within 30 d of  implantation, and is further cat-
egorized as acute (events within 24 h) or subacute (events 
on day 1-30) thrombosis. Events that occur more than 30 
d postimplantation are classified as late stent thrombo-
sis, and those occurring beyond 12 mo as very late stent 
thrombosis[18].

Early and late stent thrombosis differ in their patho-
physiology and mechanism. Early stent thrombosis is 
mainly related to one or more procedural characteristics, 
such as stent underexpansion, incomplete stent apposi-
tion, dissection, thrombus, tissue protrusion, and per-
sistent slow flow. It may occur after either BMS or DES 
implantation.

Late stent thrombosis may result when neointimal 
healing is delayed, as this can lead to inadequate neo-
intimal coverage and/or to incomplete stent apposition. 
Evaluation of  angioscopy, optical coherence tomography, 
and autopsy revealed that first-generation DES are as-
sociated with delayed arterial healing due to hypersensi-
tive reactions to polymers that cause chronic inflamma-
tion[9,16]. These phenomena are typically observed more 
than 1 year after implantation.

SAFETY AND EFFICACY OF FIRST-
GENERATION DES IN STEMI
Twelve randomized controlled trials (RCTs) of  first-
generation DES outcomes in STEMI have been pub-
lished[4,5,19-33]. Comparisons were made as follows: BMS 
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Figure 1  Pathophysiology of ST-segment elevation myocardial infarction. A: Normal coronary artery; B: Coronary artery with early atheroma; C: Vulnerable 
plaque with thin fibrous cap; D: Ruptured plaque; E: Platelets aggregated to heal the ruptured plaque; F: Protruding thrombus; G: Thrombotic occlusion (acute myo-
cardial infarction). 



vs SES, 7 reports; BMS vs PES, 5 reports; PES vs SES, 2 
reports; BMS vs SES vs PES, 1 report (Table 1). 

The TYPHOON study[4] was the largest RCT to con-
sider SES, enrolling 712 patients to assess the effective-
ness and safety of  SES vs BMS at 1 year. Target-vessel 
failure was significantly lower in the SES (7.3%) than in 
the BMS (14.3%) group (P = 0.004), driven by a decrease 
in the rate of  TVR (5.6% vs 13.4%, respectively; P < 
0.001). There was no significant difference between the 
two groups in the rates of  mortality (2.3% vs 2.2%; P = 
1.00), repeat myocardial infarction (MI) (1.1% vs 1.4%; P 

= 1.00), or stent thrombosis (3.4% vs 3.6%; P = 1.00). At 
4-year follow-up[4], freedom from target lesion revascu-
larization was significantly better in the SES group, com-
pared to BMS (92.4% vs 85.1%; P = 0.002). However, no 
differences were observed, respectively, in freedom from 
cardiac death (97.6% vs 95.9%; P = 0.37), freedom from 
repeat MI (94.8% vs 95.6%; P = 0.85), or definite/prob-
able stent thrombosis (4.4% vs 4.8%, P = 0.83). Other 
studies have also reported that SES was superior or non-
inferior to BMS in mortality, repeat MI, TVR, and stent 
thrombosis rates[20-25,33] (Table 1). 
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Stent factors
   Type of drug
   Type of polymer
   Drug elution kinetics
   Stent design

Procedural factors
   Inadequate stent expansion/sizing
   Incomplete stent apposition
   Stent deployment in nercrotic core
   Residual edge dissection, thrombus, tissue protrusion
   Persistent slow flow

Patient factors
   Acute coronary syndrome/STEMI
   Diabetes mellitus
   Renal failure
   Impaired left ventricular function
   Cessation of dual antiplatelet therapy
   Aspirin nonresponsiveness
   Clopidogrel nonresponsiveness
   Glycoprotein Ⅱb/Ⅲa inhibitors
   Prior brachytherapy
   Malignancy

Lesion characteristics
   Lesion/stent length
   Vessel/stent diameter
   Complex lesions (bifurcation lesions, 
   chronic total occlusions)
   Saphenous vein graft target lesion

Stent thrombosis

Figure 2  Potential causes of stent thrombosis. STEMI: ST-segment elevation myocardial infarction.
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Figure 3 Multifactorial causes of late stent thrombosis. BMS: Bare metal stents; DES: Drug eluting stents; ACS: Acute coronary syndrome; STEMI: ST elevated 
myocardial infarction.
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GLIMPSE INTO THE FUTURE: NEXT-
GENERATION STENT PLATFORMS FOR 
STEMI?
A new, self-apposing stent has been developed to re-
duce malapposition, which may eventually provoke stent 
thrombosis. In the APPOSITION Ⅱ study, optical co-
herence tomography at 3 d after implantation showed a 
lower rate of  malapposed stent struts in the self-apposing 
BMS group than in the balloon-expandable group (0.58% 
vs 5.46%, P = 0.001)[47]. In the APPOSITION Ⅳ study, 
patients treated with a self-apposing SES had better ap-
position (P = 0.001) and better coverage at 4-mo follow-
up than the balloon-expandable ZES (31.6% vs 3.8%; P 
= 0.03)[48]. 

The micronet-mesh-covered stent has been devel-
oped to prevent distal embolization. In the MASTER 
study, complete ST-segment resolution was significantly 
improved in patients treated with micronet-mesh-covered 
stent, compared with commercially available BMS or SES 
(57.8% vs 44.7%; P = 0.008)[49]. 

NONPOLYMERIC STENTS IN STEMI
Nonpolymeric stents have been developed to avoid 
polymer-related delayed neointimal healing and late stent 
thrombosis, and several have undergone clinical investi-
gation (Table 3). However, most of  the clinical data have 
been gathered in low-risk patients without STEMI[50-56]. 
A small study showed that polymer-free PES (PF-PES) 
were noninferior to polymer-based PES (PB-PES) in pa-
tients with STEMI, both in terms of  target lesion failure 
(10.9% PB-SES vs 12.0% PF-PES; P = 0.861) and defi-
nite or probable stent thrombosis (1.8% PB-SES vs 2.0% 
PF-PES; P = 1.000) at one year[57].

BIORESORBABLE SCAFFOLDS IN STEMI
Fully bioresorbable vascular scaffold (BVS) was devel-
oped to overcome problems associated with a durable 
polymer and metallic scaffold. Disappearance of  the 
stent from the treated site might decrease the risk of  
stent thrombosis. So far, a few studies with short-term 
follow-up have been published about bioresorbable vas-
cular scaffold in STEMI or acute coronary syndrome[58-61]. 
Further studies in a larger number of  patients and long-
term follow-up are planned.

The ongoing ISAR-absorb MI trial (A Prospective, 
Randomized Trial of  BVS vs EES in Patients Undergo-
ing Coronary Stenting for Myocardial Infarction, www.
clinicaltrial.gov, NCT01942070) tests the clinical perfor-
mance of  the everolimus-eluting BVS vs durable polymer 
EES in patients undergoing PCI in the setting of  acute 
MI. The primary endpoint is percent diameter stenosis in 
angiographic follow-up at 6 to 8 mo. Subsequent clinical 
follow-up will be undertaken up to 5 years. 

Another ongoing study is ABSORB STEMI: the 
TROFI Ⅱ trial (www.clinicaltrial.gov, NCT01986803), a 

prospective, single-blind, noninferiority, European mul-
ticenter RCT. The primary endpoint is to assess the neo-
intimal healing score as evaluated by intracoronary optical 
frequency domain imaging in patients with STEMI and 
treated with everolimus-eluting BVS at 6 mo follow-up, 
compared to that of  EES. Furthermore, the safety and 
feasibility of  implanting everolimus-eluting BVS in pa-
tients with STEMI will be assessed.

CONCLUSION
The second-generation DES significantly reduced TVR 
compared with BMS, without an increase in mortality, MI, 
or stent thrombosis rates. In patients with STEMI, the use 
of  second-generation DES appears safer and more effica-
cious than either BMS or first-generation DES. Results of  
the ongoing ISAR-absorb trial and ABSORB STEMI: the 
TROFI Ⅱ trial will shed light on the potential benefits of  
the new BVS in the context of  STEMI. 
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