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Introduction

Major advances have occurred during the last decade in 
the treatment of patients presenting with acute myocardial 
infarction (MI) (1). These include logistic improvements 
leading to the organization of efficient network programs 
that enable timely and optimal primary angioplasty 
procedures, the advent of novel antithrombotic regimens 
and the use of new-generation drug-eluting stents (DES) 
(1,2). Patients with ST-segment elevation MI (STEMI) 
are associated with a complex underlying coronary 
substrate leading to a higher rate of restenosis but also to 
a higher risk for stent thrombosis. The controversy on the 
value of first-generation DES versus conventional bare-
metal stents (BMS) in these patients was maintained for 
some years (1). Although DES were able to significantly 
reduce the restenosis rate the possibility of increasing 
the risk of late and very late stent thrombosis was a cause 

of concern (1). Suboptimal stent implantation (mainly 
undersizing) secondary to difficulties to accurately 
ascertain the true vessel size in the presence of vasospasm 
secondary to sympathetic activation and to the existence 
of a large residual thrombus burden, were implicated 
in the appearance of adverse long-term clinical events. 
Accordingly, careful thromboaspiration was advocated 
to optimize acute procedural results and to prevent the 
occurrence of late acquired malapposition resulting from 
the disappearance of the residual thrombus entrapped 
behind the stent (1,2). However, the widespread systematic 
utilization of manual thrombus aspiration during routine 
primary angioplasty procedures has been recently halted in 
the light of the negative results of 2 large controlled trials 
of routine thromboaspiration in STEMI powered for major 
clinical events (1,3). Moreover, the delayed healing and the 
potential toxic effects on the vessel wall leading to positive 
remodeling and late acquired malapposition occasionally 
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seen with first generation DES (4), were additional issues of 
concern explaining the delayed widespread adoption of DES 
in STEMI patients (1). Nevertheless, novel generation DES 
have proved to be not only more effective but also safer 
than first generation DES (5). Indeed, studies demonstrated 
that rates of stent thrombosis were even lower with second-
generation DES than with BMS (6). Importantly, in 
patients with STEMI, the EXAMINATION randomized 
clinical trial demonstrated that everolimus-DES (EES) were 
associated with a reduced rate of stent thrombosis compared 
with BMS (7). In this study EES also significantly reduced 
the rates of target-lesion revascularization (7). Moreover, 
the 5-year results of this randomized trial (8) confirmed that 
the sustained clinical efficacy of EES in STEMI patients 
may translate into a survival improvement.

Attractiveness of bioresorbable vascular 
scaffolds (BVS) in STEMI 

BVS represent a disruptive technology leading to a new 
revolution in interventional cardiology (1,9,10). Current 
generation BVS provide nearly the same scaffolding 
properties than metallic stents ensuring optimal acute 
anatomic results. However, to obtain a similar radial 
force and prevent acute recoil currently available BVS 
have thicker struts (150 μm). Actually, BVS maintain 
better conformability than new-generation metallic DES. 
However, the crossing profile and device pushability and 
deliverability remain a limitation of these devices specially 
in tortuous and calcified vessels (9,10). Likewise, as the 
dilation range is rather narrow optimal scaffold sizing 
remains of paramount importance to avoid fracture due 
to over-dilation. BVS elute the antiproliferative drug 
with a similar efficacy to metallic DES (9,10). In fact, the 
amount of everolimus eluded is larger from BVS than 
from EES. In favourable clinical and anatomic scenarios 
the long-term clinical and angiographic results of BVS 
appear to be comparable to those obtained with DES 
(9,10). Accumulating evidence also suggest the long-term 
clinical safety and efficacy of BVS used in more complex 
clinical and anatomic settings (11). Nevertheless, in a “real 
world” routine clinical practice some studies with an “all-
comers” design have suggested the possibility of increased 
risk of acute and subacute thrombosis associated with the 
use of BVS (12). The technical subtleties and nuances 
associated with the delivery and implantation of these 
early generation scaffolds (thicker struts and less flexible 
devices) have been implicated. Attention to adequate 

predilation, accurate sizing and optimal postdilation 
have been suggested to prevent these potential problems, 
especially in patients with complex lesions. The “soft” 
lesions that characterize STEMI patients (ruptured thin-
cap fibroatheromas with a large necrotic core, positive 
vessel remodelling and large intraluminal thrombus) may 
provide an ideal substrate for BVS implantation. Some 
investigators suggest a potential benefit of slight scaffold 
oversizing in these patients. However, the risk of no reflow 
phenomenon could be higher when aggressive post-dilation 
is systematically performed. The higher strut-to-vessel 
ratio that characterizes current BVS as compared with 
second-generation DES might facilitate the entrapment 
of the residual thrombus (“snow racket effect”) and 
prevent silent distal embolization or clinically evident no 
reflow phenomena. However, the potential risks of BVS 
implantation in a highly thrombogenic milieu, as in STEMI 
patients, should be critically assessed. In these patients, 
the use of thromboaspiration and novel potent antiplatelet 
agents (prasugrel or ticagrelor) before BVS implantation is, 
therefore, particularly appealing. 

The beauty of BVS is simply that they eventually 
completely disappear from the vessel wall after serving their 
function (9,10). Polymeric scaffolds consist of polylactide 
(a mixture of crystalline and amorphous poly-L-lactic acid) 
that is degraded to lactic acid that, in turn, is hydrolyzed to 
CO2 and H2O via the Krebs cycle (9,10). The absence of a 
permanent metallic cage and durable polymer coatings on 
the vessel wall is very attractive indeed. BVS may overcome 
some shortcomings associated with permanent metallic 
jailing of side-branches and the “freezing” of the vessel wall 
preventing remodelling phenomena able to compensate 
for plaque growth or even promote lumen enlargement. 
Furthermore, BVS dissipate concerns on the risks associated 
with delayed healing and endothelialization of the stent 
struts and those related with very late malapposition (5).  
Preliminary studies already suggest that coronary 
vasomotion and normal vessel wall physiology are restored 
at long-term follow-up after BVS implantation (13).  
In addition, the possibility of a significant reduction in 
the underlying plaque burden associated with late lumen 
enlargement has been recently suggested (14). Finally, in 
patients with acute coronary syndrome treated with BVS 
the late healing process appears to be associated with the 
development of a novel neointimal layer or “thick cap” 
that covers, seals and potentially “stabilizes” the underlying 
guilty pathologic substrate (15). All the advantages 
associated with this phenomenon known as late “vessel 
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restoration” could be of particular value in STEMI patients. 
In addition, STEMI patients tend to be younger and have 
proximal non-calcified culprit plaques with less extensive 
disease and, theoretically speaking, may particularly benefit 

from not having a long-life permanent rigid metallic 
structure on their coronary arteries. 

Typical examples of BVS results in STEMI patients are 
presented in Figures 1-4. 

Figure 1 Angiographic results of BVS in STEMI. A 61-year-old patient presented with an anterior STEMI. (A) Urgent coronary 
angiography revealed a very tight stenosis in the most proximal segment of the left anterior descending coronary artery (arrow). The 
angiographic image was suggestive of a large thrombus burden; (B) following thromboaspiration a BVS (3.5 mm × 18 mm) was implanted 
with an excellent angiographic result (yellow arrows indicate the edges of the BVS). BVS, bioresorbable vascular scaffolds; STEMI, ST-
segment elevation myocardial infarction.

A B

Figure 2 Optical coherence tomography images of the same patient as in Figure 1. (A-C) Images preintervention. (A) Plaque rupture (double-
headed arrow); (B,C) culprit plaque with intraluminal protruding thrombus (white arrows); (D-F) images after intervention. The characteristic 
black-box images of the fully expanded and well apposed BVS struts are readily depicted. Images suggestive of residual protruding thrombus 
(yellow arrows) and lipid plaque prolapse (white arrows) are also detected. *, wire artefact. BVS, bioresorbable vascular scaffolds.

* * *

*

*
*

A B C

D E F
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Figure 3 Angiographic images (left anterior oblique projection with cranial angulation) of a 68-year-old patient presenting with an anterior 
STEMI. (A) Before intervention an occlusion of the proximal segment of the left anterior descending coronary artery (arrow) was shown; (B) 
results immediately after BVS (3 mm × 12 mm) implantation (yellow arrows indicate the edges of the BVS); (C) findings at late (9 months) 
angiographic follow-up. STEMI, ST-segment elevation MI; BVS, bioresorbable vascular scaffolds.

Figure 4 Optical coherence tomography images of the same patient as in Figure 3, at 9-month follow-up. The black-box characteristic 
images of the BVS struts are still readily recognized. (A,B) A nearly complete coverage of the BVS struts is detected suggesting a favourable 
healing process; (C) site depicting the maximal neointimal proliferation showing a large residual coronary lumen. *, wire artefact. BVS, 
bioresorbable vascular scaffolds.

A B C

* * *

A B C

Studies addressing the value of bioresorbable 
vascular scaffolds (BVS) in STEMI

Several preliminary observational studies demonstrated 
the safety and feasibility of BVS implantation in STEMI 
patients (16-20). PRAGUE 19 (19) was a prospective 
registry where consecutive patients with STEMI were 
treated with BVS as a default strategy. Of 142 patients 
treated with primary angioplasty 41 (29%) fulfilled criteria 
for BVS implantation that was successful in 98% of cases. 

The event-free survival for patients treated with BVS was 
95% vs. 93% for a control group of STEMI patients treated 
with metallic stents. In a subsequent report from these 
investigators (20) computed tomographic angiography 
was performed after 1 year in 59 patients showing a binary 
restenosis rate of only 2%. Most of these early observational 
studies, however, were limited by the lack of a control 
group, small sample size and short-term follow-up. More 
recently Cortese et al. (18) analyzed 563 patients with 
STEMI included in a large Italian registry; of these, 122 
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received BVS and 441 EES. At a median of 220 days, no 
significant differences were observed in terms of patient-
oriented clinical end-points (BVS 4.9% vs. EES 7.0%, 
P=0.4); or individual endpoints including death (BVS 0.8%, 
EES 2.0%, P=0.4), MI (BVS 4.1%, EES 2.0%, P=0.2), 
target lesion revascularization (BVS 4.1%, EES 4.5%, 
P=0.8) or device thrombosis (BVS 2.5%, EES 1.4%, P=0.4). 
In addition, after careful propensity score matching, no 
differences in clinical endpoints were detected between BVS 
and EES at the longest available follow-up. 

In an elegant study Brugaletta et al. (21) compared the 
results of BVS with those obtained with EES and BMS 
in the EXAMINATION trial. In this study the results of 
290 consecutive STEMI patients treated with BVS were 
compared with those obtained in 290 STEMI patients 
treated with EES and 290 STEMI patients treated with 
BMS (21). A propensity score was used to adjust for 
potential confounders and obtain equally-sized groups of 
well-matched patients. Notably, pre and post-dilation was 
more frequently used in the BVS group. The primary end-
point of the study was a device-oriented clinical outcome 
measure that included cardiac death, target vessel MI and 
target lesion revascularization. Interestingly, the primary 
end-point at 30 days and 1-year follow-up was low and 
similar (4.1%, 4.1% and 5.9%) for BVS, DES and BMS. 
Although, the rate of definitive/probable stent thrombosis 
was numerically higher for BVS than for DES or BMS, 
the differences were not statistically significant. However, 
the trend for a higher rate of early thrombosis after BVS 
compared with EES (2.1% vs. 0.3%, P=0.059) was a cause 
of concern (21).

On the other hand,  results  from head-to-head 
randomized comparisons of BVS vs. DES in patients with 
acute coronary syndrome are scarce. The EVERBIO II 
trial (22) randomized unselected “all-comers” patients, 
many of them presenting with an acute coronary syndrome 
(39% of patients but only 10% with STEMI), to BVS, 
EES or biolimus-DES. The primary endpoint of the study, 
the angiographic late lumen loss at 9-month follow-up, 
did not differ among the groups (0.28 mm in the BVS 
group, 0.25 mm in the DES groups). In addition, the 
combined clinical outcome measure was similar in the 3 
arms. The ABSORB-STEMI-TROFI II was a multicenter 
randomized clinical trial that allocated (1:1) STEMI 
patients to BVS (95 patients) or EES (96 patients) (23).  
Randomization was performed after achievement of 
TIMI 2 flow following thrombus aspiration. In this trial 
thrombectomy was mandatory to reduce thrombus burden. 

Interestingly, postdilation was more frequently used in 
the BVS arm. Optical coherence tomography was used to 
compare arterial healing responses (non-inferiority design) 
with both devices as a surrogate for safety and efficacy. 
The primary endpoint was the comparison of the healing 
score (presence of uncovered struts, malapposed struts 
and intraluminal material) at 6 months assessed by optical 
coherence tomography (23). The healing score was lower 
(1.74 vs. 2.80, P for non-inferiority <0.001, P for superiority 
0.053) in the BVS arm. This was mainly driven by a higher 
rate of uncovered and malapposed struts in the EES arm. 
However, the mean neointimal hyperplasia area was larger 
(1.52 vs. 1.35 mm2, P=0.018) in the BVS group. In addition, 
on quantitative coronary angiography, the mean in-device 
late lumen loss at 6 months was higher (0.17 vs. 0.08 mm, 
P=0.024) in the BVS arm. Importantly, a device-oriented 
composite end-point (cardiac death, target vessel MI and 
clinically-driven target lesion revascularization) (1.1% 
vs. 0%) and stent thrombosis rates (1.1% vs. 0%) were 
similar in the BVS and EES arms, respectively. This study 
demonstrated that BVS implantation in STEMI patients is 
associated with a nearly complete arterial healing at follow-
up, with morphological findings comparable with those 
seen with EES (23). This is of potential clinical relevance 
considering previous studies suggesting superior healing 
characteristics of EES compared with first-generation DES. 

The currently ongoing ISAR-ABSORB-MI randomized 
trial (NCT 194207) is comparing the safety and efficacy of 
BVS with durable polymer EES (2:1 randomization scheme) 
in patients with acute MI. Patients with STEMI and those 
with non-ST segment elevation MI associated with a clear 
angiographic thrombus, are eligible. The primary outcome 
measure is the comparison of the percentage diameter 
stenosis at the protocol-mandated coronary angiography 
performed at 6-8 month follow-up using a non-inferiority 
study design. Main secondary clinical endpoints include 
a device-oriented composite clinical endpoint of cardiac 
death, target vessel-MI and target lesion revascularization 
and a patient-oriented composite clinical endpoint of death, 
any MI and any revascularization. Enrolling a total of 260 
patients is planned.

Conclusions

BVS are very appealing for selected STEMI patients. 
Results from available observational studies and randomized 
clinical trials are reassuring and very promising (16-23).  
Rates of early BVS thrombosis in adverse anatomic 
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scenarios, including the presence of a highly thrombogenic 
milieu, however, appear to be not negligible. Therefore, 
careful lesion preparation, accurate scaffold sizing and, 
when required, postdilation, appear mandatory to ensure 
optimal BVS implantation in this complex scenario. 
Furthermore, thromboaspiration may be of particular value 
in patients with a large thrombus burden. In addition, 
the use of novel potent antiplatelet drugs is also highly 
appealing in these patients with enhanced platelet activity. 
The improvement in radial strength and reduction in strut 
thickness of new-generation BVS will hopefully represent 
a major step forward favouring optimal BVS deployment 
in this challenging anatomic setting. Current clinical data 
come from observational retrospective studies, registries 
with a control group of patients treated with DES, and 
randomized studies designed for surrogate primary 
end-points but not powered for major clinical events. 
As the potential advantages of BVS over metallic DES 
theoretically should accrue over time, a longer follow-up of 
the available studies will shed additional light on this issue. 
Meanwhile, the currently available information should 
be just considered as very promising but just hypothesis-
generating. Further studies powered for clinical events are 
certainly needed to definitively establish the relative safety 
and efficacy of BVS versus new-generation metallic DES in 
STEMI patients. 
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