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Primary percutaneous coronary intervention (PCI) in ST-
segment elevation myocardial infarction (STEMI) has 
contributed, in association with optimized antithrombotic 
therapy, to a dramatic decline in mortality over the last 
decades (1). Among the numerous mechanisms that 
may participate to non-optimal myocardial reperfusion 
during or after the ischemia-reperfusion process, distal 
embolization of thrombus or debris during primary PCI 
appears as a cause to be prevented (2,3). Several device-
based strategies have been evaluated aiming at improving 
reperfusion success by reducing distal vessel occlusion and 
microvascular obstruction (4).

Filter devices for distal protection were intuitively 
relevant but, although visible debris could be captured, 
randomized studies failed to show a benefit in terms of 
reperfusion, final infarct size, and clinical outcome (5-7). 
To avoid distal embolization by mobilization of coronary 
thrombus during the acute phase of MI, another approach 
suggested to delay stenting when TIMI flow was preserved 
on the initial coronary angiogram. Of four randomized 
trials, only one (8), with the smallest population size, 
suggested a reduction of no-reflow and an improved 
myocardial salvage while the three others (9-11) reported no 
benefit on microvascular obstruction and clinical endpoints.

In addition to these approaches, thrombus-aspiration 
(TA) devices have been developed to remove the coronary 
thrombus from the culprit vessel rather than squeeze 
or dislodge it during stenting. However, the potential 

improvements of TA on the microcirculation do not 
consistently translate into clinical benefits. Indeed, a 
beneficial effect of TA was observed in the single-center 
TAPAS trial (12) but there was no significant survival 
benefit of TA in the TASTE trial (13) and in the TOTAL 
trial (14), the largest randomized trial in this setting with 
more than 10,700 STEMI patients. In an analysis of the 
pooled individual data of the 18,306 patients included in 
TAPAS, TASTE, and TOTAL, a numerically lower risk 
of cardiovascular death at 30 days (2.4% vs. 2.9%) was 
reported with TA, at the expense of a numerically higher 
risk of stroke or transient ischemic attack (0.8% vs. 0.5%), 
but none of these differences reached statistical significance 
(P=0.06 for both comparisons) (15). Following these data, 
routine TA in primary PCI patients was downgraded to a 
class III recommendation (16). However, the outstanding 
question remains whether a selective use of TA could 
improve microvascular reperfusion and achieve a substantial 
benefit in the subset of patients with a high risk of distal 
embolization (patients with a poor initial TIMI flow or 
with a large thrombus burden) (17). Although no large 
randomized study was performed on this specific situation, 
a recent sub-analysis of the TOTAL trial partly answers the 
question (18). In patients with high thrombus burden (TIMI 
classification thrombus grade ≥3, including total artery 
occlusion), that finally concerned the majority of patients 
(89% of the population), TA did not reduce the composite 
endpoint of cardiovascular death, MI, heart failure or 
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cardiogenic shock and was associated with an increased 
risk of stroke within 48 h of the procedure. This analysis 
emphasizes the need for an adequate procedural technique 
when aspiration is performed despite the negative trials: 
deep seating of the guiding catheter, slow advancement 
and retrieval of the catheter with continuous aspiration. 
However, thrombus grade after wire crossing, a key factor 
for decision-making, was not documented and distal 
embolization was significantly reduced following TA. 

Finally, direct stenting (DS), without balloon predilation, 
is another strategy to reduce vessel wall damage and the risk 
of thrombus fragmentation and embolization (19). On the 
other hand, there are significant downsides to DS including: 
underestimation of the true vessel size, failure to cross in 

tortuous or calcified lesions, incomplete lesion coverage, 
inadequate stent expansion and late stent malapposition, 
that may increase the risk of restenosis or stent thrombosis. 
A recent meta-analysis of seven trials of DS versus 
conventional stenting concerning 10,900 patients treated 
by drug eluting stents showed that DS was associated with 
reduction of soft endpoints (procedural time, radiation and 
contrast exposure) and, more interestingly, death/myocardial 
infarction and target lesion revascularization (20).  
However, only three small randomized trials evaluating 
DS have been conducted in STEMI, with conflicting 
results. While two studies found a benefit on the post-
procedure TIMI 3 flow rate (21) or on ST-segment 
resolution and a composite endpoint of no- or slow-reflow, 

Figure 1 Device-based strategies to reduce distal embolization in primary PCI for STEMI patients. Red boxes mean strategies not 
impacting distal embolization; orange box, strategies with controversial results in case of systematic use; green arrows, positive interaction 
between two strategies. PCI, percutaneous coronary intervention; STEMI, ST-segment elevation myocardial infarction.
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electrocardiographic changes, and clinical outcome (22), the 
most recent and largest study (23) found no difference in 
surrogate endpoints and 5-year clinical outcome. 

Acknowledging these controversial results, the different 
approaches could also achieve synergy to reduce distal 
embolization. TA has the potential to remove the thrombus 
from the culprit lesion allowing a better evaluation of lesion 
length and reference vessel diameter that could facilitate 
and optimize DS. The first randomized trial evaluating this 
association (24) included a relatively small population of 
196 STEMI patients and failed to demonstrate better post-
procedural ST-segment resolution after TA associated to 
DS in comparison to conventional stenting after predilation. 

Along this line, Mahmoud et al., performed the largest 
study comparing DS with conventional stenting and the 
interaction with TA in STEMI patients from a pooled 
analysis of the randomized TAPAS, TASTE and TOTAL 
trials (25). One third of the 17,329 patients underwent 
DS. DS was performed significantly more often in patients 
assigned by randomization to TA than in those assigned to 
conventional PCI (41% vs. 22%; P<0.001), suggesting that 
TA does indeed facilitate DS. A propensity matching was 
performed to reduce bias related to the non-randomized 
study design for DS, resulting in a cohort of 10,944 patients. 
There was no evidence of benefit or harm of DS and no 
significant interaction with TA, suggesting lack of synergy 
of the two procedures. Particularly, there was no significant 
difference for 1-year cardiovascular death or cerebrovascular 
events between DS and conventional stenting (2.7% vs. 
3.0%, adjusted P=0.55 and 1.2% vs. 0.9%, adjusted P=0.98, 
respectively). This analysis failed to demonstrate a favorable 
effect of DS on myocardial perfusion which had been the 
putative mechanism for a possible clinical benefit. Indeed, 
considering the patients with available data on myocardial 
reperfusion, there was only a trend to improved ST-segment 
resolution by DS (P=0.06) but no significant difference for 
myocardial Blush grade after adjustment. Even if this study, 
based on a very large population, addresses an important 
issue, some limitations should be noted: the post-hoc nature 
of the analysis, the different periods of the three studies, 
randomization for TA but DS performed selectively at 
operator’s discretion, myocardial perfusion data available 
only for two of the three trials, different degrees of 
operator’s experience, no specific evaluation or adjustment 
of anti-thrombotic therapy. The main limitation, inherent 
to the conduct of randomized studies, is the evaluation of 
a systematic use of TA or DS when clinical practice allows 
individualized approach based on clinical presentation, 

procedural considerations and operator’s experience. 
The different device-based strategies evaluated to reduce 

distal embolization and improve myocardial reperfusion, 
are illustrated in Figure 1, bearing in mind that these 
approaches are complementary with anti-thrombotic 
therapy including GPIIb/IIIa inhibitors and potent P2Y12 

inhibitors.  
In conclusion, device-based strategies may have a limited 

effect to reduce microvascular obstruction and distal 
embolization in STEMI management. However, even if no 
meaningful benefit on clinical outcomes was detected, DS 
can still be performed as no safety concerns were raised. 
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