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Abstract
Acute ST segment elevation myocardial infarction (STEMI) is characterized by complete thrombotic occlu​sion of a major coronary artery. Early recanalization of the infarct-related artery is most efficiently delivered by primary percutaneous coronary intervention (PPCI), however this does not always restore normal myocar​dial perfusion, mainly due to distal embolization of the thrombus and microvascular obstruction. Early evidence for manual thrombus aspiration during PPCI was pro​mising and this was once considered an important aspect of the procedure, especially in patients with a high thrombus burden. However, a large body of evidence from recent major randomized controlled trials (notably TASTE and TOTAL) does not support the routine use of manual thrombus aspiration in patients with STEMI undergoing PPCI.
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Core tip: The role of manual thrombus aspiration during primary percutaneous coronary intervention (PPCI) for acute ST segment elevation myocardial infarction (STEMI) has been a matter of significant research and intense debate recently. The rationale for manual thrombus aspiration during PPCI is the removal of intracoronary thrombus, thus avoiding the complication of downstream embolization leading to impaired myocardial perfusion. In this review article, we present the data from early clinical trials and meta-analyses of thrombus aspiration during PPCI, and the more recent evidence from larger multi-center randomized controlled trials that have had a major influence on clinical practice. We highlight the relevant major society guidelines for thrombus aspiration during PPCI and provide the reader with an overview of this technology and its role in contemporary management of STEMI.
INTRODUCTION
The common pathophysiological mechanism of acute coronary syndrome is sudden disruption of a coronary arterial plaque due to rupture, fissuring or superficial erosion leading to obstructive intracoronary thrombosis. Other less frequent mechanisms include acute plaque expansion, embolism, spontaneous dissection or coro​nary inflammation[1]. Acute ST segment elevation myo​cardial infarction (STEMI) is characterized by complete thrombotic occlusion of a coronary artery, with a great potential to cause a large myocardial infarction if not treated promptly. The primary therapeutic goal in STEMI, therefore, is early restoration of normal coronary blood flow, most efficiently delivered by primary percu​taneous coronary intervention (PPCI) in combination with adjunctive pharmacological treatment. PPCI aims to achieve myocardial salvage, electrical stability and preserve left ventricular function, improving both early and late outcomes after STEMI. 

However, restoration of epicardial coronary artery patency does not always equate with normal myocardial reperfusion. The hallmarks of reperfusion failure despite achieving arterial patency are microvascular obstruction and the no-reflow phenomenon. A high burden of intracoronary thrombus and subsequent distal embolization during PCI are possible major contributors to these events. Myocardial reperfusion failure clinically manifests as persistent ST segment elevation, poor myocardial blush grade (MBG) and low thrombolysis in myocardial infarction (TIMI) flow grade[2].

Earlier investigations revealed that angiographically distal embolization occurred in around 15% of patients undergoing PPCI[3]. Distal embolization was associated with impaired myocardial reperfusion, larger infarct size and an unfavorable prognosis. Further evidence of distal embolization and its impact on myocardial reperfusion is provided by intravascular ultrasound analysis (IVUS). In a study of 35 patients undergoing PCI for myocardial infarction, Kotani et al[4] applied volumetric IVUS analysis before and after PPCI to assess the plaque reduction as evidence of distal embolization. Plaque reduction following PPCI was associated with impaired myocardial reperfusion. “The enhanced myocardial efficacy and recovery by aspiration of liberated debris (EMERALD)” trial investigators, while investigating a distal balloon occlusion and aspiration system, demonstrated that visible debris was retrieved in 73% of the patients under​going PPCI[5]. Avoidance of distal embolization is hence a considerable therapeutic challenge during STEMI.  

PHARMACOLOGICAL AND MECHANICAL MEANS OF REDUCING THROMBUS

Pharmacological agents (especially glycoprotein Ⅱb/Ⅲa inhibitors), mechanical thrombectomy devices, embolic protection devices and manual aspiration thrombectomy catheters have been investigated over the past couple of decades as adjunctive therapies during PPCI with the aim of reducing thrombus burden and subsequent distal embolization. Glycoprotein Ⅱb/Ⅲa inhibitors inhibit the final common pathway of platelet activation and are a useful adjunct to PPCI, albeit with an increased risk of bleeding. While theoretically attractive, the clinical value of mechanical thrombectomy and embolic protection devices during PPCI is unproven, after several negative trials. Manual thrombus aspiration (thrombectomy) during PPCI is the focus of this review article. 

A major technical advantage of a manual thrombus aspiration device is its simplicity, consisting of a monorail catheter containing a central lumen that connects one or more large holes at the distal end to an aspiration syringe at the proximal end. The commonly used aspira​tion devices in clinical practice are Export® (Medtronic, MN, United States), Eliminate™ (Terumo), Pronto™ (Vascular solutions, MN, United States) Diver™ CE (Invatec, Italy), QuickCat (Spectranetics Inc, United States) and Hunter® (IHT Cordynamic, Barcelona, Spain). All these devices are formed on the same principle and convincing clinical advantage of one particular device over the other is lacking.

CLINICAL EVIDENCE 

Randomized controlled trials

A number of studies, including randomized clinical trials and subsequent meta-analyses have evaluated the clinical efficacy of routine manual thrombus aspiration during PPCI. In the initial “randomized evaluation of the effect of mechanical reduction of distal embolization by thrombus-aspiration in primary and rescue angiopla​sty (REMEDIA)” trial, 100 patients with STEMI were randomized to PPCI with or without manual thrombus aspiration (Diver™ CE). More patients in the manual thrombus aspiration group achieved MBG 2 or more and ST segment resolution (STR) of 70% or more (46% vs 25%)[6]. In “Thrombectomy with Export Catheter in Infarct-Related Artery During Primary Percutaneous Coronary Intervention” (EXPIRA) trial, 175 patients with STEMI were randomized to PCI with or without manual thrombus aspiration. The primary end points of MBG 2 or more (88% vs 60%) and STR of 70% or more (64% vs 39%) occurred more often in PCI with thrombus aspiration group compared with standard PCI. Patients in the aspiration group had less microvascular obstruction and smaller infarcts[7]. After 24 mo, major adverse cardiac events were 4.5% vs 13.7% and cardiac death was 0% vs 6.8%, respectively, in patients with PCI with manual thrombus aspiration compared with standard PCI[8].

INFUSE-AMI was a multicenter, single-blind trial of 452 patients presenting within 4 h of anterior STEMI undergoing PPCI with bivalirudin who were randomized in a 2 × 2 factorial design to bolus intracoronary abciximab vs no abciximab and to manual thrombus aspiration (using the Export® catheter) vs no thrombectomy. To maximize the likelihood of demonstrating a reduction in infarct size, enrollment was limited to the patients with proximal or mid LAD occlusion and baseline TIMI 0-2 flow. There was no significant difference in the infarct size at 30 d, the primary end point, in the throm​bus aspiration vs no aspiration arm (17% vs 17.3% respectively, P = 0.51) as assessed by cardiac magnetic resonance imaging[9]. 

Thrombus aspiration during primary percutaneous coronary intervention trial

The first large randomized controlled trial (RCT) evaluating use of manual thrombus aspiration (Export® catheter) during PPCI was “thrombus aspiration during primary percutaneous coronary intervention (TAPAS)”. In this single-center all-comers RCT, 1071 patients with STEMI were randomized, to either thrombus aspiration during PCI or standard PCI alone, prior to coronary angiography. The primary end-point was the post-procedural frequency of a MBG of 0 or 1. All patients received standard pharmacological therapy including the glycoprotein Ⅱb/Ⅲa inhibitor abciximab, unless contraindicated. Ninety-two percent patients underwent stent implantation in both groups. A MBG of 0 or 1 occurred less frequently in the thrombus aspiration group compared with the conventional PCI group (17% vs 26%, P < 0.001). Complete ST-segment resolution was more frequent in the manual thrombus aspiration group (56% vs 44%, P < 0.001). Atherothrombotic material was retrieved in 73% of the patients in thrombus aspiration group. Clinical outcomes at 30 d, including the rate of death and major adverse cardiac events, were significantly related to the MBG and ST-segment resolution. Rates of target vessel revascularization were similar between the two groups[10]. A 1-year follow-up study showed reduced rates of cardiac death (3.6% vs 6.7%) and cardiac death or non-fatal reinfarction (5.6% vs 9.9%) in the thrombus aspiration group[11]. The benefit of manual thrombus aspiration was irrespective of vessel size, infarct-related coronary artery or visible thrombus on the angiogram. A total ischemic time of less than 180 min was associated with a trend towards increased benefit (P = 0.09). Angiographically proven acute stent thrombosis (< 24 h) occurred with a similar frequency between both groups (0.2%) but subacute (1-30 d) and late stent thrombosis (> 30-365 d) was observed less frequently in the thrombus aspiration cohort (RR = 0.5, 95%CI: 0.19-1.32). The findings of TAPAS form the basis for major society guidelines recommending manual thrombus aspiration as an adjunct for PPCI. The trial, however, was criticized for being underpowered for clinical events and susceptibility to selection bias (single center study).

Thrombus aspiration in STEMI in Scandinavia and the Trial of Routine Aspiration Thrombectomy with PCI vs PCI alone in patients with STEMI trials

TASTE trial: The above inconsistent results were followed by the two major randomized controlled trials in the field, thrombus aspiration in STEMI in Scan​dinavia (TASTE) and the Trial of Routine Aspiration Thrombectomy with PCI vs PCI alone in patients with STEMI (TOTAL). TASTE was a multi-center (29 PCI centers in Sweden, 1 each in Iceland and Denmark), randomized study that utilized the platform of popu​lation-based “Swedish coronary angiography and angio​plasty registry”. A total of 7244 STEMI patients were randomized to PCI with manual thrombus aspiration or standard PCI alone[12]. The primary end point of all-cause mortality at 30 d was not different between the two groups (2.8% for thrombus aspiration with PCI vs 3% for PCI alone, P = 0.63). The majority of patients in TASTE had a low thrombus burden (thrombus grade 0-3). Bailout thrombus aspiration was performed in 4.9% patients assigned to PCI alone. The 30-d rates of secondary end-points (hospitalization for recurrent myocardial infarction, target-vessel revascularization, target-lesion revascularization, stent thrombosis and the composite of all-cause mortality or recurrent myocardial infarction) were not statistically different. The rate of stroke or neurological complication was identical (0.5%) in each group. The incidence of stent thrombosis, although statistically not significant, was lower (0.2% vs 0.5%, P = 0.06, HR = 0.47, 95%CI: 0.20-1.02) in the thrombus aspiration group. Similarly, hospital length of stay, incidence of heart failure or left ventricular dysfunction were all unaffected by manual thrombus aspiration. The failure to influence the primary end-point was consistent across all subgroups, including patients with diabetes, previous myocardial infarction, smokers and various measures of ischemic time. Outcomes in TASTE were similar irrespective of the infarct-related coronary artery, intra-arterial culprit segment (proximal vs non-proximal), TIMI flow grade before PPCI, use of glycoprotein Ⅱb/Ⅲa drugs and importantly thrombus burden. All-cause mortality at 1 year was a pre-specified secondary end-point of the study, which later reported no benefit of thrombus aspiration across all the major subgroups[13]. There were concerns that TASTE was underpowered to detect a difference in its primary end-point and also for its registry-based design (it was the first major trial ever to use this concept) with no separate, dedicated data monitoring and adjudicating set-up. 
TOTAL trial: The most recent and so far the largest trial evaluating the benefit of manual thrombus aspiration in PPCI is TOTAL. This multi-center, prospective, randomized controlled trial assigned 10732 patients with acute STEMI to routine upfront manual aspiration thrombectomy vs PCI alone[14]. Almost 80% patients had a high thrombus burden as assessed by TIMI thrombus grade 4 or 5. The primary outcome (com​posite of death from cardiovascular causes, recurrent myocardial infarction, cardiogenic shock, or New York Heart Association class Ⅳ heart failure within 180 d) was similar between the two groups (6.9% in the thrombus aspiration group vs 7% in the PCI alone group). The key safety outcome of stroke within 30 d occurred more frequently in the thrombectomy group compared to PCI alone group (0.7% vs 0.3%, P = 0.02). Within 180 d, stroke had occurred in 1% of patients with thrombectomy vs 0.5% in those without. The incidence of definite stent thrombosis within 180 d was similar between both groups (1.3% for thrombectomy vs 1.4%, P = 0.72). Bailout manual thrombus aspiration was performed in 7.1% patients originally assigned to PCI alone. As noted in TASTE, the negative primary trial outcome was consistent across all pre-specified subgroups, including those with high thrombus burden, initial TIMI flow, time of symptom onset and anterior vs non-anterior myocardial infarction. The strength of the trial was the study design and the large study population. Concerns were raised towards potential selection bias of a lower-risk population (in view of lower than expected event rates for the primary outcome) and bailout thrombus aspiration in PCI alone group[15] The finding of increased incidence of stroke in the thrombectomy group is potentially significant, however, the absolute number of stroke events was small. The trial was also underpowered to detect a difference in stroke. It is possible that the higher risk of stroke in the thrombus aspiration group was not directly related to the thrombectomy procedure, supported by the observation that the increased stroke risk was not confined to the periprocedural period. 
Observational studies: In a single-center retros​pective analysis of 2567 consecutive STEMI patients treated with PPCI, aspiration thrombectomy (n = 1095, using Export catheter in 93%) was associated with improved post-procedure TIMI 3 flow as well as reduced in-hospital (adjusted OR = 0.51, 95%CI: 0.29-0.93, P = 0.027) and long-term (adjusted HR = 0.69, 95%CI: 0.48-0.96, P = 0.028) mortality rates (4.5% vs 9.0%), over a mean follow-up of 9.9 mo. The study identified that the mortality benefit of thrombus aspiration was driven by results in patients with a total ischemic time of less than 180 min[16]. However, critics of the study called the extent of mortality reduction excessive and implausible[17].
In a retrospective observational cohort study of 10929 STEMI patients treated with PPCI at 8 centers across London, United Kingdom, manual aspiration thrombectomy (32.7%, n = 3572) was associated with a higher procedural success rate (90.9% vs 89.2%; P = 0.005) and lower in-hospital major adverse cardiac event rates (4.4% vs 5.5%; P = 0.012). However, no significant differences in the primary outcome of all-cause mortality were evident between patients with or without manual thrombus aspiration (14.8% vs 15.3% respectively; P = 0.737) during the median follow-up of 3 years[18]. 

Meta-analyses: A pooled analysis of 2686 patients enrolled in 11 thrombectomy trials (7 trials using manual aspiration devices such as TAPAS and EXPIRA and 4 non-manual devices trials) similarly concluded that thrombectomy (especially manual aspiration throm​bectomy) significantly improves clinical outcomes, including lower all-cause mortality, in STEMI patients undergoing PPCI[19]. However, the suggestion of im​proved clinical outcome with thrombectomy was questioned by a meta-analysis of 21 trials (including 16 with manual thrombus aspiration devices) involving 4299 PPCI treated STEMI patients which concluded that adjunctive thrombectomy, despite improving the early markers of myocardial reperfusion, does not significantly affect 30-d mortality, reinfarction or stroke[20]. A meta-analysis of 21 trials involving 4514 patients (50% randomized to thrombectomy, either manual or mechanical) concluded that while both types of thrombectomy did improve myocardial perfusion, a trend towards short-term mortality benefit was evident only with manual aspiration. The meta-analysis also observed a trend towards higher risk of stroke with thrombectomy (P = 0.06)[21]. Another meta-analysis of PPCI-treated STEMI patients included data from 25 trials, including 18 trials with manual aspiration thrombectomy; this study suggested that use of manual thrombus aspiration, but not mechanical thrombectomy, was associated with reduced major adverse cardiovascular events, including mortality, at 6 to 12 mo. A trend towards a higher risk of stroke was noted with mechanical thrombectomy[22]. 
Unlike the previous meta-analyses, two recent meta-analyses have included data from the large TASTE trial however both were performed before the publication of the largest and most reliable trial investigating the use of manual thrombus aspiration in PPCI (TOTAL). A recent meta-analysis of 26 PPCI randomized trials in 11943 patients (thrombus aspiration n = 5969, PCI alone n = 5974) and a weighted maximum follow-up duration of 10.4 mo concluded that the routine unselected use of adjunctive thrombus aspiration during PPCI does not significantly reduce all-cause mortality (polled RR = 0.88; 95%CI: 0.74-1.04; P = 0.124), reinfarction, target-vessel revascularization or definite stent throm​bosis. Although thrombus aspiration was noted to be associated with reductions in failure to achieve TIMI 3 flow, MBG 3, incomplete ST-segment resolution and distal emobolization, these effects were less obvious among the larger, higher quality recent trials. The risk of stroke was noted to be similar between both groups[23]. In another recent meta-analysis of 16 randomized trials in PPCI including 10518 patients (thrombus aspiration n = 5256, PCI alone n = 5262), routine use of manual thrombus aspiration compared to PCI alone did not reduce the rate of all-cause mortality (6.6% vs 7.4% respectively, P = 0.149), reinfarction, target vessel revascularization/target lesion revascularization and stent thrombosis. The rate of stroke was similar between the two groups (0.5% vs 0.5%, P = 0.819). Thrombus aspiration was associated with improved rates of post-procedural TIMI 3 flow, MBG 2-3 and ST-segment resolution[24].
GUIDELINES 

The 2014 ESC/EACTS guidelines on myocardial revascularization suggest that while routine use of manual thrombus aspiration is not essential in patients undergoing PPCI for STEMI, selected use may be useful to improve TIMI 3 flow or prevent stent thrombosis. Thrombus aspiration in selected patients during PPCI has a class Ⅱb indication (level of evidence A). These guidelines take into account the evidence including the TASTE trial but predate the publication of TOTAL trial, so far the largest trial addressing this question[25].

The 2013 ACCF/AHA Guideline for the Management of ST-Elevation Myocardial Infarction consider manual thrombus aspiration reasonable in patients undergoing PPCI. Thrombus aspiration in a PPCI setting is a class Ⅱa indication in these guidelines (level of evidence B). These guidelines predate the publication of TASTE and TOTAL trials[26]. 

CONCLUSION 

The success of PPCI for STEMI is marred by suboptimal myocardial reperfusion, despite achieving epicardial coronary patency, mainly secondary to distal embo​lization of the thrombus and microvascular obstruction. Early evidence for manual thrombus aspiration during STEMI was promising and this was once considered an important aspect of PPCI, especially in patients with a high thrombus burden. However, recent clinical evidence from major randomized controlled trials (notably TASTE and TOTAL) does not support the routine use of manual thrombus aspiration in patients with STEMI undergoing PPCI. 

REFERENCES
1
Libby P. Mechanisms of acute coronary syndromes and their implications for therapy. N Engl J Med 2013; 368: 2004-2013 [PMID: 23697515 DOI: 10.1056/NEJMra1216063]

2
Topol EJ, Teirstein PS. Percutaneous coronary intervention in acute ST segment elevation myocardial infarction. Textbook of Interventional Cardiology. 6th ed. Elsevier Saunders, 2011

3
Henriques JP, Zijlstra F, Ottervanger JP, de Boer MJ, van ‘t Hof AW, Hoorntje JC, Suryapranata H. Incidence and clinical significance of distal embolization during primary angioplasty for acute myocardial infarction. Eur Heart J 2002; 23: 1112-1117 [PMID: 12090749 DOI: 10.1053/euhj.2001.3035]

4
Kotani J, Mintz GS, Pregowski J, Kalinczuk L, Pichard AD, Satler LF, Suddath WO, Waksman R, Weissman NJ. Volumetric intravascular ultrasound evidence that distal embolization during acute infarct intervention contributes to inadequate myocardial perfusion grade. Am J Cardiol 2003; 92: 728-732 [PMID: 12972120 DOI: 10.1016/S0002-9149(03)00840-3]

5
Stone GW, Webb J, Cox DA, Brodie BR, Qureshi M, Kalynych A, Turco M, Schultheiss HP, Dulas D, Rutherford BD, Antoniucci D, Krucoff MW, Gibbons RJ, Jones D, Lansky AJ, Mehran R. Distal microcirculatory protection during percutaneous coronary intervention in acute ST-segment elevation myocardial infarction: a randomized controlled trial. JAMA 2005; 293: 1063-1072 [PMID: 15741528 DOI: 10.1001/jama.293.9.1063]

6
Burzotta F, Trani C, Romagnoli E, Mazzari MA, Rebuzzi AG, De Vita M, Garramone B, Giannico F, Niccoli G, Biondi-Zoccai GG, Schiavoni G, Mongiardo R, Crea F. Manual thrombus-aspiration improves myocardial reperfusion: the randomized evaluation of the effect of mechanical reduction of distal embolization by thrombus-aspiration in primary and rescue angioplasty (REMEDIA) trial. J Am Coll Cardiol 2005; 46: 371-376 [PMID: 16022970 DOI: 10.1016/j.jacc.2005.04.057]

7
Sardella G, Mancone M, Bucciarelli-Ducci C, Agati L, Scardala R, Carbone I, Francone M, Di Roma A, Benedetti G, Conti G, Fedele F. Thrombus aspiration during primary percutaneous coronary intervention improves myocardial reperfusion and reduces infarct size: the EXPIRA (thrombectomy with export catheter in infarct-related artery during primary percutaneous coronary intervention) prospective, randomized trial. J Am Coll Cardiol 2009; 53: 309-315 [PMID: 19161878 DOI: 10.1016/j.jacc.2008.10.017]

8
Sardella G, Mancone M, Canali E, Di Roma A, Benedetti G, Stio R, Badagliacca R, Lucisano L, Agati L, Fedele F. Impact of thrombectomy with EXPort Catheter in Infarct-Related Artery during Primary Percutaneous Coronary Intervention (EXPIRA Trial) on cardiac death. Am J Cardiol 2010; 106: 624-629 [PMID: 20723635 DOI: 10.1016/j.amjcard.2010.04.014]

9
Stone GW, Maehara A, Witzenbichler B, Godlewski J, Parise H, Dambrink JH, Ochala A, Carlton TW, Cristea E, Wolff SD, Brener SJ, Chowdhary S, El-Omar M, Neunteufl T, Metzger DC, Karwoski T, Dizon JM, Mehran R, Gibson CM. Intracoronary abciximab and aspiration thrombectomy in patients with large anterior myocardial infarction: the INFUSE-AMI randomized trial. JAMA 2012; 307: 1817-1826 [PMID: 22447888 DOI: 10.1001/jama.2012.421]

10
Svilaas T, Vlaar PJ, van der Horst IC, Diercks GF, de Smet BJ, van den Heuvel AF, Anthonio RL, Jessurun GA, Tan ES, Suurmeijer AJ, Zijlstra F. Thrombus aspiration during primary percutaneous coronary intervention. N Engl J Med 2008; 358: 557-567 [PMID: 18256391 DOI: 10.1056/NEJMoa0706416]

11
Vlaar PJ, Svilaas T, van der Horst IC, Diercks GF, Fokkema ML, de Smet BJ, van den Heuvel AF, Anthonio RL, Jessurun GA, Tan ES, Suurmeijer AJ, Zijlstra F. Cardiac death and reinfarction after 1 year in the Thrombus Aspiration during Percutaneous coronary intervention in Acute myocardial infarction Study (TAPAS): a 1-year follow-up study. Lancet 2008; 371: 1915-1920 [PMID: 18539223 DOI: 10.1016/S0140-6736(08)60833-8]

12
Fröbert O, Lagerqvist B, Olivecrona GK, Omerovic E, Gudnason T, Maeng M, Aasa M, Angerås O, Calais F, Danielewicz M, Erlinge D, Hellsten L, Jensen U, Johansson AC, Kåregren A, Nilsson J, Robertson L, Sandhall L, Sjögren I, Ostlund O, Harnek J, James SK. Thrombus aspiration during ST-segment elevation myocardial infarction. N Engl J Med 2013; 369: 1587-1597 [PMID: 23991656 DOI: 10.1056/NEJMoa1308789]

13
Lagerqvist B, Fröbert O, Olivecrona GK, Gudnason T, Maeng M, Alström P, Andersson J, Calais F, Carlsson J, Collste O, Götberg M, Hårdhammar P, Ioanes D, Kallryd A, Linder R, Lundin A, Odenstedt J, Omerovic E, Puskar V, Tödt T, Zelleroth E, Östlund O, James SK. Outcomes 1 year after thrombus aspiration for myocardial infarction. N Engl J Med 2014; 371: 1111-1120 [PMID: 25176395]

14
Jolly SS, Cairns JA, Yusuf S, Meeks B, Pogue J, Rokoss MJ, Kedev S, Thabane L, Stankovic G, Moreno R, Gershlick A, Chowdhary S, Lavi S, Niemelä K, Steg PG, Bernat I, Xu Y, Cantor WJ, Overgaard CB, Naber CK, Cheema AN, Welsh RC, Bertrand OF, Avezum A, Bhindi R, Pancholy S, Rao SV, Natarajan MK, ten Berg JM, Shestakovska O, Gao P, Widimsky P, Džavík V. Randomized trial of primary PCI with or without routine manual thrombectomy. N Engl J Med 2015; 372: 1389-1398 [PMID: 25853743 DOI: 10.1056/NEJMoa1415098]

15
Tilsted HH, Olivecrona GK. To Aspirate or Not to Aspirate: That Is the Question. JACC Cardiovasc Interv 2015; 8: 585-587 [PMID: 25907085 DOI: 10.1016/j.jcin.2015.01.014]

16
Noman A, Egred M, Bagnall A, Spyridopoulos I, Jamieson S, Ahmed J. Impact of thrombus aspiration during primary percutaneous coronary intervention on mortality in ST-segment elevation myocardial infarction. Eur Heart J 2012; 33: 3054-3061 [PMID: 22991455 DOI: 10.1093/eurheartj/ehs309]

17
Stone GW. Simple aspiration in acute myocardial infarction: too simple to be true? Eur Heart J 2012; 33: 3005-3007 [PMID: 23095986 DOI: 10.1093/eurheartj/ehs326]

18
Jones DA, Rathod KS, Gallagher S, Jain AK, Kalra SS, Lim P, Crake T, Ozkor M, Rakhit R, Knight CJ, Iqbal MB, Dalby MC, Malik IS, Whitbread M, Mathur A, Redwood S, MacCarthy PA, Weerackody R, Wragg A. Manual Thrombus Aspiration Is Not Associated With Reduced Mortality in Patients Treated With Primary Percutaneous Coronary Intervention: An Observational Study of 10,929 Patients With ST-Segment Elevation Myocardial Infarction From the London Heart Attack Group. JACC Cardiovasc Interv 2015; 8: 575-584 [PMID: 25907084 DOI: 10.1016/​j.jcin.2014.11.021]

19
Burzotta F, De Vita M, Gu YL, Isshiki T, Lefèvre T, Kaltoft A, Dudek D, Sardella G, Orrego PS, Antoniucci D, De Luca L, Biondi-Zoccai GG, Crea F, Zijlstra F. Clinical impact of throm​bectomy in acute ST-elevation myocardial infarction: an individual patient-data pooled analysis of 11 trials. Eur Heart J 2009; 30: 2193-2203 [PMID: 19726437 DOI: 10.1093/eurheartj/ehp348]

20
Mongeon FP, Bélisle P, Joseph L, Eisenberg MJ, Rinfret S. Adjunctive thrombectomy for acute myocardial infarction: A bayesian meta-analysis. Circ Cardiovasc Interv 2010; 3: 6-16 [PMID: 20118149 DOI: 10.1161/​CIRCINTERVENTIONS.109.904037]

21
De Luca G, Navarese EP, Suryapranata H. A meta-analytic overview of thrombectomy during primary angioplasty. Int J Cardiol 2013; 166: 606-612 [PMID: 22284272 DOI: 10.1016/j.ijcard.2011.11.102]

22
Kumbhani DJ, Bavry AA, Desai MY, Bangalore S, Bhatt DL. Role of aspiration and mechanical thrombectomy in patients with acute myocardial infarction undergoing primary angioplasty: an updated meta-analysis of randomized trials. J Am Coll Cardiol 2013; 62: 1409-1418 [PMID: 23665372 DOI: 10.1016/j.jacc.2013.04.025]

23
Spitzer E, Heg D, Stefanini GG, Stortecky S, Rutjes AW, Räber L, Blöchlinger S, Pilgrim T, Jüni P, Windecker S. Aspiration Thrombectomy for Treatment of ST-segment Elevation Myocardial Infarction: a Meta-analysis of 26 Randomized Trials in 11,943 Patients. Rev Esp Cardiol (Engl Ed) 2015; 68: 746-752 [PMID: 25979551 DOI: 10.1016/j.rec.2015.01.007]

24
Tanboğa İH, Topçu S, Aksakal E, Kurt M, Kaya A, Oduncu V, Sevimli S. Thrombus aspiration in patients with ST elevation myocardial infarction: meta-analysis of 16 randomized trials. Anatol J Cardiol 2015; 15: 175-187 [PMID: 25880174 DOI: 10.5152/akd.2015.6114]

25
Windecker S, Kolh P, Alfonso F, Collet JP, Cremer J, Falk V, Filippatos G, Hamm C, Head SJ, Jüni P, Kappetein AP, Kastrati A, Knuuti J, Landmesser U, Laufer G, Neumann FJ, Richter DJ, Schauerte P, Sousa Uva M, Stefanini GG, Taggart DP, Torracca L, Valgimigli M, Wijns W, Witkowski A. 2014 ESC/EACTS Guidelines on myocardial revascularization: The Task Force on Myocardial Revascularization of the European Society of Cardiology (ESC) and the European Association for Cardio-Thoracic Surgery (EACTS)Developed with the special contribution of the European Association of Percutaneous Cardiovascular Interventions (EAPCI). Eur Heart J 2014; 35: 2541-2619 [PMID: 25173339 DOI: 10.1093/eurheartj/ehu278]

26
O’Gara PT, Kushner FG, Ascheim DD, Casey DE, Chung MK, de Lemos JA, Ettinger SM, Fang JC, Fesmire FM, Franklin BA, Granger CB, Krumholz HM, Linderbaum JA, Morrow DA, Newby LK, Ornato JP, Ou N, Radford MJ, Tamis-Holland JE, Tommaso CL, Tracy CM, Woo YJ, Zhao DX, Anderson JL, Jacobs AK, Halperin JL, Albert NM, Brindis RG, Creager MA, DeMets D, Guyton RA, Hochman JS, Kovacs RJ, Kushner FG, Ohman EM, Stevenson WG, Yancy CW. 2013 ACCF/AHA guideline for the management of ST-elevation myocardial infarction: a report of the American College of Cardiology Foundation/American Heart Association Task Force on Practice Guidelines. J Am Coll Cardiol 2013; 61: e78-140 [PMID: 23256914 DOI: 10.1016/j.jacc.2012.11.019]

Footnotes
P- Reviewer: Grignola JC, Gulel O, Spinelli L    S- Editor: Tian YL    L- Editor: A    E- Editor: Liu SQ  
Conflict-of-interest statement: The authors have no conflict of interest to declare.

Open-Access: This article is an open-access article which was selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/
Peer-review started: June 1, 2015

First decision: June 18, 2015

Article in press: October 27, 2015







PAGE  
7

