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 review

Primary percutaneous coronary 
intervention: devices to prevent 
no-reflow phenomenon

Primary percutaneous coronary intervention, where available, has become the therapy of choice in 
myocardial reperfusion during ST-elevation myocardial infarction. However, in a significant proportion 
of patients, owing to a high thrombus burden, myocardial perfusion is not fully achieved in the epicardial 
vessel. This phenomenon has been attributed predominantly to the distal embolization of thrombus 
particles and atherosclerotic plaque debris resulting in an association with poorer short- and long-term 
outcomes, including heart failure and death. Pharmacological measures, such as adequate antiplatelet 
therapy, glycoprotein IIb/IIIa antagonists and coronary vasodilators, have been employed with the aim 
of reducing this phenomenon, with limited success. This clinical need has led to the development of devices 
dedicated to evacuating or trapping thrombus during intervention to reduce the risk of distal embolization 
during percutaneous coronary intervention. Controversies regarding the benefits that have been achieved 
with the use of these devices and additional novel approaches, such as the mesh covered stent, will be 
discussed in this article.
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The superiority of primary percutaneous coro-
nary intervention (PPCI) over conventional 
thrombolytic treatment for ST-elevation myo-
cardial infarction (STEMI) has been demon-
strated in randomized controlled trials (RCTs). 
This has resulted in it becoming the treatment of 
choice when available [1–3]. PPCI aims to restore 
normal coronary arterial perfusion and is suc-
cessful in most cases. However, in up to 40% 
of patients, normal perfusion is not completely 
achieved despite successful treatment of the 
occlusive culprit lesion, as evidenced by reduced 
thrombolysis in myocardial infarction (TIMI) 
flow, failure of ST-segment resolution (STR) and 
poor  myocardial blush grade (MBG) [4].

This phenomenon, known as no or slow 
reflow in its most pronounced manifestations, 
has been associated with adverse clinical out-
comes and has been attributed to a combina-
tion of distal embolization of plaque debris, 
vasoconstriction and reperfusion injury [5,6]. 
Several STEMI studies demonstrated that per-
cutaneous coronary intervention (PCI) resulted 
in approximately 15% distal embolization rate 
[7,8]. Microembolization may lead to the occlu-
sion of arterioles in the microcirculation, thus 
impairing end myocardial perfusion, whereas 
embolization of larger atherosclerotic particles 
can lead to the occlusion of prearterioles and 
side branches [9,10]. The resulting capillary 
edema, along with endothelial dysfunction 

and leukocyte activation, leads to impaired 
oxygen delivery and eventually to myocardial 
cell necrosis [11]. It is, therefore, not surprising 
that in patients with no reflow, infarct sizes 
are larger, early postinfarction complications 
are more common and longer-term outcomes, 
such as left ventricular function and survival, 
are worse [12–15]. According to the TYPHOON 
STEMI trial, 7.5–14.3% of patients with acute 
myocardial infarction (MI) treated with primary 
PCI experience major adverse cardiac events 
(MACEs), including cardiac death, heart attack 
and restenting of the artery [16].

Protection & thrombectomy devices 
in PPCI
In limited instances, distal embolization may 
occur with spontaneous reperfusion or in asso-
ciation with diagnostic angiography; protection 
devices, in these cases, would be of reduced 
value. However, the clinical need to limit such 
phenomena and the fact that distal embolization 
appears to occur predominantly at the time of 
intervention in association with a large thrombus 
burden, has led to the development of dedicated 
devices to prevent this problem [10]. 

These devices, although aimed at reducing 
the thrombus burden washed downstream, fall 
into three categories: protection (distal or proxi-
mal), thrombectomy devices and mesh-covered 
stent. Although distal protection devices have 
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demonstrated efficacy in preventing reduced 
flow following saphenous vein graft interven-
tions [17], studies, to date, have failed to demon-
strate a benefit for these devices in the setting of 
PPCI [18–20]. Although not proven, it seems likely 
to be due to the native coronary artery not being 
a conduit vessel with a tapered vessel caliber and 
multiple side branches emerging and escaping 
protection. This, associated with imperfect 
vessel-wall apposition by the assessed devices, 
appears to be the principal cause for their lack 
of benefit in native coronary occlusion treated 
by PPCI for STEMI. Potential additional expla-
nations include embolization during passing of 
the device, embolization prior to device crossing 
and the possibility that the microvasculature is 
already dysfunctional prior to use of the device. 
It should, however, be noted that distal protec-
tion devices have not been evaluated by RCTs 
in PPCI in vein grafts. Proximal protection 
overcomes some of these limitations, including 
poor wall apposition, side-branch escape close 
to the occlusion and intervention site, as well 
as a small distal vessel. The limitations of these 
systems are that the vessel needs to be occluded 
and aspirated during the intervention, possibly 
causing an even greater ischemic area, as well 
as the possibility of bringing thrombus to more 
proximal sites and branches.

To date, evidence appears to be more prom-
ising for thrombectomy devices, as recog-
nized by recent international guidelines [21]. 

Thrombectomy devices vary in design and 
mechanism of action but can be broadly divided 
into two groups depending on the presence or 
absence of a motorized system.

Mechanical thrombectomy
Mechanical thrombectomy devices vary in their 
working mechanism depending on their ability 
to actively fragment atherosclerotic thrombus 
material prior to aspiration (Table 1). The Angio-
Jet® (MEDRAD, PA, USA), X-Sizer® (eV3 Inc., 
MN, USA) and Rinspirator™ System (eV3 Inc.) 
catheters are capable of such active thrombus 
fragmentation.

 n AngioJet
The mechanism in the AngioJet rheolytic throm-
bectomy (RT) system (Figure 1) involves the deliv-
ery of pressurized heparinized saline from the 
catheter, where saline jets travel backwards cre-
ating a low-pressure zone and, thus, a powerful 
vacuum effect. Thrombus, as a result, is drawn 
back into the catheter, where it is fragmented 
by the saline jets prior to being evacuated from 
the body. 

The use of the AngioJet system as an adjunct 
in PPCI has been tested in three randomized 
trials. An initial single-center study enrolling 
100 patients demonstrated a reduction of infarct 
size as assessed by Tc-99m sestamibi scintigraphy 
and better STR when compared with standard 
PPCI [22]. The larger, multicenter, randomized 

Table 1. Mechanical thrombectomy devices.

device 
(manufacturer)

description

AngioJet® (MEDRAD, 
PA, USA)

Rheolytic thrombectomy system consisting of a drive unit, a disposable pump set and a thrombectomy catheter 
that tracks over a guidewire (6 F compatible)
High-velocity saline jets are directed back into the catheter, creating a low-pressure zone at the distal tip 
(Bernoulli principle), which results in suction, break-up and removal of thrombus through the outflow lumen 
(Figure 1)

X-Sizer® (eV3 Inc., MN, 
USA)

Double lumen over-the-wire system (7 F compatible) with a helical shape cutter at its distal tip 
The cutter rotates at 2100 rpm driven by a handheld battery motor unit
One catheter lumen is connected to a 250-ml vacuum bottle, and aspirated debris is collected in an inline filter
Two or three passages across the lesion are performed (Figure 2)

Rinspirator™ (eV3 Inc.) Double lumen over-the-wire system (6 F compatible) for simultaneous aspiration and infusion of heparinized 
saline
Injection of saline through perforations located proximal to the aspiration hole of the catheter generates 
turbulent flow that rinses the vessel wall, detaches any adherent thrombus and simultaneously evacuates the 
thrombotic material from the vessel

Rescue™ (Boston 
Scientific, MA, USA)

4.5 F aspiration catheter advanced over a guidewire through a 7 F guiding catheter
The proximal end of the catheter has an extension tube connected to a vacuum pump (0.8 bar) with a collection 
bottle
The catheter is slowly advanced and pulled back through the thrombus, while continuous suction is applied

TransVascular Aspiration 
Catheter® (Nipro, 
Osaka, Japan)

Single lumen catheter (7 F compatible) with a beak-shaped distal tip
The catheter is attached to an aspiration pump for vacuum formation and removal of thrombotic material
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AiMI trial that included 480 patients, however, 
failed to reproduce these initial findings [23]. 
Importantly, the MACE rate was higher in the 
thrombectomy group, driven by an increase in 
30-day mortality. The discrepancy between the 
two studies could be explained to some extent 
by the complexity of the device and, therefore, 
the impact of operator experience in its use. 
This also may explain the higher rate of coro-
nary perforation observed in the AiMI trial. 
In addition, TIMI 3 flow prior to intervention 
was encountered significantly more often in the 
standard PPCI than in the thrombectomy group, 
potentially biasing the differences in infarct size 
between the two groups. Finally, angiographic 
evidence of thrombus was absent in a large per-
centage of both groups (25%) raising the possibil-
ity that the AngioJet device is best suited in cases 
with significant and visible thrombus burden. 
Use of the AngioJet device, on the other hand, 
has been associated with an increased incidence 
of symptomatic bradycardia, thus requiring 
positioning of a temporary pacing wire, which, 
in itself, is not without potential complications. 
Both of these studies were performed over 7 years 
ago with suboptimal antiplatelet regimens [22,23]. 

The recently published JETSTENT trial 
aimed to answer the questions raised by the 
previous two conflicting studies [24]. It recruited 
501 patients, all of whom were treated with dual 
antiplatelet therapy (300-mg aspirin and 600-
mg clopidogrel) and glycoprotein (GP) IIb/IIIa 
antagonists. Exclusion criteria included TIMI 
thrombus grade <3 and infarct artery refer-
ence diameter <2.5 mm on visual assessment. 
The presence of thrombus as a prerequisite for 
entry into the study was an important difference 
between the JETSTENT and AiMI studies. No 
significant difference in STR, angiographic end 
points or myocardial infarct size between the 
AngioJet and conventional treatment groups 
were detected by Tc-99m sestamibi scanning. 
Interestingly, however, a significant decrease in 
MACE was noted at 6 and 12 months in the 
AngioJet group, driven primarily by a lower 
incidence of death and target-vessel revascu-
larization. This was attributed by the authors 
to improved myocardial perfusion and better 
stent length and diameter assessment following 
RT. The results of the JETSTENT, however, 
need to be interpreted with caution. In this 
study, infarct size and STR, both established 
surrogates of prognosis following MI, showed 
no benefit with the AngioJet device. It is, there-
fore, difficult to explain what drives the MACE 
advantage associated with its use. Owing to this 

anomaly and the associated costs of the device, 
it has not gained widespread clinical acceptance 
in PPCI.

 n X-Sizer
The X-Sizer device consists of a dual-lumen 
hydrophilic-coated catheter shaft connected to 
a handheld control module (Figure 2). Once the 
catheter is engaged, the vacuum captures the 
thrombus, and the helical cutter present inside 
the inner lumen and inside the distal tip shears 
this off. The efficacy of the X-Sizer catheter in 
STEMI patients has been assessed in three ran-
domized trials, and although it has been shown 
to improve STR at 60 min post-PCI, achieve 
better angiographic flow, reduce no reflow and 
distal embolization of atherosclerotic plaque 
debris, its use did not provide significant clini-
cal benefit at 1 and 6 months (X-AMINE ST 
trial) [25–27]. Moreover, the routine use of the 
X-Sizer catheter in PPCI is limited by its rigid-
ity and, thus, inability to navigate tortuous and 
heavily calcified vessels, as well as by its bulky 
size, which limits its use to vessels >2.5 mm and 
without very tight lesions. In one study, failure of 
X-Sizer thrombectomy was encountered in 24% 
of cases, and this was associated with increased 
incidence of 30-day adverse events [28]. It has 
also been associated with an increased risk of 
coronary artery perforation [29].

 n Rinspirator
The Rinspirator system is a newer non-manual 
thrombectomy device consisting of three lumens. 
The first is a standard coronary guidewire lumen, 

Figure 1. The AngioJet® (MedrAd, PA, UsA) rheolytic thrombectomy 
system. Active thrombus fragmentation by pressurized, heparinized saline. 
(A) Saline jets travel backwards at high speed to create a negative pressure zone 
(less than -600 mmHg), causing a powerful vacuum effect. (B) Cross-stream® 

windows optimize the fluid flow for more effective thrombus removal. 
(C) Thrombus is drawn into the catheter where it is fragmented by the jets and 
evacuated from the body.
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whereas the second allows for distal aspiration. 
The third lumen allows injection of a rinsing 
solution (heparinized saline) through perfora-
tions located proximal to the aspiration lumen 
and distributed circumferentially along a short 
length of the catheter. This generates turbulent 
flow that rinses the vessel wall, detaches any 
adherent thrombus and simultaneously evacu-
ates the thrombotic material from the vessel. 
According to the initial data from an interna-
tional registry, this device is safe and its use does 
not seem to be associated with higher compli-
cation rates [30]. To date, however, no clinical 
benefit has been established.

 n Vacuum thrombectomy
The TransVascular Aspiration Catheter® (Nipro, 
Osaka, Japan) and Rescue™ (Boston Scientific, 
MA, USA) devices do not offer active throm-
bus fragmentation, but as they are connected 
to motorized vacuum units they can be consid-
ered mechanical thrombectomy devices. Only 
the TransVascular Aspiration Catheter system 
has shown some promise based on the results 
of a multicenter randomized trial (VAMPIRE) 
[31]. This study showed a marginal benefit of 
thrombectomy on myocardial perfusion as 
assessed by final TIMI flow and MBG, with the 
most benefit observed in patients presenting 6 h 
after symptom onset. MACE rates were similar 
at 30 days to standard PPCI, but a significant 
reduction in MACE was seen at 8 months in 
the thrombectomy group, mainly as a result of 
lower rates of revascularization in the treatment 
group. This was attributed to the better TIMI 
flow following thrombectomy, which may have 
facilitated better selection of stent diameter and 
length, as well as to the removal of inflamma-
tory thrombus material. The use of glycoprotein 
IIb/IIIa inhibitors and drug-eluting stents were 
not allowed in the VAMPIRE study and it has 
been conjectured that in the presence of such 
adjunctive pharmacological intervention, the 
rate of future revascularization in the control 

group may have been more comparable to that 
of the treatment group. 

The Rescue system has not been shown to 
improve infarct size or myocardial salvage as 
measured by sestamibi SPECT, nor have a ben-
eficial effect on STR, MBG and left ventricular 
ejection fraction in randomized trials. Equally 
important, it has been associated with a high rate 
of procedural failure in the randomized trial by 
Kaltoft et al. and other study groups due to failure 
of the catheter to reach the culprit lesion [32–35].

 n Meta-analyses
In a meta-analysis including multiple devices, 
Bavry et al. showed that routine use of mechani-
cal thrombectomy in setting of PPCI appears to 
significantly increase mortality 5.3 versus 2.8% 
for PCI alone, whereas the use of embolic pro-
tection devices has no impact on survival [36]. 
Negative results of mechanical thrombectomy 
in this meta-analysis were driven primarily by 
the largest study in this category – the AiMI 
trial (AngioJet system) that showed increased 
infarct size and 30-day mortality rate in RT 
group. It must be noted that very low mortal-
ity rate was observed in patients treated with 
PCI alone (0.8 vs 4.6% in patients treated with 
adjunct RT; p = 0.02). Limitations of this work 
are described above.

Another meta-analysis, the ATTEMPT study, 
which included pooled analysis on 2686 indi-
vidual patients’ data from 11 randomized trials, 
comparing thrombectomy plus PPCI with stan-
dard PPCI, showed that allocation to mechani-
cal thrombectomy devices, particularly those 
which involve thrombus fragmentation prior to 
aspiration, failed to produce a survival benefit 
[37]. These data are in agreement with a recent 
meta-analysis by Costopoulos et al., showing 
that although mechanical thrombectomy was 
associated with better STR, it failed to produce 
any benefit in regarding to MBG, TIMI 3 flow, 
mortality and MACE [38]. When taken alone, 
mechanical vacuum aspiration was shown to 
improve STR and MBG but not TIMI 3 flow. 
Improvement in clinical outcomes was not seen 
with mechanical vacuum devices, although this, 
to some extent, could be the result of low overall 
patient numbers from the four pooled RCTs.

There are several possible explanations for 
the disappointing results seen with mechanical 
thrombectomy. First, they tend to be bulkier and 
have a longer setup time, resulting in longer proce-
dure times. In fact, all mechanical thrombectomy 
trials [23,27,33,39] showed longer procedure time 
compared with conventional PCI, a finding not 

Figure 2. The X-sizer system® (eV3 Inc., MN, UsA). (A) Helical cutter inside the 
inner lumen of the catheter. (B) Handheld module.
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present in the manual aspiration trials [31,40,41]. 
Such differences in procedure times may have an 
impact especially in patients presenting within 
3 h of the onset of infarction. Second, mechani-
cal thrombectomy devices are more complex to 
operate than manual aspiration catheters, with 
resultant less favorable learning curves. Operator 
and staff experience regarding the use of these 
complex devices is, thus, important and perhaps 
limited if one considers that most PPCIs occur 
out-of-hours when staffing levels are reduced and 
the likelihood of complications is higher. They 
are, therefore, best avoided in routine PPCIs, 
although they may have a role in patients with 
large vessels and a particularly heavy thrombus 
burden as some studies suggest [42]. 

Manual thrombectomy
Manual thrombectomy devices offer a major 
benefit over their motorized equivalents, in that 
they are much simpler to use. Most of these sys-
tems comprise a monorail catheter with a central 
lumen, which communicates with one or more 
holes located at the tip. The catheter is connected 
proximally to a syringe for manual aspiration. 
Manual thrombectomy devices in current clini-
cal use include the Pronto™ (Vascular Solu-
tions, MN, USA), Export® (Medtronic, MN, 
USA), Diver™ CE (Invatec, Roncadelle, Italy), 
QuickCat™ (Spectranetics Inc., CO, USA) and 
Hunter® (IHT Cordynamic, Barcelona, Spain) 
amongst others (Table 2). All of these devices are 
based upon similar principles, but differ in terms 
of catheter material, aspiration lumen size and 
configuration, with theoretical differences in 
deliverability and thrombus extraction.

 n Trial results
The first randomized PPCI trial that tested a 
manual thrombectomy device was the REME-
DIA study (Diver CE), which randomized a 
small number of patients (n = 99) to PPCI plus 
manual thrombectomy or standard PPCI [40]. 
Results showed that Diver CE device delivery 
was not only successful and safe, but its use was 
also associated with significantly better MBG 
and STR, as well as decreased risk of no reflow, 
slow reflow and distal embolization. A subgroup 
analysis showed that patients with an occluded 
artery or higher thrombus burden benefited 
most from manual thrombus aspiration. These 
positive findings, however, did not extrapolate 
to a clinical advantage, as the study was under-
powered to assess this as an end point. In another 
small (n = 76) randomized study, De Luca et al. 
found that in patients with anterior STEMI, 
the use of Diver CE was associated with better 
postprocedure MBG and more effective STR 
at 90 min [43]. Echocardiography 6-months 
post-PPCI showed that thrombectomy use was 
associated with smaller end-diastolic and end-
systolic volumes. These beneficial effects in LV 
size again did not lead to improved clinical out-
comes compared with the standard PCI group, 
although here too the study was underpowered 
to detect any clinical benefit. Similar results to 
the De Luca et al. and REMEDIA studies were 
observed in the slightly larger (n = 196) mul-
ticenter randomized PIHRATE trial, where 
no difference between the groups in 6-month 
mortality or re-infarction rate were observed [44]. 

The efficacy of the Pronto catheter (Figure 3) in 
acute MI was examined in the DEAR-MI trial 

Table 2. Manual thrombectomy devices.

device (manufacturer) description

Diver™ CE (Invatec, Roncadelle, 
Italy)

Dual-lumen catheter with hydrophilic coating (6 F compatible)
It has a central aspiration lumen running through its full length and a soft tip with multiple holes 
communicating with the lumen
A 30-ml Luer lock syringe is connected to proximal end for blood aspiration and clot removal

Pronto™ (Vascular Solutions, MN, 
USA)

Dual-lumen, monorail design (6 F compatible) catheter
The smaller lumen accommodates a standard 0.014-inch guidewire
The larger extraction lumen allows the removal of the thrombus, which is aspirated in a 30-ml 
syringe
The catheter has a rounded distal tip designed to maximize thrombus aspiration and to protect the 
vessel, while advancing and during aspiration

Export® (Medtronic, MN, USA) 6 F catheter, which crosses the target lesion over a floppy guidewire and aspirates the thrombus into 
a 20-ml syringe
The aspiration rate is >30 ml of fluid per minute
The total usable length is 145 cm

QuickCat™ (Spectranetics Inc., CO, 
USA)

Dual-lumen catheter with hydrophilic coating (6 F compatible)

Hunter® (IHT Cordynamic, 
Barcelona, Spain)

Dual-lumen catheter (6 F compatible)
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where 148 patients were randomized to standard 
PCI or PCI plus manual thrombectomy. The 
thrombectomy group showed improved STR 
as well as reduced incidence of distal emboliza-
tion and no reflow [41]. Pronto catheters used in 
PPCI include the V3 and low-profile versions 
with the latter being able to tackle vessels as 
small as 1.5 mm.

The Export catheter (Figure 4) has been tested in a 
number of trials. In the EXPIRA trial 175 patients 
were recruited with STR and MBG being set as 
primary end points. The secondary end point was 
MACE at 9 months [45]. GP IIb/IIIa inhibitors 
were used in all patients and no restrictions were 
set regarding stent type (i.e., bare-metal stent 
vs drug-eluting stent). In fact, stents were used 
in the majority of the patients (58%) and their 
use was similar in both groups. Results showed 
that manual thrombectomy was associated with 
improved STR at 90 min, better MBG, as well as 
reduced microvascular damage and infarct size at 
3 months as assessed by cardiac MRI (only ante-
rior STEMI patients; n = 75). A lower incidence 
of cardiac death in the thrombectomy group 0 
versus 4.6% (p = 0.02) was observed at 9 months. 
Recently, published data from the same trial at 
24 months confirm a clinical benefit associated 
with manual thrombectomy in the terms of 
MACE and cardiac death [45].

The Export catheter was also used in the larger 
TAPAS trial [46]. This was a single-center ran-
domized trial that recruited 1071 patients. All 
the patients received standard therapy, including 
GP IIb/IIIa inhibitors, unless contraindicated. 
MBG and STR were significantly improved 
in the thrombus aspiration group. In addition, 
manual thrombectomy was associated with a 
lower incidence of cardiac death and nonfatal 

re-infarction at 1 year. Importantly, target-ves-
sel revascularization did not differ significantly 
between the two groups, indicating that the 
clinical benefit observed with manual throm-
bectomy was not owing to a lower incidence of 
further intervention. Although the TAPAS trial 
did not assess infarct size or left ventricular func-
tion, results suggest that manual thrombectomy 
in STEMI patients improves myocardial perfu-
sion, and this seems to confer a survival benefit 
at 1-year follow-up. Surprisingly, however, the 
survival benefit seems to be more pronounced 
and not in keeping with the degree of MBG and 
STR benefit.

In contrast to single-center studies, multi-
center aspiration trials have largely been negative. 
Conflicting results regarding infarct size reduc-
tion or improved clinical outcomes are possibly 
due, in part, to differences in patient selection, 
devices and study methodology. Moreover, 
many patients enrolled in these trials had a small 
amount of myocardium at risk (e.g., nonanterior 
MI); presented up to 12 h after infarct onset, 
well beyond the time window for effective myo-
cardial salvage; or both. Interestingly, the most 
recent multicenter prospective trial, in which 
452 patients presenting early with large anterior 
STEMI undergoing primary PCI were random-
ized in a 2 × 2 factorial design to bolus intra-
coronary abciximab versus no abciximab and 
to manual aspiration thrombectomy versus no 
aspiration (Infuse-AMI trial [47]), failed to show 
infarct size reduction assessed by cardiac MRI or 
30-day MACE reduction in the thrombus aspira-
tion group. This study was specifically designed 
to maximize the likelihood that a reduction in 
infarct size could be demonstrated with intra-
coronary abciximab, aspiration thrombectomy, 
or both, if indeed such a reduction truly exists. 

It should be noted that the majority of ran-
domized trials have shown that manual throm-
bectomy is associated with improved MBG, STR 
and TIMI flow, all of which are well-known pre-
dictors of future clinical events. However, until 
the TAPAS trial, most studies were statistically 
underpowered to demonstrate clinical benefit. 

 n Meta-analyses
In the absence of large, multicenter trials 
adequately powered to assess long-term out-
come, meta-analyses can contribute to our 
understanding. 

In a Bayesian meta-analysis, including 21 trials 
(16 that used a simple aspiration thrombectomy 
device), Mongeon et al. found that thromb-
ectomy yielded substantially less no reflow, more 

Figure 3. Pronto™ (low profile; Vascular solutions, MN, UsA) extraction 
catheter. (A) Silva tip designed to extract larger thrombi while preventing vessel 
wall adhesion. (B) Aspiration performed through separate port to eliminate need to 
change connections after removing stylet.
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STR and more TIMI 3 perfusion, but there was 
no evidence of reductions in death, recurrent 
MI or stroke 30-day post-MI. Restriction of 
the analysis to trials that used simple aspiration 
thrombectomy devices did not yield substan-
tially different results [48]. The fact that clinical 
end points were not reduced likely reflects low 
statistical power to detect such differences. The 
overall number of end points were relatively low, 
and was based on enrollment of relatively low-
risk patients (mortality only 3.2% in the largest 
trial, for example), and the very short follow-up 
period [49].

A pooled analysis of 2686 individual patients 
from 11 randomized trials, comparing throm-
bectomy plus PPCI to standard PPCI, the 
ATTEMPT study, showed that allocation to 
thrombectomy was associated with signifi-
cantly lower MACE and death plus MI rates [37]. 
Importantly, the survival benefit of thrombec-
tomy was not only present at 1-year follow-up, 
but continued in the subgroup of patients that 
was followed beyond this. 

Moreover, ATTEMPT showed that the sur-
vival advantage of thrombectomy was confined 
only to patients treated by manual thrombec-
tomy with an estimated 34 patients needed to 
be treated to prevent one death at 1 year. In 
addition, subgroup analysis showed that the 
greatest benefit from thrombectomy was seen 
in patients treated with GP IIb/IIIa inhibitors, 
suggesting that these should be used routinely 
with thrombectomy. 

The recent meta-analysis of ten randomized 
trials assessing manual thrombectomy (most 
of them single-center trials including STEMI 
patients with time from symptoms onset to 
intervention less than 12 h) performed by Cos-
topoulos et al., not only showed that manual 
thrombectomy was associated with better STR, 
MBG and TIMI 3 flow rate, but also a 43% 
mortality reduction (p = 0.04) and strong trend 
towards benefit when the composite of death, 
stroke and MI was examined (relative risk: 37%; 
p = 0.05) [38]. These findings are in agreement 
with the meta-analysis performed by Bavry et al. 
[36] and the recent abstract by Kikkert et al., who 
examined 5851 patients concluding that aspira-
tion thrombectomy is associated with improved 
survival [50].

Current evidence supports the routine use 
of manual thrombectomy in PPCI, as this has 
been shown to improve angiographic, electro-
physiological, as well as clinical outcomes, 
in PPCI patients. Its effect is likely to be the 
result of reduced distal embolization and, thus, 

improved myocardial reperfusion, as well as 
more precise assessment of stent parameters. It 
also favors direct stenting over lesion prepara-
tion with predilatation possibly due to distal 
embolization. 

Although vessel tortuosity, calcification and 
poor guide catheter support may not allow the 
use of thrombectomy devices in all cases, their 
benefits are becoming more widely recognized. 
It is, therefore, not surprising that manual 
thrombectomy has received a class IIa level of 
evidence B indication in PPCI in the recent 
American College of Cardiology/American 
Heart Association and the European Society of 
Cardiology guidelines [51,21].

In order to provide a conclusive answer to the 
thrombectomy dilemma, three large multicenter, 
prospective RCTs are currently being conducted. 
First, the world’s largest study of thrombus aspi-
ration in MI, ongoing in Scandinavia, compar-
ing PPCI and prior manual thrombectomy with 
PPCI. It is planned to include 5000 patients 
over 29 centers in three countries. Primary end 
points are time to all-cause death at 30 days. 
The results should be available in the near future 
(TASTE trial) [101]. The second trial is ongoing 
in 27 centers of Korea, comparing PPCI with 
thrombectomy using Export catheter to PPCI. 
It is planned to include 1400 patients. Primary 
composite end points of cardiac death, Q-wave 
MI and triple vessel disease will be assessed 
12 months after index intervention. The results 
should be available in 2014 (ETAMI trial) [102]. 
Finally, the TOTAL trial, a Canadian-based 
study aimed at including 4000 patients, is cur-
rently randomizing STEMI patients to manual 
aspiration followed by PCI with PCI alone [103]. 
Primary outcomes are cardiovascular death, 
MI, cardiogenic shock and class 4 CHF up to 
180 days.

Figure 4. export® AP Aspiration system (Medtronic, MN, UsA). (A) Soft, 
short, forward-facing tip for increased deliverability and effective thrombus 
aspiration. (B) The aspiration system.
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Mesh-covered stent
Neither mechanical nor pharmacological strate-
gies have successfully prevented the thrombotic 
complications coupled with PCI in the context 
of high thrombotic burden. Although not strictly 
within the definition of thromb ectomy devices, a 
new strategy has been developed in recent years 
to reduce the risk of distal embolization during 
PCI in STEMI patients. The MGuard™ sys-
tem (Inspire-MD, Tel-Aviv, Israel) was designed 
using a conventional stainless steel bare-metal 
stent covered with an ultrathin flexible polyeth-
ylene theraphthalate (or Dacron) mesh sleeve 
that is anchored to the external surface of the 
struts ( Figure 5). During stent deployment, the net 
stretches and slides over the expanding stent struts, 
trapping the thrombo embolic debris underneath 
the fiber net and isolating the prothrombotic inti-
mal components from the blood stream. These 
characteristics make this device very attractive for 
any intervention where thromboembolic compli-
cations might affect procedural and clinical suc-
cess, such as PCI in a STEMI setting. However, 
at present, major randomized trials are still lack-
ing to characterize the clinical and/or prognostic 
u tility of the MGuard stent device.

Several feasibility registries and trials have 
been completed using this approach.

 n Trial results
The first two studies were conducted in Ger-
many and Brazil and included 71 patients with 
either saphenous vein graft coronary interven-
tions or native coronary lesions treatable by a 
stenting procedure [52,53].

The first study in STEMI patients was con-
ducted in Poland and included 60 patients. The 
purpose was to confirm the clinical performance 
of MGuard stents in primary PCI. Predilatation 
was performed in 62% of cases and thrombus aspi-
ration in 18%. TIMI 3 blood flow in the infarct-
related artery was achieved in 90% of patients with 

myocardial blush grade 3 in 73% of patients and 
complete (>70%) STR was achieved in 61% of 
patients. No case of no-reflow phenomenon was 
observed intraprocedurally, nor MACE during the 
6-month follow-up [54].

In a UK registry of 51 patients with STEMI, 
procedural success was achieved in all patients 
with final TIMI 3 flow, STR (>50%) in 96% 
of patients. In-hospital MACE (cardiac death) 
was in 4% of patients, up to 12-month follow-
up MACE was 6% of patients (all target-vessel 
revascularization) [55].

An Italian multicenter registry of 100 STEMI 
patients, including 16 patents with cardiogenic 
shock, reported postprocedural mean TIMI flow 
grade 2.85, post-PCI MBG3 was achieved in 
90% of patients, STR (>70%) in 90% of patients. 
During in-hospital follow-up, seven deaths and 
two cases of stent thrombosis occurred. After 
hospital discharge, no MACE was reported up to 
30-day follow-up [56]. 

The largest real world, prospective, nonran-
domized, multicenter registry of patients receiv-
ing the MGuard coronary stent (iMOS registry) is 
ongoing. A total of 372 patients in 20 centers have 
been enrolled and presented, 203 of them with 
STEMI. Thrombus aspiration was performed in 
41% of patients and predilatation in 43%. Final 
TIMI 3 flow was achieved in 93.5% patients, 
MBG3 80%, STR (>50%) 85% of patients. At 
1-year follow-up it was 2.8% ischemic death, MI 
3.2%, TLR 4% and MACE 6.8% [57]. 

To date, PCI with MGuard stent represents an 
efficient and safe approach in treating STEMI 
patients, with low rates of MACE and high rates 
of procedure and angiographic success.

A meta-analysis of data from the completed 
worldwide registries of STEMI patients treated 
with MGuard stent in comparison to data con-
tained in published reports of standard PPCI in 
comparable patients was performed. It revealed 
that final TIMI 3 flow was reached in 95% of 
MGuard patients, compared with 87% in patients 
who underwent PCI with normal bare-metal 
stents plus thrombus aspiration and compared 
with 81% in patients without thrombus aspira-
tion. More patients who received MGuard stent 
experienced restoration of normal electrocardio-
gram reading (79 vs 57 and 44% accordingly) 
and MBG3 (83 vs 52 and 32% accordingly) 
with MGuard than with bare-metal stents plus 
 aspiration or bare-metal stents alone.

In addition, the occurrence of MACEs at 
1-year postdeployment was 5.4%, compared 
with 9.5% in patients treated with drug-eluting 
stents and 17.8% with bare-metal stents.

Figure 5. Mguard™ (Inspire-Md, Tel-Aviv, 
Israel) MicroNet mesh-based protective 
system. The Mguard stent is covered with a 
sleeve mesh.
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In the 2010 European Guidelines on Myo-
cardial Revascularization, mesh-based protec-
tion is now recommended for use: “Mesh-based 
protection may be considered for PCI of highly 
thrombotic or saphenous vein graft lesions” 
(class IIb/C recommendation) [58].

Taking into account all these encouraging 
data generated from MGuard STEMI registries, 
an international multicenter RCT (MASTER) 
was designed to compare PPCI with MGuard 
stent versus BMS or drug-eluting stents in more 
than 400 STEMI patients with clinical follow-
up for up to 1 year. Enrollment was recently 
completed and initial results were presented at 
the Transcatheter Cardiovascular Theraputics 
(October 2012). These showed improved post-
procedural STR in the MGuard stent group, as 
well as better TIMI flow at procedure comple-
tion. A trend to improved survival at 30 days 
with this novel stent was also apparent (zero 
out of 217 vs four out of 214; p = 0.06) [59]. 
For definitive conclusions regarding infarct 
size or clinical events, longer-term follow-up is 
necessary.

Conclusion
PPCI has overcome thrombolysis in the manage-
ment of STEMI as clinical outcomes have been 
shown to be superior with PPCI. However, in 
the face of high thrombus burden in a signifi-
cant proportion of patients, myocardial perfu-
sion is not fully achieved despite TIMI 3 flow 
in the epicardial vessel. This phenomenon has 
been attributed mostly to the distal embolization 
of thrombi particles and atherosclerotic plaque 
debris, and has been associated with poorer 
short- and long-term outcomes including heart 
failure and death. Pharmacological measures, 
such as adequate antiplatelet therapy, GP IIb/
IIIa antagonists and coronary vasodilators, aim 
to reduce this phenomenon, but fail to abolish 
it. This has led to the development of devices 
dedicated to evacuate or trap thrombus prior to 
stenting to reduce the risk of distal embolization 
during PCI. A number of randomized trials have 
been performed that have tested the efficacy of 
these devices in improving MBG, TIMI flow, 
STR, infarct size and clinical outcomes. The 
majority of these trials (especially with manual 
thrombectomy devices) have shown that throm-
bectomy is associated with improved surrogate 
end points such as MBG, TIMI flow and STR, 
all of which are well-known predictors of future 
clinical events. However, until the TAPAS trial, 
most studies were statistically underpowered to 
demonstrate clinical benefit with thrombectomy. 

In agreement with the improved clinical out-
come that was shown in the TAPAS trial, a few 
meta-analyses comparing thrombus aspiration 
and standard PPCI have confirmed lower death 
and MACE rates, particularly in patients allo-
cated to manual thrombectomy. This effect is 
likely to result from reduced distal emboliza-
tion and, thus, better myocardial reperfusion, as 
well as better and more accurate assessment of 
stent parameters. It also favors direct stenting, 
possibly precluding predilatation that itself can 
cause distal embolization. It should be noted that 
mechanical thrombectomy devices have failed to 
produce such benefits.

Despite the encouraging results of the TAPAS 
trial and a few meta-analyses, a skepticism 
regarding the benefit of thrombectomy in acute 
MI still exists. The results of the INFUSE-AMI 
trial, which was specifically designed to maxi-
mize the likelihood that a MACE reduction 
could be demonstrated with aspiration throm-
bectomy, if indeed such a reduction truly exists, 
were disappointing. The most recent ACC and 
AHA guidelines upgraded thrombus aspiration 
to a class IIa recommendation – it is reasonable 
to perform the procedure – with a level of evi-
dence B (i.e., limited populations evaluated). 
However, it is widely acknowledged that large 
outcomes trials are needed to establish whether 
this procedure should be firmly adopted or 
discarded.

In recent years, a new strategy, using a mesh-
covered stent in PPCI aimed at minimizing dis-
tal embolization by blocking debris at its source, 
has been tested. International registries using this 
mesh stent in PPCI have demonstrated promis-
ing results, improved TIMI flow, STR, MBG 
and MACE 1-year postdeployment. Longer-term 
follow-up in an ongoing large RCT designed 
specifically to assess short- and long-term clini-
cal outcome will hopefully resolve any remaining 
uncertainties regarding use of this device for distal 
embolization protection during PPCI. 

Future perspective 
Attempts to adequately cope with the throm-
bus burden and its incumbent complications 
in the STEMI patient population has led to the 
development of pharmacological and mechani-
cal innovations aimed at improved outcomes. 
Although, benefits have been achieved with 
thrombectomy devices, and the positive feedback 
that is achieved by the visible evidence of throm-
bus extraction, results are unpredictable due to 
variable vessel and thrombus anatomies. The 
development of more effective and user-friendly 
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executive summary

Limitations of reperfusion therapy in ST-elevation myocardial infarction patients
 � For ST-elevation myocardial infarction, primary percutaneous coronary intervention (PPCI) is superior to thrombolytic therapy and, when 

available, is the treatment of choice. In up to 40% of patients, normal coronary arterial perfusion is not completely achieved, despite 
successful treatment of the culprit lesion as evidenced by reduced TIMI flow, failure of ST-segment resolution (STR) and poor myocardial 
blush grade (MBG).

 � This phenomenon, known as no or slow reflow in its most pronounced manifestations, has been associated with adverse clinical 
outcomes, such as worse left ventricular function and survival. The clinical need to prevent such phenomena has led to the development 
of special devices, that can be divided into protection (distal or proximal) and thrombus aspiration devices. 

Protection devices in setting of PPCI
 � Studies using protection devices in the setting of PPCI have failed to demonstrate a benefit. It should, however, be noted that distal 

protection devices have not been evaluated by randomized controlled trials in PPCI in vein grafts.

Mechanical thrombectomy devices
 � Thrombectomy devices can be broadly divided into two groups depending on the presence or absence of a motorized system. 
 � Multicenter large randomized trials using mechanical thrombus aspiration devices did not succeed in demonstrating significant 

difference in STR, angiographic end points or myocardial infarct size between groups and showed conflicting results regarding clinical 
outcomes. Another meta-analysis including multiple devices showed that routine use of mechanical thrombectomy in the setting of PPCI 
appears to increase mortality while having neutral effect on angiographic and clinical end points. 

Manual thrombectomy devices 
 � Most of the randomized controlled trials that tested manual thrombectomy devices in the setting of PPCI have shown that 

thrombectomy improves surrogate end points like STR, MBG and TIMI flow, all of which are well-known predictors of future clinical 
events. However, most of these trials were statistically underpowered to demonstrate clinical benefit with thrombectomy. The largest, 
although single-center, trial to examine manual thrombectomy was the TAPAS trial. MBG and STR were significantly improved in 
thrombus aspiration group, with a survival benefit observed at 1-year follow-up. However, the survival benefit seems to be more 
pronounced and not in keeping with the degree of MBG and STR benefit. In contrast to single-center studies, multicenter aspiration 
trials have largely been negative. 

 � Manual thrombus aspiration has received a class IIa level of evidence B indication in PPCI in the recent American College of 
Cardiology/American Heart Association and the European Society of Cardiology guidelines.

Mesh-covered stent in primary PCI
 � In recent years, a new strategy using a mesh-covered stent in PPCI aiming to minimize distal embolization by blocking debris at its 

source has been tested. At present, major randomized trials are still lacking to characterize the clinical and/or prognostic utility of the 
MGuard™ stent device (Inspire-MD, Tel-Aviv, Israel). Data from the completed worldwide registries of ST-elevation myocardial infarction 
patients treated with MGuard stent give us encouraging results. The first multicenter randomized controlled trial has completed 
enrollment.
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