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It is well established that the therapeutic gold standard for patients with ST-elevation infarction (STEMI) is mechanical revascular-
ization of the responsible coronary artery: a technique that has been improved with stent implantation. Over the last decade, the use of 
primary PCI has spread and as a result the mortality rate for this group of patients has reduced significantly [1]. Despite this fact, complete 
reperfusion, epicardial and myocardial, is not achieved in 1/3 of these patients [2,3]. Since it has a predictive value for possible future 
cardiovascular events [4], the fundamental goal of primary PCI is tissue reperfusion of the myocardium. Many pathophysiological mecha-
nisms have been described as being responsible for unsuccessful myocardial reperfusion: peripheral embolism by thrombotic micromol-
ecules (debris); platelet activation; and inflammatory processes during primary PCI that lead to microvascular occlusion, which may con-
tribute to the activation of bio-pathological procedures that lead to the phenomenon of non-reflow [5,7]. The use of thromboaspiration 
for the prevention of peripheral embolism, which, according to literature, is the inevitable result of the thrombus breakdown, is based on 
the judgment of the physician. However, in the presence of a great thrombotic burden, it could be used for the improvement of epicardial 
and, most of all, myocardial reperfusion. Based on the above data, there are many systems for coronary thromboaspiration, although they 
can generally be said to be of two types: manual and mechanical (rheolytic) thromboaspiration catheters. The first kind (manual) is based 
on a simple dual lumen catheter that is made up of a guide wire lumen and a thrombus extraction lumen. In practice, the guide wire is 
placed distally to the lesion and thrombus, and the aspiration catheter is placed just proximally to the thrombotic portion of the coronary 
artery. Negative pressure is applied via a syringe as the catheter is advanced and withdrawn over the thrombotic area. Once the vacuum 
syringe is full of blood, the catheter is removed as follows: the aspiration catheter is withdrawn over the wire, and the guide wire is then 
back bled to minimise the possibility of any residual thrombus remaining in the catheter. The aspirate is injected into a filter to examine 
the success of the thrombectomy. The second kind (Angiojet) employs the venturi effect via three high pressure saline jets directed from 
distal to proximal within the shaft of the catheter. A powerful suction effect is generated as each jet passes a narrow aperture that draws 
the thrombus into the catheter shaft where it is disrupted by the water jets and extracted. The system consists of a drive unit that gener-
ates the jet pressure, the Spiroflex coronary catheter, and a pump that connects the drive unit to the catheter. 
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The main purpose of this article is to describe a ‘correct therapeutic method’ on the basis of the published evidence worldwide and 
our personal experience on how, where, and when manual thromboaspiration should be used.

According to the ESC 2012 and the ACC/AHA 2013 guidelines, routine thromboaspiration with a manual catheter during primary 
PCI is considered reasonable (recommendation IIa, LoE B) in order to prevent peripheral embolism [8,9]. The efficacy and safety of 
manual thromboaspiration during primary PCI in order to act on the affected artery has been demonstrated by many randomised stud-
ies. Moreover, on a global scale the majority of randomised studies, simple registries, and meta-analysis, all concur that thrombectomy 
improves the parameters of tissue reperfusion, with a more rapid and effective restoration of ST elevation on the ECG. Furthermore, the 
TAPAS study as well as EXPIRA trial, and some meta-analysis (although the latter did not have any statistical value on the prediction of 
major cardiac events), proved that in patients with STEMI who underwent primary PCI, thrombectomy improves the long-term clinical 
outcome by decreasing cardiac death and major cardiac events [10,11]. Moreover, in the EXPIRA trial, the group that underwent throm-
bectomy [12] were assessed with an MRI using paramagnetic substances.

 After quantification, a decrease in microvascular damage in the infracted area was shown. The above results, were confirmed in the 
INFUSE-AMI trial, which was carried out on a larger sample of patients [13], with the best results being observed only in the group who 
underwent thrombectomy and endovascular administration of Abciximab. On the other hand, different results were recently published 
by a randomised Scandinavian trial (TASTE), which used a clinical registry of 7,244 patients with classical primary PCI, or primary PCI 
and manual thrombectomy as a basis. As a primary endpoint, the above study had an ambitious reduction in all causes of mortality in 30 
days and as a result, there was no improvement with the use of a manual thrombectomy [14]. The aim of this study was over ambitious 
because expecting a reduction of all causes of mortality in 30 days is too much and therefore it might have been more appropriate to 
use a primary endpoint with a longer follow-up observation (of at least one year), as seen in the TAPAS study. Furthermore, it must be 
underlined that the design of a study that is based on a secondary randomised registry has a greater risk of error in the estimation of the 
final results. This is due to unavoidable mistakes being made in the beginning (bias), and also having no mention of the angiographic data 
after the thromboaspiration, such as TIMI or BLUSH scores, or the restoration time of ST segment elevation. Moreover, the frequency of 
high thrombotic burden (thrombus score > 3) was very low (around 25%) in the total population studied.

Besides, during the analysis of the inclusion criteria in the studies TAPAS, INFUSE-AMI, and EXPIRA, it was clear that all the patients 
showed an increase in the endovascular thrombotic burden. In EXPIRA, this was most evident (thrombus score > 3). As a result, these 
studies suggest that an embolectomy must carried out on patients with a high risk of peripheral embolism, i.e. in those for whom a 
thrombotic mass is evident. Consequently, according to universal references and guidelines, manual aspiration during primary PCI has 
to be performed where there is a large thrombotic endovascular burden (thrombus score > 3) and an increased possibility of peripheral 
embolism. In addition, another meta-analysis, which includes TASTE results and all randomised controlled trials on aspiration throm-
bectomy to date, demonstrates a significant reduction in adverse clinical outcomes that include stent thrombosis compared with only 
conventional PCI [15].

In order to evaluate the efficacy of primary PCI, many multi-centre studies have been designed, with variable end-points using: 
1.     Angiographical criteria, with the use of TIMI and BLUSH scores.
2.     ECG criteria using the time for the ST elevation and restoration.
3.     Some functional tests aimed at evaluating the restriction of microcirculatory damage at the site of infraction and left ventricle 
         remodelling with imaging techniques and 
4.     Clinical criteria that evaluate decreases in mortality. However, it is remarkable how the studies published on the issue of manual 
         thromboaspiration during primary PCI have, in many cases, conflicting results.

Evidence on manual thromboaspiration
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The other issue that is very important to discuss concerns the method and type of thromboaspiration that is used. So, based on the 
two great meta-analyses, that of Burzotta (with the participation of 2686 patients); and that of Kumbhani (with the participation of 5534 
patients) [16,17], we can say that manual thromboaspiration was used more than mechanical thrombo-aspiration. According to the RE-
TAMI trial [18], new devices for manual thromboaspiration are better than first generation manual devices. The use of mechanical- rhe-
olytic thrombectomy must be limited to only those cases where the thrombotic endovascular mass is too large and the use of a manual 
device is inadequate. Among the few studies on mechanical-rheolytic thromboaspiration during primary PCI, the most well-structured is 
the JET-STENT Trial [19]. This trial, in which 501 patients participated, showed that the recovery of ST segment elevation on the ECG was 
more frequently observed in the randomised branch of the mechanical thrombectomy than the control group, and it was accompanied 
by a clear decrease of MACE at 1, 6, and 12 months. Additionally, it is necessary to mention that in the aforementioned study the primary 
endpoints that were set by the investigators (i.e. improved myocardial reperfusion, increased myocardial salvage, decreased infarct size, 
and better clinical outcome) were not achieved.

The need to decrease peripheral micro-embolism and the non-reflow phenomenon during primary PCI, both with or without me-
chanical thrombectomy, led to research into ways of finding better and more effective restrictions of this adverse event. As a result, the 
use of the endovascular administration of IIb/IIIa glycoprotein inhibitors seems to be promising in these kinds of situations [2,20,22].

Among IIb/IIIa inhibitors used in this way is, one of the most popular is Abciximab. Despite the fact that AHA/ACC guidelines recom-
mend intracoronary Abciximab administration in patients with STEMI undergoing primary coronary angioplasty for class IIb inhibitors, 
randomised trials have shown mixed results for a variety of surrogate and combined clinical end points. [10,23,24]. Furthermore, in a 
recent study, pooled (individual patient-level) analysis of randomised trials comparing intracoronary and intravenous Abciximab bolus 
use in STEMI patients undergoing primary angioplasty, revealed that, comparatively, intracoronary Abciximab does not provide any ad-
ditional benefit over the standard intravenous one [25].

On the other hand, a small molecule IIb/IIIa inhibitor (tirofiban) used endovascularly, showed better results than classic drugs, such 
as verapamil, adenosine, or sodium nitroprusside, for the prevention of the non-reflow phenomenon [26]. Furthermore, the SUIT-AMI 
trial based on 203 patients with STEMI compared the elective endovascular infusion of tirofiban after thrombectomy (10 μg/kg of body 
weight, followed by a 12-hour infusion of 0.1 μg/kg/min) through the aspiration catheter with the usual infusion through the guide cath-
eter. The results of the study did not show any statistically significant difference in the primary end-points considered (CTFC, corrected 
thrombolysis count frame και MACE) in 30 days and 6 months and the major and minor bleeding incidence in the hospital [27].

Tirofiban is a small molecule with an elimination half-life of 2 to 3 hours and its activity as an antiplatelet is of a short duration 
compared to Abciximab, which is used in many studies as an adjuvant treatment of a manual thromboaspiration. Moreover, from an im-
munological point of view, the use of Abciximab is associated with a highly increased risk of severe thrombocytopenia, which makes it 
necessary to closely monitor the platelet count shortly after administration of Abciximab. Tirofiban’s mechanism of action is multifacto-
rial. It is clear that its endovascular bolus infusion, in contrast with the intravenous administration, increases the levels of the medicine 
locally. 

This, on one hand, facilitates tirofiban’s bonding with more IIb/IIIa platelet receptors and, on the other hand, more effectively in-
hibits the de-novo thrombin induced platelet aggregation. Consequently, the direct and effective separation of the platelets occurs in 
the epicardial artery, where they are responsible for the infarct, and in the capillaries. As a result of this, a remarkable improvement in 
the microcirculation, a decrease of the non-reflow phenomenon, and a decrease of the infarct size are demonstrated [28,29]. Moreover, 
tirofiban shows a much higher affinity with GPIIb/IIIa receptors than other GPIIb/IIIa inhibitors [30], and it also has the ability to react 
with both the latent and active states of GPIIb/IIIa receptors. Additionally, tirofiban is characterised by a rapid on-rate and off-rate and 
it dissociates from the receptor at a half-life of 11 seconds [31]. 

Tirofiban’s mechanism of action
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Another advantage of tirofiban use over other GPIIb/IIIa inhibitors, is considered to be the induction of effects based on a dose-
concentration dependent manner, which is important for both local (intracoronary) and systemic environments [30,32]. Furthermore, 
the endovascular administration of tirofiban increases the concentration of nitric oxide, which is an endothelium protector [33] that 
inhibits the peripheral microembolism at multiple levels. Consequently, the endovascular bolus infusion of tirofiban during primary 
PCI prevents pro-thrombotic and pro-inflammatory factors such as P-selectin, factor von Willebrand, CD40 ligand, and factor A amyloid 
in coronary sinus [34] from being activated. As a consequence of this, a reduction in platelet aggregation, both regionally and at the 
inflammatory sites, was observed in atherothrombotic lesions [35,36].

In all of the situations mentioned above, tirofiban is administered either through a catheter guide or through a manual catheter 
for thromboaspiration (when this is already in the vessel). Up until now, the second administration choice seems to have better results 
due to catheter size. It has in fact a small diameter and thus the drug is diffused with a higher velocity from the intraluminal tip of the 
catheter and it pervades a greater amount of thrombus. Afterwards the stent is being placed.

Our Practice

In agreement with the aforementioned studies, we are trying to apply the combined technique of thromboaspiration and endovas-
cular administration with a reversible IIb/IIIa inhibitor such as tirofiban. During this procedure two items were taken into consider-
ation: 
1.     An estimate of the angiographical TIMI score. If this is 0 to 1 the classic angioplasty is preferred, if it is > 1 the manual aspiration 
        is preferred. In the case that the first effort is not successful, the catheter is rewashed and the procedure repeated.
2.     An estimate of the thrombus score [37]: If it is < 3 the classic angioplasty is preferred, if it is > 3 manual thromboaspiration is pre-
        ferred. Lastly, if the thrombus is 3-4 times larger than the diameter of the vessel, in our opinion, mechanical-rheolytic thrombec-
        tomy represents the first choice. 

Figure 1: Patient with cardiac shock caused by anterior myocardial infarction due to acute occlusion 

of left main artery. Manual thromboaspiration was performed and tirofiban was infused in the vessel 

through the same catheter. Flow TIMI I. The great amount of thrombus from the left main coronary 

artery to the outgrowth of the septal branch of the left anterior descending artery is obvious.

The length of the endovascular thrombus is underlined by the black curve.
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Conclusion
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Figure 2: A second attempt of manual thromboaspiration was made and tirofiban was infused in the 

coronary artery through the same catheter, followed by a direct stent implantation in the left main ar-

tery. Afterwards an improvement of the flow TIMI III and sufficient outline of the diagonals and the first 

septal was noted. Based on protocol tirofiban was administered intravenously for the next 12 hours.

The black curve outlines the length of the stent implanted while thrombus remnants are seen (point-
ed with arrows) at the beginning of the left main and distally that do not disturb the satisfactory flow 
of the vessel.

To sum up, manual thromboaspiration in primary coronary angioplasty is easier and more efficient. However, in order to achieve 
optimal results, some rules must be followed. Indeed, strong evidence suggests that, during primary angioplasty in patients with STEMI, 
the local delivery of IIb/IIIa receptor antagonists directly into the coronary circulation may improve microvascular function and clinical 
outcomes. The reason for this therapeutic choice is the possibility of reaching a high concentration of the aforementioned drugs at the 
thrombus site without significantly increasing the risk of bleeding. Thus, a high concentration of antithrombotic agents at the site of a 
thrombotic lesion may facilitate the diffusion of the drug into acute thrombus and consequently promote clot dissolution in the epicar-
dial and micro-vessels. As described above, on the one hand intracoronary administration of Abciximab (used in most of the trials) did 
not show a clear advantage compared to the intravenous administration. On the other hand, there is clear evidence that endovascular 
coronary administration of tirofiban (a small molecule that is a reversible IIb/IIIa antagonist), either through the catheter of throm-
boaspiration or the guide catheter, can improve the results of primary PCI in patients with an acute myocardial infarction. Lastly, the 
mechanical-rheolytic aspiration being a more complex procedure, its use may be preferred only in the context of a huge thrombotic 
burden.
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