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however, was criticized for being underpowered for clinical 
events and susceptibility to selection bias (single center 
study)17.

Thrombus Aaspiration in ST-Elevation Myocardial             
Infarction in Scandinavia (TASTE) and the Trial of Routine 
Aspiration Thrombectomy with PCI  vs PCI Alone in 
patients with STEMI (TOTAL) trials

TASTE trial: The above inconsistent results were followed 
by the two major randomized controlled trials in the field, 
the TASTE and the TOTAL. TASTE was a multi-center (29 
PCI centers in Sweden, 1 each in Iceland and Denmark), 
randomized study that utilized the platform of popula-
tion-based “Swedish coronary angiography and angioplasty 
registry”. A total of 7244 STEMI patients were randomized 
to PCI with manual thrombus aspiration or standard PCI 
alone27. The primary end point of all cause mortality at 30 d 
was not different between the two groups: 2.8% (103 of 
3621) for thrombus aspiration with PCI vs 3% (110 of 3623) 
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 infarc-
tion, target-vessel revascularization, target-lesion revascu-
larization, stent thrombosis and the composite of all-cause 
mortality or recurrent myocardial infarction) were not statis-
tically different. The rate of stroke or neurological compli-
cation 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) 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. Routine thrombus aspiration before PCI in patients 
with STEMI did not reduce the rate of death from any cause 
or the composite of death from any cause, rehospitalization 
for myocardial infarction, or stent thrombosis at 1 year28. 
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. A substudy (Thrombus aspiration 
in patients with large anterior myocardial infarction: A 
Thrombus Aspiration in ST-Elevation myocardial infarction 
in Scandinavia trial substudy) of TASTE trial included 1826 
patients with large anterior STEMI: mid or proximal left  
anterior descending coronary artery infarct lesion, throm-

bolysis in myocardial infarction 0 to 2 flow, and symptom 
onset to PCI time ≤5 hours. In patients with STEMI and 
large area of myocardium at risk, thrombus aspiration did 
not affect outcome within 1 year29.

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, random-
ized controlled trial assigned 10732 patients with acute 
STEMI to routine upfront manual aspiration thrombectomy 
vs PCI alone30. Almost 80% patients had a high thrombus 
burden as assessed by TIMI thrombus grade 4 or 5. The 
primary outcome (composite 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% (347 0f 
5033)in the thrombus aspiration group vs 7% (351 of 5030 
patients) in the PCI alone group. The key safety outcome of 
stroke within 30 d occurred more frequently in the throm-
bectomy 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. 
The rate of incomplete ST-segment resolution (less than 
70%) was 27.0% in the thrombectomy group versus 30.2% 
in PCI-alone group (P<0.001). Rates of TIMI 3 flow after 
PCI were the same (93.1%) in the two groups (P = 0.12), and 
were similar for no-reflow rates on angiography (2.4% vs. 
2.8%, P = 0.28). The rate of distal embolization was reduced 
with thrombectomy (1.6% vs. 3.0%, P<0.001).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 group31. 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.    
1- year follow-up of the prospective randomized TOTAL 
trial showed that the primary outcome at 1 year occurred in 
395 (8%) of 5035 patients in the thrombectomy group 
compared with 394 (8%) of 5029 in the PCI alone group 
(p=0.99). Cardiovascular death within 1 year occurred in 
179 (4%) of the thrombectomy group and in 192 (4%) of 
5029 in the PCI alone group (p=0.48). 

thrombus aspiration (thrombectomy) during PPCI plays an 
important role. 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 aspiration 
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 advan-
tage of one particular device over the other is lacking17.

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 REMEDIA (Randomized evaluation of 
the effect of mechanical reduction of distal embolization by 
thrombus-aspiration in primary and rescue angioplasty) 
trial, 100 patients with STEMI were randomized to PPCI 
with or without manual thrombus aspiration with 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%)19. In EXPIRA (Thrombecto-
my with Export Catheter in Infarct-Related Artery during 
Primary Percutaneous Coronary Intervention) 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 throm-
bus aspiration group compared with standard PCI. Patients 
in the aspiration group had less microvascular obstruction 
and smaller infarcts20. 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 PCI21.

In the INFUSE-AMI (Intracoronary Abciximab and Aspiration 
Thrombectomy in Patients with Large Anterior Myocardial 
Infarction) trial, which involved 452 high-risk patients with 
proximal or mid occlusion of the left anterior descending 
coronary artery, thrombus aspiration was not associated 
with a reduction in ischemic events at 30 days but was 
associated with a significant reduction in rehospitalization 
for heart failure and a nonsignificant reduction in reinfarc-
tion at 1 year22,23. Recently, observational data from 1498 
patients with STEMI that was identified in a randomized 

trial of treatment with drug-eluting stents showed that 
clinical outcomes with thrombus aspiration were similar to 
those with stenting alone24.

Thrombus Aspiration during Percutaneous coronary intervention 
in Acute myocardial infarction Study (TAPAS) trial

The first large randomized controlled trial (RCT) evaluating 
use of manual thrombus aspiration (Export® catheter) 
during PPCI was TAPAS trial. In this single-center all-com-
ers 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 postprocedural frequency of a MBG of 0 or 1. All 
patients received standard pharmacological therapy includ-
ing 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-seg-
ment resolution. Rates of target vessel revascularization 
were similar between the two groups25. A 1-year follow-up 
study showed reduced rates of cardiac death 3.6% (19 of 
535 patients) vs 6.7% (36 of 536 patients) and cardiac death 
or non-fatal reinfarction 5.6% (30 of 535 patients) vs 9.9% 
(53 of 536 patients) in the thrombus aspiration group26. The 
benefit of manual thrombus aspiration was irrespective of 
vessel size, infarct-related coronary artery or visible throm-
bus 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 thrombo-
sis (> 30-365 d) was observed less frequently in the throm-
bus aspiration cohort (0.2% vs 0.6% and 0.7% vs 1.5%).
In TAPAS, the mortality benefit and the reduced reinfarc-
tion rates in the thrombus aspiration group were probably 
associated with less thrombotic complications associated 
with the treatment26. Thrombus aspiration reduced the 
source of distal embolisation by removing the clots as well 
as atherosclerotic plaque material exposed to the luminal 
surface after plaque rupture. Histopathological analysis of 
aspirated clots in TAPAS showed both so-called white clots, 
composed mainly of platelets, and red clots composed of 
fibrin and red blood cells25. The findings of TAPAS form the 
basis for major society guidelines recommending manual 
thrombus aspiration as an adjunct for PPCI. The trial, 
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Introduction
Acute myocardial infarction (MI) with ST-segment eleva-
tion is caused by rupture or erosion of an atherosclerotic 
plaque, initiating intraluminal thrombosis resulting in occlu-
sion of a coronary artery1-3. Primary percutaneous coronary 
intervention (PCI) has emerged as the preferred treatment of 
acute MI if logistically feasible and has been proven to be a 
very effective method to obtain patency of the infarct- 
related artery4-6. However, microvascular dysfunction with 
diminished myocardial perfusion is seen in a significant 
proportion of patients with a patent epicardial vessel after 
primary PCI and has been associated with larger infarct size, 
less recovery of left ventricular ejection fraction, and 
increased mortality7-9.

Two major impediments to normalization of microvascular 
function are considered to be reperfusion injury and            
microvascular obstruction. Reperfusion injury refers to the 
inability to reperfuse myocardium that is already necrotic 
through ischemic cell death10. Microvascular obstruction is 
believed to be caused by the embolization of soft plaque 
gruel (atheroembolization) and/or thrombotic material 
(thromboembolization) in the downstream bed of the 
infarct-related artery11,12. The embolization may occur 
spontaneously after plaque rupture, but recent studies 
emphasize mechanical crushing and fragmentation of the 
culprit lesion during PCI as the major cause7,13,14. Distal 

embolization induced by PCI therefore potentially results in 
further myonecrosis.

Myocardial reperfusion failure clinically manifests as 
persistent ST segment elevation, poor myocardial blush 
grade (MBG) and low thrombolysis in myocardial infarc-
tion (TIMI) flow grade15.  The EMERALD (The enhanced 
myocardial efficacy and recovery by aspiration of liberated 
debris) trial investigators, while investigating a distal 
balloon occlusion and aspiration system, demonstrated that 
visible debris was retrieved in 73% of the patients undergo-
ing PPCI16. Avoidance of distal embolization is hence a 
considerable therapeutic challenge during STEMI17. Throm-
bus aspiration (TA) is a well-established technique for 
removal of thrombus and restoration of blood flow in the 
setting of STEMI18.

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 emboliza-
tion. 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 mechani-
cal thrombectomy and embolic protection devices during 
PPCI is unproven, after several negative trials. Manual 
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Abstract
One of the most important therapeutic challenges in the management of ST-segment elevation myocardial infarction 
(STEMI) is the establishment of normal coronary blood flow after percutaneous coronary intervention (PCI). Reduced flow 
is closely associated with reperfusion injury, which can lead to arrhythmias, contractile dysfunction, microvascular impair-
ment, and irreversible myocardial damage. Thrombus aspiration during PCI for the treatment of STEMI has been widely 
used. Reduced myocardial perfusion is also associated with heart failure and death. One single centre trial showed thrombus 
aspiration before stenting of the infracted artery seems to improve the 1-year clinical outcome after PCI for STEMI compared 
with conventional PCI. Routine intracoronary thrombus aspiration before PCI in patients with STEMI has not been proved to 
reduce both short and long-term mortality. Recent trials have questioned its value and safety. The aim of this review was to 
discuss the efficacy of thrombus aspiration in primary PCI.
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however, was criticized for being underpowered for clinical 
events and susceptibility to selection bias (single center 
study)17.

Thrombus Aaspiration in ST-Elevation Myocardial             
Infarction in Scandinavia (TASTE) and the Trial of Routine 
Aspiration Thrombectomy with PCI  vs PCI Alone in 
patients with STEMI (TOTAL) trials

TASTE trial: The above inconsistent results were followed 
by the two major randomized controlled trials in the field, 
the TASTE and the TOTAL. TASTE was a multi-center (29 
PCI centers in Sweden, 1 each in Iceland and Denmark), 
randomized study that utilized the platform of popula-
tion-based “Swedish coronary angiography and angioplasty 
registry”. A total of 7244 STEMI patients were randomized 
to PCI with manual thrombus aspiration or standard PCI 
alone27. The primary end point of all cause mortality at 30 d 
was not different between the two groups: 2.8% (103 of 
3621) for thrombus aspiration with PCI vs 3% (110 of 3623) 
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 infarc-
tion, target-vessel revascularization, target-lesion revascu-
larization, stent thrombosis and the composite of all-cause 
mortality or recurrent myocardial infarction) were not statis-
tically different. The rate of stroke or neurological compli-
cation 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) 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. Routine thrombus aspiration before PCI in patients 
with STEMI did not reduce the rate of death from any cause 
or the composite of death from any cause, rehospitalization 
for myocardial infarction, or stent thrombosis at 1 year28. 
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. A substudy (Thrombus aspiration 
in patients with large anterior myocardial infarction: A 
Thrombus Aspiration in ST-Elevation myocardial infarction 
in Scandinavia trial substudy) of TASTE trial included 1826 
patients with large anterior STEMI: mid or proximal left  
anterior descending coronary artery infarct lesion, throm-

bolysis in myocardial infarction 0 to 2 flow, and symptom 
onset to PCI time ≤5 hours. In patients with STEMI and 
large area of myocardium at risk, thrombus aspiration did 
not affect outcome within 1 year29.

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, random-
ized controlled trial assigned 10732 patients with acute 
STEMI to routine upfront manual aspiration thrombectomy 
vs PCI alone30. Almost 80% patients had a high thrombus 
burden as assessed by TIMI thrombus grade 4 or 5. The 
primary outcome (composite 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% (347 0f 
5033)in the thrombus aspiration group vs 7% (351 of 5030 
patients) in the PCI alone group. The key safety outcome of 
stroke within 30 d occurred more frequently in the throm-
bectomy 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. 
The rate of incomplete ST-segment resolution (less than 
70%) was 27.0% in the thrombectomy group versus 30.2% 
in PCI-alone group (P<0.001). Rates of TIMI 3 flow after 
PCI were the same (93.1%) in the two groups (P = 0.12), and 
were similar for no-reflow rates on angiography (2.4% vs. 
2.8%, P = 0.28). The rate of distal embolization was reduced 
with thrombectomy (1.6% vs. 3.0%, P<0.001).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 group31. 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.    
1- year follow-up of the prospective randomized TOTAL 
trial showed that the primary outcome at 1 year occurred in 
395 (8%) of 5035 patients in the thrombectomy group 
compared with 394 (8%) of 5029 in the PCI alone group 
(p=0.99). Cardiovascular death within 1 year occurred in 
179 (4%) of the thrombectomy group and in 192 (4%) of 
5029 in the PCI alone group (p=0.48). 

thrombus aspiration (thrombectomy) during PPCI plays an 
important role. 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 aspiration 
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 advan-
tage of one particular device over the other is lacking17.

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 REMEDIA (Randomized evaluation of 
the effect of mechanical reduction of distal embolization by 
thrombus-aspiration in primary and rescue angioplasty) 
trial, 100 patients with STEMI were randomized to PPCI 
with or without manual thrombus aspiration with 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%)19. In EXPIRA (Thrombecto-
my with Export Catheter in Infarct-Related Artery during 
Primary Percutaneous Coronary Intervention) 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 throm-
bus aspiration group compared with standard PCI. Patients 
in the aspiration group had less microvascular obstruction 
and smaller infarcts20. 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 PCI21.

In the INFUSE-AMI (Intracoronary Abciximab and Aspiration 
Thrombectomy in Patients with Large Anterior Myocardial 
Infarction) trial, which involved 452 high-risk patients with 
proximal or mid occlusion of the left anterior descending 
coronary artery, thrombus aspiration was not associated 
with a reduction in ischemic events at 30 days but was 
associated with a significant reduction in rehospitalization 
for heart failure and a nonsignificant reduction in reinfarc-
tion at 1 year22,23. Recently, observational data from 1498 
patients with STEMI that was identified in a randomized 

trial of treatment with drug-eluting stents showed that 
clinical outcomes with thrombus aspiration were similar to 
those with stenting alone24.

Thrombus Aspiration during Percutaneous coronary intervention 
in Acute myocardial infarction Study (TAPAS) trial

The first large randomized controlled trial (RCT) evaluating 
use of manual thrombus aspiration (Export® catheter) 
during PPCI was TAPAS trial. In this single-center all-com-
ers 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 postprocedural frequency of a MBG of 0 or 1. All 
patients received standard pharmacological therapy includ-
ing 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-seg-
ment resolution. Rates of target vessel revascularization 
were similar between the two groups25. A 1-year follow-up 
study showed reduced rates of cardiac death 3.6% (19 of 
535 patients) vs 6.7% (36 of 536 patients) and cardiac death 
or non-fatal reinfarction 5.6% (30 of 535 patients) vs 9.9% 
(53 of 536 patients) in the thrombus aspiration group26. The 
benefit of manual thrombus aspiration was irrespective of 
vessel size, infarct-related coronary artery or visible throm-
bus 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 thrombo-
sis (> 30-365 d) was observed less frequently in the throm-
bus aspiration cohort (0.2% vs 0.6% and 0.7% vs 1.5%).
In TAPAS, the mortality benefit and the reduced reinfarc-
tion rates in the thrombus aspiration group were probably 
associated with less thrombotic complications associated 
with the treatment26. Thrombus aspiration reduced the 
source of distal embolisation by removing the clots as well 
as atherosclerotic plaque material exposed to the luminal 
surface after plaque rupture. Histopathological analysis of 
aspirated clots in TAPAS showed both so-called white clots, 
composed mainly of platelets, and red clots composed of 
fibrin and red blood cells25. The findings of TAPAS form the 
basis for major society guidelines recommending manual 
thrombus aspiration as an adjunct for PPCI. The trial, 
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Acute myocardial infarction (MI) with ST-segment eleva-
tion is caused by rupture or erosion of an atherosclerotic 
plaque, initiating intraluminal thrombosis resulting in occlu-
sion of a coronary artery1-3. Primary percutaneous coronary 
intervention (PCI) has emerged as the preferred treatment of 
acute MI if logistically feasible and has been proven to be a 
very effective method to obtain patency of the infarct- 
related artery4-6. However, microvascular dysfunction with 
diminished myocardial perfusion is seen in a significant 
proportion of patients with a patent epicardial vessel after 
primary PCI and has been associated with larger infarct size, 
less recovery of left ventricular ejection fraction, and 
increased mortality7-9.

Two major impediments to normalization of microvascular 
function are considered to be reperfusion injury and            
microvascular obstruction. Reperfusion injury refers to the 
inability to reperfuse myocardium that is already necrotic 
through ischemic cell death10. Microvascular obstruction is 
believed to be caused by the embolization of soft plaque 
gruel (atheroembolization) and/or thrombotic material 
(thromboembolization) in the downstream bed of the 
infarct-related artery11,12. The embolization may occur 
spontaneously after plaque rupture, but recent studies 
emphasize mechanical crushing and fragmentation of the 
culprit lesion during PCI as the major cause7,13,14. Distal 

embolization induced by PCI therefore potentially results in 
further myonecrosis.

Myocardial reperfusion failure clinically manifests as 
persistent ST segment elevation, poor myocardial blush 
grade (MBG) and low thrombolysis in myocardial infarc-
tion (TIMI) flow grade15.  The EMERALD (The enhanced 
myocardial efficacy and recovery by aspiration of liberated 
debris) trial investigators, while investigating a distal 
balloon occlusion and aspiration system, demonstrated that 
visible debris was retrieved in 73% of the patients undergo-
ing PPCI16. Avoidance of distal embolization is hence a 
considerable therapeutic challenge during STEMI17. Throm-
bus aspiration (TA) is a well-established technique for 
removal of thrombus and restoration of blood flow in the 
setting of STEMI18.

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 emboliza-
tion. 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 mechani-
cal thrombectomy and embolic protection devices during 
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however, was criticized for being underpowered for clinical 
events and susceptibility to selection bias (single center 
study)17.

Thrombus Aaspiration in ST-Elevation Myocardial             
Infarction in Scandinavia (TASTE) and the Trial of Routine 
Aspiration Thrombectomy with PCI  vs PCI Alone in 
patients with STEMI (TOTAL) trials

TASTE trial: The above inconsistent results were followed 
by the two major randomized controlled trials in the field, 
the TASTE and the TOTAL. TASTE was a multi-center (29 
PCI centers in Sweden, 1 each in Iceland and Denmark), 
randomized study that utilized the platform of popula-
tion-based “Swedish coronary angiography and angioplasty 
registry”. A total of 7244 STEMI patients were randomized 
to PCI with manual thrombus aspiration or standard PCI 
alone27. The primary end point of all cause mortality at 30 d 
was not different between the two groups: 2.8% (103 of 
3621) for thrombus aspiration with PCI vs 3% (110 of 3623) 
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 infarc-
tion, target-vessel revascularization, target-lesion revascu-
larization, stent thrombosis and the composite of all-cause 
mortality or recurrent myocardial infarction) were not statis-
tically different. The rate of stroke or neurological compli-
cation 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) 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. Routine thrombus aspiration before PCI in patients 
with STEMI did not reduce the rate of death from any cause 
or the composite of death from any cause, rehospitalization 
for myocardial infarction, or stent thrombosis at 1 year28. 
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. A substudy (Thrombus aspiration 
in patients with large anterior myocardial infarction: A 
Thrombus Aspiration in ST-Elevation myocardial infarction 
in Scandinavia trial substudy) of TASTE trial included 1826 
patients with large anterior STEMI: mid or proximal left  
anterior descending coronary artery infarct lesion, throm-

bolysis in myocardial infarction 0 to 2 flow, and symptom 
onset to PCI time ≤5 hours. In patients with STEMI and 
large area of myocardium at risk, thrombus aspiration did 
not affect outcome within 1 year29.

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, random-
ized controlled trial assigned 10732 patients with acute 
STEMI to routine upfront manual aspiration thrombectomy 
vs PCI alone30. Almost 80% patients had a high thrombus 
burden as assessed by TIMI thrombus grade 4 or 5. The 
primary outcome (composite 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% (347 0f 
5033)in the thrombus aspiration group vs 7% (351 of 5030 
patients) in the PCI alone group. The key safety outcome of 
stroke within 30 d occurred more frequently in the throm-
bectomy 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. 
The rate of incomplete ST-segment resolution (less than 
70%) was 27.0% in the thrombectomy group versus 30.2% 
in PCI-alone group (P<0.001). Rates of TIMI 3 flow after 
PCI were the same (93.1%) in the two groups (P = 0.12), and 
were similar for no-reflow rates on angiography (2.4% vs. 
2.8%, P = 0.28). The rate of distal embolization was reduced 
with thrombectomy (1.6% vs. 3.0%, P<0.001).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 group31. 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.    
1- year follow-up of the prospective randomized TOTAL 
trial showed that the primary outcome at 1 year occurred in 
395 (8%) of 5035 patients in the thrombectomy group 
compared with 394 (8%) of 5029 in the PCI alone group 
(p=0.99). Cardiovascular death within 1 year occurred in 
179 (4%) of the thrombectomy group and in 192 (4%) of 
5029 in the PCI alone group (p=0.48). 
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thrombus aspiration (thrombectomy) during PPCI plays an 
important role. 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 aspiration 
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 advan-
tage of one particular device over the other is lacking17.

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 REMEDIA (Randomized evaluation of 
the effect of mechanical reduction of distal embolization by 
thrombus-aspiration in primary and rescue angioplasty) 
trial, 100 patients with STEMI were randomized to PPCI 
with or without manual thrombus aspiration with 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%)19. In EXPIRA (Thrombecto-
my with Export Catheter in Infarct-Related Artery during 
Primary Percutaneous Coronary Intervention) 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 throm-
bus aspiration group compared with standard PCI. Patients 
in the aspiration group had less microvascular obstruction 
and smaller infarcts20. 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 PCI21.

In the INFUSE-AMI (Intracoronary Abciximab and Aspiration 
Thrombectomy in Patients with Large Anterior Myocardial 
Infarction) trial, which involved 452 high-risk patients with 
proximal or mid occlusion of the left anterior descending 
coronary artery, thrombus aspiration was not associated 
with a reduction in ischemic events at 30 days but was 
associated with a significant reduction in rehospitalization 
for heart failure and a nonsignificant reduction in reinfarc-
tion at 1 year22,23. Recently, observational data from 1498 
patients with STEMI that was identified in a randomized 

trial of treatment with drug-eluting stents showed that 
clinical outcomes with thrombus aspiration were similar to 
those with stenting alone24.

Thrombus Aspiration during Percutaneous coronary intervention 
in Acute myocardial infarction Study (TAPAS) trial

The first large randomized controlled trial (RCT) evaluating 
use of manual thrombus aspiration (Export® catheter) 
during PPCI was TAPAS trial. In this single-center all-com-
ers 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 postprocedural frequency of a MBG of 0 or 1. All 
patients received standard pharmacological therapy includ-
ing 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-seg-
ment resolution. Rates of target vessel revascularization 
were similar between the two groups25. A 1-year follow-up 
study showed reduced rates of cardiac death 3.6% (19 of 
535 patients) vs 6.7% (36 of 536 patients) and cardiac death 
or non-fatal reinfarction 5.6% (30 of 535 patients) vs 9.9% 
(53 of 536 patients) in the thrombus aspiration group26. The 
benefit of manual thrombus aspiration was irrespective of 
vessel size, infarct-related coronary artery or visible throm-
bus 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 thrombo-
sis (> 30-365 d) was observed less frequently in the throm-
bus aspiration cohort (0.2% vs 0.6% and 0.7% vs 1.5%).
In TAPAS, the mortality benefit and the reduced reinfarc-
tion rates in the thrombus aspiration group were probably 
associated with less thrombotic complications associated 
with the treatment26. Thrombus aspiration reduced the 
source of distal embolisation by removing the clots as well 
as atherosclerotic plaque material exposed to the luminal 
surface after plaque rupture. Histopathological analysis of 
aspirated clots in TAPAS showed both so-called white clots, 
composed mainly of platelets, and red clots composed of 
fibrin and red blood cells25. The findings of TAPAS form the 
basis for major society guidelines recommending manual 
thrombus aspiration as an adjunct for PPCI. The trial, 

Introduction
Acute myocardial infarction (MI) with ST-segment eleva-
tion is caused by rupture or erosion of an atherosclerotic 
plaque, initiating intraluminal thrombosis resulting in occlu-
sion of a coronary artery1-3. Primary percutaneous coronary 
intervention (PCI) has emerged as the preferred treatment of 
acute MI if logistically feasible and has been proven to be a 
very effective method to obtain patency of the infarct- 
related artery4-6. However, microvascular dysfunction with 
diminished myocardial perfusion is seen in a significant 
proportion of patients with a patent epicardial vessel after 
primary PCI and has been associated with larger infarct size, 
less recovery of left ventricular ejection fraction, and 
increased mortality7-9.

Two major impediments to normalization of microvascular 
function are considered to be reperfusion injury and            
microvascular obstruction. Reperfusion injury refers to the 
inability to reperfuse myocardium that is already necrotic 
through ischemic cell death10. Microvascular obstruction is 
believed to be caused by the embolization of soft plaque 
gruel (atheroembolization) and/or thrombotic material 
(thromboembolization) in the downstream bed of the 
infarct-related artery11,12. The embolization may occur 
spontaneously after plaque rupture, but recent studies 
emphasize mechanical crushing and fragmentation of the 
culprit lesion during PCI as the major cause7,13,14. Distal 

embolization induced by PCI therefore potentially results in 
further myonecrosis.

Myocardial reperfusion failure clinically manifests as 
persistent ST segment elevation, poor myocardial blush 
grade (MBG) and low thrombolysis in myocardial infarc-
tion (TIMI) flow grade15.  The EMERALD (The enhanced 
myocardial efficacy and recovery by aspiration of liberated 
debris) trial investigators, while investigating a distal 
balloon occlusion and aspiration system, demonstrated that 
visible debris was retrieved in 73% of the patients undergo-
ing PPCI16. Avoidance of distal embolization is hence a 
considerable therapeutic challenge during STEMI17. Throm-
bus aspiration (TA) is a well-established technique for 
removal of thrombus and restoration of blood flow in the 
setting of STEMI18.

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 emboliza-
tion. 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 mechani-
cal thrombectomy and embolic protection devices during 
PPCI is unproven, after several negative trials. Manual 
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The key safety outcome, stroke within 1 year, occurred in 60 
patients (1.2%) in the thrombectomy group compared with 
36 (0.7%) in the PCI alone group (p=0.015). Routine throm-
bus aspiration during PCI for STEMI did not reduce 
longer-term clinical outcomes and might be associated with 
an increase in stroke. As a result, thrombus aspiration can no 
longer be recommended as a routine strategy in STEMI32. 
In the TOTALOCTsub-study of patients undergoing prima-
ry PCI for STEMI, manual thrombectomy did not reduce 
pre-stent thrombus burden at the culprit lesion compared 
with PCI-alone. Both strategies were associated with low 
thrombus burden at the culprit lesion after the initial 
intervention to restore flow33. A strategy of routine manual 
thrombectomy was associated with an increased risk of 
stroke compared with a strategy of PCI alone with throm-
bectomy reserved for only bailout. Future thrombectomy 
trials need to carefully collect stroke outcomes to determine 
their safety in addition to efficacy34. A strategy of routine 
thrombectomy compared to PCI alone was associated with 
an increased risk of stroke within 30 days that was apparent 
within 48 h. There was an increase primarily in ischaemic 
strokes but also in haemorrhagic strokes and in strokes of all 
degrees of disability. In addition to traditional risk factors 
for stroke, randomization to thrombectomy was an independent 
predictor of stroke. A possible explanation of the increase in 
ischaemic stroke in the thrombectomy group would include 
embolization of thrombus from the coronary vasculature to 
the systemic vasculature. In addition, operators may have 
used more aggressive guide catheter manipulation to 
successfully cross lesions with the thrombectomy catheter 
and this could lead to dislodgement of atheroma from the 
aorta. As well, procedural times were longer in the routine 
thrombectomy arm34.

Observational studies: In a single-center retrospective 
analysis of 2567 consecutive STEMI patients treated with 
PPCI, aspiration thrombectomy (n = 1095, using Export 
catheter in 93%) was associated with improved post-proce-
dure TIMI 3 flow as well as reduced in-hospital (P = 0.027) 
and long-term (P = 0.028) mortality rates (4.5% vs 9.0%), 
over a mean follow-up of 9.9 months. 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 min35. However, critics of the study called the extent of 
mortality reduction excessive and implausible36.

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-hos-
pital 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 years37.

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 thrombectomy) significantly 
improves clinical outcomes, including lower all-cause 
mortality, in STEMI patients undergoing PPCI38. However, 
the suggestion of improved clinical outcome with thrombec-
tomy was questioned by a meta-analysis of 21 trials (includ-
ing 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 stroke39. 

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)40. 

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 thrombec-
tomy, was associated with reduced major adverse cardiovascular 
events, including mortality, at 6 to 12 months. A trend 
towards a higher risk of stroke was noted with mechanical 
thrombectomy41.

Unlike the previous meta-analyses, two recent metaanalyses 
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-anal-
ysis of 26 PPCI randomized trials in 11943 patients (throm-
bus 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 mortali-
ty (P = 0.124), reinfarction, target-vessel revascularization 
or definite stent thrombosis. 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 groups42.

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 postprocedural TIMI 3 flow, MBG 2-3 and ST-seg-
ment resolution43.

A recent meta-analysis included the 3 eligible randomized 
trials (TAPAS, TASTE and TOTAL trials) which enrolled 
19 047 patients, of whom 18 306 underwent PCI and were 
included in the primary analysis. Cardiovascular death at 30 
days occurred in 221 of 9155 patients (2.4%) randomized to 
thrombus aspiration and 262 of 9151 (2.9%) randomized to 
PCI alone (P=0.06). Stroke or transient ischemic attack 
occurred in 66 (0.8%) randomized to thrombus aspiration 
and 46 (0.5%) randomized to PCI alone (P=0.06). There 
were no significant differences in recurrent myocardial 
infarction, stent thrombosis, heart failure, or target vessel 
revascularization. In the subgroup with high thrombus 
burden (TIMI [Thrombolysis in Myocardial Infarction] 
thrombus grade ≥3), thrombus aspiration was associated 
with fewer cardiovascular deaths (170 [2.5%] versus 205 
[3.1%];  P=0.03) and with more strokes or transient 
ischemic attacks (55 [0.9%] versus 34 [0.5%]; P=0.04). 
However, the interaction P values were 0.32 and 0.34, 
respectively. This meta-analysis concluded routine throm-
bus aspiration during PCI for ST-segment–elevation 
myocardial infarction did not improve clinical outcomes. In 
the high thrombus burden group, the trends toward reduced 
cardiovascular death and increased stroke or transient 
ischemic attack provide a rationale for future trials of 
improved thrombus aspiration technologies in this high-risk 
subgroup44.

Guideline
2015 ACC/AHA/SCAI Focused Update on Primary Percu-
taneous Coronary Intervention for Patients With ST-Eleva-
tion Myocardial Infarction changed the prior Class IIa 
recommendation for aspiration thrombectomy on the basis 
of the results of TASTE and TOTAL trials. Routine aspira-
tion thrombectomy before primary PCI is now not recom-
mended (Class III: No Benefit, Level of evidence A). There 
are insufficient data to assess the potential benefit of a 
strategy of selective or bailout aspiration thrombectomy 
(Class IIb). “Bailout” aspiration thrombectomy is defined as 
thrombectomy that was initially unplanned but was later 
used during the procedure because of unsatisfactory initial 
result or procedural complication44.

Conclusion
Removal of thrombus before percutaneous coronary 
intervention (PCI) may reduce distal embolization and 
microvascular obstruction. However, recent meta-analysis 
concluded routine thrombus aspiration during PCI for 
STEMI did not improve clinical outcomes.

References
1. Falk E. Plaque rupture with severe pre-existing stenosis precipitat-

ing coronary thrombosis. Characteristics of coronary atherosclerotic 
plaques underlying fatal occlusive thrombi. British Heart Journal 
1983;50(2):127–134.

2. Davies MJ and Thomas A, Thrombosis and acute coronary artery 
lesions in sudden cardiac ischemic death. The New England Journal 
of Medicine 1984;310(18):1137–1140.

3. DeWood MA, Spores J, Notske JR, et al., Prevalence of total 
coronary occlusion during the early hours of transmural myocardial 
infarction. The New England Journal of Medicine 
1980;303(16):897-902. 

4. Zijlstra F, Hoorntje JC, de Boer MJ, et al. Long-term benefit of 
primary angioplasty as  compared with thrombolytic therapy for 
acute myocardial infarction. N Engl J Med 1999;341:1413-1419.

5. Keeley EC, Boura JA, Grines CL. Primary angioplasty versus 
intravenous thrombolytic therapy for acute myocardial infarction: a 
quantitative review of 23 randomised trials. Lancet 2003;361:13-20.

6. Silber S, Albertsson P, Aviles FF, et al. Guidelines for percutaneous 
coronary interventions: the Task Force for Percutaneous Coronary 
Interventions of the European Society of Cardiology. Eur Heart J 
2005;26:804-847. 

7. Henriques JP, Zijlstra F, Ottervanger JP, et al. Incidence and clinical 
significance of  distal embolization during primary angioplasty for 
acute myocardial infarction. Eur Heart J 2002;23:1112-1117. 

8. Poli A, Fetiveau R, Vandoni P, et al. Integrated analysis of myocar-
dial blush and ST-segment elevation recovery after successful 
primary angioplasty: real-time grading of microvascular reperfusion 
and prediction of early and late recovery of left ventricular function. 
Circulation 2002;106:313-318.

9. Costantini CO, Stone GW, Mehran R, et al. Frequency, correlates, 
and clinical implications of myocardial perfusion after primary 
angioplasty and stenting, with and without glycoprotein IIb/IIIa 
inhibition, in acute myocardial infarction. J Am Coll Cardiol 
2004;44:305-312.

10. Reffelmann T, Kloner RA. The “no-reflow” phenomenon: basic 
science and clinical correlates. Heart 2002;87:162-168.

11. Heusch G, Schulz R, Haude M, et al. Coronary microembolization. 
J Mol Cell Cardiol 2004;37:23 - 31.

12. Kawano H, Hayashida T, Ohtani H, et al. Histopathological findings 
of the no-reflow  phenomenon following coronary intervention for 
acute coronary syndrome. Int Heart J 2005;46:327- 332.

13. Topol EJ, Yadav JS. Recognition of the importance of embolization 
in atherosclerotic vascular disease. Circulation 2000;101:570-580.

14. Kotani J, Nanto S, Mintz GS, et al. Plaque gruel of atheromatous 
coronary lesion may contribute to the no-reflow phenomenon in 
patients with acute coronary syndrome. Circulation 
2002;106:1672-1677.

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

16. Stone GW, Webb J, Cox DA, Brodie BR, Qureshi M, Kalynych A et 
al. Distal microcirculatory protection during percutaneous Coronary 
intervention in acute ST-segment elevation myocardial infarction: a  
randomized controlled trial. JAMA 2005; 293: 1063-1072. 

17. Mahmood MM, Watt J, Ahmed JM. Thrombus aspiration during 
primary percutaneous coronary intervention for acute myocardial 
infarction: A review of clinical evidence and guidelines. World J 
Cardiol 2015; 7(12): 889-894.

18. Brodie BR. Aspiration thrombectomy with primary PCI for STEMI: 
review of the data and current guidelines. J Invasive Cardiol. 
2010:22;2B-5B.

19. Burzotta F, Trani C, Romagnoli E, Mazzari MA, Rebuzzi AG, De 
Vita M et al. Manual thrombus-aspiration improves myocardial 
reperfusion: the randomized evaluation of the effect of mechanical 
reduction of distal embolization by thrombusaspiration in primary 
and rescue angioplasty (REMEDIA) trial. J Am Coll Cardiol 
2005;46:371-376.

20. Sardella G, Mancone M, Bucciarelli-Ducci C, Agati L, Scardala R, 
Carbone I et al. Thrombus aspiration during primary percutaneous 
coronary intervention improves myocardial reperfusion and reduces 
infarct size: the EXPIRA (thrombectomy with export catheter in 
infarctrelated artery during primary percutaneous coronary intervention) 
prospective, randomized trial. J Am Coll Cardiol 2009;53:309-315.

21. Sardella G, Mancone M, Canali E, Di Roma A, Benedetti G, Stio R 
et al. Impact of thrombectomy with EXPort Catheter in Infarct-Re-
lated Artery during Primary Percutaneous Coronary Intervention 
(EXPIRA Trial) on cardiac death. Am J Cardiol 2010;106:624-629.

22. Stone GW, Maehara A, Witzenbichler B, Godlewski J, Parise H, 
Dambrink JH et al. Intracoronary abciximab and aspiration 
thrombectomy in patients with large anterior myocardial infarction: 
the INFUSE-AMI randomized trial. JAMA 2012;307:1817-1826.

23. Stone GW, Witzenbichler B, Godlewski J, et al. Intralesional 
abciximab and thrombus aspiration in patients with large anterior 
myocardial infarction: one year results from the INFUSE-AMI trial. 
Circ Cardiovasc Interv 2013;6:527-534.

24. Fernández-Rodríguez D, Regueiro A, Brugaletta S, et al. Optimiza-
tion in stent Implantation by manual thrombus aspiration in ST-seg-
ment-elevation myocardial infarction:findings from the EXAMINA-
TION trial. Circ Cardiovasc Interv 2014;7:294-300. 

25. Svilaas T, Vlaar PJ, van der Horst IC, Diercks GF, de Smet BJ, van 
den Heuvel AF et al. Thrombus aspiration during primary percutane-
ous coronary intervention. N Engl J Med 2008;358:557-567. 

26. Vlaar PJ, Svilaas T, van der Horst IC, Diercks GF, Fokkema ML, de 
Smet BJ et al. 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.

27. Frobert O, Lagerqvist B, Olivecrona GK, Omerovic E, Gudnason T, 
Maeng M et al. Thrombus aspiration during ST-segment elevation 
myocardial infarction. N Engl J Med 2013;369:1587-1597.

28. Lagerqvist B, Frobert O, Olivecrona GK, Gudnason T, Maeng M, 
Alstrom P et al. Outcomes 1 year after thrombus aspiration for 
myocardial infarction. N Engl J Med 2014;371:1111-1120.

29. Calais F, Lagerqvist B, Leppert J,  James SK, Frobert O, Thrombus 
aspiration in patients with large anterior myocardial infarction: A 
Thrombus Aspiration in ST-Elevation myocardial infarction in 
Scandinavia trial substudy. Am Heart J 2016;172:129-134.

30. Jolly SS, Cairns JA, Yusuf S, Meeks B, Pogue J, Rokoss MJ et al. 
Randomized trial of primary PCI with or without routine manual 
thrombectomy. N Engl J Med 2015;372:1389-1398.

31. Tilsted HH, Olivecrona GK. To Aspirate or Not to Aspirate: That Is 
the Question. JACC Cardiovasc Interv 2015;8:585-587.

32. Jolly SS, Cairns JA, Yusuf S, Rokoss MJ, Gao P, Meeks B et al. for 
the TOTAL Investigators. Outcomes after thrombus aspiration for 
ST elevation myocardial infarction: 1-year follow-up of the prospec-
tive randomised TOTAL trial. Lancet 2016;387:127-135.

33. Bhindi R, Kajander OA, Jolly SS, Kassam S, Lavi S, Niemela K et 
al. Culprit lesion thrombus burden after manual thrombectomy or 
percutaneous coronary intervention-alone in ST-segment elevation 
myocardial infarction: the optical coherence tomography sub-study 
of the TOTAL (ThrOmbecTomy versus PCI ALone) trial. European 
Heart Journal 2015:36:1892–1900.

34. Jolly SS, Cairns JA, Yusuf S, Meeks B, Gao P, Hart RG et al. on 
behalf of the TOTAL Investigators. Stroke in the TOTAL trial: a 
randomized trial of routine thrombectomy vs. percutaneous 
coronary intervention alone in ST elevation myocardial infarction. 
European Heart Journal 2015;36:2364-2372.

35. Noman A, Egred M, Bagnall A, Spyridopoulos I, Jamieson S, 
Ahmed J. Impact of thrombus aspiration during primary percutane-
ous coronary intervention on mortality in ST-segment elevation 
myocardial infarction. Eur Heart J 2012;33:3054-3061.

36. Stone GW. Simple aspiration in acute myocardial infarction:too 
simple to be true? Eur Heart J 2012;33:3005-3007.

37. Jones DA, Rathod KS, Gallagher S, Jain AK, Kalra SS, Lim P et al. 
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.

38. Burzotta F, De Vita M, Gu YL, Isshiki T, Lefèvre T, Kaltoft A et al. 
Clinical impact of thrombectomy in acute ST-elevation myocardial 
infarction: an individual patient-data pooled analysis of 11 trials. Eur 
Heart J 2009;30:2193-2203.

39. Mongeon FP, Bélisle P, Joseph L, Eisenberg MJ, Rinfret S. Adjunc-
tive thrombectomy for acute myocardial infarction: A bayesian 
meta-analysis. Circ Cardiovasc Interv 2010; 3: 6-16.

40. De Luca G, Navarese EP, Suryapranata H. A meta-analytic 
overview of thrombectomy during primary angioplasty. Int J Cardiol 
2013;166:606-612.

41. 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: Cardiol 
2013;62:1409-1418.

42. Spitzer E, Heg D, Stefanini GG, Stortecky S, Rutjes AW, Raber L et 
al. 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.

43. 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.

44. Jolly SS, Stefan James S, Dzavik V, Cairns JA , Mahmoud KD,  
Zijlstra F et al. Thrombus Aspiration in ST-Segment–Elevation 
Myocardial Infarction An Individual Patient Meta-Analysis: Throm-
bectomy Trialists Collaboration Circulation. 2017;135:143–152.

45. Levine GN, O’Gara PT, Bates ER, Blankenship JC, Kushner FG, 
Ascheim DD et al.  2015 ACC/AHA/SCAI focused update on 
primary percutaneous coronary intervention for patients with 
ST-elevation myocardial infarction: an update of the 2011 ACCF/A-
HA/SCAI guideline for percutaneous coronary intervention and the 
2013 ACCF/AHA guideline for the management of ST-elevation 
myocardial infarction: a report of the American College of Cardiolo-
gy/American Heart Association Task Force on Clinical Practice 
Guidelines and the Society for Cardiovascular Angiography and 
Interventions. J Am Coll Cardiol 2016;67:1235–1250.

Malik F et al.Thrombus Aspiration: Review Article



37

38 39

40 41

42 43

44

The key safety outcome, stroke within 1 year, occurred in 60 
patients (1.2%) in the thrombectomy group compared with 
36 (0.7%) in the PCI alone group (p=0.015). Routine throm-
bus aspiration during PCI for STEMI did not reduce 
longer-term clinical outcomes and might be associated with 
an increase in stroke. As a result, thrombus aspiration can no 
longer be recommended as a routine strategy in STEMI32. 
In the TOTALOCTsub-study of patients undergoing prima-
ry PCI for STEMI, manual thrombectomy did not reduce 
pre-stent thrombus burden at the culprit lesion compared 
with PCI-alone. Both strategies were associated with low 
thrombus burden at the culprit lesion after the initial 
intervention to restore flow33. A strategy of routine manual 
thrombectomy was associated with an increased risk of 
stroke compared with a strategy of PCI alone with throm-
bectomy reserved for only bailout. Future thrombectomy 
trials need to carefully collect stroke outcomes to determine 
their safety in addition to efficacy34. A strategy of routine 
thrombectomy compared to PCI alone was associated with 
an increased risk of stroke within 30 days that was apparent 
within 48 h. There was an increase primarily in ischaemic 
strokes but also in haemorrhagic strokes and in strokes of all 
degrees of disability. In addition to traditional risk factors 
for stroke, randomization to thrombectomy was an independent 
predictor of stroke. A possible explanation of the increase in 
ischaemic stroke in the thrombectomy group would include 
embolization of thrombus from the coronary vasculature to 
the systemic vasculature. In addition, operators may have 
used more aggressive guide catheter manipulation to 
successfully cross lesions with the thrombectomy catheter 
and this could lead to dislodgement of atheroma from the 
aorta. As well, procedural times were longer in the routine 
thrombectomy arm34.

Observational studies: In a single-center retrospective 
analysis of 2567 consecutive STEMI patients treated with 
PPCI, aspiration thrombectomy (n = 1095, using Export 
catheter in 93%) was associated with improved post-proce-
dure TIMI 3 flow as well as reduced in-hospital (P = 0.027) 
and long-term (P = 0.028) mortality rates (4.5% vs 9.0%), 
over a mean follow-up of 9.9 months. 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 min35. However, critics of the study called the extent of 
mortality reduction excessive and implausible36.

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-hos-
pital 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 years37.

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 thrombectomy) significantly 
improves clinical outcomes, including lower all-cause 
mortality, in STEMI patients undergoing PPCI38. However, 
the suggestion of improved clinical outcome with thrombec-
tomy was questioned by a meta-analysis of 21 trials (includ-
ing 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 stroke39. 

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)40. 

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 thrombec-
tomy, was associated with reduced major adverse cardiovascular 
events, including mortality, at 6 to 12 months. A trend 
towards a higher risk of stroke was noted with mechanical 
thrombectomy41.

Unlike the previous meta-analyses, two recent metaanalyses 
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-anal-
ysis of 26 PPCI randomized trials in 11943 patients (throm-
bus 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 mortali-
ty (P = 0.124), reinfarction, target-vessel revascularization 
or definite stent thrombosis. 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 groups42.

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 postprocedural TIMI 3 flow, MBG 2-3 and ST-seg-
ment resolution43.

A recent meta-analysis included the 3 eligible randomized 
trials (TAPAS, TASTE and TOTAL trials) which enrolled 
19 047 patients, of whom 18 306 underwent PCI and were 
included in the primary analysis. Cardiovascular death at 30 
days occurred in 221 of 9155 patients (2.4%) randomized to 
thrombus aspiration and 262 of 9151 (2.9%) randomized to 
PCI alone (P=0.06). Stroke or transient ischemic attack 
occurred in 66 (0.8%) randomized to thrombus aspiration 
and 46 (0.5%) randomized to PCI alone (P=0.06). There 
were no significant differences in recurrent myocardial 
infarction, stent thrombosis, heart failure, or target vessel 
revascularization. In the subgroup with high thrombus 
burden (TIMI [Thrombolysis in Myocardial Infarction] 
thrombus grade ≥3), thrombus aspiration was associated 
with fewer cardiovascular deaths (170 [2.5%] versus 205 
[3.1%];  P=0.03) and with more strokes or transient 
ischemic attacks (55 [0.9%] versus 34 [0.5%]; P=0.04). 
However, the interaction P values were 0.32 and 0.34, 
respectively. This meta-analysis concluded routine throm-
bus aspiration during PCI for ST-segment–elevation 
myocardial infarction did not improve clinical outcomes. In 
the high thrombus burden group, the trends toward reduced 
cardiovascular death and increased stroke or transient 
ischemic attack provide a rationale for future trials of 
improved thrombus aspiration technologies in this high-risk 
subgroup44.

Guideline
2015 ACC/AHA/SCAI Focused Update on Primary Percu-
taneous Coronary Intervention for Patients With ST-Eleva-
tion Myocardial Infarction changed the prior Class IIa 
recommendation for aspiration thrombectomy on the basis 
of the results of TASTE and TOTAL trials. Routine aspira-
tion thrombectomy before primary PCI is now not recom-
mended (Class III: No Benefit, Level of evidence A). There 
are insufficient data to assess the potential benefit of a 
strategy of selective or bailout aspiration thrombectomy 
(Class IIb). “Bailout” aspiration thrombectomy is defined as 
thrombectomy that was initially unplanned but was later 
used during the procedure because of unsatisfactory initial 
result or procedural complication44.

Conclusion
Removal of thrombus before percutaneous coronary 
intervention (PCI) may reduce distal embolization and 
microvascular obstruction. However, recent meta-analysis 
concluded routine thrombus aspiration during PCI for 
STEMI did not improve clinical outcomes.
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The key safety outcome, stroke within 1 year, occurred in 60 
patients (1.2%) in the thrombectomy group compared with 
36 (0.7%) in the PCI alone group (p=0.015). Routine throm-
bus aspiration during PCI for STEMI did not reduce 
longer-term clinical outcomes and might be associated with 
an increase in stroke. As a result, thrombus aspiration can no 
longer be recommended as a routine strategy in STEMI32. 
In the TOTALOCTsub-study of patients undergoing prima-
ry PCI for STEMI, manual thrombectomy did not reduce 
pre-stent thrombus burden at the culprit lesion compared 
with PCI-alone. Both strategies were associated with low 
thrombus burden at the culprit lesion after the initial 
intervention to restore flow33. A strategy of routine manual 
thrombectomy was associated with an increased risk of 
stroke compared with a strategy of PCI alone with throm-
bectomy reserved for only bailout. Future thrombectomy 
trials need to carefully collect stroke outcomes to determine 
their safety in addition to efficacy34. A strategy of routine 
thrombectomy compared to PCI alone was associated with 
an increased risk of stroke within 30 days that was apparent 
within 48 h. There was an increase primarily in ischaemic 
strokes but also in haemorrhagic strokes and in strokes of all 
degrees of disability. In addition to traditional risk factors 
for stroke, randomization to thrombectomy was an independent 
predictor of stroke. A possible explanation of the increase in 
ischaemic stroke in the thrombectomy group would include 
embolization of thrombus from the coronary vasculature to 
the systemic vasculature. In addition, operators may have 
used more aggressive guide catheter manipulation to 
successfully cross lesions with the thrombectomy catheter 
and this could lead to dislodgement of atheroma from the 
aorta. As well, procedural times were longer in the routine 
thrombectomy arm34.

Observational studies: In a single-center retrospective 
analysis of 2567 consecutive STEMI patients treated with 
PPCI, aspiration thrombectomy (n = 1095, using Export 
catheter in 93%) was associated with improved post-proce-
dure TIMI 3 flow as well as reduced in-hospital (P = 0.027) 
and long-term (P = 0.028) mortality rates (4.5% vs 9.0%), 
over a mean follow-up of 9.9 months. 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 min35. However, critics of the study called the extent of 
mortality reduction excessive and implausible36.

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-hos-
pital 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 years37.

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 thrombectomy) significantly 
improves clinical outcomes, including lower all-cause 
mortality, in STEMI patients undergoing PPCI38. However, 
the suggestion of improved clinical outcome with thrombec-
tomy was questioned by a meta-analysis of 21 trials (includ-
ing 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 stroke39. 

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)40. 

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 thrombec-
tomy, was associated with reduced major adverse cardiovascular 
events, including mortality, at 6 to 12 months. A trend 
towards a higher risk of stroke was noted with mechanical 
thrombectomy41.

Unlike the previous meta-analyses, two recent metaanalyses 
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-anal-
ysis of 26 PPCI randomized trials in 11943 patients (throm-
bus 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 mortali-
ty (P = 0.124), reinfarction, target-vessel revascularization 
or definite stent thrombosis. 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 groups42.

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 postprocedural TIMI 3 flow, MBG 2-3 and ST-seg-
ment resolution43.

A recent meta-analysis included the 3 eligible randomized 
trials (TAPAS, TASTE and TOTAL trials) which enrolled 
19 047 patients, of whom 18 306 underwent PCI and were 
included in the primary analysis. Cardiovascular death at 30 
days occurred in 221 of 9155 patients (2.4%) randomized to 
thrombus aspiration and 262 of 9151 (2.9%) randomized to 
PCI alone (P=0.06). Stroke or transient ischemic attack 
occurred in 66 (0.8%) randomized to thrombus aspiration 
and 46 (0.5%) randomized to PCI alone (P=0.06). There 
were no significant differences in recurrent myocardial 
infarction, stent thrombosis, heart failure, or target vessel 
revascularization. In the subgroup with high thrombus 
burden (TIMI [Thrombolysis in Myocardial Infarction] 
thrombus grade ≥3), thrombus aspiration was associated 
with fewer cardiovascular deaths (170 [2.5%] versus 205 
[3.1%];  P=0.03) and with more strokes or transient 
ischemic attacks (55 [0.9%] versus 34 [0.5%]; P=0.04). 
However, the interaction P values were 0.32 and 0.34, 
respectively. This meta-analysis concluded routine throm-
bus aspiration during PCI for ST-segment–elevation 
myocardial infarction did not improve clinical outcomes. In 
the high thrombus burden group, the trends toward reduced 
cardiovascular death and increased stroke or transient 
ischemic attack provide a rationale for future trials of 
improved thrombus aspiration technologies in this high-risk 
subgroup44.

Guideline
2015 ACC/AHA/SCAI Focused Update on Primary Percu-
taneous Coronary Intervention for Patients With ST-Eleva-
tion Myocardial Infarction changed the prior Class IIa 
recommendation for aspiration thrombectomy on the basis 
of the results of TASTE and TOTAL trials. Routine aspira-
tion thrombectomy before primary PCI is now not recom-
mended (Class III: No Benefit, Level of evidence A). There 
are insufficient data to assess the potential benefit of a 
strategy of selective or bailout aspiration thrombectomy 
(Class IIb). “Bailout” aspiration thrombectomy is defined as 
thrombectomy that was initially unplanned but was later 
used during the procedure because of unsatisfactory initial 
result or procedural complication44.

Conclusion
Removal of thrombus before percutaneous coronary 
intervention (PCI) may reduce distal embolization and 
microvascular obstruction. However, recent meta-analysis 
concluded routine thrombus aspiration during PCI for 
STEMI did not improve clinical outcomes.
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