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In the latest ACC/AHA/SCAI guideline update on pri-
mary percutaneous coronary intervention (PCI) for pa-
tients with ST-elevation myocardial infarction (STEMI), 
routine use of manual thrombectomy as an adjunct to 
primary PCI is not recommended (class III: no benefit, 
level of evidence A) [1]. The guidelines also state that 
the usefulness of selective and bailout aspiration throm-
bectomy in patients undergoing primary PCI is not well 
established (class IIb, level of evidence C). A  change in 
the recommendation occurred following publication of 
two large randomized studies, the TOTAL trial (a trial of 
routine aspiration ThrOmbecTomy with PCI versus PCI 
ALone in Patients with STEMI) (n = 10 732) [2] and the 
TASTE study (Thrombus Aspiration in ST-Elevation Myo-
cardial Infarction in Scandinavia) (n = 7244) [3], which 
both showed no difference in clinical outcomes between 
PCI plus thrombectomy versus PCI alone. Previously, the 
smaller (n = 1071) randomized TAPAS study (Thrombus 
Aspiration during Percutaneous Coronary Intervention in 
Acute Myocardial Infarction Study) [4] had shown that 
manual thrombectomy was associated with better post-
PCI myocardial perfusion, as measured by the myocardial 
blush grade (MBG), and a reduction in cardiac mortality, 
although this study was not powered to detect differ-
ences in clinical events. However, we believe that there 
are important observations that should be taken into 
account when weighing the impact of these trials on ev-
eryday practice.

In this issue of Advances in Interventional Cardiology, 
2 case reports describe successful application of manual 
thrombectomy beyond the scope of routine STEMI man-
agement (a patient with breast cancer and paraneoplas-
tic syndrome, who suffered non-ST-segment myocardial 
infarction and a patient with bacterial endocarditis of the 

aortic valve and anterior STEMI caused by embolization 
of thrombotic material into the left anterior descending 
(LAD) coronary artery) [5, 6]. 

Taken together with the recently published data on 
the lack of clinical benefit of routine manual thrombec-
tomy, the two described reports seem to raise the follow-
ing question: Has the role of thrombectomy shifted from 
being considered part of the routine practice of STEMI 
treatment to being a non-standard therapeutic tool for 
an exceptional acute MI patient? To attempt an answer 
to this question, we analyze the results of the main and 
secondary publications from the TOTAL and the TASTE tri-
als and relate these findings to the knowledge base from 
earlier clinical studies that seemed to be in favor of the 
routine use of manual thrombectomy.

In the TOTAL trial, patients undergoing manual aspi-
ration thrombectomy as an adjunct to primary PCI had 
a similar rate of the combined primary endpoint of car-
diovascular death, recurrent MI, cardiogenic shock or 
NYHA IV heart failure at 180 days, as compared with PCI 
alone (6.9% vs. 7.0%, respectively; HR = 0.99, 95% CI: 
0.85–1.15, p = 0.86) [2]. There were no significant differ-
ences in individual components of the primary endpoint 
or in the rate of stent thrombosis (1.5% vs. 1.7%, p = 
0.42) or target vessel revascularization (4.5% vs. 4.3%, 
p = 0.77), at 180 days [2]. The crossover rate was 4.6% 
from thrombectomy to PCI alone and 1.4% from PCI 
alone to thrombectomy, while the rate of bailout throm-
bectomy in the PCI-alone group was 7.1% [2]. Neverthe-
less, the on-treatment analysis that compared patients 
who received thrombectomy irrespective of randomiza-
tion (both upfront and bailout) with PCI alone showed no 
significant difference in the rate of the primary endpoint. 
At 1 year, the occurrence of the primary composite end-
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point was the same in patients with thrombectomy vs. 
PCI alone (8% in both groups) [7]. On top of demonstrat-
ing neither early nor 1-year benefit of thrombectomy,  
the TOTAL trial showed an increased incidence of stroke 
in patients subjected to manual thrombus aspiration (at 
30 days: 0.7% vs. 0.3%, p = 0.015; at 180 days: 1.0% vs. 
0.5%, p = 0.003; at 1 year: 1.2% vs. 0.7%, p = 0.015) [2, 
7, 8]. The greatest difference in the occurrence of stroke 
was documented in the first 48 h after PCI (0.3% vs. 
0.1%, p = 0.025) [8]. Thrombus dislodgment from coro-
nary into systemic vasculature may have accounted for 
early ischemic strokes in patients undergoing thrombec-
tomy. However, the following two findings remain largely 
unexplained and may be attributed to the play of chance: 
firstly, the more frequent occurrence of stroke in the peri-
od between 90 and 180 days after PCI; secondly, the ex-
cess of hemorrhagic stroke in the thrombectomy group, 
which may have been the consequence of the very low 
overall number of events (n = 12) and/or difficulties in 
differentiating between primary hemorrhagic and isch-
emic strokes with hemorrhagic transformation.

Adding to the evidence from the TOTAL trial, the lack 
of clinical benefit of manual aspiration thrombectomy 
was confirmed by the TASTE study, which like the TOTAL 
trial was powered to assess the impact of thrombectomy 
on clinical events. In the TASTE study, 11  709 patients 
were screened but only 7244 (60%) were randomized. 
Importantly, the remaining 4580 patients were followed 
in a  parallel registry and 24.8% of them underwent 
thrombectomy. The primary endpoint of all-cause mor-
tality at 30 days did not differ between patients assigned 
to thrombectomy vs. PCI alone (2.8% vs. 3.0% in random-
ized patients, while it was 10.9% vs. 10.5% in two registry 
arms) [3]. Other clinical outcomes, including reinfarction, 
stent thrombosis and target vessel/lesion revasculariza-
tion, were also similar between the treatment groups. At 
1 year, there was also no difference in mortality (5.3% 
vs. 5.6%, in the thrombectomy vs. PCI alone patients re-
spectively) or other clinical outcomes [9]. The TOTAL and  
the TASTE trials had concordant results, although there 
were design differences (for example, randomization af-

ter angiography in the TASTE trial and before angiogra-
phy in the TOTAL trial, and the time from symptom onset 
to randomization, which was < 24 h in the TASTE trial 
and < 12 h in the TOTAL trial).

The absence of thrombectomy-associated improve-
ment in clinical outcomes in the TOTAL and the TASTE 
trials contradicted previously published findings of the 
TAPAS study, which had suggested reduced 1-year cardi-
ac mortality in patients treated with thrombus aspiration 
compared to conventional PCI (3.6% vs. 6.7%, respec-
tively, p = 0.02) [10]. Although the results of the TAPAS 
and the TOTAL trials seem to be conflicting, a closer look 
might reveal a common set of evidence on the impact of 
aspiration thrombectomy in patients with STEMI. Name-
ly, in both trials thrombectomy resulted in an improve-
ment of parameters associated with better myocardial 
perfusion (complete ST-segment resolution (STR) in both 
studies, MBG ≥ 2 in TAPAS and less distal embolization 
in TOTAL). Hence, the apparent discrepancy between the 
studies appears to originate mainly from the fact that 
TAPAS was not powered to detect differences in clinical 
outcomes. 

It is difficult to explain why manual thrombectomy 
did not have an impact on the outcome of patients un-
dergoing primary PCI for STEMI. The technique of aspira-
tion thrombectomy is based on the mechanical removal 
of coronary thrombi prior to stent implantation, and was 
believed to confer patient benefit in two distinct aspects: 
firstly, via improvement in myocardial perfusion, which 
could consequently lead to infarct size reduction and 
better clinical outcomes; and secondly, by ameliorating 
thrombus burden prior to stent implantation, thus de-
creasing the rate of stent-related complications (i.e. due 
to underexpansion or malapposition). Surrogates of myo-
cardial reperfusion, such as complete STR, have consis-
tently been improved by thrombectomy across the trials, 
even including the overall negative TOTAL trial. However, 
thrombectomy was not associated with reduced infarct 
size, as assessed by magnetic resonance imaging [11] or 
SPECT [12]. Similarly, the theoretical potential to reduce 
thrombus burden at the site of stent implantation was 

Study Thrombectomy PCI alone Weight (%) Odds ratio Year Odds ratio
or subgroup Events Total Events Total  M-H, random, 95% CI  M-H, random, 95% CI

TAPAS (2008) 25 535 41 536 11.0 0.59 (0.365, 0.99) 2008
EXPIRA (2010) 0 88 6 87 0.4 0.07 (0.00, 1.28) 2010
INFUSE-AMI (2012) 11 229 15 223 4.9 0.70 (0.31, 1.56) 2012
MUSTELA (2012) 5 104 5 104 2.0 1.00 (0.28, 3.56) 2012
TASTE (2014) 191 3621 202 3623 39.7 0.94 (0.77, 1.16) 2014
TOTAL (2015) 214 5035 224 5029 42.0 0.95 (0.79, 1.15) 2015

Total (95% CI)  9612  9602 100 0.88 (0.73, 1.06)
Total events 446  493
Heterogeneity:  τ2 = 0.01; χ2 = 6.48, df = 5 (p = 0.26), I2 = 23%
Test for overall effect: Z = 1.39 (p = 0.17)

Figure 1. Forest plot showing no significant difference in all-cause mortality at least 12 months after PCI, in 
STEMI patients with vs. without manual aspiration thrombectomy as adjunct to primary PCI
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not fulfilled, as evidenced by the TOTAL-OCT substudy, 
which showed no difference in thrombus burden before 
stenting [13]. To reveal potential thrombectomy benefits 
at a longer-term follow-up, we performed a meta-analy-
sis of randomized trials that reported at least 12 months 
all-cause mortality [7, 9, 11, 14, 15], which confirmed the 
absence of a positive effect at this time interval (OR = 
0.88, 95% CI: 0.73–1.06, p = 0.17) (Figure 1). 

In conclusion, manual aspiration thrombectomy has 
been associated with improved myocardial perfusion, 
most notably by reducing the rate of MBG 0 or 1 in the 
TAPAS trial, albeit without translation into clinical ben-
efit, as shown in the TASTE and TOTAL trials, and sup-
ported by a  recent meta-analysis [16]. The explanation 
for this may be found in the generally highly complex 
relationship between surrogates and hard clinical end-
points [17]. In the particular context of a STEMI patient, 
thrombectomy-associated improvement in surrogates of 
myocardial perfusion, such as STR or MBG, is only one 
piece of a  complex puzzle that also includes microvas-
culature-mediated flow resistance, cardiomyocyte re-
sponse to ischemia and reperfusion injury, and stent/
procedure-related complications, such as bleeding and 
contrast-induced acute kidney injury. 

Despite the lack of clinical benefit associated with 
its routine upfront use, manual aspiration thrombecto-
my appears to remain a useful tool in the interventional 
cardiologist’s armamentarium. However, we expect that 
the rate of manual thrombectomy during primary PCI will 
decrease to 10% to 25% of cases (between the crossover 
rate in the TOTAL trial and the rate of use in the registry 
patients in the TASTE trial) and will be reserved for care-
fully selected cases with an anticipated high risk of distal 
embolization or with no-reflow after balloon angioplasty 
or stent implantation.
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