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Abstract
Background: The role of thrombus aspiration plus primary percutaneous coronary intervention in ST-segment elevation 
myocardial infarction remains controversial.
Methods: We performed a meta-analysis of 25 randomised controlled trials in which 21,740 ST-segment elevation 
myocardial infarction patients were randomly assigned to thrombus aspiration plus primary percutaneous coronary 
intervention or primary percutaneous coronary intervention. Study endpoints were: death, myocardial infarction, stent 
thrombosis and stroke.
Results: On pooled analysis, the risk of death (4.3% vs. 4.8%, odds ratio (OR) 0.90, 95% confidence interval (CI) 0.79–
1.03; P=0.123), myocardial infarction (2.4% vs. 2.5%, OR 0.95, 95% CI 0.80–1.13; P=0.57) and stent thrombosis (1.3% vs. 
1.6%, OR 0.80, 95% CI 0.63–1.01; P=0.066) was similar between thrombus aspiration plus primary percutaneous coronary 
intervention and primary percutaneous coronary intervention. The risk of stroke was higher in the thrombus aspiration 
plus primary percutaneous coronary intervention than the primary percutaneous coronary intervention group (0.84% vs. 
0.59%, OR 1.401, 95% CI 1.004–1.954; P=0.047). However, on sensitivity analysis after removing the TOTAL trial, thrombus 
aspiration plus primary percutaneous coronary intervention was not associated with an increased risk of stroke (OR 1.01, 
95% CI 0.58–1.78). The weak association between thrombus aspiration and stroke was also confirmed by the fact that the 
lower bound of the 95% CI was slightly below unity after removing either the study by Kaltoft or the ITTI trial. There was 
no interaction between the main study results and follow-up, evidence of coronary thrombus, or study sample size.
Conclusions: In patients with ST-segment elevation myocardial infarction, thrombus aspiration plus primary 
percutaneous coronary intervention does not reduce the risk of death, myocardial infarction or stent thrombosis. 
Thrombus aspiration plus primary percutaneous coronary intervention is associated with an increased risk of stroke; 
however, this latter finding appears weak.
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Introduction

Primary percutaneous coronary intervention (PPCI) repre-
sents the treatment of choice for ST-segment elevation 
myocardial infarction (STEMI).1,2 However, despite the 
achievement of infarct-related artery patency in most of the 
cases, myocardial tissue reperfusion may not occur because 
of microvascular damage that causes poor recovery of left 
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ventricular function and poor prognosis.3–5 In this process, 
known as the no-reflow phenomenon, several mechanisms 
are involved.6

During the past decade thrombus aspiration (TA), by 
means of thrombus removal, has been considered a simple 
way to reduce the risk of distal embolisation and ultimately 
to facilitate myocardial reperfusion. Indeed, early small to 
moderate sized randomised clinical trials (RCTs)7–11 have 
consistently shown that adjunctive TA to PPCI improves 
indices of myocardial perfusion compared to PPCI. 
Furthermore, long-term data from the Thrombus Aspiration 
during Percutaneous coronary intervention in Acute myocar-
dial infarction Study (TAPAS)12 and early meta-analyses13,14 
suggested that the beneficial effect on indices of myocardial 
perfusion could translate into better clinical outcomes. 
However, these findings have been challenged by the results 
of both recent multicentre RCTs15–18 and meta-analyses19–21 
showing no benefit in the use of routine TA plus PPCI com-
pared to PPCI alone, while it might be associated with an 
increased risk of stroke.17–21 However, these studies could 
still be underpowered to detect small differences in terms of 
both hard and rare clinical endpoints. Yet, since the publica-
tion of the most recent meta-analysis21 additional studies and 
longer follow-ups are available.

Accordingly, we undertook an updated systematic 
review and meta-analysis including data at the longest fol-
low-up available to determine whether in patients with 
STEMI a strategy of routine TA plus PPCI, compared to 
PPCI alone reduced the risk of clinical hard endpoints (all-
cause mortality, myocardial infarction (MI), stent thrombo-
sis) or may be associated with an increased risk of stroke. 
Of note, we performed a comprehensive sensitivity analy-
sis to evaluate the possibility of interaction between final 
effect estimates and the following study characteristics: 
sample size, evidence of coronary thrombus as inclusion 
criteria and follow-up duration. Evaluation of study-level 
interaction was also performed.

Methods

Study selection and study endpoint

We carried out a systematic review of the available publica-
tions according to the current PRISMA guidelines to per-
form meta-analyses of RCTs.22 We searched for relevant 
articles, published in MEDLINE and the Cochrane Library, 
using the following key words that were combined as fol-
lows: ‘STEMI and thrombectomy’, ‘MI and thrombec-
tomy’, ‘STEMI and aspiration’, ‘MI and aspiration’, 
‘STEMI and thrombus aspiration’, ‘MI and thrombus aspi-
ration’ (Supplementary Table 1). No language restriction 
was used. We also checked the reference lists of reviews 
and relevant articles. Inclusion criteria were as follows: (a) 
RCT design; (b) full text article; (c) comparison between 
TA plus PPCI and PPCI alone in STEMI patients within 48 

hours of symptoms onset, including rescue percutaneous 
coronary intervention (PCI) patients; (d) data on clinical 
outcome available.

We excluded trials that included patients treated with a 
fibrinolysis facilitated PPCI, trials performing mechanical 
thrombectomy, studies comparing different thrombectomy 
devices and those enrolling only patients treated on a saphe-
nous vein coronary graft. Two investigators (NT and GG) 
independently reviewed the titles, abstracts and studies to 
determine whether they met the inclusion criteria. Conflicts 
between reviewers were resolved by consensus.

The individual efficacy study endpoints were the rate of 
all-cause death, MI and stent thrombosis. The safety clinical 
endpoint was the rate of stroke. We used definitions applied 
in each study and data from the longest follow-up available. 
Data were extracted on the basis of the intention-to-treat 
populations. Risk of bias assessment was conducted accord-
ing to the Cochrane criteria23 (Supplementary Table 2).

Statistical analysis

Odds ratios (ORs) and 95% confidence intervals (CIs) were 
used as the summary statistic. The pooled OR was calcu-
lated by using both fixed-effect (inverse variance weighted) 
and random-effect (DerSimonian and Laird) models. 
Between-study heterogeneity of effects was analysed using 
the χ2 and inconsistency across study results quantified by 
I2 statistics, with I2<25%, 25%⩽I2⩽50% and I2>50%, 
respectively, representing mild, moderate and severe incon-
sistency. Sensitivity analysis was performed by evaluating 
the influence of removing individual studies on the pooled 
OR. Sensitivity analysis was also performed with reference 
to the following study characteristics: sample size, evi-
dence of coronary thrombus as inclusion criteria and dura-
tion of follow-up (short (in H–30 days) vs. mid follow-up 
(6–12 months)). The number needed to treat and the num-
ber treated to harm (NTH) for each outcome were calcu-
lated as previously described for meta-analysis.24 We 
deemed P values less than 0.05 as significant (and all P 
values were two-sided). The possibility of publication bias 
was assessed both visually by funnel plot and Peter’s test. 
Statistical analyses were performed using Stata/SE 12.0 
(StataCorp LP, College Station, TX, USA).

Results

Figure 1 shows the flow chart for the study analysis. Of 632 
potentially relevant articles initially screened, 25 met the 
inclusion criteria and were included in the meta-analysis, with 
a total of 21,740 patients.7–11,15,17,25–42 Six studies presented 
extended follow-up in subsequent papers12,16,18,43–45 and these 
data were used for the present meta-analysis. Supplementary 
Table 2 shows the risk of bias of studies included in the meta-
analysis. Table 1 shows the main characteristics of the studies 
included. Patients were predominantly enrolled if they had 
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experienced STEMI within 12 hours of symptom onset. 
Patients with STEMI greater than 12 hours were enrolled in 
four studies.15,26,28,41 Only TASTE15 and TOTAL17 trials had 
clinical events as the primary endpoint. Follow-up duration 
ranged from in-hospital to 12 months. Table 2 shows the main 
patients’ baseline characteristics according to each study. The 
percentage of patients with high thrombus grade was much 
higher in the TOTAL trial as compared to the TASTE trial 
(89% vs. 31%).

All-cause mortality

Among the 21,740 patients included in the analysis, the 
rate of all-cause death was 4.5% at a weighted mean fol-
low-up of 11.1 months. On pooled analysis, the risk of 
all-cause death was similar between patients undergoing 
TA plus PPCI and those undergoing PPCI alone (4.3% vs. 
4.8%, OR on both fixed and random effect 0.90, 95% CI 
0.79–1.03; P=0.123). There was no heterogeneity among 
the studies (I2=0.0%, P=0.74) (Figure 2(a)). On sensitiv-
ity analyses studies’ sample size (P for interaction 0.43, 
Figure 2(b)), evidence of thrombus as inclusion criteria (P 
for interaction 0.38, Figure 2(c)) and follow-up duration 
(P for interaction 0.42, Figure 2(d)) did not affect the rela-
tive risk of all-cause death in patients undergoing TA plus 
PPCI as compared to patients undergoing PPCI. 
Supplementary Figure 1 shows that after removing each 
individual study the pooled effect estimate remained sub-
stantially unchanged. The funnel plot was symmetric 
showing the lack of publication bias (Supplementary 

Figure 2). The Peter’s test further supports this result (P 
value for small-study effect 0.22).

MI and stent thrombosis

Data on MI were available in 20 studies including 21,336 
patients. The rate of MI was 2.5% at a weighted mean fol-
low-up of 11.3 months. On pooled analysis, the risk of MI 
was similar between patients undergoing TA plus PPCI and 
those undergoing PPCI (2.4% vs. 2.5%, OR 0.95, 95% CI 
0.80–1.13; P=0.57). There was no heterogeneity among the 
studies (I2=0.0%, P=0.88) (Figure 3(a)). We noted no sig-
nificant heterogeneity for MI between the effect estimate 
and studies grouped by sample size, evidence of thrombus 
as inclusion criteria and follow-up duration (Figure 3(b–
d)). Supplementary Figure 3 shows that after removing 
each individual study the pooled effect estimate remained 
unchanged. Funnel plot (Supplementary Figure 4) and the 
Peter’s test (P=0.26) showed the lack of publication bias.

Eleven studies reported data on stent thrombosis. Among 
19,985 patients the rate of stent thrombosis at a weighted 
mean follow-up of 11.8 months was 1.4%. No studies had a 
follow-up time less than 6 months. Patients treated with TA 
plus PPCI showed a trend towards a lower risk of stent 
thrombosis compared to those undergoing only PPCI (1.3% 
vs. 1.6%, OR 0.80, 95% CI 0.63–1.01; P=0.066) (Figure 
4(a)). We noted (Figure 4(b) and (c)) no significant hetero-
geneity for stent thrombosis between the effect estimate 
and both studies’ sample size and evidence of thrombus as 
inclusion criteria. No individual study affected the effect 

Figure 1. Study flow chart.
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Table 2. Characteristics of patients.

Age 
(years) 

Male (%) 
 

Diabetes 
(%) 

Symptoms-to-
angiography 
(min)

Advance 
Killip 
class (%)

Pre-TIMI 
<= 1 (%) 

LAD 
involvment 
(%)

High 
thrombus 
grade (%)

GP IIb/IIIa 
inhibitors 
(%)

 TA C TA C TA C TA C TA C TA C TA C TA C TA C

REMEDIA7 61 60 90 78 22 18 274 300 30 29 86 89 40 51 58 55 68 63
De Luca et al.9 67 65 71 55 24 18 432 456 29 25 100 100 100 99 na na 100 100
DEAR-MI10 57 59 84 76 21 15 206 199 11 5 81 73 43 51 na na 100 100
Kaltoft et al.42 65 63 76 80 8 6 242 208 6 4 68 69 46 43 na na 96 93
Chao et al.8 60 62 84 86 32 22 312 331 na na na na 56 59 81 73 19 32
TAPAS11,12 63 63 68 73 11 12 190 185 na na 55 60 43 43 48 44 93 90
Chevalier et al.25 50 61 81 81 17 13 225 219 12 11 99.2 100 48 52 na na 3 11
VAMPIRE26 63 64 81 78 23 30 270 312 11 8 75 75 50 52 na na 0 0
EXPIRA27,43 68 67 65 55 24 18 366 366 19 29 100 100 43 44 100 100 100 100
Lipiecki et al.28 59 59 60 75 5 8 426 444 0 0 100 96 35 46 na na 30 74
Liistro et al.29 64 65 78 77 20 12 189 209 8 4 69 76 38 46 na na 100 100
PIHRATE30 61 59 80 82 13 10 na na 2 1 97 98 39 40 0 0 8 11
ITTI31 61 57 90 81 27 25 274 245 0 8 82 92 50 52 88 94 54 52
Ciszewski et al.32 64 64 48 50 10 17 37 34 na na 90 91 37 34 100 99 84 80
Bulum et al.33 54 59 83 73 10 10 234 293 na na na na 47 37 na na 97 83
MUSTELA34 62 63 88 76 19 20 230 208 4 9 91 78 na na 100 100 100 100
INFUSE-AMI35,44 61 59 74 74 15 8 146 163 1 2 51 50 na na na na 51 50
TROFI36,45 61 61 76 69 8 13 na na 1 1 48 46 45 43 86 83 48 63
TASTE15,16 67 66 75 75 12 13 185 182 6 5 78 78 41 40 31 30 15 17
Sim et al.37 63 60 67 70 28 33 180 120 0 0 77 77 63 49 na na 30 47
TOTAL17,18 61 61 77 78 18 19 128 120 4 4 74 74 na na 91 89 37 31
Woo et al. 38 55 53 85 100 21 17 266 281 na na 79 83 73 53 88 93 0 0
Shehata et al.39 60 59 62 66 100 100 78 74 12 8 na na 29 25 na na 100 100
COCTAIL II40 62 62 81 86 14 15 175 175 22 16 64 56 40 45 na na 100 100
Desch et al.41 66 66 69 80 31 34 1560 1740 13 18 67 65 54 44 89 79 25 28

C: control; LAD: left anterior descending artery; na: not available; TA: thrombus aspiration.

estimate for stent thrombosis (Supplementary Figure 5). 
Funnel plot (Supplementary Figure 6) and the Peter’s test 
(P=0.33) showed the lack of publication bias.

Stroke

Data on stroke were available in 13 studies including 
20,195 STEMI patients. At a weighted mean follow-up of 
7.5 months the rate of stroke was 0.63%. Figure 5(a) 
shows that on pooled analysis, the risk of stroke was 
higher in patients undergoing TA plus PPCI as compared 
to those undergoing only PPCI (0.84% vs. 0.59%, OR 
1.401, 95% CI 1.004–1.954; P=0.047). The NTH was 
423. After removing the Trial of Routine Aspiration 
Thrombectomy with PCI versus PCI alone (TOTAL)17,18 
TA plus PCCI was no longer associated with an increased 
risk of stroke (OR 1.01, 95% CI 0.58–1.78; Supplementary 
Figure 7). The weak association between TA and stroke 
was also confirmed by the fact that the lower bound of the 
95% CI was slightly below unity after removing either the 
study by Kaltoft et al.42(OR 1.38, 95% CI 0.99–1.93) or 

the ITTI trial31 (OR 1.39, 95% CI 0.99–1.94) 
(Supplementary Figure 7). On further sensitivity analyses 
(Figure 5(b) and (c)) studies’ sample size (P for interac-
tion 0.42) and follow-up duration (P for interaction 0.31) 
did not affect the relative increase in the risk of stroke in 
patients undergoing TA plus PPCI as compared to patients 
undergoing only PPCI (the only study34 that required vis-
ible thrombus as inclusion criteria did not have cases of 
stroke). However, among studies that enrolled more than 
1000 patients a moderate inconsistency was noted 
(I2=27.3%, P=0.21). In this group of studies (mainly the 
Thrombus Aspiration during ST-segment Elevation 
Myocardial Infarction (TASTE) and TOTAL, as the 
TAPAS trial did not have events) the increased risk of 
stroke associated with TA plus PPCI was not statistically 
significant on random effect (0.86% vs. 0.60%, OR 1.43, 
95% CI 0.93–2.19).

The funnel plot was symmetric showing the lack of pub-
lication bias (Supplementary Figure 8). The Peter’s test fur-
ther supports this result (P value for small-study effect 
0.63).
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Figure 2. Risk of all-cause death (a) in STEMI patients treated with TA plus PPCI versus patients treated with PPCI alone. (b–d) 
Sensitivity analysis: studies are grouped by (b) sample size, (c) visible thrombus as inclusion criteria, (d) follow-up duration.
CIs: confidence intervals; D+L: DerSimonian and Laird; I−V: inverse variance weighted; OR: odds ratio; PPCI: primary percutaneous coronary 
intervention; STEMI: ST-segment elevation myocardial infarction; TA: thrombus aspiration.

Discussion

The main results of the present study, drawn from data at 
the longest follow-up available of 25 RCTs including 
21,740 STEMI patients, are as follows: (a) TA associated 
with PPCI does not reduce the risk of all-cause death, MI 
or stent thrombosis; (b) TA plus PPCI is associated with 

an increased risk of stroke; however, this finding is 
mainly driven by the results of the TOTAL trial; (c) fol-
low-up duration (short (in H–30 days) vs. mid follow-up 
(6–12 months)), angiographic evidence of coronary 
thrombus or study sample size do not affect the main 
study results.
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PPCI performed in a timely fashion represents the treat-
ment of choice in STEMI patients.1,2 However, despite 
obtaining a high rate of epicardial coronary flow restoration 
an effective myocardial perfusion may still not occur, 
because of microvasculature obstruction, affecting short 
and long-term prognosis.3–5 During the past decade TA has 
gained great popularity thanks to its intuitive pathophysio-
logical basis and easy use to limit distal microembolisation 
to the microvasculature. Its utilisation has been initially 
supported by small to medium sized studies7–12 and early 

meta-analyses13,14 showing an improvement of both mark-
ers of myocardial perfusion and clinical outcome.

However, in the most recent 2017 European Society of 
Cardiology (ESC) guidelines for the management of 
STEMI patients2 the role of routine TA during PPCI has 
been downgraded to a class III recommendation, with level 
A of evidence, based on the results of two large randomised 
trials15–18 and meta-analyses.18,20,21

In the TASTE15,16 study, a registry-based RCT enrolling 
7244 STEMI patients, TA plus PPCI did not reduce either 

Figure 3. Risk of myocardial infarction (a) in STEMI patients treated with TA plus PPCI versus patients treated with PPCI alone. 
(b–d) Sensitivity analysis: studies are grouped by (b) sample size, (c) visible thrombus as inclusion criteria, (d) follow-up duration.
CIs: confidence intervals; D+L: DerSimonian and Laird; I−V: inverse variance weighted; OR: odds ratio; PPCI: primary percutaneous coronary 
intervention; STEMI: ST-segment elevation myocardial infarction; TA: thrombus aspiration.
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Figure 4. Risk of stent thrombosis (a) in STEMI patients treated with TA plus PPCI versus patients treated with PPCI alone. 
(b) and (c) Sensitivity analysis: studies are grouped by (b) sample size, (c) visible thrombus as inclusion criteria.
CIs: confidence intervals; D+L: DerSimonian and Laird; I−V: inverse variance weighted; OR: odds ratio; PPCI: primary percutaneous coronary 
intervention; STEMI: ST-segment elevation myocardial infarction; TA: thrombus aspiration.
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Figure 5. Risk of stroke (a) in STEMI patients treated with TA plus PPCI versus patients treated with PPCI alone. (b) and (c) 
Sensitivity analysis: studies are grouped by (b) sample size, (c) follow-up duration.
CIs: confidence intervals; D+L: DerSimonian and Laird; I−V: inverse variance weighted; OR: odds ratio; PPCI: primary percutaneous coronary 
intervention; STEMI: ST-segment elevation myocardial infarction; TA: thrombus aspiration.
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30-day or 1-year mortality compared to PPCI. In the 
TOTAL trial17,18 enrolling 10,732 STEMI patients TA plus 
PPCI did not reduce the risk of the combined endpoint of 
cardiovascular death, re-MI, cardiogenic shock or New 
York Heart Association (NYHA) class IV heart failure at 6 
months’ follow-up. On the other hand, patients treated with 
TA had a higher risk of stroke both at 30 days and 6 
months.17 Two recent meta-analyses including TASTE and 
TOTAL trial, one20 reporting data at the earliest follow-up 
for each trial and the other one18 at the longest follow-up 
available have confirmed that TA plus PPCI does not reduce 
the risk of all-cause mortality as compared to PPCI alone, 
while it might be associated with an increased risk of stroke 
(P=0.08,20 P=0.03,18 respectively). The efficacy and the 
safety of TA have also been addressed by an individual 
patient meta-analysis including 18,306 STEMI patients 
undergoing PCI from the TAPAS, TASTE and TOTAL 
trial.21 The authors showed that routine TA during PPCI did 
not reduce the rate of 30-day cardiovascular mortality (pri-
mary endpoint 2.4% TA plus PCI group, 2.6% PCI alone, 
hazard ratio 0.84, 95% CI 0.70–1.01; P=0.06). The rate of 
30-day stroke or transient ischaemic attack was 0.8% in the 
TA plus PCI group and 0.5% in the PPCI alone group (OR 
1.43, 95% CI 0.98–2.10; P=0.06), but with a significant 
study-level interaction (P=0.02).

Since the publication of this latter meta-analysis addi-
tional RCTs and longer follow-up have been reported. 
Therefore, we have performed the present meta-analysis, 
including the totality of data up to date, referring to 25 trials 
and 21,740 STEMI patients, aimed at determining whether 
in patients with STEMI a strategy of routine TA plus PPCI, 
compared to PPCI alone reduces the risk of clinical hard 
endpoints (all-cause mortality, MI, stent thrombosis) or 
may be associated with an increased risk of stroke.

All-cause mortality

We have confirmed that routine TA associated with PPCI 
does not reduce the risk of all-cause death during a mean 
weighted follow-up of 11.1 months as compared to PPCI. 
The strength of these findings rely on the satisfaction of all 
requirements for meta-analysis in term of low heterogene-
ity, no publication bias and sensitivity analyses. These find-
ings open the question of why the consistently shown 
beneficial effect of TA on surrogate markers of myocardial 
perfusion46 does not translate into a better survival rate. 
First, as a possible explanation, it may be speculated that 
improved myocardial perfusion could manifest clinically at 
a longer follow-up in terms of mortality reduction. This 
observation may be supported by the results of early meta-
analyses14,47 showing that the clinical benefit of TA depends 
on follow-up duration (although we did not find an interac-
tion between effect estimates on mortality and follow-up 
duration), and by the fact that STEMI patients experiencing 
the no-reflow phenomenon have an increasingly higher risk 

of mortality over years compared to patients with success-
ful myocardial perfusion.48 Second, more than one decade 
had passed between the publication of the earliest RCTs on 
TA and the more recent ones. During this decade the adop-
tion of new evidence-based therapies and strategies may 
have contributed to improved clinical outcomes making it 
difficult to achieve further improvements with additional 
interventions. Indeed, the rate of 1-year death in the control 
group was 7.6% in TAPAS, 5.5% in TASTE and 4.5% in 
TOTAL. Finally, it is possible that a theoretical benefit of 
TA on all-cause mortality could be partly offset by a real, 
although small (NTH 423) increased risk of stroke. This 
could be particularly relevant in those patients who would 
benefit the most from TA plus PPCI. Indeed, subgroup 
analysis of a recent individual-level meta-analysis includ-
ing patients from TAPAS, TASTE and TOTAL21 showed 
that in patients with high thrombus burden, TA was associ-
ated with both a reduced risk of 30-day cardiac mortality 
(2.5% vs. 3.1%, hazard ratio 0.80, 95% CI 0.65–0.98; 
P=0.03) and an increased risk of stroke or transient ischae-
mic attack (0.9% vs. 0.5%, 95% CI 1.02–2.42; P=0.04) 
compared to PPCI alone. At 1-year follow-up the difference 
between TA plus PPCI and PPCI alone in terms of all-cause 
mortality was not statistically significant (4.6% vs. 5.3%, 
P=0.20).

MI and stent thrombosis

It has been suggested that TA may facilitate some aspects of 
stent implantation in the context of STEMI patients.49,50 
Indeed, by reducing the thrombus burden it allows a better 
visualisation of the culprit lesion and vessel reference 
diameter with subsequent implantation of shorter and larger 
stents, thus minimising the risk of late malapposition and 
ultimately the risk of stent thrombosis and MI. In some 
cases, complete thrombus retrieval by TA may even reduce 
the need for stent implantation.51 In the present study we 
observed on a large scale that patients treated with TA plus 
PPCI showed a trend towards a lower risk of stent thrombo-
sis compared to patients treated with only PPCI (1.3%  
vs. 1.6%, OR 0.80, 95% CI 0.63–1.01; P=0.066), whereas 
the risk of recurrent MI was very similar between the  
two groups (2.4% vs. 2.5%, OR 0.95, 95% CI 0.80–1.13; 
P=0.57). These findings suggest that the above-mentioned 
theoretical beneficial effects of TA may reduce specifically 
the risk of stent thrombosis rather than the risk of spontane-
ous MI. However, despite the fact that we enrolled nearly 
20,000 STEMI patients the present study was still relatively 
underpowered to detect a modest but clinically relevant 
relative reduction in stent thrombosis during follow-up. 
Indeed, assuming a stent thrombosis rate of 1.6% in the 
PPCI only arm, to detect a significant relative risk reduc-
tion of 20% in the TA plus PPCI arm, with a study power of 
80% and an alfa level of 0.05, 22,377 STEMI patients 
should be recruited in a RCT.
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Stroke

Safety concerns regarding the risk of stroke associated with TA 
have arisen in a previous meta-analysis19 and were confirmed 
by the TOTAL trial17,18 and recent meta-analyses.20,21,52

In the present meta-analysis of 13 trials enrolling a 
slightly higher number of patients (n=20,195) we con-
firmed that patients treated with TA plus PPCI have a higher 
risk of stroke compared to patients treated with PPCI  
alone (0.84% vs. 0.59%, OR 1.401, 95% CI 1.004–1.954; 
P=0.047). However, unlike previous meta-analyses18,20,21 
we performed a sensitivity analysis the main results of 
which are as follows: (a) the association between TA and 
the risk of stroke is driven by the result of the TOTAL trial 
because after removing that study it was no longer signifi-
cant (OR 1.05, 95% CI 0.60–1.85); (b) the association of 
TA with the risk of stroke appears weaker than previously 
described20 because the lower bound of the 95% CI was 
slightly below unity after removing either the study by 
Kaltoft et al.42(OR 1.38, 95% CI 0.99–1.93) or the ITTI 
trial31 including two and one case(s) of stroke in the TA 
group, respectively; (c) meta-analysis on the risk of stroke 
including only the largest two studies on TA in STEMI, 
namely TASTE (n=7244) and the TOTAL (n=10,732) trial, 
showed a moderate between-study heterogeneity leading to 
a non-significant difference in terms of stroke between TA 
plus PPCI and PPCI alone on random effect estimates 
(0.86% vs. 0.60%, OR 1.43, 95% CI 0.93–2.19).

These inter-study differences as suggested by the inves-
tigators of the TOTAL trial may be partly related to differ-
ences in terms of sample size and event adjudication. 
However, it should be noted that in the TASTE trial not 
even a trend towards an increased risk of stroke was noted 
in the TA group. Furthermore, although in the TASTE trial 
events were adjudicated on the basis of discharge diagnosis 
it is unlikely there was an underestimation of non-fatal 
events because data were monitored and adjudicated in the 
context of a validated national registry.53

On the other hand, data from our study underline that 
patients enrolled in the TOTAL trial had a higher degree of 
coronary thrombus (thrombolysis in myocardial infarction 
(TIMI) thrombus grade >2, 89% of cases) compared to 
patients enrolled in the TASTE trial (31%). In keeping with 
the theoretical mechanism of retrograde embolisation this 
could partly explain the higher risk of stroke related to TA 
observed in the former study. However, it should be under-
lined that the ascertainment of thrombus burden was per-
formed before wire passage in the TOTAL and after wire 
passage in the TASTE trial. Although different definitions 
might have accentuated these findings the possibility of 
between-studies differences in baseline thrombus burden 
and its role in determining the increased risk of stroke 
observed in TOTAL may not be ruled out.

Alternatively, some authors54 have suggested that the 
risk of stroke related to TA observed in TOTAL could be 

attributed to the between-group differences in terms of risk 
factors for stroke. However, this mechanism seems unlikely 
because such differences in terms of age, gender, previous 
stroke, peripheral artery disease, hypertension, diabetes and 
medications are numerically trivial and not statistically 
significant.

Study limitations

The results of the present study should be interpreted with 
caution given some limitations.

This meta-analysis was based on aggregate data of RCTs 
that traditionally enrol patients with low-risk clinical pro-
files, and generalisation of effect estimates should be 
undertaken with caution. Although we reported data at the 
longest follow-up available for each study, it was quite het-
erogeneous, ranging from in-hospital to 12 months’ follow-
up, limiting the number of events and ultimately reducing 
the power of the study. Yet, it is not possible to rule out a 
beneficial effect on long-term mortality as follow-up data 
longer than 12 months are not available to date.

Conclusions

In patients with STEMI, routine TA plus PPCI does not 
reduce the risk of all-cause death, MI or stent thrombosis 
during a mean weighted follow-up of 11.1 months. TA plus 
PPCI is associated with an increased risk of stroke; how-
ever, this finding appears weak and is mainly driven by the 
results of the TOTAL trial. Future investigations should test 
whether a selective use of TA plus PPCI may have a benefi-
cial effect in patients at increased risk of no-reflow and 
stent thrombosis and focus on new techniques/devices to 
limit the risk of adverse events.
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