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ABSTRACT
Objective: The mortality rate is high in some patients undergoing primary percutaneous coronary intervention (PPCI) because of ineffective 
epicardial and myocardial perfusion. The use of thrombus aspiration (TA) might be beneficial in this group but there is contradictory evidence 
in current trials. Therefore, using PRISMA statement, we performed a meta-analysis that compares PPCI+TA with PPCI alone.
Methods: Sixteen studies in which PPCI (n=5262) versus PPCI+TA (n=5256) were performed, were included in this meta-analysis. We calculated 
the risk ratio (RR) for epicardial and myocardial perfusion, such as the Thrombolysis In myocardial Infarction (TIMI) flow, myocardial blush 
grade (MBG) and stent thrombosis (ST) resolution (STR), and clinical outcomes, such as all-cause death, recurrent infarction (Re-MI), target 
vessel revascularization/target lesion revascularization (TVR/TLR), stent thrombosis (ST), and stroke.
Results: Postprocedural TIMI-III flow frequency, postprocedural MBG II-III flow frequency, and postprocedural STR were significantly high in 
TA+PPCI compared with the PPCI alone group. However, neither all-cause mortality [6.6% vs. 7.4%, RR=0.903, 95% confidence interval (CI): 
0.785-1.038, p=0.149] nor Re-MI (2.3% vs. 2.6%, RR=0.884, 95% CI: 0.693-1.127, p=0.319), TVR/TLR (8.2% vs. 8.0%, RR=1.028, 95% CI: 0.900-1.174, 
p=0.687), ST (0.93% vs. 0.90%, RR=1.029, 95% CI: 0.668-1.583, p=0.898), and stroke (0.5% vs. 0.5%, RR=1.073, 95% CI: 0.588-1.959, p=0.819) rates 
were comparable between the groups.
Conclusion: This meta-analysis is the first updated analysis after publishing the 1-year result of the “Thrombus Aspiration during ST-Segment 
Elevation Myocardial Infarction” trial, and it showed that TA did not reduce the rate of all-cause mortality, Re-MI, TVR/TLR, ST, and stroke. 
(Anatol J Cardiol 2015; 15: 175-87)
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Thrombus aspiration in patients with ST elevation myocardial 
infarction: Meta-analysis of 16 randomized trials

Introduction

Primary percutaneous coronary intervention (PPCI) ensures 
both effective epicardial flow and has positive effects on short-
long term survival in stent thrombosis (ST)-segment elevation 
myocardial infarction (STEMI) (1, 2). However, in some patients, 
although sufficient epicardial perfusion is achieved, impaired 
myocardial perfusion could be observed, and the incidence of 
adverse cardiovascular events is high, the recovery of left ven-
tricular (LV) function is low, and the size of infarction is larger 
(3, 4). The mechanisms that might be responsible from impaired 
myocardial perfusion could be microvascular plugging that 
develops due to embolization of thrombotic or atheromatous 
debris (5, 6). Numerous adjunctive devices such as aspiration 
thrombectomy, mechanical thrombectomy, and embolic protec-

tion device were used to reduce embolization. Different results 
were found in comparison of manual thrombus aspiration (TA) 
with conventional PPCI; however, in most studies and meta-
analysis, it was claimed that TA improves myocardial and epi-
cardial perfusion and has positive effects on clinical outcomes 
(7-13). In a recently performed large-scale randomized con-
trolled trial (RCT) “Thrombus Aspiration during Primary 
Percutaneous Coronary Intervention” (TAPAS) study (14, 15), it 
was indicated that TA is beneficial at both the 30-day and 1-year 
follow-up, and current guidelines remarked that the routine use 
of TA in patients admitted for STEMI could be done with Class-
IIa recommendations (16, 17). However, the recently published 
“Thrombus Aspiration during ST-Segment Elevation Myocardial 
Infarction” (TASTE) trial (18) is the largest study comparing TA 
and conventional PPCI until today, and it indicates that TA has no 
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effect on short- and long term-term mortality. However, a sys-
tematic review and meta-analysis that include the long-term 
outcomes of this study was not performed yet.

In this meta-analysis, we aimed to compare the beneficial 
effects of TA over conventional PPCI on epicardial and myocar-
dial perfusion as well as the clinical outcomes of patients with 
STEMI undergoing PPCI.

Methods

Literature review
We searched the MEDLINE and Cochran Library for RCTs 

published from January 1996 to September 2014 in English and in 
humans. A computerized search using the terms “thrombectomy,” 
“thromboaspiration,” “aspiration thrombectomy,” and “myocar-
dial infarction” was made. Abstracts of national or international 
congress or unpublished trials were not included in the study. 

Criteria for study selection
 We chose the studies in which the patients admitted within 

24 h of STEMI were randomized as PPCI+TA or PPCI alone. We 
excluded the studies that did not have clinical outcomes and/or 
myocardial perfusion symptoms as well as those in which 
mechanical thrombectomy was used.

In the first literature screening, 441 articles were obtained 
from MEDLINE and 215 from Cochrane Library. Only 25 of these 
were eligible for the analysis. Out of these 25, one RCT device 
comparison and 8 that were related to mechanical thrombecto-
my were excluded from the study. As a result, 16 RCTs were 
found to be suitable for the meta-analysis. Figure 1 displays the 
flow chart of trial selection.

Definitions of end-points
The primary end-point of the study is all-cause mortality. All-

cause mortality was defined as death from any cause in most 
trials. In the trials that assessed only cardiovascular death, we 
accepted these as an all-cause mortality. The secondary end-
points were reinfarction (Re-MI), target vessel revasculariza-
tion/target lesion revascularization (TVR/TLR), stent thrombosis 

(ST), stroke, major adverse cardiovascular events (MACE) (all-
cause death, Re-MI, TVR/TLR), postprocedural myocardial blush 
grade (MBG), postprocedural Thrombolysis In myocardial 
Infarction (TIMI) flow grade, and postprocedural ST-segment 
resolution (STR).

Postprocedural myocardial perfusion signs were defined as 
follows: Final TIMI flow grade III, final MBG II or III, and ≥50% 
STR 60-90 min after PPCI were accepted as good myocardial 
perfusion.

Data extraction
Three independent reviewers (I.H.T, M.K., and A.K.) tabulated 

the following variables: 1) patient demographics, 2) angiographic 
characteristics, 3) the number of events, and 4) the duration of fol-
low-up. Discrepancies were resolved by a fourth reviewer (E.A.).

To assess the methodological quality of included RCTs, the 
Berdeu scale was used (19). Findings are shown in Table 1.

Statistical analysis
The PRISMA statement was followed for this meta-analysis 

(20). The summary risk ratio (RR) and 95% confidence interval 
(CI) were calculated between TA+PPCI and PPCI alone regard-
ing the clinical outcome using the fixed- and random-effects 
model. In figures and texts, the fixed-effects model was used. 
The analysis was performed by including and not including the 
TASTE study. The Cochrane Q statistic and I 2 statistic were used 
to evaluate heterogeneity. A funnel plot and Egger’s regression 
test for funnel plot asymmetry were used to examine the likely 
presence of publication bias and small-study effects. Statistical 
significance was defined as p<0.05 (two-tailed tests). Analyses 
were performed using the Comprehensive meta-analysis soft-
ware trial version 2 (Biostat, Englewood, NJ, USA).

We also applied Trial sequential analysis (TSA) to all RCTs 
included to meta-analysis. TSA was performed according to the 
monitoring boundaries approach for outcome measures such as 
all cause mortality, re-MI and TVR/TLR. TSA is a statistical 
method that combines an a priori information size calculation for 
a meta-analysis with adaptation of monitoring boundaries to 

Item Yes (n) No (n)

1. Obtained informed consent from patients 16 0

2. Approval by an regional ethical committee 16 0

3. Risk-Benefit ratio valuation 0 16

4. Respect for the principle of a priori equivalence 16 0

5. Refusal consent 1 15

6. Placebo ethical justification 0 16

7. Fairness of participant selection (inclusion/ 16 0 
 exclusion criteria)

8. Planned interim analysis 2 14

9. Prospectively defined stopping rules 0 16

10. Independent Monitoring Committee 4 12

Table 1. Berdeu scale (19) and frequency of endorsement (n=16)

Figure 1. Flow chart of the trials included in the meta-analysis

Papers excluded due to non-RCTs (Registries,
reviews, case reports, editorials, etc.) (n=631)

One RCT was device comparison
Eight were related to mechanical thrombectomy

656 papers from databases search
(PubMed and Cochrane library)

25 potentially eligible RCT

16 RCT included in the meta-analysis
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evaluate the accumulating evidence. Our assumptions included 
two-sided testing, type 1 error=5%, power=80%. We chose a 20% 
relative risk reduction for outcome measures. The main result of 
TSA was expressed through a cumulative z-curve graph; the 
boundaries in this graph for concluding superiority or inferiority or 
futility were determined according to the O’Brien–Fleming alpha- 
spending function. All calculations were carried out using spe-
cific statistical software of TSA version 0.9 beta (TSA, User 
Manual for TSA, Copenhagen Trial Unit 2011,  www.ctu.dk/tsa).

Results

Of a total of 16 studies, 10518 patients met our selection 
criteria (14, 18, 21-34). Of these, 5256 were in the TA+PPCI arm 
and 5262 in the PPCI alone arm. The basal characteristics of the 
patients included in the study are shown in Table 2. The end-
point definitions and pharmacological and angiographic baseline 
characteristics are shown in Table 3.

In TSA, required information size was exceeded (required 
information size 8911) for all cause mortality, the cumulative Z-
curve did not crossed the TSA boundary, indicating that suffi-
cient evidence exist for a lack of 20% RRR of all cause mortality 
by TA plus PPCI compared to PPCI alone. In addition, the cumu-
lative z-curve was ended in futility area, indicating that a lack 
of sufficient evidence of a benefit of TA plus PPCI for reduction 
re-MI and TVR/TLR (required information size 26534) (Fig.12-14).

Effect of aspiration thrombectomy on myocardial and 
epicardial perfusion
The frequencies of postprocedural TIMI-III flow (85.7% vs. 

81.2%, RR=1.035, 95% CI: 1.013-1.058, p=0.002), postprocedural 
MBG II-III flow (83.0% vs. 72.6%, RR=1.113, 95% CI: 1.078-1.150, 
p<0.001), and postprocedural STR≥70% on ECG (54.5% vs. 44.7%, 
RR=1.222, 95% CI: 1.144-1.304, p<0.001) (only in the study by 
Chevalier et al. (24), ≥50%) in the TA+PPCI arm were signifi-
cantly greater compared with the PPCI alone group. Results of 
postprocedural TIMI-III flow, MBG II-III, and STR are shown in 
Figure 2. Although there was no significant heterogeneity in the 
postprocedural TIMI-III flow (Q=22.1, df=13, I2=41%, p=0.054), 
there was significant heterogeneity for MBG II-III (Q=26.5, df=12, 
I2=54.8%, p=0.009) and for STR (Q=31, df=13, I2=58%, p=0.003) 
between studies.

Effect of aspiration thrombectomy on clinical outcomes
The follow-up duration of the patients was between 1 and 12 

months. Although there was no follow-up in the study by Lipecki 
et al. (30), the follow-up in the study by Ciszewski et al. (28) 
included only the in-hospital period. 

The frequency of all-cause mortality was 6.6% in TA+PPCI, 
whereas it was 7.4% in the PPCI alone arm. There were no 
significant differences between the likelihood of all-cause 
mortality in TA+PPCI compared with PPCI alone (RR=0.903, 
95% CI: 0.785-1.038, p=0.149) (Fig. 3, top panel). Similarly, the 

Study Device Center/Country Year Blinding FU (m) Number Age Male DM HT Smoke HL

Kaltoft (34)  Rescue Denmark 2006 UB 1 108/107 65/63 82/86 9/6 33/22 59/69 10/10

Silva-Orrego (DEAR-MI) (32) Pronto Italy 2006 NA 1 74/74 57/59 62/56 16/11 28/32 38/43 26/18

Burzotta (REMEDIA) (31) Diver CE Italy 2005 UB 1 50/49 61/60 45/38 11/9 31/28 31/26 27/17

Dudek (PIHRATE) (23) Diver CE MC 2010 NA 6 100/96 61/59 80/78 13/9 58/52 62/61 43/47

De Carlo (MUSTELA) (29)  Export MC 2012 NA 12 104/104 62/63 88/79 20/21 54/49 50/51 54/45

Lipiecki (30) Export France 2009 NA - 20/20 59/59 12/18 1/2 5/8 7/9 6/5

Liistro (22)  Export Italy 2009 UB 6 55/56 64/65 43/43 11/7 33/30 35/36 19/17

Chevalier (24) Export MC 2008 NA 1 120/129 59/61 97/105 20/17 50/57 51/46 44/54

Vlaar (TAPAS) (14) Export Netherlands 2008 UB 12 535/536 63/63 363/392 56/67 171/195 213/225 115/130

Lagerqvist (TASTE) (18) Export/ MC 2014 UB 12 3621/3623 66/66 2721/2703 448/453 1545/1527 1083/1173 753/762 
 Pronto/ 
 Terumo 
 eliminate

De Luca (21) Diver CE Italy 2006 NA 6 38/38 67/65 27/21 9/7 15/19 7/10 NA

Stone (INFUSE-AMI) (33)  Export MC 2012 SB 12 229/223 61/59 169/165 34/17 76/66 98/108 38/33

Sardella (EXPIRA) (26) Export Italy 2009 NA 9 88/87 68/65 57/48 21/16 59/43 43/23 NA

Ikari (VAMPIRE) (27) Nipro’s MC 2008 NA 8 180/175 63/64 145/136 42/52 99/103 102/89 90/85 
 TVAC

Ciszewski (28)  Rescue/ Poland 2011 UB IH 67/70 64/64 48/50 7/12 41/37 29/28 52/47 
 Diver CE

Chao (25)  Export Taiwan 2008 NA 6 37/37 60/62 31/32 12/8 21/21 15/17 22/21
DM - diabetes mellitus; FU - follow-up (months); HL - hyperlipidemia; HT - hypertension; IH - in-hospital; MC - multicenter; NA - not available; PPCI - primary percutaneous coronary intervention; 
SB - single blinded; TA - thrombus aspiration; UB - unblinded

Table	2.	Baseline	clinical	characteristics	of	randomized	controlled	trials	included	in	the	meta-analysis	(number	of	TA+PPCI	or	PPCI	alone)
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frequencies of Re-MI (2.3% vs. 2.6%, RR=0.884, 95% CI: 0.693-
1.127, p=0.319) (Fig. 3, bottom panel), TVR/TLR (8.2% vs. 8.0%, 
RR=1.028, 95% CI: 0.900-1.174, p=0.687) (Fig. 4, top panel), 
MACE (14.3% vs. 14.5%, RR=0.988, 95% CI: 0.902-1.082, p=0.795) 
(Fig. 4, bottom panel), stroke (0.5% vs. 0.5%, RR=1.073, 95% CI: 
0.588-1.959, p=0.819) (Fig. 5, bottom panel), and ST (0.93% vs. 

0.90%, RR=1.029, 95% CI: 0.668-1.583, p=0.898) (Fig. 5, top panel) 
in the TA+PPCI arm were comparable compared with the PPCI 
alone group.

There was no significant heterogeneity for all-cause mortal-
ity (Q=8.3, df=13, I2=0%, p=0.820), Re-MI (Q=5.6, df=10, I2=0%, 
p=0.847), TVR/TLR (Q=7.2, df=9, I2=0%, p=0.609), MACE (Q=19.5, 

   P2Y12 inhibitors  Pain to Preprocedural TIMI 
   loading (300 or GpIIb/IIIa Balloon TIMI thrombus 
Study Primary EP Secondary EP 600 mg), n inhibitors, n time, n II/III, n grade IV-V, n

Kaltoft Myocardial Final infarct size, TIMI flow, cTFC, STR, 
(34)  salvage cTnT, DE, Total procedure time, MACE, 
  LVEF at 30-day, device success 300 mg Clp 104/100 242/208 33/23 NA

Silva-Orrego STR>70%, DE, No reflow, Peak CK-MB, DS, Death, NA 74/74 206/199 14/20 NA 
(DEAR-MI) (32)  MBG=3 Re-MI, hospitalization for HF, Stroke, TVR, 
  major bleeding

Burzotta STR≥70%, Peak CK-MB, DS, DE, No reflow 300 mg Clp 50/49 274/300 7/5 NA 
(REMEDIA) (31) MBG≥2

Dudek STR≥70% STR≥70% immediately after PCI, DS, DE, 600 mg Clp NA NA 3/2 47/34 
(PIHRATE) (23) at 60 min transient no reflow, slow flow, TIMI<3, 
  final thrombus grade>1, MBG-3

De Carlo STR, infarct TIMI flow, MBG, infarct transmurality, 600 mg Clp 104/104 230/208 9/23 104/104 
(MUSTELA) (29) size microvascular obstruction, MACE

Lipiecki (30)  Infarct size RWMA-Regional thickening and infarct 300 mg Clp 6/18 426/444 0/1 NA 
  transmurality scores, LV volumes, global EF, 
  TIMI flow, DE, MBG, STR, cTnT, CK

Liistro (22) STR≥70% TMPG≥2, TIMI 3 flow, cTFC, MCE score 600 mg Clp 55/56 189/209 17/13 NA 
  index, ST deviation, RWMA score, 
  LV volumes

Chevalier (24) STR≥50%, Magnitude of STR, TIMI flow, cTFC, NA 79/90 271/322 NA NA 
 MBG=3 MACCE (Death, Re-MI), TVR-TLR, 
  Emergent CABG, CVA, DE, Need for 
  bail-out techniques

Vlaar (TAPAS) Postprocedural Postprocedural TIMI flow 3, STR, TVR, 
(14)   MBG 0-1 Re-MI, Death 600 mg Clp 469/452 190/185 238/215 NA

Lagerqvist All-cause Hospitalization for Re-MI, ST, TVR, TLR, NA 558/630 185/182 792/809 1138/1078 
(TASTE) (18) mortality PCI complications, HF, Length of stay

De Luca (21) NA NA No 38/38 432/456 0/0 NA

Stone (INFUSE- NA Infarct size, TIMI flow, MBG, STR, MACE 600 mg Clp or 118/111 46/163 61/67 NA 
AMI) (33)   (death, Re-MI, new onset HF, 60 mg prasugrel 
  rehospitalization for HF)

Sardella MBG≥2, NA 300 mg Clp NA NA NA 78/79 
(EXPIRA) (26) STR

Ikari Final MBG, cTFC, TIMI flow, CK, CK-MB, stent No No 270/312 46/43 NA 
(VAMPIRE) (27) TIMI<3 re-stenosis, LV function, BNP, MACE 
  (death, Re-MI, TVR)

Ciszewski (28)  Myocardial In-hospital mortality, CK-MB, cTFC 300/600 mg Clp NA 338/336 7/6 65/65 
 salvage index

Chao (25)  ΔTIMI flow, MACE (Death, Stroke, non-fatal Re-MI, TVR) 300 mg Clp 7/12 312/331 NA NA* 
 ΔMBG
BNP - brain natriuretic peptide; CABG - coronary artery bypass grafting; CK-MB - creatinine kinase-MB; Clp - clopidogrel; cTFC - corrected TIMI frame count; cTnT - cardiac troponin T; CVA - 
cerebrovascular accidents; DE - distal embolization; DS - direct stenting; EP - endpoint; HF - heart failure; LV - left ventricle; LVEF - left ventricular ejection fraction; MBG - myocardial blush grade; 
MACCE - major adverse cardiac and cerebral events; MACE - major adverse clinical events; NA - not available; PCI - percutaneous coronary intervention; Re-MI - recurrent myocardial infarction; 
STR - ST-segment resolution; TIMI - thrombolysis in myocardial infarction flow grade; TLR - target lesion revascularization; TVR - target vessel revascularization

Table 3. Baseline characteristics and end-point definition of patients and trials
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df=14, I2=28%, p=0.145), stroke (Q=1.5, df=3, I2=0%, p=0.676), and 
ST (Q=4, df=4, I2=1.1%, p=0.400).

Sensitivity analysis
The sensitivity analysis indicated that none of the studies 

had a significant influential effect on the overall estimate for all-
cause death, Re-MI, TVR/TLR, MACE (Fig. 6), ST, and stroke 
(Fig. 7), except the TASTE trial, which had a significant influential 
effect on the overall estimate of MACE. All the studies had a 
significant influential effect on the overall estimate for postpro-
cedural MBG, STR, and TIMI flow (Fig. 8).

When the meta-analysis was repeated without including the 
TASTE study, there were no significant differences in the likeli-
hood of all-cause death (RR=0.74, 95% CI: 0.52–1.05, p=0.094), 
reinfarction (RR: 0.64 (0.39-1.07), p=0.092), and TVR/TLR (RR:0.79 
(0.61-1.03) p=0.079) in TA+PPCI compared with PPCI alone. 
Moreover, the frequency of stroke (RR:1.20 (0.21-6.66) p=0.835) 
and ST (RR:0.72 (0.32-1.61) p=0.424) was similar (Fig. 9 and 10). 
Because the data of postprocedural TIMI flow, MBG, and STR 
were not present in the TASTE study, the analysis was not per-
formed.

End-points Egger’s test, t value and two-tailed P value

All-cause death 0.575/0.575

Re-MI 0.807/0.440

TVR/TLR 1.556/0.158

MACE 1.287/0.890

Stroke 0.131/0.907

Stent thrombosis 0.092/0.931

Final TIMI flow 0.193/0.409

Final MBG 0.878/0.185

Postprocedural STR 0.636/0.311
MACE - major adverse cardiac events; MBG - myocardial blush grade; Re-MI - recurrent 
myocardial infarction; STR - ST-segment resolution; TIMI - thrombolysis in myocardial 
infarction; TLR - target lesion revascularization; TVR - target vessel revascularization

Table 4. Publication bias and small-study effect for end-points

Figure 2. Meta-analysis of postprocedural TIMI flow grade III (top panel), MBG II-III (middle panel), and STR≥50% (bottom panel)
MBG -  myocardial blush grade; STR - ST resolution; TIMI - thrombolysis in myocardial infarction

Model

Fixed

Fixed

Fixed

STR

Model

Model

Study name

Citzewski
VAMPIRE
EXPIRA
INFUSE-AM
De Luca
TAPAS
Chevelier
Listro
Lipiecki
MUSTELLA
PIHRATE
REMEDIA
DEAR-MI
Kaltoft

Citzewski
VAMPIRE
EXPIRA
INFUSE-AM
De Luca
TAPAS
Chevelier
Listro
Lipiecki
MUSTELLA
PIHRATE
REMEDIA
DEAR-MI
Kaltoft

0.973
1.044
1.628
0.911
1.476
1.281
1.126
1.805
1.000
1.526
1.184
1.579
1.351
1.078
1.222

0.650
0.808
1.199
0.746
1.068
1.135
0.954
1.251
0.571
1.124
0.908
1.020
1.024
0.736
1.144

1.456
1.349
2.212
1.111
2.040
1.445
1.330
2.605
1.752
2.072
1.545
2.443
1.783
1.579
1.304

-0.134
0.327
3.121
-0.921
2.360
4.024
1.402
3.154
0.000
2.711
1.249
2.050
2.129
0.387
5.979

0.893
0.744
0.002
0.357
0.018
0.000
0.161
0.002
1.000
0.007
0.212
0.040
0.033
0.699
0.000

27 / 67
73 / 180
56 / 88

101 / 229
31 / 38

303 / 535
88 / 120
39 / 55
11 / 20
58 / 104
54 / 88
29 / 50
50 / 74
37 / 108

29 / 70
68 / 175
34 / 87

108 / 223
21 / 38

237 / 536
84 / 129
22 / 56
11 / 20
38 / 104
43 / 83
18 / 49
37 / 74
34 / 107

Citzewski
VAMPIRE
EXPIRA
INFUSE-AM
De Luca
TAPAS
Chevelier
Listro
Lipiecki
MUSTELLA
PIHRATE
REMEDIA
DEAR-MI

1.045
1.317
1.483
1.057
1.217
1.124
1.063
1.298
0.857
1.057
1.056
1.515
1.072
1.113

0.906
1.154
1.229
0.967
0.885
1.055
0.904
1.083
0.349
0.951
0.921
1.053
1.003
1.078

1.205
1.503
1.790
1.155
1.676
1.198
1.249
1.556
2.102
1.174
1.210
2.179
1.145
1.150

0.603
4.089
4.110
1.215
1.207
3.604
0.740
2.819
-0.337
1.029
0.780
2.236
2.053
6.545

0.546
0.000
0.000
0.224
0.227
0.000
0.459
0.005
0.736
0.304
0.435
0.025
0.040
0.000

58 / 67
149 / 180
78 / 88

191 / 229
28 / 38

444 / 536
87 / 120
51 / 55
6 / 20

93 / 104
75 / 88
34 / 50
74 / 74

58 / 70
110 / 175
52 / 87

176 / 223
23 / 38

395 / 536
88 / 129
40 / 56
7 / 20

88 / 104
67 / 83
22 / 49
69 / 74

0.977
1.089
1.012
1.027
1.115
1.054
1.064
1.173
0.561
1.106
1.080
1.170
1.138
1.013
1.035

0.861
0.995
0.980
0.970
0.844
0.989
0.937
1.028
0.378
0.990
0.957
0.894
0.986
0.907
1.013

1.109
1.193
1.044
1.087
1.475
1.122
1.209
1.339
0.832
1.235
1.219
1.531
1.314
1.130
1.058

-0.355
1.847
0.716
0.922
0.766
1.629
0.957
2.362
-2.873
1.787
1.245
1.141
1.764
0.222
3.172

0.723
0.065
0.474
0.357
0.444
0.103
0.339
0.018
0.004
0.074
0.213
0.254
0.078
0.824
0.002

58 / 67
158 / 180
88 / 88

212 / 229
29 / 38

431 / 536
98 / 120
53 / 55
11 / 20
94 / 104
86 / 98
37 / 50
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The publication bias and small-study effects, assessed by 
Egger’s tests, were not significant (all two-tailed, p>0.2) for all-
cause death, Re-MI, MACE, and postprocedural MBG. However, 
Egger’s test was significant for TVR/TLR, postprocedural TIMI 
flow, and STR (Table 4). Funnel plots for all-cause death, Re-MI, 
TVR/TLR, and MACE are shown in Figure 11.

Discussion

In our meta-analysis consisting of 16 studies that included 
10518 patients, we observed that TA+PPCI did not reduce the 
rate of death, Re-MI, TVR/TLR, MACE, ST, and stroke compared 
with PPCI alone.

In numerous RCTs and meta-analyses, it was shown that the 
superiority of PPCI to thrombolytic therapy in STEMI patients is 
related to the achievement of better epicardial perfusion (35). 
However, in some patients in whom sufficient epicardial perfu-
sion is provided, the restoration of myocardial perfusion 
becomes insufficient. Besides, the clinical outcomes in this 
group of patients are worse (2, 6). In this group of patients, distal 
embolization of plaque debris, vasoconstriction, and reperfusion 
injury were considered to be responsible (36, 37). Glycoprotein 

IIb/IIIa inhibitors, coronary vasodilators such as adenosine and 
verapamil, and thrombectomy devices are found to be effective 
in the prevention of this phenomenon (38). 

Previous meta-analyses showed that TA improves epicardial 
and myocardial perfusion, and these findings are consistent 
with those of the present meta-analysis (7, 8, 10, 13). It is known 
that the patients with good epicardial and myocardial perfusion 
after PPCI have better clinical outcomes compared with those 
with poor epicardial and myocardial perfusion (1, 39). From this 
point of view, we can expect that improved epicardial and myo-
cardial perfusion following thrombectomy may positively affect 
clinical outcomes. However, in the meta-analyses related to 
thrombus aspiration, there are conflicting results regarding 
clinical outcomes. In some studies, it was demonstrated that it 
decreased the rate of mortality (7-9), whereas in other studies, it 
did not (10, 11, 13). In the present meta-analysis, we demon-
strated that TA was not related to the decrease in the likelihood 
of all-cause mortality, Re-MI, TVR/TLR, ST, and stroke.

This is the first meta-analysis to include the 12-month data of 
the TASTE trial, which is the largest trial till date (18). The TASTE 
trial is a large (over 7000 patients) multicenter study designed to 

Figure 3. Meta-analysis of all-cause death (top panel) and Re-MI (bottom panel) (Re-MI-recurrent myocardial infarction)
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have statistical power for the evaluation of adverse cardiovas-
cular outcomes such as all-cause mortality, Re-MI, TVR, and ST. 
They found that the frequency of adverse cardiovascular out-
comes were similar at 30 days and 12 months between TA+PPCI 
and PPCI alone. Our meta-analysis results might be driven 
mainly by the TASTE trial because of its weight. However, we 

performed sensitivity analysis by excluding the TASTE study and 
found that the results did not reach statistical significance. In 
the TAPAS study, the first largest study related to TA, it was 
demonstrated that the results of the 30-day follow-up had posi-
tive effects on clinical outcomes compared with the results of 
the 1-year follow-up (14, 15). However, in contrast to the TASTE 

 No. of RCT No. Of pts. Death Re-MI TVR/TLR Stroke ST

Kumbhani (7) 18 3941 0.71 (0.51-1.00) 0.68 (0.42-1.10) 0.78 (0.61-1.01) 1.31 (0.30-5.79) NA

Costopoulos (8) 11 2293 0.57 (0.33-0.97) NA NA NA NA

Bavry (9) 13 3026 0.63 (0.43-0.93) 0.65(0.37-1.12) 0.83 (0.64-1.08) 3.43 (0.85-14.0) NA

De Luca (10) 11 2311 0.65 (0.39-1.09) 0.78(0.39-1.58) NA 3.1 (0.62-15.5) NA

Mongeon (11) 16 3365 0.58 (0.28-1.22) NA NA NA NA

Tamhane (13) 8 1902 0.59 (0.35-1.01) NA NA 2.84 (0.51-15.6) NA

Our (Tanboğa) 16 10518 0.86 (0.69-1.06) 0.63 (0.43-0.92) 0.79 (0.66-0.95) 1.07 (0.58-1.96) 0.58 (0.33-1.02)
NA - not available; RCT - randomized controlled trials; Re-MI - recurrent myocardial infarction; ST - stent thrombosis; STEMI - ST elevation myocardial infarction; TLR - target lesion 
revascularization; TVR - target vessel revascularization. 
*De Luca, Tamhane, Costopoulos, and Mongeon et al. used OR in their meta-analysis; Kumbhani, Bavry, and Tanboğa used RR in their meta-analysis

Table 5. Comparison of meta-analyses in patients with STEMI who used manual aspiration thrombectomy

Figure 4. Meta-analysis of TVR/TLR (top panel) and MACE (bottom panel)
MACE - major adverse cardiac events; TVR/TLR - target vessel revascularization/target lesion revascularization
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Figure 6. Meta-analytic statistics with one study excluded for all-cause death (left top panel), Re-MI (right top panel), TVR/TLR (left bottom panel), 
and MACE (right bottom panel)
MACE - major adverse cardiac events; Re-MI - recurrent myocardial infarction; TVR/TLR - target vessel revascularization/target lesion revascularization
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Figure 5. Meta-analysis of stroke (top panel) and ST (bottom panel)
ST - stent thrombosis
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study, the present study was a single center study and was not 
designed for the evaluation of adverse cardiovascular out-
comes. The comparison of the previous meta-analysis with the 
current meta-analysis is shown in Table 5. The effect of TA on 
mortality is conflicting. In the meta-analysis by Costopoulos (8), 
Bavry (9), and Kumbhani et al. (7), TA was found to be associated 

with lower mortality; however, in the meta-analyses by Mongeon 
(11), Tamhane (13), and De Luca (10) as well as the present 
meta-analysis, it was found that TA did not decrease the mor-
tality risk compared with PPCI alone. The duration of follow-up 
was determined as 30 days in the studies by Mongeon (11), 
Tamhane (13), and De Luca (10). TA, not reducing the mortality 

Figure 7. Meta-analytic statistics with one study excluded for stroke (top panel) and stent thrombosis (bottom panel)
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Figure 8. Meta-analytic statistics with one study excluded for postprocedural TIMI flow grade (top panel), MBG (middle panel), and STR (bottom panel)
MBG - myocardial blush grade; STR - ST resolution; TIMI - thrombolysis in myocardial infarction

TIMI flow MBG

STR

Study name Study name

Study name

Point Point

Point

Lower limit Lower limit

Lower limit

Upper limit Upper limit

Upper limit

Statistics with study removed Statistics with study removed

Statistics with study removed

Z-Value Z-Value

Z-Value

p-Value p-Value

p-Value

Ciszewski
VAMPIRE
EXPIRA
INFUSE-AM
De-Luca
TAPAS
Chevalier
Listro
Lipiecki
MUSTELLA
PIHRATE
REMEDIA
DEAR-MI
Kaltoft

Ciszewski
VAMPIRE
EXPIRA
INFUSE-AM
De-Luca
TAPAS
Chevalier
Listro
Lipiecki
MUSTELLA
PIHRATE
REMEDIA
DEAR-MI
Kaltoft

1.229
1.235
1.205
1.266
1.212
1.197
1.240
1.206
1.225
1.208
1.224
1.214
1.214
1.226
1.222

1.150
1.154
1.127
1.181
1.133
1.107
1.155
1.128
1.147
1.130
1.144
1.136
1.135
1.147
1.144

1.314
1.322
1.288
1.357
1.296
1.295
1.332
1.289
1.309
1.292
1.310
1.298
1.299
1.311
1.304

6.082
6.098
5.437
6.655
5.618
4.517
5.905
5.504
6.021
5.526
5.852
5.736
5.635
6.002
5.979

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Ciszewski
VAMPIRE
EXPIRA
INFUSE-AM
De-Luca
TAPAS
Chevalier
Listro
Lipiecki
MUSTELLA
PIHRATE
REMEDIA
DEAR-MI

1.118
1.102
1.104
1.123
1.113
1.110
1.116
1.108
1.114
1.120
1.117
1.111
1.127
1.114

1.081
1.066
1.069
1.085
1.078
1.069
1.080
1.073
1.079
1.083
1.081
1.076
1.086
1.079

1.155
1.139
1.141
1.162
1.149
1.152
1.153
1.145
1.151
1.158
1.155
1.148
1.169
1.150

6.612
5.755
5.963
6.582
6.489
5.474
6.562
6.176
6.594
6.578
6.579
6.405
6.382
6.578

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

1.037
1.032
1.056
1.037
1.035
1.033
1.035
1.032
1.037
1.033
1.034
1.035
1.033
1.036
1.036

1.015
1.010
1.026
1.013
1.013
1.010
1.012
1.010
1.015
1.011
1.012
1.013
1.011
1.014
1.014

1.060
1.055
1.087
1.061
1.058
1.057
1.057
1.055
1.060
1.056
1.057
1.057
1.056
1.059
1.058

3.301
2.838
3.681
3.073
3.144
2.784
3.076
2.849
3.354
2.902
3.021
3.112
2.963
3.212
3.193

0.001
0.005
0.000
0.002
0.002
0.005
0.002
0.004
0.001
0.004
0.003
0.002
0.003
0.001
0.001

Tanboğa et al.
Aspiration thrombectomy in STEMIAnatol J Cardiol 2015; 15: 175-87 183



risk might be related to the short duration of follow-up. To 
overcome this, we took the duration of follow-up as liberal.

In the previous European Society of Cardiology (ESC) 
Myocardial Revascularization guidelines (40), the routine use of 

TA was a Class-IIa indication. However, in the current ESC 
Myocardial Revascularization guidelines (41), the TASTE trial 
was taken into consideration; therefore, the role of TA was re-
evaluted and the class of its recommendation was modified to 

Figure 9. Meta-analysis of all-cause death (left top panel), Re-MI (right top panel), TVR/TLR (left bottom panel), and MACE (right bottom panel) 
when the TASTE trial was excluded
MACE - major adverse cardiac events; Re-MI - recurrent myocardial infarction; TASTE - Thrombus Aspiration during ST-Segment Elevation Myocardial Infarction in Scandinavia; TVR/TLR 
- target vessel revascularization/target lesion revascularization
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Class-IIb. This new ESC recommendation is compatible with our 
meta-analysis. However, for more accurate evidence in patients 
with STEMI, routine aspiration thrombectomy with percutane-
ous coronary intervention (PCI) versus PCI alone in patients with 
STEMI undergoing PPCI (TOTAL; ClinicalTrials.gov number: 
NCT01149044) will be performed.

Study limitations

Because this study is a meta-analysis, the accuracy of the 
results is related to the accuracy of the RCT included in the 
meta-analysis. Besides, we did not analyze the unpublished 

data, which were not put into the peer review process and 
abstracts of the congress.

Conclusion

In patients with STEMI, TA+PPCI might be related to better 
epicardial and myocardial perfusion. However, TA did not 
reduce the frequency of death, Re-MI, MACE TVR/TLR, ST, and 
stroke. These results do not support the routine use of TA in 
patients with STEMI.
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Figure 13. Trial sequential analysis evaluating trombus aspiration in 
terms of recurrent myocardial infarction. The expected RRR was 
assumed to be 20%

26534

10277
Z-curve

Number of 
patients 

(Linear scaled)

Cumulative 
Z-Score

8
7
6
5
4
3
2
1

-1
-2
-3
-4
-5
-6
-7
-8

Fa
vo

rs
 

TA
+P

PC
I

Fa
vo

rs
 

PP
CI
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