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Abstract: Background: Clinical trials that evaluated long-term clinical outcomes of thrombus aspiration before 
primary percutaneous coronary intervention (PCI) in patients with ST-segment elevation myocardial infarction 
(STEMI) have shown different results. Thus, this study was designed to evaluate the long-term clinical outcomes 
and trends in present usage of thrombosuction in STEMI patients undergoing primary PCI. Methods: This was a 
single-center, retrospective study conducted at a tertiary-care center in India between January 2016 and December 
2018. A total of 241 patients with STEMI who underwent primary PCI were differentiated into thrombus aspiration 
or standard primary PCI group. Primary endpoint was major adverse cardiac events (MACE) at 1-year. The other 
safety outcome measured at 1-year follow-up was stent thrombosis. Results: Among 241 patients, 119 patients 
were included in the thrombus aspiration group and 122 patients were included in the standard primary PCI group.  
All patients underwent 1-year follow-up. MACE rate was found to be 4.2% and 4.9% in thrombus aspiration and 
standard primary PCI group (P=0.79), respectively. Death from any cause was found to be higher in thrombus aspi-
ration 7 (5.9%) compared to standard primary PCI group 5 (4.1%). Of which, cardiac death has occurred in 5 (4.2%) 
patients of thrombus aspiration group and 4 (3.3%) patients of standard primary PCI group (P=0.747). Definite stent 
thrombosis was observed in 1 (0.8%) patient of both the groups (P=1.00). Conclusion: The study concludes that 
there was no significant benefit of thrombus aspiration concerning mortality rate or any other clinical outcomes at 
1-year in STEMI patients.
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Introduction

Despite the improvement in the management 
of ST-elevation myocardial infarction (STEMI), 
the death rate still remains constantly high [1, 
2]. Primary percutaneous coronary intervention 
(PCI) remains the cornerstone in the treatment 
by reducing the death rate; however, one of the 
most important challenges in the management 
of STEMI is the establishment of normal coro-
nary blood flow after PCI [3, 4]. The presence of 
large thrombus load at the site of lesion may 
provide an increased risk of distal embolization 
and microvascular occlusion even after stent 
implantation or balloon dilation which is known 
as a no-flow phenomenon [5, 6]. This reduced 
flow is related to reperfusion injury which leads 
to arrhythmias, contractile dysfunction, micro-

vascular impairment and irreversible myocardi-
al damage [7]. Hence, intracoronary thrombec-
tomy was designed as an adjunctive tool in the 
restoration of normal coronary blood flow in 
STEMI [8, 9]. Several studies showed that 
thrombectomy devices can preserve microvas-
cular function by preventing distal embolization 
in the microvasculature [10, 11]. Still there are 
lacunae of knowledges on the application of 
these thrombectomy devices in STEMI patients 
[3, 12]. The controversy of using routine throm-
boaspiration has intensified after the recent 
publication of TOTAL Trial. Thus, this study was 
designed to evaluate the long term clinical out-
comes and trends in present usage of thrombo-
suction in STEMI patients undergoing primary 
PCI.  
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Methods

Study design and patient population

This was a single-center, retrospective study 
conducted at a tertiary-care center in India. The 
records of consecutive 241 patients with STEMI 
who underwent primary PCI between January 
2016 and December 2018 were included in the 
study. Eligible patients were differentiated into 
thrombus aspiration or standard primary PCI 
group.  

Inclusion criteria: All consecutive patients with 
STEMI who underwent primary PCI within the 
stipulated time period was included in this 
study.

Exclusion criteria: The patients who presented 
>24 hours after the onset of symptoms, age 
<18 years and who needed emergency coro-
nary artery bypass grafting were excluded from 
this study.

Ethics

The study protocol was approved by the Ethics 
Committee of the respective authority of our 
institution. Written informed consent will be 
obtained from all patients, before inclusion in 
the study.

Study intervention

The primary PCI was performed according to 
standard techniques through the femoral or 
radial artery in the cardiac catheterization labo-
ratory. Before the intervention, all patients 
were administered with dual antiplatelet drug 
such as aspirin 300 mg as a loading dose and 
other medications such as second antiplatelet 
and statins, respectively. All thrombus aspira-
tion was performed at the discretion of the 
operator. Procedural characteristics like culprit 
vessel, number of diseased vessels, use of 
stents, and other medications were analyzed. 
At the time of discharge from the hospital, all 
patients has been prescribed with aspirin 70 
mg with clopidogrel (75 mg) OD or prasugrel 10 
mg or ticagrelor 90 mg BD. 

Data collection

Patients’ demographics such as age, sex, his-
tory of diabetes, hypertension, smoking, hyper-
cholesterolemia, PCI or coronary artery bypass 

graft (CABG) and family history of ischemic 
heart disease (IHD), presence of renal insuffi-
ciency, myocardial infarction, stroke, and un- 
stable angina were collected. Procedural and 
lesion characteristics were obtained from the 
records and noted. 

Clinical outcomes and follow-up

All patients were followed-up through outpa-
tient visits or telephonic contact. The primary 
outcome measures were major adverse cardio-
vascular events (MACE) at 1-year. The MACE is 
defined as a composite of cardiac death, myo-
cardial infarction and target vessel revascular-
ization (TVR). In this study, MI is defined based 
on the development of new Q waves in two or 
more contiguous leads of the ECG and with or 
without elevated cardiac enzymes or followed 
by significant elevation of creatine kinase >3 
times the upper limit of normal or without new 
Q waves in the ECG. Target vessel revascular-
ization is defined as the re-intervention of any 
segment of the target vessel. The other safety 
outcome measured at a 1-year follow-up was 
stent thrombosis which is defined according to 
the academic research consortium definition of 
stent thrombosis [13]. 

Statistical analysis

Continuous variables were expressed as mean 
± standard deviation and categorical variables 
were expressed as frequencies and percentag-
es. Continuous variables were compared using 
the Mann-Whitney U test and categorical vari-
ables were compared using the chi-square test 
or Fisher’s exact test. A p-value of <0.05 was 
considered statistically significant. The analysis 
was performed using statistical package for 
social sciences (SPSS) software (IBM SPSS, 
version 20.0. Armonk, 2012). 

Results

Baseline characteristics

The total study population comprised of 241 
patients, of whom, 119 patients were included 
in the thrombus group and 122 patients were 
included in the standard primary PCI group. The 
mean age of the study population was 57.72 
years. Baseline characteristics were well bal-
anced except that there were less hypertensive 
people in thrombus aspiration group as com-
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pared to conventional PPCI group (56 vs. 73, 
P=0.047). With respect to medication, it was 
noted that conventional PPCI group received 
more ACE inhibitor drugs than thrombus aspira-
tion group (38 vs. 28, P=0.035).

Baseline characteristics are illustrated in Table 
1.

Lesion and procedural characteristics

The radial route was found to be the most com-
monly used route for angioplasty in both the 

At 1-year follow-up, the MACE rate was found to 
be 4.2% and 4.9% in thrombus aspiration and 
standard primary PCI group, respectively (P= 
0.79). Kaplan-Meier curve for MACE is shown in 
Figure 1. The death from any cause was found 
to be higher in thrombus aspiration 7 (5.9%) 
compared to standard primary PCI group 5 
(4.1%). Of these, 5 (4.2%) patients in thrombus 
aspiration group and 4 (3.3%) patients in stan-
dard primary PCI group had cardiac death 
(P=0.747). Whereas, 2 (1.7%) patients in throm-
bus aspiration group and 1 (0.8%) patient in 

Table 1. Baseline characteristics of the study population

Characteristics
Thrombus 
aspiration 
(n=119)

Standard 
primary PCI 

(n=122)
p value

Age (Mean ± SD, years) 56.99±11.13 58.44±11.06 0.310
Male, n (%) 106 (89.1%) 103 (84.4%) 0.288
Risk Factors
    Diabetes mellitus, n (%) 42 (35.3%) 38 (31.1%) 0.494
    Smoking, n (%) 74 (62%) 65 (53%) 0.264
    Hypertension, n (%) 56 (47.1%) 73 (59.8%) 0.047*
    Hypercholesterolemia, n (%) 64 (54%) 56 (46%) 0.576
    Positive Family history, n (%) 14 (12%) 12 (10%) 0.986
Cardiac history
    Renal insufficiency, n (%) 5 (4%) 4 (3%) 0.986
    Previous stroke, n (%) 1 (0.8%) 0 (0%) 0.310
    Previous MI, n (%) 2 (1.7%) 0 (0%) 0.150
    Previous CABG, n (%) 0 (0%) 0 (0%)
    Previous PCI, n (%) 2 (1.7%) 0 (0%) 0.150
    Unstable angina, n (%) 119 (100%) 122 (100%)
    Myocardial infarction, n (%) 119 (100%) 121 (99.2%) 0.322
Anti-platelet drugs
    Aspirin, n (%) 119 (100%) 122 (100%) 0.569
    Clopidogrel, n (%) 62 (52.1%) 63 (51.7%) 0.731
    Prasugrel, n (%) 7(5.9%) 16 (13.1%) 0.056
    Other antiplatelet, n (%) 50(42%) 43 (35.2%) 0.280
Other medications
    Heparin, n (%) 119 (100%) 122 (100%) 0.088
    ACE inhibitor, n (%) 23 (19.3%) 38 (31.1%) 0.035*
    Angiotensin II antagonist, n (%) 1 (0.8%) 5 (4.1%) 0.105
    Beta-blockers, n (%) 32 (26.9%) 42.34.4 (%) 0.205
    Calcium antagonist, n (%) 1 (0.8%) 0 (0%) 0.310
    Nitrates, n (%) 4 (3.4%) 9 (7.4%) 0.168
    Statins, n (%) 119 (100%) 122 (100%) 0.911
    Other lipid lowering drugs, n (%) 1 (0.8%) 1 (0.8%) 0.986
    Diuretics, n (%) 6 (5%) 7 (5.7%) 0.811
Baseline LVEF 35% +/- 5% 34% +/- 4% 0.15
MI - Myocardial infarction; CABG - Coronary artery bypass graft; PCI - Percutaneous 
coronary intervention; LVEF: left ventricular ejection fraction *Significant.

groups and single-vessel 
disease was observed mo- 
re in both groups. There 
were no significant differ-
ences in arterial access, no. 
of vessels treated in pa- 
tients between the groups 
(P>0.05). 

Among the study popula-
tion, type C lesions were fo- 
und to be significantly high-
er in thrombus aspiration 
group compared to standa- 
rd primary PCI group [110 
(86.6%) vs. 97 (72.9%), P= 
0.011]. Similarly, stent dia- 
meter was found to be sig-
nificantly higher in the th- 
rombus aspiration group 
(3.277±0.4059) compared 
to the standard primary PCI 
group (3.103±0.4272), res- 
pectively (P=0.001). Whe- 
reas, pre-balloon dilation 
showed standard primary 
PCI group was significan- 
tly higher than the throm- 
bus aspiration group [108 
(81.2%) vs. 86 (67.7%), P= 
0.013]. All the other charac-
teristics such as post-bal-
loon dilation, device suc-
cess, and procedure suc-
cess did not show any sig-
nificant difference (P>0.05). 

Lesion and procedural char-
acteristics are depicted in 
Table 2.

Clinical outcomes
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Table 2. Lesion and procedural characteristics of the study popu-
lation

Characteristics
Thrombus 
aspiration 
(n=119)

Standard 
primary PCI 

(n=122)
p value

Vessel treated
    MVD, n (%) 7 (5.9%) 11 (9%) 0.355
    SVD, n (%) 112 (94.1%) 111 (91%)
Arterial access site
    Femoral, n (%) 29 (24%) 20 (16.4%) 0.154
    Radial, n (%) 89 (75%) 102 (83.6%)
    Brachial, n (%) 1 (1%) 0 (0%)
Vessel Name
    LAD, n (%) 55 (43.3%) 61 (45.9%) 0.274
    LCX, n (%) 15 (11.8%) 26 (19.5%)
    OM1, n (%) 1 (0.8%) 1 (0.8%)
    OM2, n (%) 1 (0.8%) 1 (0.8%)
    RCA, n (%) 55 (43.3%) 44 (33.1%)
Lesion type
    Type A, n (%) 4 (3.1%) 3 (2.3%) 0.011*
    Type B1, n (%) 10 (7.9%) 19 (14.3%)
    Type B2, n (%) 3 (2.4%) 13 (9.8%)
    Type B3, n (%) 0 (0%) 1 (0.8%)
    Type C, n (%) 110 (86.6%) 97 (72.9%)
Pre balloon dilation, n (%) 86 (67.7%) 108 (81.2%) 0.013*
Post balloon dilation, n (%) 102 (80.3%) 117 (88%) 0.090
Device success, n (%) 124 (97.6%) 132 (99.2%) 0.292
Procedure success, n (%) 115 (90.6%) 128 (96.2%) 0.505
Stent
    Diameter (Mean ± SD, mm) 3.277±0.405 3.103±0.4272 0.001*
    Length (Mean ± SD, mm) 25.22±7.584 25.06±7.706 0.863
Antiplatelet during hospital stay
    Aspirin, n (%) 119 (100%) 121 (99%) 0.968
    Clopidogrel, n (%) 59 (49.6%) 59 (48.4%) 0.148
    Prasugrel, n (%) 10 (8.4%) 20 (16.4%)
    Ticagrelor, n (%) 50 (42%) 43 (35.2%)
MVD - Multi vessel disease; SVD - Single vessel disease; LAD - Left anterior 
descending artery; LCX - Left circumflex artery; OM - Obtuse marginal artery; RCA - 
Right coronary artery; *Significant.

standard primary PCI group had non-cardiac 
death (P=0.747). There was no statistically sig-
nificant difference in cardiac and non-cardiac 
death between the two groups. Definite stent 
thrombosis was observed in each 1 (0.8%) 
patient of both the groups and there is no sig-
nificant difference between the two groups 
(P=1.00). There was insignificantly higher left 
ventricular ejection fraction seen among the 
subjects of thrombus aspiration group than 

standard PCI group (P=0.09) 
from baseline. Clinical out-
comes are demonstrated in 
Table 3.  

Discussion

In this retrospective study in- 
volving patients with STEMI, 
we aimed to evaluate the im- 
pact of adjunctive thrombecto-
my on MACE during long-term 
follow-up. It was observed that 
during long-term follow-up at 
1-year, MACE rate in the two 
groups was similar. 

Similar to this study results, 
many thrombus aspiration ran-
domized trials have shown 
inconsistent results with res- 
pect to mortality rate. Some 
studies have shown mortality 
benefits [14, 15] whereas so- 
me studies have shown no sig-
nificant results [16-18]. Fur- 
ther, those studies report- 
ed that these inconsistencies 
among previous analyses may 
be due to several factors such 
as differences in the follow-up 
time, duration of symptoms, 
number of participating cen-
ters, and the finding of me- 
chanical aspiration devices th- 
at may be inferior to manual 
aspiration devices [18, 19]. 

Thrombus aspiration may not 
be a totally risk-free procedure 
as the first randomized trial on 
routine thromboaspiration fa- 
iled to demonstrate a signifi-
cant benefit of thrombus aspi-

ration in term of short-term mortality [9], thou- 
gh at the end of 1-year follow up it was observ- 
ed that mortality rate was lower in thrombus 
aspiration group compared to primary PCI [20]. 
Similarly, in the TASTE trial, they reported that 
possible differences in clinical events will evi-
dent only with longer follow-up [3]. These 
results indicate that possible harmful effects of 
adjunctive thrombus aspiration occur only in 
the starting in-hospital duration.   
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Figure 1. Kaplan-Meier curve for major adverse cardiac events (MACE).

Table 3. Clinical outcomes at 1-year follow-up

Outcomes
Thrombus 
aspiration 
(n=119)

Standard 
primary PCI 

(n=122)
p value

MACE, n (%) 5 (4.2%) 6 (4.9%) 0.79
Death from any cause, n (%) 7 (5.9%) 5 (4.1%)
    Cardiac death, n (%) 5 (4.2%) 4 (3.3%) 0.747
    Non-cardiac death, n (%) 2 (1.7%) 1 (0.8%) 0.619
Myocardial infarction, n (%) 0 (0%) 0 (0%)  
Target lesion revascularization, n (%) 0 (0%) 2 (1.6%) 0.498
Stent thrombosis, n (%) 1 (0.8%) 1 (0.8%) 1.00
    Definite stent thrombosis, n (%) 1 (0.8%) 1 (0.8%) 1.00 
    Probable stent thrombosis, n (%) 0 (0%) 0 (0%)
    Possible stent thrombosis, n (%) 0 (0%) 0 (0%)
LVEF at 1 year 42 +/- 12% 45 +/- 10% 0.09
MACE - Major adverse cardiac events; LVEF: left ventricular ejection fraction.

In support of this study, a recent updated com-
prehensive meta-analysis of 18 randomized 
control trials with 20,641 STEMI patients dem-
onstrated that routine thrombus aspiration 
before primary PCI has no apparent benefit on 
MACE, cardiac death and all-cause mortality 
[4]. In addition, this study observed that there 
was no difference in stent thrombosis between 
the two groups. However, the recent updated 
comprehensive meta-analysis also explained 
that the trend of lower stent thrombosis with 
thrombus aspiration could probably due to an 
overestimation of the treatment effect [4]. 
Further, the prospective randomized TOTAL trial 

reported that there was no dif-
ference in the clinical out-
comes with thrombus aspira-
tion compared to conventional 
primary PCI [21]. Based on 
this evidence, the present 
study supports that thrombus 
aspiration has given neutral 
outcomes compared to prima-
ry PCI in the long-term follow-
up. Although mechanical thro- 
mbus aspiration has been 
shown to improve the outco- 
mes in acute ischemic stroke 
[22], the routine thrombus 
aspiration may not appear to 
improve the clinical outcomes 
but can be useful in improving 
the myocardial reperfusion. 
The one possible reason be- 
hind this could be ineffectivity 
of available thrombus aspira-
tion devices [23].

Study limitations

This study does have few limi-
tations such as it represents a 
single-center experience with 
a small number of sample 
sizes to assess the impact of 
thrombus aspiration efficacy 
on medium-term mortality. As 
it is a retrospective study it 
was not possible to account 
for all confounding influences.

Conclusion

This retrospective study com-
paring thrombus aspiration 

with conventional primary PCI in STEMI patients 
found no significant benefit of thrombus aspira-
tion with respect to mortality rate or any other 
clinical outcomes at 1-year. Thrombus aspira-
tion can be useful in STEMI patients to improve 
myocardial reperfusion. Further studies are 
required to evaluate the benefit of thrombus 
aspiration in selected patient populations.
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