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Abstract
Background  In the largest randomized trial so far, thrombus aspiration failed to reduce the primary endpoint of microvas-
cular obstruction (MVO) in patients with ST-elevation myocardial infarction (STEMI) presenting late after symptom onset. 
Long-term clinical outcome data of this trial have not been reported yet.
Methods and results  A total of 144 patients with STEMI presenting ≥ 12 and ≤ 48 h after symptom onset were randomized 
to primary percutaneous coronary intervention (PCI) with or without manual thrombus aspiration in a 1:1 fashion. The pri-
mary efficacy endpoint was the extent of MVO assessed by cardiac magnetic resonance imaging and showed no significant 
difference between groups. Long-term clinical follow-up was performed at 4 years. Overall mortality at 4 years reached 18%. 
There was no significant difference between groups with respect to mortality and major adverse cardiac events defined as 
the composite of death, myocardial reinfarction and target vessel revascularization. In a multivariate Cox regression model 
glomerular filtration rate on admission, left ventricular ejection fraction, and cardiogenic shock were independently associ-
ated with time-dependent occurrence of death.
Conclusion  Routine thrombus aspiration in STEMI patients presenting late after symptom onset showed no significant dif-
ference with respect to long-term clinical endpoints compared to conventional PCI only.
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Introduction

Until recently, manual thrombus aspiration (TA) was an 
established treatment option in patients with ST-elevation 
myocardial infarction (STEMI). The idea of TA is to remove 
thrombotic material before it enters the microcirculation and 
consequently reduce microvascular injury and infarct size, 

which are independent predictors of adverse clinical events 
in STEMI patients [1–3].

Its use in STEMI patients was downgraded to bail-out 
situations after two well-powered randomized trials and a 
related meta-analysis showed no mortality benefit and even 
suggested a higher risk of stroke [4–7].

However, these large randomized trials enrolled almost 
exclusively patients within 12  h after symptom onset, 
whereas patients presenting thereafter were excluded. Late 
presenting patients display larger thrombus burden and dif-
fering thrombus characteristics compared to those present-
ing early due to a longer dwelling time [8]. Conceivably, 
this might impact the efficacy of TA due to larger and more 
organized thrombi. While such long dwelling thrombi might 
be more difficult to aspirate, the absolute aspiration volume 
might be higher. There might also be a greater chance to 
shift large amounts of thrombotic material downstream into 
the microcirculation increasing the risk of the procedure.
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We previously presented the results of the first rand-
omized trial of TA in subacute STEMI patients presenting 
between 12 and 48 h after symptom onset. The study found 
no benefit of routine TA on the primary efficacy end point 
MVO assessed by cardiac magnetic resonance (CMR) imag-
ing and early clinical outcome after 30 days [9].

In the present analysis we report the clinical long-term 
follow-up of the patients enrolled in this randomized trial. 
Next to comparing the two treatment groups, the aim of the 
analysis was to collect prospective long-term clinical out-
come data in late presenting STEMI patients.

Methods

Study design and overview

The present analysis represents the long-term clinical follow-
up of a randomized trial of TA in STEMI patients presenting 
late after symptom onset. Design and results have been pub-
lished previously [9]. In brief, a total of 152 patients between 
the age of 18 and 90 years with STEMI presenting between 
12 and 48 h after symptom onset were randomized in a 1:1 
fashion to primary PCI with or without manual TA. Exclu-
sion criteria included prior thrombolysis, contraindications 
to CMR (known at the time of randomization), and severe 
comorbidities with limited life expectancy (< 6 months). TA 
had to be performed before the first balloon inflation using 
a 6-F manual aspiration catheter (Export AP; Medtronic, 
Minneapolis, Minnesota). A minimum of 2 aspiration pas-
sages across the lesion were recommended. Otherwise, PCI 

was performed according to current best practice. The pri-
mary efficacy endpoint was the extent of MVO on late gado-
linium enhancement CMR performed 1–4 days after PCI. 
Eight patients were excluded from the analysis because of 
final diagnoses other than STEMI. All patients were enrolled 
between March 2011 and November 2014 at a single institu-
tion (Heart Center Leipzig at University of Leipzig, Leipzig, 
Germany). Figure 1 displays the study flowchart including 
the long-term follow-up. The study was approved by the 
local institutional review board. All patients provided writ-
ten informed consent before randomization.

Briefly summarized, the results showed no significant dif-
ference in the extent of MVO between patients assigned to 
TA and the control group (2.5 ± 4.0% vs. 3.1 ± 4.4% of left 
ventricular mass, p = 0.47). There were also no significant 
differences with respect to infarct size, myocardial salvage, 
left ventricular ejection fraction, angiographic endpoints and 
early clinical outcomes after 30 days.

Assessment and definition of clinical events

Long-term follow-up was performed 4 years after randomi-
zation of the last patient by telephone using a standardized 
questionnaire including death, recurrent myocardial infarc-
tion, recurrent coronary revascularization, stent throm-
bosis, stroke and quality of life assessed by EuroQol 5D 
questionnaire. All events were verified by hospital charts or 
direct contact with the treating physician. In patients where 
information could be obtained neither from the patient 
nor the treating physician, vital status was provided by the 
local government registration. All investigators involved in 

Fig. 1   Study flow. STEMI ST-
elevation myocardial infarction, 
PCI percutaneous coronary 
intervention
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endpoint assessment were blinded to the patients’ treatment 
allocation.

Death was defined as all-cause mortality. Myocardial 
reinfarction was determined according to current guidelines 
[10]. Target vessel revascularization (TVR) was defined as 
a repeated procedure, either PCI or bypass surgery, on the 
target vessel and target lesion revascularization (TLR) as 
any re-intervention inside the stent(s) implanted during the 
index procedure or within 5 mm proximal or distal to the 
stent. Stroke was characterized as any new focal neurologi-
cal deficit of central origin lasting ≥ 24 h which resulted in 
irreversible brain damage or body impairment in association 
with signs of ischemia or hemorrhage in a cranial computed 
tomography or magnetic resonance scan. Major adverse car-
diac events (MACE) were defined as the composite of death, 
myocardial reinfarction and TVR.

Statistical analysis

Statistical analyses were performed according to the inten-
tion-to-treat principle. Categorical variables are presented as 
number and percentages, continuous data as mean ± standard 
deviation. For categorical variables, two-group comparisons 
were performed using Chi-square or Fisher’s exact test when 
the expected cell value was less than five. For continuous 
variables, Student’s t tests were applied for normally distrib-
uted and Wilcoxon rank-sum tests for non-normally distrib-
uted variables. To analyze the time-dependent occurrence of 
death or MACE, Kaplan–Meier curves with log-rank com-
parison were computed. To identify predictors of death, uni-
variate and multivariate Cox regression analyses were per-
formed. Variables assessed for inclusion in the model were 
gender, age, diabetes mellitus, hypertension, active smoking, 
prior myocardial infarction, symptom-onset-to-balloon time, 
treatment group, multivessel disease, cardiogenic shock, cul-
prit lesion in left anterior descending artery, unsuccessful 
PCI, glomerular filtration rate (GFR) on admission, left ven-
tricular ejection fraction (LVEF) on CMR and clinical events 
(recurrent myocardial infarction, stroke, stent thrombosis). 
Variables with a p value < 0.10 in univariate testing were 
entered in the multivariable model after testing for multi-
collinearity. A two-sided p value of 0.05 was considered 
statistically significant for all tests. Statistical analyses were 
performed using SPSS 17.0 (SPSS, Chicago, Illinois, USA).

Results

Baseline and procedural characteristics

A total of 144 patients were included in the final analysis 
(70 patients randomized to additional TA and 74 patients to 
standard PCI only). The mean age was 66 ± 15 years.

Baseline characteristics were well balanced between the 
2 treatment groups (Table 1). The mean time between symp-
tom onset and PCI was 28 ± 12 h for the overall cohort. Three 
patients randomized to PCI alone underwent thrombus aspira-
tion by operator’s choice (bail-out situations due to unsatisfac-
tory results after conventional PCI) and in five patients rand-
omized to TA the aspiration catheter could not be advanced 
to the culprit lesion. Except for pre-dilation (39% in the TA 
group vs. 75% in the standard PCI only group, p < 0.001) 
angiographic and procedural characteristics did not differ sig-
nificantly between groups.

Clinical events and quality of life at long‑term 
follow‑up

Clinical events at 4 years are displayed in Table 2. Overall 
mortality at 4 years was 18%. Twelve patients (17%) died in 
the TA group compared to 14 (19%) in the standard PCI only 
group (p = 0.78). MACE occurred in 31 patients (23% in the 
TA group vs. 26% in the standard PCI only group, p = 0.68). 
Similar to mortality and MACE, there were no significant dif-
ferences between groups with respect to the individual compo-
nents of MACE as well as TLR, nTVR, and stroke (Table 2).

Kaplan–Meier curves for all-cause mortality and MACE 
up to a maximum follow-up period of 7.2 years are displayed 
in Fig. 2a, b. There was no significant difference between the 
two groups with respect to the time-dependent occurrence 
of the respective endpoints.

Results of the Euro-QoL-5D questionnaire were available 
in 98 of 110 patients who were alive at long-term follow-up. 
The findings grouped according to the different dimensions 
are displayed in Fig. 3. Visual analogue scale classifying 
subjective quality of life was obtainable in 97 patients with 
a median of 70 of 100 achievable points (interquartile range 
58–80). There were no significant differences in quality of 
life measures between groups.

Mortality predictors at long‑term follow‑up

Co-variates with a p value < 0.10 in univariate Cox regres-
sion analysis are displayed in Table 3. Stent thrombosis was 
excluded from multivariate testing due to an excessively 
high standard error in univariate analysis. In multivariate 
analysis GFR on admission, LVEF on CMR and cardiogenic 
shock were independently associated with the time-depend-
ent occurrence of death (Table 3).

Discussion

This long-term clinical follow-up of a randomized trial 
comparing primary PCI with and without manual TA in 
STEMI patients presenting late after symptom onset showed 



1211Clinical Research in Cardiology (2019) 108:1208–1214	

1 3

no significant difference in all-cause mortality or MACE 
between the groups. In multivariate regression analysis, GFR 
on admission, LVEF and cardiogenic shock were identified 
as independent risk factors of mortality in this dedicated 
subgroup of STEMI patients.

In 8.5–12.0% of patients with STEMI, time from symp-
tom onset to presentation ranges between 12 and 48  h 
[11, 12]. To date, only a small number of studies dealt 

exclusively with these late-presenting patients mainly focus-
ing on the question whether invasive treatment should be 
performed > 12 h after symptom onset [13, 14].

The only published long-term clinical outcome data 
in subacute STEMI patients (presenting ≥ 12 to ≤ 48  h 
after symptom onset) are from the Beyond 12 h Reperfu-
sion Alternative Evaluation (BRAVE)-2 trial, which com-
pared coronary angiography vs. conservative treatment in 

Table 1   Baseline and 
procedural characteristics

Categorical data are presented as frequencies (percentages), continuous data as means ± standard deviation
PCI percutaneous coronary intervention, TIMI thrombolysis in myocardial infarction
*p value < 0.001
a Estimated according to MDRD (modification of diet in renal disease) formula
b Three patients randomized to PCI alone underwent bailout thrombus aspiration (cross-over)

Variable Thrombus aspiration 
(n = 70)

Standard PCI 
only (n = 74)

Age (years) 66 ± 12 66 ± 15
Male 48/70 (69) 59/74 (80)
Hypertension 55/70 (79) 48/74 (65)
Current smoking 25/70 (36) 31/72 (43)
Hyperlipoproteinemia 11/70 (16) 17/74 (23)
Diabetes mellitus 22/70 (31) 25/74 (34)
Cardiogenic shock 2/70 (3) 4/74 (5)
Prior myocardial infarction 2/70 (3) 4/74 (5)
Prior coronary artery bypass surgery 2/70 (3) 0
Body mass index (kg/m²) 28.9 ± 3.8 28.6 ± 4.7
Glomerular filtration rate (ml/min/1.73 m2)a 86 ± 27 79 ± 26
Door-to-balloon-time (min) 78 ± 150 62 ± 105
Symptom-onset-to-balloon-time (hours) 26 ± 13 29 ± 12
Infarct-related artery
Left anterior descending 38/70 (54) 32/72 (44)
Left circumflex 11/70 (16) 9/72 (13)
Right coronary 21/70 (30) 31/72 (43)
TIMI flow before PCI
 0 44/70 (63) 46/74 (62)
 1 3/70 (4) 2/74 (3)
 2 14/70 (20) 13/74 (18)
 3 9/70 (13) 12/74 (18)

TIMI thrombus grade before wire crossing
 0: no thrombus 5/70 (7) 12/74 (16)
 1: possible thrombus 1/70 (1) 1/74 (1)
 2: Definite thrombus, < 0.5 × vessel diameter 2/70 (3) 0/74
 3: Definite thrombus, 0.5–2 × vessel diameter 8/70 (11) 4/74 (5)
 4: Definite thrombus, > 2 × vessel diameter 9/70 (13) 11/74 (15)
 5: Total occlusion 44/70 (63) 46/74 (62)

Multivessel disease 38/70 (54) 44/74 (60)
Predilation* 27/70 (39) 54/72 (75)
Postdilation 7/69 (10) 14/72 (19)
Visible thrombus in aspirateb 31/51 (61) 2/3 (67)
Drug-eluting stent 50/69 (73) 44/72 (61)
Number of stents 1.6 ± 0.9 1.8 ± 1.2
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a randomized fashion [13, 15]. The incidence of clinical 
events in the present analysis is consistent with the results of 
the BRAVE-2 4-year follow-up, except for a slightly higher 
mortality, which might be driven by the exclusion of patients 
with cardiogenic shock in BRAVE-2. Furthermore, the rate 
of subsequent revascularization of the infarct-related artery 
was notably higher in the BRAVE 2 cohort (53% vs. 4% in 
the present analysis). This difference is likely caused by a 
significantly higher rate of TVR in the initially conserva-
tively treated group (69%) in BRAVE-2, whereas in the cur-
rent study almost all patients received PCI at the time of 
presentation.

Long-term mortality at 3–5 years in STEMI patients 
presenting within the first 12 h after symptom onset ranges 
between 7% and 12% [16, 17]. Compared to these data, 
death rate in the present analysis is considerably higher. 
This might be explained by the extended time between 
symptom onset and hospitalization as symptom onset-to-
balloon-time exceeding 3 h, respectively, 4 h represents an 
independent risk factor for mortality [12, 18]. CMR data 

Table 2   Clinical events at 
4-year follow-up

Data are presented as frequencies (percentages)
PCI percutaneous coronary intervention, MACE major adverse cardiac events, TVR target vessel revascu-
larization, TLR target lesion revascularization, nTVR non-target vessel revascularization

Variable Overall (n = 144) Thrombus aspi-
ration (n = 70)

Standard PCI 
only (n = 74)

p Odds ratio (95% 
confidence inter-
val)

All-cause death 26/142 (18) 12/69 (17) 14/73 (19) 0.78 0.88 (0.37–2.08)
MACE 31/128 (24) 15/66 (23) 16/62 (26) 0.68 0.84 (0.38–1.90)
Reinfarction 11/128 (9) 7/66 (11) 4/62 (6) 0.53 1.72 (0.48–6.19)
Stent thrombosis 3/127 (2) 2/65 (3) 1/62 (2) 1.00 1.94 (0.17–21.91)
TVR 6/127 (5) 4/65 (6) 2/62 (3) 0.68 1.97 (0.35–11.15)
TLR 6/127 (5) 4/65 (6) 2/62 (3) 0.68 1.97 (0.35–11.15)
nTVR 36/131 (27) 18/66 (27) 18/65 (28) 0.89 0.98 (0.45–2.11)
Stroke 1/110 (1) 0/60 (0) 1/50 (2) 0.46 NA

Fig. 2   a Kaplan–Meier curve survival probability. CI confidence 
interval, PCI percutaneous coronary intervention. b Kaplan–Meier 
curve survival probability free of MACE. MACE major cardiac 
events, CI confidence interval, PCI percutaneous coronary interven-
tion

Fig. 3   Results of the EuroQol-5D questionnaire. TA thrombus aspira-
tion
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comparing early and late presenting STEMI patients (cut-
off 12 h) in matched cohorts confirmed a significantly larger 
infarct size and decreased myocardial salvage in late present-
ing patients [19]. However, a further delay in hospitaliza-
tion after exceeding 12 h does not seem to be independently 
associated with a higher mortality according to the present 
Cox regression model.

A recent individual patient meta-analysis of the 3 largest 
randomized trials comprising over 18,000 early presenting 
STEMI patients displayed no significant difference in clini-
cal outcomes between patients treated with or without TA 
[4–6]. In subgroup analyses, TA in patients with high throm-
bus burden was nominally associated with fewer cardiovas-
cular deaths but with a higher risk of stroke or transient 
ischemic attack (TIA). However, analyses by interaction 
terms revealed a significant difference between the groups 
only for the risk of stroke or TIA. Follow-ups exceeding 
1 year of the above mentioned randomized controlled tri-
als are not published to date. In summary, the findings are 
largely consistent and do not support a beneficial effect of 
TA in early presenting patients. However, there was justified 
hope that TA might be more beneficial in late presenting 
STEMI patients given the larger thrombus burden and modi-
fied composition with increasing ischemic time [8, 20] Of 
note, thrombus composition is an independent predictor of 
major adverse cardiovascular events and long-term mortality 
in patients with STEMI [20, 21].

Nevertheless, neither CMR parameters nor clinical end-
points were significantly different between TA and standard 
PCI in the present study supporting no beneficial or detri-
mental effect of TA also in late-presenting patients. Potential 
dwelling times and organization of thrombus in late-present-
ing patients do not seem to play a role on the effect of TA.

Several hypotheses have been postulated concerning 
the question why thrombus aspiration does not lead to 
an improvement of clinical outcome. First, TA might not 

generate a sufficient effect to change the extent of MVO 
and other parameters of reperfusion success, especially in 
patients with low thrombus burden. Additionally, outcome 
might be dominated by additional factors other than removal 
of thrombus material. Second, a positive effect of removing 
thrombotic material might be outweighed by dislodging the 
same, potentially leading to coronary or peripheral embo-
lization [6, 9].

Strength and limitations

This is the first study reporting on long-term clinical out-
come in patients presenting late after STEMI treated with 
or without thrombus aspiration. Furthermore, it is one of the 
scarce long-term reports in STEMI patients presenting after 
12 h of symptom onset.

There are several limitations. The randomized trial was 
not powered for outcome analysis and is thus only hypothe-
sis-generating. Second, aside from vital status, follow-up of 
clinical events was not available for all patients leading to a 
potential bias in group comparison.

Conclusion

Thrombus aspiration in STEMI patients presenting late after 
symptom onset (≥ 12 h to ≤ 48 h) showed no significant dif-
ference with respect to long-term clinical events compared 
to conventional PCI only.

References

	 1.	 Topol EJ, Yadav JS (2000) Recognition of the importance of 
embolization in atherosclerotic vascular disease. Circulation 
101(5):570–580

Table 3   Predictors of long-term mortality on univariate and multivariate Cox regression analysis

N/A not available

Variable Univariate Cox regression Multivariate Cox regression

Coefficient B Hazard ratio (95% 
confidence interval)

p Coefficient B Hazard ratio (95% 
confidence interval)

p

Age (per year) 0.04 1.04 (1.01–1.08) 0.01 0.002 1.00 (0.97–1.03) 0.91
Symptom-onset-to-balloon time (per hour) 0.03 1.03 (1.00-1.06) 0.04 0.002 1.00 (0.95–1.05) 0.94
Cardiogenic shock 2.89 17.97 (6.67–48.39) < 0.001 3.18 23.04 (2.14–248.7) 0.01
Multivessel disease 0.92 2.50 (1.13–5.52) 0.02 1.10 3.00 (0.74–12.17) 0.12
Glomerular filtration rate on admission (per 

1 ml/kg/m²)
− 0.03 0.97 (0.95–0.98) < 0.001 -0.03 0.976 (0.95–0.997) 0.03

Left ventricular ejection fraction (per 1%) − 0.09 0.92 (0.87–0.96) 0.001 -0.07 0.94 (0.89–0.99) 0.01
Myocardial reinfarction 1.69 5.43 (2.52–11.67) < 0.001 1.17 3.23 (0.94–11.12) 0.06
Stent thrombosis 1.53 4.63 (1.10–19.46) 0.04 N/A N/A N/A



1214	 Clinical Research in Cardiology (2019) 108:1208–1214

1 3

	 2.	 Jaffe R, Charron T, Puley G, Dick A, Strauss BH (2008) Microvas-
cular obstruction and the no-reflow phenomenon after percutane-
ous coronary intervention. Circulation 117(24):3152–3156. https​
://doi.org/10.1161/CIRCU​LATIO​NAHA.107.74231​2

	 3.	 de Waha S, Patel MR, Granger CB, Ohman EM, Maehara A, Eitel 
I, Ben-Yehuda O, Jenkins P, Thiele H, Stone GW (2017) Rela-
tionship between microvascular obstruction and adverse events 
following primary percutaneous coronary intervention for ST-
segment elevation myocardial infarction: an individual patient 
data pooled analysis from seven randomized trials. Eur Heart J 
38(47):3502–3510. https​://doi.org/10.1093/eurhe​artj/ehx41​4

	 4.	 Frobert O, Lagerqvist B, Olivecrona GK, Omerovic E, Gudna-
son T, Maeng M, Aasa M, Angeras O, Calais F, Danielewicz M, 
Erlinge D, Hellsten L, Jensen U, Johansson AC, Karegren A, Nils-
son J, Robertson L, Sandhall L, Sjogren I, Ostlund O, Harnek J, 
James SK (2013) Thrombus aspiration during ST-segment eleva-
tion myocardial infarction. N Engl J Med 369(17):1587–1597. 
https​://doi.org/10.1056/NEJMo​a1308​789

	 5.	 Jolly SS, Cairns JA, Yusuf S, Meeks B, Pogue J, Rokoss MJ, 
Kedev S, Thabane L, Stankovic G, Moreno R, Gershlick A, 
Chowdhary S, Lavi S, Niemela K, Steg PG, Bernat I, Xu Y, Can-
tor WJ, Overgaard CB, Naber CK, Cheema AN, Welsh RC, Ber-
trand OF, Avezum A, Bhindi R, Pancholy S, Rao SV, Natarajan 
MK, ten Berg JM, Shestakovska O, Gao P, Widimsky P, Dzavik V 
(2015) Randomized trial of primary PCI with or without routine 
manual thrombectomy. N Engl J Med 372(15):1389–1398. https​
://doi.org/10.1056/NEJMo​a1415​098

	 6.	 Jolly SS, James S, Dzavik V, Cairns JA, Mahmoud KD, Zijlstra F, 
Yusuf S, Olivecrona GK, Renlund H, Gao P, Lagerqvist B, Alaz-
zoni A, Kedev S, Stankovic G, Meeks B, Frobert O (2017) Throm-
bus aspiration in ST-segment-elevation myocardial infarction: an 
individual patient meta-analysis: thrombectomy trialists collabora-
tion. Circulation 135(2):143–152. https​://doi.org/10.1161/CIRCU​
LATIO​NAHA.116.02537​1

	 7.	 Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci 
C, Bueno H, Caforio ALP, Crea F, Goudevenos JA, Halvorsen 
S, Hindricks G, Kastrati A, Lenzen MJ, Prescott E, Roffi M, 
Valgimigli M, Varenhorst C, Vranckx P, Widimsky P (2017) 
2017 ESC Guidelines for the management of acute myocardial 
infarction in patients presenting with ST-segment elevation: the 
Task Force for the management of acute myocardial infarction in 
patients presenting with ST-segment elevation of the European 
Society of Cardiology (ESC). Eur Heart J 39(2):119–177. https​
://doi.org/10.1093/eurhe​artj/ehx39​3

	 8.	 Silvain J, Collet JP, Nagaswami C, Beygui F, Edmondson KE, 
Bellemain-Appaix A, Cayla G, Pena A, Brugier D, Barthelemy 
O, Montalescot G, Weisel JW (2011) Composition of coronary 
thrombus in acute myocardial infarction. J Am Coll Cardiol 
57(12):1359–1367. https​://doi.org/10.1016/j.jacc.2010.09.077

	 9.	 Desch S, Stiermaier T, de Waha S, Lurz P, Gutberlet M, Sandri M, 
Mangner N, Boudriot E, Woinke M, Erbs S, Schuler G, Fuernau 
G, Eitel I, Thiele H (2016) Thrombus aspiration in patients with 
ST-segment elevation myocardial infarction presenting late after 
symptom onset. JACC Cardiovasc Interv 9(2):113–122. https​://
doi.org/10.1016/j.jcin.2015.09.010

	10.	 Hicks KA, Mahaffey KW, Mehran R, Nissen SE, Wiviott SD, 
Dunn B, Solomon SD, Marler JR, Teerlink JR, Farb A, Morrow 
DA, Targum SL, Sila CA, Thanh Hai MT, Jaff MR, Joffe HV, 
Cutlip DE, Desai AS, Lewis EF, Gibson CM, Landray MJ, Lin-
coff AM, White CJ, Brooks SS, Rosenfield K, Domanski MJ, 
Lansky AJ, McMurray JJV, Tcheng JE, Steinhubl SR, Burton P, 
Mauri L, O’Connor CM, Pfeffer MA, Hung HMJ, Stockbridge 
NL, Chaitman BR, Temple RJ (2018) 2017 cardiovascular and 
stroke endpoint definitions for clinical trials. J Am Coll Cardiol 
71(9):1021–1034. https​://doi.org/10.1016/j.jacc.2017.12.048

	11.	 Eagle KA, Goodman SG, Avezum A, Budaj A, Sullivan 
CM, Lopez-Sendon J (2002) Practice variation and missed 

opportunities for reperfusion in ST-segment-elevation myocar-
dial infarction: findings from the Global Registry of Acute Coro-
nary Events (GRACE). Lancet 359(9304):373–377. https​://doi.
org/10.1016/S0140​-6736(02)07595​-5

	12.	 Shiomi H, Nakagawa Y, Morimoto T, Furukawa Y, Nakano A, 
Shirai S, Taniguchi R, Yamaji K, Nagao K, Suyama T, Mitsuoka 
H, Araki M, Takashima H, Mizoguchi T, Eisawa H, Sugiyama 
S, Kimura T (2012) Association of onset to balloon and door to 
balloon time with long term clinical outcome in patients with ST 
elevation acute myocardial infarction having primary percutane-
ous coronary intervention: observational study. BMJ 344:e3257

	13.	 Schomig A, Mehilli J, Antoniucci D, Ndrepepa G, Markwardt 
C, Di Pede F, Nekolla SG, Schlotterbeck K, Schuhlen H, Pache 
J, Seyfarth M, Martinoff S, Benzer W, Schmitt C, Dirschinger 
J, Schwaiger M, Kastrati A (2005) Mechanical reperfusion in 
patients with acute myocardial infarction presenting more than 12 
hours from symptom onset: a randomized controlled trial. JAMA 
293(23):2865–2872. https​://doi.org/10.1001/jama.293.23.2865

	14.	 Gierlotka M, Gasior M, Wilczek K, Hawranek M, Szkodzin-
ski J, Paczek P, Lekston A, Kalarus Z, Zembala M, Polonski L 
(2011) Reperfusion by primary percutaneous coronary interven-
tion in patients with ST-segment elevation myocardial infarction 
within 12 to 24 hours of the onset of symptoms (from a pro-
spective national observational study [PL-ACS]). Am J Cardiol 
107(4):501–508. https​://doi.org/10.1016/j.amjca​rd.2010.10.008

	15.	 Ndrepepa G, Kastrati A, Mehilli J, Antoniucci D, Schomig A 
(2009) Mechanical reperfusion and long-term mortality in 
patients with acute myocardial infarction presenting 12 to 48 
hours from onset of symptoms. JAMA 301(5):487–488. https​://
doi.org/10.1001/jama.2009.32

	16.	 Tobbia P, Brodie BR, Witzenbichler B, Metzger C, Guagliumi 
G, Yu J, Kellett MA, Stuckey T, Fahy M, Mehran R, Stone GW 
(2013) Adverse event rates following primary PCI for STEMI at 
US and non-US hospitals: three-year analysis from the HORI-
ZONS-AMI trial. EuroIntervention 8(10):1134–1142. https​://doi.
org/10.4244/EIJV8​I10A1​76

	17.	 Zheng F, Xing S, Gong Z, Xing Q (2014) Five-year outcomes 
for first generation drug-eluting stents versus bare-metal stents 
in patients with ST-segment elevation myocardial infarction: a 
meta-analysis of randomised controlled trials. Heart Lung Circ 
23(6):542–548. https​://doi.org/10.1016/j.hlc.2014.01.006

	18.	 De Luca G, Ernst N, Zijlstra F, van ‘t Hof AW, Hoorntje JC, Dam-
brink JH, Gosslink AT, de Boer MJ, Suryapranata H (2004) Pre-
procedural TIMI flow and mortality in patients with acute myocar-
dial infarction treated by primary angioplasty. J Am Coll Cardiol 
43(8):1363–1367. https​://doi.org/10.1016/j.jacc.2003.11.042

	19.	 Stiermaier T, Eitel I, de Waha S, Poss J, Fuernau G, Thiele H, 
Desch S (2017) Myocardial salvage after primary percutaneous 
coronary intervention in patients with ST-elevation myocardial 
infarction presenting early versus late after symptom onset. Int J 
Cardiovasc Imaging 33(10):1571–1579. https​://doi.org/10.1007/
s1055​4-017-1143-x

	20.	 Yang Y, Li J, Xu W, Dong S, Yu H, Song H, Chu Y (2016) 
Thrombus aspirated from patients with ST-elevation myocardial 
infarction: clinical and angiographic outcomes. J Int Med Res 
44(6):1514–1523. https​://doi.org/10.1177/03000​60516​66737​3

	21.	 Kramer MC, van der Wal AC, Koch KT, Ploegmakers JP, van der 
Schaaf RJ, Henriques JP, Baan J Jr, Rittersma SZ, Vis MM, Piek 
JJ, Tijssen JG, de Winter RJ (2008) Presence of older thrombus is 
an independent predictor of long-term mortality in patients with 
ST-elevation myocardial infarction treated with thrombus aspira-
tion during primary percutaneous coronary intervention. Circula-
tion 118(18):1810–1816. https​://doi.org/10.1161/CIRCU​LATIO​
NAHA.108.78073​4

https://doi.org/10.1161/CIRCULATIONAHA.107.742312
https://doi.org/10.1161/CIRCULATIONAHA.107.742312
https://doi.org/10.1093/eurheartj/ehx414
https://doi.org/10.1056/NEJMoa1308789
https://doi.org/10.1056/NEJMoa1415098
https://doi.org/10.1056/NEJMoa1415098
https://doi.org/10.1161/CIRCULATIONAHA.116.025371
https://doi.org/10.1161/CIRCULATIONAHA.116.025371
https://doi.org/10.1093/eurheartj/ehx393
https://doi.org/10.1093/eurheartj/ehx393
https://doi.org/10.1016/j.jacc.2010.09.077
https://doi.org/10.1016/j.jcin.2015.09.010
https://doi.org/10.1016/j.jcin.2015.09.010
https://doi.org/10.1016/j.jacc.2017.12.048
https://doi.org/10.1016/S0140-6736(02)07595-5
https://doi.org/10.1016/S0140-6736(02)07595-5
https://doi.org/10.1001/jama.293.23.2865
https://doi.org/10.1016/j.amjcard.2010.10.008
https://doi.org/10.1001/jama.2009.32
https://doi.org/10.1001/jama.2009.32
https://doi.org/10.4244/EIJV8I10A176
https://doi.org/10.4244/EIJV8I10A176
https://doi.org/10.1016/j.hlc.2014.01.006
https://doi.org/10.1016/j.jacc.2003.11.042
https://doi.org/10.1007/s10554-017-1143-x
https://doi.org/10.1007/s10554-017-1143-x
https://doi.org/10.1177/0300060516667373
https://doi.org/10.1161/CIRCULATIONAHA.108.780734
https://doi.org/10.1161/CIRCULATIONAHA.108.780734

	Thrombus aspiration in patients with ST-elevation myocardial infarction presenting late after symptom onset: long-term clinical outcome of a randomized trial
	Abstract
	Background 
	Methods and results 
	Conclusion 

	Introduction
	Methods
	Study design and overview
	Assessment and definition of clinical events
	Statistical analysis

	Results
	Baseline and procedural characteristics
	Clinical events and quality of life at long-term follow-up
	Mortality predictors at long-term follow-up

	Discussion
	Strength and limitations

	Conclusion
	References


