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A BS TR AC T

BACKGROUND

Routine intracoronary thrombus aspiration before primary percutaneous coronary 
intervention (PCI) in patients with ST-segment elevation myocardial infarction 
(STEMI) has not been proved to reduce short-term mortality. We evaluated clinical 
outcomes at 1 year after thrombus aspiration.

METHODS

We randomly assigned 7244 patients with STEMI to undergo manual thrombus 
aspiration followed by PCI or to undergo PCI alone, in a registry-based, randomized 
clinical trial. The primary end point of all-cause mortality at 30 days has been reported 
previously. Death from any cause at 1 year was a prespecified secondary end point 
of the trial.

RESULTS

No patients were lost to follow-up. Death from any cause occurred in 5.3% of the 
patients (191 of 3621 patients) in the thrombus-aspiration group, as compared with 
5.6% (202 of 3623) in the PCI-only group (hazard ratio, 0.94; 95% confidence inter-
val [CI], 0.78 to 1.15; P = 0.57). Rehospitalization for myocardial infarction at 1 year 
occurred in 2.7% and 2.7% of the patients, respectively (hazard ratio, 0.97; 95% CI, 
0.73 to 1.28; P = 0.81), and stent thrombosis in 0.7% and 0.9%, respectively (hazard 
ratio, 0.84; 95% CI, 0.50 to 1.40; P = 0.51). The composite of death from any cause, 
rehospitalization for myocardial infarction, or stent thrombosis occurred in 8.0% 
and 8.5% of the patients, respectively (hazard ratio, 0.94; 95% CI, 0.80 to 1.11; 
P = 0.48). The results were consistent across all the major subgroups, including grade 
of thrombus burden and coronary flow before PCI.

CONCLUSIONS

Routine thrombus aspiration before PCI in patients with STEMI did not reduce the 
rate of death from any cause or the composite of death from any cause, rehospitaliza-
tion for myocardial infarction, or stent thrombosis at 1 year. (Funded by the Swedish 
Research Council and others; TASTE ClinicalTrials.gov number, NCT01093404.)
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A cute ST-segment elevation myocar-
dial infarction (STEMI) is often caused by 
intracoronary thrombus formation with 

blockage of antegrade coronary flow leading to 
myocardial ischemia and cell death.1 Thrombus 
burden, reduced coronary flow, and reduced myo-
cardial perfusion are important predictors of a poor 
clinical outcome, including recurrence of myo-
cardial infarction, stent thrombosis, and death.2 
Prompt initiation of antithrombotic therapy in 
combination with percutaneous coronary interven-
tion (PCI) is the preferred approach to optimize 
myocardial perfusion and clinical outcomes.3 
Coronary-artery thrombus aspiration before PCI 
reduces the thrombus burden and improves ST-
segment resolution and coronary f low.4,5 To our 
knowledge, however, no adequately powered ran-
domized clinical trial has shown improvement in 
short-term clinical outcomes. Neither the single-
center Thrombus Aspiration during Percutaneous 
Coronary Intervention in Acute Myocardial Infarc-
tion Study (TAPAS),4 which involved 1071 patients, 
nor our multicenter, randomized clinical trial 
Thrombus Aspiration in ST-Elevation Myocardial 
Infarction in Scandinavia (TASTE),6 which in-
volved 7244 patients, showed a significant reduc-
tion in mortality or in the incidence of other clini-
cal events at 30 days of follow-up.

TAPAS showed a significant reduction in the 
rate of death from any cause at 1 year with 
thrombus aspiration,7 but this finding must be 
considered to be hypothesis-generating, since the 
trial was underpowered for hard clinical end 
points. In the TASTE trial, the rates of stent 
thrombosis and rehospitalization for myocardial 
infarction at 30 days were numerically lower af-
ter thrombus aspiration than after PCI alone, but 
the difference was not significant. Here we report 
the clinical results at 1 year in the TASTE trial.

ME THODS

STUDY DESIGN

The design of the TASTE trial has been reported 
previously.6,8 In summary, TASTE was a multi-
center, prospective, randomized, controlled, open-
label clinical trial comparing routine thrombus 
aspiration before PCI with PCI alone in patients 
with STEMI. The trial used the national compre-
hensive Swedish Coronary Angiography and An-
gioplasty Registry (SCAAR), which is part of the 
Internet-based Swedish Web System for Enhance-

ment and Development of Evidence-based Care in 
Heart Disease Evaluated According to Recommend-
ed Therapies (SWEDEHEART) registry,9 for the 
identification of patients, randomization, collec-
tion of baseline and procedural variables, and fol-
low-up (see the Supplementary Appendix, avail-
able with the full text of this article at NEJM.org, 
for details about the SWEDEHEART registry). 
Regional ethics review boards in Uppsala, Swe-
den, Iceland, and Denmark approved the study. 
Trial administration, data management, and sta-
tistical analyses were performed at the Uppsala 
Clinical Research Center at Uppsala University.

The first three authors and the last author 
designed the TASTE study. All the authors vouch 
for the integrity and completeness of the data and 
analyses and for the fidelity of this report to the 
trial protocol, available at NEJM.org. The funding 
agencies had no access to the study data and no 
role in the study design or in the interpretation 
or reporting of the data.

PATIENT POPULATION

Patients were eligible for enrollment if PCI was 
planned for the treatment of acute STEMI. Acute 
STEMI was defined as chest pain of less than 24 
hours’ duration, electrocardiographic changes with 
new ST-segment elevation in two or more contigu-
ous leads (≥0.2 mV in lead V2 or V3 or ≥0.1 mV in 
other leads) or a left bundle-branch block that 
was thought to be new, and a corresponding cul-
prit-artery lesion on angiography. Exclusion crite-
ria included the need for emergency coronary-
artery bypass grafting and an inability to provide 
oral informed consent.

STUDY PROCEDURES

Patients fulfilling all the inclusion criteria and 
none of the exclusion criteria were asked to provide 
oral informed consent as described in the Supple-
mentary Appendix. After providing oral informed 
consent, patients were randomly assigned, in a 1:1 
ratio, either to thrombus aspiration followed by PCI 
or to PCI alone. Randomization was performed by 
means of an online randomization module with-
in the SCAAR database. Within 24 hours, patients 
were asked to confirm informed consent to par-
ticipation in writing.

Medical therapy was left to the discretion of 
the treating physician. For patients randomly as-
signed to thrombus aspiration, the protocol rec-
ommended the use of manual continuous suction 

The New England Journal of Medicine 
Downloaded from nejm.org at LUNDS UNIVERSITET on April 21, 2015. For personal use only. No other uses without permission. 

 Copyright © 2014 Massachusetts Medical Society. All rights reserved. 



Thrombus Aspir ation for Myocardial Infarction

n engl j med 371;12  nejm.org  september 18, 2014 1113

during at least four proximal-to-distal passes with 
6-French–compatible, low-profile catheters. Bal-
loon dilation was permitted up to a nominal diam-
eter of 2.0 mm. Patients randomly assigned to 
PCI alone were treated according to the standard 
of care with optional balloon dilation.10 Stenting 
was encouraged in both randomized groups, with 
optional balloon dilation after stenting. Crossover 
from one group to the other was discouraged. 
Stent type and the duration of treatment with 
P2Y12 inhibitors were at the physician’s discretion.

END POINTS AND DEFINITIONS

Data on clinical end points were obtained from 
national health registries and were not centrally 
adjudicated. No study-specific clinical follow-up 
was done. The primary end point was all-cause 
mortality at 30 days, the results of which have 
been reported previously.6 For the 1-year follow-up, 
we report the following prespecified secondary 
end points: death from any cause, rehospitalization 
for myocardial infarction, stent thrombosis, target-
vessel revascularization, and target-lesion revas-
cularization. In addition, we report the events of 
a post hoc–defined composite of death from any 
cause, rehospitalization for myocardial infarction, 
or stent thrombosis.

Data regarding deaths were obtained from the 
national population registries. Data on hospital-
ization for myocardial infarction were obtained 
from the SWEDEHEART registry, and defined ac-
cording to International Classification of Diseases, 
10th Revision, codes I21 and I22 (as described in 
the Supplementary Appendix). Definite stent 
thrombosis was defined according to the Aca-
demic Research Consortium definition.11 Target-
lesion revascularization was defined as a new PCI 
procedure in the same coronary segment as the 
index procedure or coronary-artery bypass sur-
gery after the index procedure. Thrombus grade 
was classified by the study investigators according 
to Thrombolysis in Myocardial Infarction (TIMI) 
criteria,12 with reclassification of total occlu-
sions after the initial restoration of flow accord-
ing to the criteria of Sianos et al.13

STATISTICAL ANALYSIS

The sample-size calculation and group-sequential 
design for the primary outcome at 30 days have 
been described previously.6,8 The results were 
analyzed according to the intention-to-treat prin-
ciple. Kaplan–Meier curves are used to show the 

event rates over time, classified according to ran-
domization assignment. Hazard ratios were cal-
culated with the use of a Cox proportional-haz-
ards model with treatment as the only factor and 
are reported with the nominal 95% confidence 
interval from the Cox proportional-hazards mod-
el and the nominal two-sided P value from a log-
rank test. Chi-square tests were used to test dif-
ferences between categorical variables. Subgroup 
analyses were performed with the use of propor-
tional-hazards models, with proper tests for in-
teraction. All analyses were conducted with the 
use of SAS software, version 9.3 (SAS Institute).

R ESULT S

STUDY POPULATION

All PCI centers in Sweden (29 centers) and Iceland 
(1 center), along with 1 PCI center in Denmark, 
participated in the trial. During the study period, 
11,956 patients underwent PCI for STEMI, and 
7244 were enrolled (Fig. S1 in the Supplementary 
Appendix).

During 2 years and 9 months of enrollment, 
59.7% of all the patients presenting with STEMI 
and referred for PCI, and 76.9% of all the patients 
potentially eligible for enrollment in Sweden and 
Iceland, underwent randomization. The most prev-
alent reasons for not enrolling patients, as re-
ported by the investigators, were the patient’s in-
ability to provide oral informed consent mainly 
owing to severe medical conditions (37.6% of pa-
tients), an inability to perform thrombus aspira-
tion for anatomical reasons (16.0%), or a judgment 
that thrombus aspiration was inappropriate (11.3%) 
or not indicated (7.2%).

Baseline clinical and procedural characteristics 
as well as discharge medications for all the patients 
who underwent randomization and those who did 
not undergo randomization are listed in Table 1, 
and in Tables S1 and S2 in the Supplementary Ap-
pendix. Of particular note is the frequent use of 
radial-artery access (in 66.4% of the patients), bi-
valirudin (in 78.8%), potent new P2Y12 inhibitors (in 
43.7% of the patients at PCI and in 36.6% at dis-
charge), and new-generation drug-eluting stents. 
None of the patients who underwent randomiza-
tion and none of the patients in Sweden or Iceland 
who did not undergo randomization were lost to 
follow-up for the primary end point at 1 year; fol-
low-up data were not obtained for patients in Den-
mark who did not undergo randomization.
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Table 1. Characteristics of the Patients at Baseline, According to Randomization Status and Treatment Group.*

Characteristic Patients Who Underwent Randomization Patients Who Were Not Enrolled in the Trial†

PCI Only
(N = 3623)

PCI and Thrombus 
Aspiration
(N = 3621)

PCI Only
(N = 3543)

PCI and Thrombus 
Aspiration  
(N = 1169)

Age — yr 65.9±11.7 66.5±11.5 69.4±12.5 66.8±13.5

Male sex — no. (%) 2703 (74.6) 2721 (75.1) 2366 (66.8) 835 (71.4)

Diabetes mellitus — no. (%) 453 (12.5) 448 (12.4) 636 (18.0) 163 (13.9)

Current smoking — no. (%) 1173 (32.4) 1083 (29.9) 880 (24.8) 318 (27.2)

Previous myocardial infarction — no. (%) 440 (12.1) 402 (11.1) 645 (18.2) 191 (16.3)

Previous PCI — no. (%) 362 (10.0) 337 (9.3) 438 (12.4) 138 (11.8)

Previous CABG — no. (%) 74 (2.0) 70 (1.9) 167 (4.7) 66 (5.6)

Fibrinolysis before PCI — no. (%) 69 (1.9) 68 (1.9) 100 (2.8) 16 (1.4)

Procedure-related medication — no. (%)

Acetylsalicylic acid 3542 (97.8) 3546 (97.9) 3378 (95.3) 1102 (94.3)

Clopidogrel or ticlopidine 2395 (66.1) 2384 (65.8) 2222 (62.7) 760 (65.0)

Ticagrelor 1015 (28.0) 1050 (29.0) 964 (27.2) 357 (30.5)

Prasugrel 538 (14.8) 562 (15.5) 414 (11.7) 103 (8.8)

Heparin 3074 (84.8) 3063 (84.6) 2951 (83.3) 941 (80.5)

Low-molecular-weight heparin 142 (3.9) 147 (4.1) 144 (4.1) 80 (6.8)

Bivalirudin 2835 (78.3) 2874 (79.4) 2377 (67.1) 769 (65.8)

Glycoprotein IIb/IIIa inhibitor 630 (17.4) 558 (15.4) 516 (14.6) 324 (27.7)

Time from diagnostic ECG to PCI — min

Median 66 67 72 65

Interquartile range 47–93 48–95 50–108 47–95

Killip class ≥2 — no. (%) 183 (5.1) 198 (5.5) 539 (15.2) 195 (16.7)

Radial-artery approach — no. (%) 2415 (66.7) 2394 (66.1) 1954 (55.2) 634 (54.2)

Type of disease — no. (%)

One-vessel disease 1940 (53.5) 1946 (53.7) 1585 (44.7) 607 (51.9)

Two-vessel disease 1072 (29.6) 1010 (27.9) 982 (27.7) 276 (23.6)

Three-vessel disease 498 (13.7) 558 (15.4) 680 (19.2) 194 (16.6)

Left main coronary artery disease 105 (2.9) 98 (2.7) 277 (7.8) 89 (7.6)

Data not available 8 (0.2) 9 (0.2)  19 (0.5)  3 (0.3)

TIMI flow grade 0 or 1 — no. (%) 2811 (77.6) 2821 (77.9) NA NA

Thrombus grade — no. (%)‡

G0 543 (15.0) 490 (13.5) NA NA

G1 809 (22.3) 733 (20.2) NA NA

G2 329 (9.1) 341 (9.4) NA NA

G3 818 (22.6) 887 (24.5) NA NA

G4 863 (23.8) 903 (24.9) NA NA

G5 215 (5.9) 235 (6.5) NA NA

Unknown 46 (1.2) 32 (0.9) NA NA

*	Plus–minus values are means ±SD. Between-group differences were calculated with the use of the chi-square test or Student’s t-test as ap-
propriate. There were no significant between-group differences, except as specified. In the group of patients who underwent randomization, 
there were significant differences between the treatment groups with respect to the following characteristics: age, current smoking, and use 
of a glycoprotein IIb/IIIa inhibitor. In the group of patients who were not enrolled in the trial, there were significant differences between the 
treatment groups with respect to the following characteristics: age, sex, presence of diabetes mellitus, current smoking, previous myocardial 
infarction, fibrinolysis before percutaneous coronary intervention (PCI), procedure-related medication with the exceptions of acetylsalicylic 
acid and bivalirudin, and type of disease. CABG denotes coronary-artery bypass grafting, ECG electrocardiogram, NA not available, and TIMI 
Thrombolysis in Myocardial Infarction.

†	The group of patients who were not enrolled in the trial included only Swedish and Icelandic patients. Patients in Denmark who were not 
enrolled were not available for follow-up.

‡	Thrombus grades are defined as follows: G0 indicates no thrombus, G1 possible thrombus, G2 small thrombus, G3 medium thrombus, G4 
large thrombus, and G5 vessel occlusion.
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UPDATE OF 30-DAY REGISTRY DATA

An update of the registry data for events within 
the first 30 days included one death that had not 
previously been identified or reported.6 Three 
events previously reported as new hospitalizations 
for myocardial infarction within 30 days were re-
classified as part of the index hospitalization. 
Completion of a previously incomplete registry 
entry for PCI resulted in the reporting of one ad-
ditional case of target-lesion revascularization 
and target-vessel revascularization within 30 days. 
A total of 15 additional patients in Sweden and 
Iceland were identified who had been potentially 
eligible for inclusion but had not undergone ran-
domization in the TASTE study.

CLINICAL END POINTS

The rate of death from any cause at 1 year was 
5.3% (191 of 3621 patients) in the thrombus-aspi-
ration group, as compared with 5.6% (202 of 3623) 
in the PCI-only group (hazard ratio, 0.94; 95% 

confidence interval [CI], 0.78 to 1.15; P = 0.57) 
(Table 2 and Fig. 1A); the results were similar for 
the interval from day 31 to day 365 (Table S3 in 
the Supplementary Appendix). The rate of rehos-
pitalization for myocardial infarction at 1 year 
was 2.7% and 2.7% in the two groups, respec-
tively (hazard ratio, 0.97; 95% CI, 0.73 to 1.28; 
P = 0.81) (Fig. 1B), and the rate of stent thrombo-
sis was 0.7% and 0.9%, respectively (hazard ra-
tio, 0.84; 95% CI, 0.50 to 1.40; P = 0.51) (Fig. 1C). 
The incidences of target-vessel revascularization 
and target-lesion revascularization were similar 
in the two randomized groups (Table 2). The in-
cidence of the composite of death, rehospitaliza-
tion for myocardial infarction, or stent thrombo-
sis was 8.0% in the thrombus-aspiration group 
and 8.5% in the PCI-only group (hazard ratio, 
0.94; 95% CI, 0.80 to 1.11; P = 0.48) (Table 2).

The median duration of follow-up from en-
rollment of the first patient to completion of 1 year 
of follow-up for the last patient enrolled was 858 

Table 2. End Points at 365 Days and during Total Duration of the Trial.

End Point

Patients Who 
Underwent 

Randomization
Hazard Ratio

(95% CI) P Value
Patients Who Were Not 

Enrolled in the Trial

PCI Only
(N = 3623)

PCI and 
Thrombus 
Aspiration
(N = 3621)

PCI Only
(N = 3543)

PCI and
Thrombus 
Aspiration
(N = 1169)

no. (%) no./total no. (%)

At 365 days

Death from any cause 202 (5.6) 191 (5.3) 0.94 (0.78–1.15) 0.57 541/3450 (15.7)* 188/1145 (16.4)*

Rehospitalization for myocardial in-
farction

99 (2.7) 96 (2.7) 0.97 (0.73–1.28) 0.81 132/3543 (3.7) 45/1169 (3.8)

Death from any cause or rehospital-
ization for myocardial infarction

295 (8.1) 280 (7.7) 0.95 (0.80–1.12) 0.51 653/3450 (18.9)* 228/1145 (19.9)*

Stent thrombosis 32 (0.9) 27 (0.7) 0.84 (0.50–1.40) 0.51 28/3543 (0.8) 9/1169 (0.8)

Death from any cause, rehospitaliza-
tion for myocardial infarction, or 
stent thrombosis

307 (8.5) 289 (8.0) 0.94 (0.80–1.11) 0.48 660/3450 (19.1)* 232/1145 (20.3)*

Target-vessel revascularization 178 (4.9) 160 (4.4) 0.90 (0.72–1.10) 0.31 189/3543 (5.3) 58/1169 (5.0)

Target-lesion revascularization 128 (3.5) 117 (3.2) 0.91 (0.71–1.17) 0.47 133/3543 (3.8) 40/1169 (3.4)

During total duration of trial†

Death from any cause 316 (8.7) 295 (8.1) 0.93 (0.80–1.10) 0.40 693/3450 (20.1)* 240/1145 (21.0)*

Death from any cause, rehospitaliza-
tion for myocardial infarction, or 
stent thrombosis

490 (13.5) 448 (12.4) 0.91 (0.80–1.04) 0.16 866/3450 (25.1)* 300/1145 (26.2)*

*	Data include only Swedish patients.
†	The total duration of the trial was the time from enrollment of the first patient to completion of 1 year of follow-up for the last patient en-

rolled. The duration of follow-up varied, with a maximum of 1416 days.
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days (interquartile range, 597 to 1096), with a 
maximum of 1416 days. When the entire follow-up 
period was analyzed, the rate of death was 8.1% 
(295 of 3621 patients) in the thrombus-aspira-
tion group as compared with 8.7% (316 of 3623 
patients) in the PCI-only group (hazard ratio, 
0.93; 95% CI, 0.80 to 1.10; P = 0.40). The com-
posite of death, rehospitalization for myocardial 
infarction, or stent thrombosis during the entire 
follow-up period occurred in 448 and 490 pa-
tients in the two groups, respectively (hazard 
ratio, 0.91; 95% CI, 0.80 to 1.04; P = 0.16) (Table 2 
and Fig. 2).

In a per-protocol analysis that included only 
patients who received the randomly assigned 
therapy, the hazard ratio for death at 1 year was 
0.95 (95% CI, 0.77 to 1.16; P = 0.60) and the haz-
ard ratio for the composite of death, rehospital-
ization for myocardial infarction, or stent throm-
bosis was 0.94 (95% CI, 0.80 to 1.11; P = 0.48). 
The results were consistent across all prespeci-
fied subgroups and several post hoc subgroups, 
including those based on hospital size and en-
rollment rate, and subgroups associated with 
high thrombotic risk, such as patients who had 
a TIMI flow grade of 0 or 1, a thrombus grade 
of G4 or G5, a proximal lesion, or a short delay 
from symptom onset to PCI and those who 
smoked (Fig. 3, and Fig. S2 in the Supplemen-
tary Appendix).

OUTCOMES FOR PATIENTS NOT ENROLLED  
IN THE STUDY

Patients not enrolled in TASTE during the enroll-
ment period had a higher proportion of risk indi-
cators than enrolled patients (Table 1). The inci-
dence of the composite of death, rehospitalization 
for myocardial infarction, or stent thrombosis and 
the incidences of the individual components were 
higher among the unenrolled patients than among 
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Figure 1. Time-to-Event Curves for Events Occurring 
up to 365 Days after the Intervention.

Kaplan–Meier time-to-event curves show the cumula-
tive risk of death from any cause among patients who 
were randomly assigned to undergo percutaneous cor-
onary intervention (PCI) alone and among those who 
were randomly assigned to undergo thrombus aspira-
tion (TA) and PCI (Panel A), the cumulative risk of re-
hospitalization for myocardial infarction in the two 
groups (Panel B), and the cumulative risk of stent 
thrombosis in the two groups (Panel C). The insets 
show the same data on an enlarged y axis.
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the enrolled patients. However, among patients 
who were not enrolled, outcomes were similar in 
patients who underwent thrombus aspiration and 
in those treated with PCI alone (Table 2).

DISCUSSION

The main finding of the 1-year follow-up of the 
TASTE study is that a strategy of routine use of 
thrombus aspiration before PCI, as compared with 
PCI alone, in patients with an acute STEMI, did 
not result in a lower rate of death from any cause, 
a lower risk of the composite of death, rehospi-
talization for myocardial infarction, or stent throm-
bosis, or a lower risk of any of these component 
end points separately. The absence of any benefit 
of thrombus aspiration as an adjunct to PCI was 
consistent for all outcomes in the prespecified in-
tention-to-treat analyses, in the per-protocol analy-
ses, and in all the patient subgroups, regardless 
of baseline clinical or angiographic characteris-
tics. On a national basis, the TASTE trial enrolled 
a very high proportion of all the patients with 
STEMI for whom PCI was planned and who were 
eligible to provide oral informed consent. The trial 
is therefore truly representative of the overall pop-
ulation of patients in our region with STEMI who 
undergo PCI.

The similar rates of death at 30 days and 1 year 
in the two groups are consistent with the ab-
sence of a difference in infarct size with throm-
bus aspiration and without thrombus aspiration, 
as shown in multiple trials.14 Because thrombus 
aspiration is an intervention performed only in 
the acute phase of myocardial infarction and there 
is no ongoing therapy, a late effect is not likely 
in the absence of an early benefit. The 1-year 
follow-up findings in the TASTE trial do not sug-
gest that thrombus aspiration might result in a 
long-term reduction in mortality.

At 30 days, the rates of both rehospitalization 
for myocardial infarction and definite stent throm-
bosis tended to be lower after thrombus aspira-
tion and PCI than after PCI alone. The differ-
ences between the study groups decreased over 
time, and at 1 year, the rates were very low and 
were similar in the two groups. The low rate of 
stent thrombosis is consistent with the frequent 
use of new-generation drug-eluting stents15,16 and 
potent platelet inhibition.

In TAPAS, a single-center trial that was not 
designed for the evaluation of clinical outcomes, 

thrombus aspiration was associated with a sig-
nificant 40% relative reduction in all-cause mor-
tality at 1 year of follow-up.4 The observed reduc-
tion was based on a total of 66 events. Furthermore, 
the reduction in mortality occurred immediately 
after randomization, with a nonsignificant 48% 
reduction in the rate of death from any cause at 
30 days and with no further separation of the 
event curves up to 1 year.

In contrast to TAPAS, the TASTE trial was a 
large, multicenter study designed to have statis-
tical power for the evaluation of all-cause mor-
tality at 30 days. The evaluation of mortality at 
1 year was based on 393 events, and the evalua-
tion of the triple composite end point was based 
on 596 events. There was a nonsignificant 6% 
relative difference in mortality between the two 
randomized groups both at 30 days and at 1 year. 
Unlike the patients in TAPAS, the patients in the 
TASTE trial underwent randomization after an-
giography, which led to a lower crossover rate in 
the thrombus-aspiration group (6.1%, vs. 10.8% 
in TAPAS4) (Table S1 and Fig. S1 in the Supple-
mentary Appendix). Mortality at 1 year in the 
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Figure 2. Time-to-Event Curves for the Total Duration of Follow-up  
after the Intervention.

Kaplan–Meier time-to-event curves show the cumulative risk of the com-
posite of death from any cause, rehospitalization for myocardial infarction, 
or stent thrombosis after PCI alone or PCI and TA during the total period 
of follow-up, from enrollment of the first patient to completion of 1 year of 
follow-up for the last patient enrolled. The duration of follow-up varied, 
with a maximum of 1416 days. The inset shows the same data on an en-
larged y axis. 

The New England Journal of Medicine 
Downloaded from nejm.org at LUNDS UNIVERSITET on April 21, 2015. For personal use only. No other uses without permission. 

 Copyright © 2014 Massachusetts Medical Society. All rights reserved. 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 371;12  nejm.org  september 18, 20141118

0.5 1.0 2.0 4.0

PCI Only BetterPCI+TA Better

All patients

Sex

Female

Male

Age

>65 yr

≤65 yr

Diabetes

Yes

No

Smoker

Yes

No

Previous myocardial infarction

Yes

No

 Previous PCI

Yes

No

Time from symptom onset to PCI

>2 hr

≤2 hr

Time from ECG to PCI

>Median

≤Median

Target vessel

Left anterior descending artery

Left circumflex artery

Right coronary artery

Proximal lesion

Yes

No

Thrombus grade

G4 or G5

G0–G3

TIMI flow grade before PCI

2 or 3

0 or 1

Bivalirudin therapy

Yes

No

Glycoprotein IIb/IIIa blocker

Yes

No

Proportion of enrolled patients per physician

≤Median

>Median

Proportion of enrolled patients per hospital

≤Median

>Median

Hospital volume according to number of PCIs performed

≤500 primary PCIs

>500 primary PCIs

PCI+TA Hazard Ratio (95% CI)Subgroup

0.94 (0.78–1.15)

0.25

P Value for
Interaction

0.17

0.55

0.92

0.34

0.89

0.37

0.39

0.84

0.69

0.50

0.29

0.48

0.09

0.46

0.41

0.24

0.42

PCI Only

no. of deaths/total no. of patients

0.79 (0.57–1.10)

1.05 (0.82–1.35)

0.94 (0.76–1.17)

63/900

121/2703

81/920

191/3621 202/3623

128/2721

0.79 (0.47–1.33)

166/1955

  33/1748

169/1875

  25/1666

0.97 (0.63–1.49)

0.94 (0.75–1.18)

0.73 (0.45–1.17)

0.94 (0.74–1.20)

0.97 (0.60–1.57)

0.94 (0.75–1.17)

0.72 (0.39–1.34)

0.98 (0.79–1.20)

40/448

157/3155

42/453

148/3155

  29/1083

134/2211

  43/1173

134/2336

32/402

159/3137

36/440

151/3172

17/337

101/3261

25/362

  97/3284

0.92 (0.72–1.17)

1.13 (0.66–1.93)

0.96 (0.73–1.25)

0.92 (0.68–1.23)

0.97 (0.73–1.27)

0.95 (0.53–1.72)

0.79 (0.54–1.15)

128/2308

25/805

139/2309

28/801

107/1772

  93/1852

109/1730

  84/1816

100/1467 102/1449

22/494

  61/1443

22/471

  48/1436

0.97 (0.79–1.21)

0.81 (0.48–1.34)

0.82 (0.60–1.14)

1.03 (0.80–1.33)

0.81 (0.50–1.30)

0.97 (0.78–1.22)

0.87 (0.70–1.08)

1.39 (0.85–2.27)

0.76 (0.47–1.36)

0.97 (0.78–1.19)

1.10 (0.78–1.57)

0.92 (0.71–1.18)

1.15 (0.82–1.62)

0.89 (0.70–1.14)

1.06 (0.75–1.50)

0.89 (0.70–1.14)

164/2903

32/688

170/2935

27/718

  69/1138

118/2499

  79/1078

119/2451

31/792

163/2811

39/809

160/2821

154/2874

28/782

174/2835

37/746

19/558

174/2993

28/630

172/3063

114/1904 125/1921

  59/1248  66/1265

  70/1352

135/2148

  61/1351

121/2146

  66/1153

139/2462

631/1161

125/2468

The New England Journal of Medicine 
Downloaded from nejm.org at LUNDS UNIVERSITET on April 21, 2015. For personal use only. No other uses without permission. 

 Copyright © 2014 Massachusetts Medical Society. All rights reserved. 



Thrombus Aspir ation for Myocardial Infarction

n engl j med 371;12  nejm.org  september 18, 2014 1119

conventional PCI group was lower in the TASTE 
study than in TAPAS (5.6% vs. 7.6%),7 which may 
reflect continued improvements in other treatment 
strategies such as the frequent use of radial-artery 
access, bivalirudin, and secondary preventive med-
ications, including potent second-generation P2Y12 
inhibitors.

In the INFUSE-AMI (Intracoronary Abciximab 
and Aspiration Thrombectomy in Patients with 
Large Anterior Myocardial Infarction) trial, which 
involved 452 high-risk patients with proximal or 
mid occlusion of the left anterior descending 
coronary artery, thrombus aspiration was not 
associated with a reduction in ischemic events at 
30 days but was associated with a significant 
reduction in rehospitalization for heart failure 
and a nonsignificant reduction in reinfarction at 
1 year.17,18 Mortality at 1 year in the thrombus-
aspiration group (4.9%) was similar to that in 
the TASTE trial (5.3%) and was not significantly 
different from that in the PCI-only group of the 
INFUSE-AMI trial (7.0%). Recently, observational 
data from 1498 patients with STEMI that was 
identified in a randomized trial of treatment with 
drug-eluting stents showed that clinical outcomes 
with thrombus aspiration were similar to those 
with stenting alone.19

Several meta-analyses of randomized trials of 
thrombus aspiration have had inconsistent results 
with respect to mortality and other clinical out-
comes.5,12,14 The findings of these meta-analyses 
are dominated by the results of TAPAS and the 
TASTE trial. A further evaluation of the effect of 
thrombus aspiration on clinical outcomes will be 
performed in the multicenter, randomized Trial 
of Routine Aspiration Thrombectomy with Per-
cutaneous Coronary Intervention (PCI) versus PCI 

Alone in Patients with ST-Segment Elevation 
Myocardial Infarction Undergoing Primary PCI 
(TOTAL; ClinicalTrials.gov number, NCT01149044), 
which has a target enrollment of 10,700 patients.20

The lack of a clinical benefit of thrombus as-
piration in the TASTE trial was seen even in 
subgroups with a high thrombotic burden, sug-
gesting that manual aspiration may not have a 
sufficient effect on the thrombus itself to influ-
ence clinical outcomes. In TAPAS, 23% of the 
patients did not have evidence of any thrombotic 
material in the aspirate,4 and in a study involv-
ing patients with non-STEMI, optical coherence 
tomography did not detect a decrease in intra-
coronary thrombus burden in the culprit coro-
nary artery after manual thrombus aspiration.12 
A TAPAS substudy showed that thrombus aspira-
tion had no effect on visible distal embolization, 
which was noted in 6.7% of the patients in the 
thrombus-aspiration group and 6.0% of those in 
the PCI-alone group.21

The most important limitation of the TASTE 
trial is that outcome events were recorded on the 
basis of registry data and were not systematically 
adjudicated. For this reason, the ascertainment 
of outcome events may have been less accurate 
than in a conventional randomized trial. How-
ever, there is no reason to assume skewed re-
porting between the two treatment groups. The 
SCAAR requires reporting of stent thrombosis 
in all patients undergoing angiography for any 
reason, making the underreporting of stent throm-
bosis minimal.22 In the SWEDEHEART registry, 
rehospitalization for myocardial infarction is 
registered with a high level of completeness.9,23,24 
Owing to the mandatory use of personal identi-
fication numbers, death registries in the Nordic 
countries have a high degree of completeness but 
without discrimination between cardiac and non-
cardiac causes. The results cannot necessarily be 
extrapolated to very high-risk patients who 
would not have been eligible for inclusion.

In conclusion, this multicenter, randomized, 
registry-based trial, which was powered for the 
evaluation of mortality among patients with 
STEMI, showed that a strategy of routine manu-
al thrombus aspiration before PCI, as compared 
with PCI alone, did not reduce all-cause mortal-
ity or the composite of death from any cause, re-
hospitalization for myocardial infarction, or stent 
thrombosis up to 1 year.

Figure 3 (facing page). Hazard Ratios for Death within 
365 Days after the Intervention, According to Subgroup.

Hazard ratios for death within 365 days after PCI alone 
or PCI and TA are shown with 95% confidence inter-
vals according to prespecified and post hoc subgroups; 
the last five groups were post hoc. Continuous variables 
were dichotomized at the median. Hospital volume 
was reported per study site during the course of the 
trial. Thrombus scores are defined as follows: G0 indi-
cates no thrombus, G1 possible thrombus, G2 small 
thrombus, G3 medium thrombus, G4 large thrombus, 
and G5 vessel occlusion. ECG denotes electrocardiog-
raphy, and TIMI Thrombolysis in Myocardial Infarction.
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