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Abstract The clinical benefit of thrombus aspiration
(TA) in patients presenting with acute ST-elevation myo-
cardial infarction (STEMI) and treated with primary per-
cutaneous coronary intervention (PCI) is not well defined.
Furthermore, there is a large variation in the use of TA in
real-world registries. Between 2005 and 2008, a total of
7146 consecutive patients with acute STEMI undergoing
primary PCI were prospectively enrolled into the PCI Reg-
istry of the Euro Heart Survey Programme. For the present
analysis, patients treated additionally with TA (n = 897,
12.6 %) were compared with those without TA (n = 6249,
87.4 %). Patients with hemodynamic instability at initial
presentation (15.1 vs. 11.0 %; p < 0.001) and resuscita-
tion prior to PCI (10.4 vs. 7.4 %; p = 0.002) were more
frequently treated with TA. TIMI flow grade 0/1 before
PCI was more often found among those with TA (73.5 vs.
58.6 %; p < 0.001). After adjustment for confounding fac-
tors in the propensity score analysis, TA was not associated
with improved in-hospital survival (risk difference —1.1 %,
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95 % confidence interval —2.7 to 0.6 %). In this European
real-world registry, the rate of TA use was low. Hemody-
namically unstable patients were more likely to be treated
with TA. Consistent with the results of the TASTE study
and the TOTAL trial, TA was not associated with a signifi-
cant reduction in short-term mortality.

Keywords Percutaneous coronary intervention -
ST-elevation myocardial infarction - Thrombus aspiration -
Real-world registry

Introduction

Despite considerable clinical progress in recent decades
and a decline in acute and long-term mortality, acute ST-
elevation myocardial infarction (STEMI) is still a critical
medical condition. A key therapeutic component is the
rapid establishment of coronary and myocardial reperfu-
sion by percutaneous coronary intervention (PCI) as the
treatment of choice [34]. The final outcome of STEMI is
influenced by many variables such as comorbidity, time
delay to treatment, bleeding complications and resulting
left ventricular ejection fraction [18]. Another decisive fac-
tor is the TIMI flow and, even more important, myocardial
reperfusion after PCI [24, 27]. The initial thrombus load at
the culprit lesion site may increase the risk of distal embo-
lization of thrombotic material, either spontaneously or
peri-procedurally, which could reduce distal flow or lead
to no-reflow, thus impairing reperfusion of viable myocar-
dium [3, 6, 12, 19]. While routine use of distal protection
devices does not promote a beneficial outcome and is thus
not recommended, thrombus aspiration (TA) has recently
shown mixed results [2, 15, 30]. The objective of several
prospective trials within the last few years was to clarify
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whether routine TA in patients presenting with STEMI
contributes to a reduced mortality. After the first promising
results, mainly based on the single-centre “Thrombus Aspi-
ration during Percutaneous coronary intervention in Acute
myocardial Infarction Study” (TAPAS trial), routine TA has
been integrated into European and American STEMI guide-
lines likewise as a class Ila recommendation, although not
all studies have shown positive effects [4, 25, 28, 30, 33].
TAPAS, however, was not powered to clinical endpoints.
Recent results of the largest randomized trials to date, the
“Thrombus Aspiration during PCI in Acute Myocardial
Infarction” (TASTE) study and the “Randomized Trial of
Primary PCI with or without Routine Manual Thrombec-
tomy” (TOTAL) trial, have not shown any significant dif-
ferences in all-cause mortality, rehospitalisation or stent
thrombosis after a maximum of one-year follow-up period
[10, 14, 17]. These results suggest that routine use of TA is
not necessary as a standard procedure in STEMI patients,
but may be considered in selected patients, leading to a
downgrade in the ESC Revascularization Guidelines to IIb
[35].

The purpose of this analysis was to investigate the use
and the clinical outcome of TA in a European real-world
registry. Within the large Euro Heart Survey PCI Registry,
which prospectively enrolled unselected patients from 2005
to 2008, we compared STEMI patients undergoing primary
PCI alone with those with primary PCI and additional peri-
procedural TA.

Methods

The PCI Registry of the Euro Heart Survey
Programme

The PCI Registry is a prospective, multi-centre, observa-
tional study of current practice with unselected patients
undergoing elective or emergency PCI. A total of 47,407
consecutive patients with acute coronary syndrome (ACS)
or stable coronary artery disease (CAD) were recruited
within the period from May 2005 to April 2008. The par-
ticipating hospitals were located throughout Europe (176
centres in 33 ESC countries) and included university hospi-
tals, community hospitals, specialist cardiology centres and
private hospitals all providing PCI. The mean annual PCI
volume of the participating facilities was approximately
1000. Details have been previously reported [1].

During specified periods, all patients treated with PCI
were prospectively registered and followed during their
clinical course to document patient characteristics, adjunc-
tive medical treatment, procedural details and in-hospital
outcomes.

Definitions

STEMI was diagnosed in the presence of the three follow-
ing criteria: persistent angina pectoris for >20 min, new
ST-segment elevations at the J point with the cut-off points
>0.2 mV in V, through V; and >0.1 mV in other leads
or the presence of a (presumed) new left bundle branch
block and an elevation of troponin T or I levels. Post-pro-
cedural reinfarction was diagnosed if patients had signs
of recurrent ischemia and an additional relevant increase
in cardiac biomarkers. Bleeding complications were clas-
sified as major when the patient had an intracranial bleed
or an overt clinical bleeding with a drop in haemoglobin
of greater than 5 g/dl. Chronic renal failure was diagnosed
by any of the following criteria: serum creatinine >2 mg/
dl or 200 pmol/l in the past, on dialysis, or history of renal
transplantation.

Data collection

Upon admission, data on patient characteristics were
recorded, including age, gender, cardiovascular risk
factors, concomitant diseases, prior myocardial infarc-
tion, prior stroke, prior cardiovascular interventions and
chronic medical treatment, as well as data on symptoms
and pre-hospital delay. Data on ECG findings, biochemi-
cal markers, procedural details and adjunctive therapy
were also documented. At discharge, major cardiovas-
cular or cerebrovascular adverse events, puncture site
complications and recommended medical treatment were
recorded.

Every participating centre was committed to include
every consecutive patient undergoing PCI during the
selected time periods. All patients gave written informed
consent for processing their anonymous data. Electronic
case report forms were used for data entry and transferred
via the web to a central database located in the European
Heart House, where they were edited for missing data,
inconsistencies and outliers. Additional editing of the
data and the statistical analyses for this publication was
performed at the Institut fuer Herzinfarktforschung Lud-
wigshafen, Germany. The study was approved by the eth-
ics committees responsible for the participating centres as
required by local rules.

Statistical methods

Categorical data are presented as absolute numbers and
percentages, metrical data as mean =+ standard devia-
tion or medians. The frequencies of categorical vari-
ables in two populations were compared by Pearson’s
X2 test, and the distributions of metrical variables by the
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Mann—Whitney-Wilcoxon test. Descriptive statistics were
calculated from the available cases.

Furthermore, we evaluated the effect of TA on hospi-
tal mortality using propensity score methodology. In order
to assess the imbalance in the distribution of risk factors
between the treatment groups, the standardized mean dif-
ference (SMD) was used [1]. Values >0.1 of the SMD
were regarded as indicative of potential confounding, so
in addition to age and sex the following variables were
included in the propensity score model: diabetes mellitus,
prior resuscitation/cardiogenic shock, congestive heart
failure, prior PCI, prior CABG (coronary artery bypass
grafting), transradial access, TIMI flow grade 0/1 before
PCI, type B and type C lesion, 3-vessel disease and treat-
ment of left anterior descending (LAD). The control group
was weighted by the odds of the propensity score to allow
estimation of the average treatment effect for the treated
(ATT).

P values <0.05 were considered significant. All p val-
ues are results of two-tailed tests. The statistical compu-
tations were performed with the SAS® system release 9.3
on a personal computer (SAS Institute, Inc., Cary, North
Carolina).

Results
Study population

A total of 47,407 consecutive patients with ACS and stable
CAD were enrolled in the Euro Heart Survey PCI Registry.
Of these, 7146 had an acute STEMI. Out of these patients,
897 (12.7 %) were treated with TA in addition to PCI of
the culprit lesion and were compared to those with lone pri-
mary PCI (n = 6249, 87.4 %). During the years of enrol-
ment, the use of TA more than doubled (Table 1). The base-
line characteristics of the patients (Table 2) demonstrate an
equal distribution of demographic features. Patients with an
increased incidence of hemodynamic instability at initial
presentation (15.1 vs. 11.0 %; p < 0.001) and prior resus-
citation (10.4 vs. 7.4 %; p = 0.002) were more likely to be
treated with TA.

Table 1 Use of thrombus aspiration over time

Year of enrolment  Thrombus aspiration No thrombus aspiration

(TA) (N-TA)
2005 190 (7.2 %) 2459 (92.8 %)
2006 207 (10.3 %) 1812 (89.7 %)
2007 413 (20.9 %) 1565 (79.1 %)
2008 87 (17.4 %) 413 (82.6 %)

@ Springer

Angiographic and interventional characteristics

Although in most cases, the femoral artery was the pre-
ferred arterial access, a radial approach was more often
performed in patients with TA (12.3 vs. 8.4 %; p < 0.001)
(Table 3). There were no differences between the total
number of stenosed vessels but patients with TA were
more likely to have a single-vessel intervention (82.6 vs.
77.2 %; p < 0.001), which in most cases was the right coro-
nary artery (RCA) (46.5 vs. 40.2 %; p < 0.001). The rate
of TIMI flow grade 0/1 before PCI was higher in those
patients referred for TA (73.5 vs. 58.6 %; p < 0.001). After
PCI TIMI, flow grade 3 was less frequently observed in
patients receiving TA (86.2 vs. 90.2 %; p < 0.001).

Pre- and peri-procedural medication

Before and during PCI, no differences were observed in the
administration of GP IIb/IIla antagonists (51.8 vs. 53.2 %;
p = 0.42). Inotropic agents were more frequently applied in
patients with TA (15.2 vs. 11.0 %; p < 0.001).

Procedural complications

In patients undergoing TA, peri-procedural coronary per-
foration was more common (1.0 vs. 0.3 %; p < 0.001)
(Table 4). No differences were noted concerning the inci-
dence of subsequent cardiac tamponade, acute segment clo-
sure and emergency CABG. Distal embolization and acute
stent thrombosis were likewise equally distributed between
groups. A no-flow or slow-flow phenomenon was more
often observed in patients undergoing TA (5.7 vs. 3.2 %;
p < 0.001). Patients with TA required a cardiac pacemaker
more often and were more frequently subjected to cardio-
version and defibrillation (4.5 vs. 2.3 %; p < 0.001 and 4.2
vs. 1.8 %; p < 0.001). Intra-aortic balloon pump and respir-
atory ventilation were evenly applied between the groups.

Patient outcome

The univariate analysis for patient outcome (Fig. 1) shows
no difference in in-hospital death rate among patients, irre-
spective of treatment (5.5 vs. 5.7 %, p = 0.73). MACE
(major adverse cardiac events) and MACCE (major adverse
cardiac and cerebrovascular events) were significantly
lower in patients with TA due to a diminished occur-
rence of non-fatal myocardial reinfarction (7.2 vs. 9.4 %;
p = 0.03; 7.4 vs. 10.0 %; p = 0.01), despite lower TIMI
patency. Non-fatal stroke alone was not significantly differ-
ent (0.2 vs. 0.6 %; p = 0.21). A higher incidence of major
bleeding was found among those with TA (2.8 vs. 1.4 %;
p = 0.003). No major difference in the occurrence of renal
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Table 2 Baseline

o Thrombus aspiration No thrombus aspiration p value
characteristics (TA) n = 897 (N-TA) 1 = 6249
Demographics
Age (mean) 624+ 12.8 62.4 + 12.7 ns (0.93)
Age >75 years 20.3 % 18.8 % ns (0.92)
Women 24.3 % 27.0 % ns (0.09)
Body mass index (BMI kg/mz) 27.0 26.8 ns (0.25)
History relevant to CAD
Prior myocardial infarction 14.8 % 16.7 % ns (0.16)
Previous PCI 12.4 % 9.4 % 0.006
Previous CABG 2.8 % 1.7 % 0.02
Prior congestive heart failure 1.4 % 6.1 % <0.001
Prior stroke 4.1 % 3.8 % ns (0.60)
Peripheral vascular disease 52 % 4.4 % ns (0.33)
Chronic renal failure 1.9 % 2.2 % ns (0.62)
Risk factors
Current/former smoker 59.3 % 60.7 % ns (0.42)
Diabetes mellitus 15.6 % 20.5 % <0.001
Hypertension 532 % 57.3 % 0.02
Hypercholesterolemia 36.8 % 48.1 % <0.001
Presentation
Hemodynamic instability 15.1 % 11.0 % <0.001
Cardiogenic shock 9.5 % 7.7 % ns (0.07)
Resuscitation 10.4 % 7.4 % 0.002
Left ventricular function
Normal (>50 % EF) 46.3 % 44.8 % ns (0.48)
Severely reduced (<30 % EF) 7.4 % 8.7 % ns (0.28)

CAD coronary artery disease, CABG coronary artery bypass graft, EF ejection fraction, PCI percutaneous

coronary intervention

failure requiring dialysis was observed between the two
groups.

In the propensity score analysis (Table 5), TA was not
associated with improved in-hospital survival (risk differ-
ence —1.1 %, 95 % confidence interval —2.7 to 0.6 %), but
with a significant reduction of MACE and MACCE. TA
had no effect on renal failure requiring dialysis, but was
linked to a higher rate of major bleeding.

Discussion

Recent data from randomized trials investigating the role
of TA in patients with STEMI, including meta-analyses of
these trials, have shown inconsistent results with respect
to mortality [2, 5, 7, 23]. In this large real-world cohort
from the Euro Heart Survey PCI Registry, patients with a
single, primary PCI were compared to those being treated
additionally with TA. Only a minority of 12.6 % of all
patients underwent TA. Our period of observation covered
the years 2005-2008, during which there was a tendency

towards an increase in the use of TA over time. One has to
bear in mind, however, that the results of the TAPAS trial,
which showed a mortality benefit, were published in 2008
[33]. Other real-world registries with more recent data have
shown a utilization of TA between 18 and 62 %, with the
highest rates documented in patients with TIMI flow grade
0/1 prior to intervention [9, 11, 16, 20-22, 26, 29, 32].

In our study, TA was used more often in patients presenting
with hemodynamic instability and prior resuscitation. Also,
patients with totally occluded infarct vessels were more likely
to be treated with TA. These factors are important predictors
for in-hospital mortality [13]. Therefore, it appears from our
data that TA was used as a rescue method rather than as a rou-
tine procedure. Due to this selection bias, TIMI flow grade 3
after PCI was less frequently observed in patients with TA.
Remarkably, only one registry confirmed the finding of an
increased use of TA in hemodynamically unstable patients
[29], while other registries did not demonstrate any significant
differences in Killip class prior to PCI [11, 21, 22, 29, 32].

Surprisingly, GPIIb/IIla antagonists were not given
more often with TA, although their administration is an
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Table 3 Angiographic and

; ; o Thrombus aspiration No thrombus aspiration p value
interventional characteristics (TA) n = 897 (%) (N-TA) n = 6249 (%)
Arterial access
Femoral 87.6 91.4 <0.001
Radial 12.3 8.4 <0.001
Stenosed vessels
1 Vessel 454 46.6 ns (0.49)
2 Vessels 31.3 30.0 ns (0.42)
3 Vessels 23.2 232 ns (0.93)
Number of segments treated
1 Segment 82.6 772 <0.001
2 Segments 14.0 18.3 0.002
>3 Segments 33 4.5 ns (0.30)
Treated vessels
RCA 46.5 40.2 <0.001
Left main stem 1.7 1.8 ns (0.72)
LAD 41.7 48.5 <0.001
RCX 13.9 17.7 0.005
Lesion characteristics
Type A 32 7.4 <0.001
Type B 69.5 60.5 <0.001
Type C 27.3 32.1 0.002
In-stent restenosis 5.1 32 0.002
Bifurcation 13.5 12.8 ns (0.51)
TIMI flow before PCI
TIMI 3 14.7 25.0 <0.001
TIMI 2 11.8 16.3 <0.001
TIMI 0-1 73.5 58.6 <0.001
TIMI flow after PCI
TIMI 3 86.2 90.2 <0.001
TIMI 2 11.0 6.2 <0.001
TIMI 0-1 2.8 3.6 0.03
Medication before or during PCI
Aspirin 914 88.2 0.005
Clopidogrel 82.7 81.8 ns (0.50)
Ticlopidine 0.9 1.5 ns (0.21)
Other antiplatelet agent 2.2 1.3 0.04
GP IIb/I11a antagonist 51.8 53.2 ns (0.42)
Vitamin K antagonists 0.9 4.2 <0.001
Other anticoagulants 0.4 3.6 <0.001
Heparin 95.2 81.3 <0.001
LMWH 10.3 27.3 <0.001
Bivalirudin 1.6 0.7 <0.001
Inotropes 15.2 11.0 <0.001

LAD left anterior descending coronary artery, RCA right coronary artery, RCX right circumflex coronary
artery, PCI percutaneous coronary intervention, 7/MI thrombolysis in myocardial infarction, LMWH low
molecular weight heparin

established therapy to improve coronary microcirculation The findings concerning an increased incidence of car-
and reduce major cardiac adverse events, presumably with  dioversion and implantation of temporary pacemakers in
the highest impact in lesions with a high thrombus burden  patients with TA can be linked to the higher rate of totally
and impaired TIMI flow [8, 31]. occluded vessels and the anatomical differences in the
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Tablefl Procedural Thrombus aspiration No thrombus aspiration p value
complications (TA) n = 897 (%) (N-TA) 1 = 6249 (%)
Procedural complications
Acute segment closure 0.9 0.5 ns (0.15)
Coronary perforation 1.0 0.3 <0.001
Tamponade 0.1 0.1 ns (0.82)
Emergency CABG 0.6 0.2 ns (0.09)
No-flow/slow-flow phenomenon 5.7 32 <0.001
Distal embolization 0.9 0.7 ns (0.48)
Stent thrombosis 2.2 1.5 ns (0.13)
Other therapeutic measures
Pacemaker 4.5 23 <0.001
DC cardioversion 4.2 1.8 <0.001
IABP 54 4.2 ns (0.11)
Ventilated 3.0 2.4 ns (0.29)

CABG coronary artery bypass graft, /ABP intra-aortic balloon pump

15+
p=ns p=0002 p=003 p=001 p=ns  p=0003  p=ns
[ Thrombus Aspiration

10 -
2 104 94 I No Thrombus Aspiration
8
5] 72 S
=1
2 5557
L S 4.7

Fig. 1 Hospital outcome in patients with and without thrombus aspi-
ration. MI myocardial infarction, MACE major adverse cardiac events
(death and MI), MACCE major adverse cardiac and cerebrovascular
events (MACE and stroke)

primary treated vessel. Surprisingly, the RCA represented
the most commonly treated vessel in patients with TA and
is notoriously associated with increased incidence of higher
grade AV block and sinus arrest in acute coronary syn-
dromes [8].

Table 5 Propensity score analysis (TA versus no TA)

Risk difference 95 % Confidence
(RD) (%) interval (CI) (%)
In-hospital mortality —1.1 —2.71t00.6
MACE —-2.3 —4.2t0 —0.4
MACCE —2.7 —4.6 to —0.8
Major bleeding 1.2 0.1to2.4
Renal failure 0.1 —0.8t0 1.0

requiring dialysis

MACE major adverse cardiac events, MACCE major adverse cardiac
and cerebrovascular events (MACE and stroke)

After adjustment for confounding factors in the pro-
pensity score analysis, TA was not linked to an improved
in-hospital survival, but the occurrence of MACE and
MACCE in TA patients was significantly lower. Com-
pared with other registries, the follow-up period of the
present registry is rather short, yet most other registries
with up to three years of follow-up have not shown sig-
nificant advantages for TA in STEMI patients [9, 16, 21,
26, 29]. Others have shown positive results for TA in
patients with proximal culprit lesions, anterior infarcts
and low TIMI flow [11, 20, 22]. In summary, our data
are consistent with the results of the TASTE study and
the TOTAL trial, showing no reduction in mortality in
patients with STEMI treated with TA compared to PCI
alone.

Limitations

As the nature of the study is exploratory, the findings should
be interpreted cautiously. In the Euro Heart Survey PCI
Registry, the treatment, including the choice of the individ-
ual TA technique, was left to the discretion of the physician.
This could result in selection bias, which cannot be fully
eliminated by using a propensity score analysis. Unfortu-
nately, we do not have one-year follow-up data. Moreover,
the study population enrolled is not contemporary, since the
enrolment was performed between 2005 and 2008.

Conclusions

In this large European registry, the use of TA was low.
Hemodynamically unstable patients were more often
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treated with TA. After adjustment for confounding factors
in the propensity score analysis, TA was not associated
with a significant reduction in mortality.
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