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disease established within the first 24 hours, ac‑
tive malignant disease and chronic hepatic fail‑
ure requiring treatment. All patients were par‑
ticipants of the scientific project funded by the 
Croatian Ministry of Science and Technology 
(no. 108‑1080230‑0118). Ethical approval was 
obtained from both the Central Ethics Commit‑
tee of the University of Zagreb School of Med‑
icine (04‑1387‑2006), and the local Sestre Mi‑
losrdnice Clinical Hospital Center Ethics Com‑
mittee (PRO‑2‑06). All participants signed in‑
formed consent prior to enrollment. The enrol‑
ment period lasted from May 1, 2009 to March 
23, 2010.

Blood samples were collected prior to PCI and 
after exactly 24 hours. A Berichrom PAI test on 
the BCS XP analyzer (Siemens, Marburg, Germa‑
ny) was used for the determination of PAI‑1 activ‑
ity. The PAI-1 activity rise was calculated as the 
second sample value subtracted from the pre-PCI 
value (thus, negative results are allowed). Throm‑
bus aspiration was indicated by an interventional 
cardiologist. Thrombus burden was determined 
by the Thrombolysis in Myocardial Infarction 
(TIMI) thrombus grade6 and was documented for 
the initial diagnostic angiogram (TG1), and, in 
patients with an occluded coronary artery, after 
restoring antegrade flow by means of guidewire 
advancement or small balloon dilatation (TG2). 
The outcome data after 5‑year follow‑up were ob‑
tained based on the medical records and a phone 
call interview with all patients. The composite 
endpoint was defined as death, stroke, and re‑
current acute coronary syndrome.

Introduction  Restoring a normal coronary 
flow during acute ST‑segment elevation myo‑
cardial infarction (STEMI) remains the main 
objective of interventional cardiology. Histor‑
ically, thrombus aspiration (TA) was expect‑
ed to resolve the excessive thrombus disper‑
sion to the coronary microcirculation during the 
primary percutaneous coronary intervention 
(PCI). Initial studies suggested that unfavorable 
blush grades after primary PCI could be avoid‑
ed by means of TA.1 However, subsequent trials 
showed no consistent benefit of the routine use 
of TA, even at the expense of excess in stroke.2,3 
The reason why immediate angiographic benefit 
does not extend to hard endpoints is not clear.

Plasminogen activator inhibitor‑1 (PAI‑1) is 
the central inhibitor of plasminogen activation, 
deterring endogenous fibrinolysis, and leading 
to thrombus stabilization or even potential for 
thrombus extension. Increased PAI‑1 activity 
has been associated with worse short- and long

‑term outcomes in patients with STEMI.4,5 We 
hypothesized that TA plays a role in PAI‑1 activ‑
ity dynamics during the acute phase of STEMI.

Methods  This was a single‑center prospec‑
tive long‑term follow‑up study including 87 
consecutive patients with acute STEMI treated 
with primary PCI within 12 hours of the symp‑
tom onset (inclusion criterion).5 The exclusion 
criteria were: not available or deceased at 24 
hours, chronic corticosteroid or immunosup‑
pressive therapy, no significant coronary ar‑
tery disease, acute infective or inflammatory 
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odds ratio (OR) with 95% CIs. Continuous PAI‑1 
activity levels were additionally analyzed after 
propensity score matching (one‑to‑one match‑
ing for age, sex, diabetes, heart failure, shock, 
and anterior wall infarction; without replace‑
ment; tolerance of 0.005). For matching and re‑
gression analysis, variables related with an in‑
crease in PAI‑1 activity in univariate analysis or 
clinically relevant variables were used. A 2‑tailed 
significance tests were performed, P values low‑
er than 0.05 were considered significant.

Results and discussion  Study population char‑
acteristics are presented in Table 1. Balloon angio‑
plasty was not associated with increased PAI‑1 ac‑
tivity. No correlation was found between balloon
‑to‑stent ratio and an increase in PAI‑1 activity 

Statistical analysis  Statistical analysis was per‑
formed using the SPSS for Windows (IBM SPSS, 
version 25, Armonk, New York, United States). 
Continuous variables were tested for normali‑
ty of distribution by the Kolmogorov–Smirnov 
test. They were expressed as means (SD) or me‑
dians and interquartile ranges, and analyzed by 
the Mann–Whitney test. Categorical variables 
were expressed as counts and frequencies, and 
were assessed by χ2 or the Fisher exact test. Cor‑
relations were tested by the Spearman correla‑
tion coefficient. The binary logistic regression was 
used to determine independent contribution of 
individual variables to increased PAI‑1 activity 
(an optimal cutoff point for dichotomization was 
determined by the receiver‑operating character‑
istic curve analysis).5 The results are presented as 

Table 1  Study population characteristics (unmatched) depending on the use of thrombus aspiration

Parameter Thrombus aspiration

Yes (n = 12) No (n = 75) P value

Age, y, mean (SD) 57.8 (11.1) 61.6 (12.3) 0.23

Female sex, n (%) 3 (25) 22 (29.3) 1

History of Hypertension 6 (50) 52 (69.3) 0.19

Diabetes 0 14 (18.7) 0.2

Coronary artery disease 1 (8.3) 10 (13.3) 1

Aspirin use 3 (25) 10 (13.5) 0.38

Statin use 2 (16.7) 4 (5.4) 0.19

Pain­‑to­‑first medical contact, min, median (IQR) 113 (50–166) 123 (64–260) 0.22

First medical contact­‑to­‑balloon, min, median (IQR) 52 (34–66) 60 (49–85) 0.11

Anterior wall myocardial infarction 5 (41.7) 29 (38.7) 1

Multivessel disease 6 (50) 45 (60) 0.51

Final TIMI 3 flow 10 (83.3) 65 (86.7) 0.67

No­‑reflow phenomenon 2 (16.7) 21 (28) 0.5

Balloon predilatation 2 (16.7) 61 (81.3) <0.001

Balloon postdilatation 1 (9.1) 9 (12.5) 0.52

Stent implantation 11 (91.7) 72 (96) 0.51

Eptifibatide 11 (91.7) 52 (69.3) 0.11

Unfractionated heparin, U/kg, median, (IQR) 77 (71–104) 86 (71–100) 0.99

Initial troponin T, ng/l, median (IQR) 20 (10–51) 87 (31–217) 0.02

Peak creatine kinase, U/l, median (IQR) 3146 (2158–4067) 2579 (1464–4537) 0.67

Occurrence of heart failure 1 (8.3) 8 (10.7) 1

Cardiogenic shock 0 3 (4) 1

Ventricular fibrillation 2 (16.7) 9 (34.2) 0.64

Creatinine clearance, ml/kg, mean (SD) 60 (22) 58 (21) 0.52

Left ventricular ejection fraction, %, median (IQR) 50 (48–55) 55 (45–57) 0.62

Body mass index, kg/m2, mean (SD) 27.2 (5.5) 27.8 (3.7) 0.69

Data are presented as number (percentage) of patients, unless indicated otherwise.

Abbreviations: IQR, interquartile range; TIMI, thrombolysis in myocardial infarction
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Two large randomized trials showed no bene‑
fit of routine TA in patients with STEMI.2,3 Cur‑
rent guidelines still recommend that the meth‑
od may be considered in selected patients.8 Even 
with the same angiographic finding, the benefit of 
TA may vary, and is possibly related to total isch‑
emic time. The effect of TA on outcomes resem‑
bles a U‑shaped curve with the highest benefit 
for patients with total ischemic time from 4 to 6 
hours,9 and no benefit in patients presenting late 
(>12 hours) after symptom onset.10 The possible ex‑
planation of the increasing benefit of TA over time 
is that the contribution of distal embolization to 
microvascular obstruction becomes more relevant 
in later stages when the thrombus is increasing‑
ly organized and more apt to disrupt in insoluble 
fragments.9 Later on, thrombus will become more 
challenging to retrieve with TA. Interestingly, we 
found the lowest increase in PAI-1 activity in sim‑
ilar time frame from symptom onset (3–6 hours).

To conclude, TA was associated with a greater 
increase in PAI‑1 activity in patients with acute 
STEMI treated with primary PCI. The clinical 
implications of this association should be test‑
ed in larger studies.
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(ρ = 0.173, P = 0.19). In patients treated with TA, 
a greater increase in PAI‑1 activity was detected 
(median [IQR], 3.25 [1.6–4.55] U/ml vs 1.2 [–0.2 
to 2.2] U/ml; P = 0.003). The increase in PAI‑1 ac‑
tivity differed among groups of patients with dif‑
ferent interventional procedures employed, with 
the highest value in the group treated with both 
balloon angioplasty and TA (P = 0.02).

TIMI thrombus grades (TG1 and TG2) were 
not associated with the increase in PAI‑1 activ‑
ity (P = 0.29 and P = 0.6). Both TG1 and TG2 val‑
ues showed no difference regarding the use of 
TA (P = 0.08 and P = 0.97).

In a stepwise binary logistic regression mod‑
el with 9 variables (age, sex, total ischemic time, 
TA, heart failure, no‑reflow, final TIMI flow, peak 
creatine kinase, and body mass index), indepen‑
dent predictors of increased PAI‑1 activity high‑
er than 3.7 U/ml were female sex (OR, 11.9; 95% 
CI, 2.1–66.1; P = 0.005), TA (OR, 13.1; 95% CI, 
2.1–83.3; P = 0.006), and heart failure (OR, 29.3; 
95% CI, 3.8–225.2; P = 0.001).

Two patients (2.3%) died during hospital treat‑
ment. Eleven additional deaths (12.6%) and 18 
composite endpoint events (20.7%) occurred 
during follow‑up. No difference in endpoint oc‑
currence was found between the groups treated 
and not treated with TA (P = 0.38 and P = 0.71).

After propensity score matching, 24 cases 
remained in the analysis. The increase in PAI‑1 
activity was higher in patients treated with TA 
(median [IQR], 3.24 [1.29–4.72] U/ml vs 1.45 
[0.42–2.46] U/ml; P = 0.03).

A greater increase in PAI‑1 activity was detect‑
ed in patients in whom TA was used. The differ‑
ence persisted after propensity score matching. 
In the binary logistic regression, TA was inde‑
pendently related to the increase in PAI‑1 activi‑
ty. Thrombus disintegration is possibly the cause 
of increased PAI‑1 activity, since coronary throm‑
bi are known to contain over 2000-fold the nor‑
mal plasma PAI‑1 concentration.7 However, oth‑
er means of thrombus disintegration, such as 
balloon angioplasty, proved not to be related to 
increased PAI‑1 activity. This could signify that 
TA results in more abundant thrombus disinte‑
gration than balloon angioplasty. To the best of 
our knowledge, this was the first study to assess 
PAI‑1 dynamics in relation to TA and balloon an‑
gioplasty. The more aggressive strategy was used, 
the higher the observed increase in PAI‑1 activ‑
ity. Yet, the use of TA could simply be an indica‑
tor of higher thrombotic burden. Hence, the basis 
for the detected increased PAI‑1 activity could be 
the extent of the intracoronary thrombotic mate‑
rial. In an attempt to resolve this issue, we used 
TIMI thrombus grade, which showed no associ‑
ation with increased PAI‑1 activity. Contrary to 
the expectation, TA was not associated with ini‑
tial TIMI thrombus grades. Therefore, we cannot 
conclude that thrombotic burden was the origin 
of increased PAI‑1 activity.
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