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Oral aspirin or low dose of intravenous lysine acetylsalicylate
in ST-elevation myocardial infarction undergoing primary
percutaneous coronary intervention
Marco Ferlinia, Sergio Leonardib,c, Alessandro Mandurino Mirizzia,
Claudio Montaltoa,c, Gabriele Crimia, Alessandra Repettoa,
Barbara Marinonia, Alberto Somaschinia,c, Maurizio Ferrarioa,
Catherine Klersyd and Luigi Oltrona Viscontia

Background A loading dose of aspirin (ASA) is

recommended as soon as possible in patients presenting

with ST-elevation myocardial infarction (STEMI) undergoing

primary percutaneous coronary intervention (pPCI), and

both oral and intravenous administration can be considered.

However, studies comparing the two routes of

administration, as well as data about the use

of low-intravenous dosages in this clinical setting

are lacking.

Aim To compare the pharmacodynamic effect of an oral

loading dose of ‘noncoated’ ASA 300 mg vs. an intravenous

bolus injection of lysine acetylsalicylate 150 mg in patients

with STEMI undergoing pPCI.

Methods This was a prospective single-center, open label,

pharmacodynamic study, including nonconsecutive patients

presenting at our catheterization laboratory with STEMI

undergoing pPCI and not receiving ASA within the previous

7 days. Pharmacodynamic analyses were performed at five

time points: baseline, and 1, 2, 4 and 12 h after the loading

dose, and measured as ASA reaction units (ARU) by the

Verify Now System. An ARU more than 550 was considered

as nonresponsiveness to study drugs. The primary end

point was the different rate of patients with ARU more than

550 at 2 h after the loading dose of oral vs. intravenous ASA.

Secondary end points included the comparison of ARU

more than 550 at the other time points and the comparison

of continuous ARU at each time point.

Results The study was planned with a sample size of 68

patients, but it was prematurely stopped due to slow

enrollment after the inclusion of 23 patients, 12 randomized

to oral ASA and 11 to intravenous lysine acetylsalicylate. At

2 h the rate of patients with ARU more than 550 was

numerically but not significantly higher in patients receiving

oral ASA as compared with intravenous lysine

acetylsalicylate (33 vs. 14.2%; D S0.19, 95% confidence

interval S0.59–0.21, P U 0.58). The difference over time was

NS (P U 0.98), though the prevalence of ARU more than 550

was higher at the other time points. Both routes of

administration reduced ARU values over time, though with

no overall significant difference between profiles

(P overall U 0.48).

Conclusion In patients with STEMI undergoing pPCI the

rate of nonresponsiveness to ASA was not different

comparing an oral ‘noncoated’ loading dose of ASA with an

intravenous bolus injection of lysine acetylsalicylate.

However, as patient enrollment was prematurely

terminated, this study is underpowered to draw a definite

conclusion.
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Introduction

A dual antiplatelet therapy including aspirin (ASA) and

an oral inhibitor of the platelet P2Y12 receptor for aden-

osine 50-diphosphate is mandatory in patients with acute

coronary syndrome (ACS).1 In case of ST-elevation myo-

cardial infarction (STEMI) undergoing primary percuta-

neous coronary intervention (pPCI), a loading dose of

ASA is recommended as soon as possible to obtain a

complete inhibition of thromboxane A2-dependent

platelet aggregation, and both oral or intravenous admin-

istration can be considered.2

Although there is consensus about the 150–300 mg oral

dose of a ‘nonenteric-coated’ formulation, a wide range of

intravenous dosages have been purposed over the years3

and data of comparison between the routes of adminis-

tration are lacking. In healthy volunteers, an intravenous

loading dose of lysine acetylsalicylate achieved a faster

onset of platelet inhibition, with less intraindividual and
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interindividual variability than oral ASA.4 In patients

with ACS, high dosages of intravenous ASA 250 or

500 mg was associated with a faster and higher platelet

inhibition compared with a single oral dose of ASA

300 mg, but only 5% of the included patients presented

with STEMI.5

A low-intravenous dose range of 75–150 mg is recom-

mended by guidelines2 based on pharmacokinetic con-

siderations,6 although this dosage was not investigated in

pharmacodynamic or clinical study including patients

with STEMI.

We aimed to compare the pharmacodynamic effect of

300 mg oral ASA with 150 mg of intravenous lysine ace-

tylsalicylate, in patients with STEMI undergoing pPCI.

Methods
The present is a prospective, randomized, single-center,

open label study to assess the pharmacodynamic effect of

oral ASA vs. intravenous lysine acetylsalicylate in patients

presenting with STEMI undergoing pPCI. The study

was conducted at the Fondazione IRCCS Policlinico San

Matteo in Pavia, Italy. The protocol (full text available

as Supplementary Appendix, http://links.lww.com/JCM/

A365) was designed by the principal investigator and

approved by the statistician and the coinvestigators.

The study complied with the Declaration of Helsinki

and was approved by the Local Institutional Review

Board; all patients gave their written informed consent

before any study procedure. The protocol was approved

by the National Italian Drug Agency (Agenzia Italiana del

Farmaco, AIFA, Rome, Italy; EudraCT number 2015-

001189-24).

The data that support the findings of the present analysis

are available from the corresponding author upon

reasonable request.

Patients presenting at our catheterization laboratory with

STEMI and not receiving ASA within the previous 7 days

including the loading dose by the emergency medical

system were screened for study eligibility; further exclu-

sion criteria were contraindications to ASA like hyper-

sensitivity or history of allergic reactions; known

hemorrhagic diathesis; previous hemorrhagic stroke;

ongoing or planned treatment with glycoprotein IIa/IIIb

inhibitors; inability to swallow.

After diagnostic angiography and confirmation of the

need to proceed with pPCI, patients were randomly

assigned 1 : 1 to receive either oral ‘noncoated’ ASA

300 mg or intravenous lysine acetylsalicylate 150 mg.

Randomization was generated by the study statistician

(C.K.) in randomized blocks generated using an algo-

rithm reproducible with the Stata 16 software (StataCorp,

College Station, Texas, USA). Masking was obtained

using sealed opaque sequentially numbered envelopes.

Patients received the study drugs immediately after

randomization but before the guide wire was passed through

the culprit lesion. All patients received a loading dose of

70 IU/kg unfractionated heparin as per the local standard

of care.

The additional antithrombotic therapy was at the discre-

tion of the treating interventional cardiologist, including

type and timing of the P2Y12 inhibitor loading dose.

Coronary angiography was performed by either the fem-

oral or the radial approach.

Pharmacodynamic assessments
Aspirin reactivity was measured with the VerifyNow

System Aspirin Platelet Reactivity test (Accriva Diag-

nostics, Inc San Diego, California, USA) and quantified as

the ASA reaction unit (ARU). In line with the reported

cutoff value, an ARU more than 550 was considered as

nonresponsiveness to study drugs.7

Pharmacodynamic assessments were performed at the

following five time points: baseline (before loading dose

administration of study drugs) and 1, 2, 4 and 12 h after

the study drugs administration. Figure S1, http://

links.lww.com/JCM/A364 shows a flow diagram of the

study. All samples were taken by vein with a specific tube

and were processed within 4 h of collection as recom-

mended with the use of the VerifyNow System.

Outcomes
The rate of patients with ARU more than 550 at 2 h after the

loading dose of study drugs was considered as the primary

end point of the study. Secondary end points included the

comparison of ARU more than 550 at the other time points

and the comparison of continuous ARU at each time point.

An evaluation of the inhibition of platelet aggregation at

baseline and 1 and 4 h after the study drugs administra-

tion was planned at study design but it was not performed

for missing financial support and for logistic difficulties.

In-hospital occurrence of death (all-cause), ST and major

bleeding information was collected. ST was defined accord-

ing to the Academic Research Consortium criteria8 and

bleeding was classified with the thrombolysis in MI criteria.9

Statistical analysis
The Stata software was used for computation (version 16,

StataCorp). A two-sided P value less than 0.05 was

considered statistically significant. As all analyses are to

be considered exploratory, no multiple tests correction is

applied. Categorical variables were compared using the

Fisher exact test. Continuous variables were described

with mean and SD or median and interquartile range and

compared with the Student t test or Mann–Whitney test,

as appropriate. We computed the risk difference and

mean difference, respectively, and 95% confidence inter-

vals (CIs) to quantify the treatment effect. We used

regression models for repeated measures (either logistic

2 Journal of Cardiovascular Medicine 2021, Vol 00 No 00
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or linear); we computed Huber–White robust standard

errors to account for intrapatient correlation of measures.

We assessed the interaction of treatment and time to

compare the profile of ARU over time. Missing data were

not imputed.

Based on residual platelet reactivity of oral P2Y12 inhi-

bitors in patients with STEMI10 and of nonresponsive-

ness to intravenous lysine acetylsalicylate in healthy

volunteers,4 we assumed an expected rate of nonre-

sponder (ARU> 550) at 2 h of 50% with oral administra-

tion and of 16% with intravenous lysine acetylsalicylate.

A planned enrollment of approximately 29 patients per

arm is needed to achieve an 80% power (with a 0.05 alfa

error) using a Chi-squared test; however, with this sample

size a power of 72% will be achieved using a Fisher test.

This led to an estimated sample size of approximately 68

patients (34 per arm), to maintain an 80% power.

Results
Between January 2016 and November 2019 a total of 1052

patients with STEMI and intent to undergo primary PCI

presented to our catheterization laboratory. Of these, 23

nonconsecutive patients met the inclusion/exclusion cri-

teria and provided their written informed consent to

participate in the study. They were then randomized

into 12 to oral ASA 300 mg and 11 to intravenous lysine

acetylsalicylate 150 mg. Figure 1 summarizes the study

profile. Mean age of the population was 66� 13 years,

78% were male and 39% had an anterior MI. Full baseline

characteristics are reported in Table 1.

No patients received an oral loading dose of P2Y12

inhibitor before the procedure, but it was administered

in the catheterization laboratory immediately after the

end of the PCI: most patients received ticagrelor, and the

remaining 35% received clopidogrel.

Table 2 reports the pharmacological and procedural

details of the study population: unfractioned heparin

was used as the anticoagulant in all cases, the radial

artery was the route of access in most patients and

glycoprotein IIb/IIIa inhibitors (GpI) were required as

bailout in four cases (one in the oral and three in the

intravenous group). Morphine was administered to four

Oral or intravenous aspirin in ST-elevation myocardial infarction Ferlini et al. 3

Fig. 1

STEMI with intent to undergo primary
PCI assessed for eligibility

(n = 1052)
Enrollment

Randomized (n =  23)

Allocation

PD population

Oral ASA 300 mg

(n = 10)

Lv. lysine acetilsalicilate 150 mg

(n = 8)

Excluded (n = 1029)
♦ Not meeting inclusion criteria (n = 1029)
♦ Declined to participate (n = 0)
♦ Other reasons (n = 0)

Allocated to oral ASA 300 mg (n = 12)

♦ Received allocated intervention (n = 12)

Bailout Gpl prior to
primary end point time
point (n = 1)
Unable to process
samples within 4 hours
(n = 1)

Bailout Gpl prior to
primary end point time
point (n = 3)

Allocated to i.v. lysine acetilsalicilate 150 mg (n = 11)

♦ Received allocated intervention (n = 11)

Study profile. ASA, aspirin; GpI, glycoprotein IIb/IIIa inhibitors; PCI, percutaneous coronary intervention; PD, pharmacodynamic; STEMI, ST-elevation
myocardial infarction.

© 2021 Italian Federation of Cardiology - I.F.C. All rights reserved.
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patients (two in the oral and two in the intravenous group).

In one case receiving intravenous lysine acetylsalicylate,

despite an anterior ST-segment elevation and a subopti-

mal baseline thrombolysis in MI (TIMI) flow, we did not

identify a significant stenosis on the left anterior descend-

ing, therefore no stent was implanted. Pre-PCI and final

TIMI flows were not different between the two groups.

During hospitalization one patient experienced an acute

ST, and one patient experienced major bleeding; both

were enrolled in the oral arm.

Pharmacodynamic findings
The four patients receiving bailout GpI as well as one

patient whose samples were unable to be processed

within 4 h of collection were excluded from the

pharmacodynamic assessment.

At 2 h the rate of patients with ARU more than 550 was

numerically higher in patients receiving oral ASA com-

pared with intravenous lysine acetylsalicylate (33 vs.

14.2%; D �0.19, 95% CI �0.59–0.21, P¼ 0.58). The

difference over time was NS (P¼ 0.98), though the

4 Journal of Cardiovascular Medicine 2021, Vol 00 No 00

Table 1 Baseline characteristics of the study population

Variables Oral ASA, n¼12 i.v. LA, n¼11 P value

Age (years; mean�SD) 67.7�12.6 63.5�12.8 0.44
Male sex, n (%) 10 (83) 8 (73) 0.54
BMI (kg/m2, mean�SD) 26.1�3.15 28.8�4.17 0.09
Current smoking, n (%) 3 (25) 3 (27) 0.9
Type 2 diabetes, n (%) 3 (25) 4 (36.3) 0.55
Hypercholesterolemia, n (%) 4 (33.3) 3 (27) 0.75
Arterial hypertension, n (%) 7 (58.3) 9 (81.8) 0.22
Previous PCI, n (%) 5 (41.6) 4 (36.3) 0.79
Previous MI, n (%) 1 (8.3) 2 (18) 0.48
Previous TIA/stroke, n (%) 2 (16.6) 0 (0) 0.16
eGFR (ml/min, mean�SD) 73.7�21.5 84.1�24.8 0.29
Hemoglobin (g/dl, mean�SD) 13.63�1.38 13.74�1.29 0.84
Platelet count (103/ml, mean�SD) 236.75�87.69 237.63�83.84 0.98
Location of MI, n (%)

Anterior 4 (33) 5 (45) 0.55
Inferior 7 (59) 4 (37) 0.29
Lateral 1 (8) 2 (18) 0.48

Time from symptom onset to randomization [min; median (IQR)] 265 (55–380) 280 (49–450) 0.68
Oral P2Y12 inhibitor

Ticagrelor, n (%) 8 (66.6) 7 (63.6) 0.88
Clopidogrel, n (%) 4 (33.4) 4 (36.3) 0.88
Prasugrel, n (%) 0 0 –

ASA, aspirin; eGFR, estimated glomerular filtration rate; i.v., intravenous; IQR, interquartile range; LA, lysine acetylsalicylate; MI, myocardial infarction; PCI, percutaneous
coronary intervention; TIA, transient ischemic attack.

Table 2 Pharmacological and procedural details

Variables Oral ASA 300 mg, n¼12 i.v. LA 150 mg, n¼11 P value

Medications, n (%)
UHF 12 (100) 11 (100) –
Bivalirudin 0 0 –
GpI 1 (8) 3 (27) 0.23
Morphine 2 (17) 2 (18) 0.92
Ondansetron 1 (8) 3 (27) 0.23

Radial access, n (%) 9 (75) 10 (91) 0.31
Culprit vessel, n (%)

LM 0 0 –
LAD 4 (34) 5 (45) 0.55
LCX 1 (8) 2 (18) 0.48
RCA 7 (58) 4 (37) 0.29

Thrombis aspiration, n (%) 4 (33) 3 (27) 0.75
Multivessel PCI, n (%) 0 0 –
Number of stents per patient (mean�SD) 1.75�1.48 1.18�0.87 0.28
TIMI flow before PCI, n (%)

0 8 (67) 6 (55) 0.55
1 0 1 (9) 0.29
2 3 (25) 3 (27) 0.9
3 1 (8) 1 (9) 0.95

TIMI flow at the end of PCI, n (%)
0–1 0 0 –
2 1 (8) 0 0.33
3 11 (92) 11 (100) 0.33

ASA, aspirin; GpI, glycoprotein IIb/IIIa inhibitors; i.v., intravenous; LA, lysine acetylsalicylate; LAD, left anterior descending; LCX, left circumflex artery; LM, left main; PCI,
percutaneous coronary intervention; RCA, right coronary artery; TIMI, thrombolysis in myocardial infarction; UHF, unfractioned heparin.

© 2021 Italian Federation of Cardiology - I.F.C. All rights reserved.
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prevalence of ARU more than 550 was higher at 1 h (36.3

vs. 12.5%, D �0.23, 95% CI �0.61–0.13, P¼ 0.34), at 4 h

(37.5 vs. 0%, D �0.37, 95% CI �0.71 to �0.39, P¼ 0.21)

and at 12 h (44.4 vs. 16.6%, D�0.27, 95% CI �0.72–0.16,

P¼ 0.58).

At baseline there were no differences in ARU between

the two groups: 618.7� 36.9 in the oral arm vs. 571� 59.4

in the intravenous arm (mean difference 47.09, 95% CI –

5.31–99.5, P¼ 0.08). Table 3 reports the ARU values and

the mean difference between the two groups at each time

point. Although the numerical decrease was lower and

slower in the oral group, no overall significant difference

between profiles (Fig. 2, P overall¼ 0.48) was found.

Discussion
For the first time in patients with STEMI, we compared

the pharmacodynamic effect of a loading dose of oral ASA

with an intravenous low-dose bolus injection of lysine

acetylsalicylate. The key finding of the study is that, for

the first 12 h, the rate of patients’ nonresponsiveness to

study drugs was not different between the two routes

of administration.

Several studies have reported that an adequate inhibition

of platelet aggregation in patients undergoing PCI is

mandatory to prevent an increased risk of major adverse

cardiovascular events.11–13

There is a lack of consensus regarding the definition of

resistance to antiplatelet therapy in the clinical setting

and routine platelet function testing to adjust antiplatelet

therapy before or after PCI is not recommended.1 The

antiplatelet effect of ASA depends on its ability to

irreversibly inhibit the enzyme cyclo-oxygenase-1

(COX-1) that is required for the conversion of arachidonic

acid: therefore, a resistance to its intake should refer to

Oral or intravenous aspirin in ST-elevation myocardial infarction Ferlini et al. 5

Table 3 Absolute values, of aspirin reaction unit measured by the VerifyNow Aspirin assay at different time points, with related mean
difference and 95% confidence intervals comparing patients receiving oral aspirin vs. intravenous lysine acetylsalicylate

Time point Oral ASA 300 mg i.v. LA 150 mg Mean difference 95% CI P value

Baseline 618.7�36.9 571�59.4 47.09 �5.31–99.5 0.08
1 h 532.4�105.7 450�58.4 82.45 1.98–162.9 0.13
2 h 498.3�111.15 450.29�88.15 48.04 �58.83–154.9 0.45
4 h 502.2�92.58 397.67�64.4 104.58 13.06–196.09 0.02
12 h 480�117.5 434.67�93.6 45.3 �73.5–164.15 0.59

ASA, aspirin; CI, confidence interval; i.v., intravenous; LA, lysine acetylsalicylate.

Fig. 2
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Pharmacodynamic assessment over time measured by VerifyNow Aspirin Platelet Reactivity test after administration of oral (os) apirin 300 mg
loading dose (triangles) and intravenous lysine acetylsalicylate 150 mg bolus injection (circles). Aspirin reaction unit measured by the VerifyNow
Aspirin assay. Values are expressed as means. Error bars indicate standard 95% confidence intervals; P values indicate the comparisons between
groups at each time point.
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the inability to inhibit the platelet COX-1 activity.14

About 8–45% of patients do not respond to therapy with

ASA as determined by different laboratory tests, and

these ASA-resistant patients are at increased risk of

thrombotic events.15–17 In consecutive patients undergo-

ing PCI and on treatment with oral ASA 80–325 mg for at

least 1 week, an ARU at least 550 was found in 19.2% of

the cases, and these patients had a three times increased

risk of periprocedural myocardial necrosis.17 Lev et al.18

reported an ARU at least 550 in 15.3% of patients

undergoing elective PCI, from 20 to 24 h after receiving

an oral dose of ASA 325 mg. However, these two studies

included patients undergoing nonurgent PCI, and non-

responsiveness to ASA was assessed using a

single measurement.

In our investigation we focused on patients with STEMI;

in this population it has been widely reported that oral

antiplatelet drugs such as P2Y12 inhibitors presented a

late onset of action that could be overcome with the use of

intravenous agents.10,19 Furthermore, sedation, nausea,

vomiting, shock condition and endotracheal intubation,

that can be more frequent in emergent clinical settings,

contribute to limiting the antiplatelet efficacy of oral

agents.20 Therefore, even in the case of ASA, an intrave-

nous administration should be more efficacious in acute

clinical settings. Current guidelines consider both the

formulation of ASA in the acute phase of STEMI, but the

recommended intravenous dosage was reduced over the

years to the current range of 75–150 mg.2,3 The dose

reduction is based on pharmacokinetic considerations of a

harmful inhibition of prostacyclin exposing systemic

endothelial cells to high drug concentrations.6,21 Previous

data have already reported that lysine acetylsalicylate

(320 mg oral or 450 mg intravenous) obtained a faster

platelet inhibition compared with oral ASA, but they

included respectively patients with stable coronary artery

disease and healthy volunteers.4,22 In patients with ACS,

no significant pharmacodynamic difference was found

when comparing two intravenous dosages of ASA 250

and 500 mg, although both provided greater platelet

inhibition compared with oral administration.5 Data on

healthy volunteers reported the superiority of an intrave-

nous dosage of 100 mg compared with an intravenous

dosage of 25 and 50 mg.23

Particularly, our study is the only one that allows a direct

comparison between the two routes of administration and

that should not be affected by different dosages: given a

50% oral bioavailability of oral ASA,5,6 the intravenous

dose of 150 mg should correspond to the oral dose of

300 mg. We found that the intravenous lysine acetylsa-

licylate achieves an earlier and progressive reduction of

nonresponsiveness up to absence at 4 h after administra-

tion; on the contrary with the oral ASA, the initial

decrease of nonresponsiveness to 30–40% remained sta-

ble for up to 12 h. The difference in nonresponsiveness to

ASA between the two routes of administration that we

hypothesized at study design was found 4 h after the

loading dose, therefore 2 h later than our assumption:

whether this gap can be overcome with higher dosages

cannot be excluded. However, the small difference in the

continuous values of ARU was not overall significant and

should be considered of unclear clinical significance and

only hypothesis generating.

Different dosages of oral ASA have been used over time

in different clinical and pharmacodynamic studies: our

choice of an oral loading dose of 300 mg was based on the

range recommended by guidelines,1 in our daily clinical

practice and in previous similar studies4; as for intrave-

nous administration, an influence of different higher or

lower dosages on results cannot be excluded.

Limitation
There are many limitations to our analysis. First, since

the trial was terminated for slow enrollment without

including the assumed sample size, its power is limited,

and any result is to be considered inconclusive.

Second, we enrolled nonconsecutive patients from a very

large population of STEMI: the wider use of ASA as first

line medical treatment, before diagnostic angiography,

left most patients unsuitable for inclusion; this deter-

mines a selection bias and an impossibility to generalize

our findings.

Third, a binary outcome as the primary end point with a

small sample size limits the study power and reduces the

ability to draw any firm conclusion; however, our choice

was influenced by the cutoff value of response to ASA

that has been established with the use of the VerifyNow

System.7

Despite the recommendations of guidelines,2 no patients

received an upstream loading dose of oral P2Y12, and

about 35% of the enrolled patients were treated with

clopidogrel. The decision to not pretreat patients with

STEMI with these drugs is based on our daily clinical

practice after a decision shared with the colleagues of the

emergency medical system; on the contrary, we have no

specific reason to provide for the choice of clopidogrel in

more than one-third of the patients, but all concomitant

medical therapies were left at the discretion of the

treating physician.

The fact that not all patients received the same oral

P2Y12 inhibitors can be considered as a further limitation:

an influence of clopidogrel on the arachidonic acid-

thromboxane A2-COX pathway has been reported,24,25

and almost 50% of ASA-resistant patients were also

resistant to clopidogrel.18 However, an influence on our

results is unlikely as the rate of patients receiving clopi-

dogrel was not different in the two groups; the very small

sample size does not allow a comparison of ARU values in

the subgroup of patients receiving clopidogrel rather

than ticagrelor.

6 Journal of Cardiovascular Medicine 2021, Vol 00 No 00
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Finally, we did not perform any other platelet function

testing and we did collect more samples to address

eventual errors.

Conclusion
The current randomized study did not establish a signifi-

cantly different pharmacodynamic effect between an oral

loading dose of ‘noncoated’ ASA 300 mg and an intrave-

nous bolus injection of lysine acetylsalicylate 150 mg in

patients with STEMI undergoing primary PCI. How-

ever, as patient enrollment was prematurely terminated,

the study is underpowered for a definitive conclusion.

Future larger studies are required to establish the optimal

regimen of ASA in this clinical setting.
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