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ABSTRACT

Introduction: Clopidogrel has been demon-
strated to be effective in improving coronary
microcirculation (CM) among patients with ST-
elevation myocardial infarction (STEMI) treated

with fibrinolytics. Ticagrelor is a more potent
adenosine diphosphate (ADP) receptor blocker
proven to be superior to clopidogrel among
patients with acute coronary syndromes. The
present study aimed to compare the effects of
ticagrelor and clopidogrel on CM in patients
with STEMI treated with fibrinolytics.
Methods: The present study prospectively
included 48 patients participating in the TREAT
trial, which randomly assigned patients with
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STEMI undergoing fibrinolysis to ticagrelor
versus clopidogrel. The primary endpoint of this
study was the evaluation of the CM using the
global myocardial perfusion score index (global
MPSI) obtained by myocardial contrast
echocardiography (MCE). Platelet aggregation
to ADP was evaluated by Multiplate� and
expressed as area under the curve (AUC).
Results: The global MPSI demonstrated no dif-
ferences between the groups [mean 1.4 (1.2–1.5)
in the ticagrelor group and 1.2 (1.2–1.5) in the
clopidogrel group (p = 0.41)]. Platelet aggrega-
bility was lower in the ticagrelor group
(18.1 ± 9.7 AUC), compared to the clopidogrel
group (26.1 ± 12.5 AUC, p = 0.01).
Conclusion: We found no improvement in coro-
nary microcirculation with ticagrelor compared to
clopidogrel among patients with STEMI treated
with fibrinolytics, despite the fact that platelet
aggregation to ADP was lower with ticagrelor.
Clinical Trials Registration: NCT03104062.

Keywords: Coronary microcirculation;
Ticagrelor; Clopidogrel; Myocardial contrast
echocardiography; Myocardial perfusion score
index

Key Summary Points

Clopidogrel improves microcirculation in
ST-elevation myocardial infarction
(STEMI) treated with fibrinolytics, when
compared with placebo.

In acute coronary syndrome, ticagrelor is
superior to clopidogrel in terms of hard
endpoint incidences.

We analyzed the effect of ticagrelor or
clopidogrel on coronary microcirculation
in patients presenting with STEMI.

Despite lower platelet reactivity with
ticagrelor, in comparison with
clopidogrel, there is no difference between
the effect of the drugs on coronary
microcirculation in patients with STEMI
treated with fibrinolytics.

INTRODUCTION

Patients with ST-elevation myocardial infarc-
tion (STEMI) are exposed to high residual risk of
cardiovascular (CV) adverse events despite
timely coronary reperfusion. It is known from
patients diagnosed with STEMI undergoing
coronary reperfusion therapy who have TIMI 3
flow grade that approximately 40% still have
some degree of impaired blood flow in the
coronary microcirculation (CM), which leads to
worse left ventricular remodeling (LVR) with a
consequent increase in mortality, compared to
those with normal CM flow [1, 2].

In a sub-analysis from the CLARITY-TIMI 28
study, clopidogrel improved microcirculation
flow parameters assessed by coronary angiogra-
phy when compared to placebo. In addition, a
significant improvement in CM (relative risk
reduction, RRR 21%; p = 0.008) was demon-
strated with clopidogrel [3].

Ticagrelor is a more potent ADP receptor
blocker that reduced major adverse CV events
compared to clopidogrel among patients with
acute coronary syndrome (ACS) in the PLATO
study [4]. However, patients with STEMI treated
with fibrinolytics were not included in the this
study. The TREAT trial tested the safety of tica-
grelor compared to clopidogrel in patients with
STEMI treated with fibrinolytics, and demon-
strated that ticagrelor was non-inferior to
clopidogrel regarding the main endpoint of
TIMI major bleeding [5–7].

The superiority of ticagrelor over clopidogrel
in the PLATO Trial, including a significant
decrease in cardiovascular mortality, is not fully
understood. Considering the superior anti-
platelet effect of ticagrelor, and the fact that it
may increase circulating adenosine levels,
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which acts favorably in CM [8, 9], it could be
speculated that a more efficient action of tica-
grelor on CM could explain, at least partially,
the results obtained.

In order to test this hypothesis, the present
study aimed to compare the influence of tica-
grelor and clopidogrel on CM in patients with
STEMI treated with fibrinolytics.

METHODS

Study Design

The present study prospectively included 48
patients participating in the TREAT trial, which
analyzed 3799 patients with STEMI treated with
fibrinolytics and randomized to open-label
ticagrelor versus clopidogrel. Details of the
TREAT protocol were previously published, as
well as the primary and secondary results [5–7].
Briefly, the main inclusion criteria were patients
diagnosed with STEMI within 24 h after the
onset of symptoms and treated with fibrinolyt-
ics as the primary strategy of reperfusion.

Patients in the present substudy were inclu-
ded between September 2016 and September
2017, admitted consecutively to the Coronary
Care Unit (CCU) of the Instituto do Coração
(InCor)/HCFMUSP as soon as possible after its
randomization in the TREAT trial. Patients were
randomized and received the initial medication
(including fibrinolytics and ticagrelor or clopi-
dogrel) in two referring sites, being transferred
to InCor/HCFMUSP on a routine basis to
undergo coronary angiography and percuta-
neous coronary intervention (PCI) whenever
indicated. Randomization was performed using
a central concealed, web-based, central, auto-
mated, randomization system. Those who at the
end of the angiography had residual obstruc-
tion in the culprit artery of less than 50% with
TIMI 3 flow were eligible for the present study,
whether they have undergone PCI or not. Key
exclusion criteria were mainly previous infarc-
tion at the same infarct area location as the
current one, among other criteria of the TREAT
trial [5–7] (see supplementary material).

Patients who met the eligibility criteria and
agreed to participate in the present study by

signing the informed consent form were then
submitted to evaluation of CM by myocardial
contrast echocardiography (MCE; see supple-
mentary material for more details). MCEs were
performed by two specially trained different
echocardiographers following a dedicated pro-
tocol, and analyzed by a single professional
with extensive experience in the area (WM), all
of whom were blinded to randomized (tica-
grelor vs. clopidogrel) treatment assignment. In
addition, blood samples for platelet aggregabil-
ity assessment, among others, were collected
concomitantly with MCE test. Staff who mea-
sured platelet aggregability and other laboratory
tests were also unaware of the study drug
assignments.

Study Outcomes

The primary outcome of the study was to
compare the influence of ticagrelor versus
clopidogrel on CM, considering the global
myocardial perfusion score index (global MPSI)
obtained by MCE performed 6 ± 3 days after
the onset of symptoms. Secondary outcomes
were to compare ticagrelor with clopidogrel
considering other echocardiographic parame-
ters: (1) regional myocardial perfusion score
index (regional MPSI); (2) infarction area anal-
ysis (IAA); (3) global wall motion score index
(global WMSI); (4) regional wall motion score
index (regional WMSI); (5) presence or not of
coronary artery no-reflow. Additionally, platelet
aggregability for ticagrelor and clopidogrel
groups was obtained by Multiplate analysis [10].

Myocardial Contrast Echocardiography

For the analysis of MPSI by MCE, the left ven-
tricle was divided into 17 segments. Each seg-
ment was graded with a perfusion score (PS),
where PS = 1 represents normal opacification,
PS = 2 represents reduced opacification, and
PS = 3 represents absence of opacification. In
the case of visual limitations of a given segment,
PS = 0. The global MPSI was then obtained by
adding the PS of each segment divided by the
number of total segments (n = 17). As in the
perfusion assessment, to assess contractility,
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each segment was graded with a motion score
(MS), where MS = 1 represents normal contrac-
tility, MS = 2 represents reduced contractility,
and MS = 3 represents absence of contractility.
In the case of visual limitations of a particular
segment, MS = 0. The global WMSI was then
obtained by adding the MS of each segment
divided by the number of total segments
(n = 17).

Sample Size Calculation

The main hypothesis was tested considering a
difference of 20% in favor of ticagrelor in the
global MPSI, based on the same difference
found in the CLARITY-TIMI 28 study in favor of
clopidogrel over placebo on CM (RRR 21%;
p = 0.008). Considering the mean global MPSI
of 1.4 ± 0.2, obtained with a methodology
similar to that used in the present study in
patients diagnosed with STEMI undergoing fib-
rinolytic treatment previously by our group
[11], a sample size calculation revealed that 40
patients (20 per group) would yield 90% statis-
tical power with an alpha\ 0.01. Considering
possible technical difficulties, a final sample of
48 patients (24 patients per group) was planned.

Statistical Analysis

The results are presented as absolute numbers
and percentages (categorical variables), or
means ± SD (continuous variables with Gaus-
sian distribution), or medians with 25th–75th
percentiles (continuous variables with non-
Gaussian distribution). Kolmogorov–Smirnov
test was used for normality assessment. Cate-
gorical variables were compared using the chi-
square test or Fisher’s exact test as appropriate.
Continuous variables were compared using the
Student’s t test (Gaussian distribution) or Wil-
coxon rank sum test (non-Gaussian distribu-
tion). To assess the correlations of two variables,
linear regression models were used.

No adjustment for multiplicity was per-
formed. Since the proportion of missing data for
the primary outcome was less than 1%, no
imputation model was developed. All tests are
two-tailed and a p value less than 0.05 is

considered as statistically significant. The soft-
ware used in all statistical analysis was Stata/SE
15.1�.

Ethical Issues

This protocol is in accordance with the recom-
mendations contained in the Declaration of
Helsinki and was approved, together with the
free and informed consent form by the Scien-
tific Committee of InCor/HCFMUSP and by the
Research Ethics Committee of HCFMUSP,
before the beginning of the study. The study
was registered at ClinicalTrials.gov
(NCT03104062).

RESULTS

Population Characteristics

The characteristics of the study population,
upon arrival at InCor/HCFMUSP, are detailed in
Table 1. As expected, the ticagrelor and clopi-
dogrel groups were well balanced, with no sig-
nificant differences between them in relation to
the analyzed parameters. The median age of the
population was 56.5 years, and 60.4% were
men. The median times between symptom
onset and fibrinolysis were 200 (150–290) and
160 (95–207.5) mins in ticagrelor and clopido-
grel groups, respectively, and the median times
between symptom onset and CM evaluation by
MCE were 5.1 (4–6.2) and 4.5 (3–5.6) days,
respectively.

The use of clopidogrel prior to randomiza-
tion in the TREAT study was the same in both
groups (54.1%).

The frequencies of culprit vessels for STEMI
were similar in both groups. There were no
statistically significant differences between the
two groups regarding the medications used
during hospitalization, with the exception of
ranitidine (79.1% in the ticagrelor group versus
100% in the clopidogrel group, p = 0.018).
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Table 1 Characteristics of the population

Total (n = 48) Ticagrelor
(n = 24)

Clopidogrel
(n = 24)

Evaluation upon arrival at InCor

Age, years [median (p25–p75)] 56.5 (51.0–64.5) 61 (54.5–67.0) 55 (48.5–63.5)

Male sex, n (%) 29 (60.4%) 14 (58.3%) 10 (41.6%)

Body mass index, kg/m2 [mean (± SD)] 26.8 (± 4.6) 26.9 (± 4.5) 26.8 (± 4.7)

Hypertension, n (%) 24 (50%) 12 (50%) 12 (50%)

Type II diabetes, n (%) 11 (22.9%) 6 (25%) 5 (20.8%)

Dyslipidemia, n (%) 16 (33.3%) 10 (41.6%) 6 (25%)

Smoking, n (%) 38 (79.1%) 19 (79.1%) 19 (79.1%)

Family history for CAD, n (%) 9 (18.7%) 6 (25%) 3 (12.5%)

Chronic kidney disease (ClCr\ 60 ml/min), n (%) 2 (4.1%) 2 (8.3%) 0

Previous myocardial infarction 0 0 0

Time from symptom onset to fibrinolysis, in mins [median

(p25–p75)]

180 (120–255) 200 (150–290) 160 (95–207.5)

Time from symptom onset to arrival at CCU, in days [median

(p25–p75)]

1.6 (0.7–2.7) 1.5 (0.5–2.8) 1.6 (0.8–2.7)

Time from symptom onset to PCI, in days [median

(p25–p75)]

2.4 (1.4–3.6) 2.5 (1.2–4.0) 2.3 (1.7–3.5)

Time from symptom onset to MCE, in days [median

(p25–p75)]

4.7 (3.6–6.2) 5.1 (4.0–6.2) 4.5 (3.0–5.6)

Anterior MI, n (%) 22 (45.8%) 8 (33.3%) 14 (58.3%)

Killip 1, n (%) 45 (93.7%) 21 (87.5%) 24 (100%)

Killip 2, n (%) 3 (6.2%) 3 (12.5%) 0

TIMI risk score—low, n (%) 31 (64.5%) 15 (62.5%) 16 (66.6%)

TIMI risk score—moderate, n (%) 16 (33.3%) 8 (33.3%) 8 (33.3%)

TIMI risk score—high, n (%) 1 (2%) 1 (4.1%) 0

Use of clopidogrel before randomization in TREAT trial,

n (%)

26 (54.1%) 13 (54.1%) 13 (54.1%)

Variables obtained during hospitalization at InCor

Hemodynamic data

Culprit coronary artery

Anterior descending artery, n (%) 22 (45.8%) 9 (37.5%) 13 (54.1%)

Circumflex artery, n (%) 6 (12.5%) 4 (16.6%) 2 (8.3%)

Right coronary artery, n (%) 20 (41.6%) 11 (45.8%) 9 (37.5%)
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Table 1 continued

Total (n = 48) Ticagrelor
(n = 24)

Clopidogrel
(n = 24)

Rescue angioplasty, n (%) 5 (10.4%) 2 (8.3%) 3 (12.5%)

Percutaneous coronary intervention, n (%) 41 (85.4%) 22 (91.6%) 19 (79.1%)

Exclusive clinical treatment 7 (14.5%) 2 (8.3%) 5 (20.8%)

Residual lesion in non-culprit arteries, n (%) 20 (41.6%) 13 (54.1%) 7 (29.1%)

Medications used during hospitalization

Acetylsalicylic acid, n (%) 48 (100%) 24 (100%) 24 (100%)

Enoxaparin, n (%) 48 (100%) 24 (100%) 24 (100%)

Statin, n (%) 48 (100%) 24 (100%) 24 (100%)

Angiotensin-converting enzyme inhibitor, n (%) 47 (97.9%) 24 (100%) 23 (95.8%)

Beta-blocker, n (%) 44 (91.6%) 22 (91.6%) 22 (91.6%)

Morphine, n (%) 13 (27%) 6 (25%) 7 (29.1%)

Proton pump inhibitor, n (%) 10 (20.8%) 6 (25%) 4 (16.6%)

Ranitidine, n (%)� 43 (89.5%)� 19 (79.1%)� 24 (100%)�

Laboratory data

Leukocytes, per mm3 [mean (± SD)] 10,525

(± 2932)

10,519

(± 2519)

10,530 (± 3351)

Platelet count, lL [mean (± SD)] 223,208

(± 61,633)

218,500

(± 58,410)

227,916

(± 65,608)

Average platelet volume, fL [median (p25–p75)] 11 (10.3–11.6) 11.1 (10.4–11.7) 10.9 (10.3–11.6)

Creatinine, mg/dL [median (p25–p75)] 0.8 (0.7–1.0) 0.8 (0.7–1.0) 0.8 (0.7–1.0)

Glycated hemoglobin,% [median (p25–p75)] 5.8 (5.4–6.0) 5.8 (5.4–6.1) 5.7 (5.5–5.9)

Blood glucose, mg/dL [median (p25–p75)] 105 (97–122) 118 (100–128) 102 (94–110)

C-reactive protein, mg/L [median (p25–p75)] 18 (5–38.1) 18.5 (4.6–46.3) 17.1 (5.3–31.9)

Interleukin-6 [median (p25–p75)] 4.4 (1.7–7.2) 4.2 (2.2–8.1) 4.4 (1.5–7.2)

Natriuretic peptide type B, pg/mL [median (p25–p75)] 128 (88–215) 170 (88–286) 118 (88–180)

Troponin, ng/mL [median (p25–p75)] 29.6 (10.5–50) 38.8 (14.4–50) 24.0 (8.5–46.9)

CKMB-mass, ng/mL [median (p25–p75)] 17.4 (4.4–58.9) 18.6 (3.3–108.6) 15.6 (5.9–41.9)

Total cholesterol, mg/dL [mean (± SD)] 198 (± 51) 207 (± 55) 189 (± 46)

LDL-cholesterol, mg/dL [mean (± SD)] 125 (± 42) 131 (± 41) 119 (± 42)

HDL-cholesterol, mg/dL [mean (± SD)] 41 (± 10) 42 (± 12) 41 (± 8)
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Primary Objective

Assessment of CM obtained by global MPSI are
depicted in Fig. 1, with no significant

differences being observed between the two
groups: 1.41 (1.23–1.52) in the ticagrelor group
and 1.29 (1.23–1.52) in the clopidogrel group
(p = 0.417).

As seen in Fig. 2, platelet aggregability to
ADP as assessed by Multiplate� was lower in the
ticagrelor group (18.1 ± 9.7 AUC) than in the
clopidogrel group (26.1 ± 12.5 AUC, p = 0.017).

Pre-specified Secondary Outcomes:
Analysis of Coronary Microcirculation
and Left Ventricular Contractility
by Echocardiography

The results of the secondary outcomes of the
study in relation to CM and contractility by
echocardiography are detailed in Table 2. When
evaluation of the CM was restricted to the seg-
ments related to the culprit artery, obtained by
the regional MPSI, there were no differences
between the groups [ticagrelor 1.7 (1.5–1.9) vs.
clopidogrel 1.5 (1.4–1.7), respectively,
p = 0.243]. Similarly, the assessment of left
ventricular contractility obtained by the global
WMSI was not different between the groups
[(1.6 (1.3–2.0) and 1.4 (1.2–1.6)], respectively,
p = 0.124].

In the evaluation of the IAA, ‘‘red’’ did not
show any significant differences between the
groups [(22.9% (18.7–31.4) of the left ventricu-
lar area in the ticagrelor group and 21.0%
(15–24.2) in the clopidogrel group, p = 0.152)].
The same pattern was obtained for ‘‘yellow’’,
which showed no significant differences
between the groups [(10.1% (5.8–15.6) of the
left ventricular area in the ticagrelor group,
15.6% (10.8–17.9) in the clopidogrel group,
p = 0.059)].

Table 1 continued

Total (n = 48) Ticagrelor
(n = 24)

Clopidogrel
(n = 24)

Triglycerides, mg/dL [median (p25–p75)] 133 (90–185) 132 (92–185) 141 (90–191)

CCU coronary care unit, PCI percutaneous coronary intervention, MCE myocardial contrast echocardiography
�p = 0.018. There were no statistically significant differences between the other groups

Fig. 1 Median of global MPSI (main objective of the
study). Global MPSI, global myocardial perfusion score
index (values range from 1 to 3, with 1 being adequate
myocardial perfusion and 3 absence of myocardial perfu-
sion). The values are presented as median (p25–p75)

Fig. 2 Mean platelet aggregability assessed by Multiplate.
Multiplate, in AUC. The values are presented as average
(± standard deviation)
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DISCUSSION

In our study, which compared the impact of
ticagrelor versus clopidogrel on coronary
microcirculation evaluated by MCE in patients
with STEMI treated with fibrinolytics, we
observed similar results between the two
groups. Other findings from the present study
reinforced this neutral result, such as the
assessment of CM in the segments of the left
ventricle related to the culprit artery, or the
assessment of CM obtained through the analy-
sis of the infarct area.

In a recent study, Park et al. also compared
the effect of ticagrelor and clopidogrel on CM in
patients with different forms of ACS undergoing
PCI, and the results obtained in the initial phase
were in line with our present study, with a
similar effect of both drugs on CM. The CM
analysis was performed invasively (IMR, index
of microcirculatory resistance), immediately
after the end of the stent implantation. On the
other hand, this study also evaluated CM at
6 months (main study objective) from the onset
of symptoms, and in this late evaluation the
effect of ticagrelor on CM was superior to that of
clopidogrel (p\0.01). However, it is important
to note that there are several methodological
differences between both studies. In this sense,
different from our study, Park et al. evaluated

CM in patients undergoing PCI and not fibri-
nolytics, in different types of ACS (only 30% of
patients in each group diagnosed with STEMI).
Additionally, in our study, patients with previ-
ous infarction on the same wall as the current
infarction were excluded, as opposed to the
study by Park et al. More importantly, the main
objective in the Park et al. study was to analyze
the microcirculation in the two groups after
6 months of antiplatelet treatment; CM was
analyzed only in the acute phase in our study,
and our findings were similar to those of Park
et al.’s during a similar early time window post-
MI [12].

It should be noted that CM has an important
role in left ventricular contractility in patients
with STEMI. Patients with some degree of CM
impairment have worse contractility and left
ventricular remodeling, consequently with
higher mortality [1, 2]. However, with regard to
contractility of the left ventricular segments,
our study also did not demonstrate a difference
between the two P2Y12 receptor inhibitor
treatment groups, both in the global assessment
and in the assessment of only those segments
related to the infarct-related artery.

Table 2 Results of pre-specified secondary analyzes: microcirculation and contractility on echocardiography

Ticagrelor (n = 24) Clopidogrel (n = 24) p value

Regional MPSI [median (p25–p75)] 1.7 (1.5–1.9) 1.5 (1.4–1.7) 0.24

Global WMSI [median (p25–p75)] 1.6 (1.3–2.0) 1.4 (1.2–1.6) 0.12

Regional WMSI [median (p25–p75)] 2.1 (1.6–2.5) 1.7 (1.3–2.2) 0.06

Infarcted area analysis (red), % [median (p25–p75)] 22.9 (18.7–31.4) 21.0 (15–24.2) 0.15

Infarcted area analysis (yellow), % [median (p25–p75)] 10.1 (5.8–15.6) 15.6 (10.8–17.9) 0.05

Presence of ‘‘no reflow’’, n (%) 10 (41.6%) 7 (29.1%) 0.36

Values range from 1 to 3, 1 being adequate myocardial perfusion/contractility and 3 absence of myocardial
perfusion/contractility
Red means absence of microcirculation flow; yellow means decrease of microcirculation flow; no reflow was defined as
absence of microcirculation flow in two or more segments of the left ventricle
Regional MPSI regional myocardial perfusion score index, Global WMSI global wall motion score index, Regional WMSI
regional wall motion score index
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Population Characteristics

The TREAT trial predominantly included
patients with low-risk STEMI, which mirrored
the population of our present study. Regarding
age, the TREAT study excluded patients over
75 years old; the median age of 56 years in our
substudy was younger than that described in
previous studies of patients with STEMI. In
addition, the prevalence of diabetes at baseline
(22.9%) was lower than that described in other
STEMI cohorts [13–15].

Platelet Aggregability and Fibrinolysis

As demonstrated in previous studies analyzing
other populations [16, 17], the present study
also found lower platelet aggregability with
ticagrelor, compared to clopidogrel, in patients
with STEMI treated with fibrinolytics.

In patients with STEMI treated by primary
PCI, ticagrelor is superior to clopidogrel,
reducing the relative risk of CV death, (re)in-
farction, and stroke by 16% (p\ 0.001) [18]. In
the TREAT trial, among patients with STEMI
undergoing reperfusion with fibrinolytics, there
was no evidence of superiority of ticagrelor over
clopidogrel regarding clinical outcomes. How-
ever, the study was not powered for ischemic
endpoints, and point estimates for MACE were
consistent with results from the PLATO trial
favoring ticagrelor over clopidogrel [5]. Fibri-
nolytics belong to a class of drugs that promotes
fibrinolysis and the consequent dissolution of
the thrombus. This effect is based on the
transformation of plasminogen into plasmin, a
potent proteolytic enzyme [19, 20]. Its effect on
platelets has been the subject of some publica-
tions. Diego et al. found a progressive increase
in platelet aggregation in the first 24 h after
fibrinolytic treatment (p = 0.001) in a study
with 41 patients with STEMI undergoing fibri-
nolytic treatment and on dual antiplatelet
therapy with ASA and clopidogrel [21].

To the best of our knowledge, our study
represents the first randomized trial to compare
the effects ticagrelor and clopidogrel on platelet
aggregability in patients with STEMI undergo-
ing fibrinolytic treatment. In our study, platelet

aggregation with ticagrelor was lower than with
clopidogrel, suggesting a possible effect in this
platelet hyperactivation induced by the fibri-
nolytics. However, this effect did not translate
into any sign of improvement in CM.

Study Limitations

Our study has limitation that merit considera-
tion. Firstly, the patients from our study were
included in the TREAT trial, which had an
open-label design. In order to minimize this
limitation, the echocardiography operator was
blinded to the randomized group, and the
echocardiography analyses were developed also
in a blinded way by a single observer. Secondly,
the time of exposure to the effect of ticagrelor
[5.1 (4–6.2) days] may have been insufficient for
the drug to have beneficial and direct effects on
CM. Third, the use of fibrinolytics could have
affected the microcirculation and influenced
the results obtained. However, it is important to
note that in the CLARITY-TIMI28 study, which
showed superiority of clopidogrel over placebo
(RRR 21%; p = 0.008), the analyses of microcir-
culation were based on the coronary angiogra-
phy done 3.5 days after the fibrinolytic, on
average [3]. Finally, we used only Multiplate
ADP in order to analyze platelet reactivity; ASPI
or TRAP tests could add information regarding
the issue, but it is important to note that we
were comparing two anti-ADP drugs (clopido-
grel and ticagrelor); this is the reason why we
choose only this path to be analyzed.

CONCLUSION

We found no improvement in coronary micro-
circulation with ticagrelor compared to clopi-
dogrel among patients with STEMI treated with
fibrinolytics, despite the fact that platelet
aggregation to ADP was lower with ticagrelor.
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