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Abstract

Background and Objective The newer adenosine diphosphate (ADP) receptor blockers ticagrelor and prasugrel are superior
to clopidogrel in the long-term management of acute coronary syndrome (ACS). We evaluated the acute performance (pre-
hospital loading) of these ADP receptor blockers in a primary percutaneous coronary intervention (PCI) for an ST-elevation
myocardial infarction (STEMI).

Methods In a retrospective, single-center registry study, data on all STEMI patients admitted for their first primary PCI
between January 2007 and April 2020 were analyzed (n = 3218). The three ADP receptor blockers were mainly used during
consecutive periods (clopidogrel 2007-2010, prasugrel 2011-2014, and ticagrelor 2014-2020), and were compared with risk
factor-adjusted multivariate logistic regression for acute 3- and 7-day mortality and culprit artery flow before and after PCI.
Results Of the 3218 total patients, 47.6% (n = 1532) were treated with ticagrelor, 22.1% (n = 711) were treated with prasu-
grel, and 30.3% (n = 975) were treated with clopidogrel. The use of ticagrelor or prasugrel as opposed to clopidogrel was
associated with better culprit artery flow before PCI (odds ratio [OR] 1.21 for moderate or good flow, 95% confidence interval
[CI] 1.03-1.42, p = 0.022), as well as lower acute mortality (OR 0.66 for 3-day mortality, 95% CI 0.46-0.95, p = 0.025; and
OR 0.71 for 7-day mortality, 95% CI 0.52-0.98, p = 0.039). The results in regard to acute mortality were highlighted among
patients with short treatment delays (disappearing with longer treatment delays; p < 0.05 for interaction).

Conclusions The newer ADP receptor blockers are associated with lower mortality and better culprit artery flow at pres-
entation when compared with clopidogrel. There are no significant differences between the two newer drugs. As the drugs
were mainly used during three consecutive periods, unmeasured confounding related to the development of cardiac care and
changes in the population may contribute to the results.
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1 Introduction

Adenosine diphosphate (ADP) receptor blockers (P2Y,
inhibitors) are used before an invasive procedure, together
with acetylsalicylic acid, to prevent acute thrombosis and
subsequent hemostasis (stent thrombosis) during a per-
cutaneous coronary intervention (PCI) and stent implan-
tation [1-4]. This dual antiplatelet therapy (DAPT) has
become the therapeutic standard before and after the
intervention in the case of an ST-elevation myocardial
infarction (STEMI). The timing and dosage depend on
the drug used and the certainty of the diagnosis [5-7]. In
STEMI, treatment is initiated as early as possible, however
in uncertain cases it may be preferable to delay the initia-
tion of P2Y inhibitor therapy while awaiting confirmation
of the diagnosis [8]. The results of the randomized and
controlled PLATO and TRITON TIMI 38 trials showed
that both ticagrelor and prasugrel are superior to clopi-
dogrel in acute coronary syndrome (ACS) in decreasing
the risk of cardiovascular death, a recurrent myocardial
infarction (MI), or stroke [9—11]. The subgroup analyses of
both PLATO and TRITON TIMI 38 showed no significant
heterogeneity in the treatment effect between patients with
different types of ACS, meaning that the results seemed
similar among STEMI patients when compared with non-
ST-elevation MI patients and patients with unstable angina
pectoris [12, 13]. After these trials, two RCTs have pro-
duced head-to-head comparisons of the use of the newer
ADP receptor blockers in ACS [14, 15]. The open-label
ISAR-REACT study came to the conclusion that prasug-
rel was associated with a lower incidence of death, MI,
and stroke; however, the study did not clearly compare the
drugs head-to-head but rather considered them as different
strategies with different antiplatelet medication [14]. In
comparison, the results of the randomized and controlled
PRAGUE study suggested that there is no evidence of
prasugrel being superior to ticagrelor or vice versa [15].

In addition, two meta-analyses were recently published
regarding ADP receptor blocker use with ACS and STEMI
patients, reporting no significant differences between the
drugs as regards either mortality or major adverse cardiac
events [16, 17]. There are no clinical trials dedicated to
comparing ticagrelor and prasugrel in STEMI patients, but
the results of a large retrospective registry with a pro-
pensity matching analysis of over 90,000 patients showed
that the use of prasugrel is associated with lower morality
when compared with the use of ticagrelor at 30 days and
1 year after a STEMI [18].

Despite the apparent efficacy of prasugrel, its use
is somewhat limited by the more stringent limita-
tions; it is contraindicated in patients with a history of
transient ischemic attack or stroke and is not generally
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recommended for the elderly (> 75 years) or individuals
with a body weight of < 60 kg [8]. Given the paucity of
available data on STEMI patients, and possibly because of
the more stringent contraindications of prasugrel, both of
these ADP receptor blockers are considered options to be
used as primary therapeutic agents in STEMI.

To address these issues, we performed a retrospective
registry study to evaluate the use of ADP receptor block-
ers and their association with culprit artery flow and acute
mortality among patients arriving to be treated by primary
PCI for STEMI.

2 Patients and Methods

This study was conducted as part of the larger retrospec-
tive MADDEC (Mass Data in Detection and Prevention of
Serious Adverse Events in Cardiovascular Disease) registry
study. The MADDEC study combines data from multiple
electronic sources on all patients treated at Tays Heart Hos-
pital, Tampere, Finland [19], which is the sole provider of
tertiary cardiac care for approximately 0.5 million inhab-
itants in the region of Pirkanmaa, Finland. In MADDEC,
conventional electronic health record (EHR) data are com-
bined with clinical cardiovascular phenotype data collected
by treating physicians into a dedicated KARDIO registry.
The register contains high-quality phenotype data for risk
prediction, with added information over generic hospital
EHRs, such as detailed information on patients’ hospitali-
zations, invasive and non-invasive procedures, as well as
outpatient visits [20-22].

The present study focuses on patients admitted to the hos-
pital to undergo primary PCI for STEMI between 1 Janu-
ary 2007 and 15 April 2020. During this period, there were
4026 hospitalizations due to STEMI. The analyses were
restricted to the first primary PCI episode of each patient
within this time frame. Patients initially treated by fibrinoly-
sis (n = 585), as well as those who did not receive any oral
ADP blocker (n = 223), were excluded. During the study
period (January 2007-April 2020), the three ADP block-
ers were routinely used in primary PCI during consecutive
periods as the emergency response protocol, and the primary
PCI network in STEMI was coordinated centrally (from the
study center). The STEMI protocol outlined that, in addition
to ADP blockers, all patients were treated with aspirin (oral
loading dose of 250 mg) and intravenous low-molecular-
weight heparin (enoksaparin) administered at the time of
the diagnosis.

2.1 Data Collection

For the analyses, the patient data were retrieved from the
KARDIO registry and merged with the hospital’s EHR
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data. KARDIO data have been collected since 2004, and
the data collection is still ongoing. All data in the KAR-
DIO registry have been entered into the system by treat-
ing physicians. The data include information about the use
of ADP receptor blockers in STEMI and the Thrombolysis
in Myocardial Infarction (TIMI) classification of coronary
artery flow before and after PCI, based on the angiography
imaging [19-22]. For the purposes of this study, missing or
incomplete information on the ADP receptor blockers used
and coronary artery flow was complemented by a review of
the patients’ EHRs (including all text records) and angiog-
raphy images.

2.2 Main Exposure and Outcome Variables

The main exposure variable was the information on the ADP
receptor blocker agents used. All ADP receptor blockers
were administered immediately after the treatment decision
on site. With the majority of patients with suspected STEMI
in our hospital district, the emergency personnel contact the
invasive cardiologist on duty to conduct an emergent tel-
econsultation for immediate decisions regarding reperfusion
therapy and initial medication.

Comparisons were made between patients treated with
the newer ADP receptor blockers ticagrelor or prasugrel
and the older agent clopidogrel. The main endpoints of the
study were acute all-cause mortality (analyzed after 3 and
7 days from the procedure) and the presence or absence of
moderate or good culprit artery flow (TIMI 2-3) before or
after the primary PCI. Mortality data were provided by the
Causes of Death Register maintained by Statistics Finland
[23, 24]. Mortality analyses were performed by using two
separate time points to confirm the association despite pos-
sible changes in ADP receptor blocker treatment during
the hospital stay. The mortality data were analyzed for all
patients, but the analyses of culprit artery flow were limited
only to patients in whom PCI was attempted. The exclusion
of patients undergoing CABG and those treated conserva-
tively from these analyses was done in order to focus the
analyses on patients with a clear culprit artery that was con-
sidered operable by PCI. This also entailed the exclusion of
patients with no other confounding factors due to a complex
coronary anatomy (patients treated by CABG), patients with
a poor overall clinical state upon arrival (palliative treatment
strategy), or those with no clearly identifiable culprit artery
at angiography (possible other diagnosis, such as a passing
cardioembolic STEMI).

2.3 Statistical Analysis
The significance of the differences between the subpopula-

tions were tested using the Kruskal-Wallis test (scale vari-
ables) and one-way analysis of variance (ANOVA; nominal

variables). Multivariate logistic regression analysis was used
to retrospectively analyze the association between the use of
the initial ADP receptor blocker and the outcome variables.
Analyses were adjusted with the following confounding fac-
tors: age, sex, presence of diabetes, history of previous MI,
stroke, or coronary artery bypass grafting (CABG). Given
the pharmacological differences between the ADP blockers
in the speed of the onset of action in platelet inhibition, we
also tested for possible treatment delay-associated interac-
tions between ADP use and the outcome variables. A p value
< 0.05 was considered statistically significant. All analyses
were performed using IBM SPSS Statistics version 25.0
(IBM Corporation, Armonk, NY, USA).

3 Results

During the study period, the mean age of patients arriving
at the catheterization laboratory for primary PCI was 67.5
years. Of the 3218 total patients, 2277 (70.6%) were male.
The population characteristics among all patients and after
stratification by ADP receptor blocker use are presented in
Table 1. The majority of patients (95.2%, n = 3070) were
treated by PCI. Conservative treatment was determined opti-
mal for 3.1% (n = 101) of patients, and coronary bypass
surgery was selected as the best option for 1.5% (n = 47).
The average mortality rate within 3 and 7 days from hospital
admission was 4.2% and 5.4%, respectively (Table 1).

The proportions of patients receiving the loading
dose of ticagrelor, prasugrel, or clopidogrel were 47.6%
(n=1532),22.1% (n ="711), and 30.3% (n = 975), respec-
tively (Table 2). Clopidogrel was the most frequently used
drug from 2007 to 2010, prasugrel from 2011 to 2014, and
ticagrelor from 2014 to 2020. There was an overlap between
prasugrel and ticagrelor in 2014 and an overlap between
prasugrel and clopidogrel between 2011 and 2013 (Fig. 1,
Table 2). The time from treatment decision to first coronary
expansion did not differ between the ADP receptor blockers.
The proportion of patients treated with fibrinolytic therapy
(and thus excluded from the study) decreased during the
study period, from 58.2% in 2007 to only 0.9% in 2013
(Fig. 1, Table 2).

3.1 Adenosine Diphosphate (ADP) Blocker Use
and Culprit Artery Flow at Presentation
and After Percutaneous Coronary Intervention

The results of the adjusted binary logistic regression analysis
suggest that loading the patient with ticagrelor or prasugrel
rather than clopidogrel was associated with an increased
likelihood of a moderate or good (grade 2-3) TIMI flow
at presentation (observed in angiography before primary
PCI; odds ratio [OR] 1.21, 95% confidence interval [CI]
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Table 1 Study population characteristics between the ADP receptor blocker groups

Variable Total population Clopidogrel Prasugrel Ticagrelor p value®
N (%) 3218 975 (30.3) 711 (22.1) 1532 (47.6)
Male 2276 (70.7) 665 (68.2) 517 (72.7) 1094 (71.4) 0.096
Age, years [mean (SD)] 67.50 (12.79) 68.91 (13.16) 65.91 (12.22) 67.35 (12.71) < 0.001
Prevalence of diabetes 563 (17.5) 181 (18.6) 92 (12.9) 290 (18.9) 0.001
Previous MI 389 (12.1) 142 (14.6) 72 (10.1) 175 (11.4) 0.012
Previous stroke 197 (6.1) 68 (7.0) 29 (4.1) 100 (6.5) 0.033
Previous PCI procedure 318 (9.9) 97 (9.9) 71 (10.0) 150 (9.8) 0.986
Previous CABG procedure 124 (3.9) 42 (4.3) 22 (3.1) 60 (3.9) 0.435
Time (min) from treatment decision to first 76 (60-100) 75 (59-103) 78 (63-101) 76 (60-99) 0.293
coronary expansion [median (IQR)]
TIMI pre-PCI®
0 1647 (53.6) 506 (56.3) 358 (53.1) 783 (52.3) 0.146
1 245 (8.0) 74 (8.2) 59 (8.8) 112 (7.5) 0.563
2 446 (14.5) 117 (13.0) 93 (13.8) 236 (15.8) 0.155
3 732 (23.8) 201 (22.4) 164 (24.3) 367 (24.5) 0.473
Mean (SD) 1.09 (1.28) 1.01 (1.26) 1.09 (1.28) 1.12 (1.28) 0.121
TIMI post-PCI°
0 117 (3.8) 37(4.1) 26 (3.9) 54 (3.6) 0.814
1 72 (2.3) 29 (3.2) 10 (1.5) 33(2.2) 0.068
2 226 (7.4) 74 (8.2) 62 (9.2) 90 (6.0) 0.015
3 2655 (86.5) 758 (84.4) 576 (85.5) 1321 (88.2) 0.022
Mean (SD) 2.77 (0.68) 2.73 (0.71) 2.76 (0.67) 2.79 (0.65) 0.122
3-day mortality 136 (4.2) 58 (5.9) 25(3.5) 53 (3.5) 0.006
7-day mortality 175 (5.4) 72 (7.4) 33 (4.6) 70 (4.6) 0.006

Data are expressed as n (%) unless otherwise specified

ADP adenosine diphosphate, MI myocardial infarction, PCI percutaneous coronary intervention, CABG coronary artery bypass grafting, TIMI
Thrombolysis in Myocardial Infarction, SD standard deviation, /QR interquartile range

“Significance of differences between the ADP receptor blocker groups

Of patients included in the TIMI analysis (excluding patients treated conservatively or by coronary artery bypass grafting)

1.03-1.42, p = 0.022) (Fig. 2). In separate analyses, ticagre-
lor (but not prasugrel) use was associated with a significantly
higher probability of a moderate or good flow compared
with clopidogrel (Fig. 2); however, the comparison between
ticagrelor and prasugrel did not reveal any statistically sig-
nificant differences between these newer ADP blockers (OR
0.95,95% CI10.79-1.15, p = 0.591).

The results for achieving moderate or good (grade 2-3)
TIMI flow after PCI showed a similar tendency towards bet-
ter results (significant differences in unadjusted analyses)
(Table 1) in favor of the newer ADP blockers, but the dif-
ferences were not statistically significant after adjusting for
other factors associating with culprit artery flow (Fig. 2).
As with the results for culprit artery flow before PCI, there
was no difference between ticagrelor and prasugrel in cul-
prit artery flow after PCI (OR 1.02, 95% CI 0.68-1.53,
p =0.919).

Formal interaction testing did not reveal any significant
interaction (p > 0.05) between treatment delay and ADP
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receptor blocker use on the TIMI flow of the culprit artery
before or after PCI.

3.2 ADP Blocker Use and Mortality

With regard to acute mortality, use of the newer ADP block-
ers was associated with a combined lower mortality when
compared with clopidogrel (OR 0.66 for 3-day mortality,
95% CI 0.46-0.95; and OR 0.71 for 7-day mortality, 95%
CI 0.52-0.98) (Fig. 3). In separate analyses, ticagrelor was
associated with significantly lower mortality at both obser-
vation points when compared with clopidogrel (Fig. 3). The
analyses for prasugrel alone showed a similar but non-sig-
nificant trend (Fig. 3). There were no statistically signifi-
cant differences between ticagrelor and prasugrel in 3-day
mortality (OR 0.87,95% CI10.51-1.37, p = 0.481) or 7-day
mortality (OR 0.82, 95% CI 0.53-1.27, p = 0.384).

The interaction analyses revealed a statistically significant
interaction between treatment delay and use of the newer
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Table2 Yearly number and percentage of patients treated with each
of the three loading drugs, as well as patients receiving fibrinolytic
therapy

Year Clopidogrel Prasugrel Ticagrelor Fibrinolysis

2007 105 (100) 0 0 187 (58.2)*
2008 172 (100) 0 0 141 (39.8)
2009 217 (100) 0 0 90 (23.5)*
2010 206 (90.4) 22 (9.6) 0 49 (13.2)
2011 67 (29.1) 162 (70.4)  1(0.4) 43 (1297
2012 71 Q7.1 191(729) 0 36 (10.5)*
2013 56 (19.7) 224(78.9)  4(1.4) 3(0.9)
2014 34(12.5) 108 (39.7) 130 (47.8)  2(0.6)
2015 20(7.9) 1(0.4) 233091.7) 0

2016  7(2.5) 0 278 (97.5)  1(0.3)
2017 8(2.5) 1(0.3) 317(972) 0

2018 834 0 227 (96.6)  1(0.3)
2019 3(1.0) 2(0.7) 283(983) 0

2020 1(1.7) 0 59 (98.3) 0

Total 975 711 1532 553

Data are expressed as n (%)
STEMI ST-elevation myocardial infarction
20f all STEMI patients

Fig.1 Use of different
preprocedural ADP receptor
blockers in patients arriving to
undergo a primary percutaneous
coronary intervention for an ST-
elevation myocardial infarction
at Tays Heart Hospital during
2007-2020. Each bar represents
patients over a 48-day period.
Red represents clopidogrel,
green represents prasugrel, and
blue represents ticagrelor. ADP 30 -
adenosine diphosphate

40 -

Count

20- A

10-

ADP receptor blockers, associating with acute mortality
(p < 0.05 for testing interaction for 3- and 7-day mortality).
For this reason, the population was divided into two sub-
groups for further analysis: patients with a delay from the
decision regarding reperfusion therapy to the first balloon
inflation of more than 76 min, and patients with a delay of
less than this median. According to the regression analyses,
in the subpopulation with shorter delays, the differences
between the drugs were very distinct, with a more than 50%
lower mortality risk associated with the use of the newer
ADP blockers (ticagrelor and prasugrel combined). Among
patients with longer delays, practically no difference was
observed between the use of newer ADP blockers versus
clopidogrel (Table 3).

4 Discussion

The observations of this retrospective register study suggest
that the use of newer ADP receptor blockers (ticagrelor or
prasugrel) in preprocedural loading is associated with lower
acute mortality, as well as better preprocedural flow in the
culprit artery, when compared with clopidogrel. After PCI,
there were no significant differences in culprit artery flow

‘IV ! (-: __W“ h"'T"F"_F*— 1 [

2007 2008 2009 2010

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
ears

A\ Adis



610

M. Hautamaki et al.

Fig.2 The probability, associ-
ated with the preprocedural use
of newer ADP receptor block-

o TIMI pre: Ticagrelor: 1.23 (1.04-1.46) S ——
ers, of achieving moderate or
good culprit artery flow before
and after percutaneous coronary Prasugrel: 1.18 (0.95-1.45) ‘ o
intervention when com- e ' ' ‘
pared with clopidogrel. ADP
adenosine dlhphosphate, T]_MI Ticagrelor or Prasugrel: 1.21 (1.03-1.42) D s
Thrombolysis in Myocardial
Infarction, OR odds ratio, CI
confidence interval TIMI post: Ticagrelor: 1.20 (0.86-1.69) &
Prasugrel: 1.27 (0.83-1.95) ®
Ticagrelor or Prasugrel: 1.23 (0.90-1.68) . ®
0.00 1.00 2.00

OR (95 % C.1.) compared to Clopidogrel

Fig.3 Odds ratios (95%
confidence interval) for 3- and
7-day mortality for ticagrelor, . .
prasugrel, and the combined < 3-day mortality: Ticagrelor: 0.64 (0.43-0.95)
population compared with
clopldogrd: OR odds ratio, CI o Prasugrel: 0.77 (0.47-1.26)
confidence interval
Xip} Ticagrelor or Prasugrel: 0.66 (0.46—0.95)
@ 7-day mortality: Ticagrelor: 0.69 (0.49-0.97)
L Prasugrel: 0.82 (0.52-1.27)
—_————me Ticagrelor or Prasugrel: 0.71 (0.52-0.98)

0.00

1.00 2.00

OR (95 % C.I.) compared to Clopidogrel

between the ADP receptor blockers. We did not observe any
significant differences between ticagrelor and prasugrel in
any outcome. Our results also suggest that the differences in
the therapeutic performance between the drugs is relative to
the treatment delay, as we observed no difference between
the use of the newer ADP blockers versus clopidogrel among
patients with longer delays.

In a previously published propensity-matched analysis of
a very large retrospective registry of over 89,000 patients
in the UK, there were no significant differences in 30-day
or 1-year mortality between ticagrelor and clopidogrel, but
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the use of prasugrel was associated with lower mortality
when compared with the use of ticagrelor and clopidogrel
in patients who underwent primary PCI for STEMI [18].
Furthermore, the results of the recent ISAR-REACT clinical
trial comparing the use of ticagrelor and prasugrel in ACS
also showed significantly better 1-year results for the use
of prasugrel when compared with ticagrelor [14]; however,
these results contradict the recent meta-analyses of more
than 50,000 patients, as well as the recent PRAGUE study,
in which there was no evidence of a significant difference
between ticagrelor and prasugrel as regards either mortality
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Table 3 Results of the logistic regression analysis among the popu-
lation, divided by the median delay from treatment decision to first
coronary expansion [OR (95% CI) for 3- and 7-day mortality com-
pared with clopidogrel]

Variable Treatment delay
Below the median of Above the median of
76 min 76 min
OR (95% CI) p value OR (95% CI) p value

3-day mortality

0.37 (0.19-0.72) 0.004
0.43 (0.17-1.10) 0.077
0.38 (0.20-0.71) 0.002

Ticagrelor 0.95 (0.48-1.88) 0.875
0.84 (0.33-2.13) 0.708

0.91 (0.47-1.76) 0.779

Prasugrel

Ticargre-
lor and
prasugrel
com-
bined

7-day mortality

0.49 (0.27-0.90) 0.021
0.45 (0.19-1.09) 0.076
0.48 (0.27-0.85) 0.011

1.03 (0.56-1.89) 0.933
1.23 (0.56-2.70) 0.601
1.07 (0.60-1.92) 0.820

Ticagrelor

Prasugrel

Ticargre-
lor and
prasugrel

com-
bined

OR odds ratio, CI confidence interval

or major cardiac adverse events [15—17]. Our results support
the findings of the latter studies, as the use of the newer ADP
blockers seems to be associated with lower acute mortality
and better culprit artery flow at presentation when compared
with clopidogrel, while there seems to be no significant dif-
ference between the newer ADP blockers in any of the tested
outcomes.

Our observation of lower acute mortality among patients
receiving newer ADP blockers is in line with the longer-term
results of randomized controlled trials [9-11, 25, 26]. How-
ever, according to our results, this association is especially
strong among patients with a relatively short treatment delay,
but is reduced to insignificant among patients with longer
delays. This suggests that the newer ADP receptor block-
ers, which have a relatively rapid onset of antiplatelet action
[27-29], are associated with lower mortality when invasive
treatment is available at an early stage. Supporting this, the
efficacy of primary PCI treatment in STEMI is better when
treatment delays are shorter [30]. Although we cannot rule
out the possibility of type I error regarding this finding, it is
plausible that when treatment delays grow longer, the rela-
tive efficacy of the newer ADP blockers also decreases along
with the overall efficacy of the treatment.

Despite the clear association between ADP receptor
blocker use and acute mortality, we did not observe sig-
nificant differences between any of the drugs in procedural
success, defined by TIMI 2-3 culprit artery flow after PCI.

A clear tendency towards better results in favor of the newer
ADP blockers was observed, but after adjusting for potential
confounding factors, the association became non-significant.
However, this analysis was only conducted among patients
with attempted PCI, and it is plausible that the early mortal-
ity associated with the use of clopidogrel can cause selec-
tion bias in the analyses. Corresponding with the findings of
lower early mortality, we also observed that patients treated
with the newer ADP receptor blockers had better culprit
artery flow at presentation.

Interestingly, we did not observe any significant differ-
ence between the use of ticagrelor and prasugrel regarding
any of the endpoints. While ticagrelor was associated with
significantly lower mortality when compared with clopi-
dogrel, the analyses between prasugrel and clopidogrel
showed a similar, but statistically non-significant, associa-
tion in favor of prasugrel. The reason for the statistically
non-significant finding of a similar association is most likely
a sample size issue in the analyses, caused by the lower num-
ber of patients treated with prasugrel (n = 711) than with
ticagrelor (n = 1532). Overall, our observations suggest that
both of these ADP receptor blockers can probably be used
in acute care with similar results. Furthermore, given the
fact that ticagrelor is not contraindicated in patients with a
prior stroke or transient ischemic attack [3], our results sup-
port the use of ticagrelor as an acute-phase loading drug in
patients with STEMI, as there is no direct indication of pras-
ugrel outperforming ticagrelor in regard to acute mortality.

There are multiple confounding factors in our study
that could not be considered in our analysis. First of all,
the frequency of patients treated with fibrinolytic therapy
decreased drastically during the study. The majority of
patients who underwent fibrinolytic therapy were treated
during the period when clopidogrel was the go-to ADP
receptor blocker, which could cause selection bias. However,
the reason for choosing fibrinolytic therapy was, in most
instances, not medical but rather logistic, as the STEMI net-
work was introduced gradually in different parts of the hos-
pital district. Similarly, as this study was not a randomized
controlled trial, we cannot exclude the possibility of con-
founding by selection bias during the periods when the use
of different ADP receptor blockers overlapped. However, the
choice of loading drug, even during those times, was largely
based on the availability of the drugs in ambulances in dif-
ferent areas of the STEMI network during the transition. For
this reason, no formal propensity matching was performed
(electronic supplementary Figs. 1 and 2)

Additionally, as the present results are based on single-
center experience, the size of the population in our study is
limited. It is possible that, with a larger sample size, some
trends found in the study could have proven to be statisti-
cally significant, such as when comparing the probability of
a successful procedure between the groups. However, in a
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single center, it is easier to compare results for one variable,
as other factors can be more easily controlled for and there
are no center-related differences in cardiac care.

Finally, as we did not have full data on the patients’ dis-
charge medication or follow-up data on the use of prescribed
medication after discharge, we were unable to provide reli-
able estimates of the association between ADP blocker use
and long-term mortality among STEMI patients. However,
in exploratory analyses, the association between lower long-
term mortality and the use of newer ADP blockers was
similar to the results regarding acute mortality (electronic
supplementary Table 1). Due to the lack of follow-up data
on the use of these medications, we elected to primarily
report the results for acute mortality. The short-term treat-
ment result associated with the use of different ADP block-
ers is the most reliable endpoint because little else affecting
acute mortality has changed in acute care between 2007 and
2020, while patients in this study population were treated.
For example, although the use of bare metal stents has been
mostly replaced by the use of drug-eluting stents, this change
has had a minimal to no effect on short-term mortality.

5 Conclusions

In STEMI patients with short treatment delays, prehospital
loading with ticagrelor or prasugrel is associated with lower
acute mortality when compared with clopidogrel. Treating
a patient with one of the newer ADP receptor blockers also
associates with an increased probability of moderate or good
blood flow in the culprit artery even before the PCI proce-
dure. There is no significant difference between ticagrelor
and prasugrel in any of the outcomes.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40261-021-01045-2.
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