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Abstract

Purpose of Review In the review, we briefly describe antithrombotic drugs and the use evidence from evidence-based medicine to
elucidate the optimal antithrombotic management for patients with ST-segment elevation myocardial infarction (STEMI) under-
going percutaneous coronary stenting (PCI) at high risk of bleeding.

Recent Findings Mandatory use of intravenous anticoagulants and dual antiplatelet agents is the cornerstone strategy in acute and
long-term antithrombotic management to optimize the clinical benefit of patients with STEMI undergoing PCI. Nevertheless,
with the increasing occurrence of STEMI in old population with high risk of bleeding and renal insufficiency, as well as the
specificity of high bleeding risk groups, the optimization of antithrombotic therapy still remains uncertain.

Summary Bivalirudin is the optimized intravenous anticoagulant agent for these patients based on the guideline recommenda-
tions and clinic data. Timely and potent ticagrelor and prasugrel with aspirin usage can increase the clinical benefit for the patients
without increasing the clinical bleeding risk. At present, the multi-center, prospective clinical studies of EVOLVE short DAPT,
MASTER DAPT, and POEM trials, targeting patients with high risk of bleeding, are in experimental stage. These clinical trials
will provide more objective and optimal antithrombotic management strategy for the patients.

Keywords Antithrombotic therapy - Acute ST-segment elevation myocardial infarction (STEMI) - Percutaneous coronary

intervention (PCI) - High risk of bleeding - Bivalirudin

Introduction

Global evidence-based guidelines have confirmed that acute
ST-segment elevation myocardial infarction (STEMI), a major
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cause of morbidity, mortality, and disability, is an important
public health problem worldwide [1, 2+, 3]. In recent years,
STEMI comprises 25-40% of myocardial infarction (MI) pre-
sentations and the overall incidence of STEMI is decreasing.
With the development of reperfusion therapy, percutaneous cor-
onary stenting (PCI), antithrombotic therapy, and secondary
prevention strategies, STEMI mortality and disability rates have
decreased and patients with cardiovascular disease benefited
significantly. However, both in-hospital and 1-year mortality
from STEMI persisted at relatively high levels. Data from the
ACCF/AHA guideline for STEMI published in 2013 indicated
that in-hospital and 1-year mortality of STEMI patients were 5—
6% and 7-18%, respectively [1]. Furthermore, the ESC guide-
lines for STEMI published in 2017 showed that in-hospital and
1-year mortality of STEMI patients were 4-12% and ~ 10%,
respectively [2¢].

The preferred treatment for STEMI is timely PCI vascular
reperfusion to achieve early infarct revascularization. The key
factors for STEMI are the calcification, rupture, or erosion of
atherosclerotic plaque following by coronary artery thrombosis
and occlusion [4-6]. The main pathological basis involved is the
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cellular platelet effect and plasma coagulation process. Therefore,
antithrombotic therapy, including antiplatelet therapy and antico-
agulant therapy, is the corerstone strategy to optimize clinical
outcomes in patients with STEMI undergoing PCI. However,
with increased incidence of STEMI in patients at high risk of
bleeding in old age people with severe complications, as well
as the specificity of high-bleeding risk groups, antithrombotic
drugs are often forbidden or only used with caution in clinical
setting [7, 8]. This undoubtedly poses a tough challenge to rou-
tine and effective antithrombotic therapy. Therefore, how to
choose antiplatelet and anticoagulant agents to optimize the clin-
ical outcomes in patients at high risk of bleeding is still a chal-
lenge. The review aims to briefly describe antithrombotic drugs
and the use evidence from evidence-based medicine to elucidate
the optimal antithrombotic management.

Methodology

We conducted a narrative review of the literature using the
PubMed database to search for randomized controlled clinical
trial or meta-analysis or review published in English. Our
search keywords included “antithrombotic therapy,” “acute
ST-segment elevation myocardial infarction,” “percutaneous
coronary intervention,” “high risk of bleeding,” “high bleed-
ing risk,” “bivalirudin,” antiplatelet therapy,” “optimal anti-
thrombotic therapy.” For all manuscript captured by our
search, we also reviewed all of the references in each in order
to search for other relevant studies to include in our references.

Theoretical Basis for Antithrombotic Therapy in STEMI

Injury to the arterial vessel wall exposes the subendothelial
layer and leads to recruitment and activation of platelets, as
well as excessive generation of thrombin. Following adhesion,
platelets release many activating factors, mainly thromboxane
A 2, ADP, and thrombin, which activate platelet signaling
pathways leading to adhesion and further recruitment of plate-
lets, and activation of circulating platelets. The final step of the
signal pathways is the conversion of the platelet glycoprotein
IIb/IIIa receptor into its active form, which binds to soluble
adhesive substrates, including fibrinogen and von Willebrand
factor, and leads to platelet aggregation and formation of an
occlusive thrombus mediated by platelet-fibrin interaction [9,
10]. Vascular injury also exposes subendothelial tissue factor,
which activates the coagulation cascade, leading to thrombin
generation. Thrombin can convert fibrinogen to activated type
fibrin, an essential component of arterial thrombus. Thrombin
is also one of the most potent platelet activators by binding to
protease-activated receptors (PARs) on the platelet membrane.
Notably, even though a modest amount of thrombin is pro-
duced as a result of the coagulation cascade, the surface of
activated platelets is the main source of circulating thrombin
[11, 12].
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Currently, the target of cellular mediators, receptors, and
action sites for platelets and coagulation pathways, many an-
tiplatelet and anticoagulants drugs are gradually applied to the
antithrombotic management of STEMI patients.

Definition of Patient with STEMI at High Risk
of Bleeding

Patients with STEMI at high risk of bleeding are severely
challenged in implementing antithrombotic management
strategies, which require medical workers to evaluate the risk
of embolism and bleeding more accurately. Currently, al-
though there is no standard for the clinical definition of patient
with high bleeding risk, based on the CRUSADE score,
PRECISE DAPT score, and DAPT Risk score as well as the
LEADERS FREE trial, patients with STEMI at high risk of
bleeding are defined to meet at least one of the following
criteria (Table 1) [13, 14¢¢]. Age and renal insufficiency are
the main references in evidence-based clinical trials.

Optimized Management Strategy
of Antithrombotic Drug

Intravenous Anticoagulant Therapy

The acute phase of STEMI is characterized by a complex
pathophysiological process with blood hypercoagulability
and high-risk thrombosis, which, along with the delay due to
hospital admission process or first medical contract with cor-
onary angiography, underscores the need for fast-acting, intra-
venous antithrombotic therapies providing effective blockade
of thrombin-mediated effects and platelet signaling pathways.
Currently, the commonly used intravenous anticoagulants are
thrombin and factor Xa inhibitors, which include
unfractionated heparin (UFH), low-molecular-weight heparin
(LMWHs), bivalirudin, and fondaparinux. Because of the
high rate of catheter thrombosis recorded in the OASIS

Table 1  Inclusion criteria of patients with high bleeding risk

Age >75 years old

Renal insufficiency (eGFR < 60 ml/min or cCr < 60 ml/min)

Baseline Hb <11 g/dl (or anemia requiring TF during the prior 4 weeks)
Thrombocytopenia (< 100,000/mm?)

Hospital admission for bleeding during the prior 12 months

Planned major surgery (within 1 year)

Non-skin cancer diagnosed or treated <3 years

Planned daily NSAID (other than aspirin) or steroids for >30 days after
PCI

Expected non-compliance to prolonged DAPT for other medical
(nonfinancial) reasons

NSAID, non-steroidal anti-inflammatory drug; 7F, blood transfusion
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clinical trial published in 2006, fondaparinux has been less
favorable in the latest guidelines.

LMWHs are derived from UFH by chemical or enzymatic
depolymerization and are about one-third of the molecular
weight of UFH. LMWHSs have longer plasma half-life, and
lower incidence of HIT when compared with UFH. The major
limitation of LMWHs is that their usage is generally restricted
in patients with renal dysfunction (Cr <30 mL/min), due to
increased risk of bleeding [15, 16]. In recent years, the use of
intravenous anticoagulant has been defined in multi-
guidelines for patients with STEMI undergoing PCI. For pa-
tients with STEMI undergoing PCI, both the 2013 ACC/AHA
and 2018 ESC guidelines on myocardial revascularization
[17] give class I recommendation for UFH (level of evidence
C). Bivalirudin is listed as class I recommendation in the 2013
ACC/AHA guidelines (level of evidence B) and class IIb rec-
ommendation in 2018 ESC guidelines (level of evidence A).
However, there is still no guideline regarding optimized anti-
coagulant strategy for PCI process in patients at high risk of
bleeding. Franchi F et al. [18] believe that bivalirudin is a
more optimal anticoagulant than heparin. However, the opti-
mal clinical benefit of anticoagulant management for patients
at high risk of bleeding has always been controversial.

In 2016, a meta-analysis [19] on patients (n = 17,294) with
STEMI undergoing PPCI demonstrated that bivalirudin re-
duced the risk of major bleeding (OR 0.65, P=0.006), de-
creased all-cause mortality (OR 0.81, P=0.03), and cardiac
death (OR 0.69, P=0.001), when compared with heparin.
Meanwhile, intravenous infusion of bivalirudin for 3 h
(1.75 mg/kg/h) still reduced the risk of bleeding (OR 0.28,
P=0.001) and did not increase the risk of acute stent throm-
bosis (OR 0.81, P=0.71). The MATRIX-STEMI trial pub-
lished in 2016 [20+] indicated that there were no significant
differences in the risk of major adverse cardiovascular events
(MACE?S) and net adverse clinical events (NACEs) by using
bivalirudin alone compared with heparin, although patients
treated with bivalirudin had a modestly higher incidence of
definite 30-day stent thrombosis, the rate of acute (<24 h)
stent thrombosis was similar between treatment groups.
However, a subgroup analysis of patients at high risk of bleed-
ing (eGFR< 60 ml/min) suggested that bivalirudin reduced the
risk of composite primary endpoint event (major adverse car-
diovascular events and net adverse clinical events) (OR 0.50,
P=0.004). In the ACUITY [21] trial published in 2009 in-
volving 2441 patients with STEMI, bivalirudin alone can re-
duce the risk of non-CABG-related major bleeding compared
with unfractionated heparin combined with glycoprotein IIb/
IIIa inhibitors in individuals at high risk of bleeding (age >
75 years) (6.1% vs 12.3%). Recent trials of SWEDEHEART
[22] and HEAT PPCI [23] have shown that there was no
significant difference between bivalirudin and heparin based
on subgroup analysis of major adverse cardiovascular events
and/or composite endpoint of major bleeding events. In

summary, although all evidence-based data are from subgroup
analysis of large-scale clinical trials, or the study population is
not limited to patients with STEMI, the evidence suggests that
bivalirudin should be considered in patients with STEMI who
are at high risk of bleeding and undergoing PPCI, and thus a
more optimal anticoagulation regimen in these patients’
cohorts.

Intravenous Antiplatelet Therapy

The main mechanism of glycoprotein IIb/Illa inhibitors
(GPIs) is to target the final pathway of platelet aggregation,
competing with von Willebrand factor and fibrinogen for gly-
coprotein IIb/Ila receptor binding and provide fast and potent
antiplatelet effects [24]. Currently, the widely used GPlIs intra-
venous antiplatelet agents include abciximab, eptifibatid,
tirofiban, and the P2Y 12 receptor inhibitor cangrelor. In
2005, a clinical trial including 11 studies on patients with
STEMI (n=27,115) showed that abciximab-assisted anti-
thrombotic management can reduce 30-day and long-term
mortality in patients treated with direct angioplasty [25].
However, abciximab increased major bleeding risk in patients
treated with thrombolysis. According to a large number of
evidence-based data, a series of small-scale trials have indeed
confirmed the safety and effectiveness of facilitated PCI ther-
apeutic strategies by using GPIs alone or in combination with
low-dose thrombolytic drug [26]. However, not all experi-
mental studies confirm the effectiveness of GPIs.

In the FINESSE [27] trial conducted by ELLIS et al. pub-
lished in 2008, facilitated PCI strategies with the abciximab
monotherapy, or in combination with low-dose thrombolytic
drug in patients with STEMI was evaluated. The experimental
data indicated that the drop rate of ECG ST-T segment within
60-90 min was higher in combination-facilitated PCI (43.9%)
and abciximab-facilitated PCI (33.1%), in comparison with
primary PCI (31.0%) (P=0.01, P =0.003). There was no sig-
nificant difference among the three groups in the primary end-
point events (all-cause death, ventricular fibrillation within
48 h, cardiogenic shock, and 90-day composite event of con-
gestive heart failure) or mortality within 90 days. The primary
endpoint events occurred in 9.8%, 10.5%, and 10.7% of the
patients in the combination-facilitated PCI group, abciximab-
facilitated PCI group, and primary-PCI group, respectively
(P =0.55); 90-day mortality were 5.2%, 5.5%, and 4.5%, re-
spectively (P =0.49). Compared with abciximab in primary
PCI, facilitated PCI group improved the clinical benefit of the
patient either using abciximab monotherapy or in combina-
tion. Although results from evidence-based medicine have
confirmed the effectiveness of abciximab in the application
of PPCI, the risk of major bleeding event is still a limitation
of current applications. In the HORIZON-AMI trial [28],
compared with heparin in combination with GPIs, bivalirudin
reduced the risk of bleeding within 30 days, thereby reducing
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net clinical adverse events. More importantly, bivalirudin can,
to some extent, reduce the bleeding complications, which in
turn can significantly reduce the patients’ mortality after 1 and
3 years [29, 30]. Evidence from evidence-based medicine has
also confirmed that clinical benefit of GPIs can be obtained in
patients with STEMI undergoing PCI. However, the clinical
benefit of GPIs is mainly in the era of balloon angioplasty,
namely before extensive use of dual antiplatelet therapy, novel
stent technology, radioactive arterial intervention, and antico-
agulant. In addition, the clinical benefit of GPIs therapy is at
the cost of an increased bleeding risk and thrombopenia.
Therefore, as the safety and effectiveness of alternative treat-
ments are evolving, the role of GPIs has been reduced and it is
regarded as selective rather than routine use, not to mention in
clinical application of patients at high bleeding risk.

Oral Antiplatelet Therapy

In addition to intravenous antithrombotic drugs, oral anti-
thrombotic drugs after stent implantation should be empha-
sized, which will undoubtedly produce a significant clinical
benefit for long-term prognosis. Oral antithrombotic therapy
is the cornerstone of the acute and long-term treatment of
patients with STEMI. Currently, the widely used agents avail-
able for clinical use include aspirin, clopidogrel, prasugrel,
and ticagrelor. Aspirin irreversibly inhibits COX1 and thereby
blocks the production of thromboxane A 2, a vasoconstrictor
and highly potent stimulant of platelet activation, leading to
antiplatelet aggregation [31, 32]. Aspirin is the established
first-line therapy in patients with STEMI, which specifically
targets COX1 to exert its antiplatelet effect. However, mono-
therapy with aspirin still exposes patients to residual throm-
botic risk in both acute and long-term phases. Therefore, the
current guidelines emphasize dual antiplatelet therapy
(DAPT), especially the widely use of P2Y 12 inhibitors in oral
antithrombotic management. Results from evidence-based
medicine as confirmed that P2Y 12 inhibitors combined with
synergistic antiplatelet effect of aspirin can maximize the ben-
efits of patients with STEMI, and it is the key to early and
long-term drug treatment for patients with STEMI. Of note,
owing to the recommendation of guideline [17] and DAPT-
STEMI trial [33], short-term DAPT to 6 months was effective
and beneficial to STEMI with high-bleeding risk population;
therefore, in the review, it does not systematically discussed
the choice of duration of DAPT use, but the optimal choice of
oral antiplatelet therapy below.

Currently, the second-generation thienopyridine
clopidogrel is the most widely used P2Y12 inhibitor. With
the advent of large-scale clinical trials including CLARITY
[34] and COMMIT [35], the combination use of clopidogrel
and aspirin as standard treatment regimen has been the class I
recommendation in the guidelines. However, studies have
shown that in about 30—40% of the patients, especially those
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at high risk of bleeding, have platelet hyper-responsiveness
during the course of clopidogrel treatment, which in turn leads
to an increased risk of cardiovascular events [36, 37].
Therefore, how to optimize the use of oral antiplatelet agents
to benefit patients with STEMI undergoing PPCI at high risk
of bleeding is a problem we have faced in recent years.

Prasugrel is a third-generation thienopyridine. In the
TRITON-TIMI 38 trial [38], patients (n=13,608) with
moderate-to-high-risk ACS scheduled for PCI were ran-
domly assigned to receive either prasugrel or clopidogrel,
in addition to aspirin. Prasugrel significantly reduced the
primary efficacy endpoint (a composite of cardiovascular
death, nonfatal MI, or nonfatal stroke) by 19% compared
with clopidogrel over a median follow-up of 14.5 months,
mainly driven by a reduction in nonfatal MI. Prasugrel also
led to a significant 52% (HR, 0.52, P <0.001) reduction in
the rate of stent thrombosis, and a 34% (HR, 0.66,
P <0.001) decrease in the need for urgent target-vessel
revascularization. Although this effect was hampered by
significantly increased rates of major bleeding, the net clin-
ical benefit was still in favor of prasugrel-treated patients.
Prasugrel showed superior efficacy in major prespecified
subgroups (age >75 years and c¢Cr < 60 ml/min), without
significant interactions between the characteristics of the
patients and the treatment group. Besides, subgroup anal-
ysis of TRITON-TIMI 38 confirmed that prasugrel com-
bined with aspirin was effective in reducing the risk of
major endpoint events in STEMI patients undergoing PCI
compared with clopidogrel combined with aspirin (6.5% vs
9.5%, HR 0.68, P=0.002), and the key secondary end-
point of cardiovascular death, myocardial infarction, or
urgent target vessel revascularization was also significantly
reduced with prasugrel at 30 days (HR 0.75, P=0.02) and
15 months (HR 0.79, P=0.02) [39e, 40].

Ticagrelor is also a third-generation thienopyridine. The
PLATO trial [41¢] published in 2009 for ticagrelor showed
that ticagrelor can consistently reduce the primary end-
point event (myocardial infarction, stroke, or cardiovascu-
lar death) at 1-year time point in patients with STEMI
undergoing PPCI, as compared with clopidogrel (10.8%
vs 9.4%; HR 0.87, P=0.07). Ticagrelor reduced several
secondary endpoints, including myocardial infarction
alone (HR 0.80, P=0.03), total mortality (HR 0.82, P=
0.05), and definite stent thrombosis (HR 0.66, P=0.03)
without increasing the risk of bleeding (HR 0.98, P=
0.76). In a post-hoc subgroup analysis [42¢¢] of patients
(n=4949) with STEMI treated with PPCI within 12 h of
admission, during a median of 286 days, major bleeding
occurred in 6.7% in ticagrelor-treated patients versus 6.8%
of clopidogrel-treated patients (HR 0.97, 95% CI 0.77 to
1.22, P=0.79). The primary endpoint occurred in 7.9% of
ticagrelor-treated patients versus 8.6% of clopidogrel-
treated patients (HR 0.91, 95% CI 0.75 to 1.12, P=0.38).
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Treatment with ticagrelor versus clopidogrel reduced the
occurrence of definite stent thrombosis (HR 0.58, 95% CI
0.37 to 0.89, P=0.013). This evidence-based medicine
confirmed that ticagrelor and prasugrel are more optimized
long-term anticoagulant strategies. 2018 ESC STEMI
guideline also recommends ticagrelor and prasugrel as a
choice of postoperative medication for STEMI patients at
high bleeding risk for PPCI.

Limitations

We acknowledge the following limitations to the review.
First, we only searched for published studies and therefore
the possibility of publication bias cannot be excluded.
Second, we recognize that some relevant studies may have
been missed as a result of our search criteria. Third, clinical
trials so far often limit the inclusion of special populations,
such as patient at high risk of bleeding, and the available
data mentioned in the review come from subgroup analyses
of clinical trials.

l

Loading dosage—DAPT
Aspirin + P2Y),,-receptor inhibitor

I

|

Long-term management— DAPT=
Aspirin + Ticagrelor or prasugrel

Fig. 1 Proposed algorithm for optimal antithrombotic therapy in patients
with STEMI at high risk of bleeding undergoing PCI. Patients with
STEMI at high risk of bleeding undergoing PCI are indicated by an
asterisk sign. Inclusion criteria defined previously [13, 14] are indicated
by a dollar sign. Continue DAPT to 6 months for patients at high risk of
bleeding in accordance with guideline is indicated by a number sign.
STEMI, ST-segment elevation myocardial infarction; PCI, primary
percutaneous coronary; DAPT, dual antiplatelet therapy

Future Clinical Practice Guidelines

The clinical benefits of antithrombotic management for pa-
tients with STEMI and the choice of the optimal regimen
remain uncertain in patients at high risk of bleeding, who need
more careful evaluation and attention to anticoagulant man-
agement. To date, the highly anticipated multi-center, prospec-
tive clinical studies of EVOLVE short DAPT, MASTER
DAPT, and POEM, targeting patients with high bleeding risk,
are in the experimental stage.

Conclusion

Antithrombotic management plays a key role in both acute
and long-term treatment of patients with STEMI. How to
choose anticoagulant agents and antiplatelet agents to achieve
individualized optimization in antithrombotic management is
a top priority. Data from evidence-based medicine has con-
firmed that the use of intravenous anticoagulant agents in pa-
tients with STEMI during the implementation of PPCI is man-
datory. For patients with STEMI undergoing PCI at high risk
of bleeding, we believe that bivalirudin is the optimized intra-
venous anticoagulant agent based on the guideline recommen-
dations and the subgroup analysis of the previous clinical data
to improve prognosis or prevent stent re-thrombosis, oral dual
antiplatelet agents are still the standard care of long-term an-
tithrombotic therapy management. Currently, P2Y12 inhibi-
tors mainly include clopidogrel, prasugrel, and ticagrelor. The
effective combination application of ticagrelor or clopidogrel
with aspirin, according to 2018 ESC STEMI guideline, can
increase clinical benefit without increasing the risk of clinical
bleeding. However, most of the clinical trials so far often limit
the inclusion of special populations, such as patient at high
risk of bleeding, and almost all clinical research data are from
European and American. Therefore, we suggest large-scale,
prospective, and randomized clinical trials to more objectively
verify the optimal antithrombotic management strategies for
people at high risk of bleeding (Fig. 1).
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