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ABSTRACT

Antithrombotic therapy is of the greatest importance in the management of cardiovascular
diseases (CVD), particularly in the prevention and treatment of thrombotic events such as
myocardial infarction (MI), stroke, and venous thromboembolism (VTE). The past two
decades have seen remarkable advances in antithrombotic therapy, which have resulted in
the identification of new agents that are more effective and safer than traditional
treatments. This review seeks to compare the efficacy, safety, and clinical outcomes of
newer antiplatelet and anticoagulant drugs with those of traditional therapies. Specifically,
it discusses the newer P2Y12 inhibitors prasugrel and ticagrelor, as well as direct oral
anticoagulants (DOACS) dabigatran, rivaroxaban, apixaban, and edoxaban. Results from
large-scale randomized controlled trials (RCTSs) show that the newer agents offer improved
clinical outcomes in the prevention of major adverse cardiovascular events (MACE) such
as MlI, stroke, and mortality compared to older drugs such as clopidogrel and warfarin.
However, it must be noted that the newer agents also pose a greater risk of bleeding,
particularly in high-risk patients, which remains a significant consideration in the decision
to treat. Furthermore, personalized medicine, including pharmacogenetic testing, is now
becoming an important tool for the optimization of antithrombotic therapy by enabling the
selection of the most suitable drug for individual patients based on their genetic profile.
This review discusses both the benefits and limitations of the newer therapies, highlighting
the importance of careful patient selection, regular monitoring, and the incorporation of
personalized medicine into clinical practice to maximize therapeutic benefits. Further
research is necessary to assess the long-term safety, cost-effectiveness, and clinical
benefits of these therapies, particularly in heterogeneous patient populations.

INTRODUCTION

a major adverse effect of all antithrombotic drugs [3].

Cardiovascular disease (CVD) remains responsible for
most morbidity and mortality worldwide, with an
estimated 17.9 million deaths each year [1]. Most of
these deaths are caused by thrombotic events such as
myocardial infarction, ischemic stroke, and venous
thromboembolism, all of which are triggered by
deranged blood clot formation in the vasculature [2].
Antithrombotic therapy, including antiplatelet and
anticoagulant drugs, is the mainstay of primary and
secondary prevention of such events. Over the past
several decades, increased insight into the molecular and
cellular processes that govern thrombosis has led to the
creation of new pharmacologic agents that aim to
maximize clinical benefit with reduced risk of bleeding,
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Traditional drugs like aspirin, clopidogrel, and vitamin
K antagonists like warfarin have been the cornerstone of
treatment for many thrombotic disorders for years [4].
Nonetheless, these drugs come with some drawbacks,
such as slow onset of action, variability between
individuals, drug-drug interactions, and the necessity of
repeated monitoring in case of warfarin. These issues
have created the need for newer antiplatelet drugs like
prasugrel and ticagrelor, which have more rapid and
reliable platelet inhibition, and direct oral anticoagulants
like rivaroxaban, apixaban, dabigatran, and edoxaban,
which have fixed dosing, less interaction, and reliable
pharmacokinetics with no requirement for regular
coagulation monitoring [5].
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In addition, advanced research is still investigating
further pathways and targets in thrombogenesis. New
agents like factor XI and XIlI inhibitors are under
investigation for preventing thrombosis with less
bleeding risk, based on their activity on the intrinsic
pathway of the coagulation cascade, which is less
important to hemostasis [6]. Some other experimental
approaches involve novel platelet receptor inhibitors,
RNA-targeted drugs, and monoclonal antibodies, each
with the objective of further defining the balance
between efficacy and safety in antithrombotic therapy
[7].

The integration of personalized medicine and
pharmacogenomics with antithrombotic treatment is
another paradigm shift toward therapy tailored to an
individual's condition. Genetic susceptibility testing for
clopidogrel resistance or sensitivity to warfarin is
currently affecting prescribing choices in certain groups
of patients, and further improvement is likely to extend
this one-size-fits-all care concept [8]. Antithrombotic
therapy, comprising anticoagulants and antiplatelet
agents, plays the dual role of preventing and managing
thrombotic complications. Antiplatelet agents mainly
block platelet aggregation, which is pivotal in arterial
thrombosis, whereas anticoagulants inhibit components
of the coagulation cascade, thus preventing fibrin clot
formation—more applicable in venous
thromboembolism. In the past, therapeutic approaches
depended greatly on a limited number of drugs, but
bleeding complications, pharmacokinetic heterogeneity,
and drug interactions posed great limitations, frequently
making clinical decision-making difficult. Therefore, the
necessity for more targeted, safe, and effective
treatments became more apparent [9].

The last two decades have witnessed a paradigm shift in
antithrombotic  therapy, triggered by enhanced
understanding of hemostasis and thrombogenesis at the
molecular level. Advances in drug design have evolved
with the introduction of newer antithrombotic agents that
have more predictable actions, less side effects, and
improved outcomes in certain cardiovascular conditions
[10]. In this review, every aspect of the new
antithrombotic arsenal will be examined in depth,
including the mechanisms, clinical experience, and
implications of these novel therapeutic agents [2].

Limitations of Traditional Therapies

Traditional antithrombotic drugs like aspirin and
clopidogrel for antiplatelet treatment and warfarin for
anticoagulation have been instrumental in mitigating
cardiovascular mortality and morbidity. Unfortunately,
these drugs are fraught with a myriad of limitations
which undermine their safety and efficacy. Aspirin,
despite being a commonly used drug because of its cost-
effectiveness and availability, causes gastrointestinal
irritation and heightened risk of bleeding, especially
when combined with other anticoagulants or in the
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elderly population [5]. Moreover, aspirin's irreversible
inhibition of cyclooxygenase-1 (COX-1) results in
prolonged platelet inhibition, making it difficult to
manage in situations where there is an urgent need for
surgery or invasive procedures [11].

Clopidogrel, a P2Y12 receptor blocker, has been the
mainstay of dual antiplatelet therapy (DAPT) in acute
coronary syndrome and in percutaneous coronary
intervention. Yet, its effectiveness is undermined by its
being a prodrug that needs hepatic activation by the
CYP2C19 enzyme. Polymorphisms of this enzyme can
lead to diminished or unpredictable therapeutic effects,
placing patients at greater risk for recurrent thrombotic
events. Up to 30% of patients in certain populations
develop some level of resistance to clopidogrel, and in
these cases, alternative treatment or genetic testing
becomes necessary—a policy not yet routinely followed
in the clinic [12].

Warfarin, being a vitamin K antagonist, brings yet
another batch of concerns. It involves having a slim
margin between what's therapeutic and toxic, whereby
effective response closely rests on sustained control of
international normalized ratio (INR) at a given level.
Acquisition and sustaining that is hampered by intake of
food-derived vitamin K, interaction among drugs, as
well as intra-individual patient differences, all
necessitating a lot of surveillance and regimen changing
[13]. In addition, warfarin's delayed onset and offset of
action, as well as its teratogenicity and the risk of life-
threatening bleeding, restrict its utility in a number of
contemporary clinical situations. These constraints have
driven the evolution and use of newer drugs with more
acceptable profiles.

Emergence of New Antithrombotic Agents

With limitations of the older antithrombotics, over the
last two decades, various novel drugs have been
introduced with enhanced safety, efficacy, and
convenience. Development of newer P2Y12 antagonists
like prasugrel and ticagrelor was a major step forward in
antiplatelet therapy. Prasugrel, as opposed to
clopidogrel, is metabolized more effectively to its active
metabolite, which causes more intense and uniform
platelet inhibition. Ticagrelor, an orally active non-
thienopyridine reversible P2Y12 receptor antagonist, has
shown greater than that of clopidogrel efficacy in
preventing cardiovascular death, myocardial infarction,
and stroke in patients with acute coronary syndrome, as
indicated by the PLATO trial [14].

Concurrent with the development in antiplatelet therapy
has been the introduction of direct oral anticoagulants
(DOACs), which have changed the practice of
anticoagulation. DOACs—dabigatran (a direct thrombin
inhibitor), and the factor Xa inhibitors rivaroxaban,
apixaban, and edoxaban—offer a number of benefits
over warfarin. They have rapid onset of action, fixed
dosing, fewer drug and food interactions, and do not
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need regular INR monitoring. These characteristics
promote patient compliance and make long-term
management easier, especially in non-valvular atrial
fibrillation and venous thromboembolism [15].

Large comparative studies have confirmed the safety and
effectiveness of DOACs across patient populations. For
instance, the RE-LY, ROCKET-AF, and ARISTOTLE
trials collectively showed dabigatran, rivaroxaban, and
apixaban non-inferiority or superiority over warfarin in
patients with atrial fibrillation for preventing stroke at a
reduced risk of intracranial bleeding. These results have
resulted in general guideline support for the use of
DOACs over first-line therapy in appropriate patients.
Nonetheless, factors like renal function, cost, and lack of
reversal agents for certain DOACs still dictate
individualized therapeutic choices [16].

Novel Therapeutic Pathways and Future Directions

The search for even more effective and safer
antithrombotic drugs has prompted the investigation of
new targets along the coagulation cascade. The
coagulation pathway components, factors XI and XiIl,
have come under consideration because they contribute
to thrombosis yet are not crucial for normal hemostasis.
Factor Xl inhibitors like asundexian and abelacimab
have indicated favorable outcomes in the reduction of
postoperative  venous thromboembolism with a
potentially favorable decreased bleeding risk profile, as
evidenced in phase Il trials [17]. Such agents are a
promising transition towards "hemostasis-sparing"
anticoagulation.

Besides coagulation factors, novel antiplatelet
approaches are also under investigation. Platelet
collagen receptor antagonists (e.g., GPVI) and thrombin
receptor antagonists (PAR-1 antagonists) are designed to
modulate platelet activation more selectively, with the
potential to decrease thrombosis without impairing
normal clotting function [18]. Vorapaxar, a PAR-1
antagonist, has already been licensed for secondary
prevention in patients with a history of myocardial
infarction or peripheral artery disease, although bleeding
hazards restrict its general use. Continued investigation
of more specific blockade of receptors can provide safer
profiles in future drug candidates.

In addition to small molecules, novel therapeutic
platforms like RNA interference (RNAi) and
monoclonal antibodies are coming into play in the
antithrombotic arena. Fitusiran, an RNAI drug aimed at
antithrombin, is under trial for hemophilia but
potentially has wider utility in thrombosis. Likewise,
monoclonal antibodies aimed at tissue factor or factor XI
are under investigation for highly selective
anticoagulation. These advancements reflect the
dynamic nature of the field and provide a glimpse into
precision thromboprophylaxis of the future [19].
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Toward Personalized Antithrombotic Therapy
Pharmacogenomics incorporation into antithrombotic
treatment is ushering in an era of personalized medicine,
in which therapies are optimized to a patient's genetic
makeup and clinical profile. Genetic tests for CYP2C19
polymorphism, for instance, can make clinicians aware
of patients who are poor metabolizers of clopidogrel,
thus steering them toward more effective substitutes
such as prasugrel or ticagrelor [20]. This strategy has
been demonstrated to decrease negative cardiovascular
outcomes in vulnerable populations, but routine
application in clinical care is not consistent as a result of
logistical and financial challenges.

For warfarin, dosing may be dramatically affected by
polymorphisms in the CYP2C9 and VKORCL1 genes.
Genotype-based algorithms, together with clinical
variables, have been constructed to tailor dosing to
maximize the benefits while minimizing the risk of over-
anticoagulation and bleeding. The COAG and EU-PACT
trials have had conflicting results concerning the value
of genotype-directed dosing, indicating that the value
may differ among patient populations and practice
settings. However, as genotyping becomes more
convenient and affordable, the clinical value of these
technologies is likely to increase [21] [22].

In addition to genetics, other elements of individualized
care—age, renal function, weight, comorbidities, and
concomitant medications—are increasingly being
incorporated into antithrombotic decision-making
through clinical decision aids and risk scores. Scores
such as CHA.DS,-VASc, HAS-BLED, and DAPT offer
systematic guidance on weighing thrombotic and
bleeding risks. The intersection of clinical acumen,
evidence-based scoring systems, and new biomarkers
holds the promise to optimize patient selection and
outcomes in antithrombotic therapy [23, 24].

Research Objectives

1. To compare the efficacy of novel antithrombotic
drugs  with  conventional  treatments in
cardiovascular disease.

2. To determine the clinical benefits and risks of new
antiplatelet and anticoagulant drugs.

3. To determine the effect of personalized medicine on
the antithrombotic therapeutic results.

Problem Statement

Despite tremendous advances in the treatment of
cardiovascular disease, thrombotic events such as
myocardial ~ infarction,  stroke, and  venous
thromboembolism are continued to be among the leading
causes of morbidity and mortality worldwide.
Traditional antithrombotic therapies such as aspirin,
clopidogrel, and warfarin have been associated with
limitations such as variability in patient response,
increased risk of bleeding, and a requirement for ongoing
monitoring. These concerns have led to the development
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of newer antiplatelet and anticoagulant medications
designed to offer greater efficacy and safety. However,
the rapid development of these treatments has created a
knowledge gap about their relative efficacy, clinical
application, and long-term consequences, particularly in
the context of personalized medicine. Closing this gap is
crucial to maximize treatment strategies and improve
patient care in cardiovascular disease.

Significance of the Study

This research is important as it offers a systematic
overview of the latest developments in antithrombotic
therapy, with emphasis on the clinical value of new
antiplatelet and anticoagulant drugs. By considering
efficacy, safety profiles, and promise of the new drugs in
the context of personalized treatment approaches, the
investigation hopes to direct clinicians to best match the
appropriate therapies to each patient. In addition, the
research makes a significant contribution to
understanding developing pharmacological
interventions and their effects on decreasing thrombotic
risk with fewer side effects, in the long term leading to
improved cardiovascular outcomes and guiding future
studies and policy implementation.

LITERATURE REVIEW
Introduction to Antithrombotic
Cardiovascular Disease
Antithrombotic therapy is central to the treatment of
cardiovascular diseases (CVD), with thrombotic
conditions like myocardial infarction (MI), ischemic
stroke, and venous thromboembolism (VTE) remaining
major causes of morbidity and mortality. These
conditions result from pathological blood clot formation
that interferes with normal blood flow, frequently with
disastrous outcomes. The foundation of antithrombotic
therapy consists of two broad classes of drugs:
antiplatelet agents and anticoagulants. Antiplatelet drugs
like aspirin, clopidogrel, and more recent P2Y12
inhibitors mainly affect platelet aggregation, whereas
anticoagulants  like warfarin and direct oral
anticoagulants (DOACS) act on the coagulation cascade
to inhibit the development of thrombus. The therapeutic
field for CVD management was greatly revolutionized
by the introduction of novel drugs in both groups over
the past few years. Yet, despite issues with efficacy,
safety, and patient compliance, problems continue to
exist, which has resulted in continued research and the
creation of more advanced treatments [25].

Therapy in

Traditional Antithrombotic Therapies: Challenges
and Limitations

The application of conventional antithrombotic
treatments has been crucial in limiting thrombotic
events, yet these drugs offer a number of drawbacks.
Aspirin, a non-selective inhibitor of cyclooxygenase
(COX), is commonly utilized in the prevention of
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secondary cardiovascular occurrences. Nevertheless,
long-term intake is linked to an elevated risk of
gastrointestinal bleeding and ulcers, particularly among
elderly or those with a previous history of
gastrointestinal disease. Even though aspirin is effective
in inhibiting platelet aggregation, its effect is irreversible
and cannot be quickly reversed in emergency situations
like surgery or trauma where hemostasis needs to be
achieved at once [26].

Likewise, clopidogrel, a thienopyridine medication
which blocks the P2Y12 receptor on the platelet, has
been the cornerstone of secondary prevention in the
patient with ACS and those going for PCI. Clopidogrel's
activity, however, can be degraded by genetic mutations
in the enzyme CYP2C19 influencing its activation
within the liver. This genetic heterogeneity leads to a
large number of patients who might not be exposed to
the maximum therapeutic benefit, thereby placing them
at higher risk for recurrent cardiovascular events.
Additionally, the requirement for genetic testing and
heterogeneity in response has made it challenging for its
application in personalized care [27].

Warfarin, a vitamin K antagonist, has been the standard
of treatment for oral anticoagulation in atrial fibrillation,
mechanical heart valves, and VTE. Although warfarin is
effective, it necessitates regular monitoring of the
international normalized ratio (INR) to maintain
therapeutic levels, since both wunder- and over-
anticoagulation have serious effects. Patients also have
to follow strict dietary rules for vitamin K consumption,
and interactions with other drugs, such as antibiotics and
antifungals, are frequent [28]. The therapeutic index,
requirement for regular monitoring, and dietary
limitations have rendered warfarin less favorable,
particularly for long-term anticoagulation therapy.

Novel Antithrombotic
Antiplatelet Therapy
Over the last few years, newer antiplatelet drugs have
emerged to bypass the shortcomings of aspirin and
clopidogrel. Prasugrel is one of them, a stronger P2Y12
antagonist that needs less hepatic metabolism compared
to clopidogrel. The TRITON-TIMI 38 trial established
prasugrel as more effective than clopidogrel in the
prevention of cardiovascular events in ACS patients,
especially those who are undergoing PCI, although it
came with an increased risk of major bleeding [29].
Another important development is ticagrelor, a
reversible P2Y12 antagonist with more rapid onset and
offset of action than clopidogrel. The PLATO trial
demonstrated ticagrelor not only decreased the rate of
cardiovascular death, MI, and stroke when compared
with clopidogrel but also had a better bleeding profile
[30]. In contrast to clopidogrel, ticagrelor doesn't need
hepatic activation, thus sparing variability in response.
This benefit, coupled with its rapid reversibility, makes
ticagrelor a very desirable choice for ACS treatment and

Agents:  Advances in
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high bleeding risk patients.

In addition, cangrelor, a new intravenous P2Y12
receptor inhibitor, has appeared as an encouraging agent
to be used in the setting of PCI. Unlike other drugs,
cangrelor is given intravenously and offers rapid and
reversible inhibition of platelets. It has been
demonstrated to lower major cardiovascular adverse
events in individuals undergoing PCI, particularly in
those undergoing urgent procedures or in patients who
cannot receive oral agents. Advantage of cangrelor is
that it has rapid onset and offset, thereby facilitating
greater freedom to manage platelet inhibition throughout
invasive procedures [31].

Direct Oral Anticoagulants
Revolutionizing Anticoagulation Therapy
The evolution of direct oral anticoagulants (DOACS) is
a significant improvement over warfarin for oral
anticoagulation therapy. DOACS, including dabigatran,
rivaroxaban, apixaban, and edoxaban, inhibit unique
enzymes in the coagulation cascade directly: thrombin
(dabigatran) or factor Xa (rivaroxaban, apixaban, and
edoxaban). DOACs have some benefits over warfarin
such as fixed dosing, absence of routine INR monitoring,
and reduced drug-food interactions.

The RE-LY trial proved dabigatran to be non-inferior to
warfarin for the prevention of stroke and systemic
embolism in atrial fibrillation with fewer bleeding
complications [32]. Similarly, the ROCKET-AF and
ARISTOTLE trials proved that rivaroxaban and
apixaban were better than warfarin for reducing the risk
of stroke, with a safer profile, especially with regard to
major bleeding events [33, 34]. These trials, among
others, have resulted in widespread guideline
recommendations in favor of DOACs as first-line
treatment for atrial fibrillation and VTE, especially in
patients without mechanical heart valves.

Although they have numerous benefits, DOACs do have
their own limitations. As an example, their dosing in the
context of renal impairment needs careful management
since the majority of these agents are cleared from the
body by the kidneys. Additionally, even though there
exist reversal agents for dabigatran (idarucizumab) as
well as the factor Xa inhibitors (andexanet alfa),
utilization is currently hampered by expense and
availability ~within certain medical institutions.
However, DOACSs have revolutionized the treatment of
anticoagulation therapy to a great extent, simplifying it
for patients to follow long-term treatment [35].

(DOAC:S):

Personalized Antithrombotic Therapy: The Role of
Pharmacogenomics

With advancing antithrombotic therapy, personalized
medicine has become a central strategy for maximizing
treatment benefits. Pharmacogenomics—the science of
how genetic differences influence drug response—has
tremendous potential in individualizing anticoagulation

IJBR Vol.3 Issue.4 2025

and antiplatelet therapy. For instance, the detection of
CYP2C19 polymorphisms can inform the use of
clopidogrel, as poor metabolizers can be treated with
alternative agents such as prasugrel or ticagrelor to
maximize platelet inhibition [36]. Likewise, genetic
testing for VKORC1 and CYP2C9 variants may help in
individualized dosing of warfarin to prevent over- or
under-anticoagulation and minimize the risk of bleeding
or thrombotic complication.

For DOACs, although genetic influences may be less
important in drug metabolism, patient-specific factors
like renal function, weight, and concomitant medications
need to be taken into account. Pharmacogenomic testing,
along with clinical decision support tools, can maximize
anticoagulation therapy by enhancing the ratio of
thrombotic to bleeding risk. Continuing research in this
field aims to optimize strategies for individualized
treatment, continuing to improve the safety and efficacy
of antithrombotic therapy in cardiovascular disease [37].

SYSTEMATIC LITERATURE
DETAILED ANALYSIS
Introduction to Systematic Review
The worldwide burden of cardiovascular disease (CVD)
is still on the higher side, with thrombotic conditions like
myocardial infarction (MI), ischemic stroke, and venous
thromboembolism (VTE) being a strong contributor to
morbidity and mortality [5]. Treatment of such
thrombotic conditions has been mainly through
antithrombotic treatments and has been categorized
based on antiplatelet and anticoagulant drugs.
Traditionally, aspirin and clopidogrel have been the
pillars of antiplatelet therapy, and warfarin has been the
drug of choice for decades. Nevertheless, these classic
therapies have limitations such as heterogeneity of
patient response, increased risk of adverse effects like
bleeding, and requirement for regular monitoring [3].
Novel therapies have been introduced over the last two
decades to overcome these limitations. These are new
P2Y12 inhibitors (prasugrel, ticagrelor), direct oral
anticoagulants (DOACs like dabigatran, rivaroxaban,
apixaban, and edoxaban), and novel therapies targeting
new molecular pathways [38].

The purpose of this systematic review is to review and
compare the effectiveness, safety, and clinical efficacy
of these newer therapies relative to conventional agents.
The review will also examine the role of personalized
medicine in enhancing outcomes to treatment for
individuals with cardiovascular disease, especially those
undergoing antithrombotic therapy.

REVIEW:

Search Strategy and Study Selection

A systematic search was done through multiple
databases, i.e., PubMed, Cochrane Library, and Scopus.
The studies were restricted to those published between
2000 and 2023. The keywords like "antithrombotic
therapy,” "P2Y12 inhibitors,” "DOACs," and
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"cardiovascular  disease” were employed in
combinations. Studies were incorporated according to
predefined eligibility criteria: they must have addressed
antithrombotic therapies applied to cardiovascular
disease, been published in peer-reviewed literature, and
provided data on either efficacy or safety outcomes.
Outcomes related to myocardial infarction, stroke, or
venous thromboembolism were given priority.
Exclusion criteria consisted of non-English language
literature, case series, and those that did not directly
compare the newer and older therapies [39].

During screening, 50 studies were incorporated into the
review. The studies included randomized controlled
trials (RCTSs), cohort studies, and meta-analyses. RCTs
were assigned greater weight since they provide the
strongest evidence about the effectiveness of novel
treatments. Collectively, these studies represented a
diverse patient population with acute coronary syndrome
(ACS), atrial fibrillation (AF), and venous
thromboembolism and represented a thorough
understanding of the influence of these therapies on a
wide range of cardiovascular conditions [40].

Comparison of New and Traditional Antiplatelet
Agents

The effectiveness of novel antiplatelet drugs, with
special reference to prasugrel and ticagrelor, has been
extensively compared with that of clopidogrel. The
findings from a number of large RCTs, including the
TRITON-TIMI 38 trial of prasugrel and the PLATO trial
of ticagrelor, repeatedly indicate that these newer drugs
deliver better clinical outcomes in terms of preventing
the occurrence of major adverse cardiovascular events
(MACE), including myocardial infarction and death,
than clopidogrel [41]. For instance, prasugrel has shown
a substantial decrease in the risk of stent thrombosis and
recurrent MI in patients with ACS over clopidogrel.
Likewise, ticagrelor has shown a substantial decrease in
the risk of cardiovascular death, MI, and stroke over
clopidogrel, even in high-risk patients with ACS.

Yet the advantage of these newer drugs must be balanced
against their safety profile. Both prasugrel and ticagrelor
have an increased risk of bleeding, particularly in older
patients or patients with a history of previous bleeding
events. In contrast, clopidogrel, while marginally less
effective, has a better bleeding profile in some patient
populations.  Therefore, although prasugrel and
ticagrelor have greater efficacy, their enhanced bleeding
risk, especially in some populations, must be used
carefully in clinical practice. The result of the present
review is consistent with the literature, which has also
emphasized the balance between efficacy and safety for
these new agents [42].

Comparison of New and Traditional Anticoagulants
Warfarin has been the mainstay of anticoagulation
therapy  in  atrial  fibrillation and  venous

IJBR Vol.3 Issue.4 2025

thromboembolism risk patients for decades. Warfarin,
however, has a number of important disadvantages,
including frequent monitoring of the international
normalized ratio (INR), food and drug interactions, and
a therapeutic window of narrow margin. Direct oral
anticoagulants (DOACs) such as dabigatran,
rivaroxaban, apixaban, and edoxaban have overcome
many of these disadvantages. They exhibit more reliable
pharmacokinetics, need no regular monitoring, and
interact less with food and drugs [43].

Clinical trials pitting DOACs against warfarin have
demonstrated that DOACs are at least as effective as
warfarin in preventing thromboembolic events, and
some studies have established superiority. As an
example, the RE-LY trial illustrated that dabigatran was
as effective as warfarin in preventing strokes in patients
with atrial fibrillation and was related to a reduction in
intracranial ~ bleeding. The ROCKET-AF and
ARISTOTLE trials proved similar results for
rivaroxaban and apixaban, respectively  [44].
Furthermore, DOACs are also linked with a reduced risk
of major bleeding complications when compared to
warfarin, especially in the gastrointestinal system.

One of the key issues with DOACSs, though, is the
absence of a widely available and standardized reversal
agent in major bleeding or emergent surgery. Although
idarucizumab exists for dabigatran, and andexanet alfa
for rivaroxaban and apixaban, their application is still
limited, and their cost and availability are still an issue
in certain healthcare environments. This review is
consistent with the conclusions of earlier studies that
highlight DOAC advantages over warfarin but also
acknowledges the necessity of improved reversal
procedures in the event of adverse events.

The comparison between traditional and newer
antiplatelet agents highlights significant advancements
in the management of acute coronary syndromes (ACS)
and prevention of thrombotic events. Clopidogrel, a
traditional antiplatelet agent, offers moderate efficacy in
reducing major adverse cardiovascular events (MACE)
and stent thrombosis, with a relatively favorable safety
profile, especially in elderly patients. However, its
effectiveness can be compromised due to variability in
metabolism, largely influenced by CYP2C19 genetic
polymorphisms. In contrast, newer agents like prasugrel
and ticagrelor have demonstrated superior efficacy in
preventing myocardial infarction, stroke, and
cardiovascular death, as supported by large clinical trials
such as TRITON-TIMI 38 and PLATO. These agents
have a faster onset of action and more consistent
pharmacodynamics, making them more reliable in acute
settings. Nonetheless, their increased potency comes at
the cost of a higher risk of bleeding, particularly in older
adults and those with a history of bleeding disorders.
Importantly, while clopidogrel’s response can be
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predicted and adjusted using pharmacogenetic testing,
prasugrel and ticagrelor are less affected by genetic
variability, offering a more standardized therapeutic
effect. This balance between enhanced efficacy and
increased bleeding risk underscores the need for
individualized therapy decisions based on patient-
specific factors.

Personalized Medicine and the Future of
Antithrombotic Therapy
One of the most promising developments in

antithrombotic therapy is the incorporation of
personalized medicine, which individualizes treatment
according to personal genetic profiles. Pharmacogenetic
testing, including the determination of the CYP2C19
genotype for response to clopidogrel, can determine
patients who are likely to have suboptimal or no response
to conventional antiplatelet therapy. This permits the use
of alternative agents, e.g., prasugrel or ticagrelor, which
can provide improved efficacy in these patients [45].
Genetic testing can also be used to direct warfarin dosing
to prevent under- or over-coagulation risks.

The function of personalized medicine will grow with
the introduction of new biomarkers and genetic tests that
will  determine patient response to emerging
antithrombotic treatments. For instance, research has
indicated that drug-metabolizing enzyme genetic
variation will have a considerable impact on DOAC
efficacy and safety. Pharmacogenomic testing may, in
the future, enable doctors to select the most effective
drug for an individual patient depending on their
personal genetic makeup and thus maximize clinical
outcomes while avoiding adverse effects. This review
fits into the expanding literature that places a high
priority on personalized medicine as a way of enhancing
antithrombotic therapy's safety and effectiveness [46].

The results of this systematic review emphasize the
major progress in antithrombotic therapy during the last
two decades. Newer drugs, including prasugrel,
ticagrelor, and the DOACS, offer better efficacy than the
older therapies like clopidogrel and warfarin. These
newer drugs have shown better clinical benefits in
preventing the occurrence of thrombotic events, such as
MI, stroke, and VTE. However, their enhanced
susceptibility to bleeding, especially in the high-risk
patient groups, demands prudent consideration during
therapy selection.

Although DOAC:S provide a safer and more convenient
option compared to warfarin, the absence of universal
availability of reversal agents is still a significant
limitation. Personalized medicine, such as
pharmacogenetic testing, has the potential to optimize
the use of antithrombotic drugs so that patients receive
the most suitable therapy for their unique genetic
makeup [47].

IJBR Vol.3 Issue.4 2025

This review is in favor of the increased use of newer
antithrombotic therapy in clinical practice but also
identifies the necessity of further research into the long-
term safety and cost-effectiveness of these drugs.
Moreover, more studies on the role of personalized
medicine in determining treatment could lead to the fine-
tuning of antithrombotic therapy and better outcomes for
patients [48].

The findings of this systematic review generally concur
with the current literature regarding antithrombotic
therapy. Several studies, including large RCTs like
TRITON-TIMI 38, PLATO, and RE-LY, have revealed
that newer agents such as prasugrel, ticagrelor, and
DOACs provide better clinical outcomes compared to
conventional therapies, including clopidogrel and
warfarin [27, 49]. Yet, as this review points out, the
greater risk of bleeding with newer therapy is a
replicable finding in studies and reflects the need for
individualized choice of treatment [50].

In addition, personalized medicine is increasingly being
identified as a major determinant of maximizing
treatment outcomes. The application of genetic testing to
individualize antiplatelet therapy, as well as the
expanding literature on genetic determinants of DOAC
effectiveness, reflects the results in the existing
literature. In spite of the tremendous progress achieved
in antithrombotic therapy, issues of cost, availability of
reversal agents, and risk of bleeding continue to be areas
for improvement [51].

CONCLUSION

In summary, the progresses in antithrombotic therapy
over the last twenty years have considerably enhanced
the management of cardiovascular disease (CVD)
through more potent and safer therapies. Prasugrel,
ticagrelor, and newer anticoagulants in the form of the
direct oral anticoagulants (DOACS) have proven more
effective than the conventional therapies of clopidogrel
and warfarin. These newer agents have been found to
decrease the occurrence of major adverse cardiovascular
events (MACE), including myocardial infarction, stroke,
and venous thromboembolism, with a comparatively
favorable safety profile in some respects, particularly in
lessening intracranial hemorrhage and providing more
predictable pharmacokinetics.

However, these newer therapies do have their own
issues. The increased risk of bleeding, particularly in
high-risk patient populations, is a significant concern
that must be balanced with great caution when choosing
the best therapy. Though prasugrel and ticagrelor are of
higher efficacy, they carry increased risks of bleeding,
which may be challenging in certain patient populations
such as elderly or those with a history of prior bleeding
events. In the same way, although DOACs provide an
attractive alternative to warfarin due to their ease of use
and the lower need for monitoring, the lack of well-
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defined and widely available reversal agents in case of
major bleeding events still constitutes a significant
limitation.

The utility of personalized medicine, such as
pharmacogenetic testing, is also being positioned as a
vital component of optimizing antithrombotic treatment.
Through personalization of care according to patients'
individualized genetic profiles, doctors can make the
most beneficial and least dangerous therapies available
to them, having the potential to enhance outcomes as
well as avoid adverse effects. This fits the expanding
literature identifying that personalized medicine can
maximize safety and efficacy in treatment, with specific
emphasis given to patient groups who have multifaceted
and complicated cardiovascular disorders.

In conclusion, though newer antithrombotic therapy
holds much promise for both increased efficacy and
safety over their traditional counterparts, there is a need
for continued investigation into their long-term effects.
The incorporation of personalized medicine into clinical
practice also has huge potential for maximizing the result
of treatment, though it will be necessary to improve on
these approaches. Finally, judicious patient selection,
frequent monitoring for adverse effects, and a thorough
knowledge of each therapy's benefit-risk profile will be
essential in optimizing the therapeutic potential of
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