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Abstract

Antithrombotic therapy is a cornerstone of contemporary cardiovascular management,
substantially reducing thrombotic complications across a wide spectrum of cardiovas-
cular conditions. However, the application of antithrombotic strategies in routine clin-
ical practice remains challenging. Many patients commonly encountered in real-world
settings—including elderly individuals, patients with multimorbidity, active malignancy,
or advanced chronic kidney disease—are underrepresented in randomized clinical trials.
Consequently, current guideline recommendations, although evidence-based, may not fully
capture the complexity of these populations. In daily practice, clinicians are often required
to balance competing risks of thrombosis and bleeding in patients characterized by multiple
comorbidities, polypharmacy, and varying degrees of frailty, particularly when more than
one indication for antithrombotic therapy coexists, such as atrial fibrillation in patients
undergoing percutaneous coronary intervention. In this critical narrative review, we ad-
dress key high-risk scenarios—frailty, advanced chronic kidney disease, active cancer, and
atrial fibrillation in patients undergoing recent percutaneous coronary intervention—where
standard antithrombotic strategies require special consideration. We critically appraise the
limitations of existing bleeding risk scores and propose practical considerations for tailoring
dual antiplatelet therapy duration, minimizing triple therapy, selecting antithrombotic
combinations, and reassessing risk over time to optimize net clinical benefit.

Keywords: antithrombotic therapy; percutaneous coronary intervention; high bleeding
risk; dual antiplatelet therapy; triple antithrombotic therapy; atrial fibrillation; chronic
kidney disease; active cancer; frailty

1. Introduction
Antithrombotic therapy has become a cornerstone of modern cardiovascular man-

agement by attenuating a wide range of thrombotic and ischemic events in patients with
coronary artery disease, particularly after percutaneous coronary intervention (PCI), while
inevitably increasing the risk of bleeding. Consequently, achieving the right balance be-
tween ischemic benefit and bleeding risk is essential to optimize net clinical outcome and
is therefore critical in modern cardiovascular practice [1,2]. The application of guideline-
driven antithrombotic treatment in routine care has often proved problematic, because
patients encountered in everyday practice usually differ from those who are included in
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clinical trials. Today, coronary patients are often older, clinically complex, affected by multi-
ple comorbidities, and exposed to polypharmacy, which may influence both thrombotic
risk and bleeding tendency simultaneously [3–5].

Current international guidelines provide a structured framework for the management
of antithrombotic therapy across acute and chronic coronary syndromes, with dual an-
tiplatelet (DAPT) therapy representing the standard treatment for most patients undergoing
percutaneous coronary intervention (PCI) or presenting with acute coronary syndromes.
Nevertheless, treatment intensity and duration should be individualized according to
bleeding risk and overall clinical context, reflecting the growing recognition that a uniform
therapeutic strategy may not be appropriate for all patients [1,2,6,7].

To facilitate risk stratification, several efforts have focused on the identification of
patients at high bleeding risk. Consensus definitions such as the Academic Research
Consortium High Bleeding Risk (ARC-HBR) criteria attempt to standardize bleeding
risk assessment by integrating clinical variables, including advanced age, anemia, renal
dysfunction, previous bleeding events, and other comorbid conditions associated with
increased hemorrhagic vulnerability [8,9].

Beyond traditional cardiovascular risk factors, several conditions associated with
biological vulnerability have emerged as important determinants of prognosis and thera-
peutic risk in patients with coronary artery disease. Geriatric syndromes such as frailty,
as well as chronic comorbid conditions including chronic kidney disease and active ma-
lignancy, are increasingly prevalent in contemporary cardiovascular populations. These
conditions often coexist with anemia, systemic inflammation, polypharmacy, and func-
tional decline, contributing to a complex clinical profile characterized by both increased
thrombotic susceptibility and heightened bleeding risk [3,10–12].

Importantly, these high-risk populations are markedly underrepresented in random-
ized trials; therefore, guideline recommendations frequently require careful clinical inter-
pretation and adaptation.

This critical narrative review focuses on antithrombotic therapy after PCI in selected
high-risk clinical scenarios, including frailty, chronic kidney disease, active cancer, and atrial
fibrillation requiring oral anticoagulation. The aim is to discuss the limitations of current
risk stratification tools and to provide practical considerations for tailoring antithrombotic
intensity, treatment duration, aspirin discontinuation, triple therapy minimization, and
longitudinal risk reassessment in routine clinical practice.

2. Methods and Scope of the Review
This article was conceived as a critical narrative review rather than a systematic

review or meta-analysis. The manuscript focuses on antithrombotic therapy after per-
cutaneous coronary intervention (PCI) in selected high-risk cardiovascular populations.
Relevant evidence was identified through a targeted literature review of major interna-
tional guidelines, consensus documents, randomized clinical trials, observational studies,
meta-analyses, and clinically relevant review articles. The literature search was performed
using PubMed/MEDLINE, with additional references identified from the bibliographies of
selected articles. Search terms included combinations of “antithrombotic therapy”, “dual an-
tiplatelet therapy”, “DAPT”, “PCI”, “high bleeding risk”, “ARC-HBR”, “PRECISE-DAPT”,
“frailty”, “chronic kidney disease”, “active cancer”, “atrial fibrillation”, “oral anticoag-
ulation”, and “triple therapy”. Frailty, chronic kidney disease, active cancer, and atrial
fibrillation requiring oral anticoagulation after PCI were selected as the main clinical scenar-
ios because they are common in contemporary cardiovascular practice, frequently involve
overlapping thrombotic and bleeding risk, and remain insufficiently represented in ran-
domized trials. The aim of the review was therefore not to provide an exhaustive summary
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of all antithrombotic indications, but to discuss selected scenarios in which guideline-based
recommendations often require careful clinical interpretation and individualized applica-
tion. Other antithrombotic settings, such as isolated venous thromboembolism, peripheral
artery disease, valvular heart disease, transcatheter valve interventions, perioperative an-
tithrombotic interruption, and advanced liver disease, were considered beyond the focused
scope of the article.

3. Bleeding Risk and Ischemic Risk: The Central Trade-Off
The decision to prescribe antithrombotic therapy and determine its duration essen-

tially requires balancing the reduction in ischemic events against the increased risk of
bleeding. While antiplatelet agents and anticoagulants significantly reduce the incidence of
myocardial infarction, stent thrombosis, and ischemic stroke, this gain also comes with the
drawback of a greater risk of hemorrhage. Major bleeding can be catastrophic and has been
associated with adverse clinical outcomes, premature cessation of antithrombotic treatment,
and subsequent ischemic complications [13–15].

Contemporary guidelines advocate an individualized approach that weighs net clinical
benefit by carefully balancing thrombotic and bleeding risks [1,2,6,7]. In practice, however,
risk stratification remains difficult because ischemic and bleeding risk factors frequently
coexist and share common determinants. Features that increase thrombotic risk often
simultaneously heighten bleeding risk. As a result, aggressive regimens aimed at maximal
ischemic protection may cause unacceptable bleeding, while more conservative strategies
may fail to prevent thrombotic events. To assist clinicians in navigating this trade-off,
multiple risk stratification tools have been developed.

Scores such as the DAPT score, PRECISE-DAPT, and the Academic Research Con-
sortium High Bleeding Risk (ARC-HBR) criteria aim to identify patients at increased risk
of hemorrhagic complications and guide the duration of dual antiplatelet therapy after
PCI [16–19]. While these tools provide a useful framework for clinical decision-making,
their predictive accuracy remains modest, and their applicability to complex real-world
patients is often limited [20,21]. Importantly, most available scores provide a baseline esti-
mate of risk but do not fully capture dynamic changes such as renal function deterioration,
new anemia, active cancer treatment, thrombocytopenia, frailty progression, or the need
for concomitant oral anticoagulation.

In recent years, increasing attention has been directed toward strategies aimed at
mitigating bleeding risk while preserving ischemic protection. This interest partly reflects
the recognition that currently available risk stratification tools provide only moderate dis-
criminatory performance and may not fully capture the complexity of real-world patients.
In this context, alternative antithrombotic approaches—including abbreviated durations
of dual antiplatelet therapy after PCI—have been explored, although their optimal role in
broader and more complex patient populations remains uncertain [22–24]. However, the
selection of these strategies should be guided not only by baseline risk scores but also by
clinical scenario, PCI complexity, concomitant indications for anticoagulation, and repeated
reassessment over time.

4. Complex Clinical Scenarios in Antithrombotic Therapy
4.1. Frailty and Biological Age in Antithrombotic Decision-Making

Frailty is recognized as an important predictor of outcome and treatment sensitivity
in cardiovascular disease. It is not merely an indicator of chronological age, but a multi-
dimensional syndrome defined by a decrease in physiological reserve and an inability to
adapt to homeostatic challenges. It reflects biological age and integrates several domains:
performance and frailty testing (performance assessment of the musculoskeletal system),
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nutritional status, cognition, and number of morbid conditions [25,26]. In elderly patients
with coronary artery disease, frailty is often characterized by sarcopenia, malnutrition,
anemia, polypharmacy, and reduced functional capacity [3].

The prevalence of frailty is steadily increasing in contemporary cardiovascular popu-
lations, reflecting the progressive aging of patients presenting with coronary artery disease
and acute coronary syndromes [26]. In this context, frailty has been consistently associated
with worse clinical outcomes, including higher mortality, increased rehospitalization rates,
and poorer functional recovery after cardiovascular interventions [3,27].

From a pathophysiological perspective, frail patients often present with multiple
conditions that may simultaneously increase both thrombotic and bleeding vulnerability.
Advanced age, chronic kidney disease, anemia, systemic inflammation, and polyphar-
macy contribute to alterations in vascular integrity, platelet function, and hemostatic
balance. These factors may predispose frail individuals to hemorrhagic complications dur-
ing antithrombotic therapy while also maintaining a substantial risk of recurrent ischemic
events [28,29]. As a result, the management of antithrombotic therapy in this population
requires careful clinical judgment and individualized therapeutic strategies.

Several observational studies have identified a clear link between frailty and adverse
clinical outcomes among coronary revascularization patients. Pre-procedural frailty has
been found to be a predictor of death and clinical events in elderly patients with stable
coronary artery disease after undergoing PCI [30]. GRACE registry data also showed that
frailty was an independent predictor of in-hospital bleeding after acute myocardial infarc-
tion, highlighting this population’s vulnerability to intensive antithrombotic regimens [31].
This finding has also been supported by another study showing that combining frailty
scales with other bleeding risk assessments improves the prediction of hemorrhage in
elderly patients with acute coronary syndromes (ACS) [32]. An evaluation of frailty and
antithrombotic use has also been investigated using randomized trial data.

In the EXTEND-DAPT study, patients with claims-defined frailty had a significantly
higher incidence of net adverse clinical events—including death, myocardial infarction,
stroke, and major bleeding—compared with non-frail individuals after PCI [4].

These findings highlight the importance of routine frailty assessment when deciding
the intensity and duration of dual antiplatelet therapy. In clinical practice, antithrombotic
strategies in frail patients generally follow the same principles as in the general population,
with adjustments based on bleeding risk. However, elderly and frail patients remain partic-
ularly prone to bleeding complications after coronary stenting, especially in the presence of
multiple comorbidities and polypharmacy [33]. Shorter durations of dual antiplatelet ther-
apy have been investigated in older patients undergoing PCI, with data suggesting reduced
bleeding without a significant increase in ischemic events in selected populations [27,34].
Nevertheless, frail individuals continue to be markedly underrepresented in randomized
trials, limiting the direct applicability of current guideline recommendations [1,6]. This
evidence gap underscores the need for dedicated studies in frail and biologically vulnerable
patients with coronary artery disease.

From a practical standpoint, frailty should prompt a more cautious and dynamic
approach to antithrombotic therapy after PCI. Whenever feasible, clinicians should com-
plement conventional bleeding risk scores with a structured assessment of biological
vulnerability, including functional status, history of falls, anemia, renal function, cognitive
impairment, nutritional status, polypharmacy, and treatment adherence [25,26]. In frail
patients with high bleeding risk and no major ischemic features, abbreviated DAPT or
early transition to a less intensive antithrombotic strategy may be considered, particularly
when contemporary drug-eluting stents are used [32–34]. Conversely, in frail patients
with acute coronary syndromes, complex PCI, prior stent thrombosis, or extensive coro-
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nary disease, ischemic risk may still justify a more intensive strategy if bleeding risk is
closely monitored. Reassessment should be performed early after discharge and repeated at
1–3 months, or sooner in the event of bleeding, new anemia, falls, hospitalization, renal
function deterioration, or relevant drug changes.

4.2. Patients with Chronic Kidney Disease

Chronic kidney disease (CKD) represents one of the most prevalent and clinically
significant comorbidities seen in cardiovascular patients. Overall, 10–15% of the pop-
ulation suffers from renal dysfunction; however, this value increases considerably in
patients with coronary artery disease and in patients presenting with acute coronary syn-
dromes [35,36]. Generally, CKD is defined as a reduced estimated glomerular filtration rate
(eGFR < 60 mL/min/1.73 m2) for at least 3 months and/or the presence of markers of kid-
ney damage, such as albuminuria. The severity of renal dysfunction is usually categorized
according to kidney disease: Improving Global Outcomes (KDIGO) staging, considering
both eGFR value and albuminuria class, and is directly correlated with the incremental
increase in cardiovascular risk [35].

From a cardiovascular perspective, CKD is associated with a markedly increased risk
of both thrombotic and hemorrhagic complications, creating a complex and often para-
doxical hemostatic profile. Patients with impaired renal function frequently present with
accelerated atherosclerosis, endothelial dysfunction, chronic inflammation, and vascular
calcification, all of which contribute to a heightened risk of ischemic cardiovascular events,
including myocardial infarction, stroke, and peripheral arterial disease [37,38]. At the same
time, CKD patients are also predisposed to bleeding complications, with observational stud-
ies demonstrating a significantly higher incidence of major hemorrhagic events compared
with individuals with preserved renal function [39,40].

The pathophysiological mechanisms underlying this dual thrombotic and hemorrhagic
tendency are multifactorial and involve complex alterations of platelet function, endothelial
integrity, and the coagulation cascade. Uremic toxin accumulation, chronic inflammatory
activation, oxidative stress, and endothelial dysfunction contribute to a prothrombotic
environment characterized by increased tissue factor expression, platelet activation, and
enhanced thrombin generation [35,37]. In parallel, several mechanisms promote bleeding
vulnerability, including platelet dysfunction, impaired platelet–vessel wall interaction,
anemia, and abnormalities in coagulation pathways related to the uremic milieu [41]. As a
result, CKD patients often exhibit a fragile hemostatic equilibrium in which both thrombosis
and bleeding risks are simultaneously amplified. These pathophysiological changes have
important clinical implications for optimizing antithrombotic treatment.

The use of antiplatelet agents and anticoagulants in CKD remains particularly chal-
lenging due to increased bleeding risk and altered pharmacokinetics from reduced renal
clearance [42,43]. Although antiplatelet therapy reduces myocardial infarction rates, it is
associated with a substantial increase in major and minor bleeding [44]. Observational
data show that patients with CKD on dual antiplatelet therapy after PCI experience both
higher ischemic burden and greater bleeding complications, especially in more advanced
stages of renal failure [45]. Importantly, patients with advanced CKD are markedly un-
derrepresented in major antithrombotic trials. As a result, current guidelines, which are
largely derived from patients with normal renal function, have limited applicability in this
high-risk population [36].

Clinically, CKD should not be treated as a single risk category, but rather stratified
according to both the severity and stability of renal dysfunction. In patients with mod-
erate CKD, antiplatelet strategies after PCI may often follow standard recommendations,
although DAPT duration and drug selection should be guided by the concomitant bleeding
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profile, anemia, ischemic risk, and PCI complexity [35,36,46]. In advanced CKD, and partic-
ularly in patients with severely reduced eGFR or dialysis-dependent kidney disease, the
therapeutic balance becomes more precarious because anemia, uremic platelet dysfunction,
drug accumulation, and fluctuating renal function may amplify bleeding vulnerability.
Therefore, prolonged combination therapy should be avoided unless clearly justified by
high ischemic or procedural risk. In patients requiring oral anticoagulation, renal function
should be assessed using creatinine clearance or estimated glomerular filtration rate to
guide DOAC eligibility and dose adjustment, while recognizing that evidence is more
limited in severe CKD and end-stage kidney disease [42,46,47]. Real-world data in atrial
fibrillation also suggest that renal dysfunction is associated with progressively higher
thromboembolic, bleeding, and mortality risk, supporting repeated reassessment rather
than a single baseline therapeutic decision [47]. Reassessment of renal function, hemoglobin,
and bleeding symptoms should be performed periodically and whenever acute kidney
injury, contrast exposure, hospitalization, infection, dehydration, cancer therapy, or new
interacting drugs occur.

4.3. Patients with Cancer and Active Malignancy

Active malignancy is one of the most rapidly growing clinical scenarios faced in
current cardiovascular practice. With improvements in oncologic therapy, cancer survivor-
ship is increasing, leading to a growing number of patients living with both malignancy
and cardiovascular disease. As a result, cardiologists increasingly face the challenge
of managing antithrombotic therapy in patients with active malignancy who undergo
PCI, have atrial fibrillation (AF), or develop venous thromboembolism (VTE) during
oncologic treatment [48,49].

Malignancy profoundly disrupts the hemostatic system with a dynamic and tenuous
balance between thrombotic and hemorrhagic events. The process of cancer itself inherently
leads to a prothrombotic milieu via numerous mechanisms, including activation of coag-
ulation factors by the tumor, inflammation, endothelial dysfunction, as well as release of
procoagulant factors, including tissue factor and cancer-associated microparticles [50–52].
Moreover, the management of malignancy via the use of anticancer therapies (including
chemotherapy, targeted agents, and immunotherapies) can also increase rates of endothelial
damage and platelet activation [53].

At the same time, patients with cancer are also exposed to a substantial risk of bleeding.
Tumor-related factors such as local tissue invasion, mucosal disruption, thrombocytope-
nia, and bone marrow suppression may significantly impair hemostasis. Furthermore,
cancer-related comorbidities—including anemia, renal dysfunction, liver disease, and
malnutrition—may further increase hemorrhagic vulnerability. Observational studies have
shown that anticoagulant-related bleeding occurs in approximately 8–10% of patients
with cancer-associated VTE during the first year of treatment, with gastrointestinal and
genitourinary bleeding representing the most common sites [54,55].

The risk of bleeding also varies substantially according to tumor type and disease stage.
Gastrointestinal, genitourinary, and intracranial malignancies are consistently associated
with a higher incidence of hemorrhagic complications, particularly in patients receiving
anticoagulant therapy [56]. In contrast, other malignancies such as breast cancer appear to
be associated with relatively lower bleeding risk [55]. The presence of metastatic disease,
systemic anticancer therapies, and corticosteroid exposure may further modify individual
bleeding susceptibility [53,57].

These considerations complicate the management of antithrombotic therapy in cancer
patients with cardiovascular disease. For example, patients with atrial fibrillation and active
malignancy often require oral anticoagulation for stroke prevention while simultaneously
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facing a higher bleeding risk [58]. Meta-analyses suggest that direct oral anticoagulants
(DOACs) may provide a more favorable safety profile compared with vitamin K antagonists
(VKAs) in this setting, although the overall bleeding risk remains significant and evidence
from randomized trials remains limited [59,60].

Similarly, patients with cancer undergoing PCI need dual antiplatelet therapy to
prevent stent thrombosis, yet malignancy significantly increases bleeding risk. Recent
data show that incorporating active cancer into bleeding risk scores such as PRECISE-
DAPT substantially increases the proportion of patients classified as high bleeding
risk [61]. This supports careful individualization and consideration of shorter dual an-
tiplatelet therapy durations in selected oncologic patients. Despite the growing impor-
tance of cardio-oncology, patients with active malignancy remain markedly underrep-
resented in randomized antithrombotic trials. Consequently, current recommendations
are largely extrapolated from non-cancer populations, limiting their applicability to this
complex group [48,61–63].

In this setting, antithrombotic decisions should integrate not only conventional is-
chemic and bleeding risk, but also tumor type, disease stage, platelet count, expected need
for surgery or biopsy, active chemotherapy, drug–drug interactions, renal or hepatic dys-
function, and the presence of mucosal or intracranial lesions. Patients with gastrointestinal,
genitourinary, intracranial, metastatic, or hematologic malignancies, as well as those with
thrombocytopenia or ongoing invasive procedures, should be considered at particularly
high bleeding risk [53–56,64]. In cancer patients undergoing PCI, clopidogrel is generally
the preferred P2Y12 receptor inhibitor when DAPT is required, whereas more potent drugs
should be used cautiously because of bleeding concerns and limited evidence in this popu-
lation [65]. When bleeding risk predominates and contemporary drug-eluting stents are
used, abbreviated DAPT may be considered, with 1–3 months representing a reasonable
strategy in selected oncologic patients, especially when active cancer therapy or invasive
procedures cannot be delayed [64,65]. Conversely, in patients with ACS, complex PCI,
prior stent thrombosis, or extensive coronary disease, longer DAPT may still be considered
after multidisciplinary discussion. Reassessment should be repeated during active cancer
treatment and whenever platelet count declines, bleeding occurs, chemotherapy changes,
renal or hepatic function deteriorates, or surgery/biopsy is planned.

4.4. Atrial Fibrillation and Percutaneous Coronary Intervention

The coexistence of AF and recent PCI represents one of the most challenging scenarios
in contemporary antithrombotic therapy. Oral anticoagulation is recommended for the
prevention of cardioembolic stroke in patients with AF, and DAPT (aspirin plus a P2Y12
inhibitor) is recommended for preventing stent thrombosis and recurring coronary ischemic
events following PCI and acute coronary syndrome. Patients with both indications therefore
require antithrombotic regimens that combine oral anticoagulation and antiplatelet therapy.
The therapeutic goal is to prevent both cardioembolic and coronary ischemic events while
minimizing hemorrhagic risk [66].

Historically, triple therapy, consisting of oral anticoagulation (OAC), aspirin, and a
P2Y12 inhibitor, was commonly used in patients with coexisting AF and recent coronary
stenting, with the rationale of preventing cardioembolic stroke and stent thrombosis at the
same time. Growing clinical evidence indicates that this intensive therapy increases bleed-
ing complications, which have been independently associated with increased mortality and
recurrent ischemic events, partly through interruption of antithrombotic therapy [1,2,6,7].

Over the past decade, several randomized trials have progressively challenged the
paradigm of prolonged triple therapy. Early evidence from the WOEST trial demonstrated
that the omission of aspirin in patients receiving OAC and clopidogrel significantly reduced
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bleeding without an apparent increase in thrombotic complications [67]. Similarly, the
ISAR-TRIPLE trial showed no difference in ischemic outcomes between six weeks and
six months of triple therapy, suggesting that prolonged exposure to triple therapy may
not provide additional benefit while increasing hemorrhagic risk [68]. Subsequent trials
evaluating DOAC-based strategies have further reshaped the therapeutic landscape. The
PIONEER AF-PCI trial demonstrated that rivaroxaban-based regimens combined with a
P2Y12 inhibitor reduced clinically significant bleeding compared with VKA-based triple
therapy [69]. Consistent findings were observed in the RE-DUAL PCI trial, where dual
therapy with dabigatran and a P2Y12 inhibitor significantly lowered bleeding events while
maintaining comparable protection against thromboembolic outcomes [70]. Similarly,
the AUGUSTUS trial showed that apixaban-based regimens were associated with lower
bleeding rates compared with VKA-based therapy and that the omission of aspirin further
reduced hemorrhagic events without a substantial increase in ischemic complications [71].
The ENTRUST-AF PCI trial subsequently confirmed that dual therapy with edoxaban plus
a P2Y12 inhibitor was non-inferior to VKA-based triple therapy with respect to bleeding
outcomes while preserving similar efficacy in preventing ischemic events [72].

Taken together, these trials consistently suggest that dual therapy combining a DOAC
with a single antiplatelet agent—most commonly clopidogrel—reduces bleeding complica-
tions compared with traditional triple therapy, without a clear increase in major ischemic
events in the overall trial populations. Consequently, contemporary guidelines increas-
ingly favor simplified regimens and recommend minimizing the duration of triple therapy
whenever possible [1,2,6,7,73].

In many patients, triple therapy is now limited to the periprocedural phase or to a
very short course, followed by dual therapy with a DOAC and a P2Y12 inhibitor for several
months and subsequently long-term anticoagulation alone. Importantly, these findings
should not be interpreted as a universal abandonment of triple therapy. In selected patients
with particularly high ischemic risk—such as those undergoing complex PCI or presenting
with extensive coronary disease—a short course of triple therapy may still be clinically
justified. In this context, the choice and duration of antithrombotic therapy require careful
consideration of the individual balance between thrombotic and bleeding risk [74,75].

This issue becomes particularly relevant in the special populations that increasingly
characterize contemporary cardiovascular practice. In elderly and frail patients, as well
as in those with chronic kidney disease, active malignancy, or multiple comorbidities, the
choice between triple therapy, dual therapy, or early treatment simplification cannot rely on
trial-based algorithms alone. In these settings, both thrombotic and bleeding risks are often
simultaneously amplified, while drug handling, treatment tolerance, and competing clinical
priorities may substantially modify the net clinical benefit of antithrombotic therapy [76].

Therefore, the coexistence of AF and PCI should not be viewed merely as a question of
how long triple therapy should be maintained, but rather as a paradigm of individualized
antithrombotic decision-making in biologically vulnerable patients. This perspective is
especially relevant in special populations, in whom renal dysfunction, frailty, cancer-related
factors, polypharmacy, and procedural complexity frequently coexist and challenge the
direct application of standard therapeutic strategies.

Operationally, most patients with AF undergoing PCI should receive early aspirin
discontinuation followed by dual therapy with a DOAC and clopidogrel, when DOACs
are not contraindicated [67,69–72,77]. Aspirin exposure should generally be restricted to
the periprocedural phase or to the shortest clinically appropriate period, while a short
course of triple therapy may still be justified in selected patients with high ischemic
or stent-thrombotic risk, including STEMI presentation, complex PCI, left main or bi-
furcation stenting, multiple stents, prior stent thrombosis, or suboptimal procedural
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result [66,73,77,78]. Contemporary real-world data suggest that immediate double therapy
may be safe in many patients with AF after PCI, but may carry a higher risk of stent
thrombosis, particularly after STEMI, supporting careful selection of patients who may
benefit from an initial short triple-therapy phase [78]. Clopidogrel should generally be
preferred as the P2Y12 inhibitor combined with oral anticoagulation, whereas ticagrelor
or prasugrel should be reserved for exceptional cases because of bleeding concerns and
limited evidence in this setting.

After the initial combination phase, treatment should be stepped down to dual therapy
and subsequently to long-term oral anticoagulation alone in clinically stable patients. In
frail patients and in those with CKD or active cancer, treatment duration and drug selection
should be reassessed according to renal function, hemoglobin, platelet count, bleeding
symptoms, drug interactions, and changes in clinical status [72].

The main clinical considerations across the selected high-risk scenarios are summa-
rized in Table 1, emphasizing both bleeding-sparing strategies and situations in which
more intensive antithrombotic therapy may still be justified.

Table 1. Practical antithrombotic considerations in selected high-risk scenarios after PCI.

Clinical Scenario Thrombotic Drivers Bleeding Drivers Evidence Gaps/
Score Limitations Practical Considerations

Frailty/
older patients

Atherosclerotic burden;
inflammation; immobility;
ACS or complex CAD

Anemia; falls; renal
dysfunction;
polypharmacy;
cognitive impairment

Frailty, falls, functional
decline, and adherence
are poorly captured
by conven-
tional scores [3,4,25,31]

Assess biological vulnerability
beyond formal scores. If HBR and
no major ischemic features,
consider abbreviated DAPT or
early de-escalation. Reassess after
discharge and at
1–3 months [32–34].

Chronic
kidney disease

Endothelial dysfunction;
inflammation; platelet
activation; vascular
calcification; diffuse CAD

Uremic platelet
dysfunction; anemia; drug
accumulation; fluctuating
renal function

Advanced CKD and
dialysis patients are
underrepresented in trials;
static scores may not
capture renal
function changes
over time [35,36,39,40]

Stratify by CKD severity and
stability. In advanced CKD or
dialysis, avoid prolonged
combination therapy unless high
ischemic or procedural risk is
present. Use CrCl/eGFR for
DOAC eligibility and dose
adjustment; reassess after AKI,
contrast exposure,
hospitalization, or new
interacting drugs [38,43,46,47].

Active cancer

Tumor-related
coagulation; inflammation;
endothelial injury;
anticancer therapies;
metastatic disease

Thrombocytopenia;
mucosal lesions;
GI/GU/intracranial
tumor sites;
invasive procedures

Cancer-specific risks and
thrombocytopenia are
incompletely
represented in standard
scores and PCI/
DAPT trials [49,61–65]

Consider tumor site, stage,
platelet count, chemotherapy,
drug interactions, and planned
procedures. Prefer clopidogrel if
DAPT is required. In selected
HBR patients, consider
abbreviated DAPT, often 1–3
months, with repeated
reassessment during
active treatment [64,65].

AF undergoing PCI

Cardioembolism; stent
thrombosis; ACS/STEMI;
complex PCI; prior
stent thrombosis

Combination
therapy; advanced
age; CKD; anemia;
cancer; polypharmacy

AF-PCI trials support dual
therapy but are
underpowered for rare
ischemic events and high
stent-thrombotic-
risk subgroups [67–72,78]

Default strategy: early aspirin
discontinuation, then DOAC plus
clopidogrel when eligible.
Consider short triple therapy for
STEMI, complex PCI, left
main/bifurcation stenting,
multiple stents, prior stent
thrombosis, or suboptimal PCI
result. Step down to OAC alone
when stable [73,77,78].

Abbreviations. ACS, acute coronary syndrome; AF, atrial fibrillation; AKI, acute kidney injury; CAD, coro-
nary artery disease; CKD, chronic kidney disease; CrCl, creatinine clearance; DAPT, dual antiplatelet therapy;
DOAC, direct oral anticoagulant; eGFR, estimated glomerular filtration rate; GI, gastrointestinal; GU, gen-
itourinary; HBR, high bleeding risk; OAC, oral anticoagulation; PCI, percutaneous coronary intervention;
STEMI, ST-segment elevation myocardial infarction.
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5. Limitations of Current Bleeding Risk Scores
Bleeding risk scores remain useful for structuring clinical assessment. However,

their main limitation is that they convert a highly heterogeneous and dynamic clinical
reality into simplified baseline classifications. Consequently, they are more effective at
standardizing risk categorization than at guiding nuanced therapeutic decisions in complex
patients [16,17,79]. Most existing models were developed to assess bleeding risk in specific
patient populations over a defined time frame, based on a limited set of baseline data,
and therefore provide a “snapshot” risk assessment. In clinical practice, however, bleed-
ing risk in patients receiving antithrombotic therapy is dynamic and may be influenced
by factors beyond baseline variables, including fluctuating renal function, active cancer
therapy, new medications, procedural complexity, thrombocytopenia, anemia, and clinical
instability. These dynamic modifiers, together with the limitations of available bleed-
ing risk assessment models, can significantly alter hemorrhagic risk long after the initial
therapeutic decision [80,81].

Importantly, the limitations of risk scores differ according to the tool considered.
PRECISE-DAPT incorporates age, creatinine clearance, hemoglobin, white blood cell count,
and previous bleeding, but it does not directly account for frailty, active cancer stage,
thrombocytopenia, chemotherapy-related bleeding risk, or changes in renal function over
time [82]. The DAPT score may help estimate the potential benefit of prolonged DAPT, but it
was not designed to guide treatment in patients with marked biological vulnerability, active
malignancy, severe CKD, or concomitant oral anticoagulation [83]. ARC-HBR provides a
standardized and clinically useful definition of high bleeding risk, but it remains primarily a
baseline classification and does not indicate how antithrombotic therapy should be modified
when risk factors evolve after PCI [10]. The PARIS score integrates thrombotic and bleeding
risk after PCI, but its practical applicability remains limited in frail, oncologic, or advanced
CKD patients, particularly when treatment decisions must be repeatedly adapted over
time [84]. Similarly, AF-related bleeding scores such as HAS-BLED, ORBIT, or ATRIA may
support bleeding risk assessment in anticoagulated patients, but they do not adequately
incorporate PCI complexity, stent-thrombotic risk, active cancer treatment, or the need
for combined antiplatelet and anticoagulant therapy [85–87]. Finally, ACS-related tools
such as CRUSADE or ACUITY are mainly oriented toward early or in-hospital bleeding
risk and are less informative for long-term antithrombotic de-escalation in complex post-
PCI patients [88,89].

A second concern is conceptual. Many current scores focus primarily on classical
predictors of hemorrhage but fail to incorporate the underlying biological factors that may
define vulnerability to therapy in contemporary practice. Elements such as frailty, func-
tional impairment, non-cardiovascular comorbidities, treatment intolerance, and disease-
specific vulnerabilities related to cancer or advanced CKD are, at best, inadequately rep-
resented [4,61,90,91]. From this perspective, future developments in hemorrhage risk
prediction may depend more on incorporating disease-specific domains and repeated
assessment over time than on further refining existing static models.

Frailty-oriented tools, cancer-adapted models, and renal function-integrated strategies
may represent more clinically meaningful steps forward than the simple addition of further
conventional variables to existing scores [49,61,92].

In parallel, artificial intelligence and machine learning-based models may help identify
nonlinear interactions among comorbidities, treatments, and temporal changes that are
difficult to capture through traditional risk scores alone [93–95].

However, the value of these newer approaches will ultimately depend on whether
they improve clinical decision-making rather than prediction in isolation. The relevant
question is not only whether a model estimates bleeding more accurately, but whether it
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helps clinicians tailor the intensity, combination, and duration of antithrombotic therapy in
a way that improves net clinical benefit. Until such tools are prospectively validated and
integrated into routine care, bleeding risk assessment should remain a dynamic clinical
process supported—but not dictated—by formal scores.

The main characteristics and limitations of commonly used bleeding and ischemic
risk tools are summarized in Table 2, with emphasis on their applicability to complex post-
PCI patients.

Table 2. Main bleeding and ischemic risk tools relevant to antithrombotic decision-making after PCI.

Score/Tool Usual Setting Main Value Key Limitation

PRECISE-DAPT DAPT after PCI Estimates bleeding risk and may
support DAPT duration

Does not capture frailty, active
cancer features,
thrombocytopenia,
chemotherapy-related bleeding,
or dynamic renal changes [82].

DAPT score Prolonged DAPT after PCI Estimates potential benefit of
extending DAPT beyond 1 year

Less useful in biologically
vulnerable patients, severe CKD,
active malignancy, or
concomitant OAC [83].

ARC-HBR criteria HBR definition after PCI Provides a standardized
baseline HBR classification

Does not specify how to adapt
treatment when bleeding risk
changes over time [10].

PARIS score Post-PCI ischemic and
bleeding risk

Integrates thrombotic and
bleeding risk after PCI

Limited in frail, oncologic, or
advanced CKD patients needing
repeated reassessment [84].

HAS-BLED/ORBIT/ATRIA AF patients recei-
ving anticoagulation

Supports bleeding risk
assessment during OAC

Does not include PCI complexity,
stent-thrombotic risk, cancer
therapy, or combination
antithrombotic treatment [85–87].

CRUSADE/ACUITY ACS/invasive
ACS management

Estimates early or in-hospital
bleeding risk

Less useful for long-term
de-escalation, DAPT duration, or
AF-PCI decisions [88,89].

Abbreviations. ACS, acute coronary syndrome; AF, atrial fibrillation; ARC-HBR, Academic Research Consortium
for High Bleeding Risk; CKD, chronic kidney disease; DAPT, dual antiplatelet therapy; HBR, high bleeding risk;
OAC, oral anticoagulation; PCI, percutaneous coronary intervention.

6. Discussion and Future Directions
The clinical question this review aims to answer is not whether antithrombotic therapy

remains a pillar of cardiovascular care, but how it should be interpreted and applied in
patients whose clinical complexity extends beyond the populations used to develop current
guidelines. Across the scenarios examined, a recurring pattern emerges: the patients in
whom antithrombotic choices matter most are often those in whom the available evidence
is least directly applicable.

Frailty, CKD, active malignancy, and atrial fibrillation requiring PCI are examples
of settings where thrombotic and bleeding risk frequently coexist and change over time.
Thus, treatment considerations should not end with selecting an initial standard strategy,
but should also include treatment intensity and duration, timely de-escalation including
aspirin discontinuation, the role and duration of triple therapy, and planned reassessment
of risks and benefits. The limitations of static risk stratification are highlighted throughout
this review. Bleeding risk scores are useful tools, but they cannot fully account for changes
in renal function, platelet count, anemia, active cancer treatment, drug interactions, frailty
progression, or procedural risk. Formal scores should therefore support clinical judgment,
not replace it.

https://doi.org/10.3390/jcm15135110

https://doi.org/10.3390/jcm15135110


J. Clin. Med. 2026, 15, 5110 12 of 17

A practical framework integrating ischemic risk, bleeding vulnerability, patient-
specific modifiers, and longitudinal reassessment is outlined in Figure 1. Future studies
should enroll patients more representative of routine clinical practice, including frail el-
derly patients, individuals with advanced CKD or active malignancy, and patients with
overlapping indications for antiplatelet and anticoagulant therapy.

Figure 1. Practical framework for antithrombotic decision-making after PCI in high-risk cardiovas-
cular patients. Abbreviations: AF, atrial fibrillation; AKI, acute kidney injuryCKD, chronic kidney
disease; DAPT, dual antiplatelet therapy; DOAC, direct oral anticoagulant; OAC, oral anticoagulation;
PCI, percutaneous coronary intervention; STEMI, ST-segment elevation myocardial infarction.

Multidimensional and longitudinal risk models may help personalize treatment if they
are prospectively validated and shown to improve clinical decision-making and patient
outcomes. Ultimately, antithrombotic management after PCI in high-risk patients should
be seen as an adaptive process. Rather than seeking a single universally optimal regimen,
clinicians should repeatedly align treatment intensity, antithrombotic combinations, and
duration with the patient’s evolving ischemic and bleeding risk.

Author Contributions: Conceptualization, F.A.V. and L.D.L.; Writing—original draft preparation,
F.A.V.; Writing—review and editing, F.A.V. and L.D.L.; Supervision, L.D.L. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

https://doi.org/10.3390/jcm15135110

https://doi.org/10.3390/jcm15135110


J. Clin. Med. 2026, 15, 5110 13 of 17

Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Vrints, C.; Andreotti, F.; Koskinas, K.C.; Rossello, X.; Adamo, M.; Ainslie, I.; Banning, A.P.; Budaj, A.; Buechel, R.R.;

Chieffo, A.; et al. 2024 ESC Guidelines for the management of chronic coronary syndromes. Eur. Heart J. 2024, 45, 3415–3537.
[CrossRef] [PubMed]

2. Byrne, R.A.; Rossello, X.; Coughlan, J.J.; Barbato, E.; Berry, C.; Chieffo, A.; Claeys, M.J.; Dweck, M.R.; Galbraith, M.;
Gilard, M.; et al. 2023 ESC Guidelines for the management of acute coronary syndromes. Eur. Heart J. 2023, 44, 3720–3826.
[CrossRef] [PubMed]

3. Giallauria, F.; Di Lorenzo, A.; Venturini, E.; Pacileo, M.; D’Andrea, A.; Garofalo, U.; Delucia, F.; Testa, C.; Cuomo, G.;
Vigorito, C.; et al. Frailty in Acute and Chronic Coronary Syndrome Patients Entering Cardiac Rehabilitation. J. Clin. Med.
2021, 10, 1696. [CrossRef] [PubMed]

4. Faridi, K.F.; Strom, J.B.; Kundi, H.; Butala, N.M.; Tamez, H.; Song, Y.; Shen, C.; Secemsky, E.A.; Yeh, R.W.; Curtis, J.P.; et al.
Association Between Claims-Defined Frailty and Outcomes Following 30 Versus 12 Months of Dual Antiplatelet Therapy After
Percutaneous Coronary Intervention: Findings from the EXTEND-DAPT Study. J. Am. Heart Assoc. 2023, 12, e029588. [CrossRef]
[PubMed]

5. Damluji, A.A.; Forman, D.E.; Wang, T.Y.; Chikwe, J.; Kunadian, V.; Rich, M.W.; Young, B.A.; Page, R.L.; DeVon, H.A.;
Alexander, K.P.; et al. Management of Acute Coronary Syndrome in the Older Adult Population: A Scientific Statement
from the American Heart Association. Circulation 2023, 147, e32–e62. [CrossRef] [PubMed]

6. Virani, S.S.; Newby, L.K.; Arnold, S.V.; Bittner, V.; Brewer, L.C.; Demeter, S.H.; Dixon, D.L.; Fearon, W.F.; Hess, B.;
Johnson, H.M.; et al. 2023 AHA/ACC/ACCP/ASPC/NLA/PCNA Guideline for the Management of Patients with Chronic
Coronary Disease: A Report of the American Heart Association/American College of Cardiology Joint Committee on Clinical
Practice Guidelines. Circulation 2023, 148, e9–e119. [CrossRef] [PubMed]

7. Rao, S.V.; O’Donoghue, M.L.; Ruel, M.; Rab, T.; Tamis-Holland, J.E.; Alexander, J.H.; Baber, U.; Baker, H.; Cohen, M.G.; Cruz-
Ruiz, M.; et al. 2025 ACC/AHA/ACEP/NAEMSP/SCAI guideline for the management of patients with acute coronary
syndromes: A report of the American College of Cardiology/American Heart Association Joint Committee on Clinical Practice
Guidelines. J. Am. Coll. Cardiol. 2025, 85, 2135–2237. [PubMed]

8. Chang, C.C.; Ng, A.K.; Kogame, N.; Huang, P.H.; Kim, B.K.; van Geuns, R.M. Decoding Bleeding Risks and Survival in Patients
Undergoing Percutaneous Coronary Intervention on Antiplatelet Therapy. JACC Asia 2025, 5, 1083–1094. [CrossRef] [PubMed]

9. Silverio, A.; Di Maio, M.; Buccheri, S.; De Luca, G.; Esposito, L.; Sarno, G.; Vecchione, C.; Galasso, G. Validation of the academic
research consortium high bleeding risk criteria in patients undergoing percutaneous coronary intervention: A systematic review
and meta-analysis of 10 studies and 67,862 patients. Int. J. Cardiol. 2022, 347, 8–15. [CrossRef] [PubMed]

10. Urban, P.; Mehran, R.; Colleran, R.; Angiolillo, D.J.; Byrne, R.A.; Capodanno, D.; Cuisset, T.; Cutlip, D.; Eerdmans, P.;
Eikelboom, J.; et al. Defining High Bleeding Risk in Patients Undergoing Percutaneous Coronary Intervention. Circulation
2019, 140, 240–261. [CrossRef] [PubMed]

11. Rodriguez Lozano, P.; Bourque, J.M. Beyond traditional cardiovascular risk factors: Could frailty and other morbidities explain
the worse prognosis in patients undergoing pharmacologic stress? J. Nucl. Cardiol. 2022, 29, 853–856. [CrossRef] [PubMed]

12. Perone, F.; Bernardi, M.; Spadafora, L.; Betti, M.; Cacciatore, S.; Saia, F.; Fogacci, F.; Jaiswal, V.; Asher, E.; Paneni, F.; et al.
Non-Traditional Cardiovascular Risk Factors: Tailored Assessment and Clinical Implications. J. Cardiovasc. Dev. Dis. 2025, 12, 171.
[CrossRef] [PubMed]

13. Valgimigli, M.; Frigoli, E.; Heg, D.; Tijssen, J.; Jüni, P.; Vranckx, P.; Ozaki, Y.; Morice, M.C.; Chevalier, B.; Onuma, Y.; et al. Dual
Antiplatelet Therapy after PCI in Patients at High Bleeding Risk. N. Engl. J. Med. 2021, 385, 1643–1655. [CrossRef] [PubMed]

14. Farrokh, S.; Nalleballe, K.; Onteddu, S.; Suarez, J.I.; Bösel, J.; Shah, V.A. Bleeding Risk with Combining Antiplatelets and
Anticoagulants for Secondary Stroke Prevention: A Propensity Score-Matched Analysis. J. Am. Heart Assoc. 2025, 14, e042767.
[CrossRef] [PubMed]

15. Galanti, K.; Di Marino, M.; Mansour, D.; Testa, S.; Rossi, D.; Scollo, C.; Magnano, R.; Pezzi, L.; D’Alleva, A.; Forlani, D.; et al.
Current Antithrombotic Treatments for Cardiovascular Diseases: A Comprehensive Review. Rev. Cardiovasc. Med. 2024, 25, 281.
[CrossRef] [PubMed]
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