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Abstract

To accumulate and evaluate current evidence on bleeding complications associated with antiplatelet therapy and the specific contribu-
tions of pharmacists and nurses to bleeding-risk mitigation. Antiplatelet agents prevent arterial thrombosis by inhibiting platelet aggrega-
tion through blocking cyclooxygenase-1, P2Y12 receptors, glycoprotein (GP) IIb/IIIa receptors, or phosphodiesterase pathways. These
mechanisms simultaneously impair primary hemostasis, increasing the risk of intracranial, gastrointestinal, or other clinically significant
bleeding. Bleeding risk is dose-, duration-, and drug-dependent; meanwhile, dual antiplatelet therapy (DAPT) and concurrent use of
anticoagulants, non-steroidal anti-inflammatory drugs (NSAIDs), corticosteroids, or proton pump inhibitors all amplify the risk. Patient-
specific factors, likely older ages, anemia, renal or hepatic impairment, prior bleeding, cancer, diabetes, and frailty further increase the
hazard. Shortened DAPT or P2Y12 inhibitor monotherapy reduces bleeding without increasing thrombotic events. Pharmacists optimize
regimens, screen for interactions, educate patients, and co-develop institutional protocols; nurses monitor early signs of bleeding, ensure
adherence, and coordinate multidisciplinary care. Both roles demonstrably decrease the incidence and severity of bleeding. Individu-
alized antiplatelet strategies, guided by refined risk-stratification tools and delivered through pharmacist-nurse integrated care models,
can maximize antithrombotic benefit while minimizing bleeding harm. Thus, large prospective trials and cost-effectiveness analyses are
warranted to validate these multidisciplinary interventions.
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1. Introduction
Antiplatelet agents are fundamental in cardiovascu-

lar therapy, providing substantial protection against arte-
rial thrombosis [1]. Their mechanism, which primarily in-
volves the inhibition of platelet aggregation, is key to their
effectiveness in preventing thrombotic events across vari-
ous cardiovascular conditions [2,3]. However, this thera-
peutic benefit is offset by an inherent risk of bleeding com-
plications [4], ranging from minor, self-limiting bruising
to severe hemorrhagic events, such as intracranial or gas-
trointestinal bleeding, which can be fatal [5,6]. The inci-
dence and severity of these bleeding events are influenced
by a complex interplay of factors, including the specific an-
tiplatelet agent used, its dosage and duration of treatment,
and patient-specific variables such as age, genetic polymor-
phisms affecting drug metabolism, comorbidities like re-
nal or hepatic impairment, and concurrent medication use
[7,8]. Antiplatelet therapy is employed in various clinical
contexts [9]. The highest bleeding risk is observed in (i) pa-
tients with atrial fibrillation undergoing percutaneous coro-
nary intervention (PCI) and receiving triple antithrombotic

therapy (oral anticoagulant plus dual antiplatelet therapy);
(ii) post-PCI patients on dual antiplatelet therapy (DAPT);
and (iii) patients with atherosclerotic cardiovascular disease
(ASCVD) treated with dual antithrombotic therapy, com-
bining low-dose rivaroxaban with antiplatelet agents [9].
In these scenarios, the cumulative anti-hemostatic effects
significantly heighten the risk of major or fatal bleeding,
requiring meticulous risk stratification and mitigation.

The clinical challenge of managing bleeding events
extends beyond their immediate treatment, necessitating a
nuanced approach to risk stratification and mitigation—
areas where current clinical evidence remains insufficient.
Guidelines for managing hemorrhage in antiplatelet-treated
patients are often based on expert consensus rather than ro-
bust trial data. In this context, the integration of multidis-
ciplinary care becomes essential. Pharmacists and nurses,
as key members of the healthcare team, play critical roles
in optimizing patient outcomes [10–12]. Pharmacists ap-
ply their expertise in pharmacotherapy to refine medica-
tion regimens, monitor drug interactions, and implement
protocols to reduce hemorrhage risk. Nurses contribute
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through vigilant monitoring, early detection of bleeding
signs, and patient-centered education, which promotes ad-
herence and safety. Together, their efforts create a compre-
hensive framework for assessing and mitigating bleeding
risk.

This review synthesizes existing evidence on bleed-
ing complications associated with antiplatelet agents and
examines the vital contributions of pharmacists and nurses
in hospital settings. By highlighting their roles, this review
aims to enhance understanding of hemorrhage risk manage-
ment and improve the quality of care for patients receiving
antiplatelet therapy.

2. Literature Review
This study conducted a literature review to assess up-

dated research on bleeding risks associated with antiplatelet
therapy. Data were gathered from widely used databases,
including PubMed, Web of Science, and China National
Knowledge Infrastructure, with a search cutoff date of
June 2025. The review incorporated observational stud-
ies, randomized controlled trials, meta-analyses, and guide-
line consensus documents. Search keywords included an-
tiplatelet, aspirin, indobufen, ozagrel, clopidogrel, tica-
grelor, prasugrel hydrochloride, cangrelor, tirofiban, ab-
ciximab, eptifibatide, cilostazol, batifiban, dipyridamole,
anagrelide, beraprost, ticlopidine, sarpogrelate, vorapaxar,
bleeding, pharmacist, and nurse.

3. Indications of Antiplatelet Drugs and
Influencing Factors of Bleeding

Platelets play a central role in arterial thrombosis for-
mation, and antiplatelet therapy is integral to treating car-
diovascular diseases and preventing strokes (Fig. 1) [13–
15]. The first antiplatelet drug, aspirin (acetylsalicylic
acid), was first synthesized and used in 1899. Since
then, numerous antiplatelet agents with varying mecha-
nisms of action have been developed, including thrombox-
ane A2 inhibitors, P2Y12 receptor antagonists, glycoprotein
(GP) IIb/IIIa antagonists, and phosphodiesterase inhibitors
(Fig. 2). Antiplatelet therapy is commonly indicated for
PCI, with decisions regarding DAPT and its duration de-
pending on the clinical diagnosis and the status of interven-
tional therapy [16]. The clinical goal is to balance hemor-
rhage reduction and mortality while optimizing antiplatelet
efficacy. While antiplatelet therapy is crucial for patients
with ASCVD, bleeding risk must also be carefully consid-
ered, particularly when combined with DAPT or anticoag-
ulant drugs [16,17].

The commonly used classification systems at present
include: The Bleeding Academic Research Consortium
(BARC) classification divides bleeding into types 0 to 5,
among which type 3 and above are major bleeding that re-
quires clinical attention [18]. The thrombolysis in myocar-
dial infarction (TIMI) classification is divided into major,
minor and minimal bleeding and is widely used in cardio-

vascular clinical trials [19]. Bleeding complications en-
compass intracranial hemorrhage, gastrointestinal bleeding,
hematuria, and epistaxis. Life-threatening bleeding refers
to significant hemorrhage that results in hypovolemic shock
or severe hypotension, potentially accompanied by a de-
crease in hemoglobin exceeding 50 g/L, requiring the trans-
fusion of≥5 units of red blood cells, and possibly leading to
death [20]. Commonly used antiplatelet agents include as-
pirin and P2Y12 inhibitors (clopidogrel and ticagrelor) [21].
Aspirin inhibits cyclooxygenase-1, blocking prostaglandin
synthesis, which weakens the gastric mucosal barrier, lead-
ing to gastric mucosal damage. A two-by-two factorial trial
involving 6100 patients with mild ischemic stroke or high-
risk transient ischemic attacks found that 0.4% of patients
treated with aspirin experienced moderate to severe bleed-
ing [22]. Another study identified a significant association
between positive fecal occult blood in patients treated with
antiplatelet therapy (aspirin or clopidogrel) and the degree
of frailty in the elderly. The risk of positive fecal occult
blood increased progressively with frailty, with the average
risk increasing by 1.36 times for each degree of frailty [23].
For patients on aspirin, timely assessment and management
of geriatric frailty and bleeding risk are crucial for ensuring
safe antithrombotic therapy, especially in those receiving
DAPT [23–25]. Clopidogrel, a P2Y12 receptor inhibitor,
irreversibly blocks platelet function within 7 to 10 days,
while ticagrelor, a reversible P2Y12 receptor inhibitor, im-
pairs platelet function for 3 to 5 days. While clopidogrel
does not directly damage the gastric mucosa, it may delay
the healing of gastric mucosal lesions, increasing the risk of
gastrointestinal bleeding.

A recent study involving 383 patients aged ≥65
with coronary heart disease (CHD) treated with ticagrelor
for 1 year post-discharge, followed by 1 year of follow-
up, identified several factors influencing ticagrelor-induced
bleeding [26]. Univariate analysis indicated that lower
hemoglobin levels, type 2 diabetes, and proton pump in-
hibitor (PPI) use were risk factors for bleeding, while the
use of beta blockers, calcium channel blockers, and nitrates
appeared protective [26]. Multivariate analysis confirmed
that decreased hemoglobin, type 2 diabetes, and PPI use
were significant risk factors for bleeding, with beta blocker
use being the only protective factor. The bleeding mecha-
nism was linked to the reversible inhibition of the adeno-
sine diphosphate receptor, leading to inhibited platelet ag-
gregation and activity [26]. PPI use was positively asso-
ciated with bleeding events, suggesting that it serves as a
marker for a higher incidence of bleeding rather than a di-
rect cause. Lower hemoglobin levels were inversely as-
sociated with ticagrelor use, with anemia in elderly CHD
patients indicating an elevated bleeding risk. Type 2 dia-
betes was positively correlated with bleeding events, while
beta blockers were negatively associated with bleeding in
ticagrelor users, possibly due to their effect of reducing in-
travascular blood flow and promoting clotting [26]. These
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Fig. 1. Mechanism of antiplatelet drugs in preventing and treating thrombosis. Abbreviations: ADP, adenosine diphosphate; ATP,
adenosine triphosphate; cAMP, cyclic adenosine-3′,5′-monophosphate; GP, glycoprotein; TXA2, thromboxane A2.

findings imply that beta blockersmay help reduce the risk of
ticagrelor-induced bleeding. Consequently, elderly patients
on ticagrelor should focus on managing blood sugar, cor-
recting anemia, and addressing gastrointestinal conditions
to mitigate bleeding risk. The 2023 Canadian Cardiovascu-
lar Society (CCS)/Canadian Association of Interventional
Cardiology (CAIC) Guidelines outline bleeding risk factors
for antiplatelet therapy, including low platelet count, ane-
mia, renal or liver disease, active cancer, age ≥75, stroke,
intracranial hemorrhage, brain arteriovenous malformation,
bleeding diathesis, prior bleeding or transfusion, planned
surgery on DAPT, recent trauma or surgery, non-steroidal
anti-inflammatory drugs (NSAIDs), steroids, and oral anti-
coagulants [26].

Periprocedural intravenous antiplatelet therapy is in-
creasingly used during acute carotid stenting with mechan-
ical thrombectomy. A multicentre cohort study compared
low-dose intravenous cangrelor with GP IIb/IIIa inhibitors
(tirofiban/eptifibatide) in patients with acute tandem lesions
[27]. Symptomatic intracranial hemorrhage occurred in

3.3% of cangrelor-treated patients versus 12.1% with GP
IIb/IIIa inhibitors, while rates of parenchymal hematoma
(17.9% vs 12.1%) and hemorrhagic infarction (21.4% vs
42.4%) were similar between groups [27]. Cangrelor’s
ultra-short half-life (3–6 min) allows rapid reversal within
1 hour, obviating the need for platelet transfusion. These
findings suggest comparable safety profiles, with cangrelor
offering the additional advantage of immediate and re-
versible platelet inhibition.

4. Evidence-Based Comparison of
Antiplatelet Regimens and Bleeding Risk

Emerging large clinical studies have compared the ef-
fects of different antiplatelet regimens on bleeding events
and clinical outcomes across various disease states. The
specific combination and duration of DAPT should be
tailored to the severity of acute cardiocerebrovascular
events, myocardial ischemia, and the patient’s bleeding
risk profile [21,24]. To prevent recurrent stroke, the
American Heart Association/American Stroke Association

3

https://www.imrpress.com


Fig. 2. Emerging classification of antiplatelet drugs. 5-HT2, 5-hydroxytryptamine receptor 2.

(AHA/ASA) guidelines of 2021 recommend DAPT for 3
months following a transient ischemic attack, after which
a single antiplatelet agent should be used [28]. Long-term
antiplatelet therapy can reduce the frequency of ischemic
cardiovascular and cerebrovascular events but may also in-
crease the incidence of cerebral hemorrhage, particularly
in patients with low thrombotic event risk, such as healthy
individuals under 50 years of age [21]. A quantitative sys-
tem for assessing thrombosis and bleeding risk will be nec-
essary in the future. Compared to aspirin monotherapy,
clopidogrel monotherapy significantly reduces the risk of
type 3 and higher bleeding events (as defined by the Bleed-
ing Academic Research Consortium), all-cause mortality,
and stroke during the maintenance period following drug-
eluting stent implantation [29].

In patients requiring antiplatelet monotherapy post-
PCI, clopidogrel monotherapy has shown superiority over
aspirin monotherapy in preventing future adverse events

[29]. The combination of aspirin and P2Y12 inhibitors
remains the standard antiplatelet regimen and is recom-
mended to prevent ischemic complications immediately af-
ter PCI [30]. Thrombotic complications are most com-
mon in the first few months post-PCI, while the risk of
bleeding stabilizes over time, supporting the concept of
an “antiplatelet degradation ladder”, where discontinuation
or dose reduction of antiplatelet agents may be consid-
ered [30]. A multi-center clinical trial published in JAMA
involving 3045 PCI patients demonstrated that clopido-
grel monotherapy following 1 month of combination ther-
apy (aspirin and clopidogrel) significantly reduced the in-
cidence of bleeding and cardiovascular events compared to
12months of aspirin and clopidogrel [31]. Antiplatelet ther-
apy is central to managing atherosclerotic and thrombotic
diseases. In patients treated with PCI and other antiplatelet
agents, strategies to minimize bleeding risk before, during,
and after PCI are crucial. However, due to concerns about
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thrombosis and recurrent ischemia, extended DAPT dura-
tions are often employed [32]. Recent guidelines gener-
ally recommend a 6-month DAPT duration for patients with
chronic coronary syndrome and 12 months for those with
acute coronary syndrome (ACS) [32]. For patients at high
bleeding risk, a shorter DAPT duration may be considered,
ranging from 1 to 3 months after PCI in chronic coronary
syndrome and 3 to 6 months in ACS patients [32].

In carotid stenting, DAPT offers advantages over
monotherapy in reducing the risk of transient ischemic at-
tacks but is associated with an increased risk of bleeding
complications in patients undergoing carotid endarterec-
tomy [33]. A network meta-analysis revealed no signif-
icant differences in major cardiac adverse events, clini-
cal net adverse events, cardiac death, all-cause mortality,
ischemic stroke, stent thrombosis, total bleeding, or ma-
jor bleeding in patients with coronary artery disease re-
ceiving chronic maintenance antithrombotic therapy (as-
pirin, clopidogrel, ticagrelor, continuous DAPT, and as-
pirin plus low-dose anticoagulants) [34]. However, the
incidence of ischemic stroke was lower with aspirin plus
low-dose rivaroxaban compared to aspirin alone, while pro-
longed DAPT resulted in a higher total bleeding rate [34].
A recent two-by-two factorial trial found that 0.9% of pa-
tients with high-risk transient ischemic attacks or mild is-
chemic strokes treated with clopidogrel and aspirin experi-
enced moderate to severe bleeding, a higher incidence than
with aspirin alone, though this combination was associated
with a lower occurrence of new strokes [22]. A network
meta-analysis of 64 randomized controlled trials involv-
ing 102,735 patients showed that the major adverse car-
diovascular event (MACE) rate for durable and biodegrad-
able polymer stents was similar to that of bioabsorbable
stents, regardless of DAPT duration [35]. When DAPT
exceeded 12 months, fewer myocardial infarctions were
observed in users of everolimus-eluting or zotamolimus-
eluting stents, while the stent thrombosis rate for bioab-
sorbable stents was higher than that for the everolimus- or
zotamolimus-eluting groups, irrespective of DAPT dura-
tion [35]. In a meta-analysis of 36,881 carotid endarterec-
tomy and 150 carotid stenting procedures, no significant
difference in stroke, transient ischemic attack, or death was
found between single therapy and DAPT in carotid en-
darterectomy. However, dual therapy was associated with
a higher risk of major bleeding, neck hematoma, and my-
ocardial infarction [33]. No significant differences in major
bleeding or hematoma formation were observed in carotid
stenting, although DAPT reduced the incidence of transient
ischemic attacks [33]. Individualized assessment, including
demographic factors, angiographic features, platelet func-
tion testing, and rapid genotyping, has become a key ap-
proach to selecting the optimal antiplatelet therapy for mini-
mizing severe and life-threatening bleeding [36]. The Euro-
pean Society of Cardiology (ESC) 2021 guidelines elevated
aspirin monotherapy after transcatheter aortic valve re-

placement (TAVR) to a Class I (Grade A) recommendation
because it significantly reduced major or life-threatening
bleeding within 30 days compared with DAPT without any
difference in ischemic events [37]. For patients with com-
bined PCI or atrial fibrillation, short-term DAPT+oral anti-
coagulant (OAC) or OAC+clopidogrel dual regimens are
adopted, and individualized selection should be made in
combination with tools such as PREDICT-TAVR scoring
to maximize the balance of thrombosis and bleeding risks
[37].

The processes of absorption, metabolism, and excre-
tion of antiplatelet drugs in patients with hepatic and renal
insufficiency may lead to an increased risk of bleeding due
to reduced clearance and prolonged half-life. Liver disease
is a bleeding risk factor for antiplatelet decision-making
[38]. Antiplatelet drugs such as abciximab, tirofiban and
cilostazol that are not metabolized by the liver can be se-
lected for patients with liver dysfunction, while clopidogrel
that require liver metabolism should not be used in patients
with severe liver insufficiency [39]. Renal disease is also
a bleeding risk factor for antiplatelet [38,40]. Abciximab,
ticagrelor, and sargrexil may be used in patients with mild
to moderate renal insufficiency, and the dose of GP IIb/IIIa
receptor antagonists should be adjusted, while antiplatelet
agents should be used with caution and the risk of throm-
bosis and bleeding should be weighed in patients with se-
vere renal insufficiency and dialysis [39]. Studies of the
use of antiplatelet drugs in patients with end-stage renal dis-
ease and/or dialysis are often underrepresented or outside of
clinical trial inclusion criteria, leaving significant room for
future researches.

Based on the recent systematic review, low-dose as-
pirin (75–100 mg) remains the best-evidenced antiplatelet
agent in pregnancy and can be used throughout gestation;
when dual therapy is required, clopidogrel (75 mg daily)
is the preferred P2Y12 inhibitor [41]. Ticagrelor, prasug-
rel and intravenous GP IIb/IIIa antagonists have been re-
ported only as single-case successes and should be reserved
for situations where clopidogrel is unsuitable and mater-
nal benefit clearly outweighs fetal risk [41]. In cancer pa-
tients, antiplatelet therapy is emerging as an adjunct to stan-
dard chemotherapy, immunotherapy and targeted agents,
low-dose aspirin and P2Y12 antagonists have demonstrated
the greatest clinical feasibility, reducing tumour-promoting
platelet functions and enhancing drug penetration without
causing systemic bleeding when used at cardioprotective
doses [42]. Owing to the increased baseline risk of cancer-
associated thrombosis and haemorrhage, any antiplatelet
regimen must be individualised, avoiding prasugrel or vo-
rapaxar (linked to excess cancer incidence) and integrat-
ing multidisciplinary monitoring, particularly in thrombo-
cytopenic or perioperative settings [42].

Contemporary practice increasingly relies on stan-
dardized bleeding-risk scores to individualise antiplatelet
duration and intensity. The five-item PRECISE-DAPT
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score (age, haemoglobin, white-blood-cell count, creatinine
clearance, prior bleeding) accurately predicts BARC 3 or 5
bleeding up to 2 years after coronary stenting and is en-
dorsed by ESC guidelines (class IIb) to identify patients in
whom shorter (3–6 months) rather than prolonged DAPT
may be preferable [43]. In the GLOBAL LEADERS and
GLASSY cohorts (>14,000 patients), a PRECISE-DAPT
≥25 conferred a four-fold higher risk of major bleeding,
with consistent performancewhether patients received stan-
dard DAPT or ticagrelor monotherapy after 1 month [43].
The Academic Research Consortium High Bleeding Risk
(ARC-HBR) definition combines 14 major and six minor
clinical criteria—such as age ≥75 years, anaemia, prior in-
tracranial haemorrhage, or severe chronic kidney disease—
and is widely adopted in PCI trials to select patients who
benefit from abbreviated or de-escalated antiplatelet strate-
gies [43]. Both PRECISE-DAPT and ARC-HBR have
been externally validated across diverse populations and
antiplatelet regimens, and their integration into bedside
decision-making has been shown to reduce bleeding with-
out increasing ischaemic events.

5. Emerging Role of Pharmacist and Nurse
Involvement in Antiplatelet Medication
Management

Pharmacists play a critical role in optimizing an-
tiplatelet therapy, contributing significantly to the clinical
management of these drugs. This literature review explores
the pharmacist’s role in managing antiplatelet therapy, par-
ticularly in monitoring medication regimens to identify po-
tential drug interactions and bleeding risks. For instance,
pharmacists can review patient medication profiles to de-
tect interactions between antiplatelet drugs and other med-
ications that may increase bleeding risk. A study indicated
that platelet reactivity varies among patients, even with as-
pirin use [44]. Pharmacists can use this information to ad-
just drug therapy and minimize bleeding risks. They also
provide valuable guidance on drug selection and dosing ad-
justments based on individual patient characteristics, such
as age, weight, and renal function. According to von Pape et
al. (2005) [45], adherence and dosage adjustments in long-
term aspirin therapy influence platelet function, a factor
pharmacists can leverage to optimize drug therapy. Phar-
macists enhance patient adherence to antiplatelet therapy by
educating patients on the importance of adherence, poten-
tial side effects, and the need for regular monitoring. Lee et
al. (2005) [46] found that low-dose aspirin could increase
aspirin resistance in patients with coronary artery disease.
Pharmacists can use this insight to improve patient adher-
ence through targeted education [46]. Additionally, phar-
macists collaborate with other healthcare professionals to
develop and implement protocols for bleeding risk assess-
ment and management. They can work alongside physi-
cians to establish guidelines for monitoring and managing
bleeding complications in patients on antiplatelet therapy.

A study by Healey et al. (2024) [47] emphasized the im-
portance of such interdisciplinary collaboration in manag-
ing antiplatelet therapy for atrial fibrillation patients. Phar-
macists contribute their expertise in these multidisciplinary
teams. Furthermore, pharmacists play a key role in ana-
lyzing drug-drug interactions that may impact the efficacy
and safety of antiplatelet therapy. For example, interactions
between antiplatelet drugs and PPIs can affect platelet func-
tion. A systematic review and meta-analysis by Luo et al.
(2023) [48] examined the efficacy and safety of concomi-
tant PPI use with aspirin-clopidogrel DAPT in CHD, which
pharmacists can use to assess and manage such interactions
in clinical practice.

Pharmacists are integral to the clinical management
of antiplatelet drugs through their expertise in drug ther-
apy monitoring, patient education, and collaboration with
the healthcare team. Their involvement in optimizing an-
tiplatelet therapy and mitigating bleeding risks is vital for
improving patient outcomes, and their skills are essential
in enhancing the quality of care for patients receiving an-
tiplatelet therapy.

Nurses are central to patient care, playing a vital role in
monitoring for early signs of bleeding [49]. They routinely
assess patients for symptoms such as unusual bruising, mu-
cosal bleeding, and gastrointestinal signs indicative of hem-
orrhage. In patients with ACS receiving antiplatelet ther-
apy, nurses’ diligent monitoring enables timely interven-
tions, helping to prevent severe complications [50]. Nurses
also collaborate with physicians to ensure the appropri-
ate use of antiplatelet drugs [51], facilitating communica-
tion within the healthcare team to ensure prompt decision-
making and interventions. In the AEGIS cluster random-
ized trial, Kurlander et al. [51] demonstrated that nurse-
led interventions effectively resulted in the discontinua-
tion of unnecessary antiplatelet medications or the initia-
tion of PPIs in patients initially prescribed warfarin and an-
tiplatelet therapy without gastroprotection. Nurse-led stan-
dardized anticoagulation follow-up promptly identified and
corrected inappropriate combinations of antiplatelet drugs,
significantly reducing patients’ bleeding risks [52]. Clin-
ical practice guidelines highlight that nurses can signifi-
cantly reduce potential bleeding events and ensure medi-
cation continuity by early identification of bleeding risks,
prioritizing absorbable hemostatic materials, strengthen-
ing patient education, and maintaining 30-day follow-up
records for antiplatelet drug-related epistaxis management
[53]. These guidelines underscore the importance of mul-
tidisciplinary collaboration in optimizing antiplatelet ther-
apy and improving patient outcomes. Zhang et al. [54]
identified antiplatelet drug use as an independent risk fac-
tor for hemorrhage after intravenous thrombolysis, provid-
ing clinical nurses with a basis for evaluating hemorrhage
risk in acute ischemic stroke patients post-thrombolysis. A
longitudinal study found that a significant proportion of
ACS patients were likely non-adherent to antiplatelet ther-
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Figure 3. Strategies to reduce bleeding risk or cope bleeding caused by antiplatelet drugs.

Fig. 3. Strategies to reduce bleeding risk or cope bleeding caused by antiplatelet drugs.

apy within 30 days of discharge, offering valuable insights
for nurses in designing targeted interventions to integrate
adherence strategies into patients’ daily routines [55].

Nurses play an essential role in improving the qual-
ity of care for patients on antiplatelet therapy. However,
as the literature indicates, there remain several areas that
require more focused involvement of nurses. Future re-
search should continue to explore and strengthen the roles
of nurses in this field, ultimately improving the manage-
ment of bleeding risks and patient care.

6. Discussion
Antiplatelet drugs are widely used to prevent and

manage cardiovascular conditions and postoperative throm-
bosis, including coronary artery disease, acute ischemic
stroke, and peripheral arterial disease, by inhibiting throm-
bus formation and improving clinical outcomes [56–59].
However, these therapies increase the risk of bleeding,
particularly in catastrophic events such as intracranial or
gastrointestinal hemorrhages, which can significantly im-
pact both survival and quality of life [60,61]. There-
fore, a thorough bleeding-risk assessment and proactive
risk-mitigation strategies are essential when prescribing an-
tiplatelet therapy (Fig. 3). Timely intervention—such as
discontinuing the drug, administering blood transfusions,

or performing surgery—may be necessary when bleeding
occurs, ensuring that the benefits of antiplatelet therapy out-
weigh its risks. The radial artery approach can significantly
reduce the incidence of PCI-related bleeding complications,
shorten the length of hospital stay and lower the need for
blood transfusion, especially for patients with a high risk of
bleeding [62]. Additional procedural interventions likely
ultrasound-guided vascular access has been shown to fur-
ther reduce bleeding complications [63]. Clinical indica-
tions for antiplatelet therapy in key clinical trials or guide-
lines (Table 1).

This review provides the first comprehensive analy-
sis of bleeding complications associated with antiplatelet
agents, highlighting the critical roles of pharmacists and
nurses in mitigating these risks. By synthesizing the most
recent evidence from reputable databases, it offers a more
contemporary and thorough perspective than previous stud-
ies. The review incorporates both observational studies and
randomized controlled trials, significantly enhancing the
depth and credibility of its findings. Additionally, it care-
fully examines key factors influencing bleeding risks, in-
cluding drug type, dosage, treatment duration, and patient-
specific variables such as age and comorbidities. Patient-
related, drug-related, and procedural factors associatedwith
increased bleeding risk (Table 2, Ref. [17,23,26,62,64,65]).
This nuanced analysis offers clinical patient management a
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Table 1. Clinical indications for antiplatelet therapy in key clinical trials or guidelines.
Indication First-line regimen Recommended duration Evidence sources

Acute coronary
syndrome—post-PCI

Aspirin + P2Y12

inhibitor
(clopidogrel/ticagrelor)

12 months DAPT (shortened to
3–6 months if high bleeding risk)

ESC 2021 guidelines

Chronic coronary
syndrome—post-PCI

Aspirin + clopidogrel 6 months DAPT (1–3 months if
high bleeding risk)

ESC 2020/CCS-CAIC 2023
guidelines

Minor ischemic stroke or
high-risk TIA

Aspirin + clopidogrel 3 months DAPT → single
antiplatelet thereafter

AHA/ASA 2021 guideline

Transcatheter aortic
valve replacement

Aspirin monotherapy Lifelong ESC 2021 guideline

Elective PCI with
drug-eluting stent (low-
bleeding-risk patients)

Aspirin + clopidogrel 1 month DAPT → clopidogrel
monotherapy

STOPDAPT-2 trial

Secondary prevention af-
ter PCI (maintenance)

Clopidogrel
monotherapy

Lifelong HOST-EXAM trial

PCI, percutaneous coronary intervention; DAPT, dual antiplatelet therapy; ESC, European Society of Cardiology; CCS-
CAIC, Canadian Cardiovascular Society-Canadian Association of Interventional Cardiology; TIA, transient ischemic attack;
AHA/ASA, American Heart Association/American Stroke Association; STOPDAPT, Short and Optimal Duration of Dual
AntiPlatelet Therapy; HOST-EXAM, Harmonizing Outcomes with Revascularization and Stents in Acute Myocardial In-
farction - EXtended Antiplatelet Monotherapy.

Table 2. Patient-related, drug-related, and procedural factors associated with increased bleeding risk.
Factor category Specific factor Reference(s)

Patient-related Age ≥75 years [26]
Patient-related Anaemia (baseline Hb <120 g/L) [26]
Patient-related Type 2 diabetes [26]
Patient-related Frailty (per 1-grade increase) [23]
Drug-related Dual antiplatelet therapy vs aspirin alone [64]
Drug-related Antiplatelet therapy + OAC [17]
Drug-related Prolonged DAPT (>12 months) [65]
Procedural Femoral vs radial access for PCI [62]
OAC, oral anticoagulant.

more detailed understanding of how to mitigate bleeding
risks in individual patients.

Antiplatelet agents primarily aim to prevent vascular
reocclusion, yet their safety and efficacy can vary greatly
due to individual differences [66]. Sex-specific dispari-
ties have been noted in platelet reactivity, patient manage-
ment strategies, and clinical outcomes following treatment
with aspirin, P2Y12 inhibitors, or DAPT [67]. Key fac-
tors influencing the use of antiplatelet drugs include the
type of ACS, time to angiography, drug onset of action, pa-
tient clinical profile (e.g., surgery or oral anticoagulation),
bleeding risk, and tolerance to DAPT [68]. Recent studies
have explored aspirin-free approaches for secondary pre-
vention. A recent meta-analysis comparing P2Y12 inhibitor
monotherapy with prolonged (≥12 months) DAPT (includ-
ing aspirin) after PCI found that the P2Y12 monotherapy
group had a lower risk of major bleeding and no increased
risk of stent thrombosis, all-cause mortality, or stroke [69].
Systematic reviews and meta-analyses have indicated that
the combination of clopidogrel and aspirin offers greater

efficacy but comes with a higher bleeding risk (risk ra-
tio: 2.21, 95% confidence interval: 1.48–3.32) compared to
monotherapy [64]. Prolonged combined antiplatelet ther-
apy (beyond 1 month) was also associated with a higher
risk of hemorrhagic stroke [65]. A recent review demon-
strates that race and geography significantly modulate re-
sponse to antiplatelet therapy [70]. East Asians carry a
three-fold higher prevalence of cytochrome P450 2C19
(CYP2C19)*2 loss-of-function alleles than whites, leading
to markedly reduced clopidogrel efficacy and a lower ap-
proved prasugrel dose (3.75 mg) in Japan. Blacks exhibit
higher baseline platelet reactivity and inflammation, cou-
pled with lower aspirin utilization, predisposing to worse
outcomes despite standard dosing. Conversely, ticagrelor
shows consistent efficacy across regions, although East
Asians achieve higher drug levels without excess bleed-
ing. A 2023 expert consensus states that after risk stratifica-
tion, low-ischaemia/high-bleeding-risk patients can safely
abbreviate DAPT: stop aspirin 1–3 months post-PCI and
continue P2Y12 inhibitor monotherapy, or switch to aspirin
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alone at 3–6months [71]. This approach is best documented
in East Asians, the elderly (≥75 years), and those with
moderate-to-severe chronic kidney disease (CKD), and can
be further guided by platelet-function or genotype-directed
de-escalation [71]. Therefore, antiplatelet therapy regi-
mens should be tailored to individual patients based on
disease type, onset timing, race, genotype, and suscepti-
bility to hemorrhagic complications. No specific reversal
agent exists for patients on antiplatelet therapy who develop
spontaneous or traumatic intracranial hemorrhage [72]. In
emergency settings, platelet transfusion (1 pool, >3 × 109
platelets/L) combined with desmopressin (0.3 µg/kg) can
quickly restore platelet function. Typically, up to 5 units
of platelets are required for adequate clot formation, with
desmopressin potentially repeated every 12 hours up to a
maximum of six doses [72].

Pharmacists and nurses collaborate to significantly en-
hance patient outcomes through their distinct roles [73,
74]. Pharmacists focus on medication therapy manage-
ment, drug interaction analysis, patient education, and pro-
tocol development, while nurses excel in patient monitor-
ing, clinical decision support, patient education, and bleed-
ing risk assessment [75]. This review enriches the dis-
course on the roles of multidisciplinary teams in hemor-
rhage risk management by providing more concrete evi-
dence of their contributions. Unlike earlier studies, which
acknowledged the importance of pharmacists and nurses in
drug therapy [75], this review highlights the specialized
expertise of pharmacists in drug interaction analysis and
nurses’ acute vigilance in detecting early signs of bleeding.
These advances emphasize the tangible impact of their roles
in improving patient outcomes.

However, this review has limitations. The search
strategy may have excluded some less commonly used an-
tiplatelet agents or bleeding-related terms. As a narrative
review, it lacks a systematic evaluation process (e.g., Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) flowchart, two-person independent
screening, and conflict resolution), making it difficult to as-
sess the risk of selection bias. The studies reviewed were
conducted in various countries, yet there is limited discus-
sion on dose-exposure relationships, ethnic disparities, and
related factors. Additionally, there is a scarcity of research
on special populations, such as individuals with impaired
liver or kidney function, tumors, or those who are preg-
nant. Currently, the research lacks large-sample, random-
ized controlled trials, making it impossible to quantify the
cost-effectiveness, resource allocation, and long-term out-
comes of interventions by pharmacists or nurses. More-
over, the review predominantly focuses on the roles of phar-
macists and nurses within hospital settings, highlighting the
need for further research to explore their roles in commu-
nity or primary care environments.

Future research should focus on developing more pre-
cise bleeding risk assessment tools tailored to different pa-

tient populations and antiplatelet regimens. By employ-
ing dual reviewer screening and independent quality assess-
ments, a rigorous systematic review with clearly defined
inclusion criteria could minimize bias. Larger prospec-
tive studies are essential to confirm the effectiveness of
multidisciplinary interventions in reducing bleeding com-
plications and improving patient outcomes. Additionally,
investigating the cost-effectiveness of these interventions
would provide valuable insights for healthcare policymak-
ers. The integration of advanced technologies, such as ar-
tificial intelligence for real-time bleeding risk monitoring,
presents a promising direction for future research. Timely
interventions, such as drug withdrawal, blood transfusion,
or surgery, may be necessary when bleeding events occur
to balance the benefits and risks of antiplatelet therapy.
Therefore, careful bleeding-risk assessment and proactive
risk-mitigation strategies are crucial when prescribing an-
tiplatelet therapy. Pharmacists and nurses, as essential
members of the healthcare team, play pivotal roles in op-
timizing patient outcomes. Future research should focus on
optimizing the timing of antiplatelet drug initiation based
on individual patient characteristics. For patients with high
bleeding risk or complex comorbidities, dynamic imag-
ing assessments and real-time monitoring could be em-
ployed to evaluate vascular reperfusion and bleeding risk,
enabling precise timing for initiating antiplatelet therapy.
Furthermore, additional refinement is needed in the combi-
nation and dosage control of antiplatelet drugs when used
with other antithrombotic agents to balance efficacy and
bleeding risk. Furthermore, mounting evidence indicates
that CYP2C19 polymorphisms, platelet-function-test re-
sults, and clinical factors such as age and renal function
jointly determine individual responsiveness to P2Y12 in-
hibitors. Integrating genotyping with bleeding-risk scores
therefore allows dynamic tailoring of agent selection, initial
dosing, and DAPT duration (1–3 vs 12months) [71]. It sug-
gests that this “genotype-phenotype-clinical” triad can sub-
stantially reduce major bleeding without increasing throm-
botic events, and warrants prospective validation. Address-
ing these gaps through systematic reviews, large-scale ran-
domized controlled trials, and real-world evidence studies
will be critical for advancing clinical practice.

7. Conclusion
This review enhances our understanding of the bleed-

ing risks associated with antiplatelet therapies and empha-
sizes the importance of pharmacist and nurse involvement
in managing these risks. Future research should build on
these findings to further refine antiplatelet therapy strate-
gies and risk mitigation approaches.
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