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Abstract

The early period following percutaneous coronary intervention (PCI), particularly the first days to weeks after stent implantation, is
characterized by heightened device-related thrombotic risk, and dual antiplatelet therapy (DAPT) during this phase is well established.
With contemporary drug-eluting stents (DES) and abbreviated DAPT strategies, late stent-related events have become less frequent, and
long-term risk increasingly reflects underlying systemic atherosclerotic disease. Beyond 12 months, the risk profile shifts further: late
events increasingly reflect progressive atherosclerosis and systemic vascular disease rather than stent-related thrombosis. This review
synthesizes contemporary evidence on long-term antiplatelet and antithrombotic therapy after PCI, with a focus on the period beyond one
year. We evaluate the data supporting for lifelong aspirin as the traditional default strategy, as well as the emerging evidence that P2Y,
inhibitor monotherapy may be superior to aspirin in selected post-PCI populations (HOST-EXAM, HOST-EXAM Extended, PANTHER,
SMART-CHOICE 3). This review also examines the role of prolonged DAPT in selected high-risk patients (DAPT Trial, PEGASUS—
Thrombolysis in Myocardial Infarction (TIMI) 54) and the paradigm of dual-pathway inhibition with low-dose rivaroxaban plus aspirin
(COMPASS, VOYAGER-peripheral artery disease (PAD)). In addition, the review considers protease-activated receptor (PAR) antag-
onism (TRA 2°P-TIMI 50) and precision-based strategies, including CYP2C19 genotype-guided therapy. Special populations, such as
patients with diabetes, chronic kidney disease (CKD), polyvascular disease, and those requiring concomitant oral anticoagulation, present
distinct long-term management challenges. Thus, novel targets, including factor Xla inhibitors and PAR-4 antagonists, may further refine
the antithrombotic approach. Overall, the optimal long-term strategy after PCI is increasingly defined not by fixed timelines but by the
dynamic balance between ischemic and bleeding risk.
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1. Introduction from stent protection to broad-based secondary prevention
across the coronary, cerebral, and peripheral vascular beds.

This schematic illustrates the shift in dominant throm-
botic mechanisms following PCI. During the immediate
phase (0-30 days), thrombotic risk is driven predominantly
by stent-related factors including endothelial disruption,
platelet activation, peri-procedural myocardial infarction,
and incomplete endothelialisation. As vascular healing pro-
gresses through the early phase (1-12 months), the risk of
stent thrombosis declines substantially. Beyond 12 months,
the dominant mechanism of recurrent events becomes sys-
temic atherothrombosis, reflecting progression of underly-
ing coronary and polyvascular disease rather than device-
related complications. This temporal transition underpins
current strategies in which dual antiplatelet therapy is pri-
oritised early after PCI, followed by individualised long-
term antithrombotic therapy tailored to the individual pa-
tient’s ischaemic and bleeding risk profile.

Beyond the first year after percutaneous coronary in-
tervention (PCI), the therapeutic challenge shifts from pre-
venting device-related thrombosis to managing systemic
atherothrombotic risk. The traditional strategy of life-
long aspirin is now being called into question as trial data
suggest that alternative approaches—including P2Y; in-
hibitor monotherapy and dual pathway inhibition—may of-
fer better protection with comparable or lower bleeding
risk. Within the first 12 months, dual antiplatelet therapy
(DAPT) is firmly anchored in preventing stent-related com-
plications such as stent thrombosis, peri-procedural my-
ocardial infarction (MI), and acute vessel occlusion [1,2,3].
As stent endothelialisation progresses, however, these
device-related hazards decline, and late adverse events in-
creasingly reflect progressive atherosclerosis, non-culprit
lesion progression, and systemic vascular disease [4,5] as
illustrated in Fig. 1. The clinical priority therefore moves
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Fig. 1. Temporal evolution of thrombotic risk after percutaneous coronary intervention (PCI).

This temporal evolution creates an important clinical
decision point at 12 months. Clinicians must weigh the po-
tential benefit of continued antithrombotic intensity against
the cumulative hazard of bleeding—which itself is indepen-
dently associated with mortality, recurrent ischaemic events
and impaired quality of life [6,7]. The traditional default
strategy of lifelong low-dose aspirin is now being chal-
lenged by evidence that alternative approaches may offer
greater ischaemic protection, reduced bleeding, or both, in
selected patients.

The pharmacology of aspirin and P2Y, inhibitors,
and the evidence for abbreviated DAPT strategies within
the first 12 months after PCI (including TWILIGHT,
MASTER-DAPT, STOPDAPT-2/3, NEO-MINDSET,
ULTIMATE-DAPT and T-PASS) are covered in a compan-
ion review. The present article focuses on the outcomes
evidence for long-term therapy beyond one year, precision-
based strategies, and practical clinical decision-making at
and after the 12-month transition point.

Search Strategy and Study Selection

This narrative review draws on a structured literature
search of PubMed/MEDLINE, Embase, and ClinicalTri-
als.gov, covering landmark dual antiplatelet therapy studies
through April 2026. Search terms combined “PCI” or “per-

cutaneous coronary intervention” with “dual antiplatelet
therapy”, ‘“P2Y), inhibitor monotherapy”, “dual path-
way inhibition”, “secondary prevention”, “rivaroxaban”,
and the names of major trials including HOST-EXAM,
PEGASUS, and COMPASS. Bleeding-risk literature was
identified through the additional terms “bleeding risk”,
“PRECISE-DAPT”, “Academic Research Consortium for
High Bleeding Risk (ARC-HBR)”, and “PRECISE-HBR”.
Priority was given to randomised controlled trials, indi-
vidual patient data meta-analyses, contemporary guideline
documents, and consensus statements. Observational stud-
ies were included selectively where they addressed popula-
tions under-represented in randomised evidence. This arti-
cle represents a narrative synthesis rather than a systematic
review; we did not apply formal Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)-
based study selection or quantitative pooling, and the article
should be interpreted accordingly.

2. Transition From DAPT to Maintenance
Therapy

2.1 Historical Context

The adoption of 12 months as a standard DAPT du-
ration was driven primarily by the CURE and CREDO
programmes, which established that prolonged clopido-
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grel plus aspirin reduced ischaemic events after acute
coronary syndrome (ACS) and PCI [1,2]. Concerns
regarding late stent thrombosis with first-generation
drug-eluting stents (DES)—particularly sirolimus- and
paclitaxel-eluting platforms—prompted regulatory and
guideline bodies to recommend extended dual therapy as
a precautionary measure [8,9]. The progressive improve-
ment in stent design, with thinner struts, biocompatible or
biodegradable polymers, and refined drug elution kinetics
in contemporary DES, has substantially reduced the inci-
dence of very late stent thrombosis [10] and called into
question the necessity of prolonged dual therapy in unse-
lected patients.

2.2 Residual Risk After DAPT Completion

Patients who complete DAPT without incident re-
tain substantial residual cardiovascular risk. Registry data
from the REACH line and Swedish nationwide cohorts
demonstrate that beyond one year, the annual rate of MI,
stroke, or cardiovascular death remains in the order of
4-5% even in event-free survivors [11,12]. This resid-
ual risk is driven by non-culprit coronary disease progres-
sion, systemic atherosclerosis, and persistent prothrom-
botic factors including platelet hyperreactivity, endothelial
dysfunction, and chronic inflammation. The question at
the 12-month transition is not whether secondary preven-
tion should continue, but which agent—or combination—
provides the most favourable balance between ischaemic
protection and bleeding risk.

3. Aspirin as the Traditional Default

For over three decades, low-dose aspirin has been
the uncontested default for long-term secondary preven-
tion after DAPT completion—a position now increasingly
questioned by head-to-head comparative data. The An-
tithrombotic Trialists’ Collaboration meta-analysis demon-
strated that aspirin reduced the annual risk of serious vas-
cular events by approximately one quarter compared with
placebo in patients with prior vascular events, with abso-
lute benefits substantially outweighing excess bleeding in
most secondary prevention populations [ 13]. Its dominance
reflected not only efficacy, but also cost, familiarity, once-
daily dosing, and the absence for many years of compelling
long-term alternatives tested head-to-head against aspirin.

The comparator in these landmark analyses, however,
was placebo or no antiplatelet therapy — not an alternative
antiplatelet agent. The question of whether aspirin repre-
sents the optimal long-term agent was first raised by CA-
PRIE, which showed that clopidogrel 75 mg was marginally
but significantly more effective than aspirin 325 mg in re-
ducing the composite of vascular death, MI, or ischaemic
stroke (annual event rate 5.32% vs 5.83%; relative risk
reduction 8.7%, p = 0.043) [14]. Although the absolute
difference was modest, CAPRIE established the princi-
ple that adenosine diphosphate (ADP)-pathway inhibition
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could provide at least equivalent, and perhaps modestly
superior, long-term vascular protection compared with as-
pirin. The clinical relevance of this observation has been
substantially amplified by subsequent evidence.

4. P2Y, Inhibitor Monotherapy Beyond One
Year

4.1 HOST-EXAM and HOST-EXAM Extended

The HOST-EXAM trial randomised 5438 patients
who had completed 618 months of event-free DAPT af-
ter DES implantation to clopidogrel 75 mg or aspirin 100
mg monotherapy [15]. At 24 months, clopidogrel signif-
icantly reduced the primary composite of all-cause death,
MI, stroke, readmission for ACS, and Bleeding Academic
Research Consortium (BARC) 3-5 bleeding compared with
aspirin (5.7% vs 7.7%; hazard ratio [HR] 0.73, 95% confi-
dence interval [CI] 0.59-0.90, p = 0.0035). Both ischaecmic
and bleeding endpoints were individually lower in the clopi-
dogrel arm—an unusual finding, since most antithrombotic
interventions trade ischaemic benefit for bleeding risk.

HOST-EXAM Extended reported outcomes at a me-
dian follow-up of 5.8 years [16]. The benefit of clopidogrel
was sustained throughout, with significantly lower rates of
the primary composite, the secondary thrombotic endpoint,
and the secondary bleeding endpoint. Landmark analysis
at two years confirmed that this advantage persisted in the
extended phase, with no divergence in all-cause mortality.
Post-hoc analyses demonstrated consistency across strata
of baseline ischaemic and bleeding risk. These data pro-
vide the strongest direct evidence to date that clopidogrel
monotherapy may be preferable to aspirin for long-term
maintenance after PCI. The trial population was predom-
inantly Korean, however, and pharmacogenomic as well as
broader population-level differences warrant caution when
extrapolating these findings to more diverse cohorts.

More recently, the 10-year follow-up of HOST-
EXAM has been reported [17]. Over a median follow-up
of 10.5 years, the relative benefit of clopidogrel over aspirin
monotherapy remained directionally consistent for the pri-
mary composite endpoint (25.4% vs 28.5%) and for throm-
botic events (17.3% vs 20.0%), with a sustained reduction
in bleeding complications (9.1% vs 10.8%). All-cause mor-
tality did not differ significantly between the two groups.
These long-term findings strengthen the biological plausi-
bility of P2Y; inhibitor monotherapy as a durable main-
tenance strategy, although the predominantly East Asian
source population continues to constrain direct generalis-
ability.

HOST-EXAM was conducted in a predominantly East
Asian population, in which the CYP2C19 loss-of-function
allele prevalence is substantially higher than in European
cohorts; the implications of this for direct generalisabil-
ity to other populations remain a matter of active debate.
The enrolment criterion of 6 to 18 months of event-free
dual antiplatelet therapy also excluded the early high-risk


https://www.imrpress.com

peri-procedural window, which limits direct extrapolation
to patients entering chronic maintenance from a more re-
cent ischaemic event. The reduction in BARC 3-5 bleed-
ing was modest in absolute terms but consistent in direction
across pre-specified subgroups, and the trial did not demon-
strate a divergence in all-cause mortality between the two
monotherapies, a point that informs how the result should
be weighed against alternative long-term strategies.

4.2 SMART-CHOICE 3

SMART-CHOICE 3 randomised 5506 high-risk pa-
tients who had completed DAPT after PCI to clopidogrel
or aspirin monotherapy for three years [18]. Clopidogrel re-
duced the primary composite of death, MI and stroke (HR
0.71, 95% CI 0.54-0.93) with comparable rates of major
bleeding. Clopidogrel was also associated with fewer gas-
trointestinal events—a finding consistent with the known
gastrointestinal toxicity of aspirin but nonetheless reassur-
ing in the context of monotherapy selection. Like HOST-
EXAM, SMART-CHOICE 3 was conducted predominantly
in Korean centres, and similar limitations apply when con-
sidering generalisability across ethnically diverse popula-
tions.

4.3 PANTHER Meta-Analysis

The PANTHER meta-analysis pooled individual par-
ticipant data from seven randomised trials (24,325 partici-
pants) comparing P2Y|, inhibitor monotherapy with aspirin
monotherapy for secondary prevention in patients with es-
tablished coronary artery disease [19]. The primary com-
posite of cardiovascular death, MI and stroke was signifi-
cantly lower in the P2Y, inhibitor group (HR 0.88, 95%
CI 0.79-0.97, p = 0.012), driven predominantly by fewer
myocardial infarctions (HR 0.77, 95% CI 0.66—0.90), with
no excess of major bleeding. The magnitude of benefit was
broadly consistent regardless of the P2Y, agent used (pre-
dominantly clopidogrel). A subsequent individual patient
data meta-analysis of five of these trials (16,117 partici-
pants) by Giacoppo etal. [20] confirmed these findings (HR
0.84, 95% CI 0.74-0.96 for the primary composite), with
consistent benefit across pre-specified subgroups. A fur-
ther updated analysis by Valgimigli et al. [21], incorporat-
ing 28,982 patients from seven trials with a median follow-
up of 2.3 years, confirmed that clopidogrel was associated
with fewer major adverse cardiovascular events than aspirin
at 5.5 years, without excess mortality or major bleeding.
Taken together, these data provide the most comprehensive
evidence to date that P2Y}, inhibitor monotherapy is at least
a credible and possibly preferable alternative to aspirin for
long-term secondary prevention after DAPT completion.

Taken together, HOST-EXAM, HOST-EXAM Ex-
tended, SMART-CHOICE 3, and PANTHER point in the
same direction: ADP-pathway inhibition appears to pro-
vide more effective long-term protection against recurrent
coronary events than thromboxane inhibition alone, with-

out an obvious bleeding penalty. Clopidogrel monother-
apy therefore, merits serious consideration as a compelling
alternative to aspirin as maintenance strategy after DAPT
completion. This is despite the important caveat that the
trial populations have been predominantly East Asian, and
whether the same magnitude of benefit holds in ethnically
diverse cohorts has yet to be established.

4.4 Pharmacogenomic Considerations

These findings must be interpreted in the context of
pharmacogenomic variability in clopidogrel metabolism.
The CYP2C19%*2 loss-of-function allele frequency is ap-
proximately 15-18% in European populations, but the pro-
portion of individuals carrying at least one loss-of-function
allele (intermediate and poor metabolisers combined) is
closer to 25-30%; the corresponding carrier frequency in
East Asian populations is 30-40%, with considerable intra-
regional heterogeneity [22]. These alleles reduce clopi-
dogrel bioactivation and may attenuate clinical benefit.
This is particularly relevant for long-term monotherapy,
where suboptimal platelet inhibition sustained over years
could translate into excess thrombotic events. The pre-
dominantly East Asian composition of HOST-EXAM and
SMART-CHOICE 3 introduces an important interpretive
complexity: although loss-of-function allele prevalence is
high in these populations, clopidogrel still outperformed as-
pirin, likely reflecting a combination of pharmacogenomic,
bleeding-risk, and population-specific factors. Validation
in ethnically diverse cohorts remains an important unmet
need.

5. Prolonged Dual Antiplatelet Therapy

Although the overall trajectory of evidence favours
de-escalation to monotherapy beyond one year, a subset of
patients with persistently high ischaemic risk may still de-
rive net benefit from prolonged DAPT.

5.1 DAPT Trial

The DAPT Trial randomised 9961 patients who had
completed 12 months of uneventful DAPT after DES im-
plantation to continued dual therapy for an additional 18
months or placebo plus aspirin [3]. Continued DAPT sig-
nificantly reduced stent thrombosis (0.4% vs 1.4%, p <
0.001) and spontaneous MI (2.1% vs 4.1%, p < 0.001),
but increased moderate-to-severe bleeding (2.5% vs 1.6%,
p = 0.001) and was associated with a numerical excess of
non-cardiovascular death. These findings crystallised the
central trade-off: reduction in ischaemic events comes at a
measurable haemorrhagic cost, and the net balance depends
on individual patient risk rather than a uniform timeline.

These findings position prolonged dual antiplatelet
therapy most clearly in patients with persistently elevated
ischaemic risk and acceptable bleeding liability. The ab-
solute reductions in stent thrombosis and spontaneous my-
ocardial infarction must be weighed against the absolute in-
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crease in moderate-to-severe bleeding, and a numerically
higher rate of non-cardiovascular mortality observed in the
extended-treatment arm has remained the subject of con-
tinued debate. The applicability of these data to contem-
porary thin-strut drug-eluting platforms is also uncertain,
given that newer stents themselves carry a lower late stent-
thrombosis hazard than the devices in the DAPT Trial.

5.2 PEGASUS-TIMI 54

PEGASUS-Thrombolysis in Myocardial Infarction
(TIMI) 54 enrolled 21,162 patients with a history of MI one
to three years earlier and randomised them to ticagrelor 60
mg or 90 mg twice daily plus aspirin, or aspirin alone [23].
Over a median of 33 months, ticagrelor 60 mg significantly
reduced the composite of cardiovascular death, MI or stroke
(HR 0.84, 95% CI 0.74-0.95, p = 0.004), driven largely by
fewer MIs. TIMI major bleeding was increased, though in-
tracranial and fatal bleeding remained infrequent. The 60
mg dose provided similar ischaemic benefit to the 90 mg
dose with a more favourable tolerability profile and is the
preferred regimen.

The PEGASUS-TIMI 54 finding applies most directly
to patients with a prior myocardial infarction one to three
years earlier and acceptable bleeding risk. The 60 mg twice-
daily dose was preferred over 90 mg on the basis of compa-
rable ischaemic efficacy with a modestly more favourable
bleeding profile, and intracranial and fatal bleeding events
were uncommon in absolute terms. The trial illustrates the
more general principle that absolute ischaemic benefit and
absolute bleeding harm tend to move together with treat-
ment intensification, and that the magnitude of each must
be weighed against the patient’s baseline risk profile.

5.3 Patient Selection

Prolonged DAPT is best reserved for patients with
high ischaemic burden and low bleeding risk. Clinical sce-
narios in which this approach may be considered include
complex left main or bifurcation stenting, prior stent throm-
bosis, extensive multivessel disease with incomplete revas-
cularisation, recurrent MI, and the combination of diabetes
with diffuse coronary disease. The DAPT score, applied at
12 months, helps discriminate patients predicted to derive
net benefit (score >2) from those more likely to experience
net harm (score <2) [24].

The message from both the DAPT Trial and
PEGASUS-TIMI 54 is consistent: prolonged dual therapy
reduces stent thrombosis and spontaneous MI, but at a real
haemorrhagic cost. Net benefit is therefore confined to
the subset of patients whose ischaemic burden clearly out-
weighs their bleeding vulnerability—and identifying that
subset requires structured risk assessment at 12 months.

6. Dual Pathway Inhibition

Recognition that atherothrombosis is driven by both
platelet activation and thrombin generation has prompted
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evaluation of dual pathway inhibition—combining an-
tiplatelet therapy with low-dose anticoagulation.

6.1 COMPASS

COMPASS randomised 27,395 patients with stable
atherosclerotic vascular disease to rivaroxaban 2.5 mg
twice daily plus aspirin, rivaroxaban 5 mg twice daily alone,
or aspirin alone [25]. The combination significantly re-
duced the composite of cardiovascular death, stroke, or MI
compared with aspirin alone (4.1% vs 5.4%; HR 0.76, 95%
CI10.66-0.86, p <0.001) and yielded a favourable net clini-
cal benefit despite increased major bleeding. Critically, fa-
tal and intracranial bleeding did not increase significantly.
Subgroup analyses confirmed that the greatest net benefit
was in patients with polyvascular disease, impaired renal
function, heart failure and diabetes [26]. Although COM-
PASS was not restricted to post-PCI patients, a substantial
proportion had prior coronary revascularisation, support-
ing extrapolation to stable post-PCI populations with high
residual risk.

COMPASS established dual pathway inhibition as a
viable long-term strategy in stable atherosclerotic disease
and is notable as one of the few contemporary regimens to
demonstrate a reduction in all-cause mortality alongside the
ischaemic composite. The treatment effect was driven dis-
proportionately by patients with polyvascular involvement,
and the trial excluded those at the highest bleeding risk. Fa-
tal and intracranial bleeding were not increased relative to
aspirin alone, although total bleeding events were, and the
absolute trade-off remains the central consideration in pa-
tient selection.

6.2 VOYAGER-PAD

VOYAGER-PAD demonstrated that in 6564 patients
with symptomatic peripheral artery disease (PAD) under-
going revascularisation, low-dose rivaroxaban plus aspirin
reduced a composite of limb and systemic ischaemic events
compared with aspirin alone (17.3% vs 19.9%; HR 0.85,
95% CI 0.76-0.96, p = 0.009) [27]. Although this pop-
ulation differs from typical post-PCI cohorts, the find-
ings reinforce the biology of dual pathway inhibition:
thrombin-mediated pathways contribute materially to re-
current atherothrombosis, particularly in polyvascular dis-
ease.

6.3 Clinical Positioning

Dual pathway inhibition occupies a distinct thera-
peutic niche. It is most relevant for patients with estab-
lished coronary disease and high residual vascular risk—
particularly those with polyvascular disease—in whom
bleeding risk is not prohibitive. The 2019 European Society
of Cardiology (ESC) chronic coronary syndromes guide-
lines recommended considering rivaroxaban 2.5 mg twice
daily plus aspirin in such patients [28]; the 2024 update has
since refined the strength and scope of this recommenda-
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tion [29]. An important unanswered question is whether
this strategy offers incremental benefit over P2Y |, inhibitor
monotherapy for long-term secondary prevention, since no
head-to-head randomised trial has directly compared the
two approaches. In practice, the choice should be guided by
the individual’s vascular phenotype (single vs multiple vas-
cular beds), bleeding risk, renal function, and co-existing
indications.

COMPASS and VOYAGER-PAD together confirm
that thrombin-mediated pathways contribute materially to
recurrent atherothrombosis, and that targeting both platelet
activation and coagulation amplification can produce clin-
ically meaningful ischaemic reductions. The bleeding cost
is real but appears manageable in the right patients—
principally those with polyvascular disease or multiple co-
existing risk factors.

7. Additional Intensification Strategies:
Protease-Activated Receptor Antagonism

7.1 TRA 2°P-TIMI 50 (vorapaxar)

TRA 2°P-TIMI 50 evaluated vorapaxar, a first-in-
class protease-activated receptor (PAR)-1 antagonist, in
26,449 patients with established atherosclerotic disease
[30]. Among patients with prior MI—roughly 60% of the
trial—vorapaxar added to standard antiplatelet therapy sig-
nificantly reduced the composite of cardiovascular death,
MlI, or stroke (HR 0.80, 95% CI 0.72-0.89, p < 0.001).
This came, however, at the cost of significantly increased
GUSTO moderate-to-severe bleeding, including a higher
rate of intracranial haemorrhage—particularly in patients
with prior cerebrovascular disease, leading to early termi-
nation of the stroke arm. Vorapaxar was subsequently ap-
proved for secondary prevention in selected post-MI pa-
tients without prior stroke, but clinical uptake has remained
limited because of bleeding concerns and the narrow qual-
ifying population.

7.2 THEMIS and THEMIS-PCI

THEMIS randomised 19,220 patients with type 2 dia-
betes and stable coronary artery disease (without prior MI or
stroke) to ticagrelor 60 mg twice daily plus aspirin or aspirin
alone [31]. The primary composite was modestly reduced
(HR 0.90, 95% CI 0.81-0.99, p = 0.04), but TIMI major
bleeding was substantially increased, yielding an uncertain
net benefit overall. The pre-specified THEMIS-PCI sub-
group (11,154 patients with prior PCI) demonstrated a more
favourable risk—benefit balance: ticagrelor significantly re-
duced the primary ischaemic endpoint, and net clinical ben-
efit favoured the combination [32]. These data suggest that
diabetic patients with prior PCI represent a higher-risk phe-
notype in whom long-term intensified antiplatelet therapy
may merit consideration, though blanket adoption in all di-
abetic post-PCI patients cannot be recommended without
individual risk assessment.

8. Special Populations
8.1 Diabetes Mellitus

Patients with diabetes exhibit persistent platelet hyper-
reactivity and elevated residual vascular risk [33]. Evidence
from THEMIS-PCI and consistent subgroup findings from
PEGASUS-TIMI 54 support the potential benefit of inten-
sified long-term antiplatelet therapy in this group. Despite
this biological rationale, evidence supporting routine pro-
longed DAPT in unselected diabetic populations remains
inconsistent, and individualised therapy based on bleeding
risk is generally preferred.

8.2 Chronic Kidney Disease

Chronic kidney disease (CKD) produces a paradoxi-
cal combination of bleeding tendency and thrombotic risk,
compounded by altered pharmacokinetics and the exclusion
of severe renal impairment from most major trials [34]. The
COMPASS CKD subgroup demonstrated that patients with
estimated glomerular filtration rate <60 mL/min/1.73 m?
derived at least as great a benefit from dual pathway in-
hibition as those with preserved renal function [26]. An
individualised approach accounting for renal trajectory and
competing risks is essential in this population.

At a mechanistic level, the bleeding-thrombosis para-
dox in CKD reflects two distinct pathologies operating si-
multaneously: reduced glomerular filtration is associated
with platelet hyperreactivity and accelerated atherothrom-
bosis, while uraemia produces platelet dysfunction, capil-
lary fragility, and altered drug pharmacokinetics. Clopi-
dogrel responsiveness becomes increasingly variable as re-
nal function declines, reflecting both genetic CYP2C19
variation and CKD-specific metabolic determinants. Pa-
tients on dialysis remain substantially underrepresented in
randomised antithrombotic trials, and most current rec-
ommendations for this group rely on indirect inference
from non-dialysis CKD cohorts. CKD represents one of
the clearest examples of competing ischaemic and bleed-
ing hazards coexisting simultaneously, and individualised
decision-making in this population should remain explicit
about the limits of the supporting evidence.

8.3 Polyvascular Disease

Patients with atherosclerosis affecting two or more
vascular beds have substantially higher rates of recurrent
events and represent the quintessential high-risk population
for intensive long-term secondary prevention [35]. COM-
PASS demonstrated that these patients derive the greatest
net benefit from rivaroxaban plus aspirin, strongly support-
ing dual pathway inhibition as the preferred long-term strat-
egy where bleeding risk is acceptable.

8.4 High Bleeding Risk and Elderly Patients

Elderly patients, particularly those over 75 years, ex-
perience disproportionately higher rates of major bleeding
on any antithrombotic regimen [36]. HOST-EXAM and

&% IMR Press


https://www.imrpress.com

SMART-CHOICE 3 both suggest that clopidogrel is at least
as effective as aspirin while conferring lower gastrointesti-
nal bleeding risk [15,18]. Long-term clopidogrel monother-
apy is therefore an attractive option in elderly patients in
whom bleeding is the dominant concern, especially when
combined with proton pump inhibitor gastroprotection.

Beyond age itself, the elderly post-PCI population
is characterised by frailty, polypharmacy, anaemia, falls
risk, and prior gastrointestinal bleeding, all of which in-
dependently modify the bleeding-ischaemia balance. Al-
tered absorption, plasma protein binding, and renal clear-
ance further contribute to pharmacokinetic variability. The
MASTER-DAPT experience supports the principle that ab-
breviated dual antiplatelet therapy followed by transition to
monotherapy can preserve ischaemic protection while re-
ducing bleeding events in selected high-bleeding-risk PCI
patients. Chronological age alone should not determine
treatment intensity, although advancing age consistently
modifies both bleeding and ischaemic risk; simplified reg-
imens are generally preferable in this population unless a
specific ischaemic indication overrides the bleeding con-
sideration.

8.5 Atrial Fibrillation and Oral Anticoagulation

Patients with atrial fibrillation (AF) who have un-
dergone PCI require careful balancing of cardioembolic
and coronary thrombotic risk. After the initial period of
combined therapy, contemporary guidelines—informed by
AFIRE and AUGUSTUS—recommend direct oral antico-
agulant (DOAC) monotherapy beyond 12 months, discon-
tinuing all antiplatelet agents unless other compelling in-
dications exist [37,38]. Whether adding long-term P2Y |,
monotherapy to a DOAC beyond the first year confers ad-
ditional coronary benefit remains unproven and may ex-
pose patients to avoidable bleeding. In the absence of
another clear indication for antiplatelet therapy, DOAC
monotherapy remains the preferred long-term strategy. The
shorter-triple-therapy direction has been further reinforced
by PIONEER-AF-PCI and ENTRUST-AF-PCI, which sup-
port DOAC-based regimens with reduced antiplatelet expo-
sure in patients requiring long-term anticoagulation.

8.6 Sex-Specific Considerations

Women remain substantially underrepresented in PCI
trials, and the bleeding-ischaemia trade-off differs between
sexes in ways that the current evidence base does not fully
characterise. Women tend to present at older ages, with
smaller-calibre vessels and a greater burden of frailty, all of
which independently raise bleeding risk on any antithrom-
botic regimen. A recently published sex-stratified individ-
ual patient data meta-analysis has begun to address this
gap [39], although definitive sex-specific therapeutic algo-
rithms remain unavailable, and routine practice continues
to rely on sex-neutral recommendations supplemented by
individualised judgement.
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The principal randomised trials informing long-term
antithrombotic strategies after PCI are summarised in Table
1 (Ref. [3,15,18,19,23,25,27]).

9. Precision Strategies
9.1 CYP2C19 Genotype-Guided Therapy

POPular Genetics demonstrated that CYP2CI19
genotype-guided P2Y, inhibitor selection was non-
inferior for combined ischaemic and bleeding events and
significantly reduced bleeding compared with universal use
of potent P2Y |, inhibitors in primary PCI for ST-segment
elevation myocardial infarction (STEMI) [40]. TAILOR-
PCI did not meet its primary endpoint (HR 0.66, 95%
CI 0.43-1.02), but a pre-specified multiple-events anal-
ysis suggested that loss-of-function carriers treated with
genotype-guided therapy had fewer recurrent cardiovascu-
lar events than those on conventional clopidogrel [41]; this
finding should be considered hypothesis-generating. These
trials support genotype-guided selection as a plausible
strategy for optimising long-term P2Y, inhibitor choice,
particularly when clopidogrel is being considered. Since
genotype is stable, a single test performed near the index
event can inform years of subsequent prescribing.

9.2 Platelet Function Testing

Platelet function testing directly measures pharmaco-
dynamic effect. Although high on-treatment platelet re-
activity is associated with adverse outcomes in observa-
tional studies, the ARCTIC trial and others have not shown
that adjusting therapy based on platelet function testing im-
proves hard clinical endpoints [42]. Routine use for long-
term management is not currently recommended, though
it may have a role in patients with recurrent events where
pharmacogenomic data are unavailable.

9.3 Risk Scores

The DAPT score helps predict the net benefit of ex-
tending DAPT beyond 12 months [24]. The PRECISE-
DAPT score, validated primarily for early post-PCI bleed-
ing risk, may also inform long-term decisions [43]. The
ARC-HBR criteria provide a standardised framework for
identifying patients in whom de-escalation should be priori-
tised [44]. Machine-learning models incorporating clinical,
imaging, and biomarker data are under development but re-
main exploratory and are not yet ready to inform routine
post-PCI prescribing.

The recently published PRECISE-HBR score offers a
more contemporary approach to bleeding-risk stratification
after PCI by integrating elements of PRECISE-DAPT and
the ARC-HBR criteria within a single seven-item instru-
ment [45]. Derived from 29,188 patients undergoing PCI
and externally validated in two additional cohorts totalling
10,548 patients, the score incorporates age, renal function,
haemoglobin, white-cell count, prior bleeding, oral antico-
agulation use, and the formal ARC-HBR criteria. External
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Table 1. Summary of key trials informing long-term antithrombotic therapy after PCI.

Trial Population (n) Strategy vs comparator Primary endpoint HR (95% CI) Key finding

HOST-EXAM [15] Post-DES, event-free (5438) Clopidogrel vs aspirin 0.73 (0.59-0.90) Clopidogrel superior for ischaemic and bleeding endpoints
SMART-CHOICE 3 [18] High-risk post-PCI (5506) Clopidogrel vs aspirin (3 yr) 0.71 (0.54-0.93) Clopidogrel reduced death/MI/stroke with comparable bleeding
PANTHER (IPD MA) [19]  Established CAD (24,325) P2Y, mono vs aspirin mono 0.88 (0.79-0.97) P2Y, monotherapy favoured; driven by fewer Mls
DAPT Trial [3] Post-DES at 12 mo (9961) 30 mo DAPT vs 12 mo DAPT 0.29 (0.17-0.48) Reduced ST and MI; increased moderate—severe bleeding
PEGASUS-TIMI 54 [23] Prior MI 1-3 yr (21,162) Ticagrelor 60 mg + ASA vs ASA 0.84 (0.74-0.95) Reduced CV death/MI/stroke; 60 mg preferred over 90 mg
COMPASS [25] Stable ASCVD (27,395) Rivaroxaban 2.5 mg BD + ASA vs ASA 0.76 (0.66-0.86) Net clinical benefit; greatest in polyvascular disease
VOYAGER-PAD [27] PAD revascularisation (6564) Rivaroxaban 2.5 mg BD + ASA vs ASA 0.85 (0.76-0.96) Reduced limb and systemic ischaemic events

ASA, aspirin; ASCVD, atherosclerotic cardiovascular disease; BD, twice daily; CAD, coronary artery disease; CI, confidence interval; CV, cardiovascular; DES, drug-eluting stent; HR, hazard ratio; IPD

MA, individual patient data meta-analysis; MI, myocardial infarction; PAD, peripheral artery disease; PCI, percutaneous coronary intervention; ST, stent thrombosis.

Table 2. Evidence-mapped clinical decision framework for long-term antithrombotic therapy at and beyond 12 months after PCL.

Clinical scenario Dominant risk phenotype Recommended strategy Key supporting evidence
High bleeding risk (ARC-HBR/PRECISE-DAPT Bleeding-dominant Single antiplatelet therapy; clopidogrel preferred over aspirin HOST-EXAM, PANTHER,
>25) or elderly (=75 years) SMART-CHOICE 3
Average risk, event-free at 12 months Balanced P2Y, inhibitor monotherapy (clopidogrel preferred); consider CYP2C19  HOST-EXAM, PANTHER, CAPRIE

status if available
High ischaemic risk, low bleeding risk (prior MI, Ischaemia-dominant Prolonged DAPT (ticagrelor 60 mg + aspirin) or dual pathway inhibition PEGASUS-TIMI 54, DAPT Trial,

complex PCI, diffuse CAD) (rivaroxaban 2.5 mg BD + aspirin) COMPASS

Polyvascular disease (coronary + peripheral or Ischaemia-dominant Dual pathway inhibition: rivaroxaban 2.5 mg BD + aspirin COMPASS, VOYAGER-PAD

cerebrovascular)

Diabetes with stable CAD and prior PCI Ischaemia-dominant Consider ticagrelor 60 mg + aspirin if bleeding risk acceptable; dual THEMIS-PCI, PEGASUS-TIMI 54,
pathway inhibition an alternative COMPASS

CYP2C19 loss-of-function carrier on clopidogrel Variable Consider ticagrelor or prasugrel; revert to aspirin if bleeding risk high and POPular Genetics, TAILOR-PCI

potent P2Y |, inhibitor not tolerated
AF requiring long-term oral anticoagulation Bleeding-dominant DOAC monotherapy; routine antiplatelet addition not recommended AFIRE, AUGUSTUS

beyond initial combined period

AF, atrial fibrillation; ARC-HBR, Academic Research Consortium for High Bleeding Risk; BD, twice daily; CAD, coronary artery disease; DAPT, dual antiplatelet therapy; DOAC, direct oral

anticoagulant; M1, myocardial infarction; PCI, percutaneous coronary intervention.
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validation showed modest discrimination improvement
over existing scores, with an area under the curve of
0.73 to 0.74. PRECISE-HBR may offer incremental
refinement of bleeding-risk assessment in routine prac-
tice, although prospective implementation studies are still
awaited. Bleeding risk is dynamic and evolves over time;
risk scores should complement rather than replace clinical
judgement.

10. Future Directions

Several therapeutic avenues may yet refine the long-
term antithrombotic approach after PCI, although recent ex-
perience has been mixed.

10.1 Factor Xla Inhibitors

Factor Xla inhibitors target the amplification loop
of coagulation while largely sparing primary haemostasis
[46]. Genetic data suggest that factor XI deficiency con-
fers thrombotic protection with modest bleeding. Data from
OCEANIC-STROKE suggested a possible reduction in re-
current ischaemic stroke with a reassuring bleeding profile
[47]. However, OCEANIC-AF was stopped early because
asundexian was inferior to apixaban for stroke prevention
in AF [48], and the phase III LIBREXIA-ACS trial of mil-
vexian was terminated in 2025 after a pre-planned interim
analysis indicating a low probability of demonstrating clini-
cal benefit [49]. These mixed results suggest that factor Xla
inhibition may prove indication-specific rather than broadly
transferable across vascular syndromes, and its role in long-
term post-PCI management remains to be defined.

10.2 PAR-4 Antagonists and Other Novel Agents

BMS-986120, an oral PAR-4 antagonist, demon-
strated potent, selective, and reversible inhibition of PAR-
4-mediated platelet activation in phase I studies, with
favourable effects on ex vivo thrombus formation under
high shear [50]. By targeting thrombin-mediated platelet
activation while preserving other haemostatic pathways,
PAR-4 antagonism may reduce thrombotic events without
a proportional increase in bleeding. Selatogrel, a subcu-
taneous P2Y |, antagonist with rapid onset, is being evalu-
ated primarily for pre-hospital ACS [51], but its pharmacol-
ogy illustrates the broader trend towards flexible, rapidly
deployable antiplatelet strategies. Intravascular imaging-
guided PCI—using optical coherence tomography to ensure
optimal stent deployment—may also permit more confident
DAPT abbreviation [52], though whether this translates into
altered long-term antithrombotic requirements remains to
be demonstrated.

10.3 Glycoprotein VI Inhibition

Glycoprotein VI (GPVI) mediates platelet-collagen
interaction at sites of vascular injury and represents a
mechanistically attractive target for selectively reducing
pathological thrombosis while preserving physiological
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haemostasis. Revacept, a recombinant soluble dimeric
GPVI-Fc fusion protein, was evaluated in elective PCI in
the ISAR-PLASTER trial, where it did not reduce the com-
posite of death or myocardial injury compared with placebo
(24.4% versus 23.3% at 30 days) but produced no excess of
Bleeding Academic Research Consortium type 2 or higher
bleeding [53]. Glenzocimab, a humanised antigen-binding
fragment targeting platelet GPVI, has been studied predom-
inantly outside the PCI setting, including in acute ischaemic
stroke (ACTISAVE, ongoing) and in COVID-19, where
it has shown a favourable safety profile without inducing
haemorrhage [54]. Clinical outcome data in PCI popula-
tions remain limited, and the role of GPVI inhibition in
long-term post-PCI care is not yet defined.

10.4 Colchicine

Although colchicine is primarily an anti-inflammatory
agent, experimental data suggest modest indirect interac-
tions with thrombotic pathways, including attenuation of
platelet-leukocyte signalling. The proof-of-concept MACT
pilot trial (n = 200 patients with acute coronary syn-
dromes undergoing PCI) reported that aspirin discontinua-
tion with continuation of ticagrelor or prasugrel monother-
apy alongside low-dose colchicine appeared feasible, with
stent thrombosis in 1.0% at three months [55]. The trial
was a pilot study not powered for clinical efficacy out-
comes, and the findings should be regarded as hypothesis-
generating; aspirin replacement in this setting is not vali-
dated by these data.

10.5 Icosapent Ethyl

Recent mechanistic data suggest that icosapent
ethyl may exert direct platelet-modulating effects via
cyclooxygenase-1 (COX-1)-related pathways, in addition
to its broader anti-inflammatory and plaque-stabilising
properties [56]. Although icosapent ethyl is not an an-
tithrombotic therapy in its own right, these effects may con-
tribute to cardiovascular risk reduction in selected high-risk
patients receiving standard antiplatelet regimens.

11. Clinical Decision Framework

The therapeutic options outlined above require trans-
lation into a practical framework at the 12-month transi-
tion point, where the central question is no longer whether
treatment should continue, but how it should be individu-
alised. A practical approach to antithrombotic strategy at
12 months should integrate ischaemic risk, bleeding risk,
vascular phenotype, pharmacogenomic status, and patient
preference as shown in Table 2 and a simplified clinical de-
cision algorithm is shown in Fig. 2. This table also sum-
marises the relationship between dominant risk phenotype
and the most appropriate long-term therapeutic strategy.

Proposed algorithm for antithrombotic management
in patients who remain event-free 12 months after PCI.
The first step is assessment of bleeding risk using estab-
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DECISION-MAKING FLOWCHART: LONG-TERM ANTIPLATELET THERAPY AFTER PCI

12 months after PCl, patient event-free

—

ASSESS BLEEDING RISK
Criteria: ARC-HBR or PRECISE-DAPT score > 25

Low bleeding risk

CONSIDERATION:

High bleeding
risk

ASSESS ISCHAEMIC RISK
High-risk coronary anatomy, diabetes, renal dysfunction,
complex stent features, previous Ml

CYP2C19 LOSS-OF-
FUNCTION
ALLELES

[
Polyvascular Disease
(PAD, CAD, SVD)

A 4
DUAL PATHWAY

CLOPIDOGREL INHIBITION

MONOTHERAPY

once daily
COMPASS trial

High Risk

PROLONGED DAPT

. ) THERAPY
Rivaroxaban 2.5 mg Ticagrelor 60 mg twice over
Discontinue aspirin, twice daily daily o Clopidogrel due to
continue clopidogrel + Aspirin 75-100 mg Aspirin ?I5-100 mg dp dg
Aspirin 100 mg once once daily once daily I Cuce
Clopidogrel 75 mg daily o activation of

PEGASUS-TIMI 54

Average Risk Is patient a known
CYP2C19
intermediate or
poor
metaboliser?
Rationale:

Prefer Ticagrelor

[SINGLE \

ANTIPLATELET

Clopidogrel 75 mg once

Qailv ) \clopidogrel )

Fig. 2. Clinical decision framework for long-term antiplatelet therapy after PCI.

lished tools such as ARC-HBR or PRECISE-DAPT. In pa-
tients with high bleeding risk, single antiplatelet therapy
is preferred, with clopidogrel monotherapy often favoured
over aspirin. In patients with low bleeding risk, subse-
quent assessment of ischaemic risk guides therapy selec-
tion. Patients with polyvascular disease may benefit from
dual pathway inhibition with low-dose rivaroxaban plus as-
pirin, while those with high ischaemic risk may be consid-
ered for prolonged dual antiplatelet therapy with ticagrelor
plus aspirin. Patients at average risk may continue single
antiplatelet therapy. Pharmacogenomic considerations, in-
cluding CYP2C19 loss-of-function alleles, may influence
the choice of P2Y |, inhibitor.

This framework should be applied flexibly, with
regular reassessment as the clinical trajectory evolves.
Shared decision-making—incorporating patient prefer-
ences regarding tablet burden, twice-daily dosing, and risk
tolerance—is essential.

The proposed framework should be interpreted as a
practical synthesis of contemporary evidence rather than a
definitive treatment algorithm. Direct head-to-head com-
parisons between long-term strategies remain scarce, sev-
eral pivotal trials enrolled predominantly East Asian or Eu-
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ropean populations, and bleeding definitions vary across
studies in ways that complicate quantitative comparison.
Absolute event rates in modern PCI populations are lower
than in historical cohorts, and the evidence base continues
to evolve. Risk scores complement but do not replace clin-
ical judgement, and the framework should be reassessed
against new trial evidence as it accumulates.

12. Conclusions

The optimal long-term antithrombotic strategy after
PCI is increasingly defined not by rigid timelines but by
evolving ischaemic and bleeding risk. The 12-month mark
represents a critical juncture at which clinicians should re-
assess the balance between residual ischaemic risk and cu-
mulative bleeding hazard.

Lifelong aspirin—the traditional default—is now
challenged by growing evidence that P2Y;, inhibitor
monotherapy, particularly clopidogrel, may provide at least
comparable and in some settings superior cardiovascular
protection, without an apparent increase in major bleed-
ing. HOST-EXAM, HOST-EXAM Extended, SMART-
CHOICE 3, and PANTHER converge on this conclusion,
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though predominantly from East Asian populations. For
patients at high ischaemic risk, prolonged DAPT with
low-dose ticagrelor (PEGASUS-TIMI 54) or dual pathway
inhibition with low-dose rivaroxaban (COMPASS) offer
evidence-based alternatives, each with distinct advantages
and trade-offs. Protease-activated receptor antagonism pro-
vides additional ischaemic protection in selected post-MI
patients but at the expense of increased bleeding (TRA 2°P—
TIMI 50), and intensified antiplatelet therapy may be war-
ranted in diabetic patients with prior PCI (THEMIS-PCI).

Precision strategies—including CYP2C19 genotyping
and structured risk scores—provide tools to individualise
these decisions. Novel agents targeting factor Xla and
PAR-4 are under active investigation but face an uneven
development path, with recent trial failures tempering ini-
tial enthusiasm. The question is not whether lifelong as-
pirin should remain the default after PCI—increasingly, the
evidence challenges aspirin as the default—but which al-
ternative best fits the individual patient. For most, P2Y,
inhibitor monotherapy offers a favourable balance of pro-
tection and safety; for those with high ischaemic burden,
intensified strategies are warranted; and for those with ele-
vated bleeding risk, a simplified regimen guided by struc-
tured assessment remains the prudent course.
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