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Antithrombotic therapy after cardiac percutaneous interventions is key for the prevention of thrombotic events but is

inevitably associated with increased bleeding, proportional to the number, duration, and potency of the antithrombotic

agents used. Bleeding complications have important clinical implications, which in some cases may outweigh the expected

benefit of reducing thrombotic events. Because the response to antithrombotic agents varies widely among patients, there

has been a relentless effort toward the identification of patients at high bleeding risk (HBR), in whom modulation of

antithrombotic therapy may be needed to optimize the balance between safety and efficacy. Among patients undergoing

cardiac percutaneous interventions, recent advances in technology have allowed for strategies of de-escalation to reduce

bleeding without compromising efficacy, and HBR patients are expected to benefit the most from such approaches.

Guidelines do not extensively expand upon the topic of de-escalation strategies of antithrombotic therapy in HBR patients.

In this review, we discuss the evidence and provide practical recommendations on optimal antithrombotic therapy in HBR

patients undergoing various cardiac percutaneous interventions. (JACC Cardiovasc Interv. 2024;17:2197–2215)© 2024 The

Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article

under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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HIGHLIGHTS

� Percutaneous cardiac interventions,
whether coronary or structural, require
antithrombotic therapy to prevent
thrombotic events. However, antith-
rombotic therapy is associated with an
increased risk of bleeding, which may
outweigh its benefits, particularly in pa-
tients at HBR.

� The broad variability in individual
response to antithrombotic agents and
the associated risk of bleeding, which
carries significant prognostic implica-
tions, underscores the need for tailored
antithrombotic strategies to optimize the
risk/benefit ratio in patients undergoing

ABBR EV I A T I ON S

AND ACRONYMS

ACS = acute coronary

syndrome(s)

BARC = Bleeding Academic

Research Consortium

DAPT = dual antiplatelet

therapy

DAT = dual antithrombotic

therapy

HBR = high bleeding risk

OAC = oral anticoagulation

PCI = percutaneous coronary

intervention

SAPT = single antiplatelet

therapy

TAT = triple antithrombotic

therapy
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A ntithrombotic therapy plays a key
role in preventing local and systemic
thrombotic events after percuta-

neous cardiac interventions.1,2 Specifically,
antithrombotic therapy reduces the risk of
stent thrombosis (ST) and subsequent
ischemic events (ie, spontaneous myocardial
infarctions or stroke) in patients undergoing
percutaneous coronary interventions (PCIs),
and prevents thrombotic complications on
the surface of devices implanted for cardiac
structural interventions before endotheliza-
tion.1,2 Dual antiplatelet therapy (DAPT)
with aspirin and a P2Y12 inhibitor represents
the standard of care for patients undergoing
PCI, and has been often empirically used af-
ter other percutaneous cardiac interventions,
such as transcatheter aortic valve replace-
various cardiac interventions. These
strategies are particularly important
among patients at HBR.

� In this review, we appraise and discuss
the clinical relevance of bleeding, defi-
nition of HBR, and evidence supporting
the implementation of dedicated antith-
rombotic regimens in HBR patients,
providing practical recommendations
across the spectrum of various cardiac
interventions.
ment (TAVR), left atrial appendage closure (LAAC),
or transcatheter mitral and tricuspid valve interven-
tions.1-3 However, compared with single antiplatelet
therapy (SAPT) or no antiplatelet treatment, DAPT is
associated with increased bleeding, which may
outweigh its ischemic benefits.4,5 Indeed, the clinical
effectiveness of antithrombotic therapy depends on
multiple factors (eg, clinical, procedural, demo-
graphic, genetic) that vary widely among patients.6

Although DAPT increases the risk of bleeding in all
patients, there are certain subjects, categorized as
high bleeding risk (HBR), who are particularly suscep-
tible to this adverse outcome.4,5

The ever-growing recognition that the occurrence
of a bleeding event among patients treated with
antithrombotic therapy negatively impacts prognosis
has prompted numerous investigations aimed at
identifying patients at HBR and in whom modulation
of antithrombotic therapy by using treatment regi-
mens associated with reduced antithrombotic po-
tency, known as de-escalation, can be implemented.7

Indeed, such de-escalation strategies represent an
attractive approach for HBR patients, as they can
reduce the risk of bleeding without any trade-off in
efficacy. De-escalation strategies include shortening
the duration of DAPT, switching to a less potent drug
or reducing the dose of a drug have been associated
with reduced bleeding.7-9 Percutaneous cardiac in-
terventions, either coronary or structural, are often
performed instead of surgery in patients at high sur-
gical risk (eg, advanced age, multiple comorbidities)
and who may thus also be at increased risk of
bleeding.10 Importantly, mortality related to bleeding
may be increased in HBR patients with multiple
comorbidities. Technological advancements leading
to devices (ie, coronary stent platforms) with reduced
thrombogenicity have prompted the adoption of less
potent antithrombotic strategies.2,8 In this review, we
discuss the latest evidence and provide practical
recommendations on the optimal antithrombotic
therapy in HBR patients undergoing various cardiac
percutaneous interventions.

PERCUTANEOUS

CORONARY INTERVENTIONS

BLEEDING RISK IN PATIENTS UNDERGOING PCI.

Bleeding is common among PCI patients, with risk
proportional to the intensity, duration, and number
of antithrombotic agents.4 The prognostic implica-
tions of bleeding are well established and vary ac-
cording to the timing and severity of the event as well
as the definition used, as described elsewhere.4,11

Early studies showed that adding a thienopyridine
(ie, ticlopidine or clopidogrel) to aspirin (ie, DAPT)
decreased the rate of ST and other ischemic events
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but increased the risk of major bleeding by 38% to
83% compared with aspirin alone.12 Moreover,
compared with clopidogrel, the use of the pharma-
codynamically more effective P2Y12 receptor in-
hibitors (ie, prasugrel or ticagrelor) further reduced
thrombotic complications, particularly in specific
subsets of patients such as those presenting with an
acute coronary syndrome (ACS), but at the cost of a
25% to 30% relative increase in major bleeding.13,14

With regard to DAPT duration, 12-month DAPT was
associated with a 40% relative increase in major
bleeding compared with short (1-3 months) DAPT,
whereas longer DAPT durations (>12 months) were
associated with a 60% relative increase in major
bleeding compared with 12-month DAPT.15,16 Impor-
tantly, the number of antithrombotic agents used has
a major impact on the risk of major bleeding. The
incidence per 100 person-years, indeed, raises from
2% to 3% in patients on SAPT to 3% to 4% and 4% to
5%, respectively, in patients on DAPT and dual
antithrombotic therapy (DAT) with SAPT plus oral
anticoagulation (OAC), and becomes highest (8%-
10%) with triple antithrombotic therapy (TAT) (ie,
DAPT plus OAC).17,18

Among patients with ACS, Bleeding Academic
Research Consortium (BARC)-2 and -3 bleeds are
associated with increased mortality, the extent of
which was similar to the mortality rate associated
with myocardial infarction (MI) for BARC 3b bleeding,
and greater than that associated with MI for BARC 3c
bleeding.5 Importantly, bleeding and ischemic risks
vary over time: ischemic risk is highest in the first few
months after PCI and decreases thereafter, while
bleeding risk tends to remain steadily elevated over
time, underlying the rationale for de-escalating the
potency of antiplatelet treatment regimens after an
initial period of more intense treatment.1

HBR DEFINITIONS IN PATIENTS UNDERGOING PCI.

Several scores and classifications have been proposed
to define HBR patients and standardize their identi-
fication across studies (Table 1). The PRECISE-DAPT
score was developed to predict the risk of out-of-
hospital TIMI major or minor bleeding at 1 year in
patients receiving DAPT using 5 items (hemoglobin,
age, white blood cell count, creatinine clearance, and
previous bleeding).19 In patients at HBR (score $25
points), prolonged DAPT (12-24 months) is associated
with increased bleeding without a reduction in
ischemic events.20 A recent meta-analysis including
67,283 patients found HBR defined by the PRECISE-
DAPT score to be as frequent as 24.7% among PCI
patients and associated with a 2.7-fold increase in any
bleeding and a 3.5-fold increase in major bleeding
compared with patients without HBR.21 The PRECISE-
DAPT score has also shown to inform decision making
on the duration of DAPT.20

More recently, the Academic Research Consortium
for High Bleeding Risk (ARC-HBR) defined HBR pa-
tients as those having a BARC 3 or 5 bleeding risk $4%
or an intracranial hemorrhage (ICH) risk $1% at 1
year.22 A total of 14 major and 6 minor criteria,
including clinical and laboratory variables, were
identified. A major criterion is defined as any crite-
rion that, in isolation, confers a BARC 3 or 5 bleeding
risk $4% or an ICH risk $1% at 1 year. A minor cri-
terion is defined as any criterion that, compared with
its absence, confers an increased risk of BARC 3 or 5
bleeding <4% at 1 year. Several studies have vali-
dated the ARC-HBR definition in contemporary PCI
settings.23 However, a recent study found that 5 out
of the 6 minor criteria actually identify in isolation
patients with a BARC 3 or 5 bleeding risk $4%,
resembling in magnitude the risk of bleeding origi-
nally associated with major criteria, suggesting that
further investigations are required to refine the ac-
curacy of different criteria in the ARC-HBR defini-
tion.24 Recently, the ARC developed a trade-off model
predicting the absolute and relative risks of bleeding
and ischemic events at the time of PCI, to guide
clinical decision making.25

In addition to risk algorithms, all of which include
age, additional individual demographic (eg, East
Asian ethnicity), clinical (eg, ACS, renal dysfunction,
cardiogenic shock, cardiac arrest, frailty), and proce-
dural (eg, nonradial access, periprocedural antith-
rombotic therapy, use of mechanical support)
features have been associated with bleeding and
should be considered to increase the accuracy by
which patients are stratified for their bleeding
risk.26,27 However, it should be acknowledged that
the clinical utility of using scores and classifications
to guide antithrombotic therapy among PCI patients
is limited by the fact that thrombotic and bleeding
risks frequently coexist, with HBR patients being
often also at increased risk of thrombotic events.1,6

Moreover, whether scores designed to predict the
benefit of prolonged DAPT after PCI (ie, DAPT score)
also apply to the subgroup of HBR patients remains to
be determined.

ANTITHROMBOTIC STRATEGIES AFTER PCI IN HBR

PATIENTS. Pat ients without an ind icat ion for
OAC. The evidence on antithrombotic treatment op-
tions for HBR-PCI patients without an indication to be
on an OAC not only derives from dedicated studies
selectively including HBR patients, but also indirectly
derives from randomized controlled trials (RCTs)



TABLE 1 Main HBR Classification Tools Among the Spectrum of Cardiac Percutaneous Interventions

Bleeding Definition Score Range Score Threshold Bleeding Risk Score Factors Performance

Percutaneous coronary intervention
PRECISE-DAPT TIMI major and minor 0-100 Score $25 Age, previous bleed, WBC, Hb,

Cr clearance
Cstat: 0.71

ARC-HBR BARC major bleeding Qualitative 1 major criterion or
2 minor criteria

OAC, CKD, Hb, previous bleeding,
PLT, bleeding diathesis, liver,
malignancy, ICH, bAVM, recent or
nondeferrable surgery, age, NSAID
use, stroke

Cstat: 0.69

Transcatheter aortic valve replacement
PREDICT-TAVR VARC-2 bleeding 0-25 Score #8 ¼ low risk

Score $12 ¼ very high risk
Hb, serum iron, creatinine clearance,

OAC, DAPT, common femoral
artery diameter

Cstat: 0.78

ARC-HBRa BARC major bleeding Qualitative 1 major criterion or
2 minor criteria

OAC, CKD, Hb, previous bleeding,
PLT, bleeding diathesis, liver,
malignancy, ICH, bAVM, recent or
nondeferrable surgery, age, NSAID
use, stroke

N/A

VARC-HBR BARC major bleeding Qualitative 2 major criteria or 3 minor
criteria (very high bleeding
risk); 1 major criterion or
2 minor criteria (high
bleeding risk); 1 minor
criteria (moderate risk)

Clinical: age, BMI, CKD, liver, active
malignancies, Hb, PLT, ICH, stroke,
bleeding diathesis, coagulopathy,
Heyde’s syndrome, spontaneous
bleeding, OAC, DAPT,
nondeferrable major surgery

Procedural: sheath-to-femoral artery
ratio >1, nontransfemoral access,
conversion to open heart surgery

Anatomical: severe calcifications and
tortuous iliac and/or femoral
arteries

N/A

Left atrial appendage closure

HAS-BLEDa Major bleeding
(intracranial,
hospitalization, Hb
decrease >2 g/L,
and/or transfusion)

0-9 Score $3 Hypertension, liver, stroke, bleeding,
INR, age, drugs, alcohol

N/A

aLimited evidence (not validated in this population).

ARC-HBR ¼ Academic Research Consortium for High Bleeding Risk; BARC ¼ Bleeding Academic Research Consortium; bAVM ¼ brain arteriovenous malformation, BMI ¼ body mass index; CKD ¼ chronic
kidney disease; Cstat ¼ C-statistic; DAPT ¼ dual antiplatelet therapy; DOAC ¼ direct oral anticoagulant; HAS-BLED ¼ hypertension, abnormal renal or liver function, stroke, bleeding, labile international
normalized ratio, elderly, drugs or alcohol; Hb ¼ hemoglobin; HBR ¼ high bleeding risk; ICH ¼ intracranial hemorrhage; INR ¼ international normalized ratio; N/A ¼ not available; NSAID ¼ nonsteroidal anti-
inflammatory drug; OAC ¼ oral anticoagulation; PLT ¼ platelet; VARC ¼ Valve Academic Research Consortium; VARC-HBR ¼ Valve Academic Research Consortium for High Bleeding Risk; VKA ¼ vitamin K
antagonist; WBC ¼ white blood cell.
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testing de-escalation strategies among all-comer pa-
tients with ACS and/or PCI (Table 2). De-escalation
strategies associated with a reduction in potency of
platelet inhibition achieved can occur by shortening
DAPT duration, reducing the dose of a given agent or
switching to less a potent agent. More specifically,
shortening DAPT duration may be achieved by either
discontinuing aspirin or the P2Y12 inhibitor after a
brief course of DAPT (eg, 1-3 months). De-escalation
of P2Y12 inhibitory effects can be achieved by
lowering the dose of a drug (eg from prasugrel 10 mg
to 5 mg or ticagrelor 90 mg to 60 mg) or switching to a
less potent agent (eg, from ticagrelor or prasugrel to
clopidogrel).7,8 The latter (ie, de-escalation by
switching) may be either guided or unguided
depending on whether platelet function or genetic
testing are used or not to guide the selection of P2Y12

inhibitor therapy.26
Among studies testing bleeding reduction strate-
gies in HBR patients, several registries have investi-
gated shortened (eg, 1-3 months) DAPT in HBR
patients undergoing PCI with specific drug-eluting
stent platforms, suggesting that shortened DAPT is
associated with a reduced risk of bleeding without a
meaningful trade-off in ischemic events.28,29 How-
ever, such single-arm registries used historical co-
horts or objective performance goals as reference, and
the nonrandomized design does not allow to draw
definitive conclusions regarding the optimal DAPT
duration in HBR-PCI patients.

MASTER DAPT (Management of High Bleeding Risk
Patients Post Bioresorbable Polymer Coated Stent
Implantation with an Abbreviated vs. Standard DAPT
Regimen) was the first trial to compare abbreviated vs
standard DAPT in HBR-PCI patients.30 Specifically,
4,434 HBR patients (w50% with ACS and w32% with



TABLE 2 Antithrombotic Therapy for Bleeding Reduction According to Different Cardiac Percutaneous Interventions and Main Supporting Studies

Randomized Controlled Trial Treatment Arms Patients (Follow-Up) Primary Endpoint Safety/Secondary Endpoint

Percutaneous coronary interventiona

Patients without an indication for OAC

De-escalation strategy among HBR patientsb

Abbreviated DAPT

MASTER DAPT 1 vs >3 mo DAPT 4,434 (335 d) Noninferior for death, MI, stroke, or
major bleeding and MACCE

Superior for major or
CRNM bleeding

De-escalation strategies among all-comersc

Abbreviated DAPT

EXCELLENT 6- vs 12-mo DAPT 1,443 (12 mo) Noninferior for cardiac death, MI, or
ischemia-driven TVR

No difference in major bleeding

RESET 3- vs 12-mo DAPT 2,117 (12 mo) Noninferior for CV death, MI, ST, TVR,
or bleeding

No difference in major bleeding

OPTIMIZE 3- vs 12-mo DAPT 3,119 (12 mo) Noninferior for death, MI, stroke, or
major bleeding

No difference in major bleeding

SECURITY 6- vs 12-mo DAPT 1,339 (12 mo) Noninferior for cardiac death, MI,
stroke, ST, or major bleeding

No difference in major bleeding

ISAR-SAFE 6- vs 12-mo DAPT 4,000 (9 mo) Noninferior for death, MI, ST, stroke, or
major bleeding

No difference in TIMI major
bleeding

I-LOVE-IT 2 6- vs 12-mo DAPT 1,829 (12 mo) Noninferior for cardiac death, TV-MI,
or clinically indicated TVR

No difference in major bleeding

NIPPON 6- vs 18-mo DAPT 3,773 (18 mo) Noninferior for death, MI, stroke, and
major bleeding

No difference in major bleeding

DAPT-STEMI 6- vs 12-mo DAPT 870 (18 mo) Noninferior for death, MI,
revascularization, stroke, and
major bleeding

No difference in major bleeding

SMART-DATE 6- vs 12-mo DAPT 2,712 (18 mo) Noninferior for death, MI, or stroke;
increased rate of MI

No difference in major bleeding

OPTIMA-C 6- vs 12-mo DAPT 1,368 (12 mo) Noninferior for cardiac death, MI, or
ischemia-driven TVR

No difference in major bleeding

REDUCE 3- vs 12-mo DAPT 1,496 (12 mo) Noninferior for death, MI, ST, stroke,
TVR, or CRNM or major bleeding

No difference in CR bleeding

One-mo DAPT 1- vs 6- to 12-mo DAPT 3,020 (12 mo) Noninferior for cardiac death, MI, TVR,
stroke, or major bleeding

No difference in major bleeding

Aspirin-free strategies

GLOBAL-LEADERS Ticagrelor monotherapy for
23 mo after 1-mo
ticagrelor-based DAPT vs
12-mo DAPT followed by
12-mo ASA

15,968 (24 mo) Not superior for all-cause death or
new Q-wave MI

No difference in major bleeding

TWILIGHT Ticagrelor monotherapy vs
DAPT from 3 mo after PCI

7,119 (12 mo) Superior for CRNM or major bleeding
and noninferior for death, MI, or
stroke

Reduced BARC $3 bleeding

SMART-CHOICE P2Y12 inhibitor monotherapy
vs DAPT after 3-mo DAPT

2,993 (12 mo) Noninferior for death, MI, or stroke Reduced CRNM or major
bleeding

STOPDAPT-2 Clopidogrel monotherapy vs
DAPT after 1-mo DAPT

3,045 (12 mo) Superior for CV death, MI, stroke, ST,
or major or minor bleeding

Reduced major and minor
bleeding

TICO Ticagrelor monotherapy vs
DAPT after 3-mo DAPT

3,056 (12 mo) Superior for major bleeding, death, MI,
ST, stroke, or TVR; MACCE not
significantly different

Reduced major bleeding

STOPDAPT-2 ACS Clopidogrel monotherapy vs
standard DAPT after
1-2-mo DAPT

4,169 (12 mo) Not noninferior; higher rate of MI Reduced major or minor
bleeding

STOPDAPT-3 Prasugrel (3.75 mg/d)
monotherapy vs
prasugrel-based DAPT

5,966 (1 month) Noninferior for CV death, MI, ST,
ischemic stroke

Not superior for major bleeding

Unguided de-escalation

TOPIC Clopidogrel-based DAPT vs
standard DAPT after
1-mo DAPT

646 (12 mo) Superior for CV death, urgent coronary
revascularization, stroke, and
CRNM or major bleeding

Reduced CRNM or major
bleeding

Continued on the next page
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TABLE 2 Continued

Randomized Controlled Trial Treatment Arms Patients (Follow-Up) Primary Endpoint Safety/Secondary Endpoint

HOST-REDUCE POLYTECH-ACS Prasugrel 5 mg based DAPT vs
prasugrel 10 mg based
DAPT after 1-mo DAPT

2,338 (12 mo) Noninferior for death, MI, ST,
revascularization, stroke, and
CRNM or major bleeding.

Reduced CRNM or major
bleeding

TALOS-AMI Clopidogrel-based DAPT vs
ticagrelor-based DAPT
after 1-mo DAPT

2,697 (12 mo) Superior for CV death, MI, stroke, or
major bleeding

Reduced CRNM or major
bleeding

Guided de-escalation

ANTARTIC PFT-guided de-escalation vs
standard DAPT

877 (12 mo) Not superior for CV death, MI, ST,
stroke, urgent revascularization,
and CRNM or major bleeding

No difference in CRNM or major
bleeding

TROPICAL-ACS PFT-guided de-escalation vs
standard DAPT

2,610 (12 mo) Noninferior for CV death, MI, stroke or
CRNM or major bleeding; no
increase in risk of CV death, MI, or
stroke

No difference in CRNM or major
bleeding

POPular Genetics Genotype guided de-
escalation vs standard
DAPT

2,488 (12 mo) Noninferior for death, MI, ST, stroke, or
major bleeding.

Reduced major or minor
bleeding

Patients with an indication for OAC

De-escalation strategies among all-comersc

Abbreviated DAPT

PIONEER AF-PCI Dual (clopidogrelþrivaroxaban
15 mg) vs 8 mo triple
(ASAþclopidogrelþVKA)
therapy

2,124 (12 mo) Superior for major or minor bleeding No difference in rates of CV
death, MI, or stroke

RE-DUAL PCI Dual (clopidogrelþdabigatran
110 mg twice daily or
150 mg twice daily) vs
2.7 mo triple
(ASAþclopidogrelþVKA)
therapy

2,725 (14 mo) DAT with dabigatran 110 mg superior
to TAT and DAT with dabigatran
150 mg noninferior to TAT for
CRNM or major bleeding.

Noninferior for the composite
efficacy endpoint

AUGUSTUS Dual (clopidogrelþapixaban
5 mg twice daily/VKA)
vs 6 mo triple
(ASAþclopidogrelþ
apixaban 5 mg twice daily/
VKA) therapy

4,614 (6 mo) Superior for clinically relevant or major
bleeding

No difference in death or
hospitalization and ischemic
events

ENTRUST-AF-PCI Dual (clopidogrelþedoxaban
60 mg) vs 2 mo triple
(ASAþclopidogrelþVKA)
therapy

1,506 (12 mo) Noninferior for clinically relevant or
major bleeding.

No difference in rates of CV
death, stroke, systemic
embolic event, MI, or ST

Transcatheter aortic valve replacementa

Patients without an indication for OAC

De-escalation strategies among all-comersc

SAPT vs DAPT

Ussia et al131 ASA alone vs 3-mo DAPT 79 (6 mo) No significant difference in death, MI,
major stroke, urgent or emergency
conversion to surgery, or life-
threatening bleeding

No difference in life-threatening
bleeding

SAT-TAVI ASA alone vs 6-mo DAPT 120 (1 mo) No significant difference in the safety
endpoints, all-cause and CV
mortality

Reduced vascular complications

ARTE ASA alone vs 3-mo DAPT 222 (3 mo) No significant difference in death, MI,
stroke or TIA, or major or life-
threatening bleeding

Reduced rate of major or life-
threatening bleeding

POPular TAVI (cohort A) ASA alone vs 3-mo DAPT 665 (12 mo) Superior for all bleeding and non–
procedure-related bleeding

Superior for CV death, non–
procedure-related bleeding,
stroke, or MI and noninferior
for CV death, MI, or ischemic
stroke

Patients with an indication for OAC

De-escalation strategy among all-comersc

OAC vs OAC plus SAPT

POPular TAVI (cohort B) OAC alone vs OAC þ
clopidogrel for 3 mo

313 (12 mo) Superior for all bleeding and non–
procedure-related bleeding

Superior for CV death, non–
procedure-related bleeding,
stroke, or MI and noninferior
for CV death, MI, or ischemic
stroke

Continued on the next page
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TABLE 2 Continued

Randomized Controlled Trial Treatment Arms Patients (Follow-Up) Primary Endpoint Safety/Secondary Endpoint

Left atrial appendage closurea

De-escalation strategies among all-comersc

1) OAC-based vs DAPT-based regimens

Amulet IDE DAPT (Amulet) vs 45-d
OACþASA followed by
6-mo DAPT (WATCHMAN)

1,878 (18 mo) Noninferior for stroke, systemic
embolism, or CV/unexplained
death

Noninferior procedure-related
complications, all-cause
death, or major bleeding at
12 mo

2) Low-dose vs full-dose DOACs

Della Rocca et al115,d Full-dose DOACþASA for 45 d
followed by 6-monht
DAPT and ASA alone vs
half-dose DOACþASA for
45 d followed by half-
dose DOAC alone

555 (13 mo) DRT occurred in 2.1% of patients, all in
the standard therapy group with
full-dose DOAC; the rate of
ischemic stroke, TIA, and peripheral
thromboembolism was significantly
lower in the half-dose DOAC group

Major bleeding was significantly
lower in the half-dose DOAC
group

3) SAPT or no antiplatelet therapy

Patti et al126,d SAPT vs DAPT 610 (12 mo) No significant difference in ischemic
events and DRT

Reduced major bleeding

aPercutaneous intervention. bFocus on HBR patients. cAll-comer patients. dNonrandomized trial.

APT¼ antiplatelet therapy; ASA¼ aspirin; CRNM¼ clinically relevant nonmajor; CV¼ cardiovascular; DAT¼ dual antithrombotic therapy; DRT ¼ device-related thrombosis; MACCE¼major adverse cardiac
or cerebral event(s); MASTER DAPT ¼ Management of High Bleeding Risk Patients Post Bioresorbable Polymer Coated Stent Implantation with an Abbreviated vs. Standard DAPT Regimen; MI ¼ myocardial
infraction; PFT ¼ platelet function test; RR ¼ risk ratio; SAPT ¼ single antiplatelet therapy; ST ¼ stent thrombosis; TAT ¼ triple antithrombotic therapy; TIA ¼ transient ischemic attack; TV-MI ¼ target vessel
myocardial infarction; TVR ¼ target vessel revascularization; VKA ¼ vitamin K antagonist; other abbreviations as in Table 1.
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atrial fibrillation [AF]) undergoing PCI and without
ischemic or active bleeding events in the first month
were randomized to abbreviated (mean duration
34 days) or standard (mean duration 193 days)
DAPT.30 At 335 days, noninferiority of the abbreviated
antiplatelet regimen was met for the primary end-
points of net adverse clinical events (a composite of
all-cause death, MI, stroke, or major bleeding) or
major adverse cardiac and cerebrovascular events.
There was a reduction in major or clinically relevant
nonmajor bleeding favoring short DAPT (from 9.4% to
6.5%; P < 0.0001) but no significant difference in
major bleeding between groups.30 A recent meta-
analysis of RCTs including 9,006 HBR patients
found that abbreviated (1-3 months) DAPT reduced
bleeding and cardiovascular (CV) mortality, without
increasing ischemic events, compared with standard
($6 months) DAPT.31 Limitations of this analysis
include the fact that DAPT entailed different types of
SAPT after DAPT discontinuation (ie, aspirin, clopi-
dogrel, prasugrel, or ticagrelor monotherapy), it
included subgroup analyses of RCTs, and many of the
included studies focused on East Asian patients,
known to exhibit different ischemic and bleeding risk
profiles compared with other ethnicities.6

Regarding RCTs testing different bleeding reduc-
tion strategies in all-comer ACS/PCI patients without
an indication to be on an OAC, ranging from
shortening DAPT duration followed by aspirin or
P2Y12 monotherapy to guided or unguided de-
escalation of the P2Y12 inhibitor intensity, these
strategies reduced bleeding without a meaningful
trade-off in ischemic events (Table 2).7,8 However,
there are some limitations on the supporting evi-
dence for the use of these strategies, such as the
noninferiority design using a composite of ischemic
and bleeding events as primary endpoint in many of
the RCTs. This translates into low statistical power for
hard ischemic or bleeding endpoints assessed indi-
vidually. In addition, there is lack of solid evidence
on the comparative efficacy of various de-escalation
strategies and there is a need to better define the
differential clinical impact of the specific P2Y12 in-
hibitor used (ie, clopidogrel vs prasugrel or ticagrelor)
or the population being tested (ie, East Asian vs non-
East Asian).7,8,32 Indeed, the prevalence of loss-of-
function alleles in the gene encoding cytochrome
P450 (CYP)2C19—the most important enzyme
responsible for the transformation of clopidogrel into
its active metabolite—varies according to ethnicity,
ranging from 20% to 60% and being highest among
East Asians.33 In fact, the safety and efficacy of these
strategies was found to be significantly influenced by
ethnicity, reflecting the different ischemic and
bleeding risk profiles as well as the different response
to antiplatelet agents some populations may exhibit
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compared with others.6,34 Although validation
studies are warranted in this specific setting, these
bleeding reduction strategies are expected to be at
least as safe and effective in the subgroup of HBR-PCI
compared with the all-comer PCI population.

The results of RCTs on bleeding reduction strate-
gies in HBR and all-comer PCI patients have led to
current guidelines recommending DAPT duration
may be shortened up to 1 month post-PCI irrespective
of clinical presentation.35-37 Collectively, although
the comparative safety and efficacy of different stra-
tegies remains to be determined, antiplatelet strate-
gies for bleeding reduction are to be considered in
HBR-PCI patients, particularly shortening of DAPT
duration (Central Illustration).38 With regard to the
SAPT to be used in HBR-PCI patients, whether clopi-
dogrel monotherapy could be safely and effectively
used in lieu of aspirin requires further investigations
given the large interindividual variability in its
pharmacodynamic response.
Pat ients with an ind icat ion for OAC. The need for
long-term OAC carries relevant implications for
bleeding, to the point that it is a major criterion in the
ARC-HBR framework.22 DAPT is theoretically needed
on top of OAC early after PCI, a regimen known as
TAT, which confers a very high risk of bleeding.18 AF
is the most common indication for OAC in PCI co-
horts, found in approximately 10% of PCI cases. The
antithrombotic agents to be used in this setting have
been a source of debate, with guidelines providing
changes in recommendations over the past decade.39

The availability of 4 RCTs comparing TAT using
aspirin, clopidogrel, and a vitamin K antagonist (VKA)
lasting an average of 4.7 months (2, 2.7, 6, and
8 months in ENTRUST-AF-PCI (Edoxaban Treatment
Versus Vitamin K Antagonist in Patients With Atrial
Fibrillation Undergoing Percutaneous Coronary
Intervention), RE-DUAL PCI (Evaluation of Dual
Therapy With Dabigatran vs. Triple Therapy With
Warfarin in Patients With AF That Undergo a PCI With
Stenting), AUGUSTUS (The Open-Label, 2 � 2 Facto-
rial, Randomized, Controlled Clinical Trial to Eval-
uate the Safety of Apixaban vs. Vitamin K Antagonist
and Aspirin vs. Aspirin Placebo in Patients with Atrial
Fibrillation and Acute Coronary Syndrome and/or
Percutaneous Coronary Intervention), and PIONEER
AF-PCI (An Open-Label, Randomized, Controlled,
Multicenter Study Exploring Two Treatment
Strategies of Rivaroxaban and a Dose-Adjusted Oral
Vitamin K Antagonist Treatment Strategy in Subjects
With Atrial Fibrillation Who Undergo Percutaneous
Coronary Intervention), respectively) vs DAT with a
P2Y12 inhibitor (clopidogrel in >90% of cases) plus
each of the 4 available direct oral anticoagulants
(DOACs) after a short course of TAT lasting an average
of 4 days (2, 3, 5, and 6 days in ENTRUST-AF-PCI,
PIONEER AF-PCI, RE-DUAL PCI, and AUGUSTUS,
respectively) has provided important evidence for
shortening DAPT by stopping aspirin in these patients
(Table 2).40 Overall, these studies included a total
10,234 subjects with AF, including both stable pa-
tients undergoing PCI (44%) and ACS (56%), and
found a 36% reduction in major bleeding and a 49%
reduction in ICH with shorter DAPT duration without
a meaningful trade-off in major adverse cardiovas-
cular events (MACE) compared with TAT.41-43 How-
ever, an increased risk of ST was found in the DAT vs
TAT group, the occurrence of which was nevertheless
rare (number needed to treat: 274).41,42,44 Further-
more, a subanalysis of theMASTERDAPT trial focusing
on OAC-treated patients found no difference in MACE
and net adverse clinical events between abbreviated
(average duration 33 days) and prolonged TAT
(average duration 96 days), providing evidence in
support of shortening DAPT duration in this setting.45

This study also supports the maintenance of DAT with
SAPT plus OAC for 6 months after PCI followed by OAC
alone in HBR-PCI patients, although limitations
should be acknowledged including the short-term
follow-up of the trial and the lack of data on compli-
ance to antiplatelet therapy 12 months after PCI pre-
venting a precise assessment of the clinical safety and
efficacy of long-term antithrombotic therapy in these
patients.45

Although some concerns remain about the efficacy
of such an early shortening of DAPT duration in
patients at high ischemic risk due to clinical or pro-
cedural characteristics, 1-week TAT followed by
6-month DAT using clopidogrel and a DOAC is rec-
ommended by current guidelines as default strategy
for most PCI patients, including those at HBR (Central
Illustration).35,40,46 An emerging alternative antith-
rombotic regimen that could be of interest for HBR
patients in this clinical setting is represented by the
omission of OAC and the use of DAPT or ticagrelor
monotherapy in the first month after ACS/PCI followed
by SAPT þ OAC.47 The rationale for this strategy is
represented by the fact that the vast majority of STs
(w80%) occur during the first month after ACS/PCI and
that the overall risk of thromboembolic events in pa-
tients treated with DAPT for 1 month, particularly if at
low risk (ie, low CHA2DS2-VASc [congestive heart fail-
ure, hypertension, age $75 years, diabetes mellitus,
prior stroke or transient ischemic attack or thrombo-
embolism, vascular disease, age 65-74 years,
sex category] score), is relatively small, with a risk of ST
of 1% to 2% at 1 year.47,48 Ongoing trials
(NCT04436978 and NCT05955365) will provide

https://clinicaltrials.gov/study/NCT04436978
https://clinicaltrials.gov/study/NCT05955365
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Antithrombotic Strategies for Patients at High Bleeding Risk Who Are
Undergoing Percutaneous Cardiac Interventions

Aortic Valve
Replacement

Left Atrial
Appendage Occlusion

Mitral and Tricuspid
Interventions

• PRECISE DAPT ≥25
• ARC-HBR ≥1 major
  or 2 minor criteria

No OAC
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ASA
alone*

OAC
alone

ASA OACP2Y12 Inhibitor

up to 7 days
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OAC No OAC

ASA
alone

OAC
alone

OAC No OAC

1 month
DAPT

ASA
alone

OAC
alone

OAC No OAC

1 month
DAPT

ASA
alone

OAC
alone

OAC

High Bleeding Risk Criteria

• PREDICT-TAVR ≥12
• ARC-HBR* ≥1 major
   or 2 minor criteria
• VARC-HBR ≥1 major
   or 2 minor criteria

• HAS-BLED* ≥3
• Contraindication
   to OAC or DAPT

• Prohibitive surgical
   risk
• Contraindication
   to OAC or DAPT

• For patients undergoing coronary stenting who do not have an indication for OAC: de-escalation and short
  DAPT strategies should be considered; for those who have an indication for OAC: evidence suggests up to 1 week
  TAT followed by 3-6 months DAT using clopidogrel and a DOAC as the default strategy
• For patients undergoing aortic valve replacement who do not have an indication for OAC: SAPT is considered to 
  be safer and similarly effective to DAPT after TAVR; for those who have an indication for OAC: OAC monotherapy 
  should be the first-line therapy, but whether DOACs or VKAs should be preferred is less defined
• For patients undergoing LAAO who do not have an indication for OAC: clopidogrel-based DAPT for 1 month
  followed by aspirin alone, alternatively aspirin alone may be used; for those who have an indication for OAC:
  OAC alone is recommended; aspirin is reserved for patients with a contraindication to OAC
• For patients undergoing mitral or tricuspid interventions who do not have an indication for OAC: clopidogrel-
  based DAPT for 1 month followed by aspirin alone, alternatively aspirin alone may be used; for those who have
  an indication for OAC: OAC alone is recommended; aspirin is reserved for patients with a contraindication to OAC

Galli M, et al. JACC Cardiovasc Interv. 2024;17(19):2197–2215.

*P2Y12 inhibitor monotherapy may be considered in lieu of aspirin (see text). ARC-HBR ¼ Academic Research Consortium for High Bleeding Risk;

ASA ¼ aspirin; DAPT ¼ dual antiplatelet therapy, DAT ¼ double antithrombotic therapy; HAS-BLED ¼ hypertension, abnormal renal or liver function,

stroke, bleeding, labile international normalized ratio, elderly, drugs or alcohol; OAC ¼ oral anticoagulation; TAT ¼ triple antithrombotic therapy; VARC-

HBR ¼ Valve Academic Research Consortium for High Bleeding Risk; VKA ¼ vitamin K antagonist.
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evidence on the safety and efficacy of this strategy.
Finally, although HBR patients are typically at higher
risk of perioperative complications, including bleeding
and need for transfusions, coronary artery bypass
grafting may be used in selective patients instead of
PCI to allow for the use of SAPT rather than DAPT after
revascularization. However, AF necessitating OAC
may also occur following cardiac surgery, resulting in
an increased risk of bleeding. Finally a surgical
approach may allow for the surgical closure of the left
atrial appendage in AF patients, exempting the patient
from the chronic use of OAC.49

PATIENTS UNDERGOING CORONARY ARTERY

BYPASS STENTING. The evidence on the incidence
and prognostic implications of bleeding as well as on
HBR classifications in patients undergoing stenting of
coronary artery bypasses is scarce. Indeed, these pa-
tients are typically excluded or represent a minority
of those included in the overall cohort of patients
undergoing PCI. Stenting of coronary artery bypasses
is associated with increased periprocedural (ie, slow-
and no-reflow phenomenon) and long-term adverse
MACE including mortality, compared with patients
undergoing PCI of the native vessels.50-53 Of note, PCI
of a venous graft is also included in the DAPT score,
designed to predict the benefit or harm of prolonged
(>12 months) DAPT after PCI, as a factor in favor of
prolonged DAPT.54

No RCT has been specifically designed to assess the
optimal antithrombotic regimen to be used in this
subgroup of patients, particularly among those at
HBR. A prospective study including 603 patients who
underwent PCI of a venous graft found that discon-
tinuation of clopidogrel within 3 months after PCI was
associated with increased death and MI compared
with longer (91-365 days) DAPT durations.55 With re-
gard to a strategy of short DAPT followed by P2Y12

inhibitor monotherapy, a post hoc analysis of the
TWILIGHT trial (TWILIGHT-CABG study) compared
aspirin or placebo, in addition to ticagrelor, after
3 months of ticagrelor plus aspirin, in 703 ACS pa-
tients with prior coronary artery bypass grafting
(CABG).56 The authors found that ticagrelor mono-
therapy reduced bleeding events compared with
ticagrelor plus aspirin without any increase in
ischemic events, irrespective of prior CABG status,
including the subgroup of patients who underwent of
PCI a coronary artery bypass.56

A strategy of dual pathway inhibition, consisting of
the association of SAPT or DAPT with low-dose OAC—
typically a DOAC—may represent an interesting op-
tion in patients with CABG, including those under-
going PCI of a coronary artery bypass, given that
coronary artery bypasses, particularly saphenous
veins, are characterized by larger conduits that
potentially enhance blood stasis compared with
arterial conduits.57,58 However, a prespecified sub-
study of the COMPASS trial including 1,448 patients
randomized within 4 to 14 days after CABG to rivar-
oxaban 2.5 mg twice daily plus aspirin 100 mg daily,
rivaroxaban 5 mg twice daily, or aspirin 100 mg daily
found no difference in the rate of both arterial and
venous bypass failure between groups, at 1 year.58

These results were consistent with the older Post
CABG trial published in 1999, in which low-dose
anticoagulation with VKA on top of aspirin did not
improve clinical and angiographic outcomes in 1,351
diabetic patients with a history of CABG (1-11 years
prior).59

Collectively, international guidelines recommend
that patients undergoing PCI of coronary artery by-
passes are treated the same as patients undergoing
PCI (Central Illustration).35-37

TRANSCATHETER AORTIC

VALVE REPLACEMENT

BLEEDING RISK IN PATIENTS UNDERGOING TAVR.

Because aortic stenosis is the most common valvular
heart disease in the elderly, often associated with
frailty and high comorbidity burden, patients under-
going TAVR are often at high risk for bleeding.60

Bleeding events after TAVR can occur early (within
30 days) or late (beyond 30 days). Early bleeding
events account for approximately 80% of all bleeding
events and are mainly access site related (60%-
65%).60-62 Although both access site– and non–access
site–related events are associated with increased
mortality, nonaccess bleeding showed a 2-fold in-
crease compared with patients without bleeding and
a 56% relative increase compared with patients with
access site bleeding. The rates of early major and life-
threatening bleeding approximate 22% and
15%, respectively.62,63

Late bleeding events are often gastrointestinal
(>40% of bleeds) and primarily related to the pa-
tient’s risk profile and use of long-term antith-
rombotic therapy.60 The rate of late events varies
widely among studies reaching 24% at 3 years in
TAVR registries, and their occurrence has been asso-
ciated with a 5-fold increased risk of death at 383 days
compared with that of patients without bleeding.61,64

HBR DEFINITIONS IN PATIENTS UNDERGOING TAVR.

Appropriate identification of HBR patients undergo-
ing TAVR is critical for their management. Patient-
and procedure-related factors have been associated
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with bleeding in TAVR recipients, and their identifi-
cation may improve risk stratification.60

Among patient-related factors, older age, frailty
status, female sex, chronic kidney disease, and
concomitant AF have been associated with increased
bleeding.65-68 Blood disorders are also common in
TAVR patients.69 Chronic anemia affects approxi-
mately 50% of cases and has been associated with
worse health status and higher mortality risk.70

Importantly, in patients with aortic stenosis, shear
stress leads to an acquired type 2A von Willebrand
disease predisposing to gastrointestinal bleeding, a
condition known as Heyde’s syndrome, which is
observed in approximately 6% of TAVR candidates.70

This bleeding diathesis is corrected by TAVR but may
persist in case of significant paravalvular leaks.64,71

Procedure-related risk factors mainly predispose to
access site–related bleeding and include operator/
center experience, sheath size, access site selection,
and hemostasis technique.60 Of note, access site–
related bleeding in the setting of TAVR has unique
features compared with those observed in PCI, given
the specific characteristics of the vascular access, the
preprocedural assessment of vessel anatomy, the
much larger devices used, and the variable use of
different closure techniques among centers/
operators.60,61

Bleeding risk algorithms developed for PCI cohorts
have been provisionally applied to the TAVR setting,
but they experience from several limitations due to
the inadequate assessment of the unique character-
istics of TAVR cohorts.24,72 In particular, the ARC-HBR
was observed to exhibit poor performance in identi-
fying HBR patients undergoing TAVR, indicating the
possible need for the use of different thresholds in
HBR classification.72 Notably, most TAVR patients
fulfill the HBR definitions due to their advanced age
and frailty status, the prevalence of which is signifi-
cantly higher than in the PCI setting,23,50 thus making
discrimination of bleeding risk in the TAVR popula-
tion more difficult. A dedicated risk score for post-
TAVR bleeding was developed in 5,185 patients from
the RISPEVA registry and validated in 5,043 patients
from the POL-TAVI database (Table 1).73 The novel
6-item PREDICT-TAVR score (hemoglobin, serum
iron, creatinine clearance, oral anticoagulation,
DAPT, common femoral artery diameter) showed
good discrimination for 30-day bleeding in the deri-
vation cohort (area under the curve: 0.80; 95% CI:
0.75 to 0.83) and in external validation (area under
the curve: 0.78; 95% CI: 0.72 to 0.82).73 According to
score quartiles, 30-day bleeding rate ranged from
0.8% in the low-risk group (#8 points) to 8.5% in the
very high-risk group (>12 points). Notably, no
significant prediction was observed from 30 days to 1
year, probably due to the low number of events
collected in this time frame.73 Recently, the Valve
Academic Research Consortium for High Bleeding
Risk (VARC-HBR) task force developed a consensus
definition of TAVR patients at HBR which will enable
consistency for future clinical trials, clinical decision
making, and regulatory review.74 The VARC-HBR
definition defines a very high bleeding risk as a
BARC 3 to 5 risk at 1 year of $8%, a high bleeding risk
as a BARC 3 to 5 risk of $4% and <8%, and a moderate
bleeding risk as a BARC 3 to 5 risk of <4%.74 Twenty-
one clinical, anatomical, or procedural criteria were
identified as major or minor.74 Patients are consid-
ered at very high risk of bleeding if at least 2 major or
3 minor criteria are met, at high risk if 1 major or
2 minor criteria are met, and at moderate risk if only
1 minor criterion is met.74 The proposed definition is
based on consensus and warrants validation in
contemporary real-world cohorts.

ANTITHROMBOTIC STRATEGIES AFTER TAVR IN HBR

PATIENTS. Antithrombotic therapy is empirically
used in patients undergoing TAVR with the rationale
of reducing the risk of clinical and subclinical throm-
botic complications of the prosthetic valve (eg, leaflet
and frame thrombosis), which can lead to leaflet
immobility and valve dysfunction and adversely affect
valve durability.75 In addition, clinically indicated
antiplatelet therapy or anticoagulation is required to
prevent MI or stroke/systemic embolism in patients
with concomitant coronary artery disease or AF,
respectively, which are common comorbidities in the
TAVR population.2 To date, no RCT has assessed the
use of different antithrombotic agents in the specific
setting of HBR-TAVR patients. However, similar to
HBR-PCI patients, evidence in this setting may be
derived from RCTs testing antithrombotic regimens of
reduced intensity following de-escalation in all-comer
TAVR patients (Table 2). Antithrombotic therapies in
HBR-TAVR patients may be classified whether there is
an indication or not to be on OAC.

Pat ients without an ind icat ion for OAC.
The use of DAPT with aspirin and clopidogrel in
pivotal TAVR studies was empirically derived from
PCI practice, and early trials recommended 3 or
6 months of DAPT after self-expanding or balloon-
expandable TAVR.76,77 Recent evidence, however,
challenged this approach, suggesting that SAPT could
be safer and similarly effective to DAPT after TAVR.2

The ARTE trial was the first to compare aspirin
alone vs clopidogrel-based DAPT in 222 TAVR pa-
tients, showing a trend toward a reduced composite
endpoint of death, MI, stroke, or transient ischemic
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attack, and major or life-threatening bleeding at
3 months in the SAPT compared with DAPT group
(7.2% vs 15.3%; P ¼ 0.065).78 Similarly, the POPular
TAVI trial (cohort A) showed aspirin alone to reduce
the rate of the 2 primary endpoints of all bleeding
(15.1% vs 26.6%; P ¼ 0.001) and non–procedure-
related bleeding (15.1% vs 24.9%; P ¼ 0.005) at 1 year,
compared with DAPT. Notably, the bleeding benefit
was driven by a reduction in major bleeding and
occurred without a signal of increased ischemic
events.79 The superiority of SAPT over DAPT after
TAVR has been confirmed in a patient-level meta-
analysis of 4 trials, supporting current guideline rec-
ommendations.80-82

Whether aspirin or P2Y12 inhibitor monotherapy
should be the preferred long-term strategy in
HBR-TAVR patients (with or without concomitant
coronary artery disease) remains unclear.83-85 In the
Japanese multicenter OCEAN-TAVI registry, clopi-
dogrel was associated with a lower risk of 2-year CV
death after TAVR compared with aspirin in 196
propensity-matched patients, possibly because of
lower rates of stroke and sudden cardiac death.83

However, East Asians exhibit a different response to
antiplatelet agents compared with other ethnicities,
preventing from generalizing these findings. More
recently, the REAC-TAVI (Assessment of platelet
REACtivity after Transcatheter Aortic Valve Implan-
tation) and PTOLEMAIOS (A Trial to Assess the Safety
and Efficacy of Prophylactic TicagrelOr With Ace-
tylsalicylic Acid Versus CLopidogrel With Acetylsali-
cylic Acid in the Development of Cerebrovascular
EMbolic Events During TAVI) trials evaluated the ef-
fects of ticagrelor vs aspirin or clopidogrel, respec-
tively, after TAVR.86,87 In both trials, ticagrelor
achieved greater platelet inhibition than the
comparator, but the lack of powered clinical outcome
analyses precludes conclusions on the potential im-
plications in practice.

The use of a reduced dose of DOACs on top of SAPT
or DAPT in TAVR patients without an indication for
long-term OAC was investigated in the GALILEO
(rivaroxaban 10 mg once daily), ATLANTIS (apixaban
5 mg twice daily), and ADAPT-TAVR (edoxaban 60 mg
once daily) trials.88-90 Although this strategy showed
to consistently reduce leaflet thrombosis, these trials
raised safety concerns primarily related to the in-
crease in major bleeding rates and mortality without a
clear benefit in ischemic events, with a trade-off that
could be more unfavorable in HBR patients.88-90

Collectively, in HBR-TAVR patients without
concomitant indication to be on OAC, SAPT with
aspirin appears as the most appropriate option to
minimize bleeding without incurring a significant
trade-off in thrombotic risk. However, it is important
to note that this evidence comes from studies un-
derpowered for ischemic events. DAPT should be
used in the subset of patients with recent ACS/PCI in
whom DAPT duration should not exceed 1 month
(Central Illustration).30 Of note, the extent by which
findings from earlier studies of antithrombotic ther-
apy in high-risk TAVR recipients apply to contempo-
rary TAVR populations, which include younger and
lower-risk patients, remains to be determined.2

Pat ients with an ind icat ion for OAC. A significant
proportion of HBR-TAVR candidates have comorbid-
ities requiring long-term OAC (eg, AF), which makes
their antithrombotic management more challenging.
In the POPular TAVI trial (cohort B), 326 patients with
an indication for long-term OAC were randomized
before TAVR to receive or not clopidogrel for
3 months.91 At 1 year, OAC alone was associated with
a lower risk of the 2 primary endpoints of bleeding
(21.7% vs 34.6%; P ¼ 0.01) and non–procedure-related
bleeding (21.7% vs 34.0%; P ¼ 0.02) compared with
OAC plus clopidogrel, with no difference in throm-
boembolic events.91 These results are consistent with
previous observational studies.91,92

The comparative efficacy and safety of DOACs vs
VKAs after TAVR remains controversial. In a pooled
analysis of the France-TAVI and FRANCE-2 registries,
including 8,962 patients on OAC, there was a 37% in-
crease in long-term mortality and a 64% increase in
major bleeding with VKA compared with DOACs.93 In
the ATLANTIS trial (stratum 1), there was no difference
between apixaban 5 mg twice daily and VKAs in the
primary net clinical endpoint or the composite safety
endpoint of major, disabling, or fatal bleeding.89 In the
ENVISAGE-TAVI AF (Edoxaban versus Standard of
Care and Their Effects on Clinical Outcomes in Patients
Having Undergone Transcatheter Aortic Valve Im-
plantation–Atrial Fibrillation) trial, the incidence of
the primary endpoint of thrombotic events and
bleeding was similar between edoxaban 60 mg once
daily and VKAs, but there was a 49% relative increase
in major bleeding with edoxaban, mainly gastrointes-
tinal.94 This harm with edoxaban may appear to be in
contrast to previous trials, which showed a better
benefit-risk profile with DOACs than with VKAs in pa-
tients with nonvalvular AF.69 Yet, several differences
between the populations of the ENVISAGE-TAVI AF
trial and other trials, such as a mean age that was
approximately 1 decade older and a higher prevalence
of heart failure, and the concomitant use of anti-
platelet therapy, and presumed Heyde’s syndrome,
may help explain the excess of gastrointestinal
bleeding with edoxaban compared with VKAs in pa-
tients with severe aortic stenosis.69
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The recent WATCH-TAVR (WATCHMAN for Pa-
tients with AF Undergoing TAVR) trial explored the
safety and efficacy of concomitant WATCHMAN left
atrial appendage obstruction (LAAO) þ TAVR vs
TAVR þ medical therapy in 349 AF patients.95 Pa-
tients undergoing LAAO þ TAVR showed longer pro-
cedure time (38 minutes) and increased
intraprocedural median contrast volume (119 mL vs
70 mL). At 24-month follow-up, LAAO þ TAVR pa-
tients were treated more often (82.5% vs 50.8%) with
antiplatelet therapy and less often (13.9% vs 66.7%)
with OAC and was noninferior to TAVR þ medical
therapy for the primary endpoint of all-cause mor-
tality, stroke, and major bleeding.95

Overall, the available evidence suggests that OAC
alone should be the first-line therapy in HBR-TAVR
patients who have an indication to be on long-term
OAC, but whether a DOAC or VKA should be
preferred is less defined (Central Illustration).
Pat ients with subc l in ica l or c l in i ca l va lve
thrombos is . In patients undergoing TAVR, OAC with
either a VKA or a DOAC is the therapy of choice for the
treatment of clinical or subclinical valve thrombosis
and hypoattenuated leaflet thickening (HALT). In
particular, HALT occurs in 10% to 25% of patients
undergoing TAVR at 1 year and may be diagnosed
using transthoracic echocardiography (ie, mean
transaortic gradient $20 mm Hg or an increase in
>50% from baseline and/or leaflet thickening),
transesophageal echocardiography (TEE), or the gold
standard computed tomography (CT). HALT is iden-
tified at CT as increased leaflet thickness with the
typical meniscal appearance on long-axis view and
can be graded into a 4-tier scale (#25%, 26%-50%,
51%-75%, >75%).96

In the GALILEO-4D trial, rivaroxaban 10 mg daily
was superior to antiplatelet therapy in reducing the
incidence of HALT on 4-dimensional computed to-
mography (12.4% vs 32.4%; difference: �20.0%;
95% CI: �30.9% to �8.5%).97 In the ATLANTIS and
ADAPT-TAVR trials, which used apixaban and edox-
aban, respectively, valve leaflet thrombosis was
consistently reduced compared with antiplatelet
therapy, but this effect did not translate into
improved clinical outcomes or neurological func-
tion.89,90 Therefore, the association between HALT
hemodynamic valve deterioration, stroke and long-
term mortality is still debated, and OAC should not
be considered to improve prognosis.98,99 A threshold
for the treatment of HALT has not yet been estab-
lished, but a selective strategy of OAC in patients with
a marked increase in transvalvular gradient with or
without evidence of HALT on CT may be considered.
However, among HBR patients, OAC for patients with
HALT should be approached cautiously, as the
elevated risk of bleeding may outweigh any potential
clinical benefit.

Clinical valve thrombosis is a rare but life-
threatening event after TAVR and should be sus-
pected in the setting of early valve dysfunction.2,100

Treatment with a VKA is usually effective to
improve prosthesis function, although in some cases
thrombolytics may be required for treatment.2,100

LEFT ATRIAL APPENDAGE CLOSURE

BLEEDING RISK IN PATIENTS UNDERGOING LAAC.

Transcatheter LAAC is appropriate for patients with
nonvalvular AF at high risk of thromboembolism and
who are not suited for long-term OAC. In current
practice, approximately 80% of LAAC recipients are
classified as HBR.101,102 In patients undergoing LAAC,
the 1-year major bleeding rate is high, ranging from
6% to 12%, with most events occurring within 45 days
post-LAAC (when anticoagulation is generally rec-
ommended).103-106 The high bleeding rate is largely
due to the numerous bleeding risk factors that enrich
this population, including advanced age and multiple
comorbidities, typically history of stroke, coronary
artery disease, renal dysfunction (including end-
stage renal disease contraindicating DOAC), blood
disorders, and cancer.103-108 Many patients undergo-
ing LAAC have a history of clinically relevant bleeding
(around 70%-80%, with >10% being intracranial),
which is associated with a >2-fold increased risk of
major postprocedural bleeding.103-109 Similar to PCI
and TAVR, bleeding after LAAC has detrimental
prognostic effects, being associated with a 3-fold
increased mortality risk.61,107,110

HBR CLASSIFICATION IN PATIENTS UNDERGOING

LAAC. Dedicated risk scores for LAAC patients are
lacking, and in general patients undergoing LAAC are
deemed to be at HBR (Table 1).111

ANTITHROMBOTIC STRATEGIES AFTER LAAC IN HBR

PATIENTS. Several antithrombotic strategies for
bleeding reduction have been tested in LAAC pa-
tients, although specific evidence in HBR-LAAC pa-
tients is lacking (Table 2).
Ant icoagulat ion-based reg imens after LAAC.
Anticoagulation with VKA plus aspirin is a well-
established strategy after WATCHMAN implantation
based on the PROTECT AF and PREVAIL trials and
Food and Drug Administration–mandated regis-
tries.112-114 In these studies, after a 45-day therapy
with warfarin plus aspirin, TEE was performed
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and patients were continued on warfarin and aspirin
if a peridevice leak >5 mm was shown, otherwise
patients were switched to DAPT with clopidogrel
75 mg/d plus aspirin until 6 months after LAAC, and
then to aspirin alone. The recent PINNACLE FLX
study used a similar protocol but first showed that
DOACs (preferably with apixaban or rivaroxaban) may
be safely used after WATCHMAN FLX placement.104

Recently, an observational study in 555 patients
undergoing LAAC with WATCHMAN suggested
improved safety and efficacy of a regimen with half-
dose DOACs (apixaban 2.5 mg twice daily or rivarox-
aban 10 mg/d plus aspirin for the first 45 days)
compared with full-dose DOAC.115 Although pre-
liminary results appear promising, further evidence is
needed to support this approach in clinical practice,
particularly for HBR-LAAC patients. Finally, the
phase IIb ADRIFT trial randomizing 105 patients after
successful LAAC to either rivaroxaban 10 mg, rivar-
oxaban 15 mg, or DAPT with aspirin and clopidogrel
75 mg found reduced thrombin generation with
rivaroxaban-based compared with DAPT strategy and
no difference in clinical outcomes at 3 months.116

Ongoing studies, including the ANDES (Short-Term
Anticoagulation Versus Antiplatelet Therapy for Pre-
venting Device Thrombosis Following Left Atrial
Appendage Closure; NCT03568890) trial and the
FADE-DRT (Efficacy of Different Anti-Thrombotic
Strategies on Device-Related Thrombosis Prevention
After Percutaneous Left Atrial Appendage Occlusion;
NCT04502017) trial, will provide additional evidence
on the efficacy and safety of full-dose and half-dose
DOACs after LAAC.
DAPT-based regimens after LAAC. One- to 6-month
clopidogrel-based DAPT is the standard regimen af-
ter LAAC with Amulet and an alternative to OAC after
WATCHMAN implantation.117,118 This treatment op-
tion has been proposed to reduce bleeding compared
with a strategy of OAC plus SAPT and also to over-
come the fact that LAAC recipients often have rela-
tive/absolute contraindications to long-term OAC, as
supported by registry data showing that only 12.2%
actually received the full antithrombotic treatment
used in RCTs.119 In 2022, the U.S. Food and Drug
Administration also expanded the WATCHMAN FLX
device label to include a 45-day DAPT regimen as an
alternative to 45 days of OAC plus aspirin for post-
procedural treatment.120

The randomized Amulet IDE trial compared pa-
tients undergoing LAAC with Amulet Occluder (75.7%
discharged on DAPT) or WATCHMAN 2.5 (95.8% dis-
charged on OAC), showing similar rates of stroke and
major bleeding at 1 year.105 No other RCT has evalu-
ated DAPT-based strategies after LAAC, and
observational studies reported contrasting results on
the safety and effectiveness of DAPT vs OAC plus
aspirin.119,121,122

SAPT or no ant i thrombot i c therapy after LAAC.
In real-world practice, nearly 20% of LAAC candidates
are at prohibitive risk of major or disabling bleeding,
resulting in the use of SAPT or no antithrombotic
therapy after LAAC.119,121-123 Particular caution is
warranted in patients at extreme risk of bleeding,
such as those with coexisting conditions predisposing
to intracranial (untreatable vascular malformations,
amyloid angiopathy) or gastrointestinal diseases
(severe angiodysplasia, inoperable cancer).117 The
available studies are observational and have reported
mixed results, with some suggesting a significant in-
crease in the incidence of embolic events and device-
related thrombosis and others indicating a higher net
clinical benefit with SAPT.109,119,123-126 Therefore,
further research is needed to clarify whether a
strategy of SAPT may be a safe option for HBR-LAAC
patients. The ongoing ARMYDA-AMULET trial
(NCT02879448) is directly comparing clopidogrel-
based DAPT vs aspirin alone after LAAC, whereas
the ASPIRIN LAAO trial (NCT03821883) will provide
additional insight into the risks and benefits of dis-
continuing aspirin starting 6 months after LAAC.

Among HBR patients, current guidelines recom-
mend the use of clopidogrel-based DAPT for 1 to
6 months followed by aspirin alone, regardless of the
device used (Central Illustration).127

TRANSCATHETER MITRAL AND

TRICUSPID VALVE INTERVENTIONS

Several transcatheter approaches have been devel-
oped for the treatment of mitral or tricuspid valve
regurgitation as an alternative to surgery when sur-
gical risk is prohibitive.81 Transcatheter edge-to-edge
mitral valve repair (mTEER) is an established strategy
in high-risk patients with primary mitral regurgita-
tion (MR) and in selected cases of secondary MR.81

Transcatheter mitral valve replacement (TMVR) is
increasingly used to treat severe MR because of po-
tential advantages over mTEER, including a more
consistent MR reduction and feasibility in high-risk
anatomies, such as severe mitral annular calcifica-
tion and degenerated bioprostheses.81 Transcatheter
tricuspid valve intervention is an emerging approach
for patients with severe tricuspid regurgitation to
reduce the severity of regurgitation and improve
quality of life.128

Because the introduction of transcatheter mitral
and tricuspid valve interventions is relatively recent
and mostly limited to patients with prohibitive

https://clinicaltrials.gov/study/NCT03568890
https://clinicaltrials.gov/study/NCT04502017
https://clinicaltrials.gov/study/NCT02879448
https://clinicaltrials.gov/study/NCT03821883
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surgical risk at an advanced stage of disease, there is
paucity of evidence on the bleeding risk prevalence
and HBR definitions. Moreover, a substantial number
of patients undergoing such interventions are at high
risk for bleeding due to the presence of frailty and
significant comorbidities, making antithrombotic
treatment decisions challenging.81

In patients undergoing mTEER, the most
commonly used therapeutic regimens in clinical
practice are derived from the protocol of trials eval-
uating these devices.129 Antithrombotic therapy pri-
marily consists of 1 to 6 months of DAPT with aspirin
plus clopidogrel, the duration of which should be
tailored to the thromboembolic and bleeding risk of
the individual patient, followed by aspirin mono-
therapy. Similar to surgical valve procedures, patients
undergoing TMVR should receive OAC with a VKA to
achieve an international normalized ratio of 2.5 for 3
to 6 months (Class IIa).81 DOACs may also be an
alternative to VKAs, although their role remains un-
certain due to the paucity of data. To this extent, the
RIVER trial showed noninferiority of rivaroxaban
20 mg daily vs warfarin (international normalized
ratio 2.0-3.0) in 1,005 patients with AF and a surgical
bioprosthetic mitral valve for the primary outcome of
all-cause death, MACE, and major bleeding at
12 months.130 In HBR patients, antiplatelet therapy
may represent an alternative to anticoagulation
TMVR (Central Illustration); however, these patients
should receive careful imaging surveillance for early
detection of signs of bioprosthesis thrombosis or
dysfunction (ie, increased transvalvular gradients,
thickened leafets, reduced mobility, or thrombus
visualization).2 OAC alone remains the strategy of
choice for AF patients undergoing transcatheter
mitral interventions (Central Illustration). For long-
term treatment, guidelines recommend lifelong low-
dose aspirin for all patients with a bioprosthetic
mitral valve.81

Because no randomized evidence for patients with
transcatheter tricuspid valve interventions is yet
available, the antithrombotic therapy to be used in
these patients reflects that of patients undergoing
mitral valve procedures. Further research is neces-
sary to deepen our understanding in this domain.

CONCLUSIONS

A growing number of patients undergoing cardiac
percutaneous interventions are at HBR. Prompt
identification of HBR status and the implementation
of tailored antithrombotic treatment regimens is of
utmost importance to optimize the balance between
bleeding and thrombotic risk in these patients.
Dedicated trials are warranted to best define the
optimal antithrombotic strategy in HBR patients un-
dergoing cardiac percutaneous interventions for cor-
onary and structural heart diseases.
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