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Percutaneous coronary intervention (PCI) is a treatment 
strategy aimed at preventing myocardial ischaemia or 
restoring myocardial perfusion by dilatation of one  
or more coronary artery narrowings. This aim is usually  
achieved by the implantation of coronary stents that pre-
serve the patency of the treated segment. PCI requires 
vascular access and the introduction of an arterial sheath 
and is generally accomplished via the radial or, less fre-
quently, the femoral artery. In addition, PCI requires the 
use of parenteral anticoagulation to mitigate the risk of 
developing thrombi on any of the materials used during 
the procedure (such as guiding catheters, wires, balloons 
or stents) and inside the vasculature. After PCI, dual anti-
platelet therapy (DAPT) is initiated, if not pre- existing 
for other reasons, and continued for a period of time, 
followed by long- term single antiplatelet therapy for 
the prevention of stent- related complications (such as 
stent thrombosis), and as a general secondary preven-
tion strategy for coronary artery disease in non- treated 
coronary segments1. Patients at higher risk of ischae-
mia or thrombosis might benefit from intensification 
of long- term antithrombotic therapy by the addition of 
a P2Y purinoceptor 12 (P2Y12) inhibitor or a low- dose 
direct oral anticoagulant (such as rivaroxaban) to aspi-
rin, if features for a high risk of bleeding are absent2–4.  
All the above- mentioned strategies are used in the  
context of other guideline- directed medical therapies1.

This brief description of the essential elements of PCI 
underscores the potential for both thrombotic and bleed-
ing consequences. After PCI, thrombosis can arise from 

the foreign nature of the metallic stents implanted, in 
addition to the continuous, inherent risk of native coro-
nary atherothrombosis. Indeed, ischaemic or thrombotic 
complications after PCI can arise both at the site of an 
implanted stent (such as stent thrombosis, restenosis and 
neoatherosclerosis) and at the site of a non- stented seg-
ment (for example, as a result of progression, rupture or 
erosion of a previously not clinically significant athero-
sclerotic plaque). In addition, bleeding can result from 
complications at the site of vascular access during or 
early after the procedure or continuously at non- access 
sites, facilitated or increased by the use of antithrombotic 
therapies. Reducing the risk of thrombosis has been a 
key focus of innovations in the field of PCI. The aim of 
mitigating the risk of thrombosis has led historically to  
the intensification of antithrombotic strategies added  
to aspirin and used before, during and after PCI, includ-
ing the introduction of more potent drugs, frequently in 
combination, and the prolongation of the DAPT period. 
The interplay between ischaemic and bleeding risks is 
a challenging part of the decision- making process in 
patients undergoing PCI, especially in some clinical cir-
cumstances (such as in acute coronary syndromes (ACS), 
complex PCI or concurrent use of oral anticoagulation).

Firm evidence is now available showing that the 
association between major bleeding events and adverse 
outcomes is important, possibly as much as the effect of 
a new or recurrent myocardial infarction, particularly 
in patients with ACS5,6. Data suggest that the daily risks 
of both bleeding and ischaemia after PCI decrease over 
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time in patients with ACS, with the risk of bleeding pre-
vailing within the first 30 days after PCI and the risk of 
ischaemia prevailing beyond 30 days7. Indeed, innova-
tions in the field of PCI have now led to a decrease in 
stent- related thrombotic complications, although the 
risk of spontaneous myocardial infarction does persist8,9. 
These considerations underscore the need to improve 
the strategies to reduce the risk of bleeding while pre-
serving the antithrombotic efficacy. Bleeding avoidance 
should be intended as a systematic strategy combining 
multiple interventions that precede, occur during or fol-
low the PCI period (Fig. 1). In this Review, we provide 
clinicians with updates on the evidence, contemporary 
use and directions of bleeding avoidance strategies in 
patients undergoing PCI.

Bleeding avoidance strategies before PCI
Diagnostics and revascularization
Because invasive coronary angiography carries some 
inherent risk of bleeding — mostly related to vas-
cular access (especially femoral) but potentially also 
non- access- related (for example, associated with the 
use of parenteral anticoagulation) — non- invasive 
diagnostic tests can be considered as a first- line strategy 
in patients with stable ischaemic heart disease who are 
judged to be at high risk of bleeding. In particular, cor-
onary CT angiography is preferentially recommended 
in patients with a low clinical likelihood of coronary 
artery disease, no history of coronary artery disease and 
characteristics that suggest that high- quality images can 
be obtained3. This test can rule out both anatomically 

and, recently, functionally significant coronary artery 
disease, thereby avoiding further unnecessary invasive 
procedures. If invasive coronary angiography is under-
taken (for example, initially or as a consequence of 
rule- in from non- invasive ischaemic testing or coronary 
CT angiography) and coronary artery disease is estab-
lished, appropriateness criteria for revascularization 
must be followed strictly to avoid unnecessary revascu-
larization, which is always an important consideration 
but even more so in patients at high risk of bleeding3,10.

Risk stratification
Application of targeted bleeding avoidance strategies 
requires prompt identification of patients at high risk of 
bleeding. Table 1 summarizes the key characteristics of the 
main risk stratification tools for the prediction of major 
bleeding episodes11–20. Different scores are intended to 
predict bleeding events at different time horizons, span-
ning from in- hospital to long- term events. The rates of 
in- hospital bleeding have decreased over time with the 
evolution of bleeding avoidance strategies21,22. Therefore, 
the attention has now shifted to out- of- hospital bleed-
ing, which is the outcome predicted by most of the more 
contemporary available tools23. In 2019, the Academic 
Research Consortium for High Bleeding Risk (ARC- HBR) 
published consensus criteria (14 major and six minor) 
and their definitions to distinguish a sizeable subgroup 
of patients undergoing PCI who potentially have a 
Bleeding Academic Research Consortium (BARC) type 3  
or 5 bleeding risk of ≥4% (or an intracranial haemor-
rhage risk of ≥1%) at 1 year from the procedure14 (Fig. 2). 
Subsequent studies validated these prognostic conse-
quences and clarified that patients at high risk of bleeding 
as defined by the ARC- HBR definition are approximately 
40% of those normally referred to PCI24–26. The approach 
used by the ARC- HBR is semiquantitative (that is, it is 
based on the presence and combination of major and/or 
minor bleeding risk factors) and therefore different from 
the quantitative approach of other bleeding risk scores23. 
The ARC- HBR definition is based on expert consen-
sus and therefore might require further validation and 
recalibration over time27. The PRECISE- DAPT score was 
introduced to predict the risk of out- of- hospital bleed-
ing at 1 year13. The 2020 guidelines from the ESC for the 
management of patients with ACS without ST- segment 
elevation recommend using the ARC- HBR criteria 
and the PRECISE- DAPT score to guide and inform 
decision- making on DAPT duration28. Considering the 
trade- off between the quantifiable risks of thrombosis and 
bleeding, tailoring the duration and intensity of antithrom-
botic regimens in each patient is essential15. Patients at high 
risk of bleeding and low risk of thrombosis might benefit 
from bleeding avoidance strategies, with no rebound in 
thrombotic events4. Scores that integrate thrombotic and 
bleeding risk factors, such as the DAPT score, the PARIS 
score and the more recent ARC- HBR trade- off model, are 
well suited to identifying these patients15,17,18 (Table 1).

Timing of antiplatelet treatment
Therapy with glycoprotein IIb/IIIa inhibitors has been 
frequently used before coronary angiography in patients 
at high risk of bleeding (such as patients with ACS). 

Key points

•	For years, concerns about thrombosis and recurrent ischaemia in patients undergoing 
percutaneous coronary intervention (PCI) have prevailed, prompting the use of 
potent antithrombotic strategies and long durations of dual antiplatelet therapy.

•	remarkable improvements in the way in which PCI is performed have led to a new 
interest in investigating strategies that target bleeding, especially in patients at 
higher risk of bleeding.

•	Patients at high risk of bleeding should be promptly identified to define appropriate 
bleeding prevention strategies.

•	bleeding avoidance strategies include actions targeted at minimizing the risk of 
bleeding before, during and after PCI.
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However, the increased risk of bleeding associated with 
upstream use of glycoprotein IIb/IIIa inhibitors1, as well 
as the advent of alternative oral agents, has restricted this 
strategy to bailout situations, including the presence of 
a high thrombotic burden and/or a slow coronary flow. 
As such, the discussion about the ideal time point for 
starting antiplatelet treatment now typically refers to 
the practice of administering an oral P2Y12 inhibitor, 
in addition to aspirin, before coronary angiography29. 
This strategy might be particularly important in 
patients with ACS presenting with ST- segment eleva-
tion, because the full pharmacodynamic effect of P2Y12 
inhibitors is delayed for up to 4–6 h, even with the more 
potent agents prasugrel and ticagrelor, mostly owing 
to reduced gut absorption30. However, administering a 
P2Y12 inhibitor has several potential downsides, includ-
ing over- treatment of the third of patients with ACS who 
ultimately do not undergo PCI owing to alternative diag-
noses or (less frequently) because they undergo coronary 
artery bypass graft surgery31,32. Three randomized trials 
have tested the utility of pretreatment with prasugrel 
or ticagrelor in patients with ACS. In the ACCOAST 
trial32, pretreatment with a 30- mg loading dose of pra-
sugrel at a median of 4.3 h from invasive coronary angi-
ography increased the risk of bleeding, with no benefit 
in reducing the risk of ischaemia in patients with ACS 
and no ST- segment elevation. In the ATLANTIC trial33, 
treatment with ticagrelor at the time of the electrocar-
diography diagnosis compared with treatment in the 
catheterization laboratory (with a median 31 min dif-
ference) did not improve two co- primary end points of 
reperfusion in patients with ACS with ST- segment ele-
vation, although the rate of stent thrombosis was numer-
ically lower and the risk of bleeding was not increased. 
In 2020, the DUBIUS trial34 was terminated early on the 
grounds of futility, because the numerical differences in 
event rates between the strategies of downstream and 
upstream P2Y12 inhibitor administration were minimal, 
although the overall number of events was low. Of note, 
all these trials had fairly short times from upstream 
P2Y12 inhibitor therapy to coronary angiography and, 
therefore, might have underestimated the benefits of 
early P2Y12 inhibition in patients with longer times to 
coronary angiography. Without early P2Y12 inhibitor 

therapy, an early invasive strategy for the management 
of patients with ACS is associated with fewer ischaemic 
events than a delayed invasive strategy35. In addition, it 
must be noted that proper ascertainment of recurrent 
myocardial infarction is an inherent challenge of trials 
in patients with elevated levels of cardiac biomarkers36. 
The 2020 ESC guidelines do not recommend pretreat-
ment with P2Y12 inhibitors as a routine strategy in 
patients with ACS without ST- segment elevation and 
with a planned early invasive strategy28. This point is 
particularly relevant in patients at high risk of bleed-
ing, in whom avoiding antiplatelet treatment before the 
diagnosis of the ACS is confirmed by coronary angiog-
raphy can be regarded as a bleeding reduction strategy in 
itself. An early start of antiplatelet treatment with P2Y12 
inhibitors remains an option in selected patients with 
confirmed ACS without ST- segment elevation, especially 
if the time to invasive coronary angiography is delayed, 
and in patients with ACS with ST- segment elevation1.

Bleeding avoidance strategies during PCI
Vascular access site
The comparative effectiveness of using the radial artery 
versus the femoral artery approach for coronary angi-
ography or PCI has been extensively investigated. In 
the large, randomized MATRIX trial37, including 8,404 
patients with ACS, radial access was associated with 
lower rates of net adverse clinical events than the femo-
ral access, driven by a reduction in bleeding events and 
cardiovascular mortality, with no difference in major 
adverse cardiovascular events at 1 year. The results of the 
MATRIX trial are largely consistent with those of several 
trials and meta- analyses across the spectrum of indica-
tions for invasive coronary angiography with or with-
out PCI38–40. In an updated meta- analysis of 31 trials 
and 30,096 patients, with PCI performed in 21,225 of 
the patients, use of radial access was associated with a 
47% lower risk of bleeding than femoral access, a find-
ing that was consistent regardless of whether invasive 
coronary angiography was performed with or without 
PCI41. A meta- analysis published in 2021 of studies 
of radial versus femoral artery access for PCI specifi-
cally in patients with ST- segment elevation myocardial 
infarction (STEMI) confirmed the superiority of radial 
access42. Clinical guidelines recommend the preferential 
use of the radial approach for PCI28,43, which is intui-
tively a bleeding reduction strategy. If femoral artery 
access is necessary, punctures with ‘safe zone’ target-
ing (Fig. 3) guided by fluoroscopy or ultrasonography 
is recommended44. Radial arterial haemostasis can be 
achieved with the use of wristbands that mimic man-
ual compression. Femoral artery haemostasis can be 
achieved with either manual compression or vascular 
closure devices, with a review of relevant studies sug-
gesting improved outcomes with the use of active closure 
systems45.

Anticoagulant therapy
Periprocedural anticoagulation in patients under-
going PCI can be accomplished with unfractionated 
hepa rin, enoxaparin or bivalirudin therapy. The 2018  
ESC/EACTS guidelines for myocardial revascularization 

Before the procedure During the procedure After the procedure

• Bleeding risk
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• Non-invasive testing
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pretreatment
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Fig. 1 | Bleeding avoidance strategies before, during and after PCI. Summary of 
strategies suggested to reduce the risk of bleeding in patients undergoing percutaneous 
coronary intervention (PCI). These strategies include potential actions that can be 
undertaken before, during and after the procedure. DAPT, dual antiplatelet therapy.
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recommend unfractionated heparin as the anticoagulant 
of choice (class I recommendation), enoxaparin as an 
alternative (class IIa) and bivalirudin in patients with 
heparin- induced thrombocytopenia (class I)43. In the 
STEEPLE trial46, enoxaparin therapy was associated with 
a lower risk of bleeding than therapy with unfractionated 
heparin in patients undergoing elective PCI, but the trial 
was not powered to provide a definitive comparison of 
efficacy in the prevention of ischaemic events. In the 
ATOLL trial47, including patients undergoing PCI for  
a STEMI, enoxaparin therapy was not associated with a  
significantly lower rate of achieving the primary net 
benefit end point than therapy with unfractionated 
heparin, but was associated with significantly lower 
rates of occurrence of various secondary ischaemic end 
points. A meta- analysis of 23 trials and approximately 
30,000 patients undergoing PCI showed significant 
reductions in death, myocardial infarction and major 
bleeding in patients receiving enoxaparin therapy48. 
Numerous trials comparing bivalirudin and heparin 
therapies in patients with ACS undergoing PCI consist-
ently found that bivalirudin reduced the risk of bleed-
ing complications, especially if glycoprotein IIb/IIIa  
inhibitors were liberally used in the heparin group49. 
However, the VALIDATE- SWEDEHEART trial50, com-
paring bivalirudin and heparin monotherapy in patients 
undergoing PCI for myocardial infarction, showed no 
difference in the rate of occurrence of the composite 
end point of death from any cause, myocardial infarc-
tion or major bleeding. In a small trial in patients at high 
risk of bleeding undergoing PCI with the transfemoral 
approach, no significant difference in major bleeding 
events was observed between patients receiving bival-
irudin and patients receiving unfractionated heparin51. 
The HEAT- PPCI trial52 also did not show a significant 
benefit of bivalirudin therapy in patients undergoing 
primary PCI for ACS with ST- segment elevation, and 
showed a signal of increased stent thrombosis compared 
with heparin therapy. In the MATRIX trial53, bivaliru-
din therapy in patients with ACS undergoing PCI was 

associated with a lower overall risk of bleeding than 
therapy with unfractionated heparin, irrespective of the 
access site and use of glycoprotein IIb/IIIa inhibitors in 
the heparin group, but was associated with a higher risk 
of stent thrombosis.

The use of bivalirudin has decreased substantially in 
several countries for a number of reasons, including high 
cost, higher rates of stent thrombosis compared with 
heparin, the perceived reduction in access site bleeding 
with the use of radial artery access (which makes the 
bleeding reduction advantage of bivalirudin less com-
pelling), the lack of a reversal agent and the progressive 
downgrade in clinical guideline recommendations49. 
As such, weight- adjusted heparin remains the standard 
of care in patients undergoing PCI, including those at 
high risk of bleeding. A large meta- analysis of individual 
patient- level data from trials of bivalirudin versus hepa-
rin in patients with acute myocardial infarction under-
going PCI is underway, which might help to identify 
the best remaining candidates for bivalirudin therapy, 
if any54.

Antiplatelet therapy with P2Y12 inhibitors
In patients with ACS, aspirin therapy is conventionally 
given as soon as possible. If P2Y12 inhibitor treatment 
is not initiated before coronary angiography, it is typi-
cally administered in the catheterization laboratory at 
the time of PCI1. For P2Y12 inhibitors, treatment options 
that are orally administered include clopidogrel, prasug-
rel and ticagrelor. In the double- blind TRITON trial55 in 
patients with ACS undergoing PCI, therapy with prasug-
rel was associated with a lower rate of occurrence of the 
composite end point of ischaemic events than therapy 
with clopidogrel. In the double- blind PLATO trial56 in 
patients with ACS with or without invasive manage-
ment, therapy with ticagrelor was associated with a 
lower rate of occurrence of the composite end point of 
ischaemic events. However, both prasugrel and ticagre-
lor were associated with a higher risk of major bleeding 
not related to coronary artery bypass graft surgery than 

Table 1 | Bleeding risk stratification tools

Study (year) Derivation Number of 
items evaluated

Bleeding outcome Ref.

CRUSADE (2009) NSTEMI cohort 8 In- hospital major bleeding 11

ACUITY (2010) ACS cohort 7 30- day major bleeding 12

PRECISE- DAPT (2017) PCI cohort 5 Out- of- hospital major 
bleeding

13

ARC- HBR criteria (2019) Expert consensus 20 Major bleeding at 1 year 14

ARC- HBR trade- off model (2021) PCI cohort 8 Major bleeding at 1 year 15

BleeMACS (2018) ACS cohort 7 Major bleeding at 1 year 16

DAPT (2016) PCI cohort 9 Major bleeding at 1 year 17

PARIS (2016) PCI cohort 6 Major bleeding at 2 years 18

REACH (2010) Cohort at risk of or with 
stable CAD

9 Major bleeding at 2 years 19

CREDO- Kyoto (2018) PCI cohort 7 Moderate or severe 
bleeding at 3 years

20

ACS, acute coronary syndromes; ARC- HBR, Academic Research Consortium for High Bleeding Risk; CAD, coronary artery disease; 
DAPT, dual antiplatelet therapy; NSTEMI, non- ST- segment elevation myocardial infarction; PCI, percutaneous coronary intervention.
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clopidogrel55,56. No differences in the risk of bleeding 
were observed between ticagrelor and prasugrel ther-
apies in the open- label ISAR- REACT 5 trial57, in which 
prasugrel was associated with a lower risk of ischaemic 
events. In older patients or in patients with low body 
weight from that trial, a reduced dose of prasugrel was 
associated with similar anti- ischaemic efficacy, with no 
excess risk of bleeding58. On the basis of these studies, 
the 2020 ESC guidelines for ACS without ST- segment 
elevation give prasugrel and ticagrelor a class I recom-
mendation for secondary prevention, with a preference 
for prasugrel in patients undergoing PCI (class IIa),  
whereas clopidogrel has a class I recommendation for 
patients who cannot use or tolerate prasugrel and tica-
grelor, including those at high risk of bleeding28. The 
use of clopidogrel is particularly preferred in patients 
who are at high risk of bleeding owing to concurrent 
use of oral anticoagulants, especially because this strat-
egy was the most frequently used in the relevant trials, 
with little data regarding combinations of prasugrel or 
ticagrelor with oral anticoagulation59–61. In addition, in 
older patients with ACS from the POPular AGE trial62, 
therapy with clopidogrel was associated with a lower risk 
of bleeding than therapy with ticagrelor or prasugrel and 
was not associated with a higher rate of occurrence of 
the combined end point of all- cause death, myocardial 
infarction, stroke and bleeding, and thereby is a viable 
alternative to more potent P2Y12 inhibitors for patients in 
this age category, who are particularly at risk of bleeding 
complications63. The potential for the future availability 
of a monoclonal antibody that rapidly and completely 
reverses the effects of ticagrelor64 could make this anti-
platelet agent preferable in some patients at high risk of 
bleeding complications.

Intravenous drugs that can be used in the catheteriza-
tion laboratory include the glycoprotein IIb/IIIa inhibi-
tors (such as eptifibatide, tirofiban and abciximab) and 
the P2Y12 inhibitor cangrelor65. The pharmacological 
properties of cangrelor (fast offset of action, no need for 

dose adjustment in patients with kidney disease, and 
specificity for the P2Y12 receptor) suggest that cangrelor 
therapy has the potential to have a better safety profile 
than glycoprotein IIb/IIIa inhibitor therapy (that is, to 
be associated with lower risks of bleeding, thrombocy-
topenia and complications related to overdosing)66–69. 
According to clinical guidelines, cangrelor therapy can 
be considered in patients undergoing PCI who are not 
treated with oral P2Y12 inhibitors but in whom a rapid 
platelet inhibitory response is desired (for example, 
patients with STEMI, cardiogenic shock associated with 
delayed absorption of oral medications, and those who 
are intubated and are unable to swallow)28,43,70,71.

Stent choice
Drug- eluting stents (DES) are recommended regard-
less of clinical presentation and the anticipated dura-
tion of DAPT by clinical guidelines for myocardial 
revascularization43. A mandatory period of DAPT is 
required after stent implantation, while endothelial cov-
erage occurs, to decrease the risk of stent thrombosis1. 
The classic paradigm that bare- metal stents (BMS) are 
safer then DES owing to lower rates of stent thrombosis 
has been shifted with the advent of newer- generation 
DES featuring much lower strut thickness, more bio-
compatible, biodegradable and durable polymers, 
polymer- free designs, and a preference for sirolimus 
analogues8. With novel DES, the absolute risk of stent 
thrombosis has decreased, allowing the shortening of the 
mandatory DAPT period. However, the value of DAPT 
remains for non- stent- related thrombotic complications, 
as discussed below.

Table 2 summarizes contemporary trials of coro-
nary stent strategies for patients at high risk of bleeding 
receiving a background short duration of DAPT. Two 
randomized, controlled studies compared DES and BMS 
in patients at high risk of bleeding who received a short 

Profunda
femoral

artery

Common
femoral

artery

External iliac
artery

Inferior
epigastric
artery

Common
femoral vein

Superficial femoral vein
Superficial femoral artery

Safe
zone

Fig. 3 | Safe zone for femoral artery access for 
percutaneous coronary intervention. Optimal femoral 
arterial access for percutaneous coronary intervention is in 
the common femoral artery below the inferior epigastric 
artery and above the bifurcation of the common femoral 
artery (safe zone). Anatomical landmarks can be identified 
with fluoroscopy or ultrasonography guidance. Adapted 
with permission from reF.45.

Iatrogenic
• OAC
• NSAIDs
• Steroids
• Planned surgery on DAPT
• Recent trauma or surgery

Ageing
Age (≥75 years)

Comorbidities
• Renal disease
• Liver disease
• Active cancer

Laboratory
• Anaemia
• Low platelet

count

CNS
• Previous stroke
• Previous intracranial

haemorrhage
• Brain arteriovenous

malformation

Bleeding history
• Bleeding diathesis
• Previous bleeding

or transfusion

Fig. 2 | Factors associated with an increased risk of bleeding after PCI. In 2019, the 
Academic Research Consortium for High Bleeding Risk (ARC- HBR) published consensus 
criteria (14 major and six minor) and their definitions to distinguish a sizeable subgroup 
of patients undergoing percutaneous coronary intervention who potentially have a 
Bleeding Academic Research Consortium (BARC) type 3 or 5 bleeding risk of ≥4% (or an 
intracranial haemorrhage risk of ≥1%) at 1 year from the procedure14. Factors considered 
in the criteria for a high risk of bleeding include ageing, bleeding history, issues at the 
level of the central nervous system (CNS), comorbidities, iatrogenic aspects and laboratory 
findings. DAPT, dual antiplatelet therapy; NSAIDs, non- steroidal anti- inflammatory 
drugs; OAC, oral anticoagulation.
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Table 2 | Trials of coronary devices with short DAPT in patients at high risk of bleeding

Study (year) Number of 
patients

Design DAPT 
duration

Intervention Control Main findings (intervention 
versus control)

Ref.

LEADERS- FREE 
(2015)

2,466 Double- blind, 
1:1 RCT

1 month BioFreedom DCS BMS Cardiac death, MI or stent 
thrombosis at 390 days: 9.4% 
versus 12.9%; HR 0.71, 95% 
CI 0.56–0.91, P < 0.001 for 
non- inferiority, P = 0.005 for 
superiority

Clinically- driven TLR at 390 days:  
5.1% versus 9.8%; HR 0.50, 95% 
CI 0.37–0.69, P < 0.001

72

SENIOR (2018) 1,200 Single- blind, 
1:1 RCT

1 month in 
stable CAD,  
6 months  
in ACS

Synergy DES BMS Death, MI, stroke or clinically- 
driven TLR at 12 months:  
12% versus 16%; HR 0.71, 95% CI 
0.52–0.94, P = 0.02

73

Onyx ONE (2020) 1,996 Single- blind, 
1:1 RCT

1 month Resolute Onyx 
DES

BioFreedom DCS Cardiac death, MI or stent 
thrombosis at 12 months:  
17.1% versus 16.9%; P = 0.01  
for non- inferiority

75

COBRA- REDUCE 
(2020)

996 Open- label, 
1:1 RCT

14 days or 
3–6 months 
depending 
on the study 
group

Cobra PzF 
nanocoated stent 
with short DAPT

DES with 
3- month or 
6- month DAPT

BARC 2, 3 or 5 bleeding at 
6 months: 7.5% versus 8.9%; 
P = 0.48

Death, MI, stroke or stent 
thrombosis at 6 months: 7.7% 
versus 5.2%; P = 0.061 for 
non- inferiority

89

LEADERS- FREE 2 
(2020)

1,203 Open- label, 
single- group

1 month BioFreedom DCS Historical BMS 
cohort with 
1- month DAPT

Clinically- driven TLR at  
12 months: 7.2% versus 9.2%; 
HR 0.72, 95% CI 0.52–0.98, 
P = 0.0338

Cardiac death or MI at 12 
months: 9.3% versus 12.4%; HR 
0.72, 95% CI 0.55–0.94, P = 0.015

77

MODEL U- SES 
(2020)

1,695 Open- label, 
single- group

3 months Ultimaster DES Historical DES 
cohort with 
12- month DAPT

Death, MI, stroke, stent 
thrombosis or severe bleeding 
at 12 months: 4.3% versus 5.5%; 
P < 0.0001 for non- inferiority

78

Onyx ONE Clear 
(2020)

1,506 Open- label, 
single- group

1 month Resolute Onyx 
DES

OPG Cardiac death or MI at  
1–12 months: 7.0% (P < 0.001  
for comparison with 9.7% OPG)

79

XIENCE 90 (2020) 1,693 Open- label, 
single- group

3 months Xience DES Historical DES 
cohort; OPG

Death or MI between 3 and 
12 months: 5.4% versus 5.4%; 
P < 0.0063 for non- inferiority

BARC 2, 3 or 5 bleeding at 
3–12 months: 5.1% versus 7.0%; 
P = 0.0687

Stent thrombosis at 3–12 
months: 0.2% (P < 0.0001 for 
comparison with 1.2% OPG)

80

XIENCE 28 (2020) 1,392 Open- label, 
single- group

1 month Xience DES Historical DES 
cohort; OPG

Death or MI at 1–6 months: 
3.5% versus 4.3%; P < 0.0005 for 
non- inferiority

BARC 2, 3 or 5 bleeding at  
1–6 months: 4.9% versus 5.9%; 
P = 0.19

80

EVOLVE Short 
DAPT (2021)

2,009 Open- label, 
single- group

3 months Synergy DES Historical DES 
cohort with 
12- month DAPT; 
OPG

Death or MI between 3 and 
15 months: 5.6% versus 5.7%; 
P < 0.0016 for non- inferiority

Stent thrombosis at 3–15 months:  
0.2% (P = 0.0005 for comparison 
with 1% OPG)

81

Only powered end points are shown. ACS, acute coronary syndromes; BARC, Bleeding Academic Research Consortium; BMS, bare- metal stent; CAD, coronary 
artery disease; DAPT, dual antiplatelet therapy; DCS, drug- coated stent; DES, drug- eluting stent; MI, myocardial infarction; OPG, objective performance goal;  
RCT, randomized controlled trial; TLR, target-lesion revascularization.
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duration of DAPT72,73. In the LEADERS- FREE trial72, 
a biolimus- eluting, polymer- free stent (BioFreedom, 
Biosensors) was superior to its BMS counterpart on 
both safety and efficacy co- primary end points in 
patients treated with 1 month of DAPT. In the SENIOR 
trial73, an everolimus- eluting, biodegradable polymer 
stent (Synergy, Boston Scientific) was superior to BMS 
in older patients receiving a short duration of DAPT  
(1 month after elective PCI, 6 months after PCI for ACS). 
These findings were consistent with those of an explor-
atory analysis of the earlier ZEUS trial74 comparing a 
zotarolimus- eluting, durable polymer stent (Resolute, 
Medtronic) with BMS, in which the superiority of the 
DES was preserved in the subgroup of patients at high 
risk of bleeding. The randomized Onyx ONE trial75 
comparing the current- generation zotarolimus- eluting, 
durable polymer stent (Resolute Onyx, Medtronic) with 
the BioFreedom DES in patients at high risk of bleeding 
treated with 1 month of DAPT, showed non- inferiority 
for the primary safety and key secondary effectiveness 
end points. Taken together, these trials support aban-
doning BMS as a standard of care in patients at high 
risk of bleeding who need PCI and a short duration of 
DAPT76.

Although the above- mentioned trials were 
active- controlled and used a BMS or DES comparator, 
other trials have been conducted in patients at high risk 
of bleeding with the use of historical cohorts or objec-
tive performance goals. The LEADERS- FREE 2 (reF.77), 
MODEL U- SES78, Onyx ONE Clear79, Xience 90 and 
Xience 28 (reF.80), and EVOLVE Short DAPT81 trials 
investigated the BioFreedom stent, a sirolimus- eluting, 
biodegradable polymer stent (Ultimaster, Terumo), the 

Resolute Onyx DES, an everolimus- eluting, durable pol-
ymer stent (Xience, Abbott Vascular) and the Synergy 
DES, respectively. All these trials met their primary end 
points.

Overall, the above- mentioned trials have led to 
the current regulatory status for the use of dedicated 
stents in patients at high risk of bleeding undergoing 
PCI, in combination with a short duration of DAPT 
or allowing the safe early discontinuation of DAPT. 
Currently approved devices for use in patients at high 
risk of bleeding include the Resolute Onyx, Synergy and 
Xience stents in the USA, and the Resolute Onyx 
and Xience stents in Europe. Some stents (BioFreedom, 
Synergy and Ultimaster) have obtained labelling updates 
in Europe for early discontinuation of DAPT when clin-
ically indicated or necessary. Other trials are ongoing 
to define further the landscape of DES recommended 
for this indication (BIOFLOW- DAPT and COMPARE 
60/80)82,83. Regulatory authorities will define whether 
new stents will need their own trial of a short duration 
of DAPT in patients at high risk of bleeding or if the 
concept will be extended as a class effect84.

Stent optimization
After implantation, optimization of stent expansion 
guided by intravascular imaging (such as intravascular 
ultrasonography and optical coherence tomography) is 
advisable to reduce the risk of target- lesion failure and 
repeat revascularization43,85. Use of intravascular imag-
ing to confirm the quality of the PCI procedure and the 
correct apposition of the stent struts as a prerequisite 
for faster and more complete endothelialization is intu-
itively important in patients at high risk of bleeding 
who might need a short duration of DAPT, as further  
discussed below.

Bleeding avoidance strategies after PCI
As noted before, contemporary coronary stent platforms 
are significantly safer than earlier- generation devices, 
which makes the use of long durations of DAPT unnec-
essary for the prevention of stent thrombosis during 
the first year after PCI8. However, DAPT remains of 
sustained utility to prevent non- stent- related events, 
especially in patients at high risk of thrombosis86. The 
decision regarding DAPT duration requires consider-
ation of individual patient and procedure characteris-
tics. Indeed, prolonging DAPT could be detrimental in 
patients at high risk of bleeding, and early discontinua-
tion might be safe from the mere standpoint of the stent 
platform. Current guidelines generally recommend a 
6- month duration of DAPT after PCI in patients with 
chronic coronary syndrome and 12 months of DAPT 
after PCI in patients with ACS1. In patients at high risk of 
bleeding, shorter durations can be considered, including 
1–3 months of DAPT after elective PCI and 3–6 months 
of DAPT after PCI in patients with ACS1. To reduce 
the risk of bleeding further in patients with or without 
a high risk of bleeding, two strategies are of current 
investigational interest: shortening DAPT (by means 
of dropping the P2Y12 inhibitor or aspirin; Figs 4,5) 
or modu lating DAPT (by means of de- escalation or 
escalation of drug types and doses)84.
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Fig. 4 | Trials of short DAPT after PCI in patients at high risk of bleeding. Comparison 
of trials of a short duration of dual antiplatelet therapy (DAPT) in patients at high risk of 
bleeding undergoing percutaneous coronary intervention (PCI)87–91,109,111–114. The arrows 
illustrate the durations of DAPT; arrows with a solid background refer to trials in which all 
patients in the control group were assigned to the same duration of DAPT; arrows with a 
gradient background refer to trials in which patients in the control group were assigned 
to a range of durations of DAPT. P2Y12, P2Y purinoceptor 12.
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Short DAPT followed by aspirin
Patients at high risk of bleeding undergoing PCI. In 
patients at high risk of bleeding owing to a baseline indi-
cation for oral anticoagulation, reducing the duration of 
DAPT, and therefore of triple antithrombotic therapy, 
is an intuitively appealing bleeding reduction strategy59. 
Small trials of a very short duration of DAPT in patients 
with atrial fibrillation are available, but their results are 
not robust87,88. In the COBRA- REDUCE trial89, use of an 
experimental stent with a 2- week duration of DAPT did 
not reduce the risk of bleeding compared with the use of 
another commercially available stent and a 3–6- month 
duration of DAPT. Ongoing trials in patients at high risk 
of bleeding, not limited to patients receiving oral anti-
coagulation (such as MASTER DAPT90 and TARGET- 
SAFE91), are evaluating the efficacy of shorter versus 
longer durations of DAPT in patient populations that 
include or are limited to patients at high risk of bleed-
ing. The MASTER DAPT trial90, whose enrolment is 

complete, included patients at high risk of bleeding who 
were randomly assigned to 1 month versus ≥6 months of 
DAPT if no indication for oral anticoagulation existed, 
or to 1 month versus ≥3 months if oral anticoagulation 
was indicated.

Patients undergoing PCI regardless of bleeding risk. 
Over the past decade, numerous trials have tested strat-
egies of a shorter duration of DAPT followed by aspi-
rin monotherapy in PCI populations92–105. These trials 
have largely informed the current recommendations for 
DAPT duration1. Because 6 months of DAPT is the cur-
rent standard of care in patients with PCI in the context 
of a chronic coronary syndrome, contemporary trials of 
a short duration of DAPT should be intended to inves-
tigate durations of <6 months against this benchmark.  
To the best of our knowledge, no such trial has been per-
formed to date. A number of trials have compared DAPT 
durations of 1 month or 3 months against ≥12 months,  
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Fig. 5 | Trials of short DAPT after PCI in all-comer patients regardless of the risk of bleeding. Comparison of trials  
of a short duration of dual antiplatelet therapy (DAPT) including all- comer patients undergoing percutaneous coronary 
intervention (PCI) regardless of the risk of bleeding92–106,119–124. The arrows illustrate the durations of DAPT. ACS, acute 
coronary syndrome; P2Y12, P2Y purinoceptor 12.
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and have typically shown non- inferiority in the con-
text of fairly small sample sizes93,96,98. In the One- Month 
DAPT trial106, a DAPT duration of 1 month was non- 
inferior to a DAPT duration of 6–12 months, but the 
results were possibly confounded by the use of dif ferent 
coronary stents in the study groups. More research is  
needed to ascertain whether a DAPT duration of  
6 months after PCI can be safely further reduced by 
means of earlier P2Y12 inhibitor discontinuation.

Short DAPT followed by P2Y12 inhibitor
Patients at high risk of bleeding undergoing PCI. A strat-
egy of P2Y12 inhibitor monotherapy after a short period 
of DAPT has been investigated in patients undergoing 
PCI who qualify for the ARC- HBR definition owing 
to their background therapy with oral anticoagulation, 
mostly because of concurrent atrial fibrillation59. In the 
investigational groups of studies conducted in this set-
ting, aspirin therapy was generally used in the periproce-
dural period and withheld early107. In the WOEST  

trial108, in which patients received vitamin K antagonists, 
the use of clopidogrel without aspirin was associated 
with a significant reduction in bleeding complications. 
WOEST was a small study (573 patients) that was not 
powered for ischaemic end points, but the results of 
this trial paved the way for several subsequent trials 
of aspirin- free strategies after PCI109. The advantage 
of the direct oral anticoagulants in reducing bleed-
ing complications compared with warfarin has been 
demonstrated in large- scale, regulatory trials in patients 
with atrial fibrillation110. Consistent with the results of 
the WOEST trial, the PIONEER- AF PCI111, RE- DUAL 
PCI112, AUGUSTUS113 and ENTRUST- AF PCI114 trials 
demonstrated the efficacy of P2Y12 inhibitor monother-
apy (clopidogrel in most cases) for reducing the risk 
of bleeding after PCI in patients with atrial fibrillation 
receiving direct oral anticoagulants. Owing to its multi-
factorial design integrating an aspirin versus placebo 
comparison, the AUGUSTUS trial113 clarified that the 
benefits in the reduction of bleeding complications arise 

Table 3 | Trials of P2Y12 inhibitor monotherapy in patients undergoing PCI

Study Number of 
patients

Design Population Intervention Control Main findings (intervention 
versus control)

Ref.

GLOBAL 
LEADERS (2018)

15,968 Open- label Patients 
undergoing PCI 
for CCS or ACS

Ticagrelor 
monotherapy  
(23 months) after  
1 month of DAPT

DAPT Death or Q- wave MI at 24 
months: 3.8% versus 4.4%; RR 
0.87 , 95% CI 0.75–1.01, P = 0.073

121

GLASSY (2019) 7 ,585 Open- label, 
ancillary study

Patients 
undergoing PCI 
for CCS or ACS

Ticagrelor 
monotherapy  
(23 months) after  
1 month of DAPT

DAPT Death, MI, stroke or urgent TVR at 
24 months: 7.1% versus 8.4%; RR 
0.85, 95% CI 0.72–0.99, P < 0.001 
for non- inferiority, P = 0.047 for 
superiority

BARC 3 or 5 bleeding at 24 months: 
2.5% versus 2.5%; RR 1.00,  
95% CI 0.75–1.33, P = 0.99

151

STOPDAPT-2 
(2019)

3,045 Open- label Patients 
undergoing PCI 
for CCS or ACS

Clopidogrel 
monotherapy after  
1 month of DAPT

DAPT Cardiovascular death, MI, stroke, 
definite stent thrombosis or  
major or minor bleeding at  
12 months: 2.4% versus 3.7%;  
HR 0.64, 95% CI 0.42–0.98, 
P < 0.001 for non- inferiority, 
P = 0.04 for superiority

Cardiovascular death, MI, stroke 
or stent thrombosis: 2.0% versus 
2.5%; HR 0.79, 95% CI 0.49–1.29, 
P = 0.005 for non- inferiority, 
P = 0.34 for superiority

119

SMART- CHOICE 
(2019)

2,993 Open- label Patients 
undergoing PCI 
for CCS or ACS

Clopidogrel 
monotherapy after  
3 months of DAPT

DAPT Death, MI or stroke at 12 months: 
2.9% versus 2.5%; P = 0.007 for 
non- inferiority

120

TWILIGHT (2019) 7 ,119 Double- blind Patients 
undergoing PCI 
for CCS or ACS

Ticagrelor 
monotherapy after  
3 months of DAPT

DAPT BARC 2, 3 or 5 bleeding at  
12 months: 4.0% versus 7.1%;  
RR 0.56, 95% CI 0.45–0.68, P < 0.001

Death, MI or stroke at 12 months: 
3.9% versus 3.9%; HR 0.99, 
95% CI 0.78-1.25, P < 0.001 for 
non- inferiority

123

TICO (2020) 3,056 Open- label Patients 
undergoing PCI 
for ACS

Ticagrelor 
monotherapy after  
3 months of DAPT

DAPT Death, MI, stroke, stent 
thrombosis, TVR or major 
bleeding: 3.9% versus 5.9%;  
HR 0.66, 95% CI 0.48–0.92, P = 0.01

124

Only powered end points are shown. ACS, acute coronary syndromes; BARC, Bleeding Academic Research Consortium; CCS, chronic coronary syndrome; DAPT, dual 
antiplatelet therapy; MI, myocardial infarction; P2Y12, P2Y purinoceptor 12; PCI, percutaneous coronary intervention; RR, rate ratio; TVR, target-vessel revascularization.
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from both the use of a direct oral anticoagulant instead 
of a vitamin K antagonist and the avoidance of aspirin. 
Importantly, some of the individual trials showed a 
numerical increase in ischaemic events with P2Y12 inhib-
itor monotherapy112,115,116, and discontinuing aspirin was 
associated with a non- significant numerical increase in 
stent thrombosis within 30 days in the AUGUSTUS 
trial115. Conversely, two meta- analyses of the above trials 
concluded that P2Y12 inhibitor monotherapy reduces the  
risk of bleeding and does not significantly increase  
the risk of major adverse cardiac events117,118. In aggre-
gate, although the ideal duration of aspirin therapy in 
patients with atrial fibrillation undergoing PCI remains 
a matter of debate (probably ranging between 1 day and 
7 days in most patients if the risk of thrombotic events 

is acceptable, and up to 30 days in those at higher risk), 
data are consistent on the benefit of an early strategy of 
P2Y12 inhibitor monotherapy in patients undergoing PCI 
and receiving oral anticoagulation.

Patients undergoing PCI regardless of bleeding risk. 
Five randomized trials and an ancillary analysis of a 
randomized trial have investigated the efficacy of P2Y12 
inhibitor monotherapy in patients undergoing PCI with 
or without a high risk of bleeding119–124 (Table 3). In the 
STOPDAPT 2 (reF.119) and the SMART- CHOICE120 tri-
als in Asian patients undergoing generally low- risk and 
elective procedures, the P2Y12 inhibitor used was clopi-
dogrel (with aspirin stopped at 1 month and 3 months, 
respectively). In the GLOBAL LEADERS121, GLASSY122, 

Table 4 | Main randomized clinical trials of DAPT modulation in patients undergoing PCI

Study (year) Number of 
patients

Design Population Intervention Control Main findings 
(intervention versus 
control)

Ref.

TOPIC (2017) 646 Open- label Patients undergoing 
PCI for ACS

Unguided 
de- escalation to  
DAPT with aspirin  
and clopidogrel

DAPT with 
aspirin and 
prasugrel or 
ticagrelor

Cardiovascular death,  
stroke, urgent revasculari-
zation, or BARC 2, 3 or  
5 bleeding at 12 months 
after ACS: 13.4% versus 
26.3%; HR 0.48,  
95% CI 0.34–0.68, P < 0.01

128

TROPICAL- ACS 
(2017)

2,610 Open- label Patients undergoing 
PCI for ACS

PFT- guided 
de- escalation to  
DAPT with aspirin  
and clopidogrel

DAPT with 
aspirin and 
prasugrel

Cardiovascular death,  
MI, stroke or bleeding  
grade 2 or BARC 2, 3 or  
5 bleeding at 12 months: 
7% versus 9%; HR 0.81, 95% 
CI 0.62–1.06, P = 0.0004 for 
non- inferiority, P = 0.12  
for superiority

Cardiovascular death, MI 
or stroke at 12 months: 3% 
versus 3%; HR 0.77 , 95% 
CI 0.48–1.21, P = 0.012 for 
non- inferiority

129

POPular- Genetics 
(2019)

2,488 Open- label Patients undergoing 
PCI for ACS

Genotype- guided 
de- escalation to 
DAPT with aspirin 
and clopidogrel or 
escalation to DAPT with 
aspirin and prasugrel or 
ticagrelor

DAPT with 
aspirin and 
prasugrel or 
ticagrelor

Death, MI, stroke, stent 
thrombosis or PLATO major 
bleeding at 12 months: 
5.1% versus 5.9%; P < 0.001 
for non- inferiority

PLATO major or minor 
bleeding at 12 months: 9.8% 
versus 12.5%; HR 0.78, 95% 
CI 0.61–0.98, P = 0.04

130

TAILOR- PCI (2020) 1,849 (out 
of 5,302 
randomized)

Open- label Patients undergoing 
PCI for stable CAD 
or ACS who were 
carriers of CYP2C19 
loss- of- function 
variants

Ticagrelor Clopidogrel Cardiovascular death, MI, 
stroke, stent thrombosis 
and severe recurrent 
ischaemia at 12 months: 
4.0% versus 5.9%; HR 0.66, 
95% CI 0.43–1.02, P = 0.06

132

HOST- REDUCE-  
POLYTECH ACS 
(2020)

2,338 Open- label Patients undergoing 
PCI for ACS

Unguided 
de- escalation to 
DAPT with aspirin and 
low- dose prasugrel 
after 1 month of 
standard DAPT

DAPT with 
aspirin and 
prasugrel

Death, MI, stroke, stent 
thrombosis, repeat 
revascularization, or 
BARC 2, 3 or 5 bleeding 
at 12 months: 7.2% versus 
10.1%; HR 0.70, 95% CI 
0.52–0.92, P < 0.0001 for 
non- inferiority, P = 0.012 for 
equivalence

131

Only powered end points are shown. ACS, acute coronary syndromes; BARC, Bleeding Academic Research Consortium; CAD, coronary artery disease; DAPT, dual 
antiplatelet therapy; MI, myocardial infarction; PCI, percutaneous coronary intervention; PFT, platelet function testing; PLATO, Platelet Inhibition and Patient Outcomes.
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TWILIGHT123 and TICO124 trials (the TICO trial con-
ducted exclusively in patients with ACS), the P2Y12 
inhibitor was ticagrelor. In a pooled analysis of the 
GLASSY and TWILIGHT trials, ticagrelor monotherapy 
was associated with a reduction in major bleeding events 
compared with standard DAPT, without a concomitant 
increase in ischaemic events125. These findings are con-
sistent with those of a study- level meta- analysis of all 
the above- mentioned trials, encompassing a total of 
32,145 patients126. However, another meta- analysis has 
suggested that longer durations of DAPT might be war-
ranted in patients with previous ACS and a low risk of 
bleeding127.

DAPT modulation
Five randomized trials have investigated outcomes asso-
ciated with modulating DAPT potency, with the aim of 
reducing the risk of bleeding without increasing the risk 
of ischaemic events by tailoring the intensity of P2Y12 
inhibitor therapy128–132 (Table 4). In particular, this spe-
cific aim can be achieved by means of a de- escalation 
strategy of DAPT (switching from prasugrel or ticagr-
elor to clopidogrel or to a lower dose of prasugrel or 
ticagrelor)133,134. Modulation of P2Y12 inhibitor potency 
can occur in an unguided or guided (for example, using 
platelet- function testing or genetic testing) fashion. In 
the TOPIC128 and HOST- REDUCE POLYTECH ACS131 
trials, de- escalation (from prasugrel or ticagrelor to 
clopidogrel, or from prasugrel 10 mg to 5 mg, respec-
tively) was used at 1 month with no guidance, and proved 
successful in reducing bleeding complications without 
trade- offs in efficacy. The guided approach implements 
the use of platelet function testing or genetic testing 
early after PCI with the goal of ruling out patients with 
inadequate clopidogrel- induced platelet inhibition who 
might be at increased risk of thrombotic complications. 
In the TROPICAL- ACS trial129, platelet function testing 
proved to be effective in reducing the risk of bleeding 
by guiding the de- escalation from prasugrel to clopi-
dogrel. In the POPular- Genetics130 and TAILOR- PCI132 

trials, the intensity of DAPT was adapted on the basis 
of results from genetic testing for the identification of 
CYP2C19 loss- of- function variants, with mixed results. 
In particular, compared with treatment standards, the 
POPular- Genetics130 trial showed non- inferiority of 
the genetic testing strategy on thrombotic events and 
superiority on bleeding events in patients with ACS with 
ST- segment elevation, whereas the TAILOR- PCI trial132 
showed a reduction, albeit not significant, in thrombotic 
events in patients with or without ACS undergoing PCI. 
In a meta- analysis of 20,743 patients undergoing PCI, 
a strategy of guided selection of antiplatelet therapy 
by means of genotyping or platelet function testing 
improved composite and individual efficacy outcomes, 
including a reduction in cardiovascular death, myo-
cardial infarction, stent thrombosis and stroke, with 
a favourable safety profile, driven by a reduction in 
minor bleeding events135. Outcomes varied according to 
whether an escalation or de- escalation strategy in anti-
platelet potency was adopted, with escalation associated 
with a reduction in ischaemic events and no increase 
in bleeding events, and de- escalation associated with 
a reduction in bleeding events and no trade- off in the 
effect on ischaemic events.

Box 1 | Proton pump inhibitors

•	Proton pump inhibitors (PPIs) provide gastroprotection 
by raising the intragastric pH and are indicated in 
patients at high risk of gastrointestinal bleeding who 
are treated with antithrombotic medications.

•	Whether PPIs reduce cardiovascular protection  
by clopidogrel as a result of pharmacokinetic  
and pharmacodynamic drug–drug interaction is 
controversial.

•	PPIs with a lower potential for pharmacological  
drug–drug interaction (such as pantoprazole  
and dexlansoprazole) might be preferably used in 
combination with clopidogrel.

•	The antiplatelet effects of ticagrelor and prasugrel are 
not influenced by PPI coadministration.

Table 5 | Novel antithrombotic compounds in clinical development

Type Class of drug Drug name Administration 
route

Stage of 
testing

Anticoagulant Inhibitors of factor IX, factor XI 
and factor XII

NA Intravenous, 
subcutaneous, oral

Phase I–II

Antiplatelet P2Y12 receptor antagonist Selatogrel Subcutaneous Phase II–III

Antiplatelet Platelet GPVI inhibitors Revacept; ACT017 Intravenous Phase II

Antiplatelet PDI inhibitors Isoquercetin Oral Phase II

Antiplatelet PI3Kβ inhibitors AZD6482; GSK2636771 Intravenous, oral Phase I

Antiplatelet PAR4 inhibitors BMS-986120 Oral Phase I

Antiplatelet PAR1 signalling modulators Parmodulins NA Preclinical

Antiplatelet Conformation- specific GP 
inhibitors

Anti- activated GPIIb/IIIa NA Preclinical

Antiplatelet Outside–in signalling GP 
inhibitors

mP6 NA Preclinical

Antiplatelet Platelet- targeted CD39 CD39–anti GPIIb/IIIa NA Preclinical

GP, glycoprotein; NA, not available; P2Y12, P2Y purinoceptor 12; PAR, proteinase- activated receptor; PDI, protein disulfide 
isomerase. Data are from reF.152.
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Additional strategies and investigational drugs
Gastrointestinal bleeding is the main source of bleed-
ing complications in patients taking antithrombotic 
therapy136. Routine screening and eradication of 
Helicobacter pylori to reduce bleeding complications 
in patients with acute myocardial infarction has been 
advocated, and a large trial is ongoing137. Given that 
aspirin is associated with gastrointestinal toxicity and 
aspirin is the cornerstone of treatment for the second-
ary prevention of cardiovascular events, efforts have 
been made to develop aspirin formulations with a more 
favourable safety profile. To this extent, enteric coating 
does not increase aspirin safety and is associated with 
impaired drug absorption138. A liquid formulation of a 
novel pharmaceutical lipid–aspirin complex that pre-
vents gastrointestinal mucosal injury and is associated 
with better drug absorption than that of aspirin might be 

an attractive future treatment option139–141. Other com-
pounds in clinical development are listed in Table 5. 
Among these agents, the subcutaneous P2Y12 inhibitor 
selatogrel is at the most advanced stage of clinical inves-
tigation in the phase III SOS- AMI trial142–144. Revacept, 
a competitive antagonist to platelet glycoprotein VI and 
developed to achieve platelet inhibition at the lesion 
site without increasing the risk of bleeding systemically, 
showed no effect in preventing myocardial injury in 
patients undergoing PCI in the phase II ISAR- PLASTER 
trial145. A phase III trial of revacept is planned in patients 
with ACS. Antidotes for antiplatelet therapies can be 
used as a strategy to prevent the catastrophic conse-
quences of some types of bleeding. Specific antidotes 
for dabigatran (idarucizumab) and for rivaroxaban, 
apixaban and edoxaban (andexanet alfa) are available, 
which adds to other recommended strategies, such as 

Table 6 | To- do and not- to- do list for patients at high risk of bleeding

Strategy To do Not to do

Before coronary angiography or PCI

Bleeding risk stratification Calculate validated risk scores for bleeding to identify 
patients at higher risk of in- hospital and out- of- hospital 
bleeding complications; re- assess frequently over time

Assume that the risk of bleeding applies to all patients 
equally; fail to recognize the dynamic nature of bleeding

Non- invasive testing if 
applicable

Avoid routine invasive coronary angiography in patients 
with low clinical likelihood of coronary artery disease, 
and consider non- invasive options (such as coronary CT) 
for rule- out

Consider routinely invasive coronary angiography as the 
sole strategy for the diagnosis of coronary artery disease

Appropriateness criteria for 
revascularization

Follow the latest available guidelines and 
appropriateness criteria to establish indications for 
revascularization

Follow a low threshold for revascularization in patients 
who could be effectively treated with medical therapy

Early initiation of P2Y12 
inhibitors

Avoid before defining the coronary anatomy and 
indication for treatment

Pretreat routinely

During PCI

Vascular access Radial access is preferred; if femoral access is 
unavoidable, target the safe zone by fluoroscopy or 
ultrasonography guidance

Femoral access with puncture guided solely by 
palpation, especially in patients who are overweight  
or obese

Optimal anticoagulation Use weight- adjusted heparin therapy with frequent 
checks of the activated clotting time, or enoxaparin or 
bivalirudin therapies as alternatives

Use heparin boluses at fixed doses without checking the 
activated clotting time

Stent selection Use coronary stents indicated for patients at high risk of 
bleeding or for early discontinuation of DAPT

Assume all coronary stents are equal

Stent optimization Consider using intravascular imaging to ensure the stent 
is well expanded and apposed to the artery wall

Rely only on coronary angiography to judge the result of 
stent implantation

After PCI

Choice of antiplatelet therapy Clopidogrel in patients who require combination 
therapy with oral anticoagulants and in patients at risk 
of unacceptable bleeding complications with prasugrel 
or ticagrelor

Prasugrel and ticagrelor in combination with oral 
anticoagulants and in patients at unacceptable risk  
of bleeding

Duration of DAPT Consider DAPT reduction to 1–3 months in patients 
undergoing elective PCI or 3–6 months in patients with 
ACS by discontinuation of aspirin or the P2Y12 inhibitor,  
if the risk of bleeding exceeds the risk of thrombosis

Choose default DAPT durations of 6 months and  
12 months for patients undergoing elective PCI or 
those with ACS, respectively, when the risk of bleeding 
exceeds the risk of thrombosis

Modulation of DAPT Consider unguided (after 30 days) or guided (early after 
PCI) de- escalation from DAPT with aspirin and prasugrel 
or ticagrelor to clopidogrel in patients with ACS if the 
risk of bleeding exceeds the risk of thrombosis

Continue prasugrel or ticagrelor therapy beyond the 
initial period of thrombotic vulnerability if the risk of 
bleeding exceeds the risk of thrombosis

Proton pump inhibitors Liberal use of proton pump inhibitors with low potential 
for pharmacological drug–drug interactions (such as 
pantoprazole and dexlansoprazole) in combination with 
clopidogrel

Avoid in patients at risk of gastrointestinal bleeding

ACS, acute coronary syndromes, DAPT, dual antiplatelet therapy; PCI, percutaneous coronary intervention.
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the administration of four- factor prothrombin com-
plex concentrate, vitamin K and blood transfusion28. 
An antibody- based reversal agent for ticagrelor has 
been successfully tested in healthy volunteers and is 
currently being tested in patients with coronary artery 
disease in the REVERSE- IT trial64. Additional strategies 
to reduce the risk of bleeding associated with antiplatelet 
therapies include the optimal control of blood pressure, 
the use of proton pump inhibitors (box 1) and the avoid-
ance of non- steroidal anti- inflammatory drugs146–148. 
Use of the proton pump inhibitor pantoprazole did not 
reduce the occurrence of upper gastrointestinal events 
in a randomized trial but did reduce the occurrence of 
bleeding events from gastroduodenal lesions when com-
bined with a low dose of the direct oral anticoagulant 
rivaroxaban149. Guidelines recommend the use of a pro-
ton pump inhibitor in patients at high risk of bleeding 
who need antithrombotic medications1. For patients at 
high risk of bleeding who need to discontinue oral anti-
coagulation, left atrial appendage occlusion is a viable 
treatment option150.

Practical recommendations
A summary of practical recommendations for bleeding 
avoidance in patients who have a high risk of bleeding 
and are candidates for PCI or to undergo PCI is pro-
vided in Table 6. Patients at high risk of bleeding should 
be promptly identified (that is, before invasive coronary 
angiography) to define appropriate bleeding prevention 
strategies upfront. In the era of rapid access to invasive 
coronary angiography after an ACS, treatment with 
P2Y12 inhibitors before invasive coronary angiography is 
discouraged, especially in patients at high risk of bleed-
ing. Radial artery access is the first- line approach, and 
anticoagulation with unfractionated heparin, for which 
a reversal agent exists (protamine), should be consid-
ered. In patients undergoing invasive assessment via a 
femoral artery approach, puncture in the ‘safe zone’ (for 
example, with the use of fluoroscopy or ultrasonogra-
phy guidance) and the use of vascular closure devices 

are recommended. The use of enoxaparin or bivaliru-
din therapy in these patients, if available, is a reasonable 
alternative to unfractionated heparin. The choice of stent 
should be guided by the best available evidence, with 
multiple new- generation drug- eluting platforms now 
indicated rather than BMS in patients at high risk of 
bleeding or patients who might need early discontinua-
tion of DAPT. In patients with a high thrombotic burden 
or in the setting of thrombotic complications, cangrelor 
therapy is preferred over a glycoprotein IIb/IIIa inhib-
itor. After PCI, DAPT strategies that are expected to 
reduce the risk of bleeding include early (1–3 months 
after PCI) discontinuation of the P2Y12 inhibitor or aspi-
rin, or modulating the intensity of DAPT by switching 
from a more potent (prasugrel or ticagrelor) to a less 
potent (clopidogrel) agent after the initial period (for 
example, 30 days). The use of platelet function testing 
or genetic testing can aid in this decision- making. Use 
of proton pump inhibitors and avoiding non- steroidal 
anti- inflammatory drugs can further minimize the risk 
of bleeding.

Conclusions
Bleeding avoidance strategies in patients undergoing PCI 
and receiving antithrombotic medications include actions 
targeted at minimizing the risk of bleeding before, dur-
ing and after PCI. The paradigm of prognostic equipoise 
between bleeding and ischaemic complications has been 
known for years but neglected because the concerns about 
thrombosis and recurrent ischaemia have prevailed, 
prompting the use of potent antithrombotic strategies 
and long durations of DAPT. Remarkable improvements 
in the way PCI is performed (for example, the broader use 
of the radial artery approach and the availability of safer 
DES) have reduced the degree of safety concerns about 
ischaemia and thrombosis and have led to a new interest 
in investigating strategies that target bleeding, especially in  
patients at higher risk of bleeding.
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