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Dual antiplatelet therapy (DAPT) reduces ischemic and thrombotic events after percuta-
neous coronary intervention (PCI). Initial reports of higher myocardial infarction and
mortality rates prompted guideline committees to choose 12-month duration of DAPT
after PCI. However, higher bleeding rates with DAPT remain a major concern. Since
these guidelines were published, there have been improvements in stent design, deploy-
ment techniques, and antiplatelet therapies, which have reduced ischemic events. To
address bleeding concerns, trials were performed to evaluate the effectiveness of short-
duration DAPT. Two main strategies were employed: (1) aspirin monotherapy after a
short-duration DAPT, and (2) P2Y12 inhibitor monotherapy after a short-duration
DAPT. In this review, we outline all the major trials on short-duration DAPT that have
examined the previously mentioned strategies and propose a new individualized treatment
algorithm for which monotherapy to choose or remove after PCI. In conclusion, while
removing the P2Y12 inhibitor after a short DAPT appears to be safe in the low-risk popu-
lation, removing aspirin and continuing the P2Y12 inhibitor as monotherapy would be the
preferred strategy in intermediate- to high-risk patients to mitigate the bleeding risk. ©
2020 Elsevier Inc. All rights reserved. (Am J Cardiol 2020;135:154−165)
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Adding aspirin as an antiplatelet therapy after percutane-
ous coronary intervention (PCI) began 3 decades ago. In the
PCI era, the CURE1 and CREDO studies2 showed the bene-
fits of adding clopidogrel to aspirin versus aspirin alone after
PCI or myocardial infarction (MI), forming the basis for dual
antiplatelet therapy (DAPT). Later studies showed3,4 higher
rates of ischemic events after interruption of antiplatelet ther-
apy, which favored prolonged DAPT for at least 12 months.
The previously mentioned findings, along with the recom-
mendation of 12 months of DAPT, are reflected in major
society guidelines.5,6 To address the ischemic complications
after PCI, improvements in stent design/biocompatibility
were made. These changes included thinner struts, compati-
ble polymers, and procedural techniques, all resulting in a
dramatic decrease in the incidence of stent thrombosis.7

However bleeding events remained same. In this review, we
present an overview of the major short-duration antiplatelet
therapy trials and propose a new management algorithm for
antiplatelet therapy after PCI based on the available evi-
dence. Extended DAPT regimens of more than 12 months
and DAPT in patients who are on oral anticoagulation are
other challenging areas and are not discussed in this review.

Short-duration DAPT trials

To date, there have been many single-arm prospective
studies, numerous meta-analyses, and many randomized
clinical trials evaluating short-duration DAPT. Table 1 pro-
vides an overview of all the major short-duration DAPT
randomized clinical trials. Two strategies were tested in all
of these trials: (1) short duration of DAPT followed by aspi-
rin monotherapy, and (2) short duration of DAPT followed
by P2Y12 inhibitor (P2Y12i) monotherapy. The baseline,
clinical presentation, and procedural characteristics of these
studies are displayed in Tables 2, 3, and 4, respectively.
Major ischemic and bleeding event rates of all the short-
duration DAPT trials are summarized in Figures 1 and 2.
Six-month DAPT followed by aspirin monotherapy

Initial trials evaluated the safety and efficacy of 6-month
DAPT followed by aspirin monotherapy in patients with
stable ischemic heart disease (SIHD). The comparator for
these studies was 12-month DAPT or prolonged DAPT (18
to 24 months). Studies testing this particular strategy are
EXCELLENT,8 PRODIGY,9 SECURITY,10 ITALIC,11

ISAR-SAFE,12 IVUS-XPL,13 NIPPON,14 I-LOVE-IT 2,15

and OPTIMA-C.16

Important features of these trials are listed as follows:

1. Most patients in these studies underwent PCI for SIHD.
2. Most studies randomized patients at the index procedure

or at 30 days, except for ISAR SAFE and ITALIC,
which randomized patients at 6 months.

3. Except for PRODIGY, all the studies used second- and
latest-generation DES.

4. All the trials met noninferiority for different composite
end points except for the PRODIGY study. PRODIGY
was a superiority trial (composite end point of all-cause
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Table 1

Major randomized trials on short-duration antiplatelet therapy

STUDY Year First author n (overall) n (study) Design Follow-up DAPT duration Dropped Results of primary end

point

Randomization Results of primary end point.

6 month DAPT followed by aspirin monotherapy

EXCELLENT (15) 2012 Gwon 1,443 722 Noninferiority 12 months 6 vs 12 P2Y12 inhibitor Noninferiority achieved Index procedure 4.8% vs 4.3%, p = 0.001 for

noninferiority

PRODIGY (16) 2012 Valgimigli 1,970 983 Superiority 24 months 6 vs 24 P2Y12 inhibitor Superiority not achieved 30 days 10% vs 10.1%, p = 0.91

SECURITY (17) 2014 Colombo 1,399 682 Noninferiority 12 months 6 vs 12 P2Y12 inhibitor Noninferiority achieved Index procedure 4.5% vs 3.7%, p <0.05 for
noninferiority

ITALIC (18) 2015 Glard 1,822 910 Noninferiority 12 months 6 vs 24 P2Y12 inhibitor Noninferiority achieved 6 months 1.6% vs 1.5%, p = 0.0002 for

noninferiority

ISAR-SAFE (19) 2015 Schulz-schuzpke 4,000 1,997 Noninferiority 15 months 6 vs 12 P2Y12 inhibitor Noninferiority achieved 6 months 1.5% vs 1.6%, p <0.001 for
noninferiority

IVUS-XPL (20) 2016 Hong 1,400 699 Substudy 12 months 6 vs 12 P2Y12 inhibitor No difference Index procedure 2.2 vs 2.1% p = 0.85

NIPPON (21) 2017 Nakamura 3,773 1,886 Noninferiority 18 months 6 vs 18 P2Y12 inhibitor Noninferiority achieved Index admission 2.1% vs 1.5%, p met

noninferiority

I-LOVE-IT 2 (22) 2017 Han 1,829 909 Noninferiority 12 months 6 vs 12 P2Y12 inhibitor Noninferiority achieved Index procedure 6.5% vs 5.8%, p = 0.0065 for

noninferiority

OPTIMA-C (23) 2018 Kwon-Lee 1,368 684 Noninferiority 12 months 6 vs 12 P2Y12 inhibitor Noninferiority achieved Index procedure 1.2% vs 0.6%, p <0.005 for
noninferiority

3-month DAPT followed by aspirin monotherapy

RESET (26) 2012 Kim 2,117 1,059 Noninferiority 12 months 3 vs 12 P2Y12 inhibitor Noninferiority achieved Index procedure 4.7 % vs 4.7%, p <0.001 for
noninferiority

OPTIMIZE (27) 2013 Feres 3,119 1,563 Noninferiority 12 months 3 vs 12 P2Y12 inhibitor Noninferiority achieved Index admission 6% vs 5.8%, p = 0.002 for

noninferiority

1-month DAPT followed by aspirin monotherapy in high-bleeding risk patients.

LEADERSFREE (28) 2015 Urban 2,466 1,239 Both noninferiority

and superiority

12 months 1 month P2Y12 inhibitor Superiority achieved Index procedure 9.4% vs 12.9%, p = 0.005 for

superiority

ZEUS (29) 2015 Valgimigli 1,606 802 Superiority 12 months 1 month P2Y12 inhibitor Superiority achieved Index procedure 17.5% vs 22%, p = 0.01 for

superiority

SENIOR (30) 2018 Varenne 1200 596 Superiority 12 months 1 month/6 months P2Y12 inhibitor Superiority achieved Index procedure 12% vs 16%, p = 0.02 for

superiority

ONYX ONE (32) 2020 Windecker 1996 1,003 Noninferiority 12 months 1 month P2Y12 inhibitor Noninferiority achieved Index procedure 17.1% vs 16.9%, p = 0.01 for

noninferiority

3-month DAPT of 1-month DAPT followed by P2Y12 inhibitor monotherapy

GLOBAL LEADERS (34) 2018 Vranckx 15,968 7,980 Superiority 24 months 1 vs 12 Aspirin Superiority not achieved Index procedure 3.8% vs 4.37%, p = 0.07

SMART- CHOICE (36) 2019 Hahn 2,993 1,495 Noninferiority 12 months 3 vs 12 Aspirin Noninferiority and supe-

riority achieved

Index procedure or

within 3 months

2.9% vs 2.5%, p = 0.007 for

noninferiority

STOPDAPT-2 (37) 2019 Watanabe 3,045 1,500 Noninferiority 12 months 1 vs 12 Aspirin Noninferiority and supe-

riority achieved

Index procedure before

hospital discharge

2.36% vs 3.7%, p = 0.04, p

<0.001 for noninferiority
TWILIGHT (38) 2019 Mehran 7,119 3,555 Superiority 12 months 3 vs 12 Aspirin Superiority achieved 3 months 4% vs 7.1%, p <0.001

Antiplatelet drug studies in Acute coronary syndrome

DAPTSTEMI (39) 2018 Kedhi 870 432 Noninferiority 18 months 6 vs 12 P2Y12 inhibitor Noninferiority achieved 6 months 4.8% vs 6.6% (p = 0.26, p = 0.004

for noninferiority)

SMART-DATE (40) 2018 Hahn 2,712 1,357 Noninferiority 18 months 6 vs 12 P2Y12 inhibitor Noninferiority achieved Index procedure 4.7% vs 4.2%, p = 0.51, p = 0.03

for noninferiority

REDUCE (41) 2019 De Luca 1,496 751 Noninferiority 12 months 3 vs 12 P2Y12 inhibitor Noninferiority achieved Index procedure 8.2% vs 8.4%, p <0.001 for
noninferiority

TICO (44) 2020 Kim 3,056 1,527 Superiority 12 months 3 vs 12 Aspirin Superiority

Achieved

Index procedure 3.9% vs 5.9%, p = 0.01

DAPT = dual antiplatelet therapy.
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Table 2

Baseline characteristics of the study population in short-duration antiplatelet therapy trials

STUDY Age (St) Age (Co) Males (St) Males (Co) HTN (St) HTN (Co) DM (St) DM (Co) HLD (St) HLD (Co) Tobacco

use (St)

Tobacco

use (Co)

Previous

PCI (St)

Previous

PCI (Co)

Previous

CABG (St)

Previous

CABG (Co)

Previous

stroke (St)

Previous

stroke (Co)

EXCELLENT (15) 63 § 10 62 § 10 65% 64% 73% 74% 38% 39% 75% 76% 27% 26% 9% 9% 2% 1% 7% 7%

PRODIGY (16) 68 § 11 68 § 11 76% 77% 70% 73% 24% 25% 53% 56% 25% 23% 18% 19% 11% 11% 4% 4%

SECURITY (17) 65 § 10 66 § 10 78% 77% 75% 71% 30% 31% 65% 61% 21% 24% 19% 16% 6% 5% - -

ITALIC (18) 62 § 11 62 § 11 81% 79% 65% 65% 36% 38% 67% 67% 51% 53% 24% 23% 7% 5% 3% 3%

ISAR-SAFE (19) 67 (59,73) 67 (59−74) 81% 80% 90% 91% 25% 24% 88% 87% 15% 15% - - 8% 8% - -

IVUS-XPL (20) 63 § 9 64 § 9 67% 70% 63% 65% 36% 37% 68% 65% 25% 24% 10% 10% 3% 2% - -

NIPPON (21) 67 § 10 67 § 10 79% 79% 71% 73% 37% 38% 68% 69% 58% 60% 25% 26% 1% 2% 3% 3%

I-LOVE-IT 2 (22) 60 § 10 60 § 10 67% 69% 61% 65% 23% 22% 25% 23% 37% 38% 9% 7% 0% 0% 9% 10%

OPTIMA-C (23) 63 § 11 64 § 10 70% 68% 62% 63% 29% 30% 30% 29% 27% 27% 9% 10% - - - -

RESET (26) 62 § 9 62 § 10 64% 63% 62% 61% 30% 29% 58% 60% 25% 23% 4% 3% 0% 1% - -

OPTIMIZE (27) 61 § 10 62 § 11 64% 63% 86% 88% 35% 35% 63% 64% 19% 17% 21% 19% 7% 8% 3% 3%

LEADERSFREE (28) 76 § 9 76 § 9 70% 69% 78% 80% 34% 32% 62% 63% - - 22% 22% 9% 10% 11% 9%

ZEUS (29) 72 § 12 72 § 11 70% 71% 76% 75% 27% 26% 48% 50% 21% 21% 19% 19% 7% 7% 6% 7%

SENIOR (30) 81.4 § 4.3 81.4§ 4.2 62% 63% 72% 81% 27% 26% 52% 53% 7% 6% 23% 24% 6% 7% 7% 8%

ONYX ONE (32) 74 § 9.5 74 § 9.8 68% 66% 79% 84% 39% 39% 64% 62% 9% 11% 24% 23% 8% 7% 14% 13%

GLOBAL LEADERS (34) 64 § 10 65 § 10 77% 77% 74% 73% 26% 25% 69% 70% 26% 26% 33% 33% 6% 6% 3% 3%

SMART- CHOICE (36) 65 § 11 64 § 11 73% 74% 62% 61% 38% 37% 45% 46% 28% 25% 12% 12% - - 7% 7%

STOPDAPT-2 (37) 68 § 11 69 § 10 79% 77% 74% 74% 39% 38% 74% 75% 27% 21% 34% 35% 1% 3% 5% 7%

TWILIGHT (38) 65 § 10 65 § 10 76% 76% 73% 72% 37% 37% 61% 60% 20% 23% 42% 42% 10% 10% - -

DAPTSTEMI (39) 60 § 11 60 § 10 78% 76% 45% 45% 13% 14% 28% 29% 51% 47% 7% 4% 2% 1% 3% 2%

SMART-DATE (40) 62 § 11 62 § 12 75% 76% 50% 49% 27% 28% 24% 25% 38% 40% - - - - 4% 4%

REDUCE (41) 61 (53,69) 60 (52,68) 83% 77% 51% 51% 22% 20% 46% 45% 42% 43% 12% 10% 3% 3% 2% 2%

TICO (44) 61 § 11 61 § 11 79% 80% 50% 51% 27% 27% 61% 60% 36% 38% 9% 8% 1% 1% 4% 4%

CABG = Coronary artery bypass surgery; Co = control group; DM =Diabetes mellitus; HLD = Hyperlipidemia; HTN = Hypertension; PCI = Percutaneous coronary intervention; St = study (short DAPT

group).

Age expressed in years.

1
5
6

T
h
e
A
m
erica

n
Jo
u
rn
a
l
o
f
C
a
rd
io
lo
g
y
(w

w
w
.a
jco

n
lin

e.o
rg
)

www.ajconline.org


Table 3

Clinical presentation of the study population in short-duration antiplatelet therapy trials

STUDY Silent (St) Silent (Co) Stable Angina (St) Stable angina (Co) Unstable angina (St) Unstable (Co) NSTEMI (St) NSTEMI (Co) STEMI (St) STEMI (Co)

EXCELLENT (15) 49% 48% Reported as combined

Unstable/ NSTEMI

Reported as combined

Unstable/ NSTEMI

49% 48% 3% 4%

PRODIGY (16) - - 25% 26% 19% 19% 41% 42% 33% 33%

SECURITY (17) - - 62% 62% 38% 38% Excluded Excluded Excluded Excluded

ITALIC (18) 20% 20% 41% 42% 16% 16% 7% 7% 0% 0%

ISAR-SAFE (19) 11% 11% 49% 48% 21% 22% 10% 10% 8% 8%

IVUS-XPL (20) - - 51% 51% 34% 33% 15% 16% Included in

NSTEMI

Included

in NSTEMI

NIPPON (21) 17% 16% 44% 49% 20% 18% 2% 2% 11% 12%

I-LOVE-IT 2 (22) - - 14% 15% 58% 57% 11% 11% 13% 14%

OPTIMA-C (23) - - 50% 49% 37% 37% 13% 14% - -

RESET (26) - - 45% 46% 41% 40% 15% 14% Excluded Excluded

OPTIMIZE (27) 9% 9% 60% 59% 26% 27% 55% 50% Excluded Excluded

LEADERSFREE (28) - - 59% 57% 15% 16% 22% 23% 5% 4%

ZEUS (29) - - 37% 37% 17% 16% 27% 28% 19% 19%

SENIOR (30) 20% 20% 34% 36% 10% 9% 26% 26% 11% 10%

ONYX ONE (32) 9% 11% 38% 39% 20% 19% 27% 27% 6% 5%

GLOBAL LEADERS (34) - - 53% 53% 13% 13% 21% 21% 13% 13%

SMART- CHOICE (36) - - 42% 42% 31% 33% 16% 15% 11% 10%

STOPDAPT-2 (37) - - 62% 61% 13% 14% 5% 7% 19% 48%

TWILIGHT (38) 7% 6% 30% 28% 35% 35% 29% 31% 0% 0%

DAPTSTEMI (39) - - - - - - - - 100% 100%

SMART-DATE (40) Excluded Excluded Excluded Excluded 31% 31% 31% 31% 38% 38%

REDUCE (41) - - - - 15% 14% 36% 41% 49% 45%

TICO (44) - - - - 29% 32% 35% 32% 36% 36%

Co = control group; NSTEMI = non-ST elevation myocardial infarction; St = study (short DAPT group); STEMI = ST elevation myocardial infarction.
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Table 4

Procedural characteristics of the study population in short-duration antiplatelet therapy trials

STUDY Left main

(St)

Left main

(Co)

LAD

(St)

LAD

(Co)

LCx

(St)

LCx

(Co)

RCA

(St)

RCA

(Co)

Bifurcation

(St)

Bifurcation

(Co)

CTO (St) CTO (Co) Vein

grafts (St)

Vein

grafts (Co)

MVD

(St)

MVD (Co) Total stent

length in

mm (St)

Total stent length

in mm (Co)

EXCELLENT (15) Excluded Excluded 63% 62% - - - - - - - - - - 52% 40% 27.8 § 13 28.3 § 13.7

PRODIGY (16) 6% 6% 52% 52% 32% 33% 37% 35% - - 2% 2% 38% 37% 30 (20,48) 30 (20,48)

SECURITY (17) - - 43% 44% 14% 14% 22% 22% 14% 14% - - Excluded Excluded 44% 49% 19.1 § 7.2 19 § 7.2

ITALIC (18) 2% 1% 73% 72% 50% 48% 54% 52% - - - - 7% 4% 50% 46% 38.6 § 25.6 37.8 § 26.1

ISAR-SAFE (19) 1% 0.20% 40% 41% 26% 24% 32% 34% 19% 19% 8% 7% 2% 1% 38% 38% 28(18,43) 28 (18,43)

IVUS-XPL (20) - - 55% 56% 20% 18% 25% 26% - - - - - - 67% 70% 46.5 § 19.7 48.2 § 20.2

NIPPON (21) 0% 1% 52% 52% 20% 20% 27% 27% - - - - - - 18% 19% 20.3 § 5 20.1 § 5

I-LOVE-IT 2 (22) 2% 2% 46% 45% 22% 22% 29% 31% 30% 33% 12% 13% - - - - 41 § 25 41 § 25

OPTIMA-C (23) - - 58% 52% 20% 24% 23% 24% - - - - - - 34% 37% 21 § 4.9 20.1 § 4.8

RESET (26) - - 53% 54% 21% 19% 26% 27% - - - - - - 43% 43% 22.7 § 10.1 22.9 § 10.7

OPTIMIZE (27) 1% 2% 48% 47% 23% 24% 28% 28% 15% 15% 4% 4% - - 25% 26% 32.7 § 20 32.7 § 20

LEADERSFREE (28) 3% 4% 52% 52% 29% 29% 37% 35% 15% 16% 5% 4% 1% 2% 22% 21% 34.5 § 23.1 33.4 § 23.4

ZEUS (29) 5% 5% 53% 51% 33% 35% 42% 39% - - - - 1% 2% 28% 26% 26 (18,45) 30 (18,47)

SENIOR (30) 4% 1% 54% 52% 30% 27% 36% 38% 16% 14% 7% 7% 1% 1% 34% 31% 32.6 § 20.8 30.3 § 20.3

ONYX ONE (32) 1% 2% 55% 59% 26% 26% 35% 32% 15% 17% 3% 2% 2% 2% 18% 19% 37.9 § 25.2 37.3 § 25

GLOBAL LEADERS (34) 2% 2% 41% 42% 24% 25% 32% 31% 12% 12% - - 1% 1% 26% 25% 24.8 § 13.9 24.8 § 14

SMART- CHOICE (36) 1% 2% 49% 50% 22% 20% 28% 28% 13% 12% - - - - 23% 25% 38 § 22.5 37.8 § 22.9

STOPDAPT-2 (37) 3% 3% 55% 57% 18% 20% 29% 27% 25% 26% 4% 4% 0.20% 0.20% 7% 8% 30.3 § 16.7 30.5 § 16.8

TWILIGHT (38) 5% 5% 56% 56% 32% 32% 35% 35% 12% 12% 6% 6% 2% 2% 64% 62% 40 § 24 39.7 § 24.3

DAPTSTEMI (39) Excluded Excluded 39% 43% 21% 16% 41% 41% - - - - - - 13% 14% 28.5 § 16 29.8 § 16

SMART-DATE (40) 2% 1% 57% 61% 24% 25% 37% 36% 9% 9% - - - - 44% 47% 26.1 § 10 26.3 § 10.3

REDUCE (41) - - 48% 44% 20% 22% 31% 33% 36% 34% 23(18,28) 23 (18,28)

TICO (44) 3% 2% 48% 48% 19% 19% 30% 31% 14% 15% - - - - 55% 56% 35 § 20 35 § 21

Co = Control group; CTO = chronic total occlusion; LAD = left anterior descending coronary artery; LCx = left circumflex coronary artery; MVD =Multivessel disease; RCA = right coronary artery;

St = Study group.
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Figure 1. Ischemic events in all the major studies. *Outcome is statistically significant between the groups (p <0.05). S = study (short DAPT); Co = control

group; ACM =All-cause mortality; MI =Myocardial infarction; ST = Stent thrombosis.

Review/Aspirin or P2Y12 Inhibitor Monotherapy After PCI 159
mortality, MI, and stroke) and did not differ between 6-
month versus 24-month DAPT groups (10% vs 10.1%,
p = 0.91). Also, a meta-analysis with adequate power
showed no significant differences in ischemic events
with short-duration DAPT.17

5. Patients with left main disease, chronic total occlusions,
vein graft disease, and cardiogenic shock were underrep-
resented in these studies.

6. Event rates were low in all the studies, which reflect
improved outcomes with PCI and new-generation DES
(Figure 1). This could also be due to early termination of
a few studies and incomplete follow-up.
Figure 2. Major or clinically significant bleeding in all the studies excluding hi

groups (p <0.05). S = study (short DAPT); Co = control group; HBR = high bleedi
7. All the studies showed either numerically lower bleeding
rates or significantly lower bleeding rates (PRODIGY
and ISAR-SAFE) with 6-month DAPT (Figure 1).

Based on the available evidence, in SIHD, major societ-
ies’ guidelines18,19 recommend a 6-month DAPT after PCI,
followed by aspirin monotherapy.

Three-month DAPT followed by aspirin monotherapy

Very-short-duration DAPT (3 months) followed by aspirin
monotherapy was also tested in 2 trials that predominantly
gh-bleeding-risk studies. *Outcome is statistically significant between the

ng risk.
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enrolled SIHD patients. The RESET20 and OPTIMIZE21 trials
enrolled low- and intermediate-ischemic-risk patients (exclud-
ing ST-elevation myocardial infarction [STEMI]) and showed
noninferior results in terms of ischemic end points. Major or
clinically significant bleeding rates were numerically lower in
the shorter-DAPT group.
One-month DAPT followed by aspirin monotherapy in
high-bleeding-risk patients

Short-duration antiplatelet therapy is an attractive option
for the high-bleeding-risk population. Traditionally, to
shorten antiplatelet therapy, PCI is usually performed with
a bare metal stent (BMS). The LEADERS FREE22 and
ZEUS23 studies showed that both the polymer-free BioFree-
dom umirolimus-coated stent and Endeavor Sprint zotaroli-
mus-eluting stent were superior to a BMS in significantly
reducing major adverse cardiovascular (CV) events, primar-
ily driven by lower MI and target vessel revascularization
rates. In the SENIOR study,24 elderly patients at high risk
of bleeding had a lower event rate with a bioabsorbable-
polymer Synergy everolimus-eluting stent than with a
BMS. Improvements in new-generation DES have led to a
better safety and efficacy profile. Furthermore, DES is more
cost-effective in the long term than BMS.25The recently
published ONYX ONE study26 confirmed that in the high-
bleeding-risk population, a 1-month DAPT can be safely
practiced without increasing ischemic events. However, in
the majority of 1-month DAPT studies, ischemic events
were numerically higher than in other longer-duration anti-
platelet therapy studies (Figure 1) indicating that these
patients are still at high ischemic risk. Currently, guide-
lines18,19 recommend a 1- or 3-month DAPT followed by
aspirin monotherapy in patients with SIHD and high bleed-
ing risk.
Three-month or 1-month DAPT followed by P2Y12
inhibitor monotherapy

Although aspirin was considered the default for anti-
platelet therapy, its role in secondary prevention has been
questioned.27 Thus, the strategy of continuing only P2Y12i
after stopping aspirin has been considered. With this strat-
egy, it was presumed that bleeding complications, espe-
cially gastrointestinal toxicity related to aspirin, would be
decreased without increasing the incidence of ischemic
events.27

This strategy was first tested in GLOBAL LEADERS,
the largest antiplatelet therapy study to date.28 In
GLOBAL LEADERS, patients received 1 month of
DAPT followed by ticagrelor monotherapy for 23
months, which was compared with a traditional 12-
month DAPT followed by aspirin monotherapy. At
2 years, the ticagrelor monotherapy arm (n = 7,980) was
not superior to DAPT (n = 7,988) for the primary end
point, all-cause mortality or new Q-wave MI (Table 1).
Bleeding rates also did not differ between the groups at
1 year. One of the major limitations of the study was
adjudication. In a recently published GLOBAL LEAD-
ERS substudy, GLASSY,29 at 1 year, there was no
increased ischemic risk.
Two other trials, SMART-CHOICE30 and STOPDAPT-
231 have also shown similar results. In SMART-CHOICE,30

2,993 patients were randomized to receive either aspirin
plus a P2Y12i for 3 months and then P2Y12i alone
(n = 1,495) or DAPT for 12 months (n = 1,498). Unlike
GLOBAL LEADERS, any P2Y12i (clopidogrel 77%, pra-
sugrel or ticagrelor 23%) was used. At 1 year, the primary
end point of major adverse cardiac and cerebrovascular
events, which was a composite of all-cause death, MI, or
stroke at 12 months after the index procedure, achieved
noninferiority in the study arm. The incidence of major or
clinically significant bleeding was lower in the P2Y12i
monotherapy group than in the DAPT group (2% vs 3.4%,
hazard ratio [HR] 0.58, 95% confidence interval [CI] 0.36
to 0.92, p = 0.02). In the STOPDAPT-2 study,31 3,045
patients were randomized to either 1-month DAPT fol-
lowed by clopidogrel monotherapy (n = 1,523) or 12-month
DAPT (n = 1,522). At 1 year, clopidogrel monotherapy was
both noninferior and superior for its primary end point,
which was a composite of CV death, MI, ischemic or hem-
orrhagic stroke, definite stent thrombosis, or major or minor
bleeding at 12 months (2.36% vs 3.7%, p < 0.001 for nonin-
feriority and p = 0.04 for superiority). Another important
feature of this study was the high use of intravascular ultra-
sound or optical coherence tomography to guide PCI
(99%).

Major criticisms of the previously mentioned trials are
that they enrolled low-ischemic-risk and low-bleeding-risk
populations and the timing of randomization. The more
recently published TWILIGHT32 study enrolled baseline
high-ischemic-risk and high-bleeding-risk patients and per-
formed randomization in event-free patients at 3 months
instead of at the time of the index procedure. All study
patients received DAPT for 3 months and then received
either ticagrelor monotherapy or conventional DAPT.
Patients also needed to have 1 high-risk clinical or angio-
graphic feature to be enrolled in the study. A total of 9,006
patients were enrolled, and only 7,119 were randomized
after 3 months; 3,555 received ticagrelor monotherapy and
3,564 received DAPT. At 1 year, the primary end point,
which was Bleeding Academic Research Consortium 2, 3,
or 5 bleeding, was significantly lower in the ticagrelor
monotherapy group (4% vs 7.1%, HR 0.56, 95% CI 0.45 to
0.68, p < 0.001). Secondary ischemic end points did not dif-
fer between both groups.

In conclusion, important features of these studies are:

1. Most enrolled low-risk patients, with higher percentages
of SIHD, except for TWILIGHT.

2. Randomization was done at the time of the index proce-
dure or within 3 months in all the studies except for
TWILIGHT.

3. Ischemic end points did not differ between the 2 groups
in all the studies. Studies involving imaging-guided PCI
showed better ischemic outcomes.

4. Major or clinically significant bleeding rates were signif-
icantly lower with P2Y12i monotherapy than with tradi-
tional DAPT in all the studies, except for GLOBAL
LEADERS, where the bleeding rates did not differ
between both strategies.
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5. Similar to aspirin monotherapy studies, patients with left
main disease, chronic total occlusions, cardiogenic
shock, and STEMI were under-represented. However,
there were higher percentages of complex lesions
(numerically higher total stent length, clinical presenta-
tion as NSTEMI/unstable angina, multivessel disease) in
P2Y12i monotherapy studies.
Studies exclusively evaluating acute coronary
syndromes

In acute coronary syndromes (ACS), current guidelines 18,19

recommend a 12-month DAPT. This recommendation was
based primarily on 2 landmark trials that were performed 2 dec-
ades ago.1,2
Short-duration DAPT (3 or 6 months) followed by
aspirin monotherapy in ACS

Patients who present with ACS are not only at high risk
for future ischemic events but also for bleeding events.33

Studies were undertaken to evaluate the utility of short-
duration DAPT followed by aspirin monotherapy to reduce
the bleeding risk in ACS patients. Notable studies are
DAPT STEMI,34 SMART-DATE,35 and the REDUCE
trial.36

In the SMART-DATE study,35 2,712 patients were ran-
domly assigned to either 6-month duration DAPT
(n = 1,357) or 12-month or longer duration DAPT
(n = 1,355). Clopidogrel (80%) was the major P2Y12i. In
the 6-month DAPT arm, 37.5% were STEMI patients,
31.5% were NSTEMI patients, and 31% had unstable
angina. At 18 months, the primary end point, which was a
composite of all-cause mortality, MI, or stroke, showed
noninferior results in the short-duration DAPT group. How-
ever, in SMART-DATE, a significantly higher MI inci-
dence was noted with short-duration DAPT (1.8% vs 0.8%,
p = 0.02). Finally, the rate of Bleeding Academic Research
Consortium 3-5 bleeding was lower with short DAPT.

In the DAPT-STEMI study,34 1,100 patients who were
event-free at 6 months were randomized to a 6-month
(n = 432) or 12-month (n = 438) DAPT. At 18 months, the
primary end point, which is a composite of all-cause mor-
tality, any MI, any revascularization, stroke, or major bleed-
ing, was noninferior with short DAPT. MI incidence also
did not differ between the groups. These results are discor-
dant with the SMART-DATE trial, perhaps because of ran-
domization only in event-free patients at 6 months. This
difference in randomization in the DAPT-STEMI study rep-
resents a low-ischemic-risk subgroup in comparison with
the SMART-DATE study population.

Recently, the REDUCE trial36 evaluated a very-short-
duration DAPT strategy in ACS patients. In this trial, 1,496
ACS patients were randomized to very short DAPT, 3
months duration, followed by aspirin (n = 751) or 12-month
DAPT (n = 745). At 1-year follow-up, very-short-duration
DAPT was noninferior, although with a wide CI, in com-
parison with 12-month DAPT for the primary end point.
However, numerically higher rates of mortality and stent
thrombosis were noted in very-short-duration DAPT. A
meta-analysis done by Misumida et al.37 did not show any
differences in ischemic end points in the ACS population.
However, these results should be interpreted with caution,
as the population groups in these studies were different
because of varied risk profiles, different composite end
points, and different points of randomization, and the stud-
ies had wide noninferiority CIs. Future trials are needed
before we can safely remove P2Y12i after a short-duration
DAPT in PCI after ACS.
Short-duration DAPT (1 or 3 months) and then P2Y12
inhibitor monotherapy in ACS

In the recently published TICO trial,38 3056 patients
with acute coronary syndrome were randomized to either
ticagrelor monotherapy after 3 months (n = 1,527) or DAPT
for 12 months (n = 1,529). At 12 months, the incidence of
major CV or cerebrovascular events was not significantly
different between the groups; however, the bleeding rate
was significantly lower in the ticagrelor monotherapy group
(1.7% vs 3%, p = 0.02). Arecently presented subgroup anal-
ysis of the TWILIGHT study (TWILIGHT-ACS-https://
www.tctmd.com/news/aspirin-discontinuation-safe-effec
tive-strategy-acs-subset-twilight), in 4,614 event-free
patients at 3 months showed an absolute risk reduction of
4% in bleeding rates with ticagrelor monotherapy (3.6% vs
7.6%; HR 0.47; 95% CI: 0.36 to 0.61). Ischemic end points
(all-cause mortality, MI, and stent thrombosis) did not dif-
fer between the 2 strategies. Subgroup analyses of
GLOBAL LEADERS, SMART-CHOICE, and STOP-
DAPT-2 showed similar benefits in reducing bleeding end
points with no difference in ischemic end points in ACS
patients. An approach of P2Y12i monotherapy after an ini-
tial short-duration DAPT appears to be appropriate in this
subgroup of ACS patients with high ischemic and bleeding
risk. A future study, STOPDAPT-2 ACS (NCT03462498)
will provide more information in this high-ischemic-risk
subgroup.
Individualizing DAPT on the basis of risk profiles

There is a growing body of evidence to individualize
DAPT on the basis of the patient’s ischemic and bleeding
risk profile. European Society of Cardiology guidelines19

give a Class II recommendation to use risk scores to evalu-
ate the benefit of prolonged versus short DAPT. To assess
ischemic risk, the DAPT score39 is used, and for bleeding
risk, the PRECISE-DAPT40 and PARIS 41 risk scores are
used. The DAPT score, which was primarily derived from
the DAPT trial39 and later validated in the PROTECT
study,42 identified patients who would benefit from long-
term DAPT of more than 12 months. There have been no
risk scores evaluated so far to identify the subset of patients
with SIHD who would benefit from traditional DAPT
within 12 months of PCI. In a DAPT substudy,43 anatomic
complexity of lesions (unprotected left main, >2 lesions per
vessel, lesion length >30 mm, bifurcation lesion with a side
branch ≥2.5 mm, vein grafts, or thrombus containing
lesion) was identified as a predictor of ischemic events
within 12 months of PCI. In the LEADERS FREE22 and
ZEUS23 studies, patients needed to have at least 1

https://www.tctmd.com/news/aspirin-discontinuation-safe-effective-strategy-acs-subset-twilight
https://www.tctmd.com/news/aspirin-discontinuation-safe-effective-strategy-acs-subset-twilight
https://www.tctmd.com/news/aspirin-discontinuation-safe-effective-strategy-acs-subset-twilight
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qualifying criterion (age >75 to 80 years, treatment with
oral anticoagulation, a recent bleeding episode, coagulop-
athy, etc.) to be defined as high bleeding risk. The PRE-
CISE-DAPT score, derived from PRECISE-DAPT,40 is a
simple 5-item risk measure, with a score ≥25 indicating a
patient with high bleeding risk; it was later validated.44,45

Although none of these risk scores has been prospectively
validated in a clinical trial setting, a recent pooled analysis
of 8 randomized trials by Costa et al.46 showed that in
patients with who underwent complex PCI with high-risk
ischemic features and a PRECISE DAPT score ≥25, there
was no benefit of long-term DAPT (12 or 24 months).
Patients with a PRECISE DAPT score ≤25 benefited from
long-term DAPT, particularly in the complex PCI group.
DAPT treatment algorithm after PCI

With all the available literature, it can be a daunting
prospect for physicians to select the antiplatelet therapy to
remove or choose, as well as the optimal duration of DAPT
or SAPT. Although a meta-analysis or a network meta-anal-
ysis can provide adequate statistical power to evaluate
ischemic outcomes, it would be difficult to perform given
different inclusion baseline criteria and timelines in the
studies, leaving us with a heterogeneous population. Based
on the available evidence, we propose a new treatment
algorithm for DAPT after PCI for SIHD and ACS patients
(Figure 3). The treatment strategy chosen should be based
on the ischemic- and bleeding-risk profiles. We grouped
NSTEMI and STEMI under acute coronary syndrome;
adjusting antiplatelet therapy for these patients should be
done on the basis of their risk profiles. Also, if P2Y12i
monotherapy is chosen, ticagrelor must be preferred in the
Figure 3. Proposed treatment algorithm of antiplatelet therapy after PC.

P2Y12i = P2Y12 inhibitors; SIHD = Stable ischemic heart disease. Based on a po

by Yeh et al.
NSTEMI and STEMI populations, and clopidogrel or tica-
grelor should be preferred for SIHD. Data on prasugrel
monotherapy are limited, and this therapy was tested only
in small subgroups in a few studies (GLOBAL LEADERS,
SMART-DATE). Although there are few trials exclusively
on the STEMI population at this point, we still recommend
12 months of DAPT in STEMI patients if the patients are
not at high bleeding risk. This patient population is at
higher risk of adverse events not only at culprit sites but
also at nonculprit sites,47 and prolonged DAPT may reduce
the risk of future events. A strategy of P2Y12i monotherapy
after a short-duration DAPT (3 months) in high-bleeding-
risk patients can be considered. Also, caution should be
employed in generalizing these results to venous bypass
graft lesions, chronic total occlusions, and left main inter-
ventions, and in patients with stroke and cardiogenic shock.
Finally, across all the trials, bleeding event rates are higher
than those of ischemic events. If there is any concern
regarding bleeding risk, short-duration DAPT is preferred
and P2Y12i should be stopped.
Conclusion

Improvements in stent design, antiplatelet therapy, and
procedural aspects have reduced ischemic complications
after PCI. However, bleeding complication rates continue
to remain high, mainly because of the duration and type of
antiplatelet therapy. Although removing P2Y12i after a
short DAPT appears to be safe in the low-risk population,
removing aspirin and continuing P2Y12i as a monotherapy
would be the preferred strategy in intermediate- to high-risk
patients to mitigate the bleeding risk. Further studies are
needed in very-high-risk NSTEMI and STEMI patients.
ACS = Acute coronary syndrome; DAPT = Dual antiplatelet therapy;

oled analysis of 8 randomized trials by Costa et al and the DAPT substudy
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Close follow-up and adjusting antiplatelet therapy on the
basis of risk stratification tools after PCI should be the pre-
ferred strategy.
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